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Effect of Nanoparticles and Jathropa Biofuel Diesel Fuel Blends on Common 

Rail Direct Injection (CRDI) Diesel Engine 
Chandan A M¹, Chethan S1, Indresh C L1 

Richa Sharma, Prof. Pooja Thakre 

Department of Mechanical Engineering, Malnad Collage of Engineering, Hassan -573202, Karnataka, India 

 

ABSTRACT 

 

In this study, the components of Ricinus communis plant such as leaves and seeds are effectively utilized as a 

green source for the synthesis of copper oxide nanoparticles (CuO) and production of biodiesel, respectively. 

The Copper oxide nanoparticles were successfully utilized for the biodiesel synthesis using Ricinus communis 

oil as feedstock by varying the reaction parameters. 

Biofuels are receiving tremendous attention worldwide as renewable and alternative source of energy 

production. Biofuels can be produced with the help of various materials through different extraction methods 

and conversion processes.  The combustion of bio fuel takes place completely in engine and increase in power 

with increase in load. 

Keywords: Ricinus communis, synthesis, biodiesel, tremendous. 

 

I. INTRODUCTION 

 

Biofuels are a class of renewable energy derived from living materials. The most common biofuels are corn 

ethanol, biodiesel, and biogas from organic by-products. Energy  from  renewable resources puts less strain on 

the limited supply  of  fossil fuels, which are considered non-renewable resources. The use of biofuel in 

Common Rail Direct Injection (CRDI), it can direct injection of the fuel into the cylinders of a diesel engine via 

a single, common line, called the common rail which is connected to all the fuel injectors. 

 

II. METHODOLOGY 

 

The basic methods used for the successful operation of the above concept is initially  nanoparticles (mg) are 

obtained by synthesizing novel nanoparticles like green synthesis from leaves and flowers , organic synthesis. 

And then trans esterification flash, fire and pour point is known. Further biofuel – fuel blends are prepared 

process is done by adding these nanoparticles to bio  fuel  (ml). By this many basic fuel properties like viscosity, 

density, flash, fire and pour point is known. And now performance study of CRDI engine is done and the  final 

method is emission analysis of the engine. 

http://www.ijsrset.com/
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III. MATERIAL SELECTION 

 

The material used are Ricinus communis leaves, chemical such as Cupric nitrate Cu(NO3)2 

 

Preparation of Ricinus communis leaves extract: 

Ricinus communis leaves were washed with water and allowed to shade dry. And they were crushed to make 

coarse/fine powder.  The  resultant  50 gram of powder and 1:4 proportion of water was placed in 500 ml flask. 

The mixture was heated about   3 hours at 700 c. The resultant extract  was  filtered and the filtrate was again 

heated at 800 c for 3 hours. Finally the water extract of Ricinus communis leaves was obtained. 

Preparation of COPPER OXIDE (CuO) Nanoparticles: 

COPPER OXIDE (CuO) Nanoparticle catalyst was prepared by solution combustion synthesis. Initially 5 ml, 10 

ml and 15 ml of plant extract and 1gram of cupric nitrate was added to each extract and homogenized for 10 

minute to make uniform solution with the help of stirrer. The resulting solutions was kept in a muffle furnace 

at 5000 c for 15 minute. then the obtained Copper oxide Nanoparticles were kept in airtight vials for further 

characterizations and applications.Ricinus communis leaves + Cupric nitrate Cu(NO3)2 → Copper oxide 

(CuO)+ N2↑+ O5↑ 

 
Fig1. Shadow Dry crushing       Fig 2. 1st stage  

 
Fig 3. Fine powdered of Ricinus leaves    Fig 4.Water extract Communis  

 

IV. RESULTS OF COPPER OXIDE NANOPARTICLES 
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X-RAY DIFFRACTION(XRD) Patterns of Copper oxide Nanoparticles: 

 
XRD patterns of copper oxide  nanoparticles prepared  at  different  concentrations  of  plant 

extract 5ml, (b) 10ml, (c) 15ml and (d) 20 ml 

Summary: 

When the intensity of the nanoparticle increases with the increase in moment of the nanoparticle in degrees 

for various plant extract as shown in the above figure. The intensity of the nanoparticle is maximum when the 

moment of the nanoparticle moment is between 35 to 40 degrees. 

 

 

4.1 TRANSESTERIFICATION USING SODIUM HYDROXIDE (NAOH) NANOPARTICLE: 
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Transesterification is done by heating 1  liter of Raw jathropa fuel at 60 degree Celsius using Magnetic stirrer as 

shown in figure (a), After heating the raw fuel to 60 degree Celsius, Titration should be done using 10.1 gram of  

heated  Raw  fuel, added 2 drop of indicator (Phenolphthalein) and 0.4 gram of sodium hydroxide (NAOH) 

solution dissolved in 50 ml of water and to get the brick color shown in figure. 

The formula used in titration and to  find the 1st index and the amount of nanoparticles to be used is given by, 

FFA: 28.2 x 0.1 x Burette reading\weight of sample taken in gram 

   

Where, 

  

FFA: Free Fatty Acid 28.2: FFA Molar mass 0.1: FFA Constant 

Calculation: 

FFA:28.1 X 0.1 X 29/10.1 

FFA=8.2 grams. 

 

After titration, found that it is a 2 index process. 

In the 1 index, added 8.2 grams of  H2SO4  (the  amount of H2SO4 is obtained by titration) and 150 ml of 

methanol and heated for 2 hours at 60 degree Celsius, after heating poured the fuel into separation funnel and 

kept 8 hours for settling of glycerin and catalyst. 

After 8 hours, separated the settled glycerin and catalyst then went for 2 index, again heated the bio fuel to 60 

degree Celsius and took a sample of 10.1 gram of heated bio fuel, added 2 drop  of  indicator  and 0.4 gram of 

NAOH solution dissolved in 50 ml of water and to get the brick color. 

The formula used in titration and to find the 2nd index and the amount of nanoparticles to be used is given by, 

FFA: 28.2 X 0.1 X Burette reading/ weight of sample taken in gram + 3.5 

Where, 

FFA: Free Fatty Acid. 28.2: FFA Molar mass. 0.1: FFA Constant. 

Calculation: 

FFA = 28.2 X 0.1 X 5.3/10.1+3.5 

FFA = 5 grams. 

After titration added 5 grams of sodium hydroxide (NAOH) (the  amount  of  NAOH is obtained by titration) 

and 150 ml of methanol and heated for 2 hours and poured into separation funnel and kept 8 hours for settling 

of glycerin  and  catalyst as shown in figure (c). Can see the glycerin and catalyst settled in the bottom of the 

funnel shown in figure (d).  After  separating glycerin and catalyst got  the  Bio fuel. 

The next process was washing and drying. Washed the bio fuel using hot water at 60 degree or above, for 10 

times,  at  last stage got pure bio fuel, which is settled in top of the funnel as shown in figure. 

After washing, the drying process is done to remove the glycerin and water content in the fuel, where the bio 

fuel  is  heated for 135 to 140 degree Celsius and kept for cooling. 

After cooling, Measured the pure bio fuel using measuring funnel and got 800 ml of pure bio fuel using 1000 ml 

of raw fuel shown in figure. 

After that blended the bio fuel into the diesel in the ratio of, 
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• B10 → 900ml of diesel and 100ml of bio fuel. 

• B20 → 800ml of diesel and 200ml of bio fuel. 

• B100 → Pure bio fuel. 

We converted bio fuel into Bio diesel. 

  

  
 

V. RESULT AND DISCUSSION 

 

The experimental results obtained from the tests carried out on engine performance and combustion 

characteristics are presented in this graph. The results which obtained are significantly comparable to pure 

diesel. 

 

(a) BRAKE THERMAL EFFICIENCY 
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Figure: Variation of brake thermal efficiency with respect to brake power. 

Where, 

Blue = Diesel Red = B10 

Green= B20 

The above figure shows the Brake thermal efficiency is increasing with increasing brake power for all blends of 

biodiesel and diesel. 

The combustion of bio fuel takes place completely in engine and increase in power  with increase in load. It 

may be because of the presence of oxygen in biodiesel which enhance the combustion as compared to diesel 

and biodiesel is more lubricant than diesel that provides additional lubrication. 

 

 

 
Figure: Variation of  specific  fuel  consumption  with respect to brake power. 

The above figure shows the specific fuel consumption with respect brake power. When using blends, biodiesel 

fuel is expected to decrease as compared to the consumption of diesel fuel. Specific fuel consumption (SFC) 

decreased sharply with increase in brake power for all fuel sample. 

BTH 
2 
0 

 
 

1 
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Figure: Variation of Mechanical  efficiency  with  respect to brake power. 

 

The variation of mechanical efficiency with brake power for pure diesel and blends are shown in figure. The 

mechanical efficiency of pure diesel is slightly higher than the  blend  fuel. In this case the diesel and are almost 

nearer to B10 and B20 each other in BP. From the graph it is evident that as the percentage of biodiesel 

increases in diesel the mechanical efficiency goes on decreasing. This  happens  due to lower calorific value of 

biodiesel compared to diesel. 

 

VI. CONCLUSION 

 

Experiments were conducted with different blends of mixed biodiesel in CI engine for various brake power and 

the results as follows: 

• Break thermal efficiency is same  for  blends and pure diesel 

• Fuel consumption reduces with increase in brake power for biofuel than pure diesel. 

• Mechanical efficiency decreases  with increasing the brake power specially  in  full load condition. 

• Unburnt Hydrocarbon (HU) % reduces B10 and B20 comparatively Diesel. 
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ABSTRACT 

 

Optimization of hydrodynamic journal bearing is most required because of their usage supports machineries 

which rotate at high speeds such as compressors and turbines. It is difficult to optimize the bearing parameters 

using conventional algorithms as they require non-linear optimization with constraints. Genetic Algorithms 

(GAs) are the class of algorithms and it is a general purpose algorithm that could achieve the process parameters 

with all the available constraints. In this work, the geometric parameters and their range such as variance ratio 

(0 - 1), journal radius (25 - 65), radial clearance (30 - 60), dynamic viscosity (0.026 - 0.046), surface pattern 

parameters (1/6) and surface roughness parameter (15 - 30) were used as an input for training the ANN model 

and to evaluate the performance that would result in optimal value of minimum fluid film thickness, frictional 

torque and critical journal mass of journal bearing. It has been carried out for the bearings having longitudinal 

type of roughness patterns using the Multi Objective Genetic algorithm (MOGA) approach. Using Pareto 

optimal concept, the optimization of design parameters has been evaluated. The designed model using MOGA 

Approach shows a satisfying response compared to experimented data for the roughness pattern. 

 

Keywords: MOGA, Hydrodynamic bearing, ANN, Genetic Algorithm, Film thickness 

 

I. INTRODUCTION 

 

Hydrodynamic journal bearing shows a satisfactory performance for functioning of pumps, compressors etc. It 

operates continuously at high speed and heavy loads [1]. They have good load-carrying capacity, excellent 

stability, durability and low coefficient of friction. Journal bearings are of many designs for compensating 

varying load requirements such as speeds, cost with many dynamic properties. The journal bearings are more 

critical to any rotary operation from the point of view of durability and performance. Hence, the techniques for 

the development of engine bearing analysis have been received attention over the years. The design of such 

bearings rely upon thin-film hydrodynamic lubrication theory, which shown a separation of two surfaces in 

relative motion. In many of the real applications, the journal bearing designers face more problem for the 
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simultaneous optimization of several objectives together. Those of the objectives are often incomparable and 

conflicting. Bearing parameters optimization is of non-linear optimization along with constraints [2], By 

conventional optimization algorithms it is difficult to solve this problem because of problems of convergence 

speed or accuracy. In increasing demand of initial and running costs for the bearings, to withstand the 

competition, so prompted engineers to apply optimization methods in the design of bearings. Hashimoto.et.al 

[3] studied the journal bearings optimization models with hydrodynamic case and their applications to elliptical 

bearing design for machineries which rotating at very high speeds. The prime objective is to finding out the 

values of the variables that lead to an optimal value of the function, satisfying all the constraints.  

The problem in a multi-objective optimization can be mathematically represented as shown in Equation 1. 

( )

( )

( )

1

2

 ( )    .    ( ) 0;  2

   .

n

f r

f r

optimize f r subjected to c r n

f r

 
 
 
 =  
 
 
 
    --------- (1) 

Here, r is the parameter vector, f(r) is the objective vector and c(r) is the constraint vector.  

The concept of genetic algorithms is new in the field of bearing analysis design, and a limited work has been 

carried out in rotor-bearing system using genetic algorithms. Artificial Neural Network (ANN) model have 

been developed which predicts the value of various stability characteristics in journal bearing design, based on 

geometric and operating conditions. A genetic algorithm was then applied to the trained ANN model to 

determine the geometric parameters that results in a nearest value. 

 

II. METHODOLOGY 

 

The following methodology has been adopted for the development of the concepts of ANN and MOGA 

Approach. 

 

2.1 Optimization of Journal Bearing  

By using the concepts of Artificial Neural Networks (ANNs) and Genetic Algorithms (GAs), The following steps 

must be carefully designed in evaluating the performance of the designed parameters. They may be: 1. Selection 

of design variables 2. Hydrodynamic Simulation 3. Use of Artificial Neural networks and 4. Optimization of the  

process.  

 

2.1.1 Design of ANN for Journal Bearing Optimization 

The typical model of an  artificial neuron along with a multi layered neural network is shown in Figure.1.  The 

signal flow in the direction of inputs x1, x2, x3………xn were  considered as a single directional shown by  

arrows as a signal output (O). The output O is shown as per Equation 2.  
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---------------- (2) 

 

Where wj is weighted vector and the function f (net) could refer as a transfer function or activation function. 

The term ‘net’ is defined as the product of scalar of vectors of the weights and inputs (Equation 3).                                                                        

-------------- (3) 

Where T is transpose of a matrix, output O in simple form is stated as (Equation 4), 

 
                                                               --------------- (4) 

Where θ is the level of thresholds. 

 

 
Figure. 1. Schematic of an artificial neuron and a multi layered artificial neural network 

 

2.1.2 Genetic Algorithm  

Genetic algorithms in brief are used as a class of algorithms in search spaces that could be of discontinuous and 

nonlinear. As compared to other optimization techniques, they do not rely on local derivatives for guiding the 

search process. 

 

2.1.3 Objective functions  

These are the functions which could significantly specify the quantities to be maximized or minimized under 

the prescribed level of constraints. In the design of hydrodynamic journal bearing, three important objective 

functions used are mainly minimum oil film thickness (hmin), critical journal mass ( CJM ) and frictional torque 

on journal surface ( FJT ).The objective functions for Multi Objective Genetic Algorithm (MOGA) connected to 

testing model of ANN are  

f(1) = simulation (net1, r) 

f(2) = -simulation (net2, r) 

f(3) = -simulation (net3, r) 
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Where ‘r’ is the design variable vector and net1, net2 and net3 are the networks for the target vectors of   hmin,   

CJM and  FJT  respectively. 

 

III. RESULTS AND DISCUSSION 

 

The MOFT (hmin), frictional torque on journal surface ( FJT ) and critical journal mass ( CJM ) for a journal 

bearing is computed in the hydrodynamic model for the following fixed geometric parameters of the bearing:  

Speed of the bearing = 3000 rpm 

Maximum load on bearing = 15000 N 

Aspect ratio, DL /=  = 1.0 

Power law index, n = 1.0 

Supply pressure, Ps = 0.5 N/mm2 

 

3.1 Pareto Optimal Concept 

In the multi objective optimization, a vector x=[x1,x2,...xk]  are  considered as a more optimal than a vector 

y=[y1,y2,...yk] if x dominated y. The set of Pareto optimal called as a  non-dominated solutions forms a Pareto 

surface P (Figure 2) maximization of required objective function can be obtained by assigning negative value so 

that the minimization of negative objective function is same as its maximization [2, 5].  Hence, maximization of 

objective function can be obtained from these entire Pareto front plots by neglecting its negative values. 

 
Figure 2: Pareto optimal front 

 

3.2 Genetic Algorithm Implementation 

Table 1: The options set up for the MOGA approach [6, 7]  

Sl. No. Options Specification 

1 Population type Double vector 

2 Population size 15*number of variables 

3 Selection function Tournament 

4 Tournament size 2 

5 Crossover fraction 0.8 

6 Mutation function Constraint dependent 

7 Crossover function Heuristic 

8 Crossover ratio 1.0 
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9 Migration direction Forward 

10 Migration fraction 0.2 

11 Migration Interval 20 

12 Distance measure function @distance crowding 

13 Pareto front population fraction 0.35 

14 Maximum generation 200*number of variables 

15 Time limit Infinity 

16 Fitness limit -Infinity 

17 Stall generations 100 

18 Function tolerance 1e-4 

19 Plot function Pareto front 

20 Evaluate fitness function In serial 

 

3.3 Optimization Results 

The optimization results of variance ratio (Vrj), journal radius (RJ), radial clearance (c) and dynamic viscosity 

(


) for the maximization of MOFT (hmin) and critical journal mass ( CJM ) and minimization of friction 

torque ( FJT ) are presented in the form of Pareto front in Figures 3 and 4. These results are also tabulated in 

Table 2 and Table 3 

 

3.1.1 Optimization results for longitudinal roughness  patterns 

Table 2: Pareto optimal designs for maximization of minh  and 

CJM  for bearing with longitudinal roughness pattern ( =6) 

 Design 

options 
minh  CJM  rjV  

J
R

 
(mm) 

c        

(µm) 


           

(Pas) 

  

1 0.99925 75.488 0.85431 50.995 33.469 0.042122 16.7345 

2 0.99193 84.948 0.99763 48.553 31.162 0.042143 15.581 

3 0.9829 94.819 0.99264 46.276 31.668 0.042664 15.834 

4 0.98158 98.117 0.99523 45.587 31.782 0.042341 15.891 

5 0.97778 100.9 0.98494 45.017 31.651 0.042643 15.8255 

6 0.9731 106.79 0.99322 43.871 31.961 0.042373 15.9805 

7 0.96558 111.69 0.99716 42.967 31.018 0.043014 15.509 

8 0.96131 116.83 0.8512 42.006 30.644 0.042799 15.322 

9 0.94905 127.54 0.97901 40.191 30.35 0.04267 15.175 

10 0.94283 131.39 0.9975 39.55 30.393 0.042791 15.1965 

11 0.93367 134.19 0.98777 39.081 31.544 0.043103 15.772 
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12 0.93217 138.69 0.71774 38.269 30.34 0.042416 15.17 

13 0.92928 140.14 0.99069 38.091 30.444 0.042538 15.222 

14 0.92244 144.73 0.99697 37.327 30.077 0.042345 15.0385 

15 0.9127 148.32 0.85864 36.695 30.567 0.042353 15.2835 

16 0.8982 148.42 0.99835 36.731 30.942 0.044687 15.471 

17 0.89629 153.3 0.99936 35.903 30.229 0.043768 15.1145 

18 0.88562 155.43 0.99633 35.547 30.233 0.044621 15.1165 

  19* 0.86934 158.68 1 35 30 0.046 15 

 

 

Figure 3: MOGA results for maximization of minh  and CJM  for bearing with longitudinal roughness pattern (

=6) (a) Pareto front and (b) Average spread of individual.  

For longitudinal type roughness (  =6), Figure 3 show the Pareto front for the combination of objective 

function minh  and CJM . Pareto optimality has provided totally 19 design options for longitudinal roughness 

pattern case.  

The design parameters for the above selected options for the cases of longitudinal roughness pattern; 
rjV =1, J

R

= 35 mm, c = 30 µm,  = 0.046 Pas. 

From figure 3(b) the average spread is terminated at 334 generations and found to be 0.11478. 

Table 3: Pareto optimal designs for maximization of  CJM  and minimization of  FJT  for bearing with 

longitudinal roughness pattern (  =6) 





Best  Design 
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Design 

options 
CJM  FJT  rjV  

J
R

 
(mm) 

c        

(µm) 


           

(Pas) 

  

1 158.31 437.8 0.75992 35 32.496 0.045999 16.248 

2 158.25 426.31 0.76899 35 32.545 0.044754 16.2725 

3 158.13 409.91 0.77299 35.004 32.509 0.042635 16.2545 

4 158.07 398.03 0.80092 35.001 32.556 0.041355 16.278 

5 157.95 383.63 0.79661 35.002 32.556 0.039785 16.278 

6 157.84 374.87 0.78749 35.006 32.505 0.038813 16.2525 

7 157.79 366.28 0.78347 35.005 32.665 0.038294 16.3325 

8 157.58 358.83 0.95041 35.003 35.642 0.044579 17.821 

9 157.57 352.37 0.95938 35.003 36 0.044605 18 

10 157.49 334.16 0.9675 35.007 37.026 0.044552 18.513 

11 157.49 331.76 0.96491 35.005 37.064 0.044256 18.532 

12 157.39 310.41 0.95812 35.003 38.56 0.044649 19.28 

13 157.19 287.39 0.95246 35.005 39.169 0.041872 19.5845 

14 157.13 273.44 0.94103 35.004 40.667 0.042867 20.3335 

15 157.09 267.08 0.96774 35.005 40.709 0.04162 20.3545 

16 156.98 251.33 0.96504 35.004 42.09 0.041481 21.045 

17* 156.7 228.5 0.96148 35.007 43.299 0.039142 21.6495 

18 156.61 218.71 0.9656 35.007 45.247 0.040471 22.6235 

19 156.45 205.18 0.95991 35.007 46.256 0.039047 23.128 

20 156.28 200.52 0.92587 35.005 47.065 0.039195 23.5325 

21* 156.16 189.8 0.91639 35.006 46.212 0.036227 23.106 

22 155.51 164.79 0.9633 35.007 45.894 0.029133 22.947 

23 155.2 154.75 0.74855 35.007 50.426 0.032691 25.213 

24 154.92 134.63 0.95943 35.007 52.879 0.028442 26.4395 

25 154.62 127.9 0.90342 35.008 56.07 0.028871 28.035 

26 154.29 122.69 0.8577 35.01 56.969 0.027414 28.4845 

27 153.68 117.08 0.64722 35.004 57.966 0.026007 28.983 
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Figure 4: MOGA results for maximization of  CJM  and minimization of   FJT for bearing with longitudinal 

roughness pattern (  =6) (a) Pareto front and (b) Average spread of individual. 

 

         

Figure 4: MOGA results for maximization of  CJM  and minimization of FJT for bearing with longitudinal 

roughness pattern (  =6) (a) Pareto front and (b) Average spread of individual. 

 Pareto optimal concept has provided total of 27 design options and are tabulated in Table 3 for longitudinal 

roughness respectively. It is observed that the design option starts from point A and upto point B, drastic 

decreases in FJT  with marginal reduction in CJM . So point B and its corresponding design option is selected as 

best design. Then from point B to C, CJM  starts decreasing with simultaneous reduction in FJT .     The 

selected design options and their corresponding design parameters as per the first (point B) and second choice 

(point C) of the designer are, 
rjV = 0.96148, RJ= 35.007 mm, c = 43.299µm,   = 0.039142Pas and the other 

selected design option are  
rjV = 0.91639, RJ= 35.006 mm, c = 46.212 µm,   = 0.036227 Pas respectively. 

 





Best  Designs 
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IV. CONCLUSION 

 

1. Genetic algorithm has been developed and customized to use the Artificial Neural Network simulation 

results of objective functions for the optimization process. 

2. The suitability of combining both Artificial Neural Network (ANN) and Multi-objective Genetic 

Algorithm (MOGA) techniques of MATLAB in the difficult and important task has been achieved. 

3. Achievement of regression value above 99% and close agreement between expected and predicted value of 

all the three output functions shows the suitability of ANN in Multi-objective Genetic Algorithm 

optimization problem. 

4. The optimization process was carried out for the optimization of design variables: variance ratio, journal 

radius, radial clearance and dynamic viscosity. Further Pareto optimal concept was utilized to predict the 

best design options for the maximization and/or minimization of two selected objective functions together. 

5. For the maximization of minimum oil film thickness and minimization of frictional torque of bearing 

having longitudinal roughness, the optimum values was found to be 0.99388. 
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ABSTRACT 

 

Brakes are the mechanical device which are used to control/stop the movement of a machine or automobile. 

The disc is sandwiched between two pads activated by cylinders backed in a caliper mounted on the stud shaft. 

When the brake lever is pressed using pressurized hydraulic, pressurized fluid is constrained into the chambers 

pushing the contradicting cylinders and brake pads into frictional contact with the disc. In general 

practice/literature review we found only single caliper are analyzed. In this work an attempt is made to analyze 

and optimize the performance of disc brake having dual coupled calipers using finite element method (FEM) 

analysis under severe braking conditions i.e., panic braking (26.48m/s2 deceleration). FEM analysis was carried 

out using Ansys 2021 Software version to determine the distribution of temperature, stresses and deformation 

across the disc brake under various braking conditions. 

 

Keywords: Disc brake, caliper. 

 

I. INTRODUCTION 

 

A Disc brake is a type of brake that uses the calipers to squeeze pairs of pads against a disc or a rotor to create 

friction. When a brake pedal is pressed, the push rod which is connected to lever or pedal and master cylinder 

piston pushes the cylinder piston. This movement allows the master cylinder piston to slide and push the return 

spring inside the bore of master cylinder, which generates pressure in reservoir tank. At this moment a primary 

seal allows the brake fluid of reservoir tank to flow over it into the brake hosepipes. A secondary seal ensures 

that the brake fluid does not go other side. Then the fluid enters in to cylinder bore of caliper assembly via 

brake hosepipes and pushes the caliper piston or pistons. At this time the piston ring moves in rolling shape 

with piston. Then the caliper piston pushes brake pad. This movement causes brake pads to stick with brake 

disc which creates friction and stops the brake disc/rotor to rotate. This way disk brake system stops or slows 

down the vehicle. When the brake lever or pedal is released the piston ring pushes the calliper piston back to 
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cylinder bore of calliper till both, calliper piston and piston ring come into their original shape. Currently 

retraction spring pushes the brake pads to their original position. The return spring in master cylinder assembly 

pushes the master cylinder piston back into its original position and allows the fluid to flow back to reservoir 

via hosepipe and master cylinder bore. 

  
Disc Brake coupled with dual calipers[13] 

 

II. LITERATURE REVIEW 

 

Mahmood Hasan Dakhil et.al [1] have reported a research paper on the design and structural analysis of disc 

brakes in automobiles which discussed optimized design of disc brake using finite element analysis. This was 

done to evaluate the performance of the brake under severe braking conditions. The cast iron and stainless steel 

were used as disc brake materials. They have taken a actual condition and calculated the required forces and 

estimated the braking distance for the discbrakes of cast iron and stainless-steel material, both were found to be 

under the allowable limits. 

Mit Patel et.al [2] reported on design of the disc brake’s rotor. In this paper design of the disc brake’s rotor was 

carried out. The aim of their study was to analyse the thermo-mechanical behaviour of the brake disc during 

the braking phase. The coupled thermal-structural analysis was used to determine the deformation and the Von 

Mises stress. Hence, to estimate enhanced performance of the rotor disc. A comparison between analytical and 

results obtained from FEM analysis was done and all the values obtained from the analysis were less than their 

allowable values. They have designed a disc rotor based on the calculation of braking force. 

Subhasis Sarkar et.al [3] conducted research on modelling and simulation of disc brake to analyze temperature 

distribution using FEM. The objective of their study was to investigate and analyze the temperature distribution 

of rotor disc and to identify critical temperature during operation using FEA analysis.Static thermal analysis 

had been carried out on the disc rotor to evaluate and compare their performance and the temperature 

distribution was analyzed considering cooling parameters (convection and radiation). Comparative study was 

carried out between different materials i.e., Aluminium metal matrix composite (AMMC), Asbestos, and Grey 

Cast Iron (GCI) etc. They had concluded that disc brake design plays an important role in heat transfer as other 
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variables such as plate and vane thickness, material and flow pattern. They concluded on the basis of their 

results that with increase in the vehicle speed the temperature increases for both the material but the rate of 

heat generation was less for AMMC as compared to GCI with speed 

Kumaragurubaran SB et.al [4] reported on design and analysis of disc brake rotor. Their work deals with the 

thermal analysis of disc brake of a vehicle. Heat generation and dissipation of disc brake were analyzed. The 

objective of their work was to investigate and analyze the temperature distribution of rotor disc during 

operation using Ansys. In their research work design of a disc brake is proposed with copper liner on its brake 

disc, the heat transfer of existing and hybrid disc was calculated for finding the effectiveness of heat transfer. 

Bhuvneshwar Pancholi et.al [5] published a paper on the refinement and optimization of disc brake. They 

focused on the shortcomings of the existing stainless-steel brakes using Ansys, a 3D CAD model was imported 

into Ansys so that they could monitor and analyse the shortcomings. They calculated the braking distance of 

the vehicle (Bajaj 220f) and performed Structural and thermal analysis on it after applying boundary conditions. 

They also made comparisons between Silicon-carbide brakes and Stainless-Steel brakes using Ansys and also 

compared the Braking distances. 

K.N.V. Sreedevi et.al [6] published a paper on the modelling and analysis of a disc brake. The aim of the paper 

was to model a disc brake used in Honda Civic. structural and Thermal analysis was done on the disc brake 

with three different materials. The materials used are Stainless Steel, Cast Iron and Aluminium Alloy. 

The motive of our research is to design and analyse a disc brake with dual calipers simulating under a real-

world conditions and comparing it with the conventional single caliper disc. 

 

III. CALCULATIONS 

 

Considering a real-world problem, the following assumptions were made and these values are considered for 

analysis work 

1. Overall Weight of the car (m): 1250 kg[1] 

2. Centre of Gravity height (h) = 8.2 inches = 0.208m. 

3. Deceleration(d) = 26.48m/s2 

4. Wheel Base (Wb) = 2.35m or 2350mm 

5. Wt. Distribution: Front – 40% = 0.4×1250 = 500 kg 

Rear – 60% = 0.6×1250 = 750 kg 

Static Wt. distribution factor = 1250×0.66 = 833.33kg Dynamic Wt. = (ℎ × 𝑚 × 𝑑) ÷ (𝑊𝑏 × 𝑔𝑟𝑎𝑣𝑖𝑡𝑦)= 298.644 kg 

Braking Force Front = Static wt. on axle + Dynamic Wt. 

= 1131.97kg = 11.10 kN 

Braking Force Rear = Static Wt. on axle – Dynamic Wt. 

= 534.68 kg = 5.24 kN. 

Torque required = BF (Front) × Coefficient of friction b/w tyre and road × rolling radius of tyre 

=11.10×103×0.02×95% of radius of tyre 

=11.10×103×0.02×0.95×0.19 = 40.071 N-m 

Area of rubbing force acting on disc A = 2×3.14×0.0847135 
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Kinetic energy =(1/2) ×m×v2=(1/2) ×1250×27.762 = 479.55 kJ Heat per wheel for a disc (car 4 wheels)= 479.55/4 

=119.88 kJ Surface area of disc = 0.084 m2 

Heat flux = Heat generated / Time / Twice the projected area = 119.88 / 6.87 / 2×0.084 = 103.86 kW / m2 

Heat flux at front = 40% of heat flux = 0.4×103.86 

= 41.544 kW / m2 

 

IV. MODELLING AND ANALYSIS 

 

The design of the disc was done on SolidWorks 2021 version. 

Procedure: 

The disc brake was designed using dimensions assumed nearby the standard value. The disc diameter is about 

288mm. 

 
Figure 1: Dimension of Disc Brake Designed 

This final model which is shown in the figure was imported to the Ansys 2021 software for the analysis. 

We did this considering two materials 

1. Stainless steel 316 (SS-31) 

2. Grey Cast Iron 

The properties of the materials are shown in the table [12]: 

Material Stainless Steel 316 grade Grey Cast Iron 

Yield Strength 230 MPa 200 MPa 

Tensile Strength 520 MPa 450 MPa 

Modulus of Elasticity (E) 193×103 MPa 180×103 MPa 

Poisson’s ratio 0.28 0.29 

Melting point 1380 deg Celsius 1180 deg Celsius 

 

In the software the material should be selected. The mesh size was adjusted to 5mm, mesh used is triangular 

mesh. Area where natural convection takes place is to be considered and then heat flux is calculated. From this, 
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an iteration is run and max temperature value is estimated. After this, max temperature value is to be imported 

to find the von-mises stress. The disc is fixed at the centre and pressure is applied on two sides of the disc at 

different radius. The von-Mises stress is obtained. 

  
Figure 2: Pressure applied on the disc and meshed view of the brake disc 

The pressure applied on the disc brake which is assumed to be the clamping force of the caliper on two sides of 

the disc brake at different radius is shown in figure 2. 

  
Figure 3: von-Mises Stress of a) SS-316 and b) GCI 
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Figure 4: Total deformation of a) SS-316 and b) GCI 

  

In the Figure 3 and 4, the result of von-Mises stress and total deformation is shown of two different materials 

i.e., SS-316 and GCI. The properties of SS-316 and GCI are compared and it is observed that GCI material had 

better characteristics compared to that of SS-316 material and hence, GCI material is considered for the analysis. 

 

V. RESULTS AND DISCUSSION 

 

The analysis result conducted based on the assumed calculations are shown in the figures below 

 
Figure 5: von-Mises stress of GCI having a) Dual caliper and b) Single caliper 
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Figure 6: Temperature distribution of GCI having a) Dual caliper and b) Single caliper 

  

As per the analysis, the following result is obtained and been tabulated: 

Characteristics Single caliper Dual caliper 

von-Mises stress 209 MPa 199.36 MPa 

Temperature Distribution 457.44 deg Celsius 457.44 deg Celsius 

 

From the above tabulated result obtained from FEM analysis, it is observed that maximum von-Mises stress in 

single caliper is 209 MPa, while the maximum von-Mises stress in dual caliper is 199.36 MPa, as shown in 

Figure 5. 

The temperature distribution in single and dual caliper is found to be same i.e., 457.44 deg Celsius. Figure 6 

represents the temperature distribution of GCI having single and dual caliper. 

 

VI. CONCLUSIONS 

 

Based on the analysis done on the Ansys software, it is found that grey cast iron is better in its characteristics 

and also using double caliper is comparatively better than using a single caliper as it showed lesser von-Mises 

stress at maximum temperature as compared to the single caliper. 
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ABSTRACT 

 

Pulsed Gas Metal Arc Welding (P-GMAW) is considered as one of the most important arc welding processes in 

fabrication, which is used in high-technology industrial applications. In order to control and recognize the P-

GMAW process parameters, it is necessary to determine the input and output relationship of the welding 

processes. P-GMAW offers an enhancement in quality and productivity over regular Gas Metal Arc Welding 

(GMAW). The process enables low mean current and low net heat input with stable spray transfer. This paper 

describes the estimation and comparison of welding process parameters viz., current, Gas Flow Rate (GFR) and 

Wire Feed Rate (WFR) on Ultimate Tensile Strength (UTS), Yield Strength (YS) and Percentage of Elongation. 

Experiments have been performed by taking SS 316 material based on Taguchi’s L27 standard orthogonal array. 

Estimation of welding performances have been carried out using sophisticated mathematical models viz., 

Multiple Regression Analyses (MRA) and Artificial Neural Network (ANN) and compared. The output 

developed by ANN model is used to compare with the output obtained through MRA. Estimation and 

comparison of welding performances were carried out using MRA and ANN techniques. 

 

I. INTRODUCTION 

 

High quality and productivity of weldding in fabrication process is generally achieved by using Pulsed Gas 

Metal Arc Welding (P-GMAW) in high technology industries. To improve wetting, suitable selection of pulse 

parameters is requiered, but the penetration remains finger type penetration. The weld beads are either deep 

and narrow in the penetration or convex are seen in generally through experiments. A variety of parameters 

which influence the P-GMAW process which are viz,. wire size and wire feed rate for penetration and arc 

stability, shielding gas for weld bead shape, arc stability, metal transfer mode and molten droplet detachment, 

welding speed for penetration and metal transfer. Mean current, base current peak current, peak time and pulse 

duration are the other parameters which influences the P-GMAW process in terms of metal transfer mode, 

http://www.ijsrset.com/
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tapering of electrode, penetration, molten metal droplet detachment, number of droplets detached per pulse, 

temperature of transferred metal, width of weld pool, wetting in weld bead and drop size. At a given wire feed 

rate, P- GMAW exhibits greater arc characteristics, less fume generation, lower heat input and reduced spatter 

significantly than spray transfer in steady current GMAW.  

The main characteristic of P-GMAW under steady current conditions is a spray type metal transfer at low 

average currents, which would produce globular metal transfer. It introduces additional parameters such as 

pulse duration (Tp), pulse frequency (f), peak current (Ip), background current (Ib) and background time (Tb) 

shown in Fig. 1. The appropriate selection of pulse parameters provides required droplet velocity and control 

over weld pool to achieve desired geometrical characteristics of weld joint. The different nature of metal 

transfer and thermal behaviour of the deposited droplet at various pulse parameters give rise to different 

geometrical, metallurgical and mechanical characteristics in the weld joint [1]. 

 
Fig. 1. Pulsed current waveform 

Several researchers focus on friction welding process parameter optimization with a hybrid technique of ANN 

and different optimization algorithms. ANN based approaches could model this welding process of INCOLOY 

800H in both forward and reverse directions efficiently, which are essential for the automation. Five different 

training algorithms were used to train ANN for both forward and reverse mapping and ANN tuned force 

approach was used for optimization. The results showed that GANN with 4-9-3 for forward and 4-7-3 for 

reverse mapping arrangement could outperform the other four approaches in most of the cases but not in all. 

Experiments on tensile strength (TS), microhardness (H) and burn off length (BOL) of the joints were 

performed with optimised parameter. It is concluded that this ANN model with genetic algorithm may provide 

good ability to predict the friction welding process parameters to weld Incoloy 800H [2]. Weld joint strength 

monitoring in Pulsed Metal Inert Gas Welding (PMIGW) process was performed. Response surface 

methodology is applied to perform welding experiments. A multilayer neural network model has been 

developed to predict the UTS of welded plates. Six process parameters, namely pulse voltage, back-ground 

voltage, pulse duration, pulse frequency, wire feed rate and the welding speed, and the two measurements, 

namely root mean square (RMS) values of welding current and voltage, are used as input variables of the model 

and the UTS of the welded plate is considered as the output variable. Furthermore, output obtained through 

multiple regression analysis is used to compare with the developed ANN model output. It was found that the 

welding strength predicted by the developed ANN model is better than that based on multiple regression 

analysis [3]. Efforts have been made towards the monitoring of friction stir welding (FSW) process using real-
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time torque signals in their research work. Signals were analyzed using discrete wavelet transform and 

statistical features namely dispersion, asymmetry and excess are computed. The computed features are further 

processed to develop effective methodology for internal defect identification in FSW process. The prediction 

accuracy of the model with computed signal features are found to be more than the model developed with 

process parameters. The comparison of the developed support vector regression (SVR) model with ANN model 

and general regression model yields that prediction performance of SVR is superior to ANN and general 

regression model [4]. Ultrasonic welding was carried out on aluminum-steel dissimilar alloys to investigate the 

influences of welding parameters on joint strength. Designed and conducted a 3-factor, 3-level comprehensive 

test. Vibration time significantly impact the tensile strength although its significance level is close to the 

threshold. The interaction between welding parameters all can significantly impact the tensile strength. The 

artificial neural network optimized by Genetic Algorithm was used to establish an analytical model. The 

supplemental experiment and residual analysis were conducted to verify the accuracy of the analytical model. 

The analytical model show that with the increase of clamping force, the changes of optimal and minimum 

strength are limited, but the range of welding parameters to obtain a higher strength change significantly; the 

optimal welding parameters from lower vibration amplitude and higher vibration time shifts towards to higher 

vibration amplitude and shorter vibration time gradually; for 0.3 Mpa clamping force, the influences of 

vibration amplitude and vibration time on tensile strength are not significant [5]. 

 

II. EXPERIMENTAL WORK 

 

DC electrode positive power supply Lorch welding machine was used to conduct trials. Experimental trial pipe 

specimens are 300 mm in overall length (each specimen is cut in to 150 mm length) with wall thickness of 3 

mm, outer diameters of 25 mm and inner diameter of 22 mm. Edge preparation is done with an angle of 60º and 

tack welded. Copper coated mild steel electrode of 1.2 mm diameter was used to carry out welding. Argon 

(85%) and CO2 (15%) gas mixture was used for shielding. The experimental setup consists of a rotating disk 

which rotates with a constant speed of 5 rpm in to which work sample was mounted. The working ranges for 

the process parameters were selected from the American Welding Society (AWS) hand book, literature review 

and experts advise as shown in Table 1.  Single pass welding was performed on SS 316 pipes by varying the 

process parameters. Fig 2 & 3 shows the welding and tensile experimental set up respectively. Ultimate Tensile 

Strength (UTS), Yield Strength (YS) and percentage of elongation are considered as output variables.  

The Experiments were conducted according to L27 orthogonal array.  

 

Input parameters Levels 

I II III 

Current (Amp) 60 65 70 

GFR (LPM)  15 16 17 

WFR (mm/min) 120 125 130 

Table1. Welding settings used in experiments 
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Fig. 2. Welding Experimental Setup Fig. 3. Tensile Experimental Setup 

 

III. RESULT AND DISCUSSIONS 

 

1.1 Multiple Regression Analysis (MRA) 

The objective of multiple regression analysis is to construct a model that explains as much as possible, the 

variability in a dependent variable, using several independent variables. The model fit is usually a linear model, 

though some timer non linear models such as log-linear models are also constructed. When the model 

constructed is a linear model, the population regression equation is 

Yi = + ß1 X1i +…………….+  ß mXmi + ei (1) 

Where Yi is the dependent variable and X1i ……………  Xmi are the independent variables for ith data point and 

ei is the error term.  Error term is assumed to have zero mean. This error term is the combined effect of 

variables that are not considered explicitly in the equation, but have an effect on the dependent variable. The 

coefficient, ß1,………ßm are not known and estimates of these values, designated as a, b1…….bm have to be 

determined from the sampled data. For this least squares estimation is used, which consists of minimizing. 
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With respect to each of the co-efficient a, b1…..bm. This will give k+1 equations from which a, b1…..bm. can be 

obtained. These least squared estimates are the best linear unbiased estimates and hence give the best linear 

unbiased estimate of the dependent variable.  

Y = a + b1X1 + b2X2 +………….+ bm Xm (3) 

 

The obtained regression model for estimating UTS for SS 316 material is, 

UTS=5.74 x A -24.74 x B -4.37 x C +720.69 (4) 

 

The obtained regression model for estimating YS for SS 316 material is, 

Yield Stress = 2.34 x A – 8.11 x B –9.4e-1 x C+ 221.87 (5) 

 

The obtained regression model for estimating % of Elongation for SS 316 material is, 

% of Elongation = 2.2e-1 x A – 4.5e-1 x B - 1.38e-1 x C +12.12 (6) 
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1.2 Artificial Neural Network (ANN) 

 

A neural network is an artificial representation of human brain that tries to simulate its learning process. ANN 

is an interconnected group of artificial neurons that uses a mathematical model or computational models for 

information processing based on a connectionist approach to computation. The ANN are made of inter 

connecting neurons which may share some properties of biological neurons. ANN is an information processing 

paradigm that is inspired by procedure in the biological nervous system. Neural networks are non linear 

mapping systems that consist of simple processors which are called neurons, linked by weighed connections. 

Each neuron has inputs and generates an output that can be seen as the reflection of local information that is 

stored in connections. The output signal of a neuron is fed to other neurons as input signals via 

interconnections Fig. 4 shows the network architecture of ANN.  

The neuron has a bias b, which is summed with the weighted inputs to form the net input n. 

n = w1,1p1 + w1,2 p2 +…..+ w1,R pR + b (7) 

 

 
Fig. 4. Network architecture 

 

 

Various input to the neurons are represented by ‘Xn’. Each of these inputs is multiplied by a connection 

weighed, represented by ‘Wn’ and added to the bias ‘φ’ to compute activation ‘an’ which is converted into the 

output ‘On’ via transfer function. Various input to the neurons are represented by ‘Xn’. Each of these inputs is 

multiplied by a connection weighed, represented by ‘Wn’ and added to the bias ‘φ’ to compute activation ‘an’ 

which is converted into the output ‘On’ via transfer function.  

an = Wn XnT + φ (8) 

  

On = f (an) (9) 

After conducting the experiment, response values are noted down and analysis has been done. The experiment 

was conducted in the same environmental condition for all the runs so that environmental noise factors can be 

minimized.  
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1.3 Prediction of response variables of SS 316 material 

 

The prediction of responses was carried out using MRA and ANN. When the training is completed, it is 

necessary to check the network performance and determine if any changes need to be made to the training 

process, network architecture or the data sets.  

Fig. 5, Fig. 6 and Fig. 7 gives the measured and estimated responses with the number of runs using MRA for 

UTS, YS and % of elongation. Referring to the below figure, it was observed that most of these estimates are 

correlating well with the measured responses at lower and higher welding conditions than at intermediate 

welding conditions. From the Fig. 5 and Fig. 6  it is observed that the UTS and YS increases with higher current 

and gas flow rate. With reference to graphs, it is noticed that predicted results are in good agreement with the 

measured responses at higher welding conditions than at lower and intermediate welding conditions. 

  

Fig. 5. Measured and estimated UTS by MRA 

 

Fig. 6. Measured and estimated YS by MRA 

 
Fig. 7.  Measured and estimated % of elongation by MRA 

Comparison of responses using MRA and ANN were carried out. It is observed from the Fig. 8, 

Fig. 9, Fig. 7 and Fig. 10, predicted UTS, YS and  % elongation of 70% of the data set by ANN 

exhibits better correlation with the measured UTS, YS and % elongation when compared to the 

MRA. 
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Fig. 8. Comparison of UTS by MRA & ANN  Fig. 9. Comparison of YS by MRA & ANN 

 
Fig. 10. Comparison of % elongation by MRA & ANN 

 

IV. CONCLUSION 

 

This paper has presented an investigation on the estimation and prediction of welding parameter on ultimate 

tensile strength, yield strength, percentage of elongation and hardness. It was found that, each control factors 

are affecting the response variables to different extent. We have also seen that MRA and ANN is a preferred 

tool for estimating the welding performances for SS 316 material.  
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Comparison of the two theoretical methods for estimation of welding performances, it was found that, ANN 

fitting function has an edge over MRA method. Thus, predicted response variables of 70% training set 

correlates well with the measured response variables. ANN function gave better prediction than MRA.  
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ABSTRACT 

 

Data center networks typically uses an output model to provide bandwidth for the top two categories of 

applications. A large amount of data is required for frequent transfers between servers on multiple paths. 

However, standard load balancing algorithms such as the Equal-Cost Multi-Path route are not suitable for 

instantaneous traffic on data center networks. Based on the topology of a specialized data center and traffic 

characteristics, researchers have recently come up with new ways to plan traffic to measure traffic. This paper 

provides a comprehensive survey of contemporary elucidations for load balancing in data center networks. 

 

Keywords: Data Center Networks, load balancing 

 

I. INTRODUCTION 

 

to In recent years, businesses and companies are slowly falling apart to change their services such as web search 

and online gaming in cloudy places. Supporting these ever-growing one’s cloud services, a large number of data 

centers have been suspended. Today's data centers typically use a scale model, such as FatTree [1], VL2 [2], 

DCell [3], connecting a large number of asset servers and thus supports size to count. In these data center 

buildings, it is usually the case with many alternatives between the pairs of final hosts. Therefore, it is 

important to evenly measure the volume of traffic across many ways. However, traffic patterns in such data 

center networks is very different from the traditional Internet [4]. First, big data computer systems like 

MapReduce and Dyrad remove the partition / combination pattern, when the server is in the middle assign 

tasks to distributed servers for processing and integration results from them. This is a multi-to-one connection 

pattern may cause output collapse. Second, flow processes for other applications follow OPEN patterns, which 

increase explosion and insecurity traffic matrix. Third, most of the flow in data centers is short size, like 10 KB. 

But there is a small amount of large flow they impact on many bytes of traffic and may even lead to more traffic 

jams. 

http://www.ijsrset.com/
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Due to special topology and traffic characteristics, traditional uploading algorithms are not well suited for data 

the middle environment. On the other hand, load balancing schemes traditional networks designed with a large 

system times and fail to properly measure data traffic institutions. On the other hand, standard measurement of 

static load Algorithms cannot be combined with congestion information, which is possible leads to congestion 

in some cases. For example, in general The ECMP uses a fixed acceleration method according to a few fields in 

the pack headers, as a source IP and local IP, then map the hash value of cost-effective methods to the next hop. 

ECMP is simple will be distributed to existing networks. However, it is easy causes congestion due to the large 

flow of flow in the data center networks. Apart from topology and traffic, load balancing formation operating 

system faces a few new challenges in the data center networks. The first challenge is how to do it on time and 

accurately find congestion and measure bottle bandwidth way. As the data center traffic explodes too RTT 

(Round-Trip-Time) network is in microseconds Standard, load rating should respond to congestion in RTT 

times Second, load balancing should be being strong against reorganization. Packets from the same flow can be 

balances in different network modes, which may result TCP resets. Reset it not only affects the output of TCP, 

but also sets it up important overheads of calculation for hosts. Third, the burden scaling uses randomly 

algorithms of the same set short and long flow. However, the short flow is much delayed sensitivity rather than 

long flow, so these two types of flow require should be treated in a very different way. Fourth, link failure has 

been shown to be frequent and disruptive to data centers, thus load balancing should effectively manage the 

asymmetry created by link failure. In the end, the load balances are facing many small supply challenges in data 

centers. such as, the implementation of new load balancing algorithms changes and feel all the way to the final 

hosts, to control the flow path of the final hosts. 

 

II. BACKGROUND 

 

In recent years, data center communication has attracted a lot of attention from both academics and industry. 

There are available survey documents on data center networks, such as traffic control, bandwidth allocation, 

data center recognition. Since the design of data center measurement methods requires primarily consideration 

of data center topology and traffic features, this section provides basic information about data center network 

structures and data center traffic network applications. In addition, some data center load balancing methods 

consider power consumption as an important metric. There are different applications running in data center 

networks ranging from latency-sensitive services like web search, to throughput-sensitive tasks like database 

update, with the growing applicability of data centers in a wide variety of scenarios, there have been several 

systematic measurement studies of data center usage to guide practical issues in data center operations 

The three key issues for data center network design are 

Data Center Traffic Analysis 

The traffic originated from a rack in a data center is ON/OFF in nature, where the ON/OFF durations both fit 

heavy-tailed distributions. But the total traffic matrix is random in nature and lacks predictability. 

Data Center Congestion Analysis 

It is intuitive to think that loss rates are positively associated with link utilization, but recent studies show that 

they are irrelative and some special traffic pattern with cause severe packets loss. Besides, link utilization grows 
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rapidly in higher layers. For example, links in core layers are often observed to achieve as high as 70% link 

utilization. However, core links surprisingly exhibit the smallest loss rates despite their high link utilizations 

Failures in Data Centers 

Data centers usually provide high reliability by setting backup equipment’s and redundant paths. But link 

failures and device failures still happen at times in data centers . The reliability and survivability of data center 

networks are related to network topologies. 

 

III. LOAD BALANCING 

 

As today’s data centers provide high path diversities between hosts and exhibit special traffic characteristics, a 

proper load balancing mechanism is required to improve application performance and network utilization. The 

main target of load balancing algorithms in data centers is to evenly assign flows among different paths to 

improve network utilization. 

The four primary objectives of the load balancing algorithm: 

• High performance 

• Scalability 

• Robustness 

• Energy-efficiency 

 

High performance: There are a variety of different applications in today’s data centers, resulting in specific 

requirements for their flows. Therefore, load balancing mechanisms in data centers should also assign flows 

based on their requirements. Two main requirements that need to be considered are throughput and latency. 

Scalability: The enterprises and organizations are continuously moving their services into data centers, the scale 

of data center grows sharply in recent years. Most of load balancing mechanisms require to collect or store link 

utilization information. Some schemes perform optimally in small-scale scenarios, but when the topology scales 

up, they may become prohibitively expensive to be deployed in practical data center networks. 

Robustness: It is stated that link failures and switch crashes happen at times even though the commodity 

devices in data centers are highly reliable. These failures, if not be quickly processed, will greatly degrade the 

performance of applications since flow length in data centers are mostly small in size. Besides, topology changes 

are common in data centers due to software or hardware updates, which will incur paths change between hosts. 

Therefore, how load balancing algorithms react to failures and topology changes in data centers is a critical 

issue. 

Energy Efficiency: With the growing concern of energy consumption for the Information and Communication 

Technologies (ICT) industry, much work has been done in the area of energy-efficient framework for data 

center services such as big data systems and content delivery networks Today’s data centers adopt a variety of 

topologies to provide large bisection bandwidth and multiple backup paths for applications. However, these 

redundancies in data centers also cause huge energy consumption even when the load is much less stressed. 

 

c 
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A typical centralized architecture is shown in Fig. 1. Centralized mechanisms usually employ a global controller. 

The control plane (determining how to forward traffic) is separated from the data plane (forwarding flows 

based on the policy of control plane). A controller can collect global information and deal with link failures 

automatically, and provide a promising manner for centralized real-time traffic scheduling. 

  
Fig. 1: A typical centralized architecture.The effect of fiber loading on the tensile behaviour of  

 

IV. LITRATURE SURVEY 

 

The Existing data center load balancing mechanisms could be broadly classified into Centralized Mechanisms 

and Distributed Mechanisms according to their methods of scheduling flows. 

Energy-agnostic Centralized Mechanisms. The main purpose of the traffic planning system lies in balancing the 

load and thus improving overall capacity and reducing flow time. Therefore, a series of traffic planning 

processes are designed for data centers without regard to power consumption.   

M. Al-Fares et.al. [5] Hedera, a central and idle algorithm that aims to measure maximum flow in data centers. 

It argues that ECMP is unable to properly regulate large flow and may also cause flow collisions. Therefore, 

Hedera proposes a way to measure the maximum flow and allocate it in the middle to maximize network usage 

with a smaller schedule. Specifically, for the first time, it gets a large flow in the switch cables. Second, assign 

methods for this large flow according to the set algorithms. Finally, the controller installs routes to related 

switches. 

FDALB [6] Separates the flow into short distances and long flows and organizes them in different ways. 

Compared to the Mahout, the limit for short-distance and long-distance separation is read by finalists and can 

be familiar with different traffic patterns. Long flows are marked with markers for end hosts. Short flows are 

transmitted alternately using static schemes such as ECMP, while long flows are regulated by a central 

controller according to global congestion information.  

Energy-aware Centralized Mechanisms. Energy efficiency becomes an important factor in data center 

communication processes Some of the latest uploading algorithms proposed for data networks also consider 

power consumption. It is ideal for centralized schemes to collect server information and links. The key points 

are to make the right trade-off between power efficiency, performance, and durability. Recent power 

algorithms are very focused on energy efficiency, and simply schedule a load to avoid exceeding link bandwidth 

or server power. 
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A highly efficient server-first action plan (MESF) [7] is proposed by cloud-based data centers to reduce server 

power consumption and meet operational deadline limits. In MESF, the central editor is used to process arrival 

tasks based on real-time server scores. Server score is determined by the server computing capacity and the type 

of data center. In order to ensure the completion time of tasks, the server capacity to maintain the type of tasks 

is set equal to the deadline for these types of tasks. There are two different ones 

Data Center Energy-efficient Network-aware Scheduling (DENS) [8] is designed for a data center to reduce 

energy consumption and improve network performance. When processing tasks, DENS selects appropriate 

computer resources based on load and communication capacity of servers. Communication power represents 

the amount of bandwidth from end to end of each server or group of servers. DENS assesses the capacity of each 

server when new work arrives and uses metric M to represent its score. 

Congestion-aware Distributed Mechanisms. In asymmetric topologies, balancing load only according to egress 

port statues may have worse performance when the link congestion occurs in downstream switches. Thus, 

collecting congestion information and leveraging this information to balance load becomes the motivation of 

congestion-aware schemes. 

Instead of using a single TCP connection, Multipath TCP (MPTCP) [9] leverages the multi-paths between end-

hosts and setups multiple sub-connections to make full use of the bandwidth and improve throughput. MPTCP 

uses the initial SYN to negotiate the use of MPTCP. After the successive establishment of a TCP connection, the 

client learns from SYN packet that there are additional IP addresses or TCP ports the server may have. Then 

additional connections can be established using different IP addresses or ports. During the transmission, each 

MPTCP subflow has its own sequence number and maintains its own congestion window. To make multiple 

subflows work together. 

CONGA [10] is a distributed load balancing system designed for efficiency in 2-tier Leaf-Spine topology. It 

recognizes that intermediate systems are too slow to respond to congestion and pure local systems are difficult 

to gather information on global congestion. CONGA is developing a distributed algorithm to detect global 

congestion between leaf switches. VxLAN technology [11] used for overlay networks is used to manage method 

information.  

Expeditus [12], for Clos-based topology, such as the fat-tree and VL2 to store information on congestion in leaf 

transformation requires significant memory costs. Therefore, it is almost impossible to gather information on 

global density in real time. To address this issue, Expeditus suggests two top tree topology designs, a collection 

of information on one hops and a two-stage selection. 

Congestion-agnostic Distributed Mechanisms. Selecting flow paths taking into account congestion information 

can benefit almost complete performance. However, collecting too much information on congestion requires 

large hardware or protocol modification, which prevents the use of large amounts. 

RepFlow [12] is a simple program that aims to reduce short-term finishing time without adjustment of switches 

or kernel hosts. RepFlow investigates that short flows in data centers may be affected by long distances while 

other methods may be used. Therefore, it simply duplicates each short flow and transmits new flow in other 

ways by creating another TCP connection to the receiver. The flow to RepFlow is transmitted using ECMP and 

the hash value of the repeated flow is different from the original. 
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TRILL [14]. It is short for transparent interconnection of lots of links. It is proposed to solve the problems 

caused by traditional Ethernet networks, such as the convergence problem of STP when there are frequent 

topology changes, and the bandwidth waste problem because of the single flow tree. Different load balancing 

algorithms can be implemented based on TRILL. The load balancing algorithm based on TRILL that distributes 

messages with different MAC addresses in a VLAN evenly between multiple RBridges. As a result, an RBridge 

is only responsible for forwarding messages with allocated MAC addresses. 

 

V. CONCLUSION 

 

Load balancing becomes an important research area that facilitates the completion of flow time, increasing 

bandwidth usage, and saving energy on data center networks. First, we introduced the data center network 

topology, traffic features, and key structures and objectives of upload evaluation processes. Then, the difference 

between load balancing in data centers and traffic engineering over WAN is introduced. This article attempts to 

briefly evaluate current load balancing technologies. 
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ABSTRACT 

 

This project discusses about a brain-controlled wheel chair based on Brain–computer interfaces (BCI). BCI’s are 

systems that can bypass conventional channels of communication (i.e., muscles and thoughts) to provide direct 

communication and control between the human brain and physical devices by translating different patterns of 

brain activity into commands in real time. The intention of the project work is to develop a robot that can assist 

the disabled people in their daily life to do some work independent of others. Here, we analyse the brain wave 

signals. Human brain consists of millions of interconnected neurons, the pattern of interaction between these 

neurons are represented as thoughts and emotional states. According to the human thoughts, this pattern will 

be changing which in turn produce different electrical waves. A muscle contraction will also be generating a 

unique electrical signal. All these electrical waves will be sensed by the brain wave sensor and the different 

pattern is used for controlling a wheel chair.  

 

Keywords: brain-computer interface, wheel-chair, eeg sensor 

 

I. INTRODUCTION 

 

Paralysis is the inability whether temporary or permanent to move a part of the body. In almost all cases, 

paralysis is due to nerve damage, and it is not because of injury to the affected region. For instance, an injury in 

the middle or lower regions of the spinal cord is likely to disrupt function below the injury, including the 

ability to move the feet or feel sensations, even though the actual structures are as healthy as ever. Because of 

this in patients at least one of the following symptoms results. The brain is unable to relay a signal to an area of 

the body due to injuries to the brain. Brain-Computer Interface (BCI) also known as “direct neural interface” 

can provide a direct communication and interaction channel between the user’s brain and the computer. BCI 

helped to direct in assisting, augmenting, or repairing human cognitive or even sensory-motor functions.BCI 

provides a new direction to construct an interactive system which can translate human Channel based on brain 

waves and muscles to allow users to communicate without movement with the external world. A BCI system is 

just to translate EEG signals from a reflection of brain activity into user action through system’s hardware and 

software. [1].  
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II. OVERVIEW  

 

2.1 Problem Statement Disabled person has trouble moving from one place to other without the help 

of others. The present system doesn’t provide much help since they are manually operated wheel 

chair. Hence there is need for autonomous system which aid disabled person to move on their own. 

2.2 Existing System Existing system consist of manually operated wheel chair which consists of wheel 

pully which should be rotated by hand to move the wheel chair .The other version consists of 

motorized wheel chair which is also operated by a remote on the wheel chair. These systems are 

inefficient when the person using it is physically challenged or disabled due to old age / paralysis. 

2.2 Proposed System Our proposed idea consists of a motorized wheel chair, which is controlled using 

brain signals. This system doesn’t depend on operating switches manually or rotating a pully.Since the 

control mechanism works by intercepting brain signal, it overcomes the main limitation of existing 

system. Thus, allowing physically challenged and disabled person to use without effort. 

2.3 Motivation behind proposed work The motivation of the EEG-controlled wheelchairs is to 

facilitate assistance in mobility in order to accomplish complex navigational tasks in realistic 

environments for the paralyzed patients. It includes the development of automatic navigation 

strategies and personalized interactive assistance to enable the patients to move effectively and easily. 

One attempt attracting considerable attention in those fields involves the utilization of bio-signals 

such as an electroencephalogram (EEG) or electromyogram (EMG); obtainable from the human body 

as a means for interaction with the surrounding world. In the field of brain-computer interface (BCI), 

meaningful information derived directly from a user’s brain activity has been used to manipulate 

systems. However, despite the definite advantage unique to EEG signals that allows a system to be 

controlled only by one’s thoughts, the poor signal-to-noise ratios in the spontaneous EEG signals and 

the lack of consistency in the signal `patterns still make their application impractical. 
2.4 Scope of the proposed project  

• Advancements in robotics, sensor technology and artificial intelligence promises enormous scope for 

developing an advanced wheelchair.  

• The proposed work deals with engineering an interface between the human brain and an electric 

wheelchair using a portable EEG brainwave headset and firmware signal processing and filtering.  

• The project eliminates the drawbacks of conventional EEG by using a dry sensor technology to pick up EEG 

signals instead of using a conductive gel and reducing the time it takes to setup.  

• This project aims at creating a cost-efficient solution, later intended to be distributed as an add-on 

conversion unit for a normal wheelchair. Doing so would be of noble and of importance to “brain-active-

body-paralyzed patients providing them the independence of mobility.  

• The main purpose of this project is to design a wheelchair for severely disabled person move them 

voluntarily. Their movement of wheelchair can be controlled with their own mind waves. 

2.5 Objectives  

Independent mobility is a necessity to live everyday life for human beings. A person with physical challenges 

has restricted mobility. For these people, Brain Computer Interface (BCI) provides a promising solution. The 

major design objectives of this project are given below.  
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• To reduce user effort in controlling the wheelchair. 

• To ensure the safety during movement.  

• A smart wheelchair using inexpensive hardware and open-source software.  

• To monitor the activity of the person in real time using sensors  

• The designed system should be portable for the user. 

 

III. LITERATURE SURVEY  

 

1. Cecilia L. Maeder; Claudia Sannelli; Stefan Haufe; Benjamin Blankertz: PreStimulus “Sensorimotor Rhythms 

Influence Brain-Computer Interface Classification Performance”: The influence of pre-stimulus ongoing brain 

activity on post-stimulus task performance has recently been analysed in several studies. While pre-stimulus 

activity in the parieto-occipital area has been exhaustively investigated with congruent results, less is known 

about the sensorimotor areas, for which studies reported inconsistent findings. In this work, the topic is 

addressed in a brain-computer interface (BCI) setting based on modulations of sensorimotor rhythms (SMR). 

The goal is to assess whether and how peristimulus SMR activity influences the successive task execution 

quality and consequently the classification performance. Grand average data of 23 participants performing right 

and Lefthand motor imagery were analysed. Trials were separated into two groups depending on the SMR 

amplitude in the 1000ms interval preceding the que, and classification by common spatial patterns (CSPs) pre-

processing and linear discriminant analysis (LDA) was carried out in the post-stimulus time interval, i.e., during 

the task execution. The correlation between trial group and classification performance was assessed by an 

analysis of variance. As a result of this analysis, trials with higher SMR amplitude in the 1000 ms interval 

preceding the cue yielded significantly better classification performance than trials with lower amplitude. A 

further investigation of brain activity patterns revealed that this increase in accuracy is mainly due to the 

persistence of a higher SMR amplitude over the ipsilateral hemisphere. Our findings support the idea that 

exploiting information about the ongoing SMR might be the key to boosting performance in future SMR-BCI 

experiments and motor related tasks in general. 

2. Murat Akcakaya; Betts Peters; Mohammad Moghadamfalahi; Aimee R Mooney; Umut Orhan; Barry Oken; 

Deniz Erdogmus:”Noninvasive Brain-Computer interfaces for Augmentative and Alternative Communication”: 

Brain-computer interfaces (BCIs) promise to provide a novel access channel for assistive technologies, including 

augmentative and alternative communication (AAC) systems, to people with severe speech and physical 

impairments (SSPI). Research on the subject has been accelerating significantly in the last decade and the 

research community took great strides toward making BCI-AAC a practical reality to individuals with SSPI. 

Nevertless, the end goal has still not been reached and there is much work to be done to produce real-world 

worthy systems that can be comfortably, conveniently, and reliably used by individuals with SSPI with help 

from their families and care givers who will need to maintain, setup, and debug the systems at home. This paper 

reviews reports in the BCI field that aim at AAC as the application domain with a consideration on both 

technical and clinical aspects.  

3. C Guger, H Ramoser, G Pfurtscheller: “Real time EEG analysis with subjectspecific spatial patterns for a 

brain-computer interface (BCI)”: Electroencephalogram (EEG) recordings during right and left motor imagery 
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allow one to establish a new communication channel for e.g., patients with amyotrophic lateral sclerosis. Such 

an EEG-based brain-computer interface (BCI) can be used to develop a simple binary response for the control of 

a device. Three subjects participated in a series of on-line sessions to test if it is possible to use common spatial 

patterns to analyses EEG in real time in order to give feedback to the subjects. Furthermore, the classification 

accuracy that can be achieved after only three days of training was investigated. The patterns are estimated 

from a set of multichannel EEG data by the method of common spatial patterns and reflect the specific 

activation of cortical areas. By construction, common spatial patterns weight each electrode according to its 

importance to the discrimination task and suppress noise in individual channels by using correlations between 

neighbouring electrodes. Experiments with three subjects resulted in an error rate of 2,6 and 14days of training 

and make common spatial patterns a promising method for an EEG -based brain -computer interface. 

4. Md. Arif Abdulla Samy; Md. Mirazur Rahman; Tafsir Ahmed Khan:”Extracting and discriminating selective 

brain signals in non-invasive manner and using them for controlling a device”: A cost-efficient approach to 

brain computer interface (BCI):Publisher: IEEE: The interface through which a human brain establishes links 

with external devices is generally called Brain Computer Interface. Although there are some significant 

amounts of ongoing researches on how an overall efficient BCI can be developed are going on, making a cost-

efficient approach while dealing with limitless brain patterns is found to be more challenging. In this work, 

feasibility of a cheaper but appropriate way of extracting and discriminating of several non-invasive. EEG 

signals and using those for controlling devices such as a wheel chair has been proved. To assist the argument of 

this project, numerous experimental data has been processed to produce several signals, such as, right turn, 

moving forward, stop etc. for the wheel chair. In the experiment the above mentioned three signals were well 

distinguished from each other. A microcontroller has been used for processing the signals collected from the 

brain and hence sending to the wheel chair controlling motors. Despite the challenges of dealing with very low 

but noise sensitive brain signals, their limitless patterns, and limited scope of necessary circuitries, this work 

has opened up the scope of feasibility of BCI technology in practical life with a simpler and easier approach.  

5. R. S. Naveen; Anitha Julian:”Brain computing interface for wheel chair control:Publisher: IEEE:” Brain-

computer interfaces (BCIs) or mind machine interface (MMI) is the direct communication path between brain 

and external devices. Currently it is difficult for the persons suffering from stokes, amyotrophic lateral sclerosis 

(ALS) can lead to complete paralysis. Therefore, the BCI system may be used to improve the quality of life of 

such patients. In this paper we overcome this challenge by introducing a BCI system which helps the patient to 

navigate the wheelchair from one place to another based-on motor imagery model to control a brain actuated 

wheelchair. This allows the user to control the direction for four movements left turn, right turn, forward and 

backward movement, of the simulation or real wheelchair. Experimental trials are to be conducted to assess the 

BCI control; both a simulated wheelchair in a virtual environment and a real wheelchair were tested. The 

system will be realized as a standalone hardware unit and will be tested in the field. 

6. Nafiul Hasan; Md. Mahmudul Hasan; Md. Akramul Alim:”Design of EEG Based Wheel Chair by Using Color 

Stimuli and Rhythm Analysis Publisher”: IEEE: A novel methodology of brain controlled intelligent wheelchair 

by using color stimuli is proposed here. A general methodology is applied to find out most effective rhythm for 

color classification. Primary colors RGB and secondary color yellow were chosen for left, right, forward and 

stop command. Alpha, Beta, Theta, Delta rhythms were analysed for three different subjects. Using dissimilar 
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features of time and frequency domain twelve artificial neural network were built to decide the best rhythm. 

Principal component analysis was made for each EEG signal to remove the background effect of color stimuli. 

Comparing the findings, it is visualized that beta rhythm is the most efficient rhythm with minimum mean 

square error of 4.845×10 -9 among all designed ANN for color classification. 

7. Danny Wee-Kiat Ng; Ying-Wei Soh; Sing-Yau Goh:”Development of an Autonomous BCI Wheelchair 

Publisher: IEEE:” In the society, most of the disabled people especially completely movement impaired ones 

live like burdens and suffer from severe depression as they have to depend on others for day-to-day activities 

and cannot contribute to the community. These people may not be able to move their arms or legs but they can 

certainly think. If their ability to think and make decisions can be utilized in decision making situations and 

also if they can further be included in industrial automation structure, they will no longer be burden rather 

they will become man-power to the society. One of the major challenges of involving these people in such 

processes is making a low-cost device that is affordable by the mass, made with locally available components 

and also interprets the person’s choice accurately. As these people are physically disable, comprehending their 

electroencephalogram (EEG) signal for blink detection can be an effective solution for translating their choices. 

EEG-based controlling devices are mobile and can serve as powerful aids for severely disabled people in their 

daily life. In this work, a low-cost EEG sensor is made with readily available components and a framework is 

developed to detect voluntary eye blinks. A graphical user interface (GUI) is also developed which is suitable 

for the impaired person. The eye blinks of the person act as bridge between a set of choices pointed in the GUI 

and his/her selection interest and thus help the person control home appliances, wheel chair and even 

computer without depending on others.  

8. Soumya Sen Gupta; Sumit Soman; P. Govind Raj; Rishi Prakash:”Detecting eye movements in EEG for 

controlling devices. Publisher: IEEE:” Eye blinks and lateral eye movements are prominent in EEG signals 

which are obtained by placing electrodes in the frontal region of the brain. This paper presents a machine 

learning approach to detect eye movements and blinks from EEG data and map them as intents to control 

external devices like a computer desktop or a wheel chair. 

9. C. S. Ashwin; K. R. Rangarajan; S. Ramachandran:”Disance (enhance the disabled) brain mapped mobility for 

physically challenged. Publisher: IEEE:” This paper proposes an intelligent robotic wheelchair with user-

friendly human computer interface (HCI) based on EEG signal, face directional gesture, and voice. 

Electroencephalography (EEG) is the recording of electrical activity along the scalp produced by the firing of 

neurons within the brain. The user has to just think the direction in which the wheel chair has to move. 

Additionally, at unavoidable circumstances he can use voice or other gestures to signal the movement. The 

user’s intention is transferred to the wheelchair via the HCI, and then the wheelchair is controlled to the 

intended direction. Additionally, the wheelchair can detect and avoid obstacles autonomously wing sonar 

sensors. By combining HCI into the autonomous functions, it performs safe and reliable motions while 

considering the user’s intention. The proposed robotic Wheelchair is feasible for the disabled and the elderly 

with severe motor disabilities. This concept gives the user the flexibility to use the device in unknown and 

evolving scenarios.  

10. Lamiya Rahman; Jannatul Adan; Quazi Mutasim Billah; Md Kamrul Islam; A.H.M Mostafa Kamal; Sazzad 

Hossain:”A low-cost Human Computer Interface for Disabled People based on Eye Blink detection using Brain 
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Signal :Publisher: IEEE:” In the society, most of the disabled people especially completely movement impaired 

ones live like burdens and suffer from severe depression as they have to depend on others for day-to-day 

activities and cannot contribute to the community. 

These people may not be able to move their arms or legs but they can certainly think. If their ability to think 

and make decisions can be utilized in decision making situations and also if they can further be included in 

industrial automation structure, they will no longer be burden rather they will — 25 become man-power to the 

society. One of the major challenges of involving these people in such processes is making a low-cost device 

that is affordable by the mass, made with locally available components and also interprets the person’s choice 

accurately. As these people are physically disable, comprehending their electroencephalogram (EEG) signal for 

blink detection can be an effective solution for translating their choices. EEG-based controlling devices are 

mobile and can serve as powerful aids for severely disabled people in their daily life. In this work, a low-cost 

EEG sensor is made with readily available components and a framework is developed to detect voluntary eye 

blinks. A graphical user interface (GUI) is also developed which is suitable for the impaired person. The eye 

blinks of the person act as bridge between a set of choices pointed in the GUI and his/her selection interest and 

thus help the person control home appliances, wheel chair and even computer without depending on others. 

 

IV. COMPONENTS USED IN THE SYSTEM 

 

4.1 Software Requirement: 

1. Arduino IDE  

4.2 Hardware Requirement:  

1. Arduino Uno  

2. Heart beat sensor  

3. Blood oxygen sensor (sp02)(MAX30100)  

4. Temperature sensor(LM35) 

5. Motor Driver(LM239D) 

6. DC motor  

7. Battery(12V)  

8. EEG sensor  

9. LCD Display 

 

4.3 Hardware Description 

1. ARDUINO UNO The Arduino Uno is an open-source microcontroller board based on the Microchip 

ATmega328P microcontroller and developed by Arduino.cc. The board is equipped with sets of digital and 

analog input/output (I/O) pins that may be interfaced to various expansion boards (shields) and other circuits. 

The board has 14 digital I/O pins (six capable of PWM output), 6 analog I/O pins, and is programmable with the 

Arduino IDE (Integrated Development Environment), via a type B USB cable. It can be powered by the USB 

cable or by an external 9-volt battery, though it accepts voltages between 7 and 20 volts. It is similar to the  

c 



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published :  March 15, 2022    Page No : 42-71 

 

 

 

 
48 

Arduino Nano and Leonardo. While the Uno communicates using the original STK500 protocol, it differs from 

all preceding boards in that it does not use the FTDI USB-to-serial driver chip. Instead, it uses the Atmega16U2 

(Atmega8U2 up to version R2) programmed as a USB-to-serial converter.  

Features of Arduino  

The key features of Arduino have been discussed below as follows:  

• Arduino boards are able to read analog or digital input signals from different sensors and turn it into an 

output such as activating a motor, turning LED on/off, connect to the cloud and many other actions. 

 
Figure 4-1 ARDUINO UNO 

• You can control your board functions by sending a set of instructions to the microcontroller on the board 

via Arduino IDE (referred to as uploading software).  

• Unlike most previous programmable circuit boards, Arduino does not need an extra piece of hardware 

(called a programmer) in order to load a new code onto the board. You can simply use a USB cable.  

• Additionally, the Arduino IDE uses a simplified version of C++, making it easier to learn to program. Finally, 

Arduino provides a standard form factor that breaks the functions of the microcontroller into a more 

accessible package. Arduino UNO board description We chose the Arduino UNO board because it is the 

most popular board in the Arduino board family. In addition, it is the best board to get started with 

electronics and coding. Some boards look a bit different from the one given below, but most Arduino have 

majority of these  

 
Figure 4 - 2 Arduino UNO Board 

components in common. The pin configuration of the Arduino UNO Board is discussed in the below Table 4-1: 
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2. DC MOTOR  

• A DC motor converts DC electrical energy into mechanical energy. 

• Basic principle: When a current-carrying conductor is placed in a magnetic field, it experiences a torque 

and has a tendency to move. 

• DC Motor – 100RPM – 12Volts geared motors are generally a simple DC motor with a gearbox attached to 

it.  

• These motors have a 3 mm threaded drill hole in the middle of the shaft thus making it simple to connect it 

to the wheels or any other mechanical assembly. 

• They are very easy to use and available in standard. 

 
Pin No. 

 
Description 

 

 

 
 

 

Power USB: Arduino board can be powered by using the USB cable from your 

computer. All you need to do is connect the USB cable to the USB connection 

(1). 

 
 

 

Power (Barrel Jack): Arduino boards can be powered directly from the AC 

mains power supply by connecting it to the Barrel Jack (2). 

 

 

 
 

 

Voltage Regulator: The function of the voltage regulator is to control the 

voltage given to the Arduino board and stabilize the DC voltages used by 

the processor 

and other elements. 

 

 

 

 

 
 

 

Crystal Oscillator: The crystal oscillator helps Arduino in dealing with time 

issues. How does Arduino calculate time? The answer is, by using the 

crystal oscillator. The number printed on top of the Arduino crystal is 

16.000H9H. It 

tells us that the frequency is 16,000,000 Hertz or 16 MHz 

 

 

 

 

 
 

 

Arduino Reset: You can reset your Arduino board, i.e., start your program 

from the beginning. You can reset the UNO board in two ways. First, by 

using the reset button (17) on the board. Second, you can connect an 

external reset button 

to the Arduino pin labelled RESET (5). 

 
Pins (3.3, 5, GND, Vin) 

 

 

 
3.3V (6) : Supply 3.3 output volt 
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Figure 4 - 3 DC motor 
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3. MOTOR DRIVER (L298N) Motor driver is a small Current Amplifier whose function is to take a low-current 

control signal and then turn it into a higher-current signal that can drive a motor. The most popular L298N H-

bridge module with onboard voltage regulator motor driver can be used with this motor that has a  

Figure 4 - 4 Motor driver 

voltage of between 5 and 35V DC. Nuts and threads on the shaft to easily connect and internally threaded shaft 

for easily connecting it to the wheel. 
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4. EEG SENSOR 

• The Electroencephalography (EEG) sensor is a non-invasive sensor. 

• It has a bipolar configuration with two measurement electrodes which detects the electrical potentials in 

the specific scalp region and is used in combination with a reference electrode, placed at a region of low 

muscular activity. The resulting signal is the amplified difference between these two signals and the result 

of the brain’s electrical activity in the monitored scalp region. 

• EEG Muscle Sensor Module V3.0 with Cable and electrodes will measure the filtered and rectified electrical 

activity of a muscle and gives the output 0-Vs Volts depending on the amount of activity in the selected 

muscle, where Vs signifies the voltage of the power source.  

• This Muscle Sensor V3 measures, filters, rectifies and amplifies the electrical activity of a muscle and 

produces an analog output signal that can easily be read by Arduino microcontroller. Important Features: 

• Improved adjustable gain (more rugged).  

• Onboard port for new cables .  

• Connects to the board straight out of the box. 

• Power Supply: Normally ±9V dual power supply, minimum voltage is ±3.5V. 

• The body temperature of the patient is measured using this sensor.  

• Any abnormality in body temperature will be alerted. 

• LM35 is a precession Integrated circuit Temperature sensor, whose output voltage varies based on the 

temperature around it.  

• It is a small and cheap IC which can be used to measure temperature anywhere between -55°C to 150°C.  

• It can easily be interfaced with Arduino.  

• The body temperature of the patient is measured using this sensor.  

 
Figure 4 - 5 Electroencephalography (EEG) sensor 

 

• Power the IC by applying a regulated voltage like +5V (VS) to the input pin and connected the ground pin 

to the ground of the circuit. Now, you can measure the temperature in form of voltage as shown below: 

 
Figure 4 - 6 Temperature sensor: (LM35) 
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Figure 4 - 7 Working of temperature sensor 

 

• If the temperature is 0°C, then the output voltage will also be 0V. There will be rise of 0.01V (10mV) for 

every degree Celsius rise in temperature. 

• The voltage can convert into temperature using the below formulae: 

 
 

6. HEART-BEAT SENSOR  

• It measures the heart rate of patient.  

• It measures the heart rate of patient  

 

7. BLOOD OXYGEN SENSOR 

• This sensor measures the oxygen concentration level in blood of patient.  

• If the measured value is less than threshold value, an alert will be given by the microcontroller. 

MAX30100): 

• MAX30100 is an integrated pulse oximeter and heart-rate monitor sensor solution.  

• It’s an optical sensor that derives its readings from emitting two wavelengths of light from two LEDs – a red 

and an infrared one – then measuring the absorbance of pulsing blood through a photodetector.  

• This particular LED colour combination is optimized for reading the data through the tip of one’s finger. 

• It is fully configurable through software registers and the digital output data is stored in a 16-deep FIFO 

within the device. 

• It has an I2C digital interface to communicate with a host microcontroller. 

 

4.4 Software description Arduino (ide)  

is the software used to write-compile-upload program to Arduino. It’s an open-source software. 

• Procedure to Install Arduino Software (IDE)  

Step 1 :  

First, we must have an Arduino board and a USB cable. In case we use Arduino UNO, Arduino Duemilanove, 

Nano, Arduino Mega 2560, or Diecimila, we will need a standard USB cable (A plug to B plug), the kind we 

would connect to a USB printer .In case we use Arduino Nano, we will need an A to Mini-B cable instead as 

shown in Fig.4.8 
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Figure 4-8 A to Mini-B Cable 

Step 2 - Download Arduino IDE Software:  

One can get different versions of Arduino IDE from the Download Page on the Arduino Official website. We 

must select our software, which is compatible with our  

operating system (Windows, IOS, or Linux). Unzip the file, after downloading it completely. 

 
Figure 4 -9 Downloading Arduino IDE 

 

Step 3 - Power up your board:  

The Arduino Uno, Mega, Duemilanove and Arduino Nano automatically draw power from either, the USB 

connection to the computer or an external power supply. If you are using an Arduino Diecimila, you have to 

make sure that the board is configured to draw power from the USB connection. The power source is selected 

with a jumper, a small piece of plastic that fits onto two of the three pins between the USB and power jacks. 

Check that it is on the two pins closest to the USB port. Connect the Arduino board to computer using the USB 

cable. The green power LED (labelled PWR) should glow.  

 
Figure 4 - 10 Launch Arduino IDE 
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Step 4 -Launch Arduino IDE :  

After your Arduino IDE software is downloaded, you need to unzip the folder. Inside the folder, you can find 

the application icon with an infinity label (application.exe). DoubleClick the icon to start the IDE. 

 

Step 5 - Open your first project: 

 Once the software starts, we have two options:  

• Create a new project. To create a new project, select File →New, as shown in Fig 4-11. 

 
Figure 4 - 11 Creating a New Project 

 

• Open an existing project example. To open an existing project example, select File → Example → Basics → 

Blink, as shown in Fig. 4.-12. Here, we are selecting just one of the examples with the name Blink. It turns 

the LED on and off with some time delay. We can select any example from the list. 

 
Figure 4 - 12 Opening an Existing Project 

       

Step 6 -Select the respective Arduino board: 

 To avoid any error while uploading our program to the board, we must select the correct Arduino board name, 

which matches with the board connected to our computer. Go to Tools → Board and select the board. 
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Figure 4 - 13 Selecting the Arduino Board 

 

Step 7 - Select the serial port: 

 Select the serial device of the Arduino board.  

Go to Tools → Serial Port menu. 

This is likely to be COM3 or higher (COM1 and COM2 are usually reserved for hardware serial ports).  

To find out, you can disconnect your Arduino board and re-open the menu, the entry that disappears should be 

of 

 
Figure 4 - 14 Selecting the Serial Port 

the Arduino board. Reconnect the board and select that serial port. 

Step 8 -Upload the program to the board:  

 
Figure 4 - 15 Arduino IDE Toolbar 

Before explaining how to upload our program to the board, we should know the function of each symbol 

appearing in the Arduino IDE toolbar.  
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A. Used to check if there is any compilation error.  

B. Used to upload a program to the Arduino board.  

C. Shortcut used to create a new sketch.  

D. Used to directly open one of the example sketches.  

E. Used to save your sketch.  

F. Serial monitor used to send and receive the serial data from the board.  

Now, simply click the ”Upload” button in the environment. Wait few seconds; we will see the RX and TX LEDs 

on the board, flashing. If the upload is successful, the message “ Done uploading” will appear in the status bar.  

• Program Structure 

In this section, we will study in depth, the Arduino program structure and we will learn more new 

terminologies used in the Arduino world. The Arduino software is open-source. The source code for the Java 

environment is released under the GPL and the C/C++ microcontroller libraries are under the LGPL. Arduino 

programs are called “sketch”.  

Arduino programs can be divided in three main parts: Structure, Values (variables and constants), and 

Functions. Let us learn about the Arduino software program, step by step, and how to write the program 

without any syntax or compilation error. Let us start with the Structure. Software structure consist of two main 

functions: 

– Setup( ) function 

– Loop( ) function  

 
Figure 4 - 16 Structure of a Sketch 

The setup () function is called when a sketch starts. It is used to initialize the variables, pinmodes, start using 

libraries, etc. The setup function will only run once, after each power up or reset of the Arduino board.  

After creating a setup () function, which initializes and sets the initial values, the loop() function does precisely 

what its name suggests, and loops consecutively, allowing our program to change and respond. It actively 

controls the Arduino board.  

• Programming using Embedded C 

C is a high-level programming language intended for system programming. Embedded C is an extension that 

provides support for developing efficient programs for embedded devices. Yet, it is not a part of the C language. 
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In our internship program, we employed Embedded C programs to write sketches to be dumped on Arduino 

Uno. 

Introduction to Embedded C  

Embedded C programming language is an extension to the traditional C programming language that is used in 

embedded systems.  

The only extension in the Embedded C language from normal C Programming Language is the I/O Hardware 

Addressing, fixed-point arithmetic operations, accessing address spaces, etc.  

• Basic Structure of Embedded C Program: The embedded C program has a structure similar to C 

programming. The five layers of Embedded C programming structure are:  

• Comments  

• Pre-processor directives  

• Global declaration  

• Local declaration  

• Main function ()  

The whole code follows the below outline. This is the basic structure of the embedded c program. Each code 

has a similar outline. Now let us learn about each of this layer in detail.  

Outline of an Embedded C code is as shown below:  

1. Multiline Comments ..............Denoted using /*……*/  

2. Single Line Comments.............. Denoted using //  

3. Pre-processor Directives..............#include or #define  

4. Global Variables ..............Accessible anywhere in the program 

5. Function Declarations..............Declaring Function  

6. Main Function.............. Main Function, execution begins here 

7. { 

8. Local Variables..............Variables confined to main function. 

9. Function Calls..............Calling Other Functions  

10. Infinite Loop ..............Like while (1) or for (;;) 

11. Statements . . . . .  

12. ….  

13. ….  

14. }  

15. Function Definitions ..........Defining the Functions  

16. {  

17. Local Variables..............Local Variables confined to this Function  

18. Statements . . . . . 

19. ….  

20. ….  

21. }  
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• Comment Section: Comments are simple readable text, written in code to make it moreunderstandable to 

the reader. Usually comments are written in // or /* */. Example: //Test program  

• Global Declaration Section: The global variables and the user-defined functions aredeclared in this part of 

the code. They can be accessed from anywhere. 

void delay (int);  

• Local Declaration Section: These variables are declared in the respective functions and cannot be used 

outside the main function.  

• Main Function Section: All C programs need to have the main function. So does an embedded C program. 

Each main function contains 2 parts. A declaration part and an Execution part. The declaration part is the 

part where all the variables are declared. The execution part begins with the curly brackets and ends with 

the curly close bracket. Both the declaration and execution part are inside the curly braces.  

Example:  

1. void main(void) // Main Function 

2. { 

3. P1 = 0x00; 

4. while(1)  

5. { 

6. P1 = 0xFF; 

7. delay(1000);  

8. P1 = 0x00;  

9. delay(1000);  

10. }  

11. } 

 

Function Definition Section: The function is defined in this section.  

• Arduino Code libraries – Library Structure  

• A library is a folder comprised with C++ (.cpp) code files and C++ (.h) header files. 

• The .h file describes the structure of the library and declares all its variables and functions.  

• The .cpp file holds the function implementation. – Importing Libraries  

The first thing to do is to find the library we want to use out of the many libraries available online. After 

downloading it to our computer, we just need to open Arduino IDE and click on Sketch Include Library 

Manage Libraries. We can then select the library we want to import. Once the process is complete the library 

will be available in the sketch menu.  

• Arduino Code Explanation Arduino code is written in C++ with an addition of special methods and 

functions. C++ is a human-readable programming language. When we create a ‘sketch’ (the name given to 

Arduino code files), it is processed and compiled to machine language. 

• Code Structure  

The basic concepts which one should know to write a program on Arduino IDE are discussed below: 

 – Libraries 
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In Arduino, much like other leading programming platforms, there are built-in libraries that provide basic 

functionality. In addition, it’s possible to import other libraries and expand the Arduino board capabilities and 

features. These libraries are roughly divided into libraries that interact with a specific component or those that 

implement new functions. To import a new library, we need to go to Sketch ¿ Import Library.  

In addition, at the top of our file, we have to use ‘include’ to include external libraries. We can also create 

custom libraries to use in isolated sketches. 

 
Figure 4 - 17 Include library 

– Pin Definitions 

To use the Arduino pins, we need to define which pin is being used and its functionality. A convenient way to 

define the used pins is by using: ‘define pinName pinNumber’. The functionality is either input or output and is 

defined using the pinMode () method in the setup section. 

– Declarations  

– Variables Whenever we’re using Arduino, we need to declare global variables and instances to be used later 

on. In a nutshell, a variable allows us to name and store a value to be used in the future. For example, we would 

store data acquired from a sensor in order to use it later. To declare a variable, we simply define its type, name 

and initial value. It’s worth mentioning that declaring global variables isn’t an absolute necessity. However, it’s 

advisable to declare variables to make it easy to utilize our values further down the line. 

– Instances  

In software programming, a class is a collection of functions and variables that are kept together in one place. 

Each class has a special function known as a constructor, which is used to create an instance of the class. In 

order to use the functions of the class, we need to declare an instance for it.  

– Setup()  

Every Arduino sketch must have a setup function. This function defines the initial state of the Arduino upon 

boot and runs only once. Here we’ll define the following: ∗ Pin functionality using the pinMode function  

∗ Initial state of pins 

∗ Initialize classes  

∗ Initialize variables  

∗ Code logic 

– Loop() 

The loop function is also a must for every Arduino sketch and executes once  
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setup () is complete. It is the main function and as its name hints, it runs in a loop over and over again. The loop 

describes the main logic of our circuit. 

– Code Logic  

The basic Arduino code logic is an “if-then” structure and can be divided into 4 blocks:  

– Setup  

It will usually be written in the setup section of the Arduino code, and performs things that need to be done 

only once, such as sensor calibration. 

– Input  

At the beginning of the loop, read the inputs. These values will be used as conditions (“if”) such as the ambient 

light reading from an LDR using analogRead (). 

– Manipulate Data  

This section is used to transform the data into a more convenient form or perform calculations. For instance, 

the AnalogRead () gives a reading of 0-1023 which can be mapped to a range of 0- 255 to be used for PWM. 

(See analogWrite ()).  

– Output 

This section defines the final outcome of the logic (“then”) according to the data calculated in the previous step. 

Looking at an example of the LDR and PWM, turns on an LED only when the ambient light level goes below a 

certain threshold.  

• From Software to Hardware 

There is a lot to be said of Arduino’s software capabilities, but it’s important to remember that the platform is 

comprised of both software and hardware. The two works in tandem to run a complex operating system. Code 

→ Compile → Upload → Run At the core of Arduino, is the ability to compile and run the code. After writing 

the code in the IDE we need to upload it to the Arduino. Clicking the Upload button (the rightfacing arrow 

icon), will compile the code and upload it if it passed compilation. Once the upload is complete, the program 

will start running automatically. 

 

V. PROPOSED SYSTEM DESIGN (HARDWARE) 

 

5.1 Detailed block diagram 

 
Figure 5 - 1 Block Diagram 
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5.2 Detailed design 

The brain of the system is Arduino microcontroller. The system is designed to control the movement of wheel 

chair using EEG sensor. EEG sensor intercepts and measures the electrical signal sent by brain to control muscle 

movement. The electrodes from EEG sensors are attached near forehead when person tries to move eyes, The 

signal is intercepted. The system is de-signed to recognize different pattern of eye movement, like blinking, 

blinking fast, hard blink and these patterns are used to control the direction of wheel chair.  

Various other sensors are used to monitor the health of the patient. 

1. Heart beat sensor: The heart beat sensor is attached to micro con- troller, it measures the heart rate of patient, 

and if the heart rate is too low or high than the threshold value, micro controller gives alert sound.  

2. Blood Oxygen Sensor: This sensor measures the oxygen concentration level in blood of patient. This is very 

important parameter to be checked because paralyzed patients don’t have control on their lungs and other 

diseases like asthma may worsen the effect. If the measured value is less than threshold value an alert will be 

given by the system. 

3. Temperature sensor: The body temperature of the patient is measured using this sensor, any abnormality in 

body temperature will be alerted. 

5.3 Designed circuit 

 
 

VI. PROPOSED SYSTEM DESIGN (SOFTWARE) 

 

6.1 Program  

int brainSignalThreshold =250 ; // varible used to store      threshold value of brain 

////////////////////////////////////////////////////////////////////////////////// #include<wire.h> 

 #include "MAX30100_PulseOximeter.h" // MAX30100 library 

 #define REPORTING_PERIOD_MS 1000 // setting the time gap (ms) at which new measurement  
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PulseOximeter pox; // creating object 'pox' for class  PulseOximeter  

uint32_t tsLastReport = 0; // creating variable to store time 

//////////////////////////////////////////////////////////////////////////////////// //lcd declaration  

#include<LiquidCrystal_I2C.h> // library to interface lcd LiquidCrystal_I2C lcd(0x27,16,2); // initializing lcd 

with address 0x27 ,and  its variables used in temperature sensor 

//////////////////////////////////////////////////////////////////////////////////  

int ThermistorPin = A2; // thermistor connected to pin A2  

int Vo; 

 float R1 = 1000; // resistor connected to thermistor and its value in ohm  

float logR2, R2, T;  

float c1 = 1.009249522e-03, c2 = 2.378405444e-04, c3 = 2.019202697e-07; 

///////////////////////////////////////////////////////////////////////////////////// //motor pin assign  

int left_motor_1 = 4; // left motor first pin to pin 4 

 int left_motor_2 = 5; // left motor second pin to pin 5 

 int right_motor_1 =7;// right motor first pin to pin 7  

int right_motor_2 =8;// right motor second pin to pin 8  

//////////////////////////////////////////////////////////////////////  

 

//variable used in functioning of wheel chair movement 

 long currentTime ,pastTime=0; // variable to store time  

int mode=0; // this variable decides mode of vehicle i.e 0= forward ,1= backward  

 

///////////////////////////////////////////////////////////////////// 

 void setup() 

 { // put your setup code here, to run once:  

Serial.begin(9600); // declare all motor pin as output pinMode(left_motor_1,OUTPUT); 

pinMode(left_motor_2,OUTPUT); pinMode(right_motor_1,OUTPUT); 

pinMode(right_motor_2,OUTPUT); //Set State of Pins all to LOW (0) digitalWrite(left_motor_1,0); 

digitalWrite(left_motor_2,0);  

digitalWrite(right_motor_1,0);  

digitalWrite(right_motor_2,0);  

 

////////////////////////////////////// 

 lcd.init(); // INITIALIZE THE LCD  

lcd.backlight(); // IT WILL TURN ON BACK LIGHT 

lcd.clear(); 

lcd.setCursor(0,1); 

 lcd.print(" FORWARD"); 

 delay(500);  
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///////////////////////////////////////  

// Initialize the PulseOximeter instance  

// Failures are generally due to an improper I2C wiring, missing power supply  

// or wrong target chip  

if (!pox.begin()) {  

Serial.println("FAILED"); 

 for(;;);  

} else { 

 Serial.println("SUCCESS");  

} pox.setOnBeatDetectedCallback(onBeatDetected);  

}  

void loop() { 

 // put your main code here, to run repeatedly:  

check_health();  

if(analogRead(A0)>brainSignalThreshold){// if concentrated value will be greater 

 pastTime=millis(); // storing the time of enter of loop while(true){ 

 if((millis()-pastTime)>200){// if concentrated for more than 200 ms enter to check_health();  

moveChair(); 

 if(analogRead(A0)<brainSignalThreshold) 

{ // if concentration ends 

if((millis()-pastTime)<1000){// if concentration ends before 1000 lcd.setCursor(0,1); 

lcd.print(" "); 

if(mode==0){ 

mode=1; 

lcd.setCursor(0,1); 

lcd.print(" FORWARD"); 

 break;  

}  

if(mode==3){ 

 mode=0; 

 lcd.setCursor(0,1);  

lcd.print(" LEFT");  

break; } 

 if(mode==2){  

mode=3;  

lcd.setCursor(0,1); 

 lcd.print(" RIGHT");  

break;  

}  
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if(mode==1){ 

 mode=2;  

lcd.setCursor(0,1); 

 lcd.print(" BACKWARD");  

break;  

} 

 }  

break;// break out of action } } }// while loop end  

} 

 else {  

stopcar(); 

} 

 /////////////////////////////////////////////////////////////////////////////////// 

}  

void moveChair() 

{ 

if (mode ==0){ 

 forward(); 

 } 

 if(mode == 1){  

backward();  

}  

if(mode == 2){  

right();  

}  

if(mode == 3){  

left();  

}  

} /////////////////////////////////////////////////////////////////////////////////////////  

void check_health(){ 

 pox.update();  

if (millis() - tsLastReport > REPORTING_PERIOD_MS) {  

lcd.setCursor(0,0);  

lcd.print(" ");  

Vo = analogRead(ThermistorPin);  

R2 = R1 * (1023.0 / (float)Vo - 1.0);  

logR2 = log(R2); 

T = (1.0 / (c1 + c2*logR2 + c3*logR2*logR2*logR2));  

T = T - 273.15;  
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T = (T * 9.0)/ 5.0 + 32.0;  

lcd.setCursor(0,0); /// TO SET WRITING POSITION ON LCD ( COL,ROW) 

 lcd.print(int(pox.getHeartRate()));  

lcd.print(" B/S:");  

lcd.print(int(pox.getSpO2()));// (" ")  

lcd.print(" T:");  

lcd.print(int(T)); 

tsLastReport = millis();  

}  

}  

void forward(){  

digitalWrite(left_motor_1,1); //Turn digital out left_motor_1 to High  

digitalWrite(left_motor_2,0); //Turn digital out left_motor_2 to Low 

 digitalWrite(right_motor_1,1); //Turn digital out right_motor_1 to High  

digitalWrite(right_motor_2,0); // turn digital out right_motor_2 to low  

}  

void backward(){  

digitalWrite(left_motor_1,0); 

 digitalWrite(left_motor_2,1);  

digitalWrite(right_motor_1,0);  

digitalWrite(right_motor_2,1);  

}  

 

void left(){  

digitalWrite(left_motor_1,0);  

digitalWrite(left_motor_2,1); 

 digitalWrite(right_motor_1,1);  

digitalWrite(right_motor_2,0);  

}  

void right(){ 

 digitalWrite(left_motor_1,1); 

digitalWrite(left_motor_1,1);  

digitalWrite(left_motor_2,0);  

digitalWrite(right_motor_1,0);  

digitalWrite(right_motor_2,1);  

} 

 

 void stopcar(){ 

 digitalWrite(left_motor_1,0);  



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published :  March 15, 2022    Page No : 42-71 

 

 

 

 
67 

digitalWrite(left_motor_2,0); 

 digitalWrite(right_motor_1,0); 

 digitalWrite(right_motor_2,0); 

}  

void onBeatDetected()  

{  

Serial.println("Beat!"); 

 } 

 

 6.2 Flowchart 

 
Figure 6-1 Flow chart 
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VII. RESULTS AND DISCUSSION  

 

 7.1 Project model result. CASE 1: Temperature and Heartbeat is measured continuously and displayed on LCD 

screen.  

• In this case, Temperature sensor reading showing 85 degrees Celsius. 

 
Figure 7 - 1 Temperature sensor reading 

• In this case, MAX30100 sensor readings showing pulse rate as 102 bpm and oxygen concentration as 95%. 

 
Figure 7 - 2 MAX30100 sensor readings 

CASE 2: Direct modes can be changed by concentrating greater than 1 second and less than 2 seconds. The 

modes are FORWARD, BACKWARD, RIGHT and LEFT. • In this case, Display showing wheelchair moving in 

FORWARD direction 

 
Figure 7 - 3 Display showing FORWARD movement 

• In this case, Display showing wheelchair moving in BACKWARD direction. 

 
Figure 7-4 Display showing BACKWARD movement 
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• In this case, Display showing wheelchair moving in LEFT direction. 

 
Figure 7-5 Display showing LEFT direction 

• In this case, Display showing wheelchair moving in RIGHT direction. 

 
• Figure 7-6 Display showing RIGHT direction 

 

CASE 3: The wheelchair can be moved in set direction mode by concentrating for more than 2 seconds. 

 

7.2 Final Result Image 

 
Figure 7-7 Working model of wheelchair controlled using brain as bio-sensor 
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7.3 Advantages  

 

• The wheel chair without the tiresome turning of the wheels is a simple step ahead of the electrical 

wheelchairs.  

• It may prove beneficial for every individual for locomotion purposes without the need of manual labour.  

• The simultaneous EEG acquisition may detect any substantial improvement in the condition of the body.  

 

7.4 Disadvantages  

• The fixing of the electrodes must be done before any further course.  

• The mental state must be stable at all times.  

• Some training is must before it is fully efficient and used for practical purposes. 

 

7.5 Applications  

• The developments in the field of brain computer interface are a juvenile step towards the improvement of 

the wheel chair. 

• The wheel chair controls only two wheels whereas the same condition may be used to drive a car with four 

wheels.  

• The functionality of the brain can be used to trounce many other manual works at industries as well as 

household levels. 

• The day today gadgets may be evolved to work using mind waves. 

 

VIII. CONCLUSION 

 

Appropriate assistive technology often helps people with disabilities compensate, at least in part, for a limitation. 

This specialized technology promotes independence and decreases the need for other support. 
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ABSTRACT 

 

In real world applications, tracking target in low resolution video is a challenging task because there is loss of 

discriminative detail in the visual appearance of moving object. The existing methods are mostly based on the 

enhancement of LR (low resolution) video by super resolution techniques. But these methods require high 

computational cost. This cost further increases if we are dealing with events detection. This paper presents an 

algorithm which is able to detect unusual events without such type of conversion and well suited for 

enhancement of security of ATMs where conventional low resolution cameras are generally used due to their 

low cost. 

Proposed algorithm only uses close morphological operation with disk like structuring element in the pre-

processing steps to cope up with low resolution video. It further uses rolling average background subtraction 

technique to detect foreground object from dynamic background in a scene. The proposed algorithm is able to 

recognize the occurrence of uncommon events such as overcrowding or fight in the low resolution video 

simply by using statistical property, standard deviation of moving objects. It is fast enough because it process 

low resolution frames and could be helpful in surveillance system for enhancing the security of ATMs where 

conventional camera of low resolution are still used. It does not use any classifier and avoids the requirement of 

training the system initially. 

 

Keywords: ATM, MATLAB, Face detection, resolution 

 

I. INTRODUCTION 

 

An Automated Teller Machine (ATM) [1-2] allows customers to perform banking transactions [3] any and at 

any time without the need of human teller. By using a debit or ATM card at an ATM, individuals can withdraw 

cash from current or savings accounts, make a deposit or transfer where money from one account to another or 

perform other functions. 

As is often the case with inventions, many inventors contribute to the history of an invention. In the case of 

the ATM, Don Wetzel invented the first successful and modern ATM in the USA, however he was not first 

inventor to create an ATM. In 1939, Luther George Simian started patenting an earlier and not-so-successful 

version of an ATM. An automatic teller machine or ATM allows a bank customer to conduct their banking 

transactions from almost every other ATM machine in the world. Don Wetzel was the conceptualist and chief 
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conceptualist of the automated teller machine, an idea he said he thought of while waiting in line at a Dallas 

bank. 

At the time (1968) Wetzel was the Vice President of Product Planning at Ductal, the company that developed 

automated baggage-handling equipment. The other two inventors listed on the patent were Tom Barnes, the 

chief mechanical engineer and George Chastain, the electrical engineer. It took five million dollars to develop 

the ATM. The concept of the modern ATM first began in 1968, a working prototype came about in 1969 and 

Ductal was issued a patent in 1973. The first ATMs were off-line machines, meaning money was not 

automatically withdrawn from an account. The bank accounts were not (at that time) connected by a computer 

network to the ATM. Therefore, banks were at first very exclusive about who they gave ATM privileges to. 

 

II. TYPES OF ATM ATTACK ON ATM 

 

There are a variety of ATM attacks because it is such an attractive target. There are three basic types of ATM 

attacks: 

Physical attack: 

Brute force attack to ATM machines with the intention of gaining access to cash within the safe.  

ATM Fraud: 

The gang will remove the device with the cash glued on it using thier speacial prying tool. 

Software and network attack: 

Theft of sensitive information or controlling ATM spew out bills automatically 

Money lost by ATM attacks: 

In the past few decades, significant efforts in the field of moving object detection and tracking have been done 

to make following applications reliable, robust and efficient: video surveillance, robotics, authentication system, 

media production, biological research etc. But there are many challenges which produce hurdles in the 

improvement of these applications. These challenges may include illumination change, dynamic background, 

camouflage, occlusion, shadow etc. These obstacles become more cumbersome when we perform object 

tracking in low resolution video. In low resolution video it is very difficult to accurately find out the object of 

interest because most of the discriminative details such as visual features and primitives have been lost. It 

results in inaccurate object tracking which further lead to inefficient event detection. But there are certain 

benefits of using low resolution video such as it requires low storage, transmission. 

 

III. EXISTING METHODS 

 

In the literature of abnormal event detection, most of the methods as in uses classifiers to recognize the events 

and does not use video input. These classifiers require learning time and careful attention on training dataset. 

Some approaches require manual setup initially in the automated event detection system and have high 

computational cost. From the literature we come to the fact that we need an algorithm which deals with 

uncommon even detection in video to assist a fully automated surveillance [4] system. 
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METHODOLOGY: The methodology consists of two sections such as Transmitter and receiver sections. 

The block diagrams of transmitter and receiver sections are as shown in the figure 1 and figure 2 respectively. 

 
Figure 1: Transmitter Section 

The characters from the MATLAB coding is Transmitted to the Hardware in order to get the exact Event that 

had occurred inside the ATM. The simulation part consists where the code helps us to identify the exact 

picturization of events. The MAX232 is a integrated circuit which is designed bu Maxim integrated Products 

that converts signals from a RS-232 serial port to signals suitable for use in TTL-compactable digital logic 

circuits. 

  
Figure 2: Receiver section 

The receiver part of Block Diagram is as shown in the figure 2. The detailed description of each and every block 

is explained in Hardware requirements Section. The Character from the transmitter end is received by USB TTL 

Cable and hence transfer it into controlled called Arduino UNO, where the controller identifies the event that 

ad happened inside the ATM with the help of MATLAB code. Thus the respective results will be displayed with 

the help of LCD, Automatic message to owner and in charged person will be sent through GSM and hence 

automatically door will be locked up in order to caught the victims 
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Software Implementation 

MATLAB 

I have chosen MAT Lab to use as the programming language. It is a high-level language that specializes in data 

analysis and computing mathematical problems. Mat lab’s official website  can be  found at 

www.mathworks.com. 

The program environment has an interactive command window that allows users to test and experiment with 

the code line by line. Users can also save their codes into an M-file and run the program. The Mat lab Help 

Navigator is also very useful. It properly categorizes and provides detailed explanations and sample usages of all 

functions. Just like C++ and Java, the language syntax provides loops and condition statements for programming 

purposes. 

The language was chosen over C++ and Java because there are a lot of built-in functions that are specific for 

image processing. As well, the compiler can compute large mathematical equations faster than other languages. 

These advantages suit the project perfectly due to the large matrix computations required during the extraction 

process. 

 

EMBEDDED C PROGRAMMING: 

The soul of the processor functioning inside each and every embedded system we come across in our daily life, 

such as mobile phone, washing machine, and digital camera. Each processor is associated with an embedded 

software. The first and foremost thing is the embedded software that decides functioning of the embedded 

system. Embedded C language is most frequently used to program the microcontroller. 

 
 

Figure 3: Embedded C Programming 

 

FLOW CHART FOR WORKING: 

The flow chart for working of change detection for critical infrastructure protection is as shown in the figure 4. 
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Figure 4: Working flow chart 

 

FLOW CHART FOR CODING: 

Similarly, the flow chart for programming is as shown in the figure 5. 
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Figure 5: Coding flow chart 

  

IV. RESULTS 

 

The results were considered for various possibilities. 

When Person is detected: 

Initially the motion is detected in the ATM. If there is any motion it will start the process of person detection 

and after person detection output is shown in the terminal and the user is allowed to access the ATM. The 

process wise results are shown in following figures 6(a) to 6(d). 

 
Figure 6 (a): First Validation Message 

 
Figure 6(b): Motion Detected in ATM 
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When ATM damaged: 

Initially the vibration is detected in the ATM. If there is any vibration is detected it will start the process after 

output is shown in the terminal. 

When multiple persons entered 

Initially counts the number of persons entered in the ATM. If there is more than 2 persons entered it will start 

the process after output is shown in the terminal. 

When person wearing a helmet: 

Initially recognizes the person wearing helmet inside the ATM. If there is any person wearing the helmet it 

will start the process after output is shown in the terminal. 

  
Figure 6(c): Unusual Event Detection 

When person wearing a mask: 

Initially recognizes the person wearing mask inside the ATM. If there is any person wearing the mask it will 

start the process after output is shown in the terminal. 

When person receives SMS through GSM: 

 
 

Figure 6(d): SMS through GSM 

 

V. CONCLUSION 

 

ATM model developed is more reliable in providing security. The implementation of ATM surveillance by 

using smart sensors and GSM modem took advantages of the stability and reliability of sensor characteristics. 

The security features were enhanced largely for protection of ATM’s when compared to previous systems. The 

security features were enhanced largely for protection of ATM’s when compared to previous systems. The 

system will be built on the technology of embedded system which makes the system more safe, reliable and 

easy to use. Once the Unusual Event is detected for longer duration of time through the GSM (Global system 

for mobile communication) the message signal is immediately sent to the higher authority person. Similarly, 

when crowd is detected, through the GSM the message signal is immediately sent to the higher authority 

person. This method is secure and efficient in terms of computational complexity and threshold values. Thus 

this system will be able to what physical attacks on the ATM and alerts necessary people to take action at any 

time and save people from lot of hardships involved in the ATM attacks 
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ABSTRACT 

 

In real world applications, tracking target in low resolution video is a challenging task because there is loss of 

discriminative detail in the visual appearance of moving object. The existing methods are mostly based on the 

enhancement of LR (low resolution) video by super resolution techniques. But these methods require high 

computational cost. This cost further increases if we are dealing with events detection. This paper presents an 

algorithm which is able to detect unusual events without such type of conversion and well suited for 

enhancement of security of ATMs where conventional low resolution cameras are generally used due to their 

low cost. 

Proposed algorithm only uses close morphological operation with disk like structuring element in the pre-

processing steps to cope up with low resolution video. It further uses rolling average background subtraction 

technique to detect foreground object from dynamic background in a scene. The proposed algorithm is able to 

recognize the occurrence of uncommon events such as overcrowding or fight in the low resolution video 

simply by using statistical property, standard deviation of moving objects. It is fast enough because it process 

low resolution frames and could be helpful in surveillance system for enhancing the security of ATMs where 

conventional camera of low resolution are still used. It does not use any classifier and avoids the requirement of 

training the system initially. 

 

Keywords: ATM, MATLAB, Face detection, resolution 

 

I. INTRODUCTION 

 

An Automated Teller Machine (ATM) [1-2] allows customers to perform banking transactions [3] any and at 

any time without the need of human teller. By using a debit or ATM card at an ATM, individuals can withdraw 

cash from current or savings accounts, make a deposit or transfer where money from one account to another or 

perform other functions. 

As is often the case with inventions, many inventors contribute to the history of an invention. In the case of 

the ATM, Don Wetzel invented the first successful and modern ATM in the USA, however he was not first 

inventor to create an ATM. In 1939, Luther George Simian started patenting an earlier and not-so-successful 

version of an ATM. An automatic teller machine or ATM allows a bank customer to conduct their banking 

transactions from almost every other ATM machine in the world. Don Wetzel was the conceptualist and chief 
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conceptualist of the automated teller machine, an idea he said he thought of while waiting in line at a Dallas 

bank. 

At the time (1968) Wetzel was the Vice President of Product Planning at Ductal, the company that developed 

automated baggage-handling equipment. The other two inventors listed on the patent were Tom Barnes, the 

chief mechanical engineer and George Chastain, the electrical engineer. It took five million dollars to develop 

the ATM. The concept of the modern ATM first began in 1968, a working prototype came about in 1969 and 

Ductal was issued a patent in 1973. The first ATMs were off-line machines, meaning money was not 

automatically withdrawn from an account. The bank accounts were not (at that time) connected by a computer 

network to the ATM. Therefore, banks were at first very exclusive about who they gave ATM privileges to. 

 

II. TYPES OF ATM ATTACK ON ATM 

 

There are a variety of ATM attacks because it is such an attractive target. There are three basic types of ATM 

attacks: 

Physical attack: 

Brute force attack to ATM machines with the intention of gaining access to cash within the safe.  

ATM Fraud: 

The gang will remove the device with the cash glued on it using thier speacial prying tool. 

Software and network attack: 

Theft of sensitive information or controlling ATM spew out bills automatically 

Money lost by ATM attacks: 

In the past few decades, significant efforts in the field of moving object detection and tracking have been done 

to make following applications reliable, robust and efficient: video surveillance, robotics, authentication system, 

media production, biological research etc. But there are many challenges which produce hurdles in the 

improvement of these applications. These challenges may include illumination change, dynamic background, 

camouflage, occlusion, shadow etc. These obstacles become more cumbersome when we perform object 

tracking in low resolution video. In low resolution video it is very difficult to accurately find out the object of 

interest because most of the discriminative details such as visual features and primitives have been lost. It 

results in inaccurate object tracking which further lead to inefficient event detection. But there are certain 

benefits of using low resolution video such as it requires low storage, transmission. 

 

III. EXISTING METHODS 

 

In the literature of abnormal event detection, most of the methods as in uses classifiers to recognize the events 

and does not use video input. These classifiers require learning time and careful attention on training dataset. 

Some approaches require manual setup initially in the automated event detection system and have high 

computational cost. From the literature we come to the fact that we need an algorithm which deals with 

uncommon even detection in video to assist a fully automated surveillance [4] system. 
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METHODOLOGY: The methodology consists of two sections such as Transmitter and receiver sections. 

The block diagrams of transmitter and receiver sections are as shown in the figure 1 and figure 2 respectively. 

 
Figure 1: Transmitter Section 

The characters from the MATLAB coding is Transmitted to the Hardware in order to get the exact Event that 

had occurred inside the ATM. The simulation part consists where the code helps us to identify the exact 

picturization of events. The MAX232 is a integrated circuit which is designed bu Maxim integrated Products 

that converts signals from a RS-232 serial port to signals suitable for use in TTL-compactable digital logic 

circuits. 

  
Figure 2: Receiver section 

The receiver part of Block Diagram is as shown in the figure 2. The detailed description of each and every block 

is explained in Hardware requirements Section. The Character from the transmitter end is received by USB TTL 

Cable and hence transfer it into controlled called Arduino UNO, where the controller identifies the event that 

ad happened inside the ATM with the help of MATLAB code. Thus the respective results will be displayed with 

the help of LCD, Automatic message to owner and in charged person will be sent through GSM and hence 

automatically door will be locked up in order to caught the victims 
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Software Implementation 

MATLAB 

I have chosen MAT Lab to use as the programming language. It is a high-level language that specializes in data 

analysis and computing mathematical problems. Mat lab’s official website  can be  found at 

www.mathworks.com. 

The program environment has an interactive command window that allows users to test and experiment with 

the code line by line. Users can also save their codes into an M-file and run the program. The Mat lab Help 

Navigator is also very useful. It properly categorizes and provides detailed explanations and sample usages of all 

functions. Just like C++ and Java, the language syntax provides loops and condition statements for programming 

purposes. 

The language was chosen over C++ and Java because there are a lot of built-in functions that are specific for 

image processing. As well, the compiler can compute large mathematical equations faster than other languages. 

These advantages suit the project perfectly due to the large matrix computations required during the extraction 

process. 

 

EMBEDDED C PROGRAMMING: 

The soul of the processor functioning inside each and every embedded system we come across in our daily life, 

such as mobile phone, washing machine, and digital camera. Each processor is associated with an embedded 

software. The first and foremost thing is the embedded software that decides functioning of the embedded 

system. Embedded C language is most frequently used to program the microcontroller. 

 
 

Figure 3: Embedded C Programming 

 

FLOW CHART FOR WORKING: 

The flow chart for working of change detection for critical infrastructure protection is as shown in the figure 4. 
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Figure 4: Working flow chart 

 

FLOW CHART FOR CODING: 

Similarly, the flow chart for programming is as shown in the figure 5. 
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Figure 5: Coding flow chart 

  

IV. RESULTS 

 

The results were considered for various possibilities. 

When Person is detected: 

Initially the motion is detected in the ATM. If there is any motion it will start the process of person detection 

and after person detection output is shown in the terminal and the user is allowed to access the ATM. The 

process wise results are shown in following figures 6(a) to 6(d). 

 
Figure 6 (a): First Validation Message 

 
Figure 6(b): Motion Detected in ATM 
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When ATM damaged: 

Initially the vibration is detected in the ATM. If there is any vibration is detected it will start the process after 

output is shown in the terminal. 

When multiple persons entered 

Initially counts the number of persons entered in the ATM. If there is more than 2 persons entered it will start 

the process after output is shown in the terminal. 

When person wearing a helmet: 

Initially recognizes the person wearing helmet inside the ATM. If there is any person wearing the helmet it 

will start the process after output is shown in the terminal. 

  
Figure 6(c): Unusual Event Detection 

When person wearing a mask: 

Initially recognizes the person wearing mask inside the ATM. If there is any person wearing the mask it will 

start the process after output is shown in the terminal. 

When person receives SMS through GSM: 

 
 

Figure 6(d): SMS through GSM 

 

V. CONCLUSION 

 

ATM model developed is more reliable in providing security. The implementation of ATM surveillance by 

using smart sensors and GSM modem took advantages of the stability and reliability of sensor characteristics. 

The security features were enhanced largely for protection of ATM’s when compared to previous systems. The 

security features were enhanced largely for protection of ATM’s when compared to previous systems. The 

system will be built on the technology of embedded system which makes the system more safe, reliable and 

easy to use. Once the Unusual Event is detected for longer duration of time through the GSM (Global system 

for mobile communication) the message signal is immediately sent to the higher authority person. Similarly, 

when crowd is detected, through the GSM the message signal is immediately sent to the higher authority 

person. This method is secure and efficient in terms of computational complexity and threshold values. Thus 

this system will be able to what physical attacks on the ATM and alerts necessary people to take action at any 

time and save people from lot of hardships involved in the ATM attacks 
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ABSTRACT 

 

Over the years, traditional farming for harvesting with the use of soil takes longer time to decompose making it 

prone to diseases and expensive. Hydroponics system means growing plants without soil with better results, 

especially in areas with space and environment unsuitable. This system has no adverse effect on environment 

or quality on crops. Here the proposed system presents intelligent Plant Care Hydroponic that exercises 

environment driven control methods through an Internet- of -Things (IOT). IOT provides a scalable and 

configurable software for users to easily and quickly add/remove/exchange the sensors and actuators and 

program their interactions. 

 

Keywords: Hydroponics, Greenhouse Farming, Arduino, IOT 

 

I. INTRODUCTION 

 

Human require air, food, water and living space in order to survive. These things are not endless in nature and 

thus humans are dependent upon the optimization of land areas and the preservation of biodiversity. The 

human population is increasing and predicted to expand from 7.0 billion to 9.5 billon people within the next 

40years.An ever increasing demand for food species is implied and it is estimated that food production will have 

to be doubled in order to compensate and provide availability to all. 

The word “Hydroponic” define as any means to grow plants via a medium that does not include the use of soil 

but involves inorganic nutrients or nutrient solution. One of the basic principles for vegetable production, both 

in soil and in hydroponic systems is to provide all the nutrients the plant needs. The implantation of IOT in 

hydroponics would help the farmers to automate the whole farming process thereby ensuring better yield and 

the quality of the produce. The main aim of this paper is to make a compact system to automate nutrient dose, 

PH, water supply and temperature of a greenhouse hydroponic farm. 
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II. LITERATURE SURVEY 

 

In literary survey, we analyze critically and concisely earlier research and literature related to a particular 

research problem, and utilize them for their own research purposes. It helps in understanding the significance 

of new research and its connections to earlier work. The survey may display an insufficiency in the literature, 

which a new research can correct. In such case, the survey focuses on what is known about the topic and what 

is not known. 

According to Rahul nalwade and Tushar Mote [1] India is at number 4 among the leading food producing 

countries. This field to start up with the initial setting up of a hydroponic plant. In order to make the process 

much easier, the concept of IOT is used to control and monitor multiple parameters by using and android 

application, and also alert the users whenever the farm is in abnormal condition. 

According to Saket Adhau, Rishikesh Surwase and K H Kowdiki, with the recent advancements in technology 

and improvements in hydroponics method of growing there is a rapid demand for automated system. Although 

there are some automated systems available, but they haven‟t     made     much     of     an     effective 

breakthrough. This paper is intended to efficiently make use of the sensor data in real-time. They specify the 

work that aims to build a self- controlled fully automated hydroponic system which is intelligent enough to 

provide proper amount of required nutrients by using the present day technology. The real-time data collected 

from multiple sensors are imported into an AVR microcontroller board and the process of automating and 

monitoring these real time data is carried out. They have provided a cost efficient method of implementing a 

good automated hydroponic control system. The system is subjected to be rigorous tests for correctness and 

validation. Once it meets all the required criteria, the system is then provided to the consumers in and across 

India. 

According to the study of P Sihombing, N A Karina, J T Tarigan and M I Syarif the developments in technology 

along with the combination of science has been resulted in some of the brilliant ideas that could improve the 

way the agricultural practices have been carried out. In this paper they have developed a control tool that could 

automatically control the flow of nutrients to the hydroponics plants by using a smartphone. Arduino Uno 

microcontroller is used as the base of hardware part and Arduino programming is used in programming. Simple 

if statements are used to control the flow of nutrients. Various parameters like Fluid level, temperature and 

humidity are continuously monitored using the smartphone. The height of the nutrients in the reservoir is 

determined by using an ultrasonic sensor, which is used to fill the water or nutrients solution to a specified 

level after which the flow of water is automatically stopped. The temperature is measured by using an LM35 

temperature sensor. The reading from these sensors are directly displayed on the LCD display. This helps the 

farmers to control different parameters of their farm from remote areas. The only limitation in country like 

India is internet connection. If the sufficient amount of internet speed is available, the controlling happens 

without any lags. 
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III. METHODOLOGY 

 

The implementation of hydroponic farming is the fastest growing sector of agriculture and it could very well 

dominate the food production in the future. Hydroponic farms require 90-95% less water than the conventional 

farms and the farm can be placed anywhere as no soil is required. The main aim of our project is to make a 

compact system to automate nutrient dose, PH, water supply and temperature of a greenhouse hydroponic farm. 

In this technique, we ensure that plant gets all nutrients from the water solution. 

Hydroponic system can accomplish this by allowing crop production in urban environments not available for 

conventional farming. In our project, the parameters are controlled automatically. Also, the cultivators can 

know the conditions of the plant growth and control the parameters remotely by using IOT technology. Here 

we have considered the Arduino micro controller with three types of sensors such as temperature sensor, PH 

sensor and LDR for both plant 1 and plant2. ESP8266 is a Wi- Fi module to communicate by using internet of 

things with the server. The GSM module is to communicate and relay is used to automatically turn on/off the 

water supply from the pumping motor. 

  
Nutrients/Chemicals required for plant growth To survive and grow, plants need: 

• Oxygen 

• Carbon Dioxide 

• Lights 

• Water 

• Nutrients. 

➢ Any good Hydroponic nutrient should contain all of these elements; Nitrogen (N), Potassium (K), 

Phosphorous (P), Calcium (Ca), Magnesium (Mg), Sulphur (S), Iron (Fe), Manganese (Mn), Copper (Cu), 

Zinc (Zn), Molybdenum (Mo), Boron (B), Chlorine (Cl) 

Hardware required 

• Arduino Microcontroller 

• Temperature sensor:- LM35 
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• PH sensor :- glass electrode 

• LDR 

• Ultrasonic sensor 

• ESP8266 

• Relay 

• Dc motor  

Software 

• Arduino IDE 

• ThingSpeak(IoT) 

  
 

A) The Basic Hydroponic Parts Why Hydroponics? 

Hydroponics come up with several obvious benefits that the soils cannot compare to. Let's see. 

Better growth rate 

It's not uncommon to see that Hydroponically grown plants than enjoying a 20-30% better rate than those in 

the soil, grown in the similar conditions. This is because plant roots directly contact with the nutrients rather 

than searching for food in the soils. All of these energies will be instead consumed in its growth, and in 

producing fruits and flowers. Growers are also in charge of the whole growing system 

- nutrients, temperature, lights, and so on. By this, you can provide with the ideal conditions that plants require. 

Hydroponics saves water 

It is estimated that agriculture consumes 80% of fresh water. Meanwhile, the FAO predicted that the food 

production would increase by 70% when the population hugely expands. That would be a huge issue to deal 

with for future farming. It's when Hydroponics is adopted as a viable solution. This soilless growing method 
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uses only 10% water in comparison to soil agriculture. It is able to do that because of its efficient recirculated 

system. Hydroponic plants get the sufficient water while the run-off ones are captured and get back to the 

system. 

No soils needed 

This comes with two great benefits: 

1. You can grow crops anywhere whether in arable or heavily contaminated places. It saves the lands by 

growing plants in convenient locations like large-scale indoor greenhouses, or even in your apartment. 

2. All of the weeds and soil-related pests and disease are eliminated in a Hydroponic system. 

Effective use of nutrients 

All nutrients are added to the solution, and you are 100% controlling giving the specific amounts of foods 

(nutrients) that plants need. Unlike the soil, nutrients are not lost because they are held in the reservoir. 

 

B) Hydroponic Nutrient Guide 

What plants require are still the same in any environment - organic compost (C, O, N, H), macro and 

micronutrients. However, plants grown hydroponically don't have the similar ways to get the necessary 

nutrients they need. 

What Plants Need 

To survive and grow, plants need: 

• Oxygen 

• Carbon Dioxide 

• Lights 

• Water 

• Nutrients 

Plants get oxygen and carbon dioxide from the environment for respiration. 

Lights supply plants with energy, which is used in the photosynthesis process to make foods. They get lights 

from the natural lights of the sun or artificial lights from grow bulbs. 

Water gives plants moisture.Nutrients in the water are what the soilless growers are in total control to let plants 

reach their full potential growth. 

 

C) Which Plants Are Best Grown In Hydroponics 

We can grow anything in Hydroponics provided that you create a proper set-up and supply plants with 

sufficient nutrient balance. But we should not take that mind- set and grow anything we want. 

This is because some plants will grow absolutely well in Hydroponics while others do not bring expected yields. 

At the same time, some plants need us for their special care and installation to survive. To give some 

recommendations for beginners, it's better that we begin with something easy and thrives in Hydroponics first. 

Let's go to the list 

• Vegetables: Lettuce, Spinach, tomatoes, kale 

• Herbs: Basil, chive, oregano, mint 

• Fruits: Strawberries, hot peppers 
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D) Motivation 

Farmers will be able to produce crops faster hydroponically, which will allow them to plant more during the 

season. They will spend less time in weeding and doing other work because there is no soil to fuss with. 

 

E) Objectives 

➢ Automation in hydroponics agriculture 

➢ Increases the health of plants 

➢ Increase in the production 

➢ Increase the quality of crop 

➢ Controlled nutrients for plants automatically using IoT 

➢ Efficient way of agriculture 

 
F) Hardware Arduino Mega 

 
The Arduino Mega is a microcontroller board based on the ATmega1280 (datasheet). It has 54 digital 

input/output pins (of which 14 can be used as PWM outputs), 16 analog inputs, 4 UARTs (hardware serialports), 

a 16 MHz crystal oscillator, a USB connection, a power jack, an ICSP header, and a reset button. It contains 

everything needed to support the microcontroller; simply connect it to a computer with a USB cable or power 

it with a AC-to- DC adapter or battery to get started. 

LM35 

 
LM35 is an integrated analog temperature sensor whose electrical output is proportional to the Degree 

Centigrade. They are used in your daily household devices from Microwave, fridges, AC to all fields of 

engineering. 
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PH sensor 

 
The most common PH sensor is the glass electrode. It's used in many industry applications and in a wide variety 

of fields. The glass electrode method has high reproducibility, and it can measure PH of various solutions. A PH 

electrode is a potentiometric or electrochemical sensor that has a voltage output. 

LDR 

 
A light-dependent resistor alternatively called an LDR, photo resistor, photoconductor, or photocell, is a 

variable resistor whose value decreases with increasing incident light intensity. An LDR is made of a high-

resistance semiconductor. The resulting free electron conducts electricity, thereby lowering resistance. 

ULTRASONIC SENSOR 

 
An ultrasonic sensor is an electronic device that measures the distance of a target object by emitting ultrasonic 

sound waves, and converts the reflected sound into an electrical signal. Ultrasonic waves travel faster than the 

speed of audible sound (i.e. the sound that humans can hear). Ultrasonic sensors have two main components: 

the transmitter (which emits the sound using piezoelectric crystals) and the receiver (which encounters the 

sound after it has travelled to and from the target). 
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WIFI MODULE (ESP 8266) 

 
ESP8266 is a 3V WiFi module very popular for its Internet of Things applications. ESP 8266 maximum working 

Voltage is 3.6V and its very important to note. You must know how to power it, how to serial-connect it with 

ARDUINO safely, how to ping and many other things. You should use software like Circuito.io, Tinkercad, 

Fritzing to simulate and work with the board safely. You should also use Logic Level Controller to use with 

ESP8266 module. 

SOFTWARE 

ABOUT THINGSPEAK 

Getting Started 

• Sign Up for New User Account – https://www.thingspeak.com/account/new 

• Create a New Channel by selecting Channels and then Create New Channel 

• Follow a tutorial for common devices and applications 

Channels 

Channels are where your application stores and retrieves any type of data. Each channel has a Private View and 

a Public View. The Private View is only accessible by signing into your ThingSpeak.com user account. The 

Public View is what other viewers will see when they visit your ThingSpeak Channel. You can have different 

info on each view, customize the view with Plugins, and even disable the Public View. 

Channels API 

To read and write to a ThingSpeak Channel, your application must make requests to the ThingSpeak API using 

HTTP requests. Each ThingSpeak Channel allows for 8 fields of data (both numeric and alphanumeric formats), 

location information, and a status update. Each entry is stored with a date and time stamp and is assigned a 

unique Entry ID (entry_id). After the data is stored, you can retrieve the data by time selection or by Entry ID. 

In addition to storing and retrieving numeric and alphanumeric data, the ThingSpeak API allows for numeric 

data processing such as timescaling, averaging, median, summing, and rounding. The channel feeds supports 

JSON, XML, and CSV formats for integration into applications 

Charts API 

Use the Charts API to present numerical data stored in ThingSpeak Channels on charts. Supported chart types 

are line, bar, column, and step. Options include size, color, and labels. 
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Open Source API 

The ThingSpeak API is available on GitHub and includes the complete ThingSpeak API for processing HTTP 

requests, storing numeric and alphanumeric data, numeric data processing, location tracking, and status updates. 

The open source version follows the same documentation as the ThingSpeak hosted service. 

Apps 

ThingSpeak Apps are apps that make it easier for devices to access resources on the web such as social networks, 

web services, and APIs. 

Thing HTTP 

ThingHTTP is for connecting things to web services via HTTP requests. ThingHTTP supports GET, POST, PUT, 

and DELETE methods, HTTP/1.0, HTTP/1.1, SSL, custom HTTP headers, and Basic Authentication. 

 

G) INTERNET OF THINGS ( IOT) 

Kevin Ashton, in a presentation to Proctor & Gamble in 1999, coined the term “Internet of Things”. Almost all, 

every area, every device, every sensor, every software are connected to each other. The ability to access these 

devices through a smart phone or through a computer is called IoT. These devices are accessed remotely. IoT is 

basically a platform where we connect everyday things embedded with electronics, software, and sensors to the 

internet enabling them to collect and exchange data. In this way, each of your devices will learning from the 

experiencesof other devices, just as humans do. With IoT, the interdependence in the human will expand- i.e to 

interact, collaborate and contribute to   things. The „Thing‟ in IoT can refer to any device that might comprise 

any kind of built- in- sensors with the ability to collect and transfer data over a network or internet without 

manual intervention. 

 
 

IV. RESULTS AND DISCUSSION 

 

a) Below graph shows the difference between conventional method and hydroponics method with example of 

tomato plant. 
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b) Plant setup 

 
  

  

c) Data uploaded to ThingSpeak 
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V. CONCLUSION 

 

Hydroponically grown plants do not come in contact with soil borne pests and diseases thus saves costs of soil 

preparation, insecticides and fungicides. 

Since the amount of nutrients is fed directly to the plants, there is no wastage of water due to run off or 

evaporation. 

Progress has been on large scale and results obtained in various countries in the world have proved that this 

technology is thoroughly practical and has very definite advantages over conventional methods of crop 

production. 
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ABSTRACT 

 

In this project we are trying to decrease the rate of death due to the lack of timely medication during a situation 

of a heart attack. As we all know the risk of having a heart attack is more now a day’s due to mental stress in 

daily life. But at the time of a heart attack, if the patient gets the prescribed medicine in time, then the death of 

the patient can be avoided. So, we have designed a watch which will regularly monitor the heart rate of the 

person wearing it and then according to the rate of heart beat it will calculate whether the heartbeat of the 

patient is normal or not. Because in both the case of low heart beat and high heart rate can cause a heart failure. 

A bradycardia is a condition in which the heart rate is too low, and a tachycardia is a condition in which the 

heart rate is too high. Thesetwo situations may potentially result in a heart attack or heart failure. The model 

we created will monitor the heart rate on a regular basis, and if the person's heart rate becomes too high, it will 

have the prescribed prescription stored in two compartments of the smartwatch. This may aid in the early 

treatment of the patient and maybe save many lives. 

Keywords—Heart Beat, Hemoglobin, MAXREFDES117, MAXREFDES117, Pulse, Photo Sensor, Thumb, 

LED, Monitor, Medication, Photo detector 

 

I. INTRODUCTION 

 

In addition to the timing function, a smart watch is a "universal networked computer with multiple sensors” 

that can be worn on the wrist [5]. Smart watches can change health care by supporting / assessing health in 

daily life because: (1) most people are familiar with them; (2) they are becoming more and more available as 

consumer devices ; (3) in a near real-time manner Provide continuous monitoring of physical activity and 

physiological indicators; (4) Support personalized messages and reminders; (5) Realize communication between 

patients, family members and health care providers; (6) Including on-site behaviour review, small surveys and 

Sensory measurement.[5]. 

http://www.ijsrset.com/
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The normal heart rate of an average person is around 72 beats per minute. 

Coronaryarterypressureincreasessteadilyduringexerciseandgraduallyreturnstothecostofrelaxationafterexercise.E

xercise with a normal heartbeat is a sign of humanhealth.Alower-than-normalheartrateusuallyindicates 

aconditioncalledbradycardia,whileaheart rate higher than normal is called 

tachycardia.Hardwareorsoftwareimplementedtoeliminateoverload harmonics and symbol noise, and then usea 

set of zero-crossing rules to determine the numberof hits in a given time interval (e.g., zero and zero).This is a 

powerful method that can 

automaticallyfilteroutanytimenoisewithinthecharacter.Coronaryarteryheartloaddisplayisagatedmonitoring tool 

through which anyone can assessheartloadinrealtimeorrecorditforfurtherexamination. In the case that a heart 

attack can bedetected early, the patient's heartbeat is 

monitoredbyapulsesensorandatemperaturesensor,andthenit is connected to the microcontroller. The sensor 

isinstalledinaportable device.[9].Earlyfashionincluded a tracking container with a set of electrodecables 

connected to the chest. The ischemic load ofa healthy, relaxed human heart is about 72 beats perminute 

(heartbeats per minute), compared to about120forayoungchild.Beatseveryminute,whiletheheart rate of older 

children is about 90 beats perminute. Charging when the heartbeat is normal is asign of human health. This is 

called tachycardia.Heart charge is genuinely measured by placing thethumb on the patient’s arterial pulse and 

measuring,measuringandcountingthepulse,usuallywithina 30-

secondperiod.Althoughthismethodisnotalwayscorrect,andcancauseerrorswhenoverloaded. Most modern 

strategies for 

assessingcoronaryarteryloadusedigitalmethods.Myocardialinfarction(MI),commonlycalledaheartattack,isaseriou

smedicalemergencyinwhichthe bloodsupply to the heart is suddenlyblocked, usually due to a blood clot in the 

coronaryarteries [6,8]. Insufficient blood supply to the heartcan severely damage the heart muscle and 

endangerlife. Heart attacks can be divided into three types:ST-

segmentelevationmyocardialinfarction(STEMI),non-ST-

segmentelevationmyocardialinfarction(STEMI)andcoronaryarteryspasm[11].Anelectrocardiogram(ECG)isone 

ofthe mostcommonstrategiesformeasuringcoronaryheartpressure,butitisalsoanexpensiveinstrument.Watches 

with other internal shapes can also be 

usedtomeasuretheinstantaneouselectricalchargeoftheheart.Theinstrumentcanprovidecorrectmeasurement 

results, but its cost usually exceedsthousandsofrupees,soitisnoteconomical.Therefore, the proposed use of a 

heart rate sensor 

todeterminecoronaryarterypressureisundoubtedlyausefultoolfordeterminingthepositionandtemperature of the 

patient's heartbeat. In medicine,"pulse" is defined as the rhythmic expansion 

andcontractionofthearteriesthatdescribeeachheartbeat [13]. Therefore, the pulse is the same asthe beating of the 

human heart. The pulse rate perminute can be measured on the neck and wrist. Themost important points for 

measuring heart rate arethefingers,wrist(radialartery),neck(carotidartery),innerelbow(brachialartery), behind 

theknee (political artery), and ankle (posterior artery).Shin). Higher or lower indicates an abnormality 

inthebody[6].Somedevicescancorrectlyanalyzethecoronary artery load, use optical age, use 

ordinaryinfraredlight-emittingdiodes(LED)andphotoelectricsensorstocalibratethecoronaryarteryload ofthe 

heartwith theindexfinger. 
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The microcontroller is programmed to collect signsof use from its built-in analog-to-virtual 

converterADC,andusethereadingstocalculatethecoronaryartery pressure on the heart; finally, the 

analysisresultsaredisplayed digitallyon theLCD screen. 

 

 

TABLE 1: COMPARISON OF ERROR RATES OF VARIOUSHEARTBEATRATEMONITORINGSYSTEMS[3] 

 
 

II. EXISTING METHODS 

 

1) OPTICALMETHOD 

An Android-based heart rate monitor that uses acamera and flash to determine the user's heart rate(in beats per 

minute). Use data smoothing on aninteger matrix to calculate the total value of the 

redpixelsinthephoto.Average,determinetheheartbeat, and the total value of the red pixels in theheart condition 

photo is greater than the smoothedaverage value. Portable devices with optical heartrate video displays have 

small LEDs on the side.Beneath it illuminates the pores and the green lighton the baby's skin. The light waves 

from these lightemittersarerelatedtothebloodflowingthroughthewrist. When this light is refracted (or reflected) 

bytheflowingblood,anothersensorinsidethewearable device records the information. This 

data,alongwiththeexerciserecordscapturedbythedevice’saccelerometer,canthenbeprocessedusingalgorithms that 

provide clear heartrate readings.Pressing firmly on the top of the index finger on thecamera may shut off blood 

flow. Lead to 

inaccuratereadings.Deviceswithopticalsensorsthatreaddatafromthewrist(ratherthanfingertips)havethegreatestdif

ficultyinmonitoringheartrate.Thismethod requires light to penetrate multiple layers,and the darker the person, 

the more light that needstoberestored.Thistechnologycompensatesforskintoneproblems.[3]. 

 

2) ELECTRICALMETHODS 

ElectricalmethodHeartratemonitorsuseelectrodesto monitor the voltage generated by the heartbeat[3]. The 

receiver recognizes these electrode recordsbasedontheradiosignalsfromthecheststrap.These records are used to 

determine your heart 

rate.Somevideodisplaydevicesalsocontaina"scramblingsignal,"whichusesauniquecodeintheradio signal to 
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prevent the receiver from receivingradio transmissions from nearby locations. channel.This is usually not a big 

problem, but it can be aproblem. The disadvantage of digitization is thatyour data may be harmed or damaged. 

There aredangersinthismethod,suchasfalseresults,deteriorationofpressurecompoundsinthebody[3]. 

 

III. LITERATURE REVIEW 

 

1. In the paper namely “IoT on Heart 

AttackDetectionandHeartRateMonitoring”authorsMamidiManisha,KatakamNeeraja,VemuriSindhura,Paru

churiRamayahaveexplainedabout Life is valuable. Many people die of heart attacks,and because the 

seizures are discovered too late, wecannot save lives. Usually, heart attack detection 

isdonetraditionallyusingspecializedhardwaredevices. With the help of increased technology, 

weshouldbeabletocaptureandmonitorthechangesinour body. In this paper we propose a system 

whichwilldetectheartattackwithhelpofdifferent scenarios i.e., monitoring heart attack but also otherheart 

diseases. To get rid of these heart attacks or toreducethisheartdiseasewe aredevelopingthissystem toreduce 

thedeathrate. 

2. Inthepaper“HEARTRATEMONITORINGANDHEARTATTACKDETECTIONUSINGWEARABLEDEVICE”

authors Yashasavi Yadav, Manasa S Gowda haveexplained about A portable device used to monitorheart 

rate and detect heart attacks. Life is 

precious.Manyofusdiedofheartattacks.Thisisduetoyourdiet,age,lessphysicalactivityandmanyotherfactors. 

The main cause of death worldwide is heartattack. A heart attack is not easy to detect, and thesymptoms of 

a heart attack vary from person toperson. To overcome heart disease and heart attackand help our society, 

we are developing a systemthatwillhelpreducemortalityanddetectheartattacksearly. 

3. In the paper “Real Time Heart Attack andHeartRateMonitoringAndroidApplication”authors Kainat Zeba, 

Lakshmi S Patil, Sanjana RGowda, Varsha R, Mrs. Shobha Chandra K 

haveexplainedaboutTechnologicalinnovationsindiseasepreventionandpatienthealthhavepromotedthe 

development of surveillance systems and 

otherfields.Thisconceptisrelatedtoheartattackdetectionandheartratemonitoring.ThisisanAndroid 

application that can continuously 

monitorthepatient'sheart.Speedandsendappropriatenotificationstoregisteredusers.Thiswillhelpdoctors 

monitor the health of remote patients andcreate smart health systems. This project can helpsavethe livesof 

patientsatthelastminute. 

 

IV. PROPOSED SYSTEM 

 

As we all know the risk of having a heart attack 

ismorenowadays.Butatthetimeofaheartattack,ifthepatientgetstheprescribedmedicineintime,thenthe death of the 

patient can be avoided. So, we havedesigned a watch which will monitor the heart rateof the person wearing it 

and then according to therateofheartbeatitwillcalculatewhethertheheartbeat of the patient is normal or not. If 

the heartrate of the person is low or high it will give theprescribedmedicineforboththecaseswhichwillbestored 
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in one compartment of the smart watch. Inthis project we are trying to lessen the rate of deathdue to the lack 

of timely medication during a heartattack. As we all know the risk of having a heartattack 

ismorenowadays.Butatthe timeof aheartattack, if the patient gets the prescribed medicine intime, then the 

death of the patient can be avoided.So, we have designed a watch which will monitortheheart rateofthe person 

wearingit and thenaccording to the rate of heart beat it will 

calculatewhethertheheartbeatofthepatientisnormalornot. 

If the heart rate of the person is low or high it willgivetheprescribedmedicineforboththecaseswhich will be 

stored in one compartment of thesmartwatch. 

 

V. CIRCUIT DIAGRAM 

 

 
Fig1: Block Diagram of heart attack detecting and medicationSystem 

 

VI. HARDWARE AND SOFTWARE REQUIREMENTS 

 

A. HARDWAREREQUIREMENTS 

➢ AdafruitFLORA 

➢ MAXREFDES117(HEART-RATE ANDPULSE-OXIMETRYMONITOR) 

➢ SmartPhone 

➢ Bluetooth Module 

B. SOFTWAREREQUIREMENTS 

➢ ArduinoIDE 

➢ MITAPPInventor 

 

VII.  WORKING PRINCIPLE OF HEART BEAT SENSOR 
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Theworkingprincipleofusingaheartratesensortodetect a heart attack is photoplethysmography 

(PPG)technology.Itusesaninfraredlightsourcetoilluminate the finger on one side, while the 

othersideofthefingerusesaphotodetector.Placed,itcanmeasure a small version within the transmitted 

lightintensity. Heart rate measurement uses substancesthat gently absorb hemoglobin. The light from 

theinfrared light source under the monitor illuminatesthe blood vessels under the skin. The light 

detectordetects soft light that is not absorbed but reflectedback. The variants within the photodetector mark 

arerelated to changes in the distribution of blood in thetissue.Whenvisiblelightisirradiatedonthe 

photodetectoragain,thephotodetectorwillsendoutanelectricalsignal.Thelogowegetfromthesensoris an analog 

logo, which becomes the logo on theright. In addition, the symbol can be filtered and 

thenamplifiedtoobtainanidealPPG(PhotoPlethysmoGraph)waveformsynchronizedwith the heartbeat [3]. The 

heartbeat detection isbased on the calculation of the Fourier transform 

oftheheartbeatsymbolundertheassumptionofexcessive overshoot. The heart rate is 120 beats perminute. 

 
Fig2:HeartBeatsensorworkingprinciple 

 

Theheartbeat/second =120/60 =2 bps 

ThePPGsensorusedcancorrectlyanalyzethecoronary heart rate. The coronary heart rate can becalculated by 

understanding the terms in the PPGcurve. Two heart rates are calculated based on threeconsecutive PPG peaks 

and their combined values.The value is displayed as the instant heart rate. Ourtool calculates beats per second 

and estimates 

thesize,notthesafestlimitfortheproblemathand.Thesafestheartratecanbecalculatedbasedonthegender and type of 
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the problem. Various methodsare used in the clinical profession to calculate 

thesafestbpm,forexample:B.Martha,LondereeMoeschberger,Millerandothers. 

a) Thepulsesensorisasensorusedtodetectirregular heart rhythms. The sensor is sent to 

theAdafruitFLORAmicrocontroller. 

b) The Adafruit FLORA microcontroller acts as thecontroller processor and can use the heart rate 

sensorforheartrate measurement. 

c) The circuit module ESP8266 is a media interfaceforreal-

timedatatransmissionmodulefrommicrocontrollertosmartphone[4]. 

 

TABLE2:AGE-WISETHRESHOLDVALUESFORADAPTIVEALARMINGMECHANISM [3] 

 
 

VIII. METHODOLOGY 

 

In this project the main microcontroller weareusingisAdafruitFLORAbecause,FLORAisanAdafruit'sfully-

featuredwearableelectronicsplatform. Due to its round and small size we arechoosing this device. For the 

checking of the heartratethesensorweareusingistheMAXREFDES117 which is a heart rate and pulse-oximetry 

monitor. This sensor is used because of itsaccuracy.Thealgorithmusedforheart-ratemonitoring is a beat-finding 

algorithm. The beat-findingalgorithmisapeakdetection-basedalgorithm and the algorithm is based on a 

“PULSESENSORAMPED” website[7]. 

The MAXREFDES117 will collect the pulse willsends to the microcontroller then the value of 

theheartrateofthepersoniscalculatedbythemicrocontroller. By referring this value of the heartrate, the 

microcontroller will check where there is ahike or sudden decrease in the heart rate and 

displaystheheartrateonthemobileappwhichwillbeconnected through Bluetooth or WIFI module. Inaccordance 

with the problem, it will provide thetablets which are stored in one of the 

compartmentspresentinthesmartwatch.Thecompartmentcontainstwotabletswhichisprescribedbythedoctor for 
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both conditions like hike or decrease inthe heartbeat. By using this technique, the rate ofdeath dueto 

heartattack canbe decreased. 

 
Fig3:Frontviewofthesmartwatch 

  
Fig4:Sideviewofthesmart watch 

As we can see in the above figure3 it shows thedesign view of the one side of the smart watch inwhich we can 

observe that there is compartment ispresent this compartment is provided to store 

thetablet.Thesetabletsarehelpfulinaseriouscondition of low heart rate and also the hyper heartrate. 
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Fig5:SnapShotsofMobileapplication 

above Fig 5 Shows the mobile app which is builtusing MITAppInventorPlatform.TheAPP 

contains a button named “get heart beat”.Whenevertheuserpressesthebutton thedatafromthe microcontroller 

will be received by the mobileapp and then after a time interval of 6 seconds thedata of the rate of heart beat 

will be displayed onthe app [2] and then the data will be passed to theregistered numberthrough theSMS. 

 
Fig6:Snap ShotsofMessagereceivedbythefamilymember 

The above fig 6 shows the message received by theuser where he can get the heart rate data on 

theirmobilephones. 
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IX. FUTURE IMPLEMENTATION 

 

➢ Further we can also add the feature showingtimeandbodytemperatureonthesmartwatch. 

➢ Wecanalsolinkthedataoftheheartratetothecloud and store that for the further process 

orforthedoctor’sreport 

 

X. LIMITATION 

 

➢ This device cannot be used while jogging orexercisetime. 

➢ The patient needs the doctor’s consultation tokeep the right tablets in the watchcompartment. 

 

XI. CONCLUSION 

 

The proposed is aimed towards checking the heartrate of the person and then detect the risk of heartattack and 

if there is any chance of getting the heartattack the module will contain 2 chambers 

whichwillbecontainingthetabletsforthetwocasesoftheheartattackoneiswhenevertheheartrateistoolowand 

another is for when the heart rate is very highand there is an app provided to check the heart rateand then then 

it will intimate the user to take 

thetabletfromtherequiredcompartment.Andsimultaneouslythedatawillbepassedtotheregistered user so that the 

family members of thepatient shall get an intimating message to get theheartbeatdataof thepatient. 

This project will be useful for the earlydetection of the heart attack to control the rate ofdeath by providing 

medication at the right time sothatthe life ofthe patientshallbesaved. 
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ABSTRACT 

 

Robot is an electro-mechanical machine or device which is controlled either by set of computer programs or by 

electronic circuit to perform various of tasks. With the development in robotic technology technocrats 

proposed new ideas and inventions of robots. In the modern life style robots are becoming indispensable part of 

human life. The robotic technology also provides automation in factories, hospitals, offices and even in some 

hotels. Besides automation this technology also used in defence forces, Entertainment, Space exploration, 

Security systems and many dangerous mission executions. As the terror is always remains India’s first enemy so, 

the robots are going to use for saving human life. Countries like India are still facing and confronting with 

regular threats from terrors. Both Kashmir and Mumbai terror attacks have consummated that as far as possible 

the future of warfare will be handle by robot and unmanned machines to protect human life. Currently, the 

Indian Army has Daksh Military robot to combat in battle field. As the technology proliferate rapidly in 

automation field by incorporating Military Robots as soldiers in war field to reduce grievance and demise in 

war fields. In defence areas, Robot are usually miniature in size so they are enough capable to enter in tunnels, 

mines and small holes in building and also have capability to survive in harsh and difficult climatic conditions 

for life long without causing any harm. 

 

Keywords: Wireless, Robot, NRF, Missile System, GSM Module, Gunn System 

 

I. INTRODUCTION 

 

The developments in India’s immediate neighborhoods over the past decade have led India an essential need to 

develop and upgrade its military. There is a widely sensed need for the rapid modernization of the Indian 

armed forces, which is being reflected in some of the key initiatives that have been taken up by the Indian 

government so far (such as Make in India). However, the pace of modernization of the Indian armed forces over 

the years has been rather slow, and technologically, they are not where they should have been. Indigenous 

development of modern defense hardware continues to remain a concern. 

http://www.ijsrset.com/
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By keeping in mind, the value of each and every soldier, we can’t risk their life by letting them to do 

surveillance tasks, risky jobs like bomb diffusing. All these works can be performed by using remotely operated 

robots to encounter terrorists and also to launch a rocket remotely without the presence of the soldiers in 

dangerous missions. Indian military is lagging behind in technology for these problems compared to other 

nations.   

As the terror is always remains India’s first enemy so, the robots are going to use for saving humans life. 

Countries like India are still facing and confronting with regular threats from terrors. Both Kashmir and 

Mumbai terror attacks have consummated that as far as possible the future of warfare will be handle by robot 

and unmanned machines to protect human life. 

To ensure that the soldiers are on frontline is empowered with modern technologies and not to risk our 

soldiers’ lives. The proposed work in this paper acts as a substitute for a soldier in battle ground and in any 

critical missions. In our Indian army there is no modern combat robot technology.  

The present robots in Indian army are only capable of doing surveillance during day and night and are not 

capable of doing combat operations. The proposed work is capable of providing surveillance and is also capable 

of performing combat operations by its Gun and missile systems that can be operated remotely. Currently 

existing robots have limited range of coverage as they are based on Zigbee and Wi-Fi. These robots sense only 

one or two physical quantities. They are not capable of doing combat operations. Their cost of production is 

also more.  

TABLE I COMPARISION WITH EXISTING ROBOTS 

Features 

Robots 

DHRONA DAKSH DAKSH 

SPOTTER 

DAKSH 

WARRIOR 

Surveillance PIR and GAS PIR 

 

- PIR 

 

Sensors Need not be in line of sight In line of sight In line of sight Need not be in line of 

sight 

Operation 1100 meters 

(can be extended using next 

version of NRF module) 

400-500 meters 600 meters 

 

700 meters 

 

Gun System Yes No No Yes 

Missile System Yes No No No 

Robotic arm Yes No Yes No 

 

The above stated problems can be overcome by implementing the proposed work which uses NRF24L01 RF 

module with Arduino for the long-range operation of the robot. The robot will have night vision and day vision 

camera for surveillance that can be transmit data for long range. 
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The Robot will have GAS sensor to detect harmful gases like carbon dioxide, carbon monoxide, sulphur dioxide. 

The Robot also has oxygen sensor to measure the amount of oxygen in the air. The detected gases are sent to 

the operator using the GSM module. The Robot also has passive infrared sensor to detect humans, animals and 

send the detected information to the operator through the GSM module. For the bomb diffusing task, the robot 

has a robotic arm [1] which is mounted on the robot controlled remotely by means of gesture control. The 

gesture control is the easy means for controlling the robotic arm. 

The present missile system is not operated remotely, means that the missile has to be launched by the presence 

of operator near the missile system. That is not possible near the border and enemy areas. This can be overcome 

by mounting the missile system on the robot, driving the robot near the border areas and firing the missile. The 

impact and advantages of military robot use are often lifesaving. These robots are easily replaceable at a cost, 

unlike human life. Robots can also endure damage caused by bombs or other types of weaponry that would 

otherwise destroy living beings. These robots are used to terminate any life-threatening operations. They are 

also equipped with gun and missile like features that make these robots as the substitute in combat zones thus 

saving human lives. 

The Robot is user friendly and can perform multiple tasks like detecting harmful gases which is deadly for the 

human beings, PIR sensor for detecting living things. 

Shreedhar A Joshi et al. [2] presented a wireless controlled military combat robot system. In this system the 

robot is controlled by a RF (Radio Frequency) transmitter and receiver module. The transmitted signal is 

encoded using (HT12E), which converts the parallel data into serial data and transmits through RF transmitting 

antenna with oscillating frequency of 434MHz. The RF receiver receives the serial data from RF transmitter by 

receiving antenna with frequency of 434MHz. The decoder (HT12D) converts the serial data into parallel data 

and fed to the driver unit. This robot can be used to detect toxic gases and can used as fire fighter with help of 

sensors. 

E Amareswar et al. [3] proposed a multipurpose military service robot interfaced to the Bluetooth module 

though UART protocol. Mobile robotics with suitable sensors and cameras can perform different missions like 

reconnaissance patrol and relay back video images to an operator. With the development of modern technology 

and Android smartphone, Bluetooth technology aims to exchange data wirelessly at a short distance using radio 

wave transmission comprising features to create ease, perception and controllability. In this work designed a 

robot that can be controlled using an application running on an android controller. The phone. It sends control 

command via Bluetooth which is interfaced to the controller. 

Tarunpreet kaur et al. [4] developed a wireless multifunctional robot for military applications. This paper 

presents a modern approach for surveillance at remote and border areas using multifunctional robot based on 

3G technology used in defense and military applications. This robotic vehicle has an ability to substitute the 

solider at border areas to provide surveillance. This multisensory robot used to detect human, bombs, harmful 

gases and fire at remote and war field areas. Conventionally, wireless security robot obsoletes due to limited 

frequency range and limited manual control. These limitations are surmounted by using 3G technology which 

has limitless range. This robotic vehicle is designed for reconnaissance as well as surveillance under certain 

circumstances. 
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The proposed multifunctional robot system uses NRF24L01 RF module with Arduino for the long-range 

operation of the Robot. The robot will have night vision and day vision camera for surveillance that can be 

transmit data for long range. The Robot will have GAS sensor [5, 6] to detect harmful gases like carbon dioxide, 

carbon monoxide, Sulphur dioxide. The Robot also has oxygen sensor to measure the amount of oxygen in the 

air. The detected gases are sent to the operator using the GSM module. The Robot also has Passive infrared 

sensor to detect humans, animals and send the detected information to the operator through the GSM module. 

For the bomb diffusing task, the robot has a robotic arm which is mounted on the robot. The robotic arm can be 

controlled remotely by means of gesture control [7]. The gesture control is the easy means for controlling the 

robotic arm. In addition to these, the robot is equipped with the GUN and Missile system that can be operated 

remotely. The gun is capable of taking down targets and is also capable of destroying the bombs. 

 

II. PROPOSED WIRELESS MULTIFUNCTIONAL ROBOT FOR MILITARY APPLICATIONS 

 

The block diagram of the robotic vehicle is shown in the figure 1. The Arduino controller [9] used in this work 

is a heart of the entire system. All the sensor modules, motor driver modules, Gun system, Communication 

module are interfaced with the Arduino Controller. 

 
Figure 1: Block diagram of robotic vehicle 

Arduino is an open source computer hardware and software that designs and manufactures microcontrollers 

kits for building digital devices and interactive objects that can sense and control objects in the physical and 

digital world. A pre-assembled Arduino board includes a microcontroller, which is programmed using Arduino 

programming language and the Arduino development environment. In essence, this platform provides a way to 

build and program electronic components. 

The system also consists of GSM module [8] which is used to send information regarding the motion detected 

by the PIR sensor and any presence of harmful Gases. The GSM module sends the information to the control 
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centre. The SIM800A is a complete Dual-band GSM/GPRS solution in a SMT module which can be embedded 

in the customer applications. The communion Module also consists of RF Wi-Fi transmitter and receiver 

modules for the control of the robot from the command centre. It is a single-chip radio transceiver for the 

worldwide 2.4-2.5 GHz ISM band. The radio transmitters and receivers include frequency generator, enhanced 

shock burst mode controller, power amplifier, crystal oscillator modulator and demodulator. 

The Robotic Arm in this work is used to diffuse explosives, carry medical aids, and perform dangerous jobs 

which are considered as life threatening for humans. The main feature of the robotic arm in this work is that 

the arm is gesture controlled by the movement of the human hand. The arm can move 360 degrees with 6 

degree of freedom and has a payload capacity of 2 to 3 kgs. There are three types of operational envelope in the 

six degrees of freedom. These types are Direct, Semi-direct (conditional) and Non-direct. The designed robotic 

arm is shown in the figure 2. 

 
Figure 2: Robotic arm 

The speed of robotic vehicle depends upon the Size and RPM (Rotation per Minute) of DC motor. In order to 

drive the motors a driving module L293D is used to provide supply to motors. A single L293D contains two H 

bridge to rotate the motor in both clockwise and anticlockwise direction. A remote missile/gun system also 

known as a remote weapon system, (RWS) is a remotely operated weaponized system often equipped with fire-

control system for light and medium calibre weapons which can be installed on ground combat vehicle or sea 

and air-based combat platforms. Such equipment is used on modern military vehicles, as it allows a gunner to 

remain in the relative protection of the vehicle. The gun can be rotated 180-degree clock wise and anti-clock 

wise direction. The gun can fire up to a maximum range of 100 meters. The fin system is mounted on a geared 

motor of 30 RPM for aiming the gun towards the target. The remote gun system is shown in the figure 3. The 

FPV camera is a micro-size and ultra-lightweight all-in-one device, integrating a 5.8G 25mW image 

transmission module of 48 frequency points and a 600-TVline (TVL) camera with a dipole whip antenna (SF-

C01) or a 4-Leaf-Clover antenna. 

https://en.wikipedia.org/wiki/Fire-control_system
https://en.wikipedia.org/wiki/Fire-control_system
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Figure 3: Remote gun system 

A gas detector is a device that detects the presence of gases in an area, often as part of a safety system. This type 

of equipment is used to detect a gas leak or other emissions. A gas detector can sound an alarm to operators in 

the area where the leak is occurring, giving them the opportunity for rescue. PIR sensors are commonly used in 

security alarms and automatic lighting applications. PIR sensors detect general movement, but do not give 

information on who or what moved, so an active IR sensor is required. 

 

III. RFABRICATION OF THE PROPOSED ROBOTIC VEHICLE AND WORKING 

 

The robotic body can be fabricated using three quarter inch PVC tubes as they are light weight and can be cut 

easily into desired shapes and lengths. The initial fabricated robotic body of the system is shown in the figure 4. 

The transmitter circuit consists of arduino uno as the controller, NRF24LO1 RF module as the antenna and the 

joystick which is used to control the robotic vehicle. The receiver circuit consists of another arduino, connected 

to another NRF24L01 module and to the motor driver module. The robot wheel DC motors are connected to 

the L293D motor driver module. The robotic Arm in our project has to be controlled wirelessly. For this we 

make use of arduino mega and DC motors and a 5 DOF robotic arm and motor driver IC for controlling the 

movement of the robotic arm. 
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Figure 4: Fabricated robotic body 

The PIR sensor and Gas sensor are used in the system. A PIR sensor can detect changes in the amount of 

infrared radiation impinging upon it, which varies depending on the temperature and surface characteristics of 

the objects in front of the sensor. A gas sensor is a device that detects the presence of gases in an area, often as a 

part of safety system. This type of equipment is used to detect a gas leak or other emissions and can interface 

with a control system so that the process can be automatically shut down. A gas detector can sound an alarm to 

operators in the area where the leak is occurring, giving them the opportunity to leave. The final assembled 

robotic vehicle is shown in the figure 5 and 6.  

 
Figure 4: The final assembled robot 
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Figure 6: Wireless multifunctional robot module 

 

The pictograph of the gun firing demonstration is shown in the figure 7 and 8. 

 
Figure 7: Gun firing demonstration 
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Figure 8: Gun firing demonstration 

 

IV. CONCLUSION 

 

The model of wireless multifunction robot is described to build using night vision wireless camera run by 

Arduino controller. Controlling of robot can be performed through wireless communication using Wi-Fi and 

NRF24L01. The function of robot can be enhanced by adding features like gas sensors, PIR sensor and bomb 

defuse kit together with gun and missile launching system. The gun can be fired remotely by means of remote 

control using NRF24L01 radio Wi-Fi module. As the terror is always remains India’s first enemy so, the robots 

are going to use for saving human life. Countries like India are still facing and confronting with regular threats 

from terrors. Both Kashmir and Mumbai terror attacks have consummated that as far as possible such 

circumstances will be handle by robot and unmanned machines to protect human life. To ensure that a soldier 

on the frontline is empowered with nice technologies and not to risk our soldier’s lives.  The presented work 

acts as a substitute for a soldier in battle ground and in any critical missions. 
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ABSTRACT 

 

Aluminium based MMC’s find wide applications in aerospace, automobiles and marine sectors. Metal matrix 

composites (MMCs) possess significantly improved properties compared to unreinforced alloys. The mechanical 

properties of aluminium alloy matrix composites are strongly dependent on microstructure parameters like 

shape, size, volume fraction and distribution of reinforcement particles. Therefore, judicious selection of the 

variables is important to optimize the properties of the composites. Among various particulates used, alumina is 

one of the most inexpensive and low density reinforcement available in large quantity in nature. In this study, 

aluminium alloy LM13 and 3%, 6%, 9% and 12% (by weight) alumina of composites were prepared by stir 

casting liquid metallurgical method. For characterization optical microscope is used to identify the structure of 

the prepared composites. It is observed that the uniform distribution of silica particles in the matrix and also 

exists in a good bonding between matrix and reinforcement. The hardness of the composites was increased with 

increasing the amount of alumina in aluminium. An experimental result shows that there are enhanced 

mechanical properties, when alumina weighing 9% was added to the base aluminium LM13 alloy. 

 

Keywords: Al alloy LM13, Alumina, Mechanical properties, Stir casting 

 

I. INTRODUCTION 

 

Technology related to industry is growing at a very rapid rate now days and consequently there is demand for 

modern materials. Particulate reinforced composites constitute a large portion of these modern advanced 

materials [1]. Metal matrix composite (MMC’s) is a combination of the metal as matrix material and hard 

particle/ceramic as reinforcement to get good properties. MMC’s are used for the space shuttle, commercial 

airliners, electronic substrates, bicycles, automobiles, golf clubs, and a variety of other applications [2-3]. 

A good combination of high strength and ductility of the Aluminum based metal matrix composites (MMC’s) 

have introduced the new material to a wide area of possible advanced applications. In general stir casting 

http://www.ijsrset.com/
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technology was used to preparation of MMC’s in the procssing time it melt of the selected matrix material, 

followed by reinforcement material is introducing into the melt, obtaining a suitable dispersion through 

stirring process. Its advantages are simplicity, flexibility and applicability to large quantity production. It is also 

attractive because, in principle this method suitable for engineering application in terms of production 

capacity and cost efficiency [4]. In metal matrix composites Aluminium is the most popular matrix material. 

Due to its lower density aluminium is quite attractive, their strengthened capability to be by precipitation, 

good resistance to corrosion, high thermal and high electrical conductivity and damping capacity. The demand 

for structural materials are to be cost effective and also to provide high performance has resulted in continuous 

attempts to composites develop as serious competitors to the traditional engineering alloys[5]. In the recent 

years, usage of particle ceramic as a reinforcement in metal matrix composites (MMC’s) is steadily enhancing 

because of their advantages like good isotropic properties and the secondary processing possibility [6]. 

Composites based Al alloy have replace the other costlier material in many engineering applications 

significantly. The requirements concerning safety factor and reliability are always improving and therefore the 

properties like mechanical are more important [7]. 

 

II. METHODS AND MATERIALS OF COMPOSITES   

 

In this work aluminium LM13 alloy used as a matrix material and 355μm size of alumina as a particulate 

reinforcement with different weight percentages (in wt.% 3, 6, 9 and 12) are used. The composites were 

prepared by using stir casting method. Permanent mould made from cast iron is used for preparing composite 

castings. ASTM standards are followed to prepare testing specimens of the prepared composites. The toughness 

and formability of 12% silicon aluminum alloy can be combined with the reinforcement particles. The matrix 

material LM13 aluminim alloy chemical compositions are shown in Table 1. Alumina provides excellent 

hardness properties on incorporation into the soft alloy, thereby using it better where hardness is desirable 

applications. Figure 1 shows the setup of stir casting method. 

Table.1: Chemical Composition of Al alloy LM13 by Wt. %. 

Elements Zn Mg Si Ni Fe Mn Al 

Wt. % 0.5 1.4 12 1.5 1.0 0.5 Balance 

 

 
Figure.1: Stir casting method setup. 
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III. PROCEDURE FOR PREPARED COMPOSITES TESTING 

 

The cast composites were machined and the specimens for the measurement of tensile strength and impact 

behavior were prepared as per the ASTM standards. The tensile strength (E8M) properties and Impact test 

(E23) properties were evaluated in laboratory as per the standards. The specimens prepared for hardness, 

tensile test and impact test as shown in figure 2. 

   
Figure 2: Hardness, Tensile test specimen and Impact test specimen 

 

IV. RESULTS AND DISCUSSIONS 

 

Microstructure Examination: 

Microstructure is visualized with the help of optical microscope. The microstructural images of the different 

specimens containing 3% to 12% weight of alumina for the microns size of 355µm as shown in below figure 3. 

These are typical micrographs of the MMC’s showing that the alumina particles are uniformly dispersed in the 

matrix aluminium alloy. The micrograph shows the increased reinforcement contents in the prepared 

composites. 

  

  
Figure 3: Microstructure of Al LM13 alloy with wt. % of alumina for 355 micron size. 
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Hardness: 

The prepared composites vicker hardness test results are tabulated in Table 2. To know the reinforcement 

effect in the matrix material, the hardness tests were condcted on Al alloy LM13-Al2O3 of various micron 

size composites. The specimens prepared were tested using Zwick Vickers microhardness testing 

machine. The hardness was determined by recording the indentation produced on specimen. Figure 4 

shows the microhardness test results of the prepared composites. The composite containing 355micron 

size and wt.% of alumina reinforcement. From the Figure 4 clearly reveals the hardness number of the 

prepared composite material is much higher than that of its base metal hardness number. It is also shown 

that the prepared composite materials hardness number was increases with increased weight percentage 

of reinforcement content. 

Table.2: VHN for 355 micron size of reinforcement alumina with weight percentage. 

Weight Percentage VHN 

3% 143 

6% 162 

9% 178 

12% 183 

 

 
Figure.4: VHN v/s Wt. % of alumina reinforcement. 

 

Tensile Test: 

The tensile test results of the prepared composite are tablated in Table 3. The values of tensile strength for 355 

micron size weight percentage of Al2O3 are shown in Figure 5. Addition of reinforcement Al2O3 in base metal 

increases the tensile strength. Tensile strength increases because the bonding strength between reinforcement 

and matrix material increases. The figure 5 shows tensile strength increases with the addition of reinforcement 

particle. The addition of reinforcement makes the base alloy more ductile.  
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Table.3: Tabulation of results is as follows showing tensile properties for the prepared composites in Mpa. 

Weight percentage Tensile Strength (MPa) 

3% 147 

6% 152 

9% 160 

12% 187 

 

 
Figure.5: Peak stress v/s Wt. % of alumina reinforcement. 

 

Impact Test: 

The strength, ductility and toughness of material are modified when impact loads are used instead of static 

loads. Toughness is a measure of the energy that the material absorbs during plastic deformation before its 

failure under impact loading. The impact tests were done on the samples using Charpy test as ASTM E23 

standards. The values for the impact tests have been given in Table 4 and it’s been clear that the sample with 

varying weight percentage of alumina absorbs more energy than base alloy. Figure 6 shows the variation of 

impact energy with weight percentage of reinforcement. 

Table 4:  Tabulated Impact Energy value of the prepared composite 

Weight percentage Impact Energy (N-m or Joules) 

3 3 

6 3 

9 6 

12 7 
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Figure.6: Impact energy v/s Wt. % of alumina reinforcement 

 

V. CONCLUSION 

 

➢ Al alloy LM13-Alumina composites are prepared successfully by using stir casting method. 

➢ The microstructures obsevation shows the distribution of the alumina particles (reinforcement) in the 

aluminium base alloy (matrix material) is uniform. 

➢ Hardness and tensile strength were increased with addition of reinforcement alumina reinforcement. 

➢ Impact energy was increased with the addition of reinforcement material.  

➢ In overall, in this study the Al LM13 alloy - Alumina composites obtained excellent mechanical 

properties compare to base alloy metal. 
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ABSTRACT 

 

Stainless steel is mainly used for manufacturing of different parts like bio-implants, milk and food containers 

drink cans, surgical tools and structural components. It possesses excellent chemical and mechanical properties. 

Turning of this steel with digital control lathe enhance the material removal rate as well other desired quality 

characteristics than conventional lathe. Therefore in the present study digitally control lathe that is computer 

numerical control (CNC) lathe used to machine stainless steel.  Turning on work material conducted using 

orthogonal array twenty seven by varying control factors speed, feed and depth of cut. Significant factor is 

evaluated using analysis of variance method. Depth of cut is found as significant control factor followed by feed 

and speed.  

 

Keywords: steel, CNC turning, orthogonal array, coated carbide tool, Taguchi method 

 

I. INTRODUCTION 

 

Computer numerical control (CNC) lathe digitally control the distinct control parameters that affects the 

quality characteristics. However these parameters can be control manually in conventional lathe. Evaluation of 

optimum turning parameters for different materials may have a reference values for emerging industries. 

Therefore researchers have reported their work based on turning of different hard materials. Later suggested 

optimum values of process parameters obtained from different statistical methods [1-6]. Akhtar et al. conduct 

turning on aluminium alloy using orthogonal array and revealed optimum values of parameters [7]. Rizvi and 

Ali analysed the surface and material characteristics of CNC turned steel using hybrid approach [8]. Qinge et al. 

[9] had done turning to optimize turning parameters. They used hybrid method i.e. fuzzy logic and data mining 

for optimization of power consumption during turning. Their experimental and simulation finding were 

superimposed. Riadh et al. [10] studied parametric effects on surface roughness and material removal rate for 

turning of cobalt alloy. Tamizharasan et al. [11] used Taguchi methodology for investigation of chip thickness 

ratio during CNC turning of metal matrix composite. They reported that cutting speed has more effect on chip 

thickness ratio. Palanisamy et al. [12] used orthogonal array during turning of nickel based super alloy. Surface 

roughness, micro-hardness and material characteristics of work material have investigated. Ngoc et al. [13] used 

Taguchi-adaptive neuro-fuzzy inference system-teaching learning based model to find the optimum values of 

process parameters for carbon steel turning. Surface finish of analysed by varying control factors feed, speed 
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and depth of cut for turning of steel [14-15]. Accuracy of developed techniques found robust. From the short 

literature review, author unable to find CNC turning of  hard steel (AISI 304) using CNC Turn 250 (Model 

Manufacturer: EMCO Concept) with coated carbide cutting tool made of ceratizit. Orthogonal arrays (L27) are 

used for conduct the experiment. The main aim of present study is to obtain the optimum value of CNC lathe 

control factors (i.e. spindle speed, feed and depth of cut) for material removal rate. Values of optimum control 

factors have been obtained using Taguchi and analysis of variance methods. In this analysis it is found that the 

depth of cut is most significant.  

 

II. MATERIALS AND METHODS   

 

The Stainless steel (AISI304) is elected because it has wide applications like bio-implants, milk and food 

containers drink cans, surgical tools and structural components, textile equipments, cryogenic vessels and coal 

hopper etc. Chemical composition of work material is shown in Table I. The work piece tensile strength (MPa) 

= 124, experimentally calculated density (Kg/m3) = 7964, thermal conductivity (W/m-k) = 116 and melting 

temperature (0C) = 885. Coated carbide cutting tool made of ceratizit used for cutting (turning) and CNC Turn 

250 made of EMCO Concept lathe (Figure 1) used for turning. Control factors spindle speed (rpm), feed 

(mm/rev) and depth of cut (mm) and their associated levels are selected based on preliminary literature review 

and catalogue provided by cutting tool manufacturer for machining of AISI 304 stainless steel. The levels of 

turning process parameters are shown in Table II. Material removal rate is calculated by the weight difference 

of the work piece before and after machining using weighing machine then divide by the machining time 

multiply with the density of the selected material. Material removal rate is measured in term of (mm3/min). To 

determine the MRR in term of signal to noise ratio (SNR) equation (1) is used.  

 

TABLE I CHEMICAL COMPOSITION OF WORK PIECE (IN PERCENTAGE) 

Fe Si Mn P S Cr Ni N C 

66-74 1.0 2.0 0.045 0.03 18-20 8-11 0.10 0.08 

 
Figure 1: Photograph of EMCO Concept Turn 250 machine tool used for turning. 
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Table II Levels of control factors 

 

 

Factors  Units Levels 

i ii iii 

Spindle Speed (SS) RPM 1400 1600 1800 

Feed  mm/rev 0.08 0.14 0.2 

Depth of Cut (DOC) mm 0.4 0.8 1.2 

 

        Signal-to-Noise Ratio for MRR: 

          

[
 
 
 
 𝑆

𝑁
 = −10𝑙𝑜𝑔(

(∑
1

𝑌𝑖
2)

𝑛
)

𝐿𝑎𝑟𝑔𝑒𝑟 − 𝑇ℎ𝑒 − 𝐵𝑒𝑡𝑡𝑒𝑟]
 
 
 
 

                  (1) 

 

III. RESULTS AND DISCUSSION 

 

Turning operation performed on work material using CNC lathe with coated carbide cutting tools. Material 

removal rate is calculated by the weight difference of the work piece before and after turning using weighing 

machine then divide by the machining time multiply with the density of the selected material. The 

experimental values of MRR are present in Table III. 

TABLE III ORTHOGONAL ARRAY LAYOUT (L27) AND CORRESPONDING VALUE OF MRR 

 

Exp. 

No. 

Input parameters MRR 

SS  Feed DOC  Experimental values 

(mm3/min) 

Signal to noise ratio 

 (dB) 

1 1400 0.08 0.4 1711.991 64.6700 

2 1400 0.08 0.8 3358.02 70.5217 

3 1400 0.08 1.2 5087.312 74.1298 

4 1400 0.14 0.4 2674.663 68.5454 

5 1400 0.14 0.8 6588.058 76.3751 

6 1400 0.14 1.2 9660.706 79.7002 

7 1400 0.20 0.4 4158.724 72.3792 

8 1400 0.20 0.8 8566.931 78.6565 

9 1400 0.20 1.2 13432.547 82.5632 

10 1600 0.08 0.4 2154.555 66.6672 

11 1600 0.08 0.8 5004.753 73.9877 

12 1600 0.08 1.2 54175.257 94.6760 

13 1600 0.14 0.4 5129.8157 74.2020 
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14 1600 0.14 0.8 10146.888 80.1267 

15 1600 0.14 1.2 11329.797 81.0844 

16 1600 0.20 0.4 6134.568 75.7557 

17 1600 0.20 0.8 12022.136 81.5996 

18 1600 0.20 1.2 18293.522 85.2459 

19 1800 0.08 0.4 2719.479 68.6897 

20 1800 0.08 0.8 5569.003 74.9155 

21 1800 0.08 1.2 7774.587 77.8135 

22 1800 0.14 0.4 4988.176 73.9588 

23 1800 0.14 0.8 8768.331 78.8583 

24 1800 0.14 1.2 12614.619 82.0175 

25 1800 0.20 0.4 6717.615 76.5443 

26 1800 0.20 0.8 12144.053 81.6873 

27 1800 0.20 1.2 12905.436 82.2155 

 

Analysis of Variance (ANOVA) method was introduced by Sir Ronald Fisher to evaluate different statistical 

components like sums of squares, degrees of freedom, error variance and F-values. Maximum material removal 

rate is always desired on CNC turned work part. Therefore higher is better type quality characteristic used to 

evaluate the signal to noise (S/N) ratio as shown in Table III. Rank of control factors evaluated by Taguchi 

method that is shown in Table IV. The ANOVA test performed at the significance level of 5% and confidence 

level of 95% [16]. From Table V, depth of cut found high than other control factors. It means depth of cut is 

more responsible for high material removal rate. This validates the results obtained using Taguchi method 

based optimization. The Figure 2 depicts the effect of control factors. 

TABLE IV EVALUATION OF SIGNIFICANT CONTROL FACTORS 

 

Levels SS Feed  DOC 

i 74.17 74.01 71.27 

ii 79.26 77.21 77.41 

iii 77.41 79.63 82.16 

Difference of maximum and minimum 5.09 5.62 10.89 

Rank 3 2 1 

 

Table V ANOVA TEST RESULT 

 

Factors DOF  

SS MS F-value 

SS 2 283727854 141863927 1.75 

Feed 2 29506189 14753095 3.18 
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DOC 2 684455765 342227882 4.22 

SS*Feed 4 269312890 67328223 0.83 

Feed*DOC 4 242266043 60566511 0.75 

SS*DOC 4 368326042 92081510 1.13 

Error 8 649193073 81149134  

Total 26 252678785   

S = 9008.28                R-Sq = 74.31%                   R-Sq (adj) = 16.50% 

 

 
Figure 4: Main effect of SNR versus control factors 

 

IV. CONCLUSION 

 

Turning on stainless steel (grade AISI304) conducted using computer numerical control turn machine. Material 

removal rate of work material has analyzed using Taguchi and analysis of variance methods. Following 

observations are found from present study.  

a. Orthogonal array design used for turning on work material.  

b. Analysis of variance test done on 95% of confidence level.  

c. Depth of cut is found significant parameter. 
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ABSTRACT 

 

Ceramics foams have immensely influenced development of humanity. Their role in automobile industries to 

heat-shields in space applications are noteworthy mentions. Due to their low density, chemical stability and 

temperature resistance, novel applications for them are developed every day. This is especially true for porous 

ceramics. However, ceramics are brittle, due to lack mechanisms such as dislocation or twins. This results in 

low toughness and resistance to thermal shock. These true ceramics can be synthesised by self-propagating 

reaction, sol-gel precipitation methods or polymer pyrolysis methods. The main aim of this review is to provide 

better understanding of polymer derived ceramics synthesizing strategy. 

Silicon based ceramics which are derived from preceramic polymer are generally called as polymer derived 

ceramics. Transformation process from polymer to ceramic foam contains different stages namely shaping, 

cross-linking, pyrolysis and crystallization. Silicon based polymer derived ceramics can be easily synthesized by 

preceramic organosilicon polymer. Also, this process has control over porosity, intermediate processing 

temperature (600⁰C – 1000⁰C), less processing cost, simple methodology. The obtained ceramic will possess low 

density, high thermal resistance, chemical stability and also control over permeability. In addition to this some 

polymeric properties such as ductility, solubility in organic compounds. For example, polysiloxane polymers 

have high ceramic yield because of high cross-linking tendency. 

 

Keywords: Polymer derived ceramics (PDC), Cross-linking, Pyrolysis, Ceramic Foams. 

 

I. INTRODUCTION 

 

Polymer derived ceramic foams are foams obtained by pyrolyzing the polymeric precursor. It is also called as 

cellular ceramics because of high number of pores. Ceramic foams’ basic structural unit consists of solid struts 

and pores surrounded by them.  It is possible to produce such advanced ceramic foams by liquid polymer 

precursors, so that it will be easier in shaping process when compared to conventional powder sintering 

process.  

Ceramic foams have unique properties such as low thermal conductivity, low density, high thermal shock 

resistance, high permeability, high specific strength and chemical stability. These properties of cellular ceramic 
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materials are influenced by their morphology, size and distribution of pores. These properties can be varied 

depending on the type of synthesizing techniques which includes sol-gel precipitation method, self-propagating 

reaction method and polymer derived ceramic method i.e., replica technique, sacrificial technique, direct 

foaming and reaction technique). Reported data shows that the SiOC derived from replica technique is the most 

studied ceramic because of low cost and availability of the precursors, which are easy to handle. Ceramics and 

its composites have immense applications in the area such as thermal protection systems, automobile bike brake 

disc, heat exchangers, light weight structures, filtering molten metals or hot gases and other space applications. 

 

II. MATERIALS AND SYNTHESIZING TECHNIQUES 

 

The microstructure, phase distribution and morphology of the ceramic foams will be influenced by the 

molecular structure and type of preceramic precursor. The physical properties of ceramics can be varied by the 

selection of proper molecular precursor structure. 

 
Figure1:Materials [4]  

 

Polyorganosiloxanes are the most widely used precursors. Polymer which contains Si-O-Si linkage with organic 

compounds attached to the silicon are called as polyorganosiloxanes. The method of preparing polysiloxanes 

contains the reaction of cholorogano silanes with water. For example, PHMS (polyhydromethylsiloxne) and 

PDMS (polydimethylsiloxane). 

a 
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Polyorganosilanes are synthesized by wurtz-type reductive dehalogenation reaction. There is another alternate 

method to produce polyorganosilanes is catalytically dehydrogenative oligomerization of hydrosilanes with 

transition metals. 

Polyorganocarbosilanes are derived from polyorganosilane using the reaction called thermal reorganization of 

polymethylsilane. It is known as kumada rearrangement. The method used for synthesizing 

polyorganosilazanes is ammonolysis of organosilicon chlorides. Due to its high molecular weight, its yield will 

be generally high. [1,4] 

 

Polymer derived ceramics 

Ceramics which are obtained by pyrolyzing the organosilicon polymers. There are several methods with which 

we can achieve PDC are replica technique, sacrificial technique, direct foaming and reaction technique.  

 
Figure2:Replica technique[6] 

 

The Replica technique is the most widely used in synthesizing the cellular ceramic foams. In replica method, 

the porous structured polyurethane foam is immersed in polymer precursor, then allow it to cross-link for few 

hours. The process of formation of covalent bonds between the polymer chains is called cross-linking. Then the 

templates and precursor become more rigid. Then it is subjected to pyrolysis at high temperature (600⁰ C to 

1000⁰ C). After pyrolysis, ceramic foams with cell size greater than 150 µm would be formed. 

Some researchers found another way of producing ceramic foams using wood template followed by cross-

linking and pyrolysis. This techniquehas added additional yield that prevent cracking before and after pyrolysis. 

[6,7] 
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Figure3:Sacrificial technique [6] 

In Sacrificial Technique, a composite containing expandable sacrificial template with preceramic polymer is to 

be prepared, followed by foaming, cross-linking and pyrolysis to get the porous PDC. The sacrificial template 

materials are usually extracted by chemical means such as salts. After pyrolysis, the cell size of ceramic foams 

ranges from 10-100 µm. [6,7] 

 
Figure4:Direct Foaming [6] 

c 
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The direct foaming is the fastest way to device ceramics. We can obtain the foam structure by blowing CO2 gas 

into the polysiloxane precursor. Then the bubbles are generated in the precursor, upon heating the porous 

ceramic yields. Apart from CO2, blowing agents can be volatile liquids such as freon& pentane and solid agent 

like calcium carbonate. To control the stability of the ceramic foams’ thin layers may rupture when the cellular 

ceramics becomes thin due to drainage of precursor and shrinkage of bubbles. Here porosity and pore size are 

depends on the amount of blowing agent and polymer precursor.the cell size of ceramic foams ranges from 2-50 

µm.[6,7] 

 
Figure5:Reaction technique [6] 

 

Reaction technique is the oldest technique to synthesize the structural ceramic foams. Sacrificial template is 

being used along with the mixture of polymer precursor and active & passive fillers such as aluminium oxide, 

kaolin and silicon carbide.i.e., 80% polysiloxane, 3% kaolin, 2% aluminium oxide and 15% template by weight. 

After pyrolysis, the cell size of ceramic foams ranges from 10-45 µm.[6,7] 

 

Sol-gel precipitation and self-propagating reaction 

The processing of sol-gel is a liquid to solid transformation. Sol-gel precipitation is a wet chemical technique 

used for the fabrication of both glassy and ceramic materials. The sol SiO2 is mixed with H2/Ar by situ gas 

evolution method. Then the foamed sol will be converted into gel. In this process, it needs metal salts as starting 

compounds and H2/Ar in reduction step. Since there is no contamination in this process, it is suitable for 

synthesizing high purity ceramic foams. The cell size usually ranges from 10-600 µm. Self-propagating reaction 

method is used for producing both organic and inorganic compounds. This process contains exothermic 

combustion reactions in solids of different nature. [1] 
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III. MICROSTRUCTURES 

 

1. SEM and Tomography: 

 
Figure6: SEM micrographs of O1, O2 and C1 samples with 100% PHMS at 1000 ⁰ C. [3] 

 
Figure7:3DTomography images of O1, O2 and C1 sample surfaces [3] 

Figure 6 shows the SEM micrographs obtained from the surfaces of SiOC ceramic foams with 100% PHMS 

polymer. Here O1 and O2 indicates that PU foams have open cell structures and C1 has closed cell structure.  

Figure 7 shows the 3D images obtained by microtomography of O1, O2 and C1 samples. The yielded O1 and O2 

ceramic foam have thinner struts with interconnected and non-aligned cells, where as C1 yielded foam had 

solid dense matrix with lower porosity. [3] 
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Figure8:SEM images at various rate of change in temperature during pyrolysis. a) 0.25 ⁰ C/min, b) 0.5 ⁰ C/min, c) 

1 ⁰ C/min,d) 2 ⁰ C/min,e) 3 ⁰ C/min. [8] 
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Figure9:Porosity and compressive strength [8] 

Figure 8 shows the effect of heating rates on the surfaces of SiOC and also on SEM micrographs. Surface 

porosity will be higher at lower heating rates when compared to higher heating rates (0.25 ⁰ C/min to3 ⁰ C/min). 

Figure 9 shows the graph of porosity & compressive strength versus the rate of heating. The Total porosity 

obtained is 88% and open porosity of 73%. Also, compressive strength decreases with increase in rate of 

heating.[8] 

 

IV. APPLICATIONS 

 

 
Figure10:Porsche ceramic disc brakes (PCDB) [11] 
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Porsche has developed a new high performance disc brakes with involute cooling ducts for an efficient cooling. 

Actually, in the early days, the disc brakes were made from conventional brittle materials. Hence Porsche made 

carbon fibre reinforce brake disc to overcome the brittle property. PCCB is made of short carbon fibres, carbon 

powder and precursor mixture at 1000⁰ C. 

Grey cast iron disc weighs heavier which reduces the acceleration & deacceleration and increases the usage of 

fuel. Ceramic disc brakes weigh less but gives similar track properties, these were used in F1 racing cars, bikes 

etc.  

Apart from fuel, it also reduces unsprung masses of car, this results in improved performance of shock absorbers 

and thus, transmissibility will be less.  Porsche has achieved 100 to 0 KMPH in just 3 sec. other cars which uses 

CDB are F1, 911GT2 and Mercedes Benz vision GST.[11] 

Other applications: 

• Filtering molten metals or hot gases. 

• Thermal protection system. 

• Heat exchangers. 

• Light weight structures with appropriate strength. 

• Space applications. 

 

V. CONCLUSION 

 

From the above review it can be stated that, replica process is the optimum technique to synthesize the polymer 

derived ceramics. Further, pyrolysis done at a heating rate of 0.25 – 0.50⁰C/min, yields optimal porosity and 

compressive strength in ceramic foams. Depending on the application open or closed structure can be chosen. 

Open structure yields thin struts while closed structure yields solid dense matrix.Furthermore, the shrinkage can 

be controlled by varying the concentration of polysiloxane in precursor solution. Since the above-mentioned 

polymers are in liquid state, it will be suitable for adding composites such as carbon fibers, aluminum & carbon 

powder to improve its mechanical properties such as toughness, hardness and strength. 
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ABSTRACT 

 

Aluminium based MMCs are widely used in several industries because of their improved properties over other 

traditional materials in the scopes of automotive, marine and aerospace applications. Wear behaviour, as a chief 

inferiority for AA8011, was tried to be enhanced by incorporating Titanium Dioxide (TiO2) Nano particles 

creating a wear resistant composite that fulfils with tribological uses such as brake components. Composites 

reinforced with different percentages of Nano TiO2 (0, 3, 6, 9, and 12 wt.%) using stir casting technique. The 

primary phase structure and micro-hardness were assessed by XRD and Vickers hardness tester respectively. 

The addition of the TiO2 deeply affected the hardness and wear performance of AA8011 alloy. It was found to 

be a maximum of 51±0.93 HV by adding 12% Nano TiO2 particles. Abrasive and adhesives were the dominant 

wear mechanisms present in the composites, as it was observed by worn surface morphology through SEM after 

the wear test.MMC with 12 wt.% of TiO2 had showed lowestwear and  more friction coefficient was elevated 

in the composite with 3wt.% TiO2than the composite with12 wt.% of TiO2 during friction process.  

 

Keywords: Metal Matrix Composites; AA8011; Titanium dioxide (TiO2); Microhardness, Friction coefficient; 

Wear. 

 

I. INTRODUCTION 

 

The utilization of aluminium based metal matrix composites (AMMCs) is rising daily in the overall 

manufacturing sectors due to their superior properties such as better durability, good mechanical strength and 

high specific strength [1]. AMMCs reinforced with ceramic particles possessing enhanced the wear resistance, 

hardness and strength than the pure aluminium and hence they are prescribed in automobile, aviation and civil 

applications particularly for sliding components [2]. Sliding components specifically in case of braking system 

like braking pads which are mounted in brake rotor discs of each wheel [3]. The brake pad materials should 

satisfy the requirements such as stable coefficient of friction and low wear rate at different operating conditions. 

These requirements can be fulfil when the brake pads are manufactured by MMCs because of their high 

strength to weight ratio, lighter weight and economically cheap [2].AMMCs are recommended for such areas 
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due to their superior strength with moderate toughness by its ductile matrix and good bonding between matrix 

and reinforcement particles.  

Among the various ceramic particles such as TiO2, SiC, B4C, Al2O3, TiC etc.,the Titanium dioxide (TiO2) 

possessing properties like excellent optical transparency,nontoxicity, high refractive index,chemically inert and 

it is economically cheap [4]. Moreover,TiO2 has high hardness with good modulus [5], and sustainable to wear 

resistance, exhibiting better mechanical properties. Kumar and Raja durai [2]have studied the hardness and 

wear behaviour of AMMCs fabricated by powder metallurgy process, results observed that theTiO2 shows clear 

effect on wear behaviour, the weight loss of specimen has been decreased with increasing TiO2 percentage and 

increased the friction coefficient. In another examination [4], where the TiO2as reinforcement to Al7068 matrix 

composite has been prevented material loss from the specimen during wear test and imparted extreme hardness 

in the surface of the composite.       

The use of AA8011 as matrix material for fabrication of AMMCs is very scanty till today and AA8011 matrix 

with iron and silicon as major alloying elements having excellent formability, superior strength characteristics 

and corrosion resistance and hence they have been used for cosmetic bottles and in air conditioning [6]. The 

wear behaviour of AMMCs with combination of AA8011 matrix and TiO2nanoparticles reinforcement is not 

found in the literature. Many processing routes have been applied to produce particulate MMCs but stir casting 

is the most advantageous because of its simplicity paving to effective casting for mass production and cost 

effectiveness [7-9].  

Aim of this attempt is to study the effect of different fractions of TiO2 such as 3, 6, 9 and 12 wt.%  on 

microstructure, micro hardness and wear properties of AA8011/TiO2 nano composite fabricated by using stir 

casting and results are compared with as-received AA8011 alloy. 

 

II. EXPERIMENTAL WORK 

 

2.1 Materials 

Aluminium alloyAA8011was stir casted with incorporation ofTiO2 as reinforcement to produce AA8011/TiO2 

MMCs. The chemical composition of AA8011 alloy is shown in Table 1.That was imported from JINDAL 

Aluminum Ltd. Bangalore India. 

Table 1.Composition of AA8011 (wt%)  

Si Fe Cu Mn Mg Cr Zn Ti Al 

0.62 0.82 0.02 0.05 0.06 0.02 0.05 0.03 Bal. 

Few specifications of TiO2 are presented in Table 2 and Fig.1 shows Scanning Electron Microscope (SEM) image 

of TiO2 in as-received condition with particles size distribution graph.  

Table 2.Properties of TiO2 nanoparticles 

Purity (%) >99.9 

Avg. Particle size range (nm) 20-50 

Density (g/cm3) 4.3 

Morphology Near Spherical 
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Fig. 1.TiO2SEM image with size distribution graph 

 

2.2 Composite preparation 

Fig. 2 shows the stir casting set-up, it was used to prepareAA8011 composites reinforced with TiO2 by different 

percentages such as 0, 3, 6, 9, and 12 wt.%.By using digital electronic weighing machine, the pre-determined 

fraction of TiO2 nano particles weighed firstly, then the measured quantity of TiO2 submitted to preheating 

furnace and heated up to 200 °C. The temperature for melting AA8011 alloy accelerated up to 850 °C, then the 

alloy turned into molten completely. The measured quantity of TiO2 in preheated condition was added slowly 

to the vortex of AA8011 alloy and also Degas tablet to prevent oxidation of AA8011 was supplied. The mixture 

was being stirred for 25 min at a speed of 450 rpm using graphite mixer, the mixture was poured into cast-iron 

mould (which was pre-heated to 250 °C). 

 
Fig. 2.Stir casting setup 
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2.3 Microhadness and Wear test 

Phase and structure of composite samples determined by using X-ray Diffractometer (Bruker, Model: D-8 

Advance) with Cu-Kα radiation (λ=1.54Å). The microhardness of the composite samples was characterized by 

using Digital micro hardness tester (Wilson Wolpert 401-MVD) as per the ASTM E 92 standards. A load of 500g 

applied for a dwelling time of 20 s by diamond pyramid of 136°±5 angle between opposite faces of working edge 

with square base.  

Dry sliding wear tests were conducted as per ASTM G 99, in an ambient temperature using pin-on-disc 

apparatus using Ducom (TR20) as shown in Fig. 3. The wear samples with length of 30 mm and diameter of 10 

mm were subjected to sliding under a load of 50 N against the rotating stainless steel (EN32) disc which had a 

hardness of 50HRC. The disc was rotating with a linear velocity of 1.65 m/s up to a sliding distance of 890 m. 

 
Fig. 3.Pin-On-Disc setup 

 

III. RESULTS AND DISCUSSION 

 

3.1 Structure analysis by XRD and Grain size determination 

The XRD results of fabricated composite samples are shown as patterns in Fig. 4 (a), which are identified and 

scanned by varying diffraction angle (2θ) from 30° to 90°. The intensified peaks of Al are presented in the form 

of phase i.e., (111), (200), (220), (311), and (222) and are clearly visible at positions of 38.34°, 44.59°, 64.98°, 

78.12°, and 82.32° respectively. Increase in peak integral width of XRD, which is also referred as Full width at 

half maximum (FWHM) broadening is occurred and it is increased as increasing the percentage of theTiO2 

particles. Indeed, the larger grains can reduce the FWHM values and smaller grains can increase the FWHM 

values. Therefore, it confirms that the grain size is decreases as increasing the FWHM values, it is attributed to 

the increasing the percentage of TiO2 in the composite samples. 
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The average grain size of samples in this work are determined using Scherrer and Wilson equation [10] and 

these values are plotted as shown in Fig. 4 (b). 

𝐷 =
0.94𝜆

𝛽.𝑐𝑜𝑠 𝜃𝛽
         (1) 

Where D is the average grain size, λ is the X-ray wavelength (1.54Å),θ is the Bragg angle and βis the peak 

broadening(°). 

 
Fig. 4AA8011composites (a) XRD patterns (b) Grain size. 

The retardation of dislocations from continuously moving slip plane is due to the presence of nano particles and 

TiO2 particles which plays a primary role in controlling the grain size. As shown in Fig. 4 (b)it is very clear that 

the grain size of the composite have been decreased as increasing the reinforcement percentage, and hence the 

increase in weight fraction of TiO2 and corresponding decrease in grain size could led to generate fine and dense 

structure in the composite. Moreover, the reduction of grain size of the composite causing for the strengthening 

of composite, according to Hall-Petch theory. 

 

3.2 Microhardness 

Fig. 5illustratesthe micro hardness variation by the effect of TiO2 nano particles in the AA8011 composite 

samples. The graph shows that the micro hardness values increases as increasing the TiO2 amount and the value 

of hardness increased from 37±0.28 HV (as-received AA8011) to 40±0.37 HV (TiO2 with 3 wt.%) and maximum 

of this value raised to 51±0.93 HV by the addition of 12 wt.% of TiO2. The incorporation of ceramic particles 

which are basically very hard caused in enhancing the hardness of aluminium matrix. Apart from this, the 

composite hardness depends on several factors such as reinforcement particles in nano-size, retardation of 

dislocation movements by increasing their density, grain refinement, heat input and finally by fabrication 

process [11]. The grain size of the composite has been decreased as increasing theTiO2 content (Fig. 4 (b)), and 

also causing restriction of plastic deformation and increases the dislocation density by the broadening of 

FWHM values analysed from the XRD patterns (Fig. 4 (a)). The hardness values are having an inverse relation 

with grain size, increasing the hardness values by decreasing of grain size of the samples observed in the present 

work. 
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Fig. 5Microhardness of AA8011 with varying TiO2 percentage. 

 

3.3 Wear behaviour 

The dry sliding wear was observed by measuring weight loss. The wear rate of the samples used in this work 

was determined with weight loss/ sliding distance (µg/m) relationship. For AA8011, the wear rate is 7.2µg/m, 

and friction coefficient is 0.486. For composite of 3 wt.% TiO2, the wear rate is 4.3µg/m, and friction coefficient 

is 0.496. For composite of 6 wt.% TiO2, wear rate is 2.8 µg/m and friction coefficient is 0.374.For composite of 9 

wt.% TiO2, wear rate is 1.3 µg/m and friction coefficient is 0.351.Finally for composite of 12 wt.% TiO2, wear 

rate is 0.8 µg/m and friction coefficient is 0.349. It is clear that wear rate and friction coefficient is less for 

composite of 12 wt. % TiO2. Fig. 6 shows wear rate and friction coefficient with respect to wt.% TiO2. From the 

Fig. 6(a) it is observed that the trend of wear rate is decreased as increasing the wt.% TiO2  to AA8011 matrix, 

which is due to the presence of hard ceramic particles of nano size, increasing hardness as imparted from 

smaller grains and increase of dislocation density as seen in the above discussion. And the less wear rate is 

obtained in this work from the composite contained with 12 wt.% TiO2 among all the wear samples. 

 
Fig. 6Wear test results (a) Wear rate (b) Friction coefficient. 
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Fig. 6(b) shows that the friction coefficient is slightly increased after incorporation of TiO2 (3 wt.%) to 

composite as compared with as-received AA8011 matrix. After the addition of reinforcement with 6, 9, and 12 

wt.% of TiO2, the friction coefficient values are gradually decreased. Since, the micro structural changes 

occurred in the composite by the presence of hard ceramic particles with their increasing percentage and 

enhancement in micro hardness shown favour to yield less friction coefficient during wear test. 

 
Fig. 7SEM images of worn surface (a) As-received AA8011 (b) AA8011/3 % TiO2 (c) AA8011/6 % TiO2 

(d)AA8011/9 % TiO2(e)AA8011/12 % TiO2 

After wear test on Pin-On-Disc apparatus at conditions load 50N,sliding speed 1.65 m/s and sliding distance 890 

m, microstructure of the worn surfaces of AA8011 with 0, 3, 6, 9, and 12 wt.% TiO2 compositions is analysed by 

using SEM. The images scanned by SEM shows the surfaces in the form of scratches and grooves as seen in the 

Fig. 7(a-e). The Fig. 7a is evident for AA8011 matrix ductility, due to this property the material separated 

during wear test in the form of micro ploughing caused by action of counterpart hard disc. The Abrasive and 

adhesives were the dominant wear mechanisms in the AA8011 with presence of TiO2 hard nano particles and 

they have hindered the material removal from the sample surfaces. Fig 7 (b-e) illustrates the SEM images of 

AA8011 with 3%, 6%, 9%, and 12% ofTiO2 particles, which are more evident for formation of oxide layer 

which is also referred as passive layer or protective layer could prevent the wear loss. This protective layer 

appears in white colour from the SEM images and its formation increased as increasing the TiO2 content to 

AA8011 matrix. This layer becomes denser as increasing TiO2 content. Indeed, this passive layer formation 

occurs in the materials possessing smaller grains, such material structure is known as Nano-crystalline structure 

produced due to increase in dislocation density [10]. In this work, this mechanism employed with decreased 

grain size, FWHM broadening enhanced hardness from the addition and increasing of TiO2 to AA8011 matrix 

and these changes obviously shown favour to lower the wear loss of the composite samples.  
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IV. CONCLUSIONS 

 

The dry sliding wear behaviour of AA8011/TiO2 nano composites produced by stir casting route has been 

studied with effect of TiO2 percentage and the results of this work leads to the following conclusions. 

(i) AA8011/TiO2MMCswere successfully casted by incorporation of nano TiO2as 3, 6, 9, and 12 wt.%  to 

AA8011 matrix. 

(ii) Grain size of the samples was determined from XRD analysis and grain size of the composite samples was 

decreased as increasing TiO2 content. 

(iii) The micro hardness of the composite samples increased with increase in nano TiO2particulate percentage 

and was found to be having a maximum of 51±0.93 HV for an addition of 12 wt.% TiO2 nano particles. 

(iv) Abrasive and adhesive wears were found to be the dominant mechanisms and the wear rate of the 

composites decreased as increasing micro hardness and smaller grains obtained by the increasing of TiO2 

wt.% to AA8011 matrix. 

(v) The friction coefficient was reduced by incorporation of ceramic particles, which acts as lubricant during 

sliding and observed the formation of passive layer on the worn surface morphology from SEM images 

which mitigates the wear loss in the composite samples. 
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ABSTRACT 

 

MMCs typically consist of a low-density matrix metal such as aluminium, titanium or magnesium, reinforced 

with particulate or fibre reinforcement.  Light weight MMC’s be able to prepared by dispersing the particles or 

fibres of one or more(hybrid) reinforcement materials in the metal matrix phase to achieve desirable properties. 

This paper presents a review of the effect of the addition of different particulate reinforcement materials in Al 

metal matrix phase. Most of the light weight composites are reinforced with ceramic material such as silicon 

carbide (SiC), boron carbide (B4C), Aluminium oxide (Al2O3), TiC and/or graphite. For producing light weight 

and high strength MMCs, several methods and techniques such as powder metallurgy, melt stirring, squeeze 

casting, stir casting, spark plasma sintering methods etc. may be employed to fabricate these composites. The 

properties of MMCs are based on the parameters such as, volume fraction of matrix and reinforcements and also 

on the size, shape and proportion of the reinforcement particles. Mechanical and thermal behaviour of these 

composites is extensively studied and documented. Because of the significant improvement in the properties of 

these composites and potential in their applications to the engineering society, future research perspectives in 

these composites is promising and challenging. 

 

Keywords: Silicon carbide, Graphite, melt stirring, squeeze casting, stir casting, Hybrid composites 

 

I. INTRODUCTION 

 

Metal Matrix Composites (MMCs) are one of the most widely used materials in modern days because of their 

adaptability to different situations and the excellent mechanical and thermal properties compared to 

conventional or traditional materials in the areas such as, automobiles, aerospace and other industrial 

applications. Compared with unreinforced metals, MMCs offer higher specific strength and stiffness, higher 

operating temperature, and greater wear resistance, as well as the opportunity to tailor these properties for a 

particular application. MMCs permit to overcome the technical barriers and limitations of using conventional 

materials to serve specific purposes and exhibit desirable properties. 

Hybrid metal matrix composites are made by dispersing two or more reinforcement materials in metal matrix. 

Hybrid metal matrix composites are advanced materials used for light weight, high strength, high wear 

resistance, and good dimensional stability which suit the applications in aerospace and automobile sector. 

http://www.ijsrset.com/
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TABLE I PROPERTIES OF SOME ENGINEERING MATERIALS 

 Material Density 

(ρ)gm/cc 

Tensile modulus 

(E)(GPa) 

Tensile Strength 

(σ)(GPa) 

Specific modulus 

(E/ρ) 

Specific strength 

(σ/ρ) 

Cast iron 7 100 0.14 14.3 0.02 

Steel, AISI1045 7.8 205 0.57 26.3 0.073 

A12024-T4 2.7 73 0.45 27 0.17 

A16061-T6 2.7 69 0.27 25.5 0.1 

 

II. ALUMINIUM / SILICON CARBIDE / GRAPHITE HYBRID MMCS 

 

S A Mohan Krishna .et al. [2] have investigated the thermal properties of aluminium-silicon carbide-graphite 

hybrid metal matrix composites. There investigation proposes, aluminium matrix composites reinforced with 

the particles of silicon carbide possess high yield strength, low coefficient of thermal expansion or thermal 

expansively, high modulus of elasticity and excellent wear resistance by maintaining volume proportion up to 

20% and it is necessary to evaluate different percentage combinations of reinforcements with matrix 

Aluminium to check for thermal stability and to measure thermal conductivity and coefficient of thermal 

expansion. 

S. CemOkumus .et al. [3] have prepared aluminium-silicon based hybrid composites reinforced with silicon 

carbide and graphite particles were prepared by liquid phase particle mixing (melt stirring) and squeeze casting. 

The thermal expansion and thermal conductivity behaviours of hybrid composites with various graphite 

contents (5.0; 7.5; 10 wt.%) and different silicon carbide particle sizes (45 µm and 53 µm) were investigated. 

Results indicated that increasing the graphite content improved the dimensional stability, and there was no 

obvious variation between the thermal expansion behaviors of the 45 µm and the 53 µm silicon carbide 

reinforced composites. The thermal conductivity of hybrid composites was reduced due to the enrichment of 

the graphite component.  

S A Mohan Krishna .et al. [4] made Micro structural characterization & investigation of thermal conductivity 

behaviour of Al 6061-Sic-Gr-hybrid MMC with varying percentage(2.5%,5%,7.5% & 10%) reinforcements 

were carried out using optical microscope ,scanning electron microscope, energy dispersive spectroscopy 

thermal characterization analysis were made. It has been observed that dispersion concentration of the 

reinforcement has been homogeneous & negligible porosity has been noticed. 

Basavarajappa. et al [11] reported application of Taguchi techniques to study dry sliding wear behaviour of 

metal matrix composites. Aluminium alloy 2219 was used as the matrix. Two composites were fabricated by 

liquid metallurgy (stir casting), one with 15 wt% of SiC reinforcement particles of size 25 μm and other with 15% 

SiC reinforcement particles, 3 wt% of graphite is added with a particle size of 45 μm. The wear of the composite 

materials were studied as a meaning of the sliding distance, applied load and the sliding speed. In the present 

investigation, an L27 orthogonal array was chosen, which has 27 rows and 13 columns. The wear parameters 

chosen for the experiment was (i) sliding speed of 1.53 m/s, 3.06 and 4.59 m/s (ii) load of 9.81 N, 19.6 N and 
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39.2 N (iii) sliding distance of 500 m, 1000 m & 1500 m. And the results showed percentage contribution of all 

factors for SiCp reinforced composite were sliding distance (p = 57.57%), load (p = 24.34%) and sliding speed (p 

= 6.8%). Though, the relations between sliding speed and load is (p = 2.15%) and other factors were least. In 

case of Graphitic hybrid composite, the percentage contribution (p) of factors were sliding speed (p = 57.24%) 

load (p = 22.58%) and sliding speed (p = 9.66%). However, the interactions between the factors were minimum. 

Sliding distance was the most predominant wear factor that had the maximum physical as well as statistical 

influence on the wear of both composites. 

 

III. Aluminium-Magnesium/Silicon Carbide (SiC)/Aluminium oxide (Al2O3) hybrid MMCs 

 

Md. AI Mehediet. et. al [14] reported Tribological characteristics of aluminium matrix hybrid composites 

reinforced with SiC and Al2O3. Pure aluminium ingot (> 99.5% Al) and magnesium ribbons were used to make 

the matrix alloy. SiC and Al2O3 of particle size 106 μm were used as particulates. Pin on disc machine was used 

to analysis the wear. The results showed that weight loss had increased as the sliding speed increased for all 

samples. When reinforced with reinforcements weight loss gradually decreased for speed 1.89 m/s and 2.10 m/s. 

When the percentage of SiC was increased i.e. doubled the weight loss decreased considerably. SiC particles 

were found to be superior wear resistant. The increase of load decreased the wear and increase of sliding 

velocity increased the wear rate. The increase in load moves the wear mechanism from abrasion to 

delamination wear mechanism. 

Kenneth KanayoAlanemeet. et al. [10] reported Corrosion and wear behaviour of Al–Mg–Si alloy matrix hybrid 

composites reinforced with rice husk ash and silicon carbide. Al–Mg–Si alloy was chosen as aluminium matrix 

for the research. Silicon carbide (SiC) of particle size 28μm and rice husk ash (RHA) of particle size under 50μm 

were chosen as reinforcement materials for the fabrication of the hybrid composites. The Al–Mg–Si alloy 

matrix hybrid composites reinforced with RHA and SiC were manufactured by double stir casting technique. 

The quantitative amounts of rice husk ash (RHA)  and SiC required to produce 5, 7.5, and 10 wt% 

reinforcement consisting of RHA and SiC in weight ratios 0:1, 1:3, 1:1, 3:1, and 1:0 respectively. The results 

showed similar wear surface topographies characterized typically by abrasive wear which occasional worn 

debris welded to the surface of the samples. The samples C5 and A0 were the little exceptions that showed extra 

main adhesive wear mechanism due to the great accumulation of debris noticeable on the surfaces. 

  

TABLE II ILLUSTRATION OF DIFFERENT MATRIX/REINFORCEMENT MATERIALS IN MMC’S AND ITS 

BEHAVIOURS  

Type of 

Matrix 

Type of 

Reinforcement 

Fabrication 

Method 

Outcome Reference 

Aluminium SiC (45μm & 

50μm)/ Gr (5, 

7.5 & 10wt%) 

Melt Stirring 

and Squeeze 

Casting 

Improved dimensional stability and 

reduced thermal conductivity with 

enrichment of graphite 

[3] 

Al2219 

Alloy 

SiC(15wt% at 

25 μm)/Gr 

Liquid Stir 

casting 

Established relations between sliding 

distance, applied load and sliding speed 

[11] 
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(3wt% at 45 

μm) 

Technique which concluded that the sliding 

distance is the predominant factor 

which influence the wear 

Al/Mg 

alloy 

SiC(28 

μm)/RHA 

Double Stir 

Casting 

Technique 

Improved corrosion resistance and 

OCP 

[10] 

 

Al/Mg 

alloy 

Graphite Flakes 

(50vol.%) 

Spark Plasma 

Sintering 

Method 

Thermal expansion coefficient values 

reduced to zero or negative values and 

the thermal conductivity increased by 

four times compared to copper 

[1] 

Al2219 SiC (50nm and 

150nm)(0.5, 1, 

1.5, and 2 wt%) 

High intensity 

ultrasonic 

cavitation 

process 

Increased ultimate tensile strength and 

hardness. Achieved uniform dispersion 

of nano particles of SiC with low 

porosity 

[6] 

Al6061 SiC/Gr (2.5, 5, 

7.5 and 10 

vol%) 

Stir Casting Dispersion concentration of the 

reinforcement is homogeneous & 

negligible porosity has been noticed. 

[4] 

 

IV. ALUMINIUM-MAGNESIUM ALLOY/GRAPHITE METAL MATRIX COMPOSITES 

 

Valerio Oddone. et al. [1] prepared the composites of aluminium alloy and magnesium alloy by spark plasma 

sintering method to produce light metal–graphite composites with an excellent combination of the properties 

such as high thermal conductivity, low thermal expansion and low density. By adding up to 50 vol.% of 

macroscopic graphite flakes, the thermal expansion coefficient of magnesium and aluminium alloys was tuned 

down to zero or negative values, while the specific thermal conductivity was over four times higher than in 

copper. 

Omrani E .et al. [5] there paper summarizes various tribological aspects of self-lubricating aluminium 

composites of graphite reinforcement & the influence of various factors such as (a) material factors, graphite 

size and volume fraction, and (b) mechanical factors, applied load and sliding speed on the tribological 

properties of self-lubricating aluminium composites. Bringing self-lubricating composites into different 

operating systems is a solution to reduce the use of external toxic petroleum-based lubricants in sliding contacts 

in a way to help the environment and reduce energy dissipation in industrial components for strategies toward 

sustainability and energy efficiency. 

 

V. ALUMINIUM/SILICON CARBIDE METAL MATRIX NANO COMPOSITES 

 

N V Murthy .et al. [6] have prepared the SiC based Aluminium metal matrix nano composites by high intensity 

ultrasonic cavitation process and evaluated the mechanical and tribological properties. The ultrasonic assisted 

stir casting helped agitation was successfully used to fabricate Al 2219 metal matrix of alloy reinforced with (0.5, 
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1, 1.5 and 2) Wt. % of nano silicon carbide (SiC) particles of different sizes 50nm and 150nm. The micrographs 

of scanning electron microscopy of nano composite were investigated it reveals that the uniform dispersion of 

nano particles silicon carbide in aluminium alloy 2219 matrix and with the low porosity. And the mechanical 

properties showed that the ultimate tensile strength and hardness of metal matrix nano composite Al2219 / 

nano SiC of 50nm and 150nm lean to augment with increase weight percentage of silicon carbide content in the 

matrix alloy. 

 

TABLE III COMPARATIVE EVALUATION OF THE DIFFERENT MANUFACTURING TECHNIQUES 

Method Range of Shapes and 

Size 

Range of 

Volume 

fraction 

Damage of 

reinforcement 

Cost 

Stir Casting Wide range of shapes Up to 0.3 No Damage Less expensive 

Squeeze 

Casting 

Limited range of shapes 

(Up to 2cm ht.) 

Up to 0.45 Severe Damage Moderately 

expensive 

Powder 

Metallurgy 

Wide range; restricted 

size 

0.3 - 0.5 Reinforcement Fracture Expensive 

Spray Casting Limited shape; Large 

size 

0.3 - 0.7 Reinforcement Fracture Expensive 

  

VI. Stir casting procedure for Al6061/SiC MMCs 

 

Gowri Shankar M.C .et al. reported that, during processing of SiC particle-reinforced aluminum matrix 

composites, the particles are preheated at 600–800ᴼ C for 2 h in order to remove the volatile substances and to 

maintain the particle temperature closer to melt temperature of 750ᴼ C. Also, in SiC particles preheating leads 

to the artificial oxidation of the particle surface forming SiO2 layer. This SiO2 layer helps in improving the 

wettability of the particle. The Al6061 billets were charged into the furnace and melting was allowed to 

progress until a uniform temperature of 750ᴼ C (which is above the liquidus temperature) was attained, 

subsequently degassed by passing hexachloroethane (C2Cl6) solid degasser. The melt was then allowed to cool 

to 600ᴼ C (slightly below the liquidus temperature) to a semi-solid state. At this stage, the silicon carbide 

mixture was added to the melt and manual stirring of the slurry was performed for 20 minutes. An external 

temperature probe was utilized in all cases to monitor the temperature readings of the furnace. After the 

manual stirring, the composite slurry was reheated and maintained at a temperature of 750ᴼ C 10ᴼ C (above the 

liquidus temperature) and then mechanical stirring was performed. The stirring operation was performed for 10 

minutes at an average stirring rate of 400rpm. Casting was then performed on prepared sand moulds at a 

pouring temperature of 720ᴼC. 
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VII. SUMMARY 

 

The aluminium based hybrid composites reinforced with silicon carbide and graphite particles exhibits higher 

thermal conductivity with negligible or zero coefficient of thermal expansion as compared to conventional 

metals. Some researchers have also found that MMCs with silicon carbide and graphite reinforcement having 

particle size 50µm to 20µm shows improved dimensional stability, machinability and higher wear resistant 

characteristics. Thus, it is evident that as the size of the reinforcement reduces, the surface area of the 

reinforcement particle increases and there will be a drastic improvement in thermal conductivity at low 

thermal coefficient of expansion. Hence there is a huge scope for the researchers to investigate the thermal 

behaviours and wear characteristics of the aluminium based hybrid nano composites 
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ABSTRACT 

 

Thermo acoustic refrigeration is an innovative alternative for cooling that is both clean and inexpensive. The 

objective of this article is to investigate effect of stack material on performance of thermo acoustic refrigerator. 

Through the construction of a functional model in fluidyne software, this work demonstrate the effectiveness 

of thermo acoustics for modern cooling. Hence, simulation of thermo acoustic refrigerator is performed using 

fluidyn software. Performance evaluation is carried out using different stack materials and different working 

fluids. Simulation of thermo acoustic refrigerator was done successfully by using fluidyne software. The various 

stack materials used in simulation software are aluminium, copper, foam, lexan, and paper. Hot heat exchanger 

temperature is 300k and cold heat exchanger temperature is 297k, so the temperature difference is less and 

hence refrigeration effect is very small in thermo acoustic refrigerator.  

 

Keywords: Thermo-acoustic, refrigerator, temperature, gradient, frequency 

 

I. INTRODUCTION 

 

Thermo acoustic Refrigeration System mainly consist of a loudspeaker attached to an acoustic resonator filled 

with a gas. In the resonator, a stack consisting of a number of parallel plates and two heat exchangers are 

installed. The loudspeaker, which acts as the driver, sustains acoustic standing waves in the gas at the 

fundamental resonance frequency of the resonator. The acoustic standing wave displaces the gas in the 

channels of the stack while compressing and expanding respectively leading to heating and cooling of the gas. 

The gas, which is cooled due to expansion absorbs heat from the cold side of the stack and as it subsequently 

heats up due to compression while moving to the hot side, rejects the heat to the stack. Thus the thermal 

interaction between the oscillating gas and the surface of the stack generates an acoustic heat pumping. The 

http://www.ijsrset.com/
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heat exchangers are used so that heat interaction with the surrounding takes place. Heat is pumped from the 

cold end heat exchanger to the hot end heat exchanger. The pressure variation and displacement of sound 

waves in thermo   acoustic-refrigerator system 

A stack material should be selected first so that its properties can be taken into account while choosing other 

parameters. The material chosen should have a low thermal conductance. As a TAR’s main purpose is to move 

heat from one end of the stack to the other, heat conduction in the opposite direction (from the hot end to the 

cold end) results in a reduction of efficiency. 

 

 
Figure 1. Cylindrical and flat stack arrays 

The thermal conductivity is too high, the situation is analogous to carrying water uphill with a leaky bucket. 

The material should also have a larger specific heat capacity than the gas. A stack with a larger heat capacity is 

less affected by the temperature oscillations of the nearby gas, which is desirable because it allows the 

temperature gradient along the stack walls to remain steady, increasing the effectiveness of the gas in 

transporting thermal energy from the cold end to  the hot end of the stack. Due to the necessary thermal 

properties, ceramic and plastic materials are often chosen as stack materials. 

In the present work the concept of Computational Fluid Dynamics (CFD) is used to simulate the TAR. CFD is 

the simulation of fluids engineering systems using modeling (mathematical physical problem formulation) and 

numerical methods (discretization methods, solvers, numerical parameters, grid generations, etc.). To solve this 

problem, physical properties of stack materials are set in the software. Then we used Navier-Stokes Equation 

and it is the governing equation of CFD. As the Navier-Stokes Equation is analytical, human can understand it 

and solve them on a piece of paper.  
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In CFD software, we can compare and analyze the simulation results with experiments and the real problem. If 

the results are not sufficient to solve the problem, we have to repeat the process until find satisfied solution. 

This is the process of CFD. Figure 2 shows process of CFD. 

The objectives of present work are: 1) Simulation of the thermo-acoustic refrigerator, 2) To investigate the 

effect of stack material on performance thermo-acoustic refrigerator,  

The experiment suggests that thermo-acoustic refrigerators could one day be viable replacements for 

conventional refrigerators. 

 
Figure 2. Process of Computational Fluid Dynamics 

 

II. LITERATURE REVIEW   

 

Rijke [1], in 1859, discovered that placing a heated wire mesh in the bottom half of an open tube produced 

sound waves. The highest intensity was obtained when the mesh was placed at one-fourth the length of the 

tube as measured from the bottom. Rijke [1] also observed that convective transport of air through the tube was 

necessary to produce the thermo-acoustic effect. The stack forms the heart of the refrigerator where the heat-

pumping process takes place, and it is thus an important element that determines the performance of the 

refrigerator. The heat conductivity through the stack material and gas in the stack region has a negative effect 

on the performance of the thermo-acoustic refrigerators. The stack material must have low thermal 

conductivity and a heat capacity much larger than the heat capacity of the working gas in order that the 

temperature of the stack plates remains steady Swift [2]. In a typical thermo-acoustic device a stack usually 

occupies less than 10% of the overall device volume Swift [2]. Stacks are finely subdivided into many parallel 

channels or pores in order to maintain moderate (standing-wave) or good (traveling-wave) thermal contact 
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between the working gas and the stack across large cross-sectional areas. Stacks are available in different sizes 

and shapes; honeycombs, spiral rolls, parallel plates, circular pores, and pin arrays are examples of stacks 

commonly used in thermoacoustic engines and refrigerators.  Figures 3 show examples of stack arrangement 

used in thermo-acoustic devices Swift [2]. Due to the necessary thermal properties, ceramic and plastic 

materials are often chosen as stack materials. Swift and Keolian [3] have proposed a new geometry, the pin 

array stack, and derived expressions for velocity and temperature in the pin array. They have shown that 

devices with this stack geometry can have significantly higher efficiency relative to the previous parallel-plate 

stack design. Construction of such stacks will be challenging since the crucial characteristic of the pin stack is 

the convexity of the gas-solid interface, on a length scale comparable to the penetration depths. 

A thermo-acoustic theory for a bulk porous medium has developed by Roh et al. [4] from that for a single pore, 

parallel, capillary-tube-based theories. The authors have introduced the tortuosity, the viscous dynamic shape 

factor, and the thermal dynamic shape factor to extend the thermo-acoustic theory to a bulk porous medium. 

Comparisons of thermo-acoustic properties of RVC and aluminum foam developed by Tasnim [5] shown good 

agreement with the experiment. This prediction has shown that random porous media stacks should perform as 

well as parallel pore stacks in high-frequency prime movers. A more complete analysis is necessary for small 

refrigerators since enhanced viscosity may affect the performance. 

The thermo-acoustic properties of fibrous porous materials are studied by Jensen and Raspet [6] using a 

computational fluid simulation. Tasnim [7] analyzes random porous thermoacoustic stack systems analytically, 

experimentally, and numerically with a primary objective to develop a comprehensive analytical porous media 

modeling for random porous (such as Reticulated Vitreous Carbon (RVC) foams) environment. 

Lotton et al. [8] have presented analytical modelling for predicting the transient temperature profile in thermo-

acoustic refrigerators. In their modelling, the authors have included the transverse heat conduction in the stack, 

heat leakages through the duct walls, heat generated by viscous losses in the stack, heat generated by vorticity 

at the ends of the stack, and heat transfer through both ends of the stack. The theoretical transient response of 

temperature of a thermo-acoustic refrigerator is compared with experimental measurements. A good qualitative 

agreement is obtained between analytical and experimental results after fitting empirical coefficients. Also, 

there exist different explanations about temperature distribution along with the stack in different works of 

literature. 

Reid and Swift [9] have shown both experimentally and theoretically that temperature oscillations within a 

stack are linear for low-temperature differences between the two ends of the stack. Their theoretical prediction 

is based on inviscid boundary-layer, short-stack approximations, and neglecting the ordinary conduction of 

heat down the temperature gradient, as it is small compared to the hydrodynamic one. The experimental 

measurement provided by the authors is only for a single stack location within a standing wave thermo-

acoustic refrigerator. 

Worlikar and Knio [10] have developed a low Mach-number compressible flow model to simulate acoustically 

driven flows around a thermo-acoustic stack (finite thickness) for a wide range of drive-ratios. Worlikar and 

Knio have found that a periodic vortex dominates the flow near the edges of the stacks. Worlikar et al. [11] 

have extended the idea of Worlikar and Knio [10] by using a numerical solver for the energy equations of the 
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fluid and the stack plates, and by using a fast solver for the velocity potential. The modified model can handle 

unsteady thermally stratified flows in two-dimensional (2-D) thermo acoustic stacks. 

Worlikar and Knio [12] have further extended their model by adding heat exchangers to the thermoacoustic 

stack assuming that the heat exchangers (one hot and one cold) are isothermal and in perfect thermal contact 

with stack plates. Their results reveal optimum stack performance is achieved when the length of the heat 

exchanger is nearly equal to peak-to-peak fluid particle displacement. 

N.M. Hariharan et al[13] have built an experimental setup based on the linear thermo acoustic model and some 

simple design parameters. The engines produce acoustic energy at the temperature difference of 325–450 K 

imposed along with the stack of the system. This work illustrates the influence of stack parameters such as plate 

thickness (PT) and plate spacing (PS) with resonator length on the performance of thermoacoustic engines, 

which are measured in terms of onset temperature difference, resonance frequency, and pressure amplitude 

using air as a working fluid. The results obtained from the experiments are in good agreement with the 

theoretical results from DeltaEc. 

Ahmed et al. [14] gave software analysis of a simple Thermo-acoustic Refrigerator (TAR). Two software were 

used for simulating the TAR; ANSYS Fluent and DeltaEC. ANSYS Fluent was used to predict the turbulent and 

oscillatory nature of the thermo-acoustic effect with the simulation. DeltaEC was used to calculate the final 

achievable temperature gradient of the TAR. Haggag et al. [15] designed the TAR system and manufactured 

using a PVC material. The effect of the stack center position and frequency on the system coefficient of 

performance (COP) is experimentally and theoretically investigated. The working medium used is Helium-Air 

mixture. Kajurek et al [16] demonstrated the design procedure of a small thermo-acoustic refrigerator with 

nominal cooling power of 10 W. Authors explain the design choices with the reasons for using specific 

parameters. The simulation results show that the cooling power of the refrigerator increases with the increase 

in the drive ratio and with the increase in the temperature of the cold heat exchanger. Tartibu [17] summarizes 

recent development with regards to the designing and the performance of highly efficient traveling-wave 

thermo-acoustic refrigerators. Desai et al. [18] performed experimental investigations on a half-wavelength 

standing wave type thermoacoustically driven thermoacoustic refrigerator also known as TADTAR. Authors 

shown that longer resonator and He-Ar mixture as working gas among the choices is better for a TADTAR 

system for achieving better performance. 

Shivakumar and Bheemasha [19] investigated the effect of the spacing of a parallel plate stack on the 

performance of the thermo-acoustic refrigerator (TAR). Three parallel plate stacks have been used to study the 

performance of TAR considering different porosity ratios by varying the gap between the parallel plates.  

Ali Namedar[20] used OpenFOAM package to simulate the thermo-acoustic refrigerator. For simulating 

oscillating inlet pressure, authors implemented cosine boundary condition into the Open-FOAM. The 

governing equations are the unsteady compressible Nervier–Stokes equations and the equation of state. The 

computational domain consists of one plate of the stack, heat exchangers, and resonator. The main result of this 

paper includes the analysis of the position of the cold heat exchanger versus the displacement of the pressure 

node at large amplitude for successful operation of the refrigerator. In addition, the effect of the input power on 

the successful operation of the apparatus has been investigated. It is observed that for higher temperature 

difference between heat exchangers, the time of steady state solution is longer.  
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From the literature review, no work is observed on use of different stack materials to simulate TAR systems 

using software. Hence in the present work it is proposed to use aluminium, copper, foam, lexan, and paper as 

stack materials to investigate the performance of the TAR system.  

 

III. RESEARCH METHODOLOGY 

 

The present work involves only theoretical investigation of effect of operating variables on the performance of 

thermo-acoustic refrigerator using Fluidyn software. The model developed in Fluidyn software is focused on 

the different stack materials to evaluate the performance of TAR. The working fluids chosen for the analysis is 

helium with different stack material. The temperature gradient will develop across the length of the stack. The 

various geometric values, mean parameters, stack material properties and working fluid properties for 

simulation are given in Table 1 to Table 7. 

Geometric Value and Mean Parameters 

Table 1: Parameters for simulation 

Cp fluid = 1007 J/ kg/ K Kw = 2p/k = 3.619/ m 

Kfluid = 0.0263W/m /K  f = 200 Hz 

L fluid = 0.1846 _ 10_4 N sm_2 DR = pA/pm = 0.01 

s = 1/f = 0.005 s  Tm = 300 K 

Dt = 10_5 s  R = 287 J kg_1 K_1 

K = a/f = 1.736 m  pm = 100 kPa 

K solid = 1.05Wm_1 K_1  qm = 1.1614 kg m_3 

Cpsolid = 840 J kg_1 K_1 pr = 0.707 

qsolid = 2600 kg m_3 c = 1.4 

a =347:2 m s_1 L = 0.07 m 

L1 = 0.01 m  L2 = 0.005 m 

L3 = 0.7108 m L4 = 0.0002 m 

L5 = 0.0004 m L6 = 0.0002 m 

L7 = 0.0002 m  L8 = k/2 = 0.868 m 

 

Material properties: 

Gas properties: 

Table 2: Helium properties 

Name to the gas Helium 

Material Type Gas 

Dynamic Viscosity 1.97e-005m2/sec 

Thermal Conductivity 0.155 

Gamma 1.4 

Molecular Weight 4 
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Solid properties: 

 
Table 3: Stack properties  

After choosing the various parameters for simulation software, the pre-processing settings and data are set to 

the simulation model. In Pre-Processing part various settings and creations like loading fluid mesh file, Group 

creation, creating fluid boundary faces for cold and hot zones, material assignment, defining zone interaction, 

entering boundary and initial conditions are made. After the pre-processing the Output controls are defined 

and solution control parameters settings are made in the solver. At the end of simulation Post – Processing is set 

in the software to Create Contour plots, Create Trace plots and to Create Profile line plots. 

 

IV. RESULTS AND DISCUSSION  

 

The results obtained from the fluidyne software simulation are plotted on the graph. The plotted graphs are 

accurate for the given results. The simulation is carried out with copper, foam, lexan, and paper as stack 

materials. The effect of these stack materials on various working conditions like fluid pressure, velocity and 

temperature are show in the below graphs at different at stack length.  

 

4.1 Aluminium stack effect on thermo acoustic refrigerator performance  

The effect of aluminium stack plate in between  cold heat exchanger and hot heat exchanger in thermo acoustic 

refrigerator. The simulation conducted results and the graph plotted as below 

 
Figure 3.  Aluminium stack length v/s pressure 
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Figure 3 shows the pressure variation at different stack length. As the stack length increases pressure decreases 

along the stack length. 

 
Figure 4. Stack length v/s velocity 

In Figure 4, velocity varies at different stack length. Initially as the stack length increases the velocity is 

decreasing, after some stack length the velocity start raising up.  

 
Figure 5. Stack length v/s temperature 

Figure 5 shows that temperature reduction at cold side of the stack and increase in temperature on hot side of 

stack. This results shows that as the operating pressure is increases, the temperature gradient also increases but 

too much operating pressure may be causes the damage of resonator tube. 

  

4.2 Copper stack effect on thermo acoustic refrigerator performance 

 
Figure 6. Stack length v/s pressure 
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Figure 6 shows the results of using copper stack material instead of aluminium. Because copper containing heat 

dissipates more than aluminium and low thermal conductivity here graphs illustrates pressure will flow cold 

heat exchanger to hot heat exchanger decelerates along stack length. 

 
Figure 7. Stack length v/s velocity 

The velocity and pressure are inversely proportional to each other so when velocity increase along the stack 

length the pressure will be decrease but sometimes velocity is decreases along the length of stack with time in 

its temperature. Similarly, it rejects heat to the gas molecules nearby during expansion, thus maintaining stable 

temperature. It is obvious that large amplitudes of pressure lead to an increase in heat transfer since it generates 

larger temperature difference between the fluids and the solid. 

 
Figure 8. Stack length v/s temperature 

Figure 8 shows temperature effect along length of stack heat capacity of solid generally quite greater than  that 

of fluids  the solid absorbs heat without much change in its temperature. Similarly, it rejects heat to the gas 

molecules nearby during expansion, thus maintaining stable temperature. It is obvious that large amplitudes of 

pressure lead to an increase in heat transfer since it generates larger temperature difference between the fluids 

and the solid. 

 

4.3 Foam stack effect on thermo acoustic refrigerator performance 

Foam stack is one of the stack material used in thermo acoustic refrigerator  it is more less thermal conductivity 

compare to other stack materials  and heat capacity also more. 
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Figure 9. Pressure various along stack length 

Figure 9 represents in foam stack the pressure will be maximum at hot heat exchanger because temperature is 

high at hot heat exchanger and pressure will minimum at cold side heat exchanger in thermo acoustic 

refrigerator the both temperature at cold and hot are iso-thermal so that pressure will moves along hot to cold 

it is decreases along the stack length. 

 
Figure 9. Velocity variation along stack length 

Figure 9 represents the velocity variation along foam stack length. The velocity is high at cold heat exchanger 

but low at hot heat exchanger because of velocity and pressure are the inversely proportional to each other.  

 
Figure 10. Stack length v/s temperature 
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A foam stack with a larger heat capacity is less affected by the temperature oscillations of the nearby gas, which 

is desirable because it allows the temperature gradient along the stack walls to remain steady, increasing the 

effectiveness of the gas in transporting thermal energy from the cold end to the hot end of the stack. Due to the 

necessary thermal properties. 

 

4.4 Lexan stack effect on thermo acoustic refrigerator performance 

Lexan is also one of the stack material used in thermo acoustic refrigerator it has  low thermal conductivity 

compare to aluminium and copper stack materials.  

 
Figure 11. Pressure variation along stack length 

Figure 11 shows pressure variations along lexan material stack length. Pressure variation is different with 

different timings. The varying pressure is high at time equal to 1sec, that is at hot heat exchanger but at timings 

2&3 sec it is slightly varies and pressure decreases along stack length. 

 
Figure 12 Velocity variation along stack length 

Figure 12 shows the variation of velocity along Lexan stack length. The velocity is increases at cold heat 

exchanger decreases at hot heat exchanger with stack length.  
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. 

Figure 13 stack length v/s temperature 

Figure 13 shows the temperature is high at hot end and low at cold end heat exchanger  

 

4.5 paper stack effect on thermo acoustic refrigerator performance 

Paper stack also good heat dissipates properties  

 
Figure 14. Stack length v/s pressure 

 
Figure 15. Stack length v/s velocity 
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Figure 16 stack length v/s temperature 

Figure 16 shows that the variation of temperature along the paper stack length. It is noticed that the 

temperature is in higher side at initial timings (i.e. 1 sec) compared to delay timings (i.e. 2 to 4 secs). 

 

4.6 Different stack materials effect on thermo acoustic refrigerator performance 

The graphs are also taken with combination of stack materials aluminium, copper, foam, lexan and paper. 

Compared the one stack material data with other stack and plots graphs as below. 

 
Figure 17. Stack length v/s pressure 

 
Figure 18. Stack length v/s velocity 
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Figure 19. Stack length v/s temperature 

Figures 17, 18 and 19 shows the variation of Pressure, Velocity and temperature for Aluminium, Copper, Foam, 

Lexan and Paper materials along   stack length. 

Temperature and pressure are directly  proportional  to stack length in  thermo acoustic refrigerator  the 

pressure is high at hot end and temperature also high but velocity is low  the temperature is isothermal at both 

side of  heat exchanger. 

 

V. CONCLUSION 

 

The influence of various stack materials on the velocity, pressure and temperature along the stack length is 

discussed and variations are plotted.  

Simulation of thermo acoustic refrigerator in fluidyne software was successful using Aluminium, Copper, Foam, 

Lexan and Paper. Results demonstrated that these materials can be used as stack materials on thermo acoustic 

refrigerator. 

In the future, the next obvious step is to construct an experimental unit to conduct experiments with mixture 

of noble gases to investigate the influence of working fluids on the performance of refrigerator. Theoretical 

studies to be continued with high end computers to understand the characteristics of thermo acoustic 

refrigerator. Experiments with different stack material and stack geometry such as honeycombs from Pyrex 

Glass could be tried to study the performance. 
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ABSTRACT 

 

Oscillating heat pipe (OHP) cooling is the new and emerging technique in the field of thermal management of 

electronics. In the present work, transient and steady state experiments are conducted on a multi turn closed 

loop OHP. Evaporator and condenser wall temperatures are measured. Copper is used as the capillary tube 

material in the evaporator and condenser sections with inner diameter of 1.5 mm and outer diameter of 3 mm. 

The total length of the closed loop pulsating heat pipe is 2040mm. The experiments are conducted in vertical 

orientation for different heat loads varying from 20 W to 40 W in steps of 5W. The OHP is tested with 

different working fluids viz. Acetone, water, SWCNT and Graphene. The performance parameters such as 

temperature difference between evaporator and condenser, thermal resistance and the overall heat transfer 

coefficient are evaluated. The experimental results demonstrate that SWCNT& Graphene particle based Nano 

fluid is the better working fluid among the working fluids considered in terms of lower thermal resistance and 

higher heat transfer coefficient. The multi loop OHP is found to perform better for all heat loads & working 

fluids considered. 

 

Keywords: Nano fluids, oscillating heat pipe, experimental studies, thermal performance 

 

I. INTRODUCTION 

 

Thermal management is the challenge of the day in electronic product development. Presently, the chip heat flux 

level ranges between 40 to 120 W/cm2. It is expected to increase to 200 W/cm2 in the next few decades. Several 

cooling methods are employed to cool the electronic devices. Heat Pipe is being explored for electronic cooling 

devices with promising results. Even though the conventional heat pipes are excellent heat transfer devices 

their application is mainly confined to transferring small amount of heat over relatively short distances. 

http://www.ijsrset.com/
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Oscillating heat pipe (OHP) is a passive two-phase heat transfer device, which is a special category of wickless 

heat pipes. It has been invented by Akachi [1-3], it exhibits self-sustained oscillation of the working fluid and 

phase change phenomenon leading to enhanced heat transfer. Due to its simple design, light weight, low 

fabrication cost and very fast response at higher heat loads, OHPs have been considered as one of the compact 

heat transfer devices for various cooling applications such as electronics cooling, heat exchanger and space 

application, etc. Since the last two decades, many researchers have investigated its thermal performance 

experimentally and theoretically. These experiments reveal that the Closed Loop Oscillating Heat Pipe (CLOHP) 

performance is strongly affected by many parameters including geometrical, physical and operational 

parameters. Furthermore, it is mentioned that the problem of two phase flow oscillation in closed loop 

Oscillating heat pipe is very complicated because of many unstable variables and complexity of thermo-

hydrodynamic operational characteristics. In the meantime, some visual studies have been performed using 

glass tube to understand the operational behaviour and considerable progress has been also achieved in these 

Attempts [4]. In recent years, improving thermal performance of CLOHP has become a demanding challenge 

and hot research topic due to rapidly increasing heat load and miniaturization of electronic devices. Based on 

existing experimental results the working fluid is the most important parameter in the CLOHP. At the same 

time, Nano fluids are viewed as advanced heat transfer fluids in heat transfer devices. In general, the 

nanoparticles suspended in the base fluid forming the Nano fluid are of size about less than 100 nm. The heat 

transfer performance of the base fluid is significantly improved due to increased surface area. In 1995, this 

concept was first proposed by Choi Since then, some researchers have focused on the heat transfer 

characteristics of Nano fluids such as thermal conductivity and viscosity in single-phase flow and also flow with 

phase change. 

In recent years, the nanofluid, employed as a working fluid in the heat transfer device, is an emerging topic. In 

2004, Tsai et al. [5] found application of nanofluids in the Conventional heat pipes using gold nanoparticle 

solution and there was a significant reduction noted in thermal resistance of heat pipe with nanofluid as 

compared to the one with DI water. In 2006, Ma et al. [6] conducted experiments under various operating 

temperatures and heat powers using water based diamond nanofluid in the CLOHP. 

They reported that the nanofluid could effectively enhance heat transfer due to occurrence of strong oscillatory 

motion of flow. Lin et al. [7] observed thermal enhancement of the heat pipe with water based silver nanofluid 

at very low mass concentration. Visualization 

Experiments are carried out on two phase flows of the CLOHP using DI water and Nano fluid [8, 9]. Ji et al. [10] 

found improvement in the start-up performance of CLOHP due to alumina nanofluid. Jian Qu et al. [11] 

pointed out improvement or deterioration of the CLOHP performance due to different nanoparticle deposition 

behaviour with different nanofluids. A similar deterioration of heat pipe (thermosyphon) was found by 

Khandekar et al. 

[12]. It is noticed from relevant literatures [5–12] that the improvement/deterioration of boiling performance in 

the heat pipes is due to the change in surface property. The small amount of the nanoparticle suspended on the 

base fluid cannot largely increase the thermal conductivity of the working fluid. However, the oscillating 

motion of the particles in the working fluids might have additional contribution to improvement of thermal 

performance of the CLOHP [6]. From the literatures [13–15], it is felt that the study of Nano fluids is still 
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promising and the overall understanding of two phase flow heat transfer with the CLOHP is at the beginning 

stage. Hence, exploratory researches in both fundamental and engineering systems are needed. 

Further, it is noted that very little amount of work has been carried out with use of metal nanoparticles in the 

CLOHP. Therefore, the present study aims at experimentally investigating the thermal performance of the 

device using SWCNT & Graphene Nano particle based Nano fluid, Results of the present study are expected to 

help us understand and design more efficient Nano fluid-charged CLPHPs operational behaviour 

 

II. EXPERIMENTATION  

 

2.1 Material Selection & Fabrication 

The basic components used in OHP are copper tubes, glass tubes, silicon rubber tubes, a non-return valve, a 

Mica heater and thermocouples. Copper is used as the tube material since it is an excellent conductor of heat. 

The tube is bent into a multi loop U turn with a radius of 35mm. The glass tube attached between the U turn 

copper tubes acts as the adiabatic section and provides the flow visualisation. The glass tube is made of 

borosilicate, which can resist temperature up to 1200°C. Silicon tubes are used as the connectors between glass 

and copper tubes. They can resist temperatures up to 400° C. In order to maintain unidirectional fluid flow, a 

non-return valve is used. Eight ‘K-type’ thermocouples are used for temperature measurement. Four 

thermocouples each are connected in the evaporator and condenser sections at equal distances. An Eight -

channel digital temperature indicator is used to record the temperatures at different locations. A coil wound 

heater attached to evaporator section acts as the source of heat input. The experimental setup is worked with 

four working fluids viz., water, acetone, SWCNT and Graphene based Nano fluids. The Working fluid is 

injected into the heat pipe using a syringe 

 
Figure. 1 OHP experimental setup 



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published :  March 15, 2022    Page No : 175-184 

 

 

 

 
178 

2.2 Experimental Procedure 

Before conducting the experiment, it is ensured that there is no fluid inside the tubes. The required amount of 

working fluid is then filled through a syringe by opening one end of the non-return valve such that the fluid 

directly enters the evaporator section. Now the air is filled through the projection provided on the copper tube 

using another syringe. This is done to ensure simultaneous formation of liquid slug and vapour plug. The display 

unit is switched   ON and the required wattage is set. A fan arrangement is used for cooling the fluid in the 

condenser section. The transient experiments are conducted and the various temperatures are recorded from 

the digital temperature indicator. The experiments are continued till SteadyState is reached. 

The colloidal solution of SWCNT particle Nano fluids is prepared by using water as base fluid & graphene 

particle based Nano fluid is prepared by using acetone as base fluid and experimentation is carried out by 

varying the fill ratio as well as by varying the heat load input. The obtained values will be plotted against the 

graph through which the values of thermal resistance and heat transfer coefficient. The heat input and the 

variation of the temperature is noted with the aid of temperature data logger. The output of the temperature 

data logger with the help of the software is monitored in the computer. A typical output from the data 

acquisition system is as shown below, 

 
Figure 2 Output of the Data Acquisition System 

 

III. RESULTS AND DISCUSSION  

 

Transient experiments have been conducted with different working fluids i.e., acetone, water, SWCNT and 

Graphene Nano particle based Nano fluid and variations of temperature with time are recorded. The 

experiments are continued till steady state is reached.  

c 
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Fig 3 shows the variation of temperature difference between evaporator and condenser with time at different 

heat inputs for water at a fill ratio of 50%. It is observed that the temperature difference between evaporator 

and condenser is considerably less at lower heat input of 25 W 

 
Figure 3 .Temperature Difference (Te -TC) Plot for water 

 

Fig 4 shows the variation of temperature difference between evaporator and condenser with time at different 

heat inputs for SWCNT at a fill ratio of 50%. It is observed that the temperature difference between evaporator 

and condenser is considerably less at lower heat input of 25 W 

 
Figure 4.Temperature Difference (Te –TC)   Plot for SWCNT 
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Fig 5 shows the variation of temperature difference between evaporator and condenser with time at different 

heat inputs for Graphene at a fill ratio of 50%. It is observed that the temperature difference between evaporator 

and condenser is considerably less at lower heat input of 25 W 

 
Figure 5.Temperature Difference (Te –TC Plot for Graphene 

 

Fig 6 shows the variation of temperature difference between evaporator and condenser with time at different 

heat inputs for Graphene at a fill ratio of 50%. It is observed that the temperature difference between evaporator 

and condenser is considerably less at lower heat input of 25 W 

 
Figure 6.Temperature Difference (Te -TC) Plot for Acetone 

Finally the effectiveness of the heat pipe is indirectly brought in terms of thermal resistance and convective 

heat transfer co-efficient.  
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The thermal resistance is computed as, 

------(1) 

Convective heat transfer co-efficient is given by 

----- (2) 

 
Fig.7 &8 shows the variation of thermal resistance and heat Transfer coefficient with heat load at steady state 

for Water and SWCNT at a fill ratio of 50%. It is observed that the thermal resistance decreases with increase in 

heat load & heat Transfer coefficient increases with increase in heat load for both Water and SWCNT. However, 

it is clear that the magnitude of thermal resistance is lower for SWCNT compared to Water. As the temperature 

difference between evaporator and condenser is less for SWCNT, the thermal resistance is also 

 
Figure 7. Thermal Resistance vs heat input 

 
Figure 8.Heat transfer coefficient vs heat input 
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Fig.9 & 10 shows the variation of thermal resistance and heat Transfer coefficient with heat load at steady state 

for Acetone and Graphene at a fill ratio of 50%. It is observed that the thermal resistance decreases with 

increase in heat load & heat Transfer coefficient increases with increase in heat load for both Acetone and 

Graphene. However, it is clear that the magnitude of thermal resistance is lower for Graphene compared to 

Acetone. As the temperature difference between evaporator and condenser is less for Graphene, the thermal 

resistance is also less. 

 
Figure 9.Thermal Resistance vs Heat input 

 
Figure10.  Heat transfer coefficient vs Heat input 

Figure 11. Shows the variation of thermal resistance with heat input for different working fluids at 50% fill 

ratio. The figure indicates that the thermal resistance decreases with increase in heat input in case of both the 

working fluids considered .Further it is seen that SWCNT exhibits lower values of thermal resistance compared 

to Water and Graphene. This is due to lower value of temperature difference between evaporator and 

condenser in case of SWCNT .The lower values of thermal resistance of SWCNT indicate that SWCNT has 

better heat Transport capability compared to Water and Graphene 
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Figure 11. Thermal resistance plot for different fluids 

The variation of Heat transfer coefficient with respect to heat input for different working fluids at a fill ratio of 

50% is shown in Fig.12 It is seen that the Heat transfer coefficient increases with increase in heat input for the 

working fluids considered. SWCNT shows higher heat transfer coefficient values compared to water & 

Graphene. This is due to the lower values of temperature difference between evaporator and condenser for 

SWCNT 

 
Figure 12. Heat transfer coefficient plot for different fluids 

 

IV. CONCLUSION 

 

In the present work, the experimental investigations are carried out on a multi turn loop OHP. The effects of 

heat input, working fluid and fill ratio on the performance of OHP are studied. 

Following conclusions are drawn from the present experimentation: 

1. The variation of temperature difference between evaporator and condenser wall with time is found to be 

periodic. 
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2. The temperature difference between evaporator and condenser at steady state is found to be less for SWCNT 

compared to water & Graphene. 

3. SWCNT and Graphene are observed to be more suitable working fluid for OHP operation under different 

operating conditions. 

4. The results indicate that SWCNT can transfer more heat with less temperature difference and less thermal 

resistance. Thus SWCNT can be considered as more suitable working fluid for OHP operation. 
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ABSTRACT 

 

The objective of the present research is to produce cryogenically treated low carbon low alloy steel which has 

extreme properties for that composition like high tensile strength, high hardness and wear resistance. The 

cryogenic treatment is given to steel during solidification, which introduces severe chilling effect in steel. The 

under cooling of the melt during solidification increases the number of nuclei and thereby enhance the 

properties of steel. Chills of different thermal conductivity are used to get chilled steel for comparison purpose. 

It was found from literature review that, so for no work has been done on cryogenically treated steel during 

solidification. Hence, the present investigation is undertaken to fill the void. 

Keywords : Chilled steel, cooling rate, Microstructure, Pearlite.     

 

I. INTRODUCTION 

 

Steel with very low carbon content is generally not responsive for heat treatment and has nearly the same 

properties as iron. It can be easily formed as they are quite softer. As the carbon content increases becomes 

stronger and harder by gradually losing its ductility. The properties of iron and steels are linked to the chemical 

composition, processing path and resulting microstructure of the material. The metal alloys solidify over a 

range of temperature. Solidification behavior depends on parameters such as growth rate, temperature gradient 

and alloy constituents. Temperature gradient and growth rate influence the solidification morphology and 

solidification substructure respectively. 

Growth rate or solidification rate is the rate of advance of the solid /liquid interface into the liquid. The rate of 

movement of solidification front determines solute redistribution during solidification, scale of solidification 

substructure and the growth under cooling. Rapid solidification (faster movement of solid/liquid interface) 

minimizes the tendency of segregation of elements temperature gradients both in solid and liquid are 

important. 

 

II. METHODOLOGY   

Preparation of wooden pattern for four cavities mold and providing gating systems like location of risers, 

runners and gates etc. Preparation of end chills metallic, non-metallic and metallic with  
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Water cooled one each. Preparation of sand mold with CO2 process by providing end chills. Preheating and 

setting the mold sets. Pouring the prepared liquid melt by using induction furnace into the molds. Removing 

the cast blocks from the molds by knocking process. Degating cast blocks by removing risers, runners, gated, 

fins etc. by fettling process Shot blasting process to remove sand particles adhered on the surface of castings. 

Preparations of test samples as per ASTM standards from the cast blocks. Conduction of tensile and hardness 

tests to find mechanical properties. Tabulation and analysis of test results. 

 

III. EXPERIMENTAL PROCEDURE 

 

A. Preparation of Mold: 

Wooden pattern was used to prepares and mold with CO2 process and four cavities were created in a mold. In 

the four cavities of the mold, copper chill, silicon carbide chill and cold water circulated copper chill was 

provided one in each cavity and a cavity without a chill. Two risers are provided in the gating system at suitable 

locations to get sound cast specimens and sufficient care has been taken in the gating system to avoid defects in 

castings. 

The end chills used were fabricated to required size and set in CO2 molds (AFS standard of size 115* 75*25mm) 

with arrangements made to circulate chilled water. Molding sand mixed with sodium silicate (silica gel) and 

water at suitable proportions and mixed by a Muller. Four mold sets were prepared and each mold having four 

cavities were applied with zircon fluid for smoothness of the cavities and to avoid fusing of sand, then molds 

were preheated by torch burner and kept ready for pouring liquid melt. 

B. Base Material: 

The chemical composition of the base alloy (ASTM Grade Steel) used in this investigation and the compositions 

of chilled ASTM Grade steel cast separately was analyzed using an emission spectrometer. Pure carbon in the 

form of shell coke was used to bring the carbon content in the steel   to required percentage. Table 1 below 

shows the chemical composition of ASTM Grade steel. 

 

Table 1.Chemical Composition of the ASTM grades steel 

 

 

C. Molding Process: 

One metallic (copper), one non-metallic (silicon carbide) and one chilled water circulated chills were used in 

the present research. Chills used are of size 25mm x 25mm in cross section and 150 mm in length. All the chills 

were made of having thickness of 25 mm. Chills of different material were placed on the match plate pattern at 

Alloy Designation C Si Mn P S Cr Mo Ni Cu 

A-Mold-1) 0.23 0.45 0.82 <0.008 <0.008 0.06 0.05 0.02 0.008 

B-(Mold-2) 0.23 0.45 0.82 <0.008 <0.008 0.06 0.05 0.02 0.71 

C-(Mold-3) 0.23 0.45 0.82 <0.008 <0.008 0.06 0.05 0.02 1.45 

D-(Mold-4) 0.23 0.45 0.82 <0.008 <0.008 0.06 0.05 0.02 1.90 
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desired location in order to introduce chilling effect and to achieve directional solidification during 

solidification process and to get sound castings. Arrangements were made to circulate cold water through one 

copper chill. 

The mold was prepared using CO2 molding process. The sand used for the process contains a maximum 

moisture content of 0.25% and free from clay. The process is basically a hardening process for molds and cores. 

The principle of CO2 molding process is based on the fact that if CO2 gas is passed through a sand mix 

containing sodium silicate, the sand becomes strongly bonded as the sodium silicate becomes a stiff gel and this 

gel is responsible for giving the necessary strength to the mold. Zircon sand coating (Trade name – Ceramal) 

was applied to mold to get good surface finish and also avoids fusing of sand as said above. The mold was then 

dried using gas torch as shown in figure3 then mold halves were closed carefully as shown in figure4. The 

gating system for casting (AFS standard) as well as the prepared mould is as shown in Figure 1, 2(a) and 2(b). 

 
Figure 1: AFS Standard mould cavity along with an end chill 

 
Figure 2: (a) Mold cavities with different end chills 
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Figure 2: (b) Mold cavities with Coated 

 
 Figure 3: Preheating the Molds 

 
Figure 4: Mold box ready for pouring 
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D. Casting-Melting and Pouring of liquid metal: 

The base metal composition of carbon, silicon, was melted using medium frequency induction furnace. The 

furnace was charged with steel scrap and melted in a 150 kg capacity induction furnace. Chemical composition 

was adjusted and maintained the steel having the composition of ASTM grade steel shown in table no1at the 

time of pouring. 

Ferro-Chrome around 950 gm was poured into the melt which may weighing approximately 80 kgs and stirred 

well. The melt was super-heated to 1650 ºC and taken into a preheated ladle containing calcium silicide (which 

acts as deoxidizing agent) for pouring. Hot topping compound which is a mixture of silica, aluminum oxide, 

iron oxide and carbon will also be poured into the molten metal to retain the heat in the melt. 

Finally, the treated molten metal from the preheated ladle was directly poured by maintaining a temperature of 

1620°C into the first mold without adding copper and chilled water (5°C) circulation made through one of the 

chills (copper) while pouring the liquid metal into the mold. The melting furnace used in the present research 

is as shown in Figure 5. 

Copper is added to the liquid melt [in the ladle] and poured to the second mold set similarly, for third and 

fourth mold sets. In all the four sets of mold chilled water circulation was made through the copper chill. Once 

the liquid metal cooled and solidified was taken out from the molds by knocking, then fettling and degating 

done. All cast specimens were cleaned by shot blasting process and these cleaned cast blocks were cut into 

desired size and subsequently prepared test specimens as per ASTM standards. 

 
Figure 5: Steel melting Induction furnace 

 

IV. TESTING OF SPECIMEN 

 

A. Microstructural Examination 

The polished specimens were then etched using 3% Nital solution to evolve grain boundaries. Micro-structural 

studies were conducted on all polished specimens using Nikon optical microscope LV150 with clemex image 

analyzer. The specimens for microstructural studies were polished according to metallurgical standards and fine 

polishing was done using alumina powder and diamond paste. 
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B. Tensile Test 

Tensile tests were conducted at room temperature on computerized Instron Universal testing machine of 60t 

capacity in a load range of 0 – 600KN. The specimens for the test were taken at three different locations along 

the length of the casting from chill end. The tensile test specimens were prepared as per ASTM standards. 

 

C. Harness Test 

The Vicker’s hardness number (HV) of the test samples were measured using HWMMT-X7-microhardness 

tester. The values reported are the average of three repetitions on the same sample. 

 

V. RESULTS AND DISCUSSIONS 

 

A. Microstructural Analysis 

Specimens were prepared for metallographic studies. Test samples are polished by emery paper in sequence 

with different grades followed by polishing using nylon cloth and alumina powder of submicron size and 

diamond paste. After polishing samples were etched with 2% Nital solution and rinsed in distilled water to 

evolve grain boundaries while the microstructural features were examined under an optical microscope Nikon 

Microscope LV150 with Clemex Image Analyzer at X100 and X500 magnification and the micrograph 

presented. Equipment used is Nikon Microscope LV150 with Clemex Image Analyzer. 

 

 
Figure 6: Effect of chilling on microstructure (Mould-1) 
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Figure 7: Effect of chilling on microstructure (Mould-2) 

 
Figure 8: Effect of chilling on microstructure (Mould-3) 

 
Fig.9 Effect of chilling on microstructure (Mould-4) 
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B. Hardness Test 

The experimental results on hardness test for all test specimens conducted and tabulated in table 2. It has been 

observed that an increase in hardness in the test specimens used water cooled copper chills because of effective 

directional solidification and more chilling effect cause formation of carbide precipitation.  

Noticeable improvement in hardness is also observed in test specimens produced using copper chills. The test 

specimens casted were shown no considerable improvement in its hardness because of the influence of 

progressive solidification caused by the absence of chills.  

 

Table 2: Results of hardness test of various test samples 

 

Alloy Designations 
Without 

chill 

Silicon 

carbide chill 
Copper chill 

Water 

cooled copper chill 
Copper composition 

A-(Mould-1) 201 208 224 250 0.008 

B-(Mould-2) 217 250 268 271 0.71 

C-(Mould-3) 225 262 264 265 1.45 

D-(Mould-4) 213 251 262 272 1.90 

 
Figure 10: Hardness of un-chilled and chilled specimens 

 

C. Strength Test 

Tensile tests were conducted at room temperature on computerized Instron Universal testing machine of 60t 

capacity in a load range of 0 – 600KN. Three test specimens were taken from the chill end and prepared as per 

ASTM standards. The tensile test results revealed that the ultimate tensile strength increases with increase in 

copper content in the alloy composition and also it is observed that the test specimens cast with water cooled 

copper chills exhibit higher strength due to higher chilling effect during solidification. Further, cast specimens 

with copper chills shows relatively higher strength with respect to test samples produced with silicon carbide 

chills tabulated in table 3. 
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The tensile strength of the cast specimens produced without using chills shows lesser strength compared to 

other test samples. This is because of poor thermal conductivity and influence of progressive solidification from 

all sides of the cast specimens. 

Table 3: Results of UTS test of various test samples 

 

Alloy Designation Without chill 
Silicon 

carbide chill 
Copper chill 

Water 

cooled Copper chill 
Copper composition 

A-(Mold-1) 504.96 515.7 518.03 526.75 0.008 

B-(Mold-2) 494.08 536.9 542.15 552.92 0.71 

C-(Mold-3) 614.22 623.3 626.02 626.3 1.45 

D-(Mold-4) 586.06 600.1 604.57 604.17 1.90 

 

 
Figure 11: Tensile strengths of un-chilled and chilled specimens 

 

VI. CONCLUSION 

 

The rate of cooling of a solidifying metal controls the structure of the metal which in turn properties of the 

material. Improved mechanical properties observed in cast specimens produced using water cooled copper chill 

which causes more chilling effect during solidification. 

The higher hardness and higher tensile strength observed in cast specimens used water cooled copper chills. 

Lower mechanical properties observed in cast specimens produced without using chills because of these cast 

specimens    Figure.11 Tensile strength of un-chilled and chilled specimens influenced by progressive 

solidification from all the directions. Chilling effect during solidification influences on improvement in 

mechanical properties. 
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ABSTRACT 

 

Seals play a very important role in Gas turbines and there are more than fifty points where sealing is required. 

A good Sealing between the High pressure and low-pressure region improves the performance and efficiency of 

the gas turbine. Commonly used Seals in gas turbines are Labyrinth, Brush, and finger seal where each has its 

advantages and limitation. Sealing can be achieved by giving a tight clearance fit which could not be achieved 

in the labyrinth seal but since it is a solid seal and there is a contact with the rotor, life reduces due to wear. 

Brush seal also has the same problem with the stiffening of the bristles. Finger seal with hydrodynamic lift 

capability is used to reduce the wear and also gives efficient sealing. In this paper, an effort is made to carry out 

a stiffness analysis of the finger by varying the finger parameter and designing a finger for a newly 

conceptualized finger seal for a gas turbine application. An analysis is carried out for various parameter which 

affects the finger stiffness such as arc radius, length of the finger, repeat angle, and stick arc center. Geometric 

modeling’s done using commercial software and analysis is carried out. 

Keywords: Finger seal, Finger, Stiffness, Hydrodynamic lifting capability, Length, Stick arc Radius, Repeat 

angle 

 

I. INTRODUCTION 

 

Labyrinth seal which is vastly used in gas turbines has to have a certain clearance between the rotor and seal 

surface as it is a solid seal. Maintaining tight clearance fit in the labyrinth is not possible as rotor expansion due 

to operating temperature and radial displacement causes contact between the rotor and seal surface. Brush 

which can give a tight clearance fit and good sealing capability has the problem of stiffening of bristles due to 

stress and high operating temperature. With all these inputs an effort is being put in this paper to analyze the 

finger seal and hydrodynamic lift capability of the finger by studying the stiffness of the finger. The stiffness of 

the finger usually depends on its length, width, and thickness of a finger. The seal developed in this case has a 

fixed thickness for a particular application. 

 

II. METHODOLOGY 

Geometric Modeling of Finger 

The basic model of finger seal consists of a finger and a pad where the pad is pressed against the rotor with a 

very tight clearance fit. Once the rotor starts rotating a pressure wedge is created below the pad which causes 
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hydrodynamic lift of fingers thus reducing wear of the seal and thus increasing the life of the seal. Dimension of 

the Finger seal and the basic parameters of the seal are summarized in the Table 1 below. 

Table 1.Geometric Details of the Finger seal 

The main objective of this experiment is to analyze the stiffness variation by varying the parameters of the 

fingers such as Arc Radius Rs, Length of the finger Ls, Stick arc center Dcc and Repeat angle α. Model of this 

fingers were created using Catia and Analysis was done by importing the model of the  finger into Ansys. 

Finger Models created for different Parameters are shown in the Figures 1,2,3 and 4 below.  

Dcc stick arc circle center. When the diameter of the circle center (Dcc) of the finger stick arcs was increased, 

while all others dimensions remained same, the sticks became thicker and pointed more directly towards the 

center of the seal. Figure2. Shows the change in shape of the finger and visual comparison shows the increase in 

length, stick angle and stick height. Effect of this change in stiffness is discussed and summarized in results and 

discussion section. 

  
Figure 2.: CATIA model showing change of stick arc circle center(18 and 8 mm) 

Rs stick arc Radius. The increase of the stick arc radius causes the stick to curve more concentric to the inside 

diameter of the seal and consequently made the stick much longer than the original. Figure.3 shows the 20mm 

and 60mm arc radius finger seals, and it shows that there is an increase in the length of the finger and height 

narrows down, which lowers the stiffness of the finger stick. 

 
Figure 3: CATIA model showing change of stick arc Radius(20 and 80mm) 

L, Length of the finger: Increasing the length of the finger was done with four different values of 10,20,30 and 

40mm approximately The initial length of 10 mm showed a very high stiffness and the deflection was very 

minimum but as the length increased the stiffness reduced making the fingers more flexible. The pictures of the  

seals with finger length 10 and 40 is shown in Figure 4. 

 

Finger Geometry Symbols Value(mm) 

Seal Outside diameter DO 110 

Seal inside diameter  Di 80 

Finger base diameter Db 92 
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Figure 4: CATIA model showing change of length(10 and 40mm) 

Finite Element Grid Generation  

The goal of the discretization was to produce a finite element model that correctly demonstrated the fingers’ 

response to various loading cases while keeping the computer analysis run time to an acceptable amount. The 

mesh was automatically generated using 0.01-in as the standard length between nodes in an element. The 

finger seal was discretized using brick/tetrahedron finite elements. These brick elements are three-dimensional 

with three translational degrees-of-freedom per node. In sum, the discretized single finger with a pad finite 

element model consisted of approximately 1628 solid brick elements partitioned between the rim, the finger 

stick, and the foot/pad. The breakdown of this and other pertinent finite element information is summarized in 

Table below. Figure 6 shows the discretised model of two fingers with pad for different repeat angle of 5 and 10°  

Materials Properties 
Young’s Modulus 210 x 105 N/mm2 

Poisson’s Ratio 0.3 

Element types Element  Linear 8-noded brick element 

Gridding Information 
Material Model Isotropic 

Element in finger and pad 1628 

Table 2: Finite Element Analysis Parameters for a Single Finger 

   
Fig 6: Discretized model of single finger considered for analysis on ANSYS (10°&5° Repeat angle) 

 

Theoretical Stiffness Calculation  

Seals are designed to minimize the level of leakage to function effectively but the life of the seal also becomes 

equally important when there is friction between the rotating shaft and the seal. To maintain the integrity of 

the seal the compliance of the finger plays a major role in radial motion of the finger. This radial motion is 

achieved by the hydrodynamic lift capability of the finger which is due to the compliance of the finger. The 

measure of this marinating the correct amount of compliance of the finger is the stiffness of the finger. The 
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finger here is approximated as a cantilever beam subjected to an end load, the properties that influences the 

change in compliance can easily be seen by examining its stiffness equation equation1 [Ref-1]. 

𝑘𝑠𝑡𝑖𝑐𝑘 =
3E𝐼𝑥𝑥

𝐿3
  ----------(1) 

 

Where Ixx is Moment of Inertia of the Seal, E is young’s Modulus, L is Length of the Finger seal 

 

III. RESULTS AND DISCUSSION 

 

Verification of approximated cantilever Beam model with the Discretised model: 

In order to determine the straight cantilever beam would adequate model a comparative study with Discretised 

ansys model was carried out the maximum deflection for the cantilever beam was given equation 2.Summerised 

results of the comparison is showed in the Table 3. Results showed that the difference between the maximum 

deflections was 1% . One can conclude that the fingers behaved very similar to straight cantilever beam.   

∆𝑚𝑎𝑥=
𝑃𝑙3

3𝐸𝐼𝑥𝑥
------2 

Where P is concentrated load ,L is length of the finger, E is young’s modulus ,Ixx is moment of Inertia 

 

 Symbol FEA model Cantilever Beam 

Load total P 0.9964N 0.9964N 

Elastic Modulus E 2.1x105 N/mm2 2.1x105 N/mm2 

Total Beam Length  L N/A 41.88 

Cross-section Base b 4mm 4mm 

Cross-section Height h 2.4mm Approx 2.4mm 

Moment of Inertia  Ixx 4.608mm2 4.608mm2 

Maximum deflection ∆max .783mm .704mm 

Table.3: Validation of the cantilever Beam Model for the finger Deformation Simulations 

Dcc stick arc circle Centre: As Dcc increased, L decreased, and h increased; both of which, in the context of 

Equations 1& 2 cause an increase in the stick stiffness. The same was seen with the analysis done using Ansys 

for the stick arc circle centre of 8 and 18mm from the Centre. When the diameter of the circle center (Dcc) of 

the finger stick arcs was increased, while all others dimensions remained same, the sticks became thicker and 

pointed more directly towards the center of the seal. If the Dcc is kept increasing to the upper limit the finger 

stick becomes a post and as the Dcc is kept decreasing to the lower limit the finger radius becomes concentric to 

the inner circle of the seal, the finger stick lengthened, narrowed and ultimately collapsed Of the seal. and as 

the arc center kept moving away from the seal Centre the deflection reduced for the same load applied which 

can be seen on the figure 7. The increase in stiffness can be seen in the figure 8.  
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Fig 7: Deflection of finger after application of Load for (8&18mm stick arc circle centre) 

  
Fig 8: Stiffness VS Change in Stick arc circle centre  

   Rs stick arc Radius: This showed that the stick constructed from 60mm arc radii was much narrower and 

attached to the foot at a much shallower angle then 20mm arc radii. With the length significantly increased and 

the height significantly narrowed, the stiffness of the finger stick was lowered, and the analysis carried out also 

agreed with the same.  The deflection of the fingers with arc radius 40 and 60mm shown in figure 9 and it 

showed that there was a considerable change in stiffness. Variation of the stiffness with the Stick arc radius can 

be seen in the figure 9. This shows that with the increase in radius of stick arc stiffness reduces. 

 
Fig 9: Deflection of finger after application of Load for (40&60 mm stick arc radius) 
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Fig 10: Stiffness VS Change in stick arc Radius 

Length of the finger L: Stiffness is inversely proportional to the length of the component as the length increases 

stiffness reduces. Increasing length of the finger makes the finger less stiff. This is what is required to obtain the  

hydrodynamic lifting of the finger. The analysis carried out on the finger with different length of the finger 

showing deflection is seen in figure 11 and  the stiffness variation is shown in the figure 12. 

  
Fig 11: Deflection of finger after application of Load for (length of the finger 10 and 40 mm) 

 
Fig 12: Stiffness VS Change in Length of the finger 
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IV. CONCLUSION 

 

From the analysis carried out the following conclusions are drawn that overall Variations of Stick arc centre of 

circle, Finger radius and Length of fingers keeping the base radius and Inner radius constant there was 

considerable change in stiffness of the finger. The variations of this stiffness with the change in stick arc circle 

centre shows there is rise as the centre goes away,. Same way increase in the radius of arc varied the height and 

length of the finger which in turn effects the stiffness. The length variation has a direct effect on the stiffness as 

we know stiffness is inversely varying with length. Since the flexibility of the finger effects the hydrodynamic 

lift capability of the finger which plays a major role in reducing the wear and leakage. Considering all these 

parameter  a conclusion over development of finger seal  for a gas turbine was achived which had finger seal 

with the optimised stick arc radius of 60mm, arc center of 8mm and finger with a length of 41 was developed to 

achive good hydrodynamic lifting of finger and avoid wear. 
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ABSTRACT 

 

A new slicer software is developed which is light weight and yet functional, to obtain slice of any STL file 

without the need for conventional methods. We have been able to come-up with a solution and implement it 

without any errors. At the same time, we have been aiming to make the output G – code file readable by almost 

all the market available 3D printers with little to no modifications.  This program uses a revolutionary new 

concept, which does not depend on conventional ray object intersection method for finding the slice points of 

the object. This new method is named as “Plane points picking (PPP) algorithm”. We have come to realize after 

successful implementation of the new concept that, this method of slicing will reduce the total space required 

by the software package required. As we all know STL file structure consists of one normal and 3 vectors in 

recurring manner. this software supports both ASCII and binary type of STL files. And the software is built in 

“mm” unit system. The new method gives much higher accuracy coordinate values when compared to 

conventional method. 

 

Keywords: Plane points picking (PPP) algorithm, ASCII and binary STL file, Slicing, 3D printing, DraftCAD 

slicer. 

 

 

I. INTRODUCTION 

 

This new method is named as “Plane points picking (PPP) algorithm”, can be explained with an example so that 

it is easy to understand. let’s first start with the 20 mm cube as shown in the fig below. In this cube the three 

faces which are visible are divided into 6 triangles which can be easily identified by the different colors used for 

its surface. 

http://www.ijsrset.com/
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There are six more triangles making up the other three faces which are hidden in this image. Making a total of 

12 triangles with 3 points for each triangle.  making a total of 36 points, this points makeup the definition of the 

cube for the renderer to use for rendering.  

Now let us consider for the sake of understanding what is going on in the PPP algorithm consider a single 

triangle from that cube shone above. 

Assume that at this particular point in time we are aiming to find the sliced points of that cube at a height of 10 

mm from the print bed. Let’s consider that triangle having three points equal to 

Point 1 – (-10,10,0) 

Point 2 – (-10,10,20) 

Point 3 – (10,10,20) 

Now to the next part we have to know the height at which the sliced points are to be found out. This we have 

already decided to 10 mm. 

 
The equation for the plane is Z = 10 this is used in the following process. The triangle in consideration is 

considered as the set of three lines the points on the line at z = 10 is found in this condition we get two points 

which can be seen in the fig. 

Then a line is drawn using those two points. Which results in finding all the points on that line.  

Now imagine the process repeating for all triangle then the resulting lines are used to render lines which will 

trace the walls of the object at that height accurately. 
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The resulting polygon generated is as shown for the cube in consideration. 

 
The polygon is used so that infill path can be traced inside of the polygon, the infill points are also generated 

using the polygon intersection with the x plain, it is an implementation of PPP algorithm in x plain. The 

resulting path obtained is shown in the fig below.  

 
The complete slicing operation using the PPP algorithm which is previewed in Draft CAD slicer can be seen in 

the image below. This concludes the use of PPP algorithm for producing slice. 
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Now let us discuss the support structure generation. 

Now let us consider an object which has overhang which is shown in the fig below. The method used to 

generate support is similar to that of PPP algorithm used for slicing only difference is that in previous case 

plane z and x were considered,  

 
now plane x and y are considered and resulting slice at x = 0 is considered which results in a polygon as shown 

below fig. This polygon is used to produce points inside polygon in Y plane and then those points is used to 

build the support structure. 

 
By expanding it to entire object the support requirement can be seen in the preview. The preview of this is 

shown in the fig below. 



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published :  March 15, 2022    Page No : 203-208 

 

 

 

 
207 

 
Now slicing the object with support, the resulting preview can be seen in the below fig. 

 
 

II. RESULTS AND DISCUSSION  

 

We have been able to build world’s most advanced and most accurate slicing software catered specifically for 

FFF 3D printer technology. The G-code generated is accepted by almost all the 3D printers available in the 

market. 

 

III. CONCLUSION 

 

Software is accurate to 12 places after decimal point. And it supports both cartesian as well as delta type systems. 

The current software supports single extruder, and support structure generation with overhang angle greater 
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than 0 degree.  This current software only works with fixed Infill of 100%. This program requires low run time 

memory. This program is currently able to load one file at a time. 

Future aim 

1. Support multi-extruder 

2. Generate brim 

3. Generate skirt 

4. Variable infill 

5. Multiple file load capabilities  
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ABSTRACT 

 

This work was focused on development of LM26 composites reinforced with Chromium Oxide particles by 

utilizing the technique of stir casting. Percentage of chromium oxide was varied between 0 to 10wt%. A study 

of the mechanical properties as well as microstructure of the developed composites had been performed. With 

the assistance of optical microscope, the microstructural studies of LM26 alloy as well as composites have been 

conducted. Investigations were carried out on the LM26 alloy as well as composites for properties such as 

tensile strength as well as hardness. Microstructure confirms that the chromium oxide particles' distribution has 

been uniform. The hardness of composites was found to higher than unreinforced alloy and increases over time 

as weight percentage increases of Chromium Oxide particles from 0% to 10%. For LM26/10% Chromium Oxide 

composite showed highest yield and tensile strength compared to other composites and unreinforced LM26 

alloy. 

 

Keywords: Aluminium matrix composites, stir casting, Microstructure, Mechanical properties. 

 

I. INTRODUCTION 

 

Many engine components need to work for longer life in challenging conditions without comprising the 

mechanical properties. Most of the engine components are made up of aluminum alloys which’s because of 

their excellent mechanical properties as well as light weight. However, aluminium alloys are known for their 

softness, high wear rate and high ductility which are undesirable for many applications. Keeping their 

disadvantages and increasing demanding working conditions in mind many researchers across the world are 

developing aluminium alloy based metal matrix composites [1-3]. Light weight reinforcements like TiB2, TiC, 

TiO2, SiC, Si3N4, B4C, Al2O3 and carbon based nanomaterials are used to reinforce aluminium alloys to obtain 

high hardness and strength [4-8]. Most of these reinforcements are light weight, capable of withstanding high 

temperature, possess high hardness, high compressive and tensile strength values. After addition of these 

http://www.ijsrset.com/
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various reinforcements in to their respective aluminium matrices resulted in significant increase in hardness 

and strength values. The reinforcements can be of different morphology and size but the main distinguishable 

criterion is aspect ratio. Based on the aspect ratio reinforcement can be termed as fiber, short fiber, particulate 

or whisker. Out of all most commonly used reinforcement type is particulates which are quite easily available 

and it terms of cost they are quite cheap as compared to whiskers and fibers. Using particulates reinforced 

aluminium alloy composites many material engineers were able to achieve near net shaped product with high 

productivity [9].   

Many techniques have been adopted to develop particulate reinforced aluminium matrix composites. Primary 

processing techniques include liquid metallurgy, powder metallurgy and thermal spray. But majority of 

commercial applications are produced using liquid metallurgy techniques like reaction casting, squeeze casting 

and as simple as stir casting. This is mainly due to inherent advantages of liquid metallurgy like low cost of 

liquid metal compared to powders, easy in handling, required shape and size can be easily produced. Sanni Dev 

and Amit Aherwar [10] have studied the mechanical properties of composites materials made from LM26 

aluminum alloy with porcelain filled percentages of 2 weight percentage, 4 weight percentage, 6 weight 

percentage, as well as 8 weight percentage, with the assistance of stir casting. Evaluation as well as comparison 

of physico-mechanical properties of fabricated composites have been conducted which includes tensile strength, 

void fraction, micro hardness as well as their density. To the LM26 master alloy the inclusion of 8 weight 

percentage porcelain results in the enhancement of microhardness by 10 percent. In addition, the inclusion of 

porcelain of about 6 weight percentage enhanced tensile strength by 20 percent. Comparatively to LM26 master 

alloy, the fabricated composites exhibited superior physical as well as mechanical properties when examined. 

Ravi kuamr etal[11] As a matrix material the mechanical composites with LM6 have been investigated, and 

technique of stir casting has been used successfully to fabricate cenospheres with different percent’s as well as 

red mud of two percent as reinforcement materials. Compared to the base material, the composites had a higher 

hardness. The composites' density is reduced as the red mud as well as cenosphere percentage increases. As the 

percentage of red mud as well as cenosphere percentage increase then the UTS decreases according to the 

outcomes of the tensile test. Eight percent reinforcement was found to result in least elongation of the 

composites. Increasing the reinforcement percentage results in a decrease of percent elongation. 

Thirumalvalavan et al [12] In their study, manufacturers described the fabrication and evaluation of aluminum 

matrix composites' impact energy, tensile strength, microstructure as well as hardness etc. and the aluminum 

matrix composites comprises of the fused silica-SiO2 particulates as well as aluminum alloy LM25 matrix as 

reinforcement (dimension 150-250µm) within matrix. In the steps of 4 percent, the reinforcements are included 

which are in the range of 4 to 12 weight percent. Stir casting was used to make the composites. The composites' 

mechanical properties are enhanced by the SiO2 particulates reinforcement’s inclusion. A study had been 

conducted on fabricated metal matrix composites' mechanical properties as well as microstructure. Compared to 

the unreinforced alloy, there's an improvement in mechanical properties such as impact resistance, hardness as 

well as tensile strength. Radhika etl [13] have developed LM25/SiC/Al2O3 metal matrix composites by adopting 

liquid metallurgy route. The effects of reinforcement additions on hardness, tensile strength and Wear 

characteristics Composites have been studied. Highest percentages of reinforcement with 30 wt.% of have 

exhibited greater tensile strength and hardness than LM25 base alloy. 
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Keeping a huge scope of metal matrix composites especially the LM26 alloy based matrices this work is focused 

on the development of LM26/Chromium Oxide composites. Composite fabrication was done by economical and 

simple stir casting technique with varying weight percentage of Chromium Oxide particles. The fabricated 

composites were subjected to micro structural characterization to study the dispersion and mechanical testing 

to study the strength.     

 

II. EXPERIMENTAL DETAILS  

 

The base material used was aluminum alloy LM26. Table.1 exhibits composition of LM26 base material. 

Chromium Oxide particles were utilized as filler material in LM26 material. 0wt%, 2.5wt%, 5wt%, 7.5wt% and 

10wt% Chromium Oxide was blended to prepare composites. Composites were manufactured by melting LM26 

in an electrically heated furnace using graphite pot. For composite manufacturing, LM26 ingots of 3 kg were 

used. 750 oC were maintained for molten aluminum. To release trapped gases, hexachloroethane degassing 

billets have been included. The mechanical stirrer was used to mix Chromium Oxide particles in aluminum 

alloy by rotating at 250 rpm as well as in molten aluminum a vortex had been fabricated. Slag had been 

removed from molten mixture before pouring aluminum composite mixture in to cast iron moulds. Solidified 

composite materials were machined as per standards for various tests. Hardness was evaluated using vickers 

hardness test facility. LM26 and its composites were exposed to 100 grams load over the polished surface. 

Investigation was conducted by averaging five readings. Tensile properties were evaluated at room temperature 

utilizing UTM (universal testing machine) according to ASTM A370procedure. A schematic of tensile samples is 

given in Fig.1. Fig.2 present photograph of tensile test specimen. Investigation was conducted by averaging 

three tensile samples for each composition. By utilizing scanning electron microscopy, the fractured surfaces 

have been examined. 

Table: 1 Composition of LM26 alloy 

Chemicals Si Cu Mg Ni Zn Fe Mn Al 

Wt. (%) 9.28 2.45 0.72 0.72 0.92 0.88 0.43 Balance 

 

 
Fig.1 Schematic diagram of Tensile test specimen (All dimensions are in mm) 
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Fig.2 Photograph of Tensile test specimen  

 

III. RESULTS AND DISCUSSION 

 

3.1 Microstructure 

Microstructure analysis of stir cast LM26 alloy and Chromium Oxide reinforced composites were conducted 

using optical micrographs. Fig. 3 (a) – (d) depicts the optical images of unreinforced LM26 alloy as well as its 

composites with different weight percentage (2.5% to 10%) of Chromium Oxide particles. Fig. 1 (a) shows 

unreinforced LM26 alloy is composed of grain boundaries, pores and intermetallic compounds at the grain 

boundaries.  

  

1. LM26 alloy 2. LM26+5wt%Chromium Oxide 

  

(c) LM26+7.5wt%Chromium Oxide (d) LM26+10wt%Chromium Oxide 

Fig.3 (a-d) Optical micrographs of LM26 and its composites 
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According to the image, the unreinforced alloy grain size lies between 40 and 60 µm but there are few grains 

which has size more than 80 µm. Fig. 2 (b) to (d) depicts the optical images of LM26 composites with varying 

weight percentages (2.5%, 5% and 7.5%)of Chromium Oxide particles. The microstructure is composed of small 

size grains and Chromium Oxide particles located at the grain boundaries. Composites exhibit a gradual 

decrease in grain size with increasing weight percentage of Chromium Oxide particles and 

LM26/10%Chromium Oxide composite with highest Chromium Oxide particle weight percentage showed 

smaller grain sizes. Unlike in many cast alloy and composite the dendrites with columnar structure are found to 

form in conventional casting technique. In present case using mechanical stirrerto create vortex and stirring 

molten metal, the dendrites are broken and equi-axed globular grains are formed in both LM26 alloy and its 

composites [14]. 

 

3.2 Grain size and Hardness 

Effect of addition of different Chromium Oxide weight percentage on to the LM26matrix grain size is analyzed 

and presented in Fig. 4. From Fig it is seen that the alloy LM26 has 59 µm of average grain size while that of 

composites is lesser. For composite with 2.5 and 10% Chromium Oxide particle content the average grain size is 

54µm and 44µm respectively. The average grain size in composites is quite significantly smaller than 

unreinforced LM26 alloy. Reduced grain size is caused due to the existence of Chromium Oxide particles which 

were effective heterogeneous nucleation sites. When the weight percentage of Chromium Oxide particles 

increases, the number of heterogeneous nucleation sites also increases which in turn increase the number of 

fine size equi-axed grains. In addition to this the grain growth is hindered by the presence of Chromium Oxide 

particles thereby contributing to the grain refinement. 

 
Fig.4Graphical representation of grain size variation 

Vickers hardness of LM26 and its composites with different Chromium Oxide particle weight percentage is 

displayed in Figure.5.The composites hardness was found to higher than unreinforced alloy and turns to rises as 

the rise in weight percentage of Chromium Oxide particles from 2.5% to 10%. The hardness of LM26 alloy was 

59 VHN while that of composite with 2.5 and 10% Chromium Oxide particle content was 66 and 81 BHN 

respectively. The increment in hardness of LM26/2.5% Chromium Oxide and LM26/10% Chromium Oxide 

composites when compared to unreinforced LM26 alloy were 12.32% and 37.44% respectively. Chromium 

oxide particles cause grain refinement, which is what increases the hardness. The observed result is assisted 

quite well which was done by Jayakumar et al [15]. It was discovered that grain refinement had been the reason 

of the increase in hardness of A319/SiC composite caused by the addition of SiC particles. 
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Even distribution of Chromium Oxide reinforcement in matrix material is the main contributor for improved 

hardness. In aluminum alloy the Uniform distribution of reinforcements is critical factor in boosting composite 

materials' hardness, as indicated by optical images. A relatively high value of hardness was observed when 

evaluating the reinforced alloy in comparison to the unreinforced alloy. The enhancement of hardness is 

expected always because of the chromium oxide which's hard material when included in ductile as well as soft 

aluminum alloys. Additionally, the reinforcements of Chromium Oxide as well as aluminum matrix also have 

significant variation in thermal expansion coefficients. As a result, dislocations form between reinforcement-

matrix at the boundary [16-17]. 

 
Fig.5 Graphical representation of hardness 

 

3.3 Tensile properties 

Yield and tensile strength values for LM26 and its composites with different Chromium Oxide particle weight 

percentage are shown in Fig. 6 and 7 respectively. It has been found that composites exhibit higher tensile as 

well as yield strengths compared to unreinforced alloy and generally increases in proportion to an increase in 

weight percentage of Chromium Oxide particles from 2.5% to 10%.  

Unreinforced LM26 alloy had yield and tensile strength values of 154 MPa and 172 MPa respectively while 

LM26/10% Chromium Oxide composite had values 211 MPa and 254 MPa respectively. One can observe that 

the strength values for composites having up to 7% Chromium Oxide particle content where significantly 

higher than that of unreinforced LM26 alloy. However, there was marginal decrease in yield and tensile 

strength of composite Chromium Oxide particle content was increased from 7.5% to 10% weight percentage. 

The increase strength values can be because of the grain refinement as a result of the inclusion of Chromium 

Oxide particles. According to the equation of Hall-Petch which states that, as the size of grain decreased the 

yield strength tends to increase. In present case when the Chromium Oxide particle content increased, the 

grain size decreased. Due to the grain refinement caused by Chromium Oxide particles the strength was found 

to higher for composites having up to 10% Chromium Oxide particle content.  

Composites' ultimate tensile strength is greatly affected by the content of reinforcement. This's due to the 

reinforcements' dispersion in LM26 matrix must be uniform, so no areas should be free of particles. The 

particles of chromium oxide dispersed uniformly in a composite can be used to enhance its strength due to their 

high hardness as well as other better properties. Alternatively, reinforcements clustering can cause local 
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weakness at the point of tensile loading, which could result in cracks developing. Furthermore, there should be 

strong bonding between LM26 as well as reinforcement at the same time at interface there must be free of 

discontinuities. Between reinforcement as well as matrix the perfect interface encourages not just wetting as 

well as a suitable degree of adhesion of reinforcement particles to matrix. Or else in the absence of strong 

interfacial bonding, reinforcement particles may detach prematurely in the course of force application. 

Furthermore, for effective load transfer to reinforcements from matrix, good and strong interfacial bonding is 

critical. The extent of load transfer will be higher as the greater the strength of interfacial bonding, and 

therefore the particles of reinforcement will then be subjected to their fracture stress [18-20]. 

 
Fig.6 Graphical representation of  yield strength  

 
Fig.7 Graphical represntation ofultimate tensile strength  

 

Ductility of LM26 alloy as well as composites of it sare shown in Figure. 8. First the effect of reinforcement on 

ductility is presented in Fig. 11. It is seen that addition of Chromium Oxide particles led to decrement in the 

ductility of LM26 alloy composites. LM26 alloy demonstrated the highest ductility of 16.1% while LM26/10% 

Chromium Oxide composite showed the lowest of 11.6% value. 
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Fig.8Graphical representation of ductility  

 

3.4 Fractured Surface Analysis 

Tensile fracture surface of LM26 and its composites were studied using SEM and are displayed in Fig. 9.The 

fracture surfaces of both LM26 alloy as well as composites showed dimples and dendrites. The shrinkage 

porosity caused during processing period is preferential sites for crack initiation site and in these cases fractured 

surfaces showed such sites. All the samples showed dendritic structure in the fracture surface indicating failure 

due to formation of shrinkage porosity. During casting when the temperature of molten is very high than there 

is very high possibility of formation of shrinkage porosity. Apart from this gas pore formation and segregation 

are other two big problems which are likely to form in the molten metal held for longer time and poured at 

very high temperature. Cracks tend to initiate in the shrinkage porosity region and propagate along the gas 

pores leading to fracture of material. However in case of composites with 7.5% and 10% Chromium Oxide 

particle content as shown in Fig. 13 (c) and (d) there are some regions pertaining to clustered Chromium Oxide 

particles which are also capable of nucleating and propagating the cracks[21-22].  

  

(a)LM26 alloy (b)LM26+4wt%Chromium Oxide 

  

(c)LM26+6wt%Chromium Oxide (d)LM26+8wt%Chromium Oxide 

Fig.9 SEM of tensile fractured surfaces  
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Due to high work hardening rates, LM26 matrix is most likely to exhibit high hardness values and strong values, 

which in turn result in lower ductility values. Or that may even be expressed as an enhancement in 

reinforcement content especially reinforcement the LM26could act similar to the character of brittle that 

exhibits poor values of ductility after the tensile testing. There is no doubt that for composites the ductility go 

along with the definite pattern because with a 10% increase in the content of chromium oxide, a noticeable 

improvement had been found. However, the values of ductility of 10% content of chromium oxide composites 

have been greater compared to 2.5% 5% 7.5% and 10%chromium oxide reinforced composites but found to be 

lesser compared to LM26 alloy. This's mostly due to a rise in the percentage of porosity with increasing content 

of reinforcement. Along with this at several regions had been found the clustering of particles  that aid in the 

formation of voids, particularly at the interface of reinforcement as well as LM26 matrix. Particularly in 

composite materials, the reinforcement particles' sharp edge operates as the areas of stress concentration that 

may lead to low values of ductility. 

 

IV. CONCLUSIONS 

 

In this study effect of varying Chromium Oxide weight percentage on the mechanical behavior as well as 

microstructure of LM26 composites is reported. The conclusions drawn from this work are given below, 

1.  In LM26 matrix chromium Oxide particles dispersed uniformly, as revealed by micro structural analysis.  

2. The LM26 matrix’s grain size had been discovered to decrease with increased chromium Oxide particle 

weight percentage.  

3. The hardness of composites were found to be significantly higher than that of unreinforced LM26 alloy 

owing to grain refinement which caused by the addition of Chromium Oxide particles.  

4. Composites exhibited significantly higher yield as well as tensile strengths compared with unreinforced 

LM26 alloy. The increase in strength was attributed grain refinement and hardening. However, the 

ductility decreases with addition of chromium oxide particles.   
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ABSTRACT 

 

This comprehensive study mainly focuses on the production Bio-Diesel from the Used Cooking Oil (BD) by 

Trans-Esterification process and its usage with Graphene nano platelets(GNP) into diesel engine. Graphene 

Nano Platelets were chosen as the best possible nano addition for a 20% Bio-Diesel and 80% Pure-Diesel blend 

and various concentrations of graphene such as 25,50,75 mg/L were subjected to a constant speed engine testing 

at GKVK Bioenergy Research and Quality Assurance Laboratory at various Engine loads on a computerized 

“Variable Compression Ratio Multi Fuel Engine Test Rig” along with a top of the line computerized “AVL 

MDS-450 Emission Testing Equipment” with an effort to use the blend as an substitute to Pure-Diesel. The 

performance, combustion and emission characteristics were compared when engine is injected with various 

blend ratios. The results showed that BD20-75GNP had 11.5% increases in break thermal efficiency than 20BD-

80D blend at 8Kg load. Also 36% of decrease in ignition delay was observed in BD20-25GNP fuel blend and 13.1% 

increase in peak pressure in BD20-75GNP; 55% and 51% reduction in CO and HC emission 20BD-75GNP fuel; 34% 

reduction in NOx emission in 20BD-25GNP fuel. Considering the various optimization factors, the recommended 

GNP concentration to achieve the most significant enhancement in engine performance is 75 mg/L with BD20.  

 

Keywords: Diesel Engine, Graphene nano platelets, Ignition Delay, Nitrogen Oxide emissions. 

 

I. INTRODUCTION 

 

Diesel engines have low specific fuel consumption and high thermal efficiency owing to their high compression 

ratio, low pumping work, and lean fuel air operating conditions. In addition, they have high reliability and low 

http://www.ijsrset.com/


International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published :March 15, 2022 Page No :  220-229 

 

 

 

 
221 

operating and maintenance cost, enhancing their benefits in different sectors such as electricity generation, 

automobile sector, and agricultural machinery. However, compression ignition engines emit large quantity of 

emissions (NOx, soot, CO, UHC, and particulate matter) causing serious health hazards and environmental 

degradation. Additionally, petroleum-derived fuels are declining and are predicted to provide our energy 

requirements until the middle of the 21st century because of the significant increase in energy demand and 

population. There are several techniques to reduce diesel exhaust emissions. These include engine design 

modification, combustion enhancement, and use of treatment devices for exhaust systems. The enhancement of 

engine combustion is the most recommended approach because it requires only few modifications of engine 

systems compared to the use of new designs or additional systems. This technique is achieved by adjusting the 

fuel properties, enhancing fuel injection, and using fuel additives.  

One approach is by utilizing biodiesel as an oxygenated fuel, which is a promising alternative to the 

conventional diesel fuel [1]. Biodiesel is gaining more acceptance as a promising alternative energy resource 

because of the global fossil fuel shortage and emission issues. It is considered as an excellent choice for diesel 

engines because it is biodegradable, oxygenated, non-toxic, and environmentally friendly. However, graphene 

nanoplatelets (GNPs) can be an environmentally friendly fuel additive for promoting the combustion process of 

diesel biodiesel blended fuels efficiently owing to its low toxicity, high energy density, and high thermal 

conductivity. The ultra-thin and layered nanostructure of GNPs and the existence of different oxygen 

functional groups in GNPs provide a large surface area to volume ratios and chemically energetic sites for 

enhancing complete combustion[2,3]. 

Saxena and Khalife et al (2016) stated that the influence of adding nano-particle additives with diesel, biodiesel 

and diesel-biodiesel blends on a diesel engine performance and emission parameters was comprehensively 

surveyed. They concluded that the metallic-based additives and multi walled carbon nano-tubes additive have 

been demonstrated promising in terms of their impacts on engine performance and emission characteristics[4]. 

Harish Kumar Patel et al (2017) project’s focussed to improve the performance of CI engine using diesel and 

bio-diesel by adding appropriate amount of nano-aluminium oxide (n-Al2O3). An experimental investigation 

was carried out to find out the performance of Single cylinder, 4 stroke diesel engine using Jatropha oil bio 

diesel and n-Al2O3 mixed diesel. It had been found the better results while using n-Al2O3 nano particle as an 

additive[5].  

Ahmed I. EL et al (2019) paper tells about the experimental study which aims at investigating the impact of 

adding graphene oxide nanoparticles (GO) to neat Jatropha Methyl Ester (JME) on a single cylinder air cooled 

direct injection four stroke diesel engine. The nano-fuels have been prepared from 25, 50, 75 and 100 mg/l 

concentrations of graphene oxide with neat Jatropha biodiesel through ultrasonication process. The results 

indicate that the diesel engine operated by JME-GO nano-fuels enhanced the brake thermal efficiency by 17% 

compared to neat JME fuel. Furthermore, the peak cylinder pressure, the highest rate of pressure rise, and 

maximum heat release rate were also increased by 8%, 6%, and 6%, respectively. The CO and UHC emissions 

were decreased significantly by 60% and 50%, respectively, for JME-GO blends compared to pure JME fuel[6]. 

H. Suresh Babu Rao et al (2018) stated that Injection timing (IT) is a vital factor among different injection 

parameters which governs the emissions and performance factors of the engine. This work portrays the effect of 

IT on cerium oxide nanoparticle doped Waste Cooking Palm Oil biodiesel and diesel blends. The doping is 
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made at 30, 60 and 90 ppm. The modified fuels are introduced in reducing IT of 19°, 21° and 23°bTDC. 1500 

rpm engine is made use in this study. Results revealed a significant reduction in emissions [7]. 

 

II. EXPERIMENTAL SETUP AND EXPERIMENTATION 

 

A computerized variable compression Ratio Multi-Fuel Engine Test rig was used for the performance analysis, 

with technical specifications presented in Table 1. The diesel engine test rig is coupled with eddy current 

dynamometer as shown in figure 1. Figure 2 shows the photograph of diesel engine test rig. 

 
Figure 1:  Diesel engine test rig   

 
Figure 2:  Photograph of Diesel engine test rig   
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TABLE I SPECIFICATIONS OF THE ENGINE 

Engine Parameter Specifications 

Engine model Computerized Variable Compression Ratio Multi fuel Engine Test Rig 

Number of cylinders 1 

Bore, mm 80 

Stroke, mm 110 

Displacement, cm3 553 

Compression ratio 5:1 to 20:1 

Idle speed, rpm 1400-1500 

Type of injection Direct 

Type of cooling Water cooled 

Starting up Electric Start 

Dynamometer 
Type: EddyCurrent 

Capacity: 5HP 

Combustion pressure sensor Piezo-electric 0-100 bar 

The exhaust gas analyser, Model “AVL-MDS 450” was utilized to measure the engine emissions of CO, UHC, 

NOx, and O2. The technical specifications of the exhaust gas analyser are presented in Table 2 

TABLE III SPECIFICATIONS OF EXHAUST GAS ANALYSER 

 

Fuels used 

The extracted UCO Bio-Diesel was blended with Pure-Diesel in the ratio of 80:20 by volume, then various 

quality test was carried on the extracted bio on the Blend in “Bio-Energy Research and Quality Assurance 

Laboratory” in Gandhi Krishi Vignan Kendra, Bangalore (GKVK), Diesel Blend was subjected to various quality 

testing process before its used on Engine, mainly done to protect various components of engine from any 

residue which may be left behind during the bio-diesel extraction process. All the properties of fuels, were 

measured according to ASTM standards. The values are shown in table 3. Blend’s density was measured using a 

“Anton Paar- DMATM 35”, it is portable specific gravity measuring kit with very high accuracy. Both pure-

Diesel and Blend were subjected to Calorific value test in “Oxygen bomb calorimeter C3000 isoperibol”. The 

samples were tested by the Pensky-Martens Closed cup technique on a “Opti Flash - Pensky Martens Herzog” 

following these standards “ASTM D93 Methods A,B & C, ISO 2719 A, B & C, EN ISO 2719 A, B & C, IP 34 A,B 

& C, JIS K 2265 and GB/T261”.  

 

Gas Measuring Range Resolution Accuracy 

CO 0-4000 ppm 1 ppm ±10 ppm 

CO2 0-20% by vol. 0.1% by vol. 0.5% of reading 

UHC 0-10% by vol. 0.1% vol. ± 0.3% of reading 

O2 0-20.9% by vol. 0.01% by vol. ± 0.3% 

NOX 0-4000 ppm 1 ppm ± 5ppm 
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TABLE IIIII PROPERTY OF FUELS USED 

Property Pure-Diesel 20BD80D 

Density (g/cm3 ) 0.8159 0.8352 

Calorific Value (J/gm) 46272 44291 

Flash point (°C) 41 46 

 

GNPs-20BD80D Mixture Preparations 

The GNPs-JB20 blended fuels were prepared according to the method mentioned. In, the mechanical disperser 

(LABSONIC M, the ultrasonic homogenizer, Volume range: 50 mL-30 L, speed range: 0 to 23,000 rpm) was 

used to prepare the homogeneous fuel mixtures of GNPs20BD80D and dismantle the agglomeration of 

nanoparticles. GNP-20BD80D blends were subjected to probe sonication for 20 mins at 30Khz thrice to 

enhance the stability of fuel blend. The GNPs were dispersed into the biodiesel blend using an ultrasonication 

pulsating frequency technique to avoid nanoparticle agglomeration in the fuel blend. The GNPs of mean outer 

diameter less than 2 mm, thickness of 6 to 8 nm, and width of 5 μm were prepared for testing. The Physical 

properties of Graphene Nano Platelets used is shown in table 4. 

TABLE IV PHYSICAL PROPERTIES OF GRAPHENE NANO PLATELETS 

Parameters Measured values 

Graphene nanoplatelets nano-powder ~99% purity 

Average particle size 6-8 nm thick, 5 mm 

Appearance Black 

Bulk Density 0.45 g/cm3 

Thermal conductivity 3000 W/m-K 

The values indicates that the thermal conductivity of GNPs at room temperature is over 2000 times greater than 

that of pure JB20 blends. Therefore, GNPs-20BD80D blends have a higher thermal conductivity compared to 

pure 20BD80D blends. As a result, the evaporation rate of fuel droplets increases, yielding a shorter ignition 

delay. Moreover, the surface area to volume ratio of GNPs is higher than that of diesel biodiesel blends. 

Consequently, GNPs-20BD80D fuels will have higher heat transfer rates compared to diesel biodiesel blends.  

 

III. RESULTS AND DISCUSSION 

 

This section explains the performance of the diesel engine operated on diesel engine at different load by 20% 

biodiesel and varying the percentage of concentrations of graphene as 25,50,75 mg/L respectively.  

 

Brake thermal Efficiency 

Figure 3 shows the Break thermal efficiency against load. The thermal efficiencies at 8kg load are 22.19 %, 

21.64%, 22.8%, 24.73% for 20BD80BD, 25, 50 and BD2075GNP fuels respectively. The highest of 11.5% 

increase in break thermal efficiency observed for 20BD80D blend compared to BD2075GNP. 
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Figure 3: Effect of graphene nano platelets on Brake thermal effeciency 

Combustion Characteristics 

Peak pressure and Ignition delay 

The P – θ history was acquired for fifty cycles and the averaged pressure v/s crank angle at when diesel injected 

with different graphene nano platelets is shown in Figure 6. Peak pressures were 52.55, 55.25, 55.7, 59.46 bar 

for 20BD80BD, 25, 50 and BD2075GNP fuels, respectively and 23.84, 15.24, 15.32 and 20.58 0CA were the 

respective Ignition delays of the corresponding fuel samples. Hence 36% of decrease in ignition delay was 

observed in BD2025GNP fuel blend and 13.1% increase in peak pressure in BD2075GNP; both at 8Kg engine 

loads. 

 
Figure 4: Variation of pressure with crank angle for graphene nano platelets  
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Emissions Characteristics 

HC and CO emissions. 

The addition of GNPs into BD20 has a significant positive effect on CO and UHC emissions. The reason for this 

may be due to the shortened ignition delay and the enhanced ignition characteristics of GNPs. Moreover, the 

high catalytic activity of GNPs is due to their higher surface area to volume ratio, which improved the fuel air 

mixing in the combustion process[12,13]. From figure 5 and figure 6 there has been 55% and 51% reduction in 

CO and HC emission at 8Kg load in 20BD75GNP fuel. 

 
Figure 5: Effect of graphene nano platelets on HC emissions 

 
Figure 6: Effect of graphene nano platelets on CO emissions 
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NOx emissions 

Figure 7 shows the NOx against load.  NOx emission reduced due to increasing the ignition delay[11] and as 

stated before with huge reduction in ignition delays in the 20BD25GNP and it is evident in Figure 7, it 

observed that 34% reduction in NOx emission at 8kg load in 20BD25GNP fuel. 

 
Figure 7: Effect of graphene nano platelets on NOx emissions 

 

Optimized Condition 

In order to choose the best fuel as a substitute for Pure-Diesel, an optimization technique is used by plotting 

results of various Emission gasses against Break Thermal Efficiencies at 8 kg load as shown in figure 8.  It is 

observed that point closest to Pure-Diesel is 20BD75GNP Data points suggesting the fact that it has the best or 

the closest Thermal Efficiency as Pure-Diesel and least emission compared to all other fuels. 

 
Figure 8: Brake thermal efficiency –NOx emissions trade-off 
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IV. CONCLUSION 

 

In the present experimental work, the engine was operated on diesel, 20BD80D Blend and 20BD80D emulsified 

with 25, 50, 75 mg/L blend at 1500 RPM Engine speed at various loads (from 0-8kg loads). BTE of BD2075GNP 

was higher than Pure-Diesel at 6kg Load and almost same as Pure- Diesel at 8kg Engine Load. Peak pressure of 

20BD75GNP fuel was found to be 10% more than that of peak pressure of Pure-Diesel throughout various loads. 

2% of reduction in Ignition Delay compared to Pure-Diesel was found when engine was operating on 

BD2025GNP fuel. 25% of Reduction NOx emission was found at various engine load compared to Pure- Diesel 

while using BD2025GNP fuel. 7% less CO and 30% less HC emissions we recorded during BD2075GNP 

compared to that of Pure-Diesel at various loads. Considering the various Optimization factors considered in 

previous chapter of the report, The recommended GNP concentration to achieve the most significant 

enhancement in engine overall performance is 75 mg/L, which had the better performance and emission 

characteristics than that of Pure-Diesel. 
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ABSTRACT 

 

In the recent decade composite materials plays a significant role in the manufacturing sector of many industries 

contributing towards the social and economic development of a country. This is because of flexibility to 

combine different set of materials to bring out the desired properties in developed material. Many researchers 

performed experimental investigation on potential use of composite in various engineering application viz. 

structural components of automobile and aerospace application. In this regard current investigation is intended 

to tailor a hybrid fiber reinforced composite material constituting Jute, E – Glass and Epoxy matrix material. 

Traditional hand layup technique is adopted to cast the composite based on weight fraction. Thus casted 

composites are tested for Mechanical properties and vibration characteristics. Also the composites are tested for 

the effect of addition of Shear Thickening Fluid (STF). Scanning Electron Microscope (SEM) images were 

captured for the composites developed to validate the test results. Mechanical and dynamic test result indicates 

that addition of STF to composite improved the mechanical properties and vibration characteristics and has 

potential to be used in automobile application. 

 

Keywords: Hybrid composites, Shear thickening fluid, Mechanical testing, Jute, E-glass, Epoxy 

 

I. INTRODUCTION 

 

Hybrid composite materials are those when two or more fibers combined together with the aid of a polymer 

resin [1]. The purpose for combining two or more fiber in composite is to develop the desired mechanical 

properties so as to be used in a specific application. In this regard many researchers performed research for the 

true worthiness of the developed composite. Also researcher tries many natural fibers as replacement for 
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synthetic fiber to improve the degradability to make composites eco – friendly by not compensating with 

properties of material [2]–[6]. 

K Abdurohman et al. investigated the effect of different casting technique on the tensile properties of 

composites made of E – glass and epoxy. Techniques involved in the casting of composites are hand layup, 

vacuum bagging and vacuum infusion. American Standard for Testing Materials (ASTM) D 3039 was adopted as 

testing procedure. Results indicates that the composites processed using vacuum infusion with 60 wt % fiber 

and rest as resin possess higher tensile modulus and Ultimate Tensile Strength (UTS) of 10673.4 MPa and 346.15 

MPa respectively compared to 8660 MPa and 260.986 MPa for hand layup method [7]. 

Abhishek et al. experimented the tensile and hardness properties of hybrid composites having jute, e-glass and 

epoxy resin. Composites were casted using conventional hand layup method. Composites were tested for the 

effect of addition of Shear Thickening Fluid (STF). Fibers and resins were maintained in the ratio of 60 wt % of 

fibers and 40 wt % resins. Jute fibers were varied to examine the effect of jute fiber variation. Results concluded 

that tensile modulus and UTS of the composite increased with the increase in the jute wt %, but the percentage 

elongation of the composite decreased.  Addition of STF to the composite further increased the strength and 

UTS. The tensile modulus and UTS recorded were around 1300 MPa and 200 MPa for composites with STF [8]. 

Joselin et al. in their investigation attempted to improve the impact resistance in high performance Kevlar 

fabrics by impregnating the fabrics using STF. Results indicated that the fabric with impregnated STF exhibited 

better impact resistance, also the depth of penetration in the fabrics with STF was lesser compared to fabrics 

without STF [9]. 

Davoodi et al. tested composite material comprising of Kenaf – Glass fiber bonded with epoxy resin for bumper 

beam application in passenger car and found that above said composite has a greater potential to be used in 

bumper beam application since its strength was on par with the requirement, but its impact resistance was on 

lower side [10]. Raghavendra et al. tested hybrid composites made of Jute and glass, epoxy as polymer for 

mechanical properties to be used in automobile application and concluded that combination of natural and 

synthetic fiber hybrid composite had greater abilities to replace conventional materials in automobile 

application with improvement in impact strength [11]. 

Kunkun et al. carried out their research on effect of shear thickening fluid on energy absorption capacity and 

transverse impact strength in sandwich composites. Sandwich composite panels were prepared using carbon 

fibers facing with shear thickening fluid filled in composite. Thus prepared composite were tested for low 

velocity impact loading. It was found from results that composite made of shear thickening fluid as core 

material exhibited higher energy absorption capacity than aluminium foam as core material. Also the depth of 

penetration in the composite panel was less compared to aluminium foam sandwich composite panels [12]. 

Kejing et al. [13] evaluated the stab resistance of fiber by coating with silicon based shear thickening fluid. Glass 

fibers were soaked in STF and dried before fabrication. The evenly distribution of STF was established by SEM 

photographs. Quasi – static stab resistance test was conducted on fiber with and without STF. Fiber coated with 

STF indicated superior stab resistance compared to fibers without STF. 

It can be summarized from the literature that the composite with the addition of STF improves the Strength 

and impact resistance. In the current investigation, it is intended to process a hybrid composite consisting of e-

glass, jute as fibers and epoxy as resin. Also the developed composites are tested for the effect of addition of STF. 
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II. MATERIALS AND METHODS 

 

As discussed in the previous section in the current investigation a hybrid composite are developed with e-glass 

and jute as fibers and epoxy as matrix materials. Figure 1 depicts the jute. E-glass and epoxy used in the casting 

of composites. Composites are fabricated using hand layup method [14]–[17]. In this method the woven fibers 

are placed in a flat mould and the measured quantity of matrix material is added with constant rolling to 

remove any trapped air gaps in the composites. Thus prepared composites are allowed to cure in the room 

temperature for one day. Cured composites are then processed according to ASTM standard for evaluating 

tensile, hardness, impact and dynamic properties. Also the composite are tested for the addition of STF, which 

are made of corn starch suspended in water in the ratio of 10:1. This mixture is then added to resin. Mechanical 

properties of the jute, e-glass and epoxy are listed in Table 1, 2 and 3 respectively. 

 

Table 1. Mechanical properties of Jute 

Density (g cm-3) Tensile strength (MPa) Youngs modulus (GPa) 

1.3 393 26.5 

 

Table 2. Mechanical properties of E - Glass 

Density (g cm-3) Tensile strength (MPa) Youngs modulus (GPa) 

2.55 1750 70 

 

Table 3. Mechanical properties of Epoxy 

Density (g cm-3) Tensile strength (MPa) Youngs modulus (GPa) 

1.2 -1.3 50-125 2.5-4.0 

 

Hybrid composites are prepared with varying jute fiber loading viz. 5 – 20 wt % i.e. in steps of 5 wt %. Also 

composites are tested for the effect of addition of shear thickening fluid; the details of the composition in the 

composite are tabulate in Table 4 and 5. 

   

a b c 

Figure 1: (a) Jute (b) E-glass (c) Epoxy 
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Table 4. Composition of the composite without STF 

Composition Jute Wt% E-Glass     Wt% Epoxy Wt% 

C1 5 45 50 

C2 10 40 50 

C3 15 35 50 

C4 20 30 50 

 

Table 5. Composition of the composite with STF 

Composition Jute Wt% E-Glass Wt% Epoxy Wt% 

CS1 5 45 50 

CS2 10 40 50 

CS3 15 35 50 

CS4 20 30 50 

 

Tensile Test 

Material of any form, assessment of tensile properties is very important since, materials to be used in structural 

application requires mechanical properties, one such property is tensile strength which are assessed through 

tensile testing. In this test materials are subjected to axial loading. Gradually load is increased till the failure of 

the material. standards are adopted for testing  is ASTM D638 type I [18]. Mechanical properties such as UTS 

and percentage elongation are determined for the composites defined in previous section. 

 

Rockwell Hardness Test 

Surface property is one of the key factors to assess the wear in materials. Here composites are tested for 

Rockwell hardness testing for M Scale with ASTM D785, size of the ball indenter being 6.35 mm. Composites 

are subjected to minor load of 10 kg and major load of 100 kg. The hardness of the materials is evaluated using 

Equation 1. 

Rockwell hardness number = 130 - 
ℎ

0.02 𝑚𝑚
       ... Equation 1 

 

Charphy Impact Test 

Resistance against sudden load is as important property for structural application like in automobile/aerospace 

industry. This charphy impact test characterises the strength of the materials against impact. The ASTM D 256 

standards are adopted for the conduction of test. Figure 2 indicates the tailored composites according to ASTM 

standards. 

 



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published :March 15, 2022 Page No : 230-241  

 

 

 

 
234 

 
Figure 2: Composites according to ASTM standards 

 

Dynamic Mechanical Test 

Fast Fourier Transform (FFT) analysis are performed to evaluate natural frequency of the materials [19]–[23]. 

Dynamic vibration analysis were conducted to evaluate the natural frequencies of the passenger car 

components [24]–[26]. In this test a specimen of dimension 300 * 300 mm are held as cantilever beam, 

specimens are subjected to excitation force to record FRF variation in the material which are utilized to 

compute natural frequency of the components. Figure 3 illustrates arrangements made in dynamic mechanical 

testing to assess natural frequency of the composites for different modes. 

 

 
Figure 3: Dynamic mechanical testing setup 

 

SEM Analysis 

SEM photography of composites with and without STF is captured in order to validate the bonding between 

fibers and fiber-matrix by using Hitachi SU 3500 machine. Initially composites are subjected to Gold sputtering 

process as surface preparation. 
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III. RESULTS AND DISCUSSION 

 

Tensile Test 

Mechanical properties such as UTS and percentage elongation are recorded for the hybrid composites with and 

without STF and the Table 6 reveal the results.  

 

Table 6. Results for Tension test 

Composite UTS (MPa) % Elongation Composite UTS (MPa) % Elongation 

C1 96.49 2.09 CS1 211.06 4.79 

C2 81.83 3.34 CS2 147.42 2.83 

C3 137.89 4.31 CS3 97.74 1.87 

C4 61.27 4.36 CS4 100.04 1.43 

 

 
Figure 4: UTS vs jute wt % in composites with and without STF 

The variation in the UTS for the change in the jute wt % in composite with and without STF is depicted in 

Figure 4. It indicates that the UTS in composite C3 are higher compared to composite C1, C2 and C3, but a 

decreasing trend is observed except in C3 composites this is argued later with the morphology images that the 

bonding in composite C3 is better compared to rest of composition. Similar variations are recorded for the 

composites with STF.  This decrease in the UTS is because of increase in the jute wt % i.e. e-glass is stronger 

compared to jute as shown in Table 1 & 2. This is supported by the work carried out K Abdurohman et al. in 

the application of alkali treated rice straw fiber composite in bumper beam application  [7] .  

The highest UTS are recorded for the composite without STF is 137.89 MPa for C3 and for composite with STF 

it is 211.06 MPa in CS1.  Results also indicates that the addition of STF to composites enhances the UTS in C1, 

C2 and C4 but in C3 it decreased as a result of poor bonding between fibers and fiber-matrix by SEM 

morphology. 
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Figure 5: Percentage elongation vs jute wt % in composites with and without STF 

Effect of varying fiber loading and addition of STF to composite on percentage elongation is shown in Figure 5. 

On comparing the stiffness of jute and e-glass as listed in Table 1 & 2, jute is less stiffer then e-glass, this is 

distinctly visible in the results of percentage elongation for varying jute fiber loading in composites i.e. as the 

jute wt % in composite increases, the percentage elongation increases. The highest percentage elongation of 

4.36 % is noted for the composite C4 and lowest of 2.09 % for C1.  

In composites with STF this trend is overturned, percentage elongation decreased with the increase in the jute 

wt %. The formation of tenacious like substance due to the addition of STF to composite is one of the reasons, 

which improves bonding between fibers and matrix to increase the strength and decrease in percentage 

elongation as revealed in SEM images. 

 

Hardness Test 

Surface hardness of the composites are measured using Rockwell hardness and test results are shown in Figure 6. 

It indicates that the variation in the hardness between composites has not varied significantly for varying jute 

wt % in both composites with and without STF this is because of the reason that the resin is kept constant and 

the facing layers of composites comprises of e-glass. But composites with STF revealed lower HRM compared to 

without STF. Highest HRM is noted in composite C1 with 82 HRM while lowest of 61 HRM in CS4. 

 
Figure 6: HRM vs jute wt % in composites with and without STF 
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Impact Test 

Effect of Adding STF and varying fiber loading on charphy impact strength are depicted in Figure 7. Results 

indicated that increase in the jute wt % in composite increases the impact strength in both composites with and 

without STF, but the effect of increment in impact strength is not that significant for composites with STF and 

for 15 and 20 jute wt %. M K Guptha et al. [15] in their investigation proved that the combining jute with sisal 

increased the impact strength in the composites. Similar results are noticed in the composites without STF.  

Kejing et al.[13] in their investigation proved that the addition of STF increases the impact strength of the 

composite, similar observation are noticed in the current research that the addition of STF increased the impact 

strength in composite with STF compared to the composites without STF.   

Dynamic Mechanical Test 

The results for the dynamic mechanical test are illustrated in Figure 8, 9 and 10 for mode 1, 2 and 3 respectively 

for composites with and without STF. The effect of adding STF and varying jute wt % in the composite is not 

significant for the 10, 15 and 20 jute wt %. But in composite with 5 wt % jute natural frequency increased in 

mode 1 and decreased noticeable in mode 2 and 3. Results concluded that a range of natural frequency can be 

obtained by varying jute wt % and addition of STF to composite. 

SEM Analysis 

Surface morphology for the composites with and without STF for varying jute fiber loading is illustrated in 

Figure 11 and 12 with 500X magnification. Figure 11 reveals the presence of voids in composite C1, C2 which 

reduced the strength in the composite as seen for UTS. Also from Figure 12, it is noticed that the addition of 

STF transposes resin into sticky which hold the fibers and matrix to higher strength and reduced the formation 

of voids in the composites.  

 
Figure 7: Impact strength vs jute wt % in composites with and without STF 

 

 
Figure 8: Natural frequency vs jute wt % in composites with and without STF for mode 1 
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Figure 9: Natural frequency vs jute wt % in composites with and without STF for mode 2 

 

 
Figure 10: Natural frequency vs jute wt % in composites with and without STF for mode 3 
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Figure 11: SEM images of composites without STF (a) C1 (b) C2 (c) C3 (d) C4 
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a b 

  
c d 

Figure 12: SEM images of composites with STF (a) CS1 (b) CS2 (c) CS3 (d) CS4 

 

IV. CONCLUSION 

 

Mechanical Properties such as tensile strength, percentage elongation, hardness, impact strength and 

Vibrational characteristic like natural frequency for the composites for varying fiber loading and effect of STF 

are studied and following conclusion were drawn: the hybrid composite CS1 shows better ultimate tensile 

strength, percentage elongation, hardness, impact strength and natural frequency in mode 1 indicating addition 

of STF increased mechanical properties. But the addition of higher jute wt % fiber to composites reduced the 

UTS, increased the impact strength making the composite potential to be used in automotives with impact 

application. 
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ABSTRACT 

 

Composites are defined as a mixture of two or more ingredients where one is called a matrix (larger in quantity) 

and the other is called reinforcement (smaller in quantity). Now a day’s research is concentrated on various 

methods of making biodegradable composites where either reinforcement or matrix are biodegradable, or both 

are biodegradable. Composites have so many applications in industrial as well as commercial use due to their 

low weight to strength ratio that attracted the automobile manufacturers to use these materials in cars which in 

turn increases the efficiency as well as reduce the cost of the automobile. In this paper, an effort has been made 

to investigate the various process of manufacturing composites manufactured from banana fibres using different 

matrices preferably PLA (Polylactic Acid). The methods of improving the bonding between the reinforcement 

and matrix, effect of fiber orientation, size of the fibers and percentage reinforcement have been studied. 

 

Keywords: Bio-degradable composite, Polylactic Acid, Layered solid, Deformation, FEA, Von Mises stress. 

 

I. INTRODUCTION 

 

In today’s scenario, due to industrialization, environmental degradation is attracting people all over the globe to 

think about future materials that could be more sustainable and eco-friendlier in nature. These biodegradable 

plastics and other bio-based polymers when used as composites can replace the petroleum-based polymers in 

the market up to the large extent. Composites are classified as non-biodegradable and biodegradable. 

Biodegradable can be partially or fully depending upon the type of matrix and reinforcement[1].  

During the past decades, researchers are shifting their interest to fibre-reinforced polymer composites due to 

many advantages such as great stability, easy fabrication method, low cost etc. by making the different 

compositions of fibers and polymers. The use of carbon, glass and graphite have been widely used synthetic 

fibers for many industries as well as domestic applications. Due to the environment, which concerns, every 

technology should be environment friendly. Therefore, the importance of natural fibers are increasing rapidly. 

Due to their environment-friendly nature, very low need of energy consumption during production of these 

fibers, degradable nature, renewable and low cost of these materials attracts researchers to develop new 

composites using natural fibers like jute, hemp etc. The use of natural fibers in the place of synthetic fiber like 

glass fiber can save 60% per ton of product. For fabricating biodegradable hybrid composite using hemp fiber, 
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bamboo fiber and jute fiber in epoxy as matrix materials, knowledge of their different characteristics is essential 

[2]. 

The full separation of natural fibers into elementary fibers is difficult to achieve and requires severe mechanical 

treatments of the fibers, which might introduce damages and degrade the properties of the reinforcement [3]. 

The amount of mechanical processing of the fibers in the separation step highly depends on how they were 

initially extracted from the plants. Typically, to facilitate the separation of the fiber from the stem, they are 

retted and then mechanically separated. However, the retting process is often not efficient enough. Therefore, 

the fibers should go through a harsh mechanical processing before they can be used. More recently, a more 

efficient extraction process, combining retting with a bacterial treatment, has been employed (e.g., flax 

produced by Fin flax in Finland) [4]. The bacterial treatment removes the residues of the plant more effectively 

and requires a less mechanical treatment afterwards to separate the fibers. This results in less damaged 

elementary natural fibers and with higher mechanical properties [5]. These fibers are further assembled in 

various types of reinforcement, such as mats, roving’s, yarns, and other textile-like products (e.g. weaves, non-

crimp fabrics). It should be noted that each extra processing step adds to the cost of the fibers. It also reduces 

the environmental friendliness aspect of these materials since they often undergo chemical treatments, in order 

to protect the natural fibers from moisture and to improve the compatibility with polymers [6]. Apart from the 

damage and defects introduced by pre-processing, natural fibers possess inherently irregular and somewhat 

unpredictable properties. These variations depend on the type of plant from which natural fibers are derived, 

the region of harvest and the annual weather conditions during the growth [7]. The variety influences not only 

the geometry of the fibers (diameter and length) but also the chemical composition, and consequently 

variability of the mechanical properties [8]. 

 

a. Problem statement 

Increased use of plastic (or thermostat plastic) in day-to-day life has caused severe problems in recycling and 

reuse resulting the environmental pollution and has been hazardous to health. 

 

b. Objective 

The objective of this project is to fabricate the composite material using hybrid composite (bamboo sticks and 

pista shell) reinforced bio epoxy (Epibiox) to reduce the use of plastic and to overcome health problems & 

environmental pollution. 

 

II. DESIGN AND EVALUATION 

 

a. Flexural Test  

The flexure test method measures the behaviour of materials subjected to simple beam loading. It is also called a 

transverse beam test with some materials. Maximum fiber stress and maximum strain are calculated for 

increments of load. Results are plotted in a stress-strain diagram. Flexural strength is defined as the maximum 

stress in the outermost fiber. This is calculated at the surface of the specimen on the convex or tension side. 

Flexural modulus is calculated from the slope of the stress vs. deflection curve. If the curve has no linear region, 
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a secant line is fitted to the curve to determine slope. The 3-point flexure test is the most common for polymers. 

Specimen deflection is usually measured by the crosshead position. Test results include flexural strength and 

flexural modulus. Flexural strength can be obtained from the following formula [9]. 

𝜎 = 3PL / 2𝑏𝑑3             (1) 

Where: 

𝜎 = flexural strength,  

P = maximum load  

L = Span length  

b = Width  

d =Thickness 

 

b. Numerical Model  

Geometrical model of jute composite, Indicated below are the established models. Fig.1 shows the solid model 

of the standard specimen Suggested by the American society for testing and materials ASTM D 790. Fig.2 shows 

the meshes for the E-glass fiber, the epoxy and E-waste as a filler material. Fig.3 shows the layered composite 

solid developed using the Ansys ACP Pre-post. In the reinforcement-matrix interface of the model, bonded 

contact conditions were established. The convergence of the numerical results was evaluated in terms of stress 

and Deformation. 

 
Fig:1 Solid Model(ASTM D790 ) 
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Fig:2 Meshed Model 

 
Fig: 3 Layered solid 

 

Structural analysis was performed for stresses for all materials. So only these two parameters were considered 

for structural analysis. The result of this analysis evaluates the static failure condition of the specimen. In this 

part of structural analysis, the beam undergoes a 3 point flexural bending test, so the boundary conditions are 

different as compared to modal analysis of cantilever composite specimen.  

 

c. Boundary conditions  

For structural analysis 3-point flexural bending test is used for FEM analysis boundary conditions are applied in 

such a way in that two ends of plate are fixed and load is applied at center portion of plate. 

 

d. Tensile Test  

Tensile tests were performed to find out the in‐plane tensile properties of polymer composites fabricated with 

matrix and reinforcements. In a broad sense, the tensile test is a measurement of the ability of a material to 
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withstand external forces that tend to pull apart and to what extent the material stretches before breaking. The 

dimensions were considered as per ASTM D638 standards. 

The tensile strength of composites was calculated by using the following relation [9] .  

𝝈 = F/ A                                    (2)  

𝝈 = tensile strength  

P = maximum load  

A = cross sectional area 

 

e. Numerical Model 

The geometrical model of Glass fiber, epoxy and E-waste composite materials, Indicated above are the 

established models. Fig.8 shows the solid model of the standard specimen Suggested by the American society 

for testing and materials ASTM D638.  Fig.9 shows the meshed model of jute and epoxy composite material. 

 

 
Fig: 4 Solid Model (ASTM D638) 

 

 
Fig:5 Meshed Model 
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III. RESULTS AND DISCUSSION 

 

a. Analysis  

Structural analysis was performed for stresses for all materials. So only these two parameters were considered 

for structural analysis. The result of this analysis evaluates the static failure condition of the specimen. In this 

part of structural analysis, the beam undergoes a 3-point flexural bending test, so the boundary conditions are 

different as compared to modal analysis of cantilever composite specimen. 

 

 
Fig: 6 Total Deformation (composite Material) 

 

 
Fig: 7 Total Deformation (plastic Material) 

 

A load of 1000 N is applied to obtain the Maximum Deformation on the composite. Fig.6 shows the maximum 

Deformation of composite material and Fig.7 shows the Maximum deformation in the plastic Material. As 

expected, composite material bears some of the stress and allows less deformation. load of the composite. The 

deformation is concentrated in the reinforcement-matrix interface, close to the end of the model, where the 

load is applied, thus, it could be expected that the material fails close to these zones. Where we observed less 

Deformation. 
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b. Equivalent Stress 

Fig.8 and Fig.9 shows the von Mises stress distribution of composite and the plastic. As expected, composite 

material bears some of the load of the composite, since they support stresses near to 191.59 MPa, while in the 

absence they support average stress of 137.45 Mpa. The stresses are concentrated in the reinforcement-matrix 

interface, close to the end of the model, where the load is applied, thus, it could be expected that the material 

fails close where the boundary conditions are applied. 

 

 
Fig:8 Equivalent Stress distribution (composite ) 

 

 
Fig:9 Equivalent stress distribution (plastic) 

 

c. Total Deformation 

A load of 1000N is applied to obtain the longitudinal deformation on the composite. Figure 10 shows the Max 

deformation of 0.8315 mm in composite and Figure 11 shows the Max deformation of 0.9 mm in the presence of 

filler material, from this we can conclude that deformation is less in the presence of filler material. 
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Fig: 10 Total Deformation (composite) 

 
Fig: 11 Total Deformation (plastic) 

 

d. Equivalent Stress 

A load of 1000N is applied to obtain the Equivalent - stress on the composite. Figure 12 shows the Max stress of 

40.3 Mpa in composite material. and Figure 13 shows the Max stress of 65.6652M pa in the plastic material , 

From this we can conclude that specimen can withstand more stress in the composite material than in the 

plastic material. 

 
Fig:12 Equivalent Stress distribution (composite) 
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Fig:13 Equivalent stress distribution (plastic) 

 

IV. CONCLUSION 

 

Bio-degradable composite material using bamboo fiber is manufactured and designed according to the ASTM 

specimen in the solid works software and analyzed using Ansys fluent and static structural. On analysis, we can 

conclude that biodegradable composites are more useful than plastic material. 
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ABSTRACT 

 

In last decades, a considerable attention is received by non-edible vegetable oils as Bio lubricant due to their 

eco-friendly products, increased remarkable improved tribological characteristics and as they are renewable 

sources. In this work, different vegetable oils namely Neem, sunflower, coconut, Karanja (Honge) and Neem oil 

(50% Neem & 50% Karanja) blend are used as cutting fluid for the drilling of Mild steel. The same vegetable oils 

with addition of Nano graphite powder are also used as Nano based bio-oils in the second stage 

experimentation. The effect on parameters of these cutting fluids like cutting temperature, cutting force, tool 

wear, chip formation, drilled hole surface roughness are studied. The results obtained are compared with 

petroleum based cutting fluids and at dry conditions. From the results, it is observed that the blend of 50% 

Neem and 50% Honge and sunflower oil is the best cutting fluid compared to other cutting fluids used in this 

work, more over these oils are environmentally friendly, non-hazardous ,bio-degradable and economical. 

 

Keywords: Mild Steel, Neem, sunflower, coconut, Karanja (Honge) and Neem oil (50% Neem & 50% Karanja) 

blend, Nano graphite powder 

 

I. INTRODUCTION 

 

During machining operation, relative motion between work piece and cutting tool produces the friction, 

resulting to generation of high temperature at the interface between tool- work piece and tool-chip. The heat 

generated decreases tool life, increases surface roughness and decreases the dimensional sensitiveness of work 

material. This case is more important when machining difficult-to-cut materials as heat would be observed. 

Various methods have been reported to protect cutting tool from the generated heat. Choosing coated cutting 

tools are an expensive alternative and generally it is a suitable approach for machining some materials such as 

titanium alloys, heat resistance alloys etc. The application of cutting fluids is another alternative that can be 

used to increase the tool life and also higher material removal rates can be achieved which is as shown in figure 

1. 

http://www.ijsrset.com/
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Figure 1. Application of cutting fluids on drilling 

They are used to provide lubrication and cooling effects between cutting tool and work piece and cutting tool 

and chip during machining operation resulting in lesser amount of heat generation. As a result, important 

benefits would be achieved such longer tool life, easy chip flow and higher machining quality in the machining 

processes using cutting fluids. A review was carried out by Lawal [1] on Application of vegetable oil-based 

metalworking fluids in machining ferrous metals. In the review, the advantages and performances of metal 

working fluids with respect to surface finish of the work piece, tool wear, cutting force and temperature at the 

cutting zone have been observed. The major focus is given on the performance and environmental impact of 

this vegetable oil as emulsion and straight oils for various materials and machining conditions. The effects of 

MQL on vegetable oil based cutting fluid under turning operation of low alloy steel AISI 9310 was investigated 

by Khan [2] .The results of dry and wet machining in terms of chip formation mode, tool- chip interface 

temperature, tool  wear and surface roughness were compared. The Results showed that MQL provides 

improved machinability characteristics and environmental friendliness. A detailed work has been carried out 

on metal working fluids that are widely employed to increase the machining productivity and quality of metal 

cutting by Vaibhav Koushik [3], but the usage poses great threat to the ecology health of workers in industry. 

Therefore, it is needed to identify hazard free and eco- friendly alternatives to convention mineral oil-based 

material working fluid. An effort has been undertaken to provide highlights of vegetable oils over petroleum-

based oils in this review paper. Many research works presented that vegetable oils have capable scope of their 

emergence as metal working fluids. Shaikh [4] , determined the material removal rate (MRR) and influence of 

lubricant on surface roughness on AISI D2 Steel using CNC lathe machine. to determining and optimizing 

operating parameters, Taguchi method was used. The above experimentation results help practitioners to 

compare and increase MRR, surface finish using more environmentally friendly oil as lubricant. But it was 

found that, cutting fluid formulation became more complex as cutting operation became more severe. Lawal [5] 

has carried out research work on the application of vegetable oil based cutting fluids in machining nonferrous 

metals. The results obtained established that vegetable oil based cutting fluids are good metal working fluid. 

The formulation of vegetable based cutting fluids and machining with cutting fluids was carried out by Babur 

Ozcelik Emel kuram [6] . The characterization of chemical and physical analyses of these formulated cutting 

fluids are carried out. Experimental results show that Canola based cutting fluid gives the best performance due 

to its higher lubricant properties with respect to other cutting fluids with constant cutting conditions. Again, 

Babur Ozcelik Emel kuram [7] studied the Effects of vegetable-based cutting fluids on the wear in drilling. 
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Performances of three VBCFs developed from crude sunflower oil, refined sunflower oil, refined canola oil and 

commercial semi-synthetic cutting fluid are compared in terms of thrust force, tool wear and surface roughness 

during drilling of AISI 304 austenitic stainless steel .the HSSE tool was used. Experimental results showed, 

canola based cutting fluid gives the best performance due to its higher lubricant properties at the constant 

cutting conditions (spindle speed of 750 rpm and feed rate of 0.1 mm/rev) with respect to other cutting fluids. It 

maintains the reliability of machine functions and reduces the risk of failures. Lubricants provide smooth 

operation between movable parts of all machines. Vegetable bio lubricants are non-toxic, degradable, and 

renewable also possess good lubricating properties. A review has been carried out by Suhane [8], on edible oils 

as cutting fluids. There are papers, in which study has been done on non-edible oils such as castor, Karanja, 

Mahua as cutting fluids and proved to have a great potential as lubricant for some of the machining operations. 

 

II. MATERIALS, METHODS AND EXPERIMENTAL DETAILS 

 

The experiments initially started in a medium duty lathe. The work piece is firmly held in a 3- jaw chuck at 

cutting speed of 775 rpm. The work piece is of AISI 1014 mild steel having diameter of 25mm with 70mm 

length. For drilling a HSS drill bit of diameter 13mm is used. Before drilling operation, the work piece was 

faced and turned for finishing in lathe and centring is done for all the work pieces using centre drill. The depth 

of the hole is 30mm with constant speed and feed. The drilling operation is carried out on a Radial drilling 

machine at 800 rpm at constant feed 0.1mm using blends of 50% Neem and 50%Karanja, Neem, Sunflower oil 

and Coconut oil with different percentages Graphite Nano power, petroleum- based oils as cutting fluids and 

also in dry condition. 

 
Figure 2. Radial Drilling Machine 

Cutting fluid is supplied using MQL (Minimum quantity lubrication) method. A drilling tool dynamometer is 

used while machining in order to find out the cutting force required for the drilling of mild steel using different 

cutting fluids. The specimen temperature and tool temperature are determined using Infra-Red thermometer by 

focusing the laser on to the specimen and tool. The chips obtained are collected and parameters are determined 

for those chips. The physical parameters of the chips are found using profile projector. The roughness of the 

machined surface is determined using surface roughness tester. The specimens are tested for hardness using 

Rockwell hardness tester to analyse heat transferred to the specimen during machining. 
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III. RESULTS AND DISCUSSIONS 

 

A. Study of chips: 

Chip formation usually depends on type of metal being machined i.e. whether brittle or ductile and 

temperature at the machining zone. The temperature generation is due to friction that exists between drill bit 

and the work piece. There may be breaking of chips due to chattering of work piece and due to overheating of 

work surface during the cutting process. 

The chatter in the material is avoided by taking larger diameter wok piece. the petroleum- based oil (SAE 

20W40) lubrication is less, hence friction is more as seen in work piece temperature. Compared to all the oils, it 

is observed that for sunflower oil and blend of 50% Neem and 50%Honge has longer length continuous chips, 

indicating that temperature at machining zone is less as shown in the figure 2. 

 
Figure 3.1: Chips formed with different colours by application of different cutting fluid and at dry condition 



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published :March 15, 2022 Page No : 251-264 

 

 

 

 
255 

This can also be observed by the colour of the chip, which is not dark like obtained for other cutting fluids. The 

results show that sunflower oil and blends of 50% Neem and 50%Honge has good lubricating and cooling 

property. 

During machining at dry cutting condition, the value of pitch height is too large and pitch is smaller amount, 

because of minimum control of the heat generated during the process. Instead of transferring heat to be the air 

and due to rotation; a heat zone is generated around the material surface. This has made too difficult in 

transferring the heat from the material to surrounding. With the use of petroleum based cutting fluids, there 

was increase in the value of pitch with reduction in pitch height. An improvement in surface finish was 

observed with this process. Increase in the pitch value and decrease in the pitch height showed that there was 

some improvement in the surface finish with work piece thickness. Due to excessive heat produced during the 

machining, surface of work piece material gets converted from ductile to brittle and the chip becomes 

discontinuous. This discontinues chips were observed for dry condition and when coconut oil is used as cutting 

fluid. With petroleum-based oil helped in reducing the heat but to a smaller extent. SAE 20W40 has better 

specific. The details of the chip obtained using different cutting fluids and during dry cutting condition are 

given in the table 1. Nano graphite powder addition increases the chip length, helps in absorbing more heat 

generated. Due to which metal surface becomes more soft and ductile resulting in longer continuous chip with 

less coil diameter and higher pitch length compared to pure oils used as cutting fluids, it is also seen that instead 

of coiled chip, with increase of graphite percentage from 2%,4% and 6% continuous ribbon chips are produced. 

 

B. Colour of the chip 

The colour of the chip represents the measure of the temperature obtained at the tool point. A blue temper 

colour on the surface of a chip formed in dry cutting represents that the tool point is hotter than chip which is 

obtained for cutting work piece with a fluid .the colour of the chip is uncoloured silvery. The best uncoloured 

silvery chip is formed when Neem50% & Honge 50% blend oil and sunflower oil are used as cutting fluid as 

shown in the Figure 3.1. For dry condition the chips are completely burnt i.e. dark colour indicating that 

maximum heat is transferred to work piece during machining. Chip details are tabulated in table 1. 

 

C. Surface roughness of machined surface: 

Surface finish usually depends on machining parameters like speed, depth of cut & feed, also on also on type of 

material being machined, type of cutting fluid used and also on type of tool material. In the present work all, 

the elements are constant but only cutting fluid used are been varied. The surface obtained after drilling using 

sunflower oil, coconut oil, Neem oil  and Blend of 50% Neem and 50 % Honge oil and petroleum based SAE 

20W40 as cutting fluids and also for dry drilling condition are shown in the Fig 3.2 (a). the effect of pure oils 

and addition of graphite nan powder in varying percentage of 2%, 4%, and 6 % to these oils as cutting fluid on 

the work surface can be observed clearly . From Fig 3.2(a) it can be seen that surface roughness obtained using 

pure sunflower oil and 50% Neem and 50 % Honge blend is very less with values as 1.664 and 1.663 

respectively compared to other surfaces. Fig 

3.2 (b) shows variation of surface roughness with application of different cutting fluids. Addition of graphite 

powder has not improved the surface finish even though it is soft and is been used as solid lubricant, but instead 
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as percentage of graphite powder is increased from 2%, 4% and 6%, the surface roughness is also increasing as 

compared to surface obtained using pure oil. This may be due to formation of brittle layer by the graphite 

powder at the cutting temperature. Therefore as graphite percentage is increased, brittle ness of the surface also 

increases resulting to rough surface. From the measured value and from the figure 3.2, it can be observed that 

surface roughness obtained for sunflower oil and 50% Neem and 50 % Honge blend is very less compared to 

other vegetable oil, Nano based vegetable oil and SAE 20W40 oil used as cutting fluids. 

  

Table 1: Details of chips formed during drilling operation on Mild steel with different cutting fluids 

 

Sl .

No 

Type of cutting fluid Length 

(mm) 

Thickness 

(mm) 

Coil Diameter 

(mm) 

Pitch length 

(mm) 

1 Coconut oil 3 0.16 6.03 128 

2 Coconut oil with 2% Nano graphite powder 3.97 0.3 5.68 185 

3 Coconut oil with 4% Nano graphite powder 4.00 0.39 5.57 110 

4 Coconut oil with 6 % Nano graphite powder 4.15 0.34 5.33 160 

5 Neem oil 2.30 0.35 6.99 180 

6 Neem with 2% Nano graphite powder 2.38 0.41 6.84 175 

7 Neem with 4% Nano graphite powder 2.65 0.32 6.18 174 

8 Neem with 6 % Nano graphite powder 3.19 0.36 6.23 123 

9 Neem50% & Honge 50% blend oil 4.27 0.35 6.08 85 

10 Neem50% & Honge 50% blend with 2% 

Nano graphite powder 

4.83 0.38 6.59 120 

11 Neem50% & Honge 50% blend with 4% 

Nano graphite powder 

4.86 0.45 6.72 213 

12 Neem50% & Honge 50% blend with 6 % 

Nano graphite powder 

4.88 0.44 6.92 213 

13 Sunflower oil 4.06 0.57 6.06 195 

14 Sunflower with 2% Nano graphite powder 4.38 0.42 6.08 120 

15 Sunflower with 4% Nano graphite powder 4.43 0.41 5.99 133 

16 Sunflower with 6 % Nano graphite powder 4.27 0.35 5.95 157 

17 Petroleum based oil 1.9 0.25 6.4 513 

18 Dry Condition 1.1 0.21 4.45 266 
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Dry Petroleum based oil Coconut oil 

   

Coconut oil with 2% Nano graphite 

powder 

Coconut oil with 4% Nano graphite 

powder 

Coconut oil with 6 % Nano 

graphite powder 

   

Neem oil Neem with 2% Nano  graphite 

powder 

Neem with 4% Nano graphite 

powder 

 
  

Neem with 6 % Nano graphite 

powder 

Neem50% & Honge 50% blend oil Neem50% & Honge 50% blend 

with 2% Nano graphite powder 

   

Neem50% & Honge 50% blend with 

4% Nano graphite powder 

Neem50% & Honge 50% blend 

with 6 % Nano graphite powder 

Sunflower oil 

 
  

Sunflower with 2% Nano graphite 

powder 

Sunflower with 4% Nano graphite 

powder 

Sunflower    with 6 % Nano 

graphite powder 

 

Figure 3.2(a): Worn surface of machined Specimen with different cutting fluids and at dry condition 
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Figure 3.2 (b): Graph of surface roughness measured using different cutting fluids and at dry condition 

 

D. Cutting Temperature 

To increase tool life, there should be decrease in heat absorption by the tool. This can be achieved by use of 

good cutting fluid which absorbs maximum heat from the machining  zone, giving very less heat to tool and the 

work piece. Due to heat generation, the machining accuracy will also be affected along with varying the 

properties of work piece. Figure 3.3 shows, Temperature measured at tool and work piece interface using 

different cutting fluid and at dry cutting condition. For dry condition temperature of tool and work piece is 122 

0C which is very high. This is due to the transfer of heat generated to tool and work piece as no coolant is used 

and also due to high friction between tool and work piece as no lubricant is used. the temperature measured for 

both tool and the work piece For SAE 20W40 oil are 101°C, which is less compared dry cutting but higher than 

non-edible oils used, this due to its lower adhesiveness and lower dynamic viscosity. For 50%Neem, 50%Honge 

blend and sunflower oil, the cutting temperature 74°C which is less compared to other measured values 

obtained using other vegetable and Nano graphite-based vegetable oils. This is due high specific heat, high 

adhesiveness and higher dynamic viscosity. Indicating that, sunflower oil and blend of 50% Neem and 50% 

Honge oil has better cooling and good lubricating property. Graphite addition with varying percentage of 2%, 4% 

and 6% has not reduced the cutting temperature but instead it increases slightly with increasing percentage. 

From Fig 3.3 it can be seen that as graphite percentage increase temperature also increasing slightly this may be 

due to properties of graphite. Graphite is good lubricant but not a good coolant. 
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Figure 3.3: Graph of cutting temperature measured using different cutting fluids and at dry condition 

 

E. Hardness Test 

Hardness can be determined by forcing an indenter on to the surface. The resultant deformation in steel is both 

elastic and plastic. The hardness values of all the specimens before drilling and after drilling operation using 

different cutting fluids are determined using Rockwell hardness tester and the results are tabulated in the table 

2. 

If cutting fluid is not used, the Heat generated during drilling operation due to friction between the work piece 

and drill bit is given out to tool, chip and work piece. If the maximum heat is given to tool, then the tool wear 

is observed leading to reduction in tool life and if it is given to work piece then the mechanical properties will 

be affected. The function of good cutting fluid is to absorb and carry away the heat generated in the machining 

zone. From table 2, it can be observed that hardness measured on the work surface before drilling is 79HRB. 

For dry condition temperature given to work piece is more due to which after drilling hardness value measure 

is 84 HRB. This is very high compared to hardness value measured before drilling, which indicates that the 

metal surface has become very brittle increasing its hardness because it has absorbed more heat during 

machining. Lowest hardness value is measured for work material drilled using sunflower and Neem-Honge 

blend followed by coconut and Neem and petroleum based oil. 

 

Addition of graphite powder to pure vegetable oil has slightly increased hardness. From the table 2, it can be 

observed that as graphite percentage is increased from 2%, 4% and 6% hardness value is slightly increased. This 

may be due to graphite acting as lubricant but not as coolant resulting to higher heat transfer to work-piece 

making surface brittle. 
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Table 2: The hardness values of all the specimens before drilling and after drilling operation using different 

cutting fluids and at dry condition 

Sl..No Type of cutting fluid Hardness before 

drilling 

Hardness 

after drilling 

1 Coconut oil 79 82.5 

2 Coconut oil with 2% Nano graphite powder 79 82.6 

3 Coconut oil with 4% Nano graphite powder 79 82.3 

4 Coconut oil with 6 % Nano graphite powder 79 83.3 

5 Neem oil 79 83 

6 Neem with 2% Nano graphite powder 79 83.3 

7 Neem with 4% Nano graphite powder 79 83.3 

8 Neem with 6 % Nano graphite powder 79 82.6 

9 Neem50% & Honge 50% blend oil 79 82 

10 Neem50% & Honge 50% blend with 2% Nano graphite powder 79 82.3 

11 Neem50% & Honge 50% blend with 4% Nano graphite powder 79 82.6 

12 Neem50% & Honge 50% blend with 6 % Nano graphite powder 79 83 

13 Sunflower oil 79 82 

14 Sunflower with 2% Nano graphite powder 79 82 

15 Sunflower with 4% Nano graphite powder 79 83 

16 Sunflower with 6 % Nano graphite powder 79 83 

17 Dry 79 84 

18 Petroleum Based oil 79 82.6 

  

F. Cutting Force 

In the present work different types of cutting fluid are been used keeping cutting speed, feed as constant 

parameters. to know the efficiency of cutting fluid used, Cutting force is considered as one of the measuring 

parameter. With respect to work piece, cutting force is the measure of resistance offered by the work piece 

during machining process. Cutting force is less if drill bit enters work-piece smoothly. Therefore a good cutting 

fluid should reduce the cutting force during the machining operation resulting in lesser mechanical stress in the 

work piece. Figure 3.5 below shows the cutting force measured during drilling of mild steel at constant speed 

and feed using Drill tool dynamometer. 

During machining process, cutting force depends on the friction between the tool and work piece. More cutting 

force accumulates more heat in the work material and makes it soft for further processing. Cutting force refers 

to the force applied by the tool to shear the work- piece, greater the force greater will be the power 

consumption and lesser will be the tool life. It depends on type of material being machined, type of cutting 

fluid used, type of tool material and machining parameters. In the present work since all the elements are kept 

constant and only cutting fluid is changed, cutting force measured will be based on cutting fluid used. Figure 

3.5 gives cutting force measured during drilling using sunflower oil, coconut oil, Neem oil and Blend of 50% 

Neem and 50 % Honge oil and petroleum based SAE 20W40 as cutting fluids and also for dry drilling condition 
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also with addition of  graphite Nano powder in varying percentage i.e. 2,4, 6%. It is observed from Figure 3.5 

that force required for shearing the work piece material in case of sunflower oil (220N) and 50% Neem and 50 % 

Honge blend (223N) is less compared to other vegetable oil, SAE 20W40 oil used as cutting fluids and also for 

dry cutting condition, next followed by Neem oil. It is being observed that, during dry machining, the cutting 

force was increased because oexcess of heat generation by the friction. it is observed that the cutting forces 

were reduced gradually during petroleum based (SAE20W40) oil based machining due to the interface of 

petroleum based lubricant in between tool and work piece and in this process the petroleum based oil acts as 

coolant but not as lubricant. Graphite powder addition to these bio oils in varying percentage of 2%, 4% and 

6%, reduces the force required by the tool for shearing. This may be due to softness of graphite powder which 

makes the tool to move in to the work piece very smoothly and with lesser force. As the graphite powder 

percentages increases the cutting force required gets reduced. Hence it is used as solid lubricant. 

 
Figure 3.5: Graph of cutting force measured using different cutting fluids and at dry condition 

G. Tool Wear Studies 

Removal of material from the tool surface due to abrasive action is called as wear. Wear may be due to friction 

between two contacting surfaces of materials such as micro-ploughing, micro cutting, fracture, plastic 

deformation and melting, welding and chemical interaction. Various forms of tool wear on the drill tools are 

crater wear, flank wear, chisel edge wear and chipping. Wear on the flank of a cutting tool is caused by friction 

between the newly machined work material surface and the contact area on the tool flank. The width of the 

wear land is usually taken as a measure of the amount of wear. The wear pattern is irregular along the edge of 

the tool. The chipping wear leads to a catastrophic failure early in the life of the tool which masks the failure 

mode. Mechanical issues such as part fixture or machine spindle vibration will contribute to chipping wear. 

Higher loads on the tool will cause chipping. 

Tool wear depends on type material machined; machining parameters like feed, speed and depth of cut; cutting 

fluids used, working and tool holding devices and so on. In the present work all the elements are kept constant 

and only the cutting fluids are changed. Wear of the drill bit depends on only the cutting fluids used as only 

cutting fluids are variable in the present work keeping all other elements constant. Figure 3.6 shows worn out 

surface of drill bit at chisel edge and drill bit point. For dry cutting condition, drill point is worn out as heat 

generated is high due to the friction between tool and work piece. Whereas in case of Petroleum based oil, loss 
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of material at drill point is less compared to dry condition. Tool wear is less when sunflower oil and 50% Honge 

and 50% Neem blend is used as cutting fluid and not much wear is observed when pure oils is used as cutting 

fluids compared to dry and petroleum based oil. From the Figure 3.6 below it can be observed that Nano 

graphite powder addition to these vegetable oils with varying percentage of 2%, 4% and 6% results in slight loss 

of tool material at drill bit chisel edge and also leads to sticking of chip to the tool. 

   

Dry Petroleum based oil Coconut oil 

   

Coconut oil with 2% Nano graphite 

powder 

Coconut oil with 4% Nano graphite 

powder 

Coconut oil with 6 % Nano 

graphite powder 

   
Neem oil Neem with 2% Nano graphite powder Neem with 4% Nano graphite 

powder 

   
Neem with 6 % Nano graphite 

powder 

Neem50% & Honge 50% blend oil Neem50% & Honge 50% blend 

with 2% Nano graphite powder 

   

Neem50% & Honge 50% blend 

with 4% Nano graphite powder 

Neem50% & Honge 50% blend with 

6 % Nano graphite powder 

Sunflower oil 

   
Sunflower with 2% Nano graphite 

powder 

Sunflower with 4% Nano graphite 

powder 

Sunflower with 6 % Nano 

graphite powder 

Figure 3.6 : Tool wear using different cutting fluids and at dry condition 
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IV. CONCLUSIONS 

 

EXPERIMENTAL RESULTS during drilling of mild steel work piece using sunflower oil, coconut oil, Neem oil, 

SAE20W40 (petroleum based oil) and blend of 50% Neem- 50% Honge oil, dry cutting condition and also with 

addition of varying percentage of graphite powder i.e. 2%, 4% and 8% to sunflower oil, coconut oil, Neem oil 

and blend of 50% Neem- 50% Honge oil given following results and conclusions. 

CUTTING FORCE: when sunflower oil is used as cutting fluid, the cutting force measured was 220N and for 50% 

Neem and 50 % Honge blend it was 223N which is less compared to cutting force measured during dry cutting 

condition and also using other vegetable oil and  SAE 20W40 oil as cutting fluids. 

CUTTING TEMPERATURE: the temperature of tool and work piece for dry condition is 1220C which is very 

high. the temperature measured at tool and work interface For SAE 20W40 oil is 101°C, which is less compared 

dry cutting but higher than non-edible oils used. Whereas for 50%Neem, 50%Honge blend and sunflower oil, 

the cutting temperature 74°C which is less compared to other measured values obtained using other vegetable 

and Nano graphite-based vegetable oils 

HARDNESS: For dry cutting condition heat given to workpiece is more due to which after drilling, hardness 

value measure is 84 HRB which is very high compared to hardness value measured before drilling. Lowest 

hardness value is measured for workpieces drilled using sunflower and blend of 50% Neem and 50%Honge 

followed by coconut and Neem and petroleum-based oil. 

STUDY OF CHIPS FORMED: when Sunflower oil and blend of 50% Neem and 50%Honge is used as cutting 

fluid, longer length continuous chips were produced, indicating that temperature at machining zone is less. For 

other oils used, heat produced during machining converts from the surface from ductile to brittle resulting to 

discontinuous chips 

COLOR OF THE CHIPS: The best uncolored silvery chip is formed when sunflower oil and Neem50% & Honge 

50% blend oil are used as cutting fluid, which indicates that sunflower oil and blends of 50% Neem and 

50%Honge has good lubricating and cooling property SURFACE ROUGHNESS: surface roughness obtained 

using pure sunflower oil and 50% Neem and 50 % Honge blend is very less with values as 1.664 and 1.663 

respectively compared to other surfaces. Addition of graphite powder has not improved the surface finish even 

though it is soft and is been used as solid lubricant, but instead as percentage of graphite powder is increased 

from 2%, 4% and 6%, the surface roughness is also increasing as compared to surface obtained using pure oil. 

TOOL WEAR: For dry cutting condition, drill point is worn out as heat generated is high due to friction 

between tool and work piece. Whereas in case of Petroleum based oil, loss of material at drill point is less 

compared to dry condition. Tool wear is less when sunflower oil and 50% Honge and 50% Neem blend is used 

as cutting fluid and not much wear is observed when pure oils is used as cutting fluids compared to dry cutting 

conditions and when petroleum-based oil and Nano based oils used as cutting fluids. 

From the above results it was found that the blend of 50% Neem and 50% Honge and sunflower oil are the best 

cutting fluid compared to other cutting fluids used in this work, more over it is environmentally friendly, bio-

degradable, non-hazardous and economical. The addition of graphite Nano powder to these cutting fluids acts 

as good solid lubricant but not contributed to decrease surface finish of the work-piece 
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ABSTRACT 

 

Only one thing is constant in this great world: Change. In today’s environment change has also become a 

constant. While change is necessary, to construct and acquire it with competence by implementing excellent 

plans and generating attractive change by enabling agents. The global is evolving, leading in volatile market 

situations. The manufacturing system's act is often subjected to the potential to be soft as well as conflicting. A 

Reconfigurable Manufacturing System (RMS) is intended for quick adjustments in skills of production and 

quality as a way of improving economic conditions and periodic growth. With competitive environment 

consumers becoming more intensive nature, a reconfigurable production system delivers expandable flexibility 

in a brief span of time. This review paper is a honest effort to understand and comment on the concept of RMS. 

Also, RMS's primary goal in increasing performance and efficiency facilitates the implementation of 

reconfigurable manufacturing systems, which aim to reach cost-effective and rapid system changes required in 

a short period of time. 

 

Keywords: RMS, Flexibility, Efficiency. 

 

I. INTRODUCTION 

 

In this competitive world only one thing is stable – Change. In today's manufacturing environment, innovation 

has become a permanent. While change is essential, it is important to maximize on it and make it happen 

effectively through sound design and planning of effective change accelerators. The current world is developing, 

leading to a unpredictable market condition. Manufacturing is the process of converting raw materials and 

input pieces into finished products by the use of resources such as machines, equipment, energy, and labour. 

The configurations and requirements of resources, referred known as manufacturing systems, must be 

constructed in order to perform efficiently and meet demands of the market. Even though today’s 

manufacturing is facing so many challenges such as unpredictable demand, requirement of variety of products, 

increasing product quality, process technology, rapid development cost effectiveness and reducing lead time. 

Presented with the abovementioned constraints, Hendry Ford outlined moving assembly lines in 1913, opening 
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up in mass production processes. In the 1940’s John T. Parson’s worked closely with MIT and invented 

numerical control systems which started to support mass production with a cost effective system. Later in 

1970’s the era of lean manufacturing and its principles have started which helped in producing a consistent 

products, in late 1970’s the advances in Computer Numerical Control System (CNC) machines enabled the use 

of a central production system to produce a wide range of components. During the era of economies of scale, 

the 1970s, organizations sought cost advantages gained via size. As a result, manufacturing systems incorporated 

some specific techniques that produced a limited range of products at a large number. This is related as a 

dedicated manufacturing line in the manufacturing system. Due to significant changes in the market in 1980s, 

the focus shifted from mass production for a single product to mass customization and greater adaptability to 

product changes. As an outcome, production systems were comprised of adaptive technology that satisfied 

medium volume and output criteria. This decade was described and labeled as economy; the facilitators for the 

period are numerical control, programmable logic control, robots, AGV's, and automated material handling 

systems this constituted Flexible Manufacturing Systems (FMS). However, FMS is still inadequate because of 

production losses and long production times even though machines are open source rather than specially 

designed. They are also a very costly approach, because FMS provides generic flexibility; Such that, an FMS 

system would integrate all possible functionality into the system anticipation. They are developed before the 

process plan has been finalized. As a response, a future era of system called as reconfigurable manufacturing 

system (RMS) is being established to generate as much adaptability as FMS and expandable capacity as DML as 

possible. RMS is a machine system that may be built by combining fundamental process modules, both 

hardware and software, that can be easily and precisely ordered or replaced. The secret of implementing RMS is 

to develop the system and its components with variable system which allows for scalability in volume and 

efficiency. 

In RMS, Configurations are established over an increased product family and the unique adaptability needed to 

produce the entire specified extensive product group. In other words, commodities are first classified into 

subcategory; all of these need a separate software structure. The controller is programmed to generate the very 

initial item subcategory. When it is done, the system is revised to create the 2nd subcategory, and so on. 

 

II. TYPE OF MANUFACTURING SYSTEM  

 

I) Machine System  

One or more cutting machine tools, along with tooling and required equipment, that works in conjunction to 

produce the specified volume and quality. 

II) Dedicated Machining Systems  

This is a manufacturing system that employs a transfer line with a static tool and automation to produce a 

specified item. The aim is to create one single component in big amounts but with the good standards at a low 

cost.   

III) Flexible Manufacturing System  

This is a machine system having basic components but changeable software that can modify tasks, 

manufacturing schedules, part programs, and tooling for multiple parts. The vision is to create parts at a 
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minimal cost that could vary with time, with a rapid variation, employing the same system at the required 

amount and quantity. 

IV) Reconfigurable Manufacturing System  

A reconfigurable manufacturing system (RMS) is one that has been created to enable for significant changes in 

its structure, including hardware as well as software, in order to ensure effective configure its rate of production 

and abilities within a product family in response to current changes in the market. 

 

 
 

Figure 1 shows comparison of manufacturing systems 

 

Comparison between the three manufacturing systems is shown in the table1, identifies the key limitations of 

all the types of the systems   

 Dedicated FMS RMS 

System arrangement  permanent variable variable 

Machine   permanent permanent variable 

System focus  Product Machine Product family 

Scalability No Yes Yes 

Flexibility  No universal personalized 

Simultaneously Operating Tool Yes No Yes 

Efficiency High Low High 



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published : March 15, 2022 Page No : 265-272 

 

 

 

 
268 

III. COMPONENTS OF  RECONFIGURABLE MANUFACTURING SYSTEM 

 

➢ Reconfigurable machine tool: - The reconfigurable machine tools are a key component of RMS (RMT). 

RMT are intended for specific specialized range of operation needs and may be instantly modified when 

those requirements alter. Machine tools that can be reconfigured to produce a specified set of attributes for 

a different range of cycle time. 

The key objective of the RMT is to accommodate changes in the products or components to be designed. 

The various possible modifications must be evaluated. 

• Size of the Work piece 

• Geometry and complication of parts 

• Volumes and rates of production 

• Process that must be followed 

• Geometrical accuracy  

• Precision, surface characteristics 

• Type of Material,  

• Toughness etc. 

➢ Reconfigurable Controller: - Any machine-specific functions are used to control a single machine. or 

Currently, classes must be developed and implemented into a Reconfigurable Controller. At run-time, the 

Reconfigurable controller becomes unchangeable for handling various computers. 

➢ Reconfigurable Inspection Machines the machines which are used to carry out the inspection process and 

which are depend upon the type of the technology used. 

➢ Material transport systems that link the devices together to build the system productivity will be affected 

by the different orders and designs of these equipment. The RMS Science Base is a collection of 

mathematical techniques that may be used to improve production efficiency with the lowest number of 

machines possible. 

 

IV. CORE CHARACTERISTICS OF IDEAL RMS 

 

Ideal Reconfigurable Manufacturing Systems possess six core RMS characteristics:  

1) Modularity: - The partition of manufacturing operation and requirements into operational units that can be 

adjusted between alternative process to produce the desired arrangement for a given set of needs. Many 

components in a reconfigurable manufacturing system are often modular (e.g., machines, axes of motion, 

controllers, and tooling). 

2) Integrability:- The capability of quickly and   effectively combine modules using a combination of 

mechanical, informational, and operational techniques that enable integration and collaboration of  Axes of 

motion and spindles can be combined to construct machines . 

3) Customized flexibility: - To develop system/machine flexibility entirely around a product family, obtaining 

flexible as opposed to FMS/broad CNC's flexibility This feature distinguishes RMS from flexible manufacturing 

systems (FMS) and provides for a lower investment cost. 
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4) Scalability: - The ability to modify production capacity quickly by adjusting a current manufacturing system 

and/or upgrading the productivity of reconfigurable units Scalability is the coefficient property of convertibility. 

5) Convertibility: - The ability to quickly adapt the accessibility systems, processes, and governs to meet new 

production demands there may be different levels of system convertibility. 

6) Diagnosability: - The ability to recognize the current state of a system automatically in order to detect and 

diagnose the underlying cause of output product problems and immediately repair operational defects. Normal 

RMS will contain a few of these properties, but not all of them. When these features are present, RMS increases 

the speed with which production systems respond to unexpected occurrences, such as quick Factors such as 

market demand or unknown machine problems. 

 

V. LITERATURE REVIEW 

 

Sl.No Name of the 

Author 

Year of 

Publicati

on 

Characteristics Results Observed 

01 Y Koren 1999 Reconfigurabili

ty 

Reconfigurability is an engineering approach that is 

both cost effective and very flexible to market 

changes. 

02 Farshid 

MaghamiASl 

2000 Stability A basic simplified mathematical model, based on this 

analogy, was presented for the capacity and/or 

functionality of the manufacturing system. 

03 I Batchkova 2004 Optimal 

Scheduling 

The proposed model for integrated based on 

behaviours and agendas and short times is necessary to 

adjust RMS for another detail processing. 

04 Ahmed M. 

Deif 

2006 System 

Configuration 

The model revealed how each design layer is regulated 

by different parameters that represent the 

reconfigurable manufacturing system's strategic 

objectives. 

05 Kapil Kumar 

Goyal 

2013 Responsiveness Greater operational ability and machine values The 

capacity to reconfigure reduces response time. As a 

result, responsiveness has been calculated by taking 

the average of the observed variables of both 

parameters. 

06 Shady S. 

Elmasry 

2015 Capacity and 

Scalability 

It was demonstrated that the criteria for choosing the 

optimal scaling strategy was based on reducing 

capacity, scalability, delay, and product cost. Kim 

approach has substantial costs, particularly for high 

target responsiveness time value. 

07 Xavier 2016 Total cost & Technique can be applied to sequences to increase 
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Delorme Time overall operation efficiency and provide solutions 

based on the information rather than pure 

randomness. 

08 Hichem 

Haddou-

Benderbal 

2016 Completion 

time and 

Robustness 

Index 

It has been revealed that the impact generated 

exclusively by OP3 is 1055 time units. Spite of the fact 

that OP4 of F1 might be conducted on a replacement 

machine M4 rather than the unavailability of M6. 

09 Aihua 

Huang 

2018 Convertibility Option B offers higher convertibility than option A, as 

well as outstanding quality and effectiveness, with a 

score of 4.23/5.22. 

10 Eram Asghar 2018 Machine 

Capability 

The suggested algorithm is durable because it finds the 

minimal constraints and capacities to a part's 

associated activities, with the least amount of 

production changeover time but the most machine 

capabilities. 

11 Hichem 

Haddou 

Benderbal 

2018 System 

Modularity 

The adopted strategy yields the best process designs, 

improved system modularity and minimizing system 

completion time. 

12 Bashir Salah 2019 Configuration 

Layout 

U-shape has the highest throughput, least amount of 

time in the system, and the highest resource 

utilization rate. 

13 Faycal A. 

Touzout 

2019 Sustainability When the probability declines, so has the gesture of 

the adapted NSGA-II and the adapted NSGA-II 

produces better the adapted AMOSA. 

14 Rajeev Kant 2019 Sequencing, 

Total 

configurable 

time and 

optimal 

capacity 

It was shown that the planned technique optimizes 

production system performance in different demand 

periods, as well as a significant reduction in 

synchronization error from 12 percent to 1.2 percent 

on average, and from 17 percent to 1.7 percent on 

average delay. 

15 Shokraneh 

K. 

Moghaddam 

2019 RMS Design, 

Capacity and 

Scalability 

It is stated it's more logical in the mean time but that 

the approach is more acceptable when faced with an 

unknown future. 

  

VI. CONCLUSION 

 

Traditional methods are unsuitable for dealing with problems such as unpredictable demand, the need for a 

wide range of products, boosting product quality, process selection, continuous improvement low cost, and 

minimizing lead time, prompting the emergence of new innovation such as FMS in industries. FMS includes a 
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few restrictions such as restructuring, family resource, modification, and changing limits, which encourages the 

growth of more advanced innovation such as RMS. The new system should be designed out from start to be 

reconfigurable. This is accomplished by designing the system and its machines for customization. The 

manufacturing system will be developed around the product family, with the unique flexibility order to 

generate all of the components in the part family. The approach proposed in this research for reconfigurable 

manufacturing systems exhibits an effort toward analytically tending to assembly within a global roof of 

reconfigurability. 
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ABSTRACT 

 

Due to strict rules on Global Warming Potential (GWP) and Ozone Depletion Potential (ODP) of refrigerants, 

the existing automotive refrigerant R134a is to be replaced with new low GWP refrigerants by 2036 in 

developed nations and by 2047 in developing countries. Researchers have found that HydroFluroOlefins 

(HFOs) such as R1234yf and R1234ze(E) are suitable replacements for R134a   due to their zero ODP and very 

low ODP low GWP. In this work, a comparative numerical study is reported of the performance of the 

refrigerants R1234yf and R1234ze(E) with R134a in an automotive condenser of flat-tube-louvered-fin type, for 

the same condenser inlet temperature and pressure. Results are presented for several quantities of interest, such 

as the heat rejection rate and pressure drop. The thermodynamic and transport properties of the refrigerants are 

obtained from REFPROP software and moist air properties from suitable correlations from the literature. A 

custom code is prepared in MATLAB to solve the governing relations of heat transfer. The objective is to 

compare the refrigerant passage length per unit latent heat removal. The basis of comparison is the same mass 

flow rate and inlet vapour temperature and either the same inlet pressure or the same saturation temperature 

for the refrigerants. The heat transfer performance of R1234ze(E) is the highest, followed by those of R1234yf 

and R134a. For all refrigerants, higher refrigerant side heat transfer coefficients are observed at relatively 

higher qualities. The refrigerants with increasing order of pressure drop are R1234ze(E), R1234yf and R134a. 

 

Keywords: Numerical simulation, Minichannel, Flat-tube condenser, R1234yf, R1234ze(E), R134a, Louvered 

fin. 

Nomenclature 

𝐴𝑓 : Fin surface area corresponding to one channel (m2) 

𝐴𝑡,𝑖 : Inside surface area corresponding to one channel (m2) 

𝐴𝑡,𝑜 : Outside tube surface area corresponding to one channel (m2) 

𝑐𝑝𝑎 : Specific heat of the air (J/kg/K) 

𝑓𝑝 : Fin pitch (m) 

𝐿𝐷𝑆 : Refrigerant passage length in the superheated region (mm) 

http://www.ijsrset.com/
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𝐿𝑇𝑃 : Refrigerant passage length in the two-phase region (mm) 

𝐿𝑆𝐶 : Refrigerant passage length in the subcooled region (mm) 

�̇�𝑎 : Mass flow rate kg/s 

𝑁𝑐ℎ : Number of channels in a unit cell 

�̇� : Heat transfer rate (W) 

𝑆 : Conduction shape factor (W/°C) 

𝑇 : Temperature (°C) 

𝑥 : Dryness fraction 

 

Greek Symbols 

𝛼 : Heat transfer coefficient of refrigerant (W/m2.K) 

𝜂 : Efficiency 

𝜆 : Thermal conductivity (W/m.K) 

 

Subscripts 

𝑎 : air 

𝑓 : fin 

𝑖 : inside, refrigerant side 

𝑜 : outside, air side 

𝑟 : refrigerant 

𝑡 : tube 

𝑢𝑐 : unit cell 

1 : inlet 

2 : exit 

 

I. INTRODUCTION 

 

Important properties of the refrigerants considered in this study, namely, R134a, R1234yf and R1234ze(E) are 

shown in TABLE I. 

TABLE I Properties of refrigerants 

Refrigerant R134a R1234ze(E) R1234yf 

Molecular formula C2H2F4 C3H2F4 C3H2F4 

Molar mass (kg/kmol) 102,03 114 114 

Critical temperature (K) 374.21 382.52 367.85 

Critical pressure (kPa) 4059.3 3636.3 3382.2 

Normal boiling point (°C) -26.3 -19 -30 

Latent heat (kJ/kg) at normal boiling point. 217.12 195.45 180.51 

Density of saturated vapour at  -10°C in kg/m3 10.041 8.1328 12.559 

GWP 1300 7  4 

ODP 0 0 0 
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Nair1 reviewed thermodynamic properties, transport properties, flammability, oil compatibility, boiling and 

condensation heat transfer performance of HFO refrigerants and discussed the scope for future research work. 

In his review, he reported that POE oil is suitable for R1234yf rather than PAG oil. Babiloni et al.2 conducted a 

review of the refrigerant R1234ze(E) and reported that under normal operation and at low humidity 

R1234ze(E) becomes non-flammable. HFO/HFC mixtures when used as low GWP HFC replacements, require 

fewer system changes. Liu et al.3 conducted an experimental investigation on heat transfer and pressure drop of 

propane, R1234ze(E) and R22 in circular and square horizontal minichannels and found that both propane and 

R1234ze(E) are good substitutes for R22 based on condensation characteristics. The refrigerants in decreasing 

order of pressure gradient are propane, R1234ze(E) and R22. Guo et al.4 conducted the experimental 

investigation on heat transfer coefficient and frictional pressure drop of the two-phase condensation of 

R1234ze(E), R290, R161 and R41 with R134a and R32 as baseline refrigerants. Their results showed that with 

increasing saturated temperature and heat flux the heat transfer coefficient during condensation decreases and 

that R161 and R1234ze(E) had the highest and lowest heat transfer coefficients at the same working conditions. 

By comparing experimental heat transfer coefficients with predictions from 7 models, they concluded that the 

model of Koyama5 had the better predictive capability. Diani et al.6 conducted the experimental investigation 

on heat transfer coefficient and frictional pressure drop during condensation of R1234ze(E) and R134a. They 

observed that for vapour quality lower than 0.7, the higher the mass velocity, the higher the heat transfer 

coefficient. At higher vapour quality the effect of mass velocity is not monotonic. Frictional pressure gradient 

increases with the mass velocity at constant vapour quality. Pabon et al.7 conducted the experimental 

investigation of void fraction in adiabatic two-phase flow of R1234yf in smooth horizontal tubes. Their results 

highlighted that the void fraction of R1234yf is 5% lower than that of R134a. They compared seven 

correlations from the literature with their experimental data and found that the Baroczy and the Hughmark 

correlations provided the best predictions. Mathur8 has developed a correlation for HFO-1234yf to predict 

condensation heat transfer coefficient for an automotive condenser by considering mass flow rate ranging from 

180 to 475 kg/hr, maintaining the oil circulation ratio at 3% and condensation saturation temperature of 50°C. 

Fazelnia et al.9 experimentally studied condensation of R1234yf in flattened smooth tubes with internal heights 

of 6.2, 5.1 and 2.8 mm and with 8.2 mm ID round tubes and found that using flattened tubes increases both 

heat transfer coefficient and pressure drop. Based on their results they proposed two correlations to predict the 

pressure drop and heat transfer coefficient in flattened tubes by modifying the existing correlations in the 

literature. Gu et al.10 conducted the experimental investigation on the condensation characteristic of 

R1234ze(E) in horizontal circular, square and triangle channels. The results showed that the square tube has a 

higher heat transfer coefficient than the circular tube. In contrast, the triangle cross-section tube showed a 

similar heat transfer performance to the circular tube. Longo et al.11 performed a comparative analysis of the 

forced convection condensation of R134a, R152a, R1234yf and R1234ze(E) inside a 4mm ID smooth tube and 

found that the condensing coefficient shows great sensitivity only to refrigerant mass flux and mean vapour 

quality. All the three GWP refrigerants considered showed condensation heat transfer and pressure drop 

performances similar to R134a. Bashar et al.12 conducted experimental studies on the performance of R1234yf 

during condensation in a small diameter smooth tube and microfin tube. They developed condensation heat 

transfer correlation and claimed that their newly developed correlation successfully predicts their experimental 
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data and data from other sources within a mean deviation of 15%. Jeong and Yun13 studied condensation heat 

transfer characteristics of R1234ze(E) and R134a experimentally at high reduced pressure. They found that the 

effects of mass flux on refrigerants decreased with an increase in reduced pressure. Pham and Oh14 analyzed 

R1234yf in the condensation process inside two different minichannel multiport horizontal tubes and 

developed a new correlation for predicting heat transfer coefficient from their experimental data. They found 

that their correlation predicts the heat transfer coefficients in condensation with a mean deviation of 11.7%.  

Keniar and Garimella15 conducted an experimental investigation of refrigerants R134a, R245fa and R1234ze(E), 

condensation in circular and square micro and mini channels. They found that the pressure gradient and heat 

transfer coefficient is highest for R245fa compared to R1234ze(E) and R134a and that the mass flux has 

minimum effect on the heat transfer coefficient in the circular channel. In contrast, in the case of the square 

channel, an increase in mass flux increases the heat transfer coefficient. 

The literature shows that numerous experimental studies were done on forced convection condensation of low 

GWP refrigerants. Relatively less work is done in comparing the performance of condensers with various 

refrigerants. This work compares the performance of an automotive condenser with the low GWP refrigerants 

R1234yf and R1234ze(E) with that of the baseline refrigerant R134a. The objective is to compare the refrigerant 

passage length per unit latent heat removal. The basis of comparison is the same mass flow rate and inlet vapour 

temperature and pressure for the various refrigerants. In addition, results are tabulated for the same inlet 

vapour temperature and saturation temperature of the refrigerants. 

Design and development of hybrid fibrous composites is one of the important stage in materials engineering.  

Synthetic fibers such as glass fiber, carbon fiber, Kevlar fiber have rendered their service to greater extent in 

the field of structural applications [1]. 

An automobile condenser originally used with R134a which has louvered fins, flat tube, multi-channels which 

are preferred in automotive air conditioning because of their high performance and compactness, is adopted in 

this study. 

Fig. 1 and Fig. 2 shows the front view and the channels in the flat tube of the condenser. From the exit of the 

compressor, the super-heated vapour refrigerant will enter pass 1 through the header, where the refrigerant 

will be distributed to the minichannels of all the tubes of pass 1. It will make three more passes before exiting 

the condenser. Through the refrigerant passage inside the condenser, the refrigerant will be condensing from 

vapour to liquid. As the liquid is denser than vapour and occupies less space, the number of tubes will decrease 

from pass to pass along the refrigerant flow direction. 

 
FIG. 1: FLAT-TUBE LOUVERED-FIN AUTOMOTIVE CONDENSER 
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FIG. 2: REFRIGERANT CHANNELS IN A TUBE. 

TABLE II Details of the condenser and louvered fin 

Sl. No. Parameter Data 

1 Total number of tubes 82 

2 Number of tubes in pass 1 40 

3 Number of tubes in pass 2 18 

4 Number of tubes in pass 3 13 

5 Number of tubes in pass 4 11 

6 Single tube length (mm) 630 

7 Tube width (mm) 16 

8 Tube thickness (mm) 1 

9 Number of refrigerant channels (𝑁𝑐ℎ) per tube 20 

10 Number of louver banks 2 

11 Number of louvers per louver banks 8 

12 Louver angle (deg) 30 

13 Fin pitch (mm) 2 

14 Louver pitch (mm) 0.9 

15 Fin thickness (mm) 0.05 

16 Length of one fin (mm) 6.32 

 

II. MATHEMATICAL MODELLING  

 

FIG. 3. shows a unit cell with 20 refrigerant channels in the direction of air flow with the tube width 

(dimension perpendicular to the figure) being the same as the condenser depth of 16 mm. Each unit cell has a 

cross-sectional area of tube pitch times fin pitch (tp×fp). For analysis, one unit cell with one refrigerant channel 

is considered and the heat transfer from all the remaining channels are considered as identical. In a unit cell 

heat transfer takes place from the refrigerant to inside tube wall, from inside tube wall to outside tube wall 

through conduction and from exterior tube wall and extended surfaces to the air by convection. In the steady 

state, all the heat transfer rates are equal. 
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FIG. 3. UNIT CELL SHOWING THE FIN AND TUBE PORTIONS 

 

�̇�𝑢𝑐 =  𝑁𝑐ℎ𝛼𝑖𝐴𝑡,𝑖(𝑇𝑖 − 𝑇𝑡,𝑖)   (1) 

 �̇�𝑢𝑐 = 𝑁𝑐ℎ𝜆𝑡  𝑆 𝐹𝑝(𝑇𝑡,𝑖 − 𝑇𝑡,𝑜)   (2) 

�̇�𝑢𝑐 = 𝑁𝑐ℎ𝛼𝑜(𝐴𝑡,𝑜 + 𝐴𝑓ɳ𝑓)(𝑇𝑡,𝑜 − 𝑇𝑎)  (3) 

The quantity 𝑆 in “Eq. (2)” is the conduction shape factor for the channel walls and its calculation is explained 

in Gurudatt et al. 16. The conduction shape factor 𝑆 is found to be 5.74. The various quantities appearing in the 

equations are presented in the nomenclature. “Eq. (1)” to “Eq. (3)” can be combined to form a relation for the 

overall heat transfer coefficient. The three simultaneous equations are solved for the unknowns �̇�𝑢𝑐, 𝑇𝑡,𝑖 and 

𝑇𝑡,𝑜. For better accuracy, the logarithmic mean temperature difference (LMTD) is used in “Eq. (3)” in place of 

𝑇𝑡,𝑜 − 𝑇𝑎 instead of the arithmetic mean temperature difference (AMTD). 

 

A. Inside Nusselt number and refrigerant side pressure gradient. 

To calculate the inside Nusselt number in single phase laminar flow, correlations from Refs. 17 and 18 are 

employed. For turbulent flow, Gnielinski19 correlation is used.  In the two-phase region, the in tube 

condensation heat transfer coefficient is calculated from the most recent correlation of Shah20 which is based on 

4063 data points covering 33 fluids, and valid for conventional, mini and microchannels, a range of geometrical 

parameters and all orientations (horizontal, inclined, and vertical). The pressure drop in single phase is 

calculated using the Darcy friction factor for rectangular channels (Refs. 17 and 18), while in the case of two-

phase flow, the same was determined using correlations from Refs. 21-23. The void fraction is calculated using 

Zivi24 relation. The entry and exit refrigerant pressure drops are found using the correlations in Refs. 25-27. 

Details are reported in Gurudatt et al. 16. 

 

B. Air side heat transfer coefficient and pressure loss 

The air side heat transfer coefficient and pressure loss are calculated using the correlations of Park and Jacobi28 

as reported in Gurudatt et al. 16. 
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III. CALCULATION PROCEDURE 

 

Calculations are done by marching along the passage length and solving the three simultaneous equations 

iteratively for each unit cell. For each unit cell, the heat transfer rate and pressure drop are determined. The 

property data for the refrigerants is obtained from NIST REFPROP 9.0 Version. The properties of moist air are 

generated from dry air and water vapour. More details of the numerical procedure and its validation are 

available in Gurudatt et al.16 

 

IV. RESULTS AND DISCUSSION  

 

In the results reported in subsections A to G, the inlet vapour temperature and pressure for all the three 

refrigerants are 60oC and 12 bar. 

 

A. Refrigerant side heat transfer coefficient along the passage length 

 
FIG. 4. VARIATION OF REFRIGERANT SIDE HEAT TRANSFER COEFFICIENT ALONG THE REFRIGERANT PASSAGE LENGTH 

 

The refrigerant side heat transfer coefficient variation over the refrigerant passage length (4 passes × 630 

mm/pass = 2520 mm) is shown in “Fig. 4.” The refrigerant mass flow rate, inlet air temperature and inlet air 

velocity are kept constant as mentioned earlier. It can be observed that the heat transfer coefficient attains a 

maximum in the two-phase region , particularly at higher dryness fractions. For R1234ze(E), the 

desuperheating part is negligibly small. The highest heat transfer coefficient in the two-phase region is 

observed for R1234ze(E). R1234ze(E) condenses faster than R134a and R1234yf, due to its lower enthalpy of 

condensation. 

 

B. Variation of quality with refrigerant passage length 

The variation of dryness fraction over the span of refrigerant passage is shown in “Fig. 5”. It is observed that 

R134a requires a longer refrigerant passage length compared to R1234ze(E) and R1234yf, whereas R1234ze(E) 

requires significantly less refrigerant passage length and hence can handle higher mass flow compared to R134a. 

c 
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FIG. 5. VARIATION OF DRYNESS FRACTION ALONG THE REFRIGERANT PASSAGE LENGTH. 

 

C. Variation of refrigerant side pressure along the refrigerant passage length 

 
FIG. 6. VARIATION OF REFRIGERANT SIDE PRESSURE ALONG THE REFRIGERANT PASSAGE LENGTH. 

 

The variation of refrigerant side pressure over the length of the refrigerant passage is shown in “Fig. 6”. It can 

be observed that R134a experiences the most significant pressure drop, while the pressure drop with 

R1234ze(E) is the lowest. However, the overall pressure drop on the refrigerant side is less than 100 kPa for all 

three refrigerants. 

 

D. Cummulative heat transfer rate along the refrigerant passage length 

“Fig. 7” depicts the cummulative heat transfer rate against the refrigerant passage length for different 

refrigerants. The heat transfer rate is dominant in the two-phase region and it is tiny in the subcooled part. This 

is due to the higher values of condensation heat transfer coefficient compared to those of single-phase. It can be 

seen that refrigerants R134a, R1234ze(E) and then  R1234yf  exhibit cummulative heat transfer rate in 

decreasing order.  
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FIG.7. VARIATION OF CUMMULATIVE HEAT TRANSFER RATE ALONG THE REFRIGERANT PASSAGE LENGTH. 

 

E. Effect of refrigerant mass flow rate on heat removal rate 

 
FIG. 8. EFFECT OF REFRIGERANT MASS FLOW RATE ON HEAT REMOVAL RATE. 

“Fig. 8” shows the variation of  heat removal rate with refrigerant mass flow rate when inlet air temperature 

and the inlet air velocity are kept constant. For the same mass flow rate of the refrigerant heat removal rate is 

maximum for R134a followed by R1234ze(E) and R1234yf. Since subcooling results in negligible heat 

dissipation, the condenser area will be effectively utilized if complete latent heat removal occurs when the 

refrigerant reaches the end of the condenser. Lowering the inlet air temperature or increasing the inlet air 

velocity beyond this condition does not significantly affect the heat removal rate.   

 

F. Variation of inside side tube wall temperature with refrigerant passage length 

“Fig. 9” shows the refrigerant side tube surface temperature variation along the refrigerant passage length. It 

can be observed that there is a slight decrease in  tube wall temperature during condensation for R134a and 

R1234yf, while the tube wall temperature decrease for R1234ze(E) is higher. A rapid drop in wall temperature 
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is observed where the dryness fraction attained low values. The wall temperature for R1234yf during the major 

part of the condensation region is not too different from that of R134a.  

 
FIG. 9. VARIATION OF THE INSIDE TUBE WALL TEMPERATURE ALONG THE REFRIGERANT PASSAGE LENGTH. 

 

G. Refrigerant passage length per unit latent heat removal 

TABLE III shows the refrigerant passage length required per unit latent heat removal with both inlet 

temperature and inlet pressure kept constant for all the three refrigerants considered. It is observed that the 

passage length required per unit latent heat removal rate is in increasing order for the refrigerants R1234ze(E), 

R1234yf and R134. Since the inlet pressure is kept constant, the condensation temperatures of the refrigerants 

differ. However, to examine the case of the same condensation temperature, results are also obtained for the 

same inlet vapour temperature and inlet pressures corresponding to the same condensation temperature. Since 

the pressure drop in the desuperheating region is very less, this results in more or less the same condensing 

temperature for all the refrigerants. These results, tabulated in TABLE IV, are similar to the former observation. 

 

TABLE III Refrigerant passage length per unit latent heat removal (𝑇1 = 60°C and 𝑃1 = 1200 kPa, Temperatures 

at the beginning of condensation: R134a = 46°C, R1234yf = 46.5°C and R1234ze (E) =57°C) 

 

Refrigerant 

Refri-gerant 

mass flow rate 

(kg/s) 

Latent heat 

remov-ed 

(kJ/kg) 

Refri-gerant passage 

length for conden-sation 

(mm) 

Refri-gerant passage length 

per unit latent heat removal 

(mm-kg/kJ) 

R134a 

0.035 

156 2284 14.55 

R1234ze(E) 138 476 3.45 

R1234yf 125 1334 10.67 

R134a 

0.03 

156 1550 9.88 

R1234ze(E) 138 408 2.96 

R1234yf 125 982 7.86 

R134a 

0.025 

156 1058 6.74 

R1234ze(E) 138 342 2.48 

R1234yf 125 692 5.54 
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TABLE IV Refrigerant passage length per unit latent heat removal (𝑇1 = 60°C, Temperatures and pressures at 

the beginning of condensation: R134a = 46°C, 1.19 MPa; R1234yf = 46°C, 1.18 MPa; R1234ze (E) = 46°C, 0.899 

MPa) 

 

Refrigerant 
Refrigerant mass 

flow rate (kg/s) 

Latent heat 

removed 

(kJ/kg) 

Refrigerant passage 

length for condensation 

(mm) 

Refrigerant passage length 

per unit latent heat removal 

(mm-kg/kJ) 

R134a 

0.03 

156 1550 9.94 

R1234ze(E) 150 1282 8.55 

R1234yf 125 1082 8.66 

R134a 

0.025 

156 1058 6.78 

R1234ze(E) 150 900 6.00 

R1234yf 125 772 6.18 

R134a 

0.02 

156 686 4.4 

R1234ze(E) 150 594 3.96 

R1234yf 125 520 4.16 

 

H. Energy balance 

TABLE V. shows the energy balance by considering the heat removed from the refrigerant and the heat 

abstracted by the ambient air. 

Heat abstraction rate by ambient air is calculated using the formula 

�̇� =  �̇�𝑎𝑐𝑝𝑎(𝑇𝑎,2 − 𝑇𝑎,1)     (4) 

The energy balance shows that the heat transfer rates from the refrigerant and air sides agree to within 1%. 

TABLE V. Energy balance 

 

Ṁr 

(kg/s) 
Particulars Refrigerants 

Ta,1 = 35oC 

V = 3 m/s 

Ta,1 = 25oC 

V = 3 m/s 

Ta,1 = 25oC 

V = 5 m/s 

0.01 

Heat rejected by Refrigerant (kW) 

R134a 1.89 2.03 2.03 

R1234ze(E) 1.74 1.88 1.88 

R1234yf 1.59 1.73 1.73 

Heat abstracted by air (kW) 

R134a 1.87 2.01 2.02 

R1234ze(E) 1.72 1.85 1.85 

R1234yf 1.58 1.71 1.71 

0.02 

Heat rejected by Refrigerant (kW) 

R134a 3.59 4.04 4.06 

R1234ze(E) 3.47 3.75 3.76 

R1234yf 3.07 3.44 3.45 

Heat abstracted by air (kW) 
R134a 3.57 4.00 4.02 

R1234ze(E) 3.42 3.7 3.71 
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R1234yf 3.05 3.41 3.42 

0.03 

Heat rejected by Refrigerant (kW) 

R134a 5.35 5.83 6.02 

R1234ze(E) 5.08 5.56 5.61 

R1234yf 4.47 5.03 5.13 

Heat abstracted by air (kW) 

R134a 5.31 5.78 5.96 

R1234ze(E) 5.00 5.48 5.53 

R1234yf 4.44 4.99 5.08 

 

V. CONCLUSION 

 

The following conclusions can be drawn from the present study: 

1) The refrigerant passage length required per unit latent heat removal is the least for R1234ze(E) and highest 

for R134a whereas R1234yf lies in between. 

2) A condenser with R134a experiences more pressure drop whereas that with R1234ze(E) experiences the 

lowest pressure drop for the same operating conditions.   

3) Inside heat transfer coefficient is maximum in two-phase region, particularly when the refrigerant has a 

higher dryness fraction. R1234ze(E) has the highest value of two phase heat transfer coefficient among the 

three refrigerants considered.  

4) The decrease in  tube wall temperature during condensation for R134a and R1234yf is minimal, while the 

tube wall temperature decrease for R1234ze(E) is slightly larger. A rapid drop in wall temperature is 

observed where the dryness fraction attained low values. The wall temperature for R1234yf during the 

major part of the condensation region is not too different from that of R134a. 

An experimental investigation to rapidly analyze the performance of an automotive condenser could be costly 

and time-consuming hence present simulation program can be used effectively. 
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ABSTRACT 

 

This study comprises the development of innovative composite materials that outperform existing composites. 

Cerium oxide, a rare earth material family member in the periodic table, Lapox L-12 resin, and E Glass fibre 

material are used to develop newer composite materials. The wear loss and surface roughness in a dry sliding 

wear were investigated using a combination of materials and process factors, such as % of filler material, normal 

load, and sliding speed. L16 orthogonal array based on taguchi design was used to plan the tests. The result 

reveals that the optimum process parameters for the wear loss is A3,B4,C3 similarly for surface roughness 

A4,B3,C4 

 

Keywords: GFRP, Wear loss, Surface Roughness, Pin-on-disc testing machine. 

 

I. INTRODUCTION 

 

In recent days the polymers are replacing the metal and alloys by their promising property i.e. high strength-

to-weight ratio and stiffness–to-weight ratio. As a reason, mechanical components such as gears, cams, wheels, 

brakes, clutches, bearings, and seals are being used consistently. The majority of these are impacted by 

tribological loading, when they are in service. as a result, the researchers are much interested to develop the 

newer material for the polymer system.  

There are the two methods to get the newer material, by varying the filler material and the proportion of the 

filler material in the polymer-based matrix such as fillers/whiskers. Another method is by varying the type of 

reinforcement material and the geometry of the reinforcement such as woven/ fibrous/ unidirectional/ 

bidirectional/ random etc., [1,12]. B. Suresh et al..,2006 examined the wear properties by varying the three 

percentages of graphite filler in E-glass-epoxy composite, the comparison of wear behaviour is been carried 
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with and without graphite filler, and concluded that the graphite filled composite poses higher value of 

resistance to sliding wear when compared to unfilled.[5,6]. Gewen Yi and Fengyuan Yan,2007 Tribological and 

mechanical characterization is being conducted on phenolic based composite with numerous inorganic fillers. 

Addition of petroleum coke in phenolic composite, increases bending strength and hardness characteristics. 

Talcum powder (5-10%) and hexagonal boron nitride (5-15%) of volume fraction acts as friction modifier, to 

increase the wear resistance of phenolic composite [11]. Further addition leads to inappropriate results of wear 

resistance and decrease in strength. S. Basavarajppa et al.., 2007 an experiment approach using DOE (taguchi) 

method for analyzing the wear characteristics of the composite with varying filler (SiC and Graphite) material, 

sliding distance, sliding speed and load with aid of pin-on-disc test rig under dry condition. The result revealed 

that the wear resistance increased tremendously by the inclusion of Sic and Graphite as fillers in the polymer 

composite [7].  

Through above citied literature survey, shows an ample opportunity to conduct the experimentation on wear 

behavior of polymer composite by varying the filler material i.e. one of the rare earth material lanthanum 

oxide. Taguchi approach helps to design a plan of experiments to get a good control on the variables opted to 

investigate the wear characteristics of particulate filled composites [6]. 

 

II. MATERIALS, FABRICATION, METHODS AND TESTING OF COMPOSITES 

 

A. Materials  

To carry out the experimentation the random orientation E-glass fiber with density of 2.62gm/cm3, Lapox L-12 

resin with density of 1.120gm/cm3 hardener with density of 0.954gm/cm3 and secondary filler material 

lanthanum oxide with density of 6.51gm/cm3 is been incorporated to get a newer polymer composite. The 

below table-I shows the proportionate used to fabricated the composites [8,9]. 

TABLE I PROPORTIONATE COMBINATION OF MATERIAL USED IN THE COMPOSITE  

Specimen 
Composition 

Resin Fiber Filler Material 

1 60% 40% 0% 

2 60% 30% 10% 

3 60% 20% 20% 

4 60% 10% 30% 

 

B. Fabrication of Composites   

The composite are fabricated as per the proportionate by hand layup method and further the composites are 

machined as per the required ASTM D G99 standard for wear test rig some samples [8.9, 10, 13]. 

C. Wear Test  

The whole test was carried on a "DUCOM" wear test machine at ambient conditions. The wear test was 

conducted for the samples without post curing and with post curing. The wear rate was monitored from the 

wear loss versus time plot. All the tests carried at constant track distance of 70mm [2,3,4].The below fig.1 show 

the picture of DUCOM test rig and table. II shows specifications of Pin On Disc. 
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Fig.1 Pin-on-disc wear testing apparatus. 

TABLE II. SPECIFICATIONS 

Sl.no Parameters Range 

01 Load Range Up to 200N 

02 Rotational Speed 200-2000rpm 

03 Frictional Force Measurement 0-200N 

04 Compound Wear Measurement 0-1200µm 

05 Wear 0-3mm 

06 Disc Size 160mm (Dia) 

07 Pin Size 3-10mm 

D. Taguchi Approach 

In this work, along all four different levels, the influence of three design variables was examined utilizing L16 

experimental plan. The working conditions under which wear tests were performed are tabulated in table III.  

TABLE III. LEVELS FOR VARIOUS CONTROL FACTORS 

Control variables Units Level I Level II Level III Level IV 

% of filler material Wt.% 0 10 20 30 

Load N 5 10 15 20 

Sliding speed m/s 0.25 0.5 0.75 1 

 

III. RESULTS AND DISCUSSION  

 

In this investigation, wear test and surface roughness were examined on modified particulate filled polymer 

composite and also the influence of post curing on wear behaviour. In order to obtain the optimum result 

prediction, the obtained results need to transform into signal/noise ratio, because the S/N ratio greatly 
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contribute, as objective function for optimization. The objective function for the wear loss and surface 

roughness obtained by the S/N ratio is smaller the better, which further can equated as a logarithmic loss 

function. 

 

A. S/N ratio analysis 

The test carried out as per the plan of experiment obtained by the L16 orthogonal array and wear results are 

been tabulated in the table.4. To estimate the quality characteristics of obtained results, then the results need to 

transformed into S/N ratio with the help of software MINITAB16, these ratios are been tabulated in table. IV 

The main interest is to know the influence of the filler material, as it key factor for the modification of the 

composite. Signal/Noise ratio responsive analysis need to carry between percentage of filler and wear loss. To 

get the very high quality the process parameters is to set to be optimum.  

The higher and lower value of mean of S/N ratios difference leads to know the strongest impact parameter 

among the set parameters. If the difference is greater value of the averages of S/N ratios, would be the more 

prominent parameter 

The difference between the higher and lower values of the mean of S/N ratios was also used to determine the 

control parameter with the strongest recommendations. The control parameter would be more influential if the 

difference between the averages of S/N ratios was greater. 

Within the range of control parameters, the delta value will assign rank and average value of S/N ratio, which is 

been tabulated in the table V & VI for the samples. The ranks to the control factors are assigned by the delta 

value, highest the delta value will be the 1st rank and highest delta value will be the 2nd rank and so on. The 

factor load is possessing highest value hence 1st rank is assigned to the load for the sample.2nd rank is given to 

the percentage of filler material and 3rd rank is given to the sliding distance. 

The optimum process parameters level for minimum wear loss of GFRP composites are percentage of filler 

material is 20%, Load is 20N and sliding speed is 0.75 m/s wear loss is A3,B4,C3 similarly for surface roughness 

A4,B3,C4.  

Fig 2 and Fig 3 shows the main effects plots of S/N ratios for composites graphically. From the figures it is 

evident that the average means wear loss of as of GFRP composites is 0.089844. 

 

TABLE VI Plan of Experiment using L16 orthogonal array with and without post cured composite 

Trial  % of filler 

material 

Load (N) Sliding 

speed (m/s) 

Wear loss 

(mm3/m) 

S/N ratio 

(dB) 

Surface 

roughness (Ra) 

S/N ratio 

(dB) 

1 0 5 0.25 0.15012 16.4712 4.140 -12.3400 

2 0 10 0.5 0.11745 18.6029 2.380 -7.5315 

3 0 15 0.75 0.00217 53.2708 2.450 -7.7833 

4 0 20 1 0.0436 27.2103 1.580 -3.9731 

5 10 5 0.5 0.11947 18.4548 2.860 -9.1273 

6 10 10 0.25 0.09028 20.8882 3.723 -11.4179 

7 10 15 1 0.09875 20.1093 2.920 -9.3077 

8 10 20 0.75 0.00602 44.4081 2.670 -8.5302 
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9 20 5 0.75 0.00248 52.1110 6.560 -16.3381 

10 20 10 1 0.00201 53.9361 4.680 -13.4049 

11 20 15 0.25 0.02925 30.6775 2.593 -8.2761 

12 20 20 0.5 0.04357 27.2162 7.143 -17.0776 

13 30 5 1 0.06028 24.3965 2.110 -6.4856 

14 30 10 0.75 0.09985 20.0130 1.890 -5.5292 

15 30 15 0.5 0.21387 13.3970 3.220 -10.1571 

16 30 20 0.25 0.02718 31.3150 2.380 -7.5315 

 

TABLE V RESPONSE TABLE FOR SIGNAL TO NOISE RATIOS –SMALLER THE BETTER (WEAR LOSS) 

Level % of filler material Load Siding speed 

1 28.89 27.86 24.84 

2 25.97 28.36 19.42 

3 40.99 29.36 42.45 

4 22.28 32.54 31.41 

Delta 18.70 4.68 23.03 

Rank 2 3 1 

 

TABLE VI RESPONSE TABLE FOR SIGNAL TO NOISE RATIOS –SMALLER THE BETTER (SURFACE ROUGHNESS) 

Level % of filler material Load Siding speed 

1 -7.907 -11.073 -9.891 

2 -9.596 -9.471 -10.973 

3 -13.774 -8.881 -9.545 

4 -7.426 -9.278 -8.293 

Delta 6.348 2.192 2.681 

Rank 1 3 2 

 

 

a 
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Fig.2: Main effects plot for S/N ratios- specimens (a) wear loss (b) Surface roughness 

 

IV. CONCLUSION 

 

The following conclusions were obtained as an outcome of the investigations: 

1. The optimum process parameters level for minimum wear loss for GFRP are percentage of filler material is 

20%, Load is 20N and sliding speed is 0.75 m/s wear loss (A3, B4, and C3). 

2. The optimum process parameters level for minimum surface roughness GFRP composites, optimum process 

parameters are percentage of filler material is 30%, Load is 15N and sliding speed is 1 m/s (A4, B3, and C4). 

3. As the applied stress is increased, wear loss increases. 

4. Wear loss is reduced as the sliding speed is increased. 

5. Surface roughness is high for without post cured specimens whereas for as post cured composites it is low. 
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ABSTRACT 

 

In the present study the effect of heat transfer performance of oscillating heat pipe (OHP) using acetone with 

different fill ratios and heat input. A closed loop oscillating heat pipe with four turns is fabricated and tested. 

The oscillating heat pipe is filled with 50%,  60%, 70% and 80%  fill ratio and 15 w to 40w in steps  of 5 w heat 

input. The variation of temperature difference of evaporator and condenser section temperatures versus Heat is 

studied at steady state condition. The obtained result indicated that higher fill ratio of working fluid shows the 

better results in terms of increased heat transfer coefficient and small temperature difference across the 

evaporator and condenser.  

 

Keywords: Oscillating Heat Pipe (OHP); Acetone; Heat Performance; Fill Ratio, Thermal Resistance, Heat 

Transfer Coefficient. 

 

I. INTRODUCTION 

 

Thermal management is the challenge of the day in electronic product development. Presently the chip heat 

flux level range between 40 to 120 W/cm2. It is expected to increase to 200 W/cm2 in the next few decades. 

Several cooling methods are employed to cool the electronic devices. Heat pipe is being explored for electronic 

cooling devices with promising results. Even though the conventional heat pipes are excellent heat transfer 

devices but their application is mainly confined to transferring small amount of heat over relatively short 

distances. Oscillating Heat Pipes have proved to transport heat for longer distances, helping in placing the 

condenser away from compact cabinets. They also proved to be beneficial in the refrigeration applications [1-4].   

 Several researchers studied the effect of many factors on heat transfer performance of Oscillating Heat pipe 

(OHP) with traditional working fluids [5-8]. However, the working temperature of OHP with traditional 

working fluids is more than room temperature. It is difficult for the applications like Aerospace, Refrigeration, 

and electronic system. 
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Shafii et al. [6] studied the Thermo hydrodynamics of PHP using multiquasi study state, the experiments were 

conducted for heat input of 10 to 20 watts with Acetone as the working fluid at different fill ratio. The obtained 

results indicate that churn flow takes place in the evaporator and slug flow in the condenser, it is noticed that 

continuous heat transfer takes place in both evaporator and condenser. The effect of heat load on the 

performance of PHP is reported. It indicates the increase in heat load with increase in operating temperature 

resulting in better thermal performance. Rama narasimha et al.  [7] Studied the single loop Pulsating Heat pipe 

(PHP) with copper tube of 2mm internal diameter in the condenser and evaporator section. They conducted 

the transient studies for different heat inputs, working fluids and different fill ratios [8]. The obtained results 

indicated acetone is the most suitable working fluid for pulsating heat pipe operations. From the above 

literature it reveals that the impact of fill ratio and heat input influence on the performance of oscillating heat 

pipe(OHP). Hence, in the present investigation, the performance parameters such as thermal resistance and 

heat transfer coefficient of the OHP with acetone as the working fluid for different fill ratio and heat input has 

been studied. 

 

II. MATERIALS, METHODS, PROCESSING AND TESTING OF COMPOSITES   

 

A. Experimental setup 

The Experimental setup consists of copper tube OHP, power controller, data acquisition systems, steady flow 

cooling system and evaporator section. The OHP was made up of Copper tube and bent into the coil of 4 turns, 

inner diameter of the tube is 1.7 mm and outer diameter is 2.4 mm. The length of evaporator section, adiabatic 

section and condenser sections are 84 cm, 30 cm and 60 cm respectively. The detailed specification of the OHP 

is given in Table 1. The adiabatic section is insulated using glass wool insulation. In the evaporator section mica 

heater power of 6 w/cm2 and heater temperature range of 500 0Cis used to heat the OHP at the bottom, Heater 

carrying wire is connected to power controller. At the top continuous steady flow of water is used in the 

condenser section. In the experiment four k type thermocouples in the condenser and four in the evaporator 

section are connected to Data Logger, the operating temperature of k type thermocouple is -200 to 1260 0C. 

The assembly of experimental setup is mounted on the wooden board is as shown in Fig. 1.  

TABLE I SPECIFICATION OF OSCILLATING HEAT PIPE (OHP) 

Sl. No. Descriptions Dimensions 

1 Number of Turns 4 

2 Length of the copper tube in the Condenser 60 cm 

3 Length of the copper tube in the Evaporator  84 cm 

4  Inner Diameter of Copper Tube 1.7 mm 

5  Inner Diameter of Glass Tube 2.4 mm 

6 Volume of copper 3.268 mil lit 

7 Volume of Glass 1.357 mil lit 

8 Total Volume 4.625 mil lit 
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Fig.1Experimental setup of Oscillating Heat Pipe (OHP) 

 

B. Working Fluids 

The first consideration is the identification of a suitable working fluid and the operating temperature range. 

Within the approximate temperature band, several possible working fluids are employed. A variety of 

characteristics must be examined in order to determine the most acceptable of these fluids for the application 

considered. In the present work based on the available literature, Acetone is used as the working fluid. The 

properties of these working fluid are listed in the table. 

 

TABLE II PROPERTIES OF WORKING FLUIDS 

Fluids Acetone 

Boiling Point (ᵒ C) 57 

Melting Pt. (For Solid State) (ᵒ C)  -95 

Specific Heat Cp (J/Kg K) 2031 

Useful Temp. Range(ᵒ C) 0-120 

  

 

C. Experimental Procedure  

The Experiment is conducted for Four turns and working fluid used is Acetone. Before conducting the 

experiment, it is ensured that there is no fluid inside the tubes. The required amount of working fluid is then 

filled through a syringe by opening one end the silicon rubber tube and the rubber tube is closed and ensured 

for tightness without any leakage. Then the display unit is switched on and the thermocouples are checked. 

The heater plate is connected to the power controller and suitable wattage has been adjusted, it is left until 

steady temperature is reached and then the data logger is turned on, once the pulsation of the liquid begins and 

the reading have been taken until flow reaches steady state. Once the reading for a particular heat input is over, 

the system is kept for cooling the temperature of the copper pipes and the glass tube is monitored in the same 
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software. Once the pulsations of the liquid are stopped the procedure repeats the heater plate is adjusted to the 

suitable heat input again and the readings are tabulated. 

 

III. RESULTS AND DISCUSSION  

 

3.1 Effect of Fill Ratio on Temperature 

Fig. 2 and Fig. 3 shows the evaporator temperature and difference between evaporator and condenser 

temperature versus time for different watt at fill ratio of 60% . It is observed that the temperature increases 

with time as the wattage is increased.   

 
Fig.2 Evaporator temperature for 60% fill ratio (FR) and different watt  

 

 
Fig.3 Difference between evaporator and condenser temperature for 60% fill ratio (FR)  

 

Fig.4 and Fig.5 shows evaporator temperature and difference between Evaporator and Condense Temperature 

Vs Time for different watt at fill ratio of 80% . It is observed that the temperature increases with time as the 

wattage is increased. 
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Fig.4 Evaporator temperature for 80% fr and different watt  

 
Fig.5 Difference between evaporator and condenser temperatutre for 80%fill ratio. 

Fig.6 shows the variation of temperature difference of Evaporator and condenser section temperatures versus 

Heat for Acetone fluid at different Fill Ratio (FR). It is seen that temperature Difference is less for 15 watts and 

it increases for 40 watts this is because temperature difference is directly proportional to heat input, as heat 

input increases temperature difference increases. 

 
Fig.6 The variation of temperature difference of evaporator and condenser section temperatures versus Heat at 

steady state condition 

The Figure 4.7 represents the thermal resistance versus the heat input for various fill ratios, from 50% to 80% 

fill ratios for Acetone fluid. The Thermal Resistance R is given by  
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As we can observe from the graph the thermal resistance decreases with increase in the fill ratio, the thermal 

resistance is least for 80% fill ratio and the thermal resistance increases as the fill ratio decreases and it is 

highest for 50% ratio. This is because in 80% fill ratio there is more volume of fluid compared to 50%, 60%, 

70% fill ratios and thus better transfer of heat is possible due to the presence of more volume of liquid 

compared to volume of vapour. 

 
Fig.7. Thermal Resistance (R) V/s Heat (Q) for different fill ratio 

Fig.8 shows the heat transfer coefficient (h) vs heat (Q) for different fill ratio for the acetone fluid. The higher 

fill ratios of working fluid shows better results in terms of increased heat transfer coefficient decreased thermal 

resistance and small temperature difference across the evaporator and condenser. 

 

 
Fig.8. Heat transfer coefficient (h) vs Heat (Q) for different fill ratio 

 

IV. CONCLUSION 

 

This work presents the experimental investigations of a OHP. The effects of input power, time constant, heat 

transfer coefficients and the thermal resistance on the performance of the heat pipe are studied through 

experimentation. The results of the present study are summarized as follows. 

• The results indicate that acetone can transfer more heat with less temperature difference and less thermal 

resistance. Thus acetone can be considered as more suitable working fluid for OHP operation. 
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• The overall heat transfer coefficient of heat pipe increases with increase in heat input, in the range of 

inputs tested for acetone   

• In case of acetone, the temperature difference across evaporator and condenser continues to drop down 

with an increase in the fill ratio. 

• With acetone as the working fluid, 80% fill ratio of evaporator volume shows the best result with minimum 

temperature difference across the evaporator and condenser. 

The higher fill ratios of working fluid shows better results in terms of increased heat transfer coefficient, 

decreased thermal resistance and small temperature difference across the evaporator and condenser. 
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ABSTRACT 

 

There exist few objects and obstructions on the roads which we concern a lot about but these might not be 

visible from the vehicle’s cabin, such as kids playing around or pets relaxing behind the vehicle. If the driver is 

unaware of these objects or obstructions, both the external obstructions and the vehicle will suffer significant 

damage and hence it is essential to have an intelligent system that automatically engages the brakes to limit the 

amount of damage caused during an unexpected situation. The "Intelligent Autonomous Braking System" is an 

electronically controlled car slowing mechanism in which the infrared sensor, ultrasonic trigger and receiver 

circuit, control unit, and pneumatic slowing mechanism are all housed in a sensor operated pneumatic braking 

system. The ultrasonic and infrared sensors are used to identify obstacles, and if an obstruction is found, the 

ultrasonic or infrared sensor sends a signal to the control unit to engage the slowing mechanism, which is a 

pneumatic slowing mechanism for vehicle safety. In essence, the vehicle brakes without the assistance of the 

driver by determining the best path away from the object. The ultrasonic and infrared sensors fixed both at the 

front and the rear of the vehicle provides the necessary signal to the control unit to engage the braking 

mechanism.  

Keywords : Ultrasonic trigger, Infrared sensor, Intelligent Autonomous Braking System, Obstacle. 

 

I. INTRODUCTION 

 

Ultron and Infrared course circuits are used to operate a pneumatic slowing mechanism, resulting in an 

Intelligent Autonomous Braking System. The primary goal of this task is for the vehicle to be able to turn 

around and perform programmed braking in an event when an obstruction is being detected by the system as 

well as for the vehicle to disengage the system when appropriate space is detected. The braking circuit's role is 

to brake the vehicle appropriately after receiving a signal from the sensor. These concepts address the use of 

mechanical brakes to replace human intervention [1]. While traveling at a speed of fifty kilometers per hour, 

the automated slowing system can stop the vehicle in 2 to 3 seconds, within a distance of 1 meter. The 

intelligent braking system is completely automated, allowing the driver to let the vehicle stop once the obstacle 

is detected. It also includes a normal mode for basic conventional operation. In addition, the framework 

contains a late catch that, when held, supersedes the slowing mechanism. The present stopping mechanism is 

http://www.ijsrset.com/
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activated when the release button is depressed. This mode is activated when the night time factor is greater 

than the day time threshold for the sensors to detect the area ahead. 

 

II. METHODOLOGY  

 

This paper started with field research, in which numerous articles and papers relevant to the concept were 

reviewed and observed. This leads us into the next step, which was problem facing. The study explored various 

and common challenges/difficulties such as to overcome the limitations of the previously studied experiments 

that were recorded in the field study stage. Following this, auto-electronic sensors and the problems faced in 

their applications were studied. Finally, ideas were transformed into a physical project and the last phase, 

testing was carried out to evaluate the working of the model.  

The ultrasonic sensor consists of transmitter and receiver units, with the ultrasonic transmitter transmitting 

signals that are reflected back to the ultrasonic receiver unit to detect the obstacle. The ultrasonic sensor 

information is then used to determine whether or not there are any objects in the vehicle's path. If an item is 

identified, the system can determine whether the vehicle's speed is greater than that of the object ahead of it. 

The computations will take done through a PIC microcontroller using an Arduino dumped C programme, based 

on the stated maximum distance and distance between the automatic system and the barrier. Through 

servomotor braking mechanism phenomena, the DC gear motor rotates consistently at a given rpm and 

gradually drops speed while automatically breaking the system. A large speed disparity may suggest the 

likelihood of a collision, in which case the system is capable of automatically applying the brakes. 

 
Figure 1: Primary segments canny switch stopping mechanism 

Ultrasonic moving and spotting systems use high-recurrence sound waves to determine the distance and range 

of an object. An ultrasonic sensor often employs a transducer that generates an electrical yield signal when 

ultrasonic energy is applied. Fig. 1 shows the primary segments canny switch stopping mechanism. An Arduino 

is used to detect the pulses and apply brakes to the vehicle [2, 9]. There are two types of energy supply required, 

ie. the electric supply for the functioning of the ultrasonic sensor control unit, and the air supply for the 

pneumatic brake to work. Different surfaces exhibit different responses. Some surfaces scatter, reflect, and 

absorb infrared radiation, making it difficult to interpret sensor output as a distance measurement [3]. 

Ultrasonic STNT is made up of an ultrasonic transmitter and a receiver. An ultrasonic transmitter sends a 
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constant stream of graded class waves. Ultrasonic waves are created when the vehicle gets too close to a 

deterrent, which are then picked up by the Ultrasonic receiver. The control unit is powered after receiving the 

reflected signal. This controls whether or not the solenoid valve is to be switched on. These tactics are entirely 

electronic, necessitating the use of computerized inventory. 

 

III. COMPONENTS OF SYSTEM 

 

The components and requirements for the complete operation of the pneumatic bearing press are as follows: 

 

A. Control Unit 

The main parts of the control unit are: 

1) Arduino Uno: The ATmega328 microprocessor is used in the Arduino Uno microcontroller board 

(datasheet). It has 14 digital input/output pins, six analogue inputs, and a 16 MHz ceramic resonator (six of 

which can be used as PWM yields). A USB port, a power jack, an ICSP header, and a reset switch are also 

included. Everything a user needs to get started with the microcontroller is included. It merely requires a 

USB cable to connect to a computer, or an AC-to-DC adapter or a battery to power it. 

2) Relay: Relays are electronic and electromechanical switches that are used to close and open circuits. It 

controls how connections in an electrical circuit open and close. The device is made up of a set of input 

terminals for a single or many control signals, as well as a set of operational contact terminals. The switch 

can have several contacts in any contact form, such as ‘make contacts', 'break contacts' and combinations of 

the two [4]. 

 

 
Figure 2: Snubber Diode Circuit 

The switch connections on the relay are generally labelled 'COM,' 'NC,' and 'NO': 

• COM stands for Common Terminal, and it is always connected to a terminal depending on the application. 

• NC = Normally closed; while the relay coil is off, COM is linked to NC. 

• NO = Normally open; when the relay coil is on, COM is linked to NO. 

A snubber diode was used to protect the circuit from voltage spikes. Fig. 2 shows a snubber diode circuit being 

used. 

B. Sensor Unit 
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The sensor unit consists of an ultrasonic transmitter for creating ultrasonic beams and an ultrasonic collector 

for receiving ultrasonic beams that are reflected back from obstacles. When Ultrasonic receiver receives waves 

reflected from the obstacle, it communicates the data to the control unit. The control unit then determines the 

distance between the deterrent and the vehicle, and if the distance is within a specific range, it sends a signal to 

the solenoid valve, which therefore engages the brake. 

 

C. Ultrasonic Sensor 

The ultrasonic sensor detects an obstruction in the path of movement and sends the signal to the 

microcontroller. It acts as the eyes of the control unit. The HC-SR04 Ultrasonic Sensor is a low-cost proximity 

or distance sensor that is primarily used for object detection in robotics applications. It simply acts as a pair of 

eyes for the Arduino. It comprises of 4 pins, that is: GND, Vcc, Trig (output) and Echo (input) [8]. 

 

D. Infrared sensor 

An infrared sensor (IR sensor) is an electronic sensor that detects and analyses infrared radiation in its 

environment. Infrared detection and accuracy can outperform ultrasonic detection over long distances [5]. It 

accomplishes this by generating and detecting infrared radiation in numerous ways. Infrared sensors can also 

detect movement and measure the heat generated by an object. It has 3 pins, that is: Vcc, GND and Out [10]. 

 

E. Pneumatic cylinder 

The compressor function is performed by the pneumatic cylinder. A compressor is a mechanical device that 

reduces the volume of a gas in order to increase its pressure [6]. When an action requires more than one 

movement and a device to transfer load in both directions, double acting cylinders come in handy. Double-

acting air cylinders do not require a spring to inflate and retract, unlike single-acting air cylinders. Double 

acting cylinders have two ports via which air can flow in and out instead of a single port for providing 

pressured air. Few advantages of using a double acting cylinder are that they offer more control over movement 

since pressurized air moves both ways, they are both fast and strong and also use less energy. Double acting 

cylinders also feature design variations, ie. stroke and bore sizes which can be chose according to the design 

requirements. 

 

F. Solenoid valve 

To regulate the fluid flow automatically, solenoid valves are employed. A solenoid valve is an electrically 

controlled valve. The valve uses a solenoid, which is an electric coil with a moveable ferromagnetic core 

(plunger) at its centre. In the rest position, the plunger covers a small aperture. When a magnetic field is 

created by passing an electric current through the coil, the plunger is pushed higher by the magnetic field, 

which in turn opens the aperture. This is the basic principle which is employed to open and close the solenoid 

valves. 

 

 

 

G. Flow Control valve 
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A flow control valve regulates the volume of air that flows in one direction alone. This valve is used to keep the 

compressor from being disrupted. A non-return valve and a variable throttle combine to make a flow control 

valve. Between the solenoid valve and the compressor, there is a flow control valve. The flow control valve, on 

the other hand, is usually attached to the cylinder. Because the piston moves faster when this valve is used, the 

time consumption is reduced. 

Technical Data:  

Size: 1/4th inch.  

Pressure: 0 to10 kg/cm2. 

Media: Air.  

 

H. Motor 

A three-phase squirrel cage induction motor is a form of electromagnetic three-phase induction motor. A 

squirrel cage motor's capacity to change its speed-torque characteristics is a key advantage. This can be done 

easily by changing the shape of the rotor's bars. Squirrel cage induction motors are commonly used in industry 

because they are dependable, self-starting, and easy to tune. 

 

IV. EXPERIMENTATION 

 

The intelligent autonomous braking system consists of an ultrasonic sensor which when detects an obstruction 

ahead, engages the pneumatic brakes automatically. The goal of this project is to slow down the automobile 

when an obstacle or a barricade is sensed with the sensors which are placed both at the front and the rear of the 

vehicle. Furthermore, the usage of a button to apply the brakes is preferred by the vehicle's motive force. 

 

 
Figure 3: The circuit in application 

An air storage tank, an ultrasonic sensor, a double acting pneumatic cylinder, a solenoid valve, and a control 

unit are all part of the system. A flow control valve is integrated in the air storage tank, which regulates the 

float of air pressure through the tank. The solenoid valve receives high-pressure air. 

A solenoid valve is an electromechanically operated valve controlled by a solenoid that acts as an interface 

between the control unit and the pneumatic cylinder, with the control unit guiding the action. 
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The solenoid valve controls the double acting pneumatic cylinder, which generates force in a reciprocating 

linear motion using compressed air energy. The control unit is regarded to be the brains of the system, as it is 

powered from the outside and receives signals from the ultrasonic sensors. 

 
Figure 4: Side View of the test vehicle 

The ultrasonic sensor consists of a trigger and a receiver. The trigger releases ultrasonic waves, which are 

absorbed by the receiver when the waves are obstructed by an object. If the ultrasonic wave is redeemed within 

the sensor's range, a response is given to the control unit, which then activates the solenoid valve, which ejects 

high-pressure air into the pneumatic cylinders. The shaft protruding from the cylinder now travels 

perpendicular to the shafts linked to each of the rear wheels [i.e. brakes]. As a result, the car is brought to a 

complete stop. 

 

 
Figure 5: Rear View of the test vehicle 
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A rectifier converts AC to DC and serves as the control unit for the intelligent autonomous braking system. 

This system's speed controller transforms 250 V AC to 188 V DC, which drives a 1 horsepower motor. The two 

infrared sensors at the back of the car detect an obstruction or barrier and provide a signal to the pneumatic 

braking system to activate. By loosening or tightening the screw on the sensor circuit board, the infrared 

detection range can be manually changed. The vehicle's forward and reverse motion is controlled by pressing 

the corresponding switches on the velocity controller. The intensity of the brakes can be adjusted using the 

adjustment screw situated on each of the pneumatic cylinders. The ultrasonic sensors, which are located on 

both sides of the vehicle's chassis and have a detection range of up to 400cms, are mounted on both sides of the 

vehicle's chassis. The power is transmitted via the differential with the help of a ball joint, which eliminates the 

problem of meshing that can arise when gears are utilised. 

 
Figure 6: Sensor-Brake block diagram [7] 

Also, the driver is provided with a button which can be pressed at any occasion anticipated by the driver, and 

when the button is pressed, a signal is sent to the control unit, which directs the solenoid valve for the 

application of brakes through the pneumatic cylinder, permitting for regular braking of the vehicle. 

 

V. RESULTS AND DISCUSSION  

 

Consider a vehicle driving through a crowded parking space at a speed of 15 Kmph.  If there is an obstruction 

caused to the vehicles path, such as a random pedestrian getting into the path, pets moving around or a random 

object which is out of sight of the driver, the intelligent autonomous braking system detects these random 

objects present within the sensors range ie. up to 400cms and automatically applies the brakes to reduce the 

damage caused both for the obstructing object and for the vehicle itself.  

The Fig. 7(a) and Fig. 7(b) represent the effectiveness of the intelligent autonomous braking system. When the 
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obstruction at point ‘b’ is identified within the sensors range (~150cms) at point ‘a’, the autonomous brakes 

engage, as shown by the green line between points ‘a’ and ‘b’, thus slowing the vehicle to a standstill without 

colliding with the obstacle. The blue line indicates the absence of the automatic braking system and hence leads 

to a collision with the obstacle which is out of sight from the driver’s cabin. 

 
Figure 7(a): Absence of automatic braking  

 
Figure 7(b): Intelligent automatic braking in action 

The pneumatic cylinder in Fig.7 (a) is set at the lowest intensity and the vehicle moves up to 130cms with the 

brakes applied before coming to a complete stop. When the pneumatic cylinder is set to its full potential, the 

vehicle can reach a compete standstill within 45cms post the object detection, and this is represented in the Fig. 

7(b). 

 

VI. CONCLUSION 

 

Every feature of each component present in the prototype test vehicle functions effectively and the whole 

system together reflects successful results. Once the obstruction or the obstacle is detected, the vehicle moves 
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till the safe distance and is braked until the path of travel is free from any kinds of obstructions. The prototype's 

ultrasonic sensor has a range accuracy of around 2cm to 4m and operates perfectly within the prescribed range. 

The functioning of the system was analysed by plugging in the system into the battery, and by controlling the 

braking system with a DC motor and a servo motor’s assistance. This is an immature approach, and this effort is 

towards to reduce the damages which may occur due to poor vision or during critical driving scenarios. 
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ABSTRACT 

 

Pollution levels for two decades have risen to alarming levels due to rapid growth in transportation sector all 

over the world. In this regard many researchers worked on finding an alternate fuel either to replace or to 

blend partially with diesel. In this work, Deccan hemp oil’s influence over the performance of internal 

combustion engine is studied experimentally. This paper presents the trials conducted by blending the diesel 

and the Deccan hemp oil at five different ratios. The performance and emission characteristics are elaborated. It 

was evident from the results that emissions improved briefly but the performance was less than the diesel 

engines. 

 

Keywords: Alternate fuels, Biodiesel, Deccan Hemp oil, Emissions, Diesel. 

 

I. INTRODUCTION 

 

Two main outcomes of industrialization had severe impacts on the environmental aspects of the earth. These 

were rapidly driven by the transportation and the power generation sectors that actively employed fossil fuels. 

This led to the increase in pollutants and the global temperature levels. With the recent estimations in energy 

scarcity of fossil fuels in near future many organisations and researchers turned towards the renewable and 

novel energy generation and consumption approach. 

Most of them are mainly focused in creating bio diesel as an alternate fuel to support or completely replace the 

diesel fuel. Oils that were massively accredited for their energy potential are palm oil, rice bran oil, cotton seed 

oil, jatropha oil, mahua oil. These were the biproducts of agricultural waste which were commonly available in 

many developed nations (Ravichandra, Puli, Chandramohan and Geo, 2018) [1]. 

India is known for its agricultural production capacity due to the vast availability of cultivable land. This 

agricultural advantage paves way for the abundant availability of options for bio diesel generation. Factors that 

influence in choosing a particular oil source is dependent on its accessibility, availability, associated costs and 

majorly the oil yield per kilogram (Sonar et al. 2014) [2]. 
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Most of many lands which are not suitable for agricultural purpose can be used for processing the non-edible 

oil which would help in fighting the food vs fuel crises. Bio diesel production from non-edible sources will also 

help in tackling the socio-economic problem in backward or rural regions (Shehata2013) [3]. 

Utilisation of bio diesel has its own setbacks, the main problem is associated in using them is viscosity. The 

viscosity of most biodiesels is higher than diesel, thus making it difficult for them to flow through small places 

and even atomisation is affected. These are mainly responsible for reduction in thermal efficiency of the 

engines (Nwafor 2004) [4]. 

Thus, bringing down the viscosity has been the main objective when exploring alternate energy sources for the 

internal combustion Engine (Senthil kumar 2015) [5]. 

Many clogging problems like injector clogging were encountered when the raw oils were used. Thus, oils were 

blended with diesel and they achieved similar performance results without substantial modifications to the 

engine. This was even experimented with altering the inlet temperature of fuel (FIT) (Chauhan et al. 2010) [6]. 

 

II. METHODOLOGY 

 

The oil was extracted from Deccan hemp seeds from a local dealer. The thermo-physical properties of the 

extracted oil were examined for its density, viscosity, flash and fire points. A bomb calorimeter was used for 

estimating the calorific value of the oil. The same procedure was followed for examining the properties of the 

oil extracted from the transesterification process. 

 

A. Transesterification Process : 

The general procedure of transesterification was followed where Ethanol and Potassium Hydroxide were used 

as catalysts. Dilution of these catalysts was done by mixing 200 ml and ten grams of ethanol and Potassium 

hydroxide, respectively. One litre of extracted oil was then mixed with the diluted catalyst solution and this 

entire mix was heated to 60° C for thirty minutes. After the entire solution is left undisturbed for one complete 

day, two layers were formed and with the influence of gravity the heaviest glycerol layer settles down. The 

upper layer was of ester that was washed away by water and dried later at temperatures above boiling point of 

water. The extracted biodiesel was blended with diesel in a volumetric fashion to obtain these compositions 

Dh05D95, Dh10D90, Dh15D85, Dh20D80, and Dh25D75. 

TABLE I FUEL COMPOSITION TABLE  

 

composition Diesel (%)   Deccan hemp oil (%) 

Dh05D95 95 5 

Dh10D90 90 10 

Dh15D85 85 15 

Dh20D80 80 20 

Dh25D75 75 25 
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The properties of the fuel samples blended are mentioned in the following table. 

TABLE 2 FUEL COMPOSITION PROPERTIES 

 

III. TESTING 

 

The predefined compositions were tested for their pollutant formation and performance of the engine. It is to 

be noticed that the experiment runs were conducted with no load condition as the focus of this work is to 

observe the performance of fuel but as the loading is introduced into the experiment then this would hinder the 

performance to an extent. The motto of this work is to first of all identify the discrepancies associated in using 

biofuels as an alternate fuel source. The experimental setup that is employed in this scenario was of Kirloskar 

make single cylinder Cmbustion Ignition Engine. 

 

A. Emissions Analyser: 

QROTECH 401 was used as the gas analyser which has the capability to measure five pollutants. They are CO, 

HC, CO2, NOX, and O2. The method employed to detect these pollutants is NDIR for CO, HC,CO2 and the 

other two are captured using electro-chemical method. 

TABLE 3 TEST RIG SPECIFICATIONS  

 parameter Value   

Manufacturer Kirloskar Oil Engines Ltd 

Power Output (rated) 7.5Kw@1500rpm 

Bore(mm) 116 

Stroke(mm) 102 

Engine Volume (cc) 948 

Starting type Hand cranking 

Fuel type Diesel 

 

composition Viscosity (Cst at 40oC) Density (kg/m3) 
Calorific Value 

(MJ/Kg)    

Fire point (oC) Flash point (oC) 

Diesel 3.04 840 45.5 62 51 

Dh05D95 3.17 843.7 44.46 63 58 

Dh10D90 3.24 850.5 43.26 65 61 

Dh15D85 3.31 856 41.46 69 63 

Dh20D80 3.34 861 39.28 72 66 

Dh25D75 3.41 868 36.72 75 69 
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Figure No.1 Test engine setup 

 
Figure No.2 Exhaust gas analyser 

 
Figure No.3 Hot Plate Magnetic stirrer 
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Hot plate magnetic stirrer was used for mixing the diesel and bio diesel into the proportionate ratios. The stirrer 

was run for 12 minutes at 45°C. This leads to a uniform distribution of biodiesel. 

 

IV. RESULTS 

 

A. Cylinder pressure: 

The cylinder pressure reading of the experiments shows the results in reference with diesel run (black line). 

The maximum pressure of 87 bar was observed for the 100 percent diesel runs while the maximum pressure 

achieved by biodiesel was 80 bar for Dh5D95 fuel sample. 

 
Figure No.4 Cylinder Pressure 

It can be seen that there is an ignition delay of at least 4° CA for the diesel and biodiesel samples. 

 

B. Heat release rate : 

The instantaneous heat release of the diesel was maximum with 300 J/deg, while the samples with 5 and 10 

percent biodiesel blends were more than 273 Joules 

 
Figure No.5 Heat release rate 
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The fuels with further dilution of biodiesel dropped gradually in heat release with the lowest being 236 J/deg. 

The location of maximum heat release has a direct effect on the BTE of the engine. 

 

C. Hydro-carbon emissions: 

The hydro-carbon fuel emissions of diesel fuel were 0.158 g/kW/hr which was the lowest while the Dh5D95 

fuel sample emitted the lowest of the biodiesel fuel sample which was 0.186 g/kW/hr. However, the emissions 

rose rapidly for the samples with more than 10 percent biodiesel fuel content. The highest emissions of 0.218 

g/kW/hr were recorded when the Dh25D75 sample was run. Thus, it is evident that as the dilution increased 

the emissions also increased. 

 
Figure No.6 Hydro-carbon (HC) emissions 

 

D. Carbon monoxide : 

The carbon monoxide depicts an inverse behaviour to the HC emissions where the diesel fuel emission was 0.16 

g/kW/hr while the Dh05d95 emitted just over 0.35 g/kW/hr. The CO emissions decreased rapidly for the first 

three fuel samples with the least dilutions. 

 
Figure No.7 Carbon monoxide (CO) emission 
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The Dh25D75 sample produced less CO emissions of 0.05 g/kW/hr. the emission for the samples Dh15D85, 

Dh20D80 and Dh25D75 were less than the diesel fuel emissions. 

 

E. NOx emissions : 

The trend of the NOx emissions was similar to that of the CO emissions. The fuel samples with less dilution 

generated more emissions as higher temperatures are observed. The Dh05D95 sample produced 5650 ppm 

which was the highest while the Dh25D75 produced the least of 4500 ppm. However, the 100 percent diesel 

fuel produced much lesser emissions than Dh25D75 fuel sample. The emissions of diesel run were 4400 ppm. 

 
Figure No.8 Oxides of Nitrogen (NOx) 

 

V. CONCLUSION 

 

The main factor that influences the overall performance and emissions of the engine are the developed cylinder 

pressure. The cylinder pressure is in turn dependant on the ignition delay property of the fuel. As this ignition 

delay is more for the biodiesel blended fuel samples compared to the diesel fuel this resulted in the generation 

of less pressure at TDC which led to the decrease in BTE of engine with increase in biodiesel composition  

 
Figure No.9 Brake thermal efficiency 
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Since the cylinder pressure is again the ability to of the fuel to burn quickly, the heat release of the diesel is 

quicker than the biodiesel blends. This is primarily due to the density and the viscosity of the fuel. As the blend 

percentage of the biodiesel increased, the average density and viscosity of the entire fuel sample increased, 

resulting in faster settling of fuel droplets, much coarse atomisation of fuel. These factors led to the decrease in 

combustion efficiency. This in turn led to more emissions depending upon the scenario of poor and better 

combustion which led to formation of CO, HC and NOx formation. 
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ABSTRACT 

 

This paper is based on Nursery Monitoring System. In these days each and every one thinks that agriculture is 

just a physical work which is not at all a justified answer. There is also a way to help farmers by using advanced 

technology which can bring a good and big impact on agriculture. 

This paper is about design of the Nursery Monitoring System using modern Technology by which we can have 

the best possible quality of plants for formers. This modern Technology includes all the modern and innovative 

technology like providing the proper sunlight, water and temperature to the plants in every climatic condition 

using sensors. By using this we can obtain a good yield plants and it can provides a maximum profit to the 

farmers. 

 

Keywords: Nursery, plants, sensors, temperature, humidity 

 

I. INTRODUCTION 

 

A nursery is place where the plants are propagated and grown. Nursery may be open fields’ container fields or 

greenhouse in which plants are grown. Shrubs and Decorative trees are grown in Open fields. Small trees and 

herbaceous plants, which are basically for sales in garden centres, are grown in Container fields. These 

nurseries have good ventilation with proper sunlight and watering time to time for the growth of plants. The 

grown plants are taken from roots or from shoot tips based on the type of the plants. The common method is 

used in nurseries is cutting of plants. With proper procedure the plants are grown in these nurseries which 

yield good growth. 

Here we have used some of the sensors which can detect the temperature, soil moisture and light intensity. 

These parameters are controlled by some of the innovative techniques. 

 

 

 

 

http://www.ijsrset.com/


International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published :March 15, 2022 Page No : 318-322 

 

 

 

 
319 

II. METHODOLOGY 

 

Design of Nursery Monitoring System is represented with the block diagram which consists of Temperature 

sensor, Soil moisture sensor and Light sensor. All the sensors are connected to the microcontroller which 

controls the operation of Exhaust Fan, Water pump and shade net.  

The block diagram representation of Nursery Monitoring System is as shown in the figure 1. 

 
Figure 1: Block diagram represenation of Hi-Tech Nursery 

 

Temperature sensor: When the temperature changes above the set value, the fan will turn ON until the 

temperature will comes below the set value. When the temperature reaches the reaches below the set value the 

Fan will automatically turns off. 

Soil Moisture: When the soil present inside the tray gets dry the Soil moisture sensor detects, the signal is 

passed through the microcontroller and turns ON the water pump to pour the water on the tray until the plants 

get the sufficient water for proper growth. 

When the soil gets enough moisture, the sensor again detects the moisture level and turns OFF the water pump. 

Light Sensor: The LDR circuit senses the intensity of the light. When the light intensity varies above the set 

value the Shade net will open to provide the sunlight to the plants.  

When the light intensity is below the set value then the shade net will automatically close using the shade net 

motor. 

By this way, the different sensors detects the parameters like temperature, soil moisture and the necessary 

sunlight required to the plants and fullfill the requirements controlling the exhaust fan, water pump and shade 

net. 
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III. ADVANTAGES 

 

• Easy for Human resource 

• Less effort 

• Less cost 

• Maximum profit 

• To magnify the light of the sun while protecting plants from freezing temperatures. 

• Less dependence on the owner 

• Less time consumption 

• Usage of smart technologies 

• Plants are grown according to their climatic conditions. 

 

IV. FIGURES AND TABLES 

 

 

TABLE: controlling of motor, fan and water pump through sensors 

 

When the temperature value is greater than the set value the Fan Turns On and when it is less than the set 

value the Fan Turns Off. 

Similarly, when the light intensity is lesser than the set value the Shade net opens and reverses its operation 

when the intensity value becomes greater than the set value. 

The soil moisture value is also monitored and Turns On the water pump and when there is sufficient moisture 

in the soil, the water pump will be Turned Off.   

These actions are given in the above Table. 
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The designed Nursery Monitoring System is as given in the figure 2.  

 

 
Figure 2: Nursery Monitoring System 
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V. CONCLUSION 

 

Even though there is a huge demand and also a challenging, there are various possibilities like creating complex 

connections of plants which are similar or it is also termed as “Internet of Plants”. Here, using more than one 

sensor indicates experimental venture. Different experimental and challenging ides like using solar power 

supply and time for setting irrigation system are employed here. This system controls the amount of water 

released from to the farm from the process of watering the plant.  This IoT based monitoring system solves 

many problems and promotes wide range of applications to the farmers with affordable cost. 
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ABSTRACT 

 

Antenna play a critical role in today's rapidly evolving wireless world. An antenna is a directing device that is 

used to receive and transmit radio waves. Because of its multiple advantages, such as high dependability, light 

weight and ease of manufacture, antenna designers are putting more emphasis on MSPA today. Patch antennas, 

despite their benefits, have certain disadvantages including low gain and limited bandwidth. These 

shortcomings can indeed be addressed by paying attention to a few criteria while designing antennas. This 

paper is a review of MSPAs based on three factors: feeding techniques, substrate type and patch shape. Existing 

literatures studies are also analysed in detail, highlighting the use of various feeding mechanisms, substrates and 

slots for multiple radio technologies. 

 

Keywords: Feeding, Microstrip Patch Antenna, Patch Shape, Substrate, Slots, 5G 

 

I. INTRODUCTION 

 

In today's world the cell phone has become an indispensable element of our lives. Previously, mobile phones 

were only used to communicate with others. However, the use of mobile phone applications has grown to the 

point where they have become a necessary part of everyone's day-to-day activities such as shopping, trip 

planning, e-commerce and navigation. Early communication systems only allowed analogue voice, but now 

offer a diverse range of applications to a huge number of users. In the previous few years, we've seen the 

gradual evolution of mobile communications  with the introduction of 1G, 2G, 3G, 4G, and wireless networks. 

Because of the growing number of smart phone users, wireless communication data traffic is expanding with 

the introduction of new Internet of Things technology. 

Wireless system designers will need a new idea and design approach to meet the needs of 5th generation 

wireless systems, which include faster data rates, better reliability, more connectivity, more latency, and 

stronger security measures. In a substantial percentage of the area, researchers have been intrigued to 

Microstrip Patch Antennas in the past because to their many appealing properties. 

Microstrip patch antenna structures are relatively simple to make, which has transformed Microstrip analysis 

into a major study topic. The Microstrip antennas are relatively inexpensive to manufacture and design because 

of the simple two-dimensional physical geometry. They are usually employed at UHF and HF because the size 

http://www.ijsrset.com/


International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published :March 15, 2022 Page No : 323-335 

 

 

 

 
324 

of the antenna is directly tied to the wavelength at the resonant frequency [1].The goal of this paper is to 

review different feeding techniques, substrates, different shapes and slots that can be used in designing of 

MSPA. The antenna needs to be tiny enough to fit within any new technology's compact communication 

equipment. 

 

II. MICROSTRIP PATCH ANTENNA  

 

Microstrip is a type of electrical transmission line comprises of a conductor separated from a ground plane by a 

dielectric layer called the substrate. Microstriplines are a type of microwave-frequency signal transmission 

cable. A conducting patch, a dielectric substrate, and a ground plane are the three components of a microstrip 

patch antenna detailed in Figure 1. On the top and bottom of the substrate, the patch and ground planes are 

printed in order. The patch can be any shape: rectangular, square, triangular, circular, elliptical, or any other. 

 
Figure1: Microstrip Patch Antenna 

 

Based on prior research on microstrip antennas, the study reveals that the microstrip patch antenna has a 

number of distinct advantages, including light weight, low cost, low profile, planar configuration, superior 

portability, suitability for arrays, ease of fabrication, and easy integration with external circuitries, to name a 

few. Though standard microstrip antennas have many advantages, they also have three major drawbacks: 

narrow bandwidth, poor gain and relatively large size, all of which have a negative impact on antenna 

efficiency [2]. 

 

III. CLASSIFICATION OF MSPA BASED ON VARIOUS CRITERIA 

 

The following classification are done depending on substrate, depending on feed, depending on shape & slots. 

 

A. Depending on type of Feeding Techniques 

A microstrip antenna can be fed in a variety of ways. The feedline is a narrower conducting strip when 

compared to the patch width. Radio-frequency power/energy is delivered directly to the radiating patch in 

contacting feed via a Microstriplines or coaxial line. Microstrip feedlines are easy to make and can be etched on 
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the same substrate as the feed for a planar construction. Centre feed, offset feed, and inset feed are the three 

types of microstrip feed lines. Coaxial feed line is also known as probe feed. 

Line Feed 

In this form of feed technology, a conducting strip is directly attached to the microstrip patch's edge. The 

conducting strip is smaller than the patch, allowing the feed to be etched on the same substrate as the patch, 

resulting in a planar structure. This feed mechanism as shown in Figure 2 is simple to build and emits very little 

unwanted radiation. The function of the inset cut in the patch is to match the impedance of the feed line to the 

patch without using any additional matching devices [3]. 

 
Figure 2: Line Feed 

 

Co-axial Feed 

The co-axial feed as given in Figure 3, is a non-planar feeding technique that uses a co-axial cable to feed the 

patch. The probe is positioned at the 50 ohms antenna input point and is in direct contact with the antenna. 

This feed mechanism is easy to build and emits very little unwanted radiation [3]. 

 
Figure 3: co-axial feed 
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Aperture Coupled Feed 

Antenna and feed dielectric substrates are used in the aperture feed technique as given in Figure 4. These 

dielectric substrates are separated by a ground plane with a slit in the middle. The ground plane is positioned on 

the opposite side of the antenna dielectric. The feed dielectric and feed line are placed on the opposite side of 

the ground plane, which provides isolation. The bandwidth of an aperture-fed antenna is greater [3]. 

 
Figure 4: Aperture Coupled feed 

 

Proximity Feed 

In proximity feeding, this feed line is sandwiched between two dielectric surfaces as indicated in Figure 5. In 

the edge feed approach, picking a 50 ohms feed point is impractical due to the high impedance at the edges. 

Electromagnetic field coupling is used to transmit electricity from the feed to the patch. The radiation from the 

feed line has been greatly reduced as a result of the feed line being lowered to a lower level, and this 

technology also allows for planar feeding. In comparison to the other approaches, it also has a higher 

bandwidth efficiency [3]. 

 
Figure 5: Proximity feed 
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B. Depending on Substrates 

The dielectric substrate material selection is one of the most essential elements in the microstrip antenna design 

process. Thickness, permittivity and loss tangent are all important criteria to consider while designing an 

antenna. In order to obtain the design antenna size and performance, these factors must be chosen carefully. 

Surface waves are generated when the substrate material is thicker, which influences the antenna's radiating 

characteristics [4]. As a result, the dielectric substrate has a considerable impact on the overall performance of a 

microstrip patch antenna. To build a Microstrip patch antenna, one must be aware of the various substrate 

options and their characteristics that are indicated in Table I. Various types of substrate are reviewed which 

includes FR4 Epoxy, RT Duroid, LCP, Bakelite, TLC, and R04003. 

The FR4 substrate is widely available and inexpensive with a high dielectric constant of 4.4 that improves its 

electrical properties. It can also be used as an insulator in electrical systems. The MSPA will be built using a 

FR4 substrate, which will save time and money. It has a dielectric constant of 4.4 [3]. 

Roger Corporation manufactures RT Duroid, a glass microfiber reinforced polytetrafluorethylene (PTFE) 

composite. RT duroid offers the lowest electrical loss of any reinforced polytetrafluorethylene (PTFE) material, 

as well as isotropic and homogenous electrical properties and low moisture content [5]. 

Liquid Crystal Polymer (LCP) are actually inspiring thermoplastic natural materials made up of particles with 

unbending and adaptable monomeric units. High mechanical qualities are provided by the rigid monomer. LCP 

is substantially less expensive than other dielectric materials, making it interesting for low-cost high- frequency 

design. It also has a lower dielectric constant. The LCP substrate is a good contender for improving gain in the 

lower band [6]. 

Bakelite, also known as poly oxybenzyl methylene glycol anhydride, is a primitive plastic. It's a thermosetting 

phenol formaldehyde resin made by combining phenol and formaldehyde in an elimination reaction. The most 

typical application is as an electrical component. It is mechanically strong insulator [7]. 

TLC is designed to be a versatile microwave substrate. Compared to thermostats (Fr-4, PPO, BT, polyimide and 

cyanate ester), TLC offers better electrical execution [5]. 

The R04003 hydrocarbon earthenware manufacturing overlays are designed to provide unrivalled high 

recurrence execution and circuit fabrication with minimal effort. The end result is a low-failure material that 

can be made with ordinary epoxy/glass (Fr-4) forms that are available at high targeted costs [5]. 

 

TABLE I Substrate property comparisons 
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C. Depending on Shape of the Patch 

Microstrip patch antennas exist in a number of shapes, but the most common are rectangular, circular, 

triangular, and elliptical. Few shapes are shown in Figure 6. The radiating patch and feed lines are typically 

photo-etched on the dielectric substrate. Antennas come in a range of designs depending on the pattern or 

direction required for transmission. 

 
Figure 6: Patch Shapes 

 

Types of Slots 

On the relevant shapes, different types of slots can be engraved. Few are indicated in Figure 7. Slot antennas are 

utilized in the frequency range of 300MHz to 25GHz. When a high-frequency field crosses a slot in a metallic 

sheet, energy is emitted, according to slot antennas. This is why, when an electromagnetic wave is emitted 

through a slot etched onto the surface of a copper plate, the slot acts as an antenna. They are often used in 

navigation radar usually as an array fed by a waveguide. 

U-slot: A U-shaped slot in a probe-fed microstrip patch antenna on a low permittivity (foam) substrate greatly 

improved the otherwise narrow impedance bandwidth (BW). The presence of two resonances—one of the 

patch and the other of the U-shaped slot—was thought  to be the cause of the higher impedance bandwidth at 

the time. 

 
Figure 7: Different Slots 
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E-slot: The e-shaped slot antenna is a novel shape that will be used and managed for dual frequency operation 

with matching resonant frequency. The E-slot microstrip patch antenna was then constructed using a 

microstrip line feed arrangement, and its S11 and VSWR values were calculated using a vector network 

analyzer (VNA). 

S-slot: In the ground, an S-shaped slot is used, consisting of a circular aperture with a radius of mm, a corner 

with a size of implanted on one side of the feedline, and a corner with a size of embedded on the other side. 

H-slot: The antenna's H-shaped patch increases surface current and efficiency, while the etching grooves 

reduce return loss. As a result, the H-shaped antenna outperforms conventional antennas in terms of efficiency. 

As a result, the reflection loss will be minimised, and the user will be able to employ the radiation pattern 

effectively and distortion-free. 

T-slot: The properties of a Microstriplines-fed printed slot antenna with a T shape are discussed. The antenna's 

bandwidth was found to be significantly dependent on the design parameters. The properties of a T-shaped 

microstrip feeding a ground plane slot antenna were investigated using the finite difference time domain 

(FDTD) method. The suggested antenna's impedance and bandwidth are largely reliant on the design 

parameters. The radiation resistance is low. The measured bandwidth for |S11 | 10 dB is approximately 

39.6 percent. 

 

IV. REVIEW OF MSPA USING VARIOUS SUBSTRATES, SIZE & SLOTS 

 

A review on patch antennas for 5G applications is done as outline in Table II, considering the shape of the 

patch, size of the antenna, slot shapes, frequency of oscillation, return loss, bandwidth and tool used for 

simulation. RT duroid and Rogers’s outshined the remaining substrates considered under the review for 5G 

applications. 

 

TABLE II Different Patch shapes and its comparisons 
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V. LITERATURE REVIEW 

 

The authors Osama Y.A.Saeed presents the design and implementation of a unique mm-wave multiband 

microstrip patch antenna for 5G wireless communication. The design and implementation of a novel mm-Wave 

multiband microstrip patch antenna for 5G wireless communication is presented in this work. An H-shaped 

radiating patch with an inset feed and a rectangular slit on the upper side as shown in Figure 8 makes up the 

proposed design. The maximum bandwidth of the 5G mm-Wave antenna is 1.1, 2.8, 18.1, 7.7, and 10.7 GHz, 

and it resonates at 23.2, 40.3, 59.3, 86.9, and 104.3 GHz. The antenna represented in Figure 8 has enough 

realised gains of 6.4882, 7.1198, 7.9062, 8.1804, and 9.8156 dBi at the resonant frequencies [16]. 

 
Figure 8: Proposed multiband MSPA [16] 

 

The author Akashmodi proposed a slotted microstrip patch antenna as shown in Figure 9 for 5G applications in 

cellular networks, namely in the Ka-band, that is created and simulated with the use of a high-frequency 

structure simulator (HFSS). (26-40) GHz is the Ka-band frequency range. With a dielectric constant of 2.2, the 

dielectric substrate ROGERS RT/DUROID-5880(tm) was employed. The lowest return loss of the antenna is - 

33.02dB. The effect of slots increases the antenna's peak gain to 7.17dB and its VSWR to 1.04 at the resonant 

frequency of 29.8090GHz. The lowest return loss of the antenna represented in Figure 9 is -33.02dB. The effect 

of slots increases the antenna's peak gain to 7.17dB and its VSWR to 1.04 at the resonant frequency of 

29.8090GHz [17]. 

 
Figure. 9: Proposed Design of Antenna [17] 
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The author Yu Qing Guo presents a single-port, single- layer, dual-band antenna shown in Figure 10 with a 

high frequency ratio to accommodate the MW and MMW applications. We offer a single-port, single-layer, 

dual- band antenna for wireless communication that operates at 4.85 GHz MW and 26 GHz MMW in this 

research. The prototype has a 10-dB impedance bandwidth of 3.1 percent and a peak gain of 8.93 dBi at 4.85 

GHz MW, and a peak gain of 13.57 dBi at 26 GHz MMW [18]. 

 
Figure 10: a) Reference Antenna (b) Reference Antenna (c) The proposed antenna [18] 

 

According to the author, Vinoth M, the first design represented in Figure 11 is a simple Rectangular Patch 

Antenna (RPA) that runs at 3.13 GHz and is modelled using Feko software. It uses an Fr4 substrate with a 

dielectric constant of 4.4. The fundamental construction is examined and improved by adding a Metamaterial 

(MTM) ground. The enhanced RPA with MTM ground displays resonance at 3.27 GHz, 3.78 GHz, and 3.92 

GHz [19]. 

 
Figure 11: (a) RPA, (b) RPA with MTM ground (c) TSRMPA with MTM ground [19] 
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Zheng Gan and Zhi Hong Tu proposed and antenna shown in Figure 12, in which the 10 dB impedance 

bandwidth is roughly 23.7 percent (23.8–30.2 GHz), which is wide enough to span the 26 and 28 GHz bands at 

the same time. Rogers’s 5880 sub-1 substrate with a thickness of 0.127 mm, a relative permittivity of 2.2, and a 

loss tangent of 0.0009 was used. Two semicircular ends are loaded to the connecting strip piece of Roger 4003 

substrate (sub-3) with a relative permittivity of 3.55 and loss tangent of 0.0027, as well as a 50 input microstrip 

feedline, to configure the two vias [20]. 

 
Figure 12: Configuration of the proposed dual-mode 1 × 2 patch antenna subarray [20] 

 

Abdulaziz M. AI-hetar designed a microstrip patch antenna with a rectangular patch and a resonance frequency 

of 93 GHz, shown in Figure 13. The proposed microstrip antenna achieved a gain of 8.2 dB, a bandwidth of 5 

GHz. S11 = -41 is the return loss. At  93 GHz, the VSWR is 1.01 [21]. 

 
Figure 13: Designed Patch Antenna [21] 

Hongxin Ai proposed two types of patch antennas for the 5G millimetre wave n258 band. Coaxial back feed and 

microstrip side feed methods are used to feed them, respectively. It was built with a Rogers 5880 with a 

dielectric constant of 2.2, and it was simulated at a central frequency of 26 GHz using CST software. Microstrip 

line patch antennas have a bandwidth of 25.20-26.81 GHz, while coaxial patch antennas have a bandwidth of 

24.71-27.32 GHz [22]. 

In the work proposed by Mohammad Lutful Hakim a deflected ground structure (DGS) and stub slot design 

were used as shown in Figure 14 to achieve broad bandwidth and dual-band performance. The antenna is 8.25 x 
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9.69 x 0.45 mm3 in total. A 2x2 MIMO antenna with less than -20 dB isolation between ports has also been 

built, which is a critical requirement for 5G wireless communication for high-speed data rates and excellent 

performance, as well as enhancing the MIMO antenna's transmission rate. The suggested antenna has a -10-dB 

impedance bandwidth of 5.13 GHz and 11.63 GHz, gains of 8.31 dB and 6.38 dB, and a 98 percent efficiency for 

both the 28 and 38.5 GHz resonant frequencies [23]. 

 
Figure 14: Front and Backside view of designed antenna [23] 

 

Prateek Patel, using an RT duroid 5880 substrate, developed a 28 GHz millimetre wave rectangular microstrip 

patch antenna shown in Figure 15 and simulated it with HFFS Software. The antenna has a resonance 

frequency of 28 GHz and a -26.40 dB return loss. The antenna features a 1.102 GHz bandwidth and a gain of 7.4 

dB, as well as improved radiation pattern, return loss, and VSWR [24]. 

 
Figure 15: View of design antenna [24] 

 

VI. CONCLUSION 

 

This review paper brings out a detailed study about MSPA, its classification based on substrate, feed, shape and 

the frequency and different types of slots that can be etched on the radiating part or the ground part to get the 

desired results. Analysis is done taking different criteria focusing on 5G applications and as far as the literature 
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review in this paper is concerned RT duroid substrate with patch shapes of Rectangular, Circular and Elliptical 

produces good results with the required frequency and bandwidth for 5G applications. 
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ABSTRACT 

 

The Finite impulse response (FIR) filter is prominently employed in many digital signal processing (DSP) 

systems for various applications. In this paper, we present a high-performance RNS based FIR filter design for 

filtration in SDR applications. In general, the residue number system (RNS) gives significant metrics over FIR 

implementation with its inherent parallelism and data partitioning mechanism. But with increased bit width 

cause considerable performance trade- off due to both residue computation and reverse conversion. In this 

paper optimized Residue Number System (RNS) arithmetic is proposed which includes distributed arithmetic 

based residue computation during RNS multiplication followed by speculative delay optimized reverse 

computation to mitigate the FIR filter trade-off characteristics with filter length. The proposed RNS design 

utilizes built-in RAMs block present in the devices of FPGA to accomplish the process of reverse conversion 

and to store pre-computational values. A distinctive feature of the proposed FIR filter implementation with 

core optimized RNS is to minimize hardware complexity overhead with the improved operating speed. 

Initially, fetal audio signal detection is carried out to validate the functionality of FIR filter core and FPGA 

hardware synthesis is carried out for various input word size and FIR length. From the experimental, it is 

proved that the trade-off exists in conventional RNS FIR over filter length is narrow down along with 

considerable complexity reduction with our proposed optimized RNS system. 

 

Keywords: DA arithmetic, PPA, FIR filter; RNS system; Speculation, Low Energy-power product, area-power 

product, FPGA. 

 

I. INTRODUCTION 

 

The most vital element of the residue number system (RNS) that has drawn significant interest is known as the 

Modulo multiplier and this multiplier is based on the circuit computation. For the first time, the detailed 

analysis of the architecture of modulo 2n-1 multipliers is presented in this research work. With help of VLSI 

modules that are memoryless and look-up-table i.e. through Read-only memory the implementation of modulo 

multipliers is carried out. On the other hand, the concept is initially used for the word length of low size, and 

later it can be used for the larger length of the word. To enhance the efficiency of multipliers that are 
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memoryless, the features of residue number systems such as parallel and modular are utilized, and to accelerate 

multipliers, an algorithm such as Booth-encoding is employed. Additionally, for extremely high range, a highly 

developed 2n-1 modulo multiplier is been selected which is dependent on the redundant residue number 

system (RRNS). Therefore, with the application of the synopsis design compiler tool, the concepts of 2n-1 

modulo multipliers have been successfully analyzed and examined for the latest modulo multipliers 

advancements. For various applications of signal processing namely image processing, finite impulse response 

(FIR) filters, communication, cryptography, discrete cosine transform, and for various applications of the digital 

signal processor (DSP), the 2n-1 modulo multipliers which are based on Residue number system are widely 

recognized as a quicker and more convenient arithmetic circuit. When compared to the typical 2's complement 

system, the Residue number system is more beneficial as it is a number system that is carry-free and non- 

weighted. The co-prime integer moduli {m1, m2, m3,….. mk} that is comparative is characterized by RNS, such 

that whichever arbitrary integer i.e X={x1, x2, x3,….. xk}, is referred to as residues of X and xi =X modulo mi 

(xi=|X|mi). Forward and reverse converter, inter modulo operations, and arithmetic channels are considered as 

the four major components of the RNS block diagram and are represented in Figure 1. Here the forward 

converters and reverse converters are regarded as inter modulo operations. The conversion of residue numbers 

into weighted numbers is done by reverse converters and vice versa i.e. conversion of weighted numbers into 

residue numbers are carried out by forward converters. The arithmetic channels carry out operations such as 

multiplication and addition. However, the operations performed by the arithmetic channels are intra-modulo 

operations. 

Particularly, for modulo multiplication of shorter word-length, modulo multiplier which is based on look-up-

table was employed previously [12]. Since the ROM size rises dramatically with the modulus size thus, it is 

undesirable for relatively large moduli and this technique turns out to be unachievable. In [13] a 2n-1 modulo 

multiplier that is based on cost-effective hardware loo-up- table is suggested and this technique makes use of 

cyclic convolution to carry out multiplication operations among two numbers that are decomposed and thus, 

reducing the size of the ROM. However, for modulus of relatively small size, the technique that is based on 

look-up-table is quite appropriate. In [14], a 2n-1 modulo multiplier that is memoryless is presented for the 

moduli which are significantly larger and medium in size and are carried out through various logic gates, adder, 

and multiplier. A significantly larger area is required by the Binary multiplier and correspondingly reduces the 

speed. In [15] a 2n-1 modulo multiplier that is non-encoded and operates at high speed is suggested and is 

implemented without the application of binary multiplier. When compared to the exiting technique the 

suggested work in [15] has relatively less complexity in the circuit. Thus, to accelerate the multiplier Booth 

algorithm is employed and, in the work, presented in [16] a radix-2 Booth encoded multiplier is presented. On 

the other hand, the bits in the operands are the same as that of the number of partial products (PPs) presented 

in [15] and [16]. Depending on the number of added PPs, the speed of the multiplier is computed. In [17-20] a 

2n-1 modulo multiplier that is based on the Booth algorithm was proposed to minimize the number of PPs. The 

partial products that are required for the computation of 2n-1 modulo multiplication are reduced to [(n+1)/2] 

and n/2 for the radix-4 Booth encoded multiplier suggested in [17-18]. But in the case of radix-8 Booth encoded 

multiplier the total number of partial products are lowered to [(n-2)/3] +1 and is presented in the work 
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proposed in [19-20] and one of the disadvantages of this work is the enhanced delay because of hard multiple 

existing in the Booth encoding multiplier of radix-8. In 

[19] the hard-multiple generators were implemented with the application of an improved structure of parallel 

prefix and ripple carry adders. The intra-carry propagation in the RNS [38] is avoided with the development of 

a redundant residual number system (RRNS) that is proposed for a high range. 

 

II. RELATED WORK 

 

Residue Number System (RNS) Applications: Over the past fifty years in computer arithmetic, the RNS is 

considered as a substitute for the weighted two's complement number system and this system is one of the most 

confronting and desirable number systems. For the application of rapid computer arithmetic many aspects of 

residue number systems that are appropriate are considered. Some of the applications of residue number 

systems are cryptography and digital signal processing [5-8] where subtraction, multiplication, and addition are 

considered as the most important arithmetic operations and other than these applications the residue number 

system can detect and correct errors with the help of fault-tolerant and redundant RNS facilities presented in 

[3,4]. The residue number system can additionally be utilized for the transfer of data securely and without any 

error in the system of communication and the information is transmitted in the form of residues. As these 

residues present in the system are not dependent on one another as a result it can minimize the error by itself 

in their channel of moduli from which the information is transmitted. Therefore, for many wireless sensor 

networks application, these features of the residue number system are very much appropriate. For the detection 

and correction of an error in the system of communication, the Redundant RNS (RRNS) can be utilized by the 

addition of redundant moduli with an existing set of moduli. 

RNS in digital signal processing: In the case of processing of digital signal applications, the Finite impulse 

response (FIR) filter is taken into account as one of the frequently utilized building blocks. Typically, with the 

application of a binary number system that experiences a significantly high propagation delay, the 

implementation of FIR filters is carried out. However, a large delay is introduced in the FIR filters of higher-

order due to n number of multiplications and additions. As a result, the speed of the DSP also reduces. Thus, 

with the help of the Residue Number System, the FIR filter speed can be enhanced as it can execute addition 

and multiplication without any carry propagation. In this framework, we examine the model of FIR filters that 

is of low complexity and linear phase. The design suggested in this work are generally employed for the 

applications of digital communication. One of the important and efficient techniques is dividing the filters into 

two sub filters namely cosine and comb filters to attain low complexity. The advantages of comb and cosine 

filters are that it requires fewer hardware resources and the cost required for the computation is also less but 

one of the disadvantages is that these filters possess reduced magnitude features. Thus, with the help of these 

two filters, a novel structure has been presented in this research work. When compared to the earlier system, 

the novel structure developed achieves improved area, power, speed, and also enhanced magnitude features 

which are particularly employed for sampling rate conversion of low-pass narrowband filtering. The 

coefficients of filters are defined with no multipliers as these components are costly in terms of power, speed, 

and the area thus, an appropriate technique for achieving filters with low complexity for constant coefficients 
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filters is realized. Therefore, the work proposed in this thesis mainly concentrates on the constant 

multiplication’s implementation as the network of shifts as well as addition. A new conceptual lower bound has 

been developed in this work with the factor that every arithmetic operation i.e. subtraction and addition can 

possess n inputs for a set of pipelined operations which are required in the Multiple Constant Multiplication 

(MCM) and Single Constant Multiplication (SCM) blocks and the expense of both pipelined operation and 

single pipelined register is same. The above requirement is vitally useful as it exists in the latest Field 

Programmable Gate Arrays (FPGAs) families and is considered as the most effective platform for digital signal 

processing algorithms implementation. 

Audio processing, instrumentation or image processing, mobile communications, and many others [1]-[4] are 

the applications of DSP. Therefore, digital signal processing has been greatly recognized due to its applications 

in recent years. Approximately 7 billion subscribers to mobile communication were estimated in 2016 alone 

which signifies 96% of the world's population [5]. Some of the digitally transmitted systems that are used for 

the communications are Global Navigation Satellite System (GNSS), Digital Subscriber Line (DSL), Cell phones, 

satellite television, hard drives [6]-[8]. Digital filters are essentially utilized and play an important part in the 

above-mentioned communication systems. One of the primary functions of the digital filter is to enhance the 

signal quality, split the components of the signal which are initially combined, or to obtain the signal 

information. Therefore, because of these functions, digital signal processing is considered an important block 

[6],[9]-[10]. Nowadays, as the usage of battery-driven mobile devices is rapidly rising so it is necessary to 

maintain the battery backup for a long time [6],[10]. The number of hardware components that are required is 

limited due to the increased competition in portable devices for less power consumption. Therefore, to comply 

with the above features such as less utilization of hardware resources and power [11], the present work mainly 

concentrates on the advancement of novel digital filter methods. The data rates and bandwidth has been 

enhanced for the succeeding generations in the wireless communication system. The data rates and bandwidth 

links achieved by the existing method are 100 M-bit/sec and 20 MHz respectively whereas the upcoming 

generations are predicted to achieve the bandwidth links of 500MHz and data rates of 1 G-bit/sec [12]. 

However, the processing of the signal in the digital field is required to be carried out in the future where digital 

filters are considered as an essential feature of digital signal processing. However, the hardware processing 

capability is saturated by the process of filtering and the functioning of the system is considered at high rates. 

Moreover, the lifespan of the batteries is reduced as the digital filters are prohibitively costly (for the necessary 

arithmetic operations to be executed). Therefore, it is essential to develop algorithms and structures for digital 

filters with high performance. The digital filters must consume less power and a relatively low number of 

arithmetic operations, and it should be able to function at higher sampling rates so that these digital filters can 

be used in the system of communication. When compared to Infinite Impulse Response (IIR) filters, the Finite 

Impulse Response (FIR) filters possess higher-order for the same conditions of magnitude response. Hence, FIR 

filters are generally chosen in communications because of their assured stability, linear phase and can execute 

arithmetic operations in multivariate blocks because of their easy and straightforward decomposition of 

polyphase. 

The data rates and bandwidth has been enhanced for the succeeding generations in the wireless communication 

system. The data rates and bandwidth links achieved by the existing method are 100 M-bit/sec and 20 MHz 
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respectively whereas the upcoming generations are predicted to achieve the bandwidth links of 500MHz and 

data rates of 1 G-bit/sec [12]. However, the processing of the signal in the digital field is required to be carried 

out in the future where digital filters are considered as an essential feature of digital signal processing. However, 

the hardware processing capability is saturated by the process of filtering and the functioning of the system is 

considered at high rates. Moreover, the lifespan of the batteries is reduced as the digital filters are prohibitively 

costly (for the necessary arithmetic operations to be executed). Therefore, it is essential to develop algorithms 

and structures for digital filters with high performance. The digital filters must consume less power and a 

relatively low number of arithmetic operations, and it should be able to function at higher sampling rates so 

that these digital filters can be used in the system of communication. When compared to Infinite Impulse 

Response (IIR) filters, the Finite Impulse Response (FIR) filters possess higher-order for the same conditions of 

magnitude response. Hence, FIR filters are generally chosen in communications because of their assured 

stability, linear phase and can execute arithmetic operations in multivariate blocks because of their easy and 

straightforward decomposition of polyphase. 

 

III. PROPOSED METHODOLOGY 

 

3.1 RRNS system for FIR filter design: 

Some of the applications of residue number systems are cryptography and digital signal processing where 

subtraction, multiplication, and addition are considered as the most important arithmetic operations, and other 

than these applications the residue number system can detect and correct errors with the help of fault-tolerant 

and redundant RNS facilities. The residue number system can additionally be utilized for the transfer of data 

securely and without any error in the system of communication and the messages are transmitted in the form of 

residues. As these residues present in the system are not dependent on one another as a result it can minimize 

the error by itself in their channel of moduli from which the information is transmitted. Therefore, for many 

wireless sensor networks application, these features of the residue number system are very much appropriate. 

For the detection and correction of an error in the system of communication, the Redundant RNS (RRNS) can 

be utilized by the addition of redundant moduli with an existing set of moduli. 

In the case of digital signal processing applications, the Finite impulse response (FIR) filter is considered as one 

of the most frequently utilized building blocks. Typically, with the application of a binary number system that 

experiences a significantly high propagation delay, the implementation of FIR filters is carried out. However, a 

large delay is introduced in the FIR filters of higher-order due to n number of multiplications and additions. As 

a result, the speed of the DSP also reduces. Thus, with the help of the Residue Number System, the FIR filter 

speed can be enhanced as it can execute addition and multiplication without any carry propagation. Intra- 

modulo is the operation performed by modulo multiplication. Therefore, propagation of carry does not take 

place between modulo channels. A redundant encoding has been developed to avoid intra- carry propagation 

from arithmetic operations in residue number systems as it is suitable for significantly high dynamic range. 

Thus, to achieve an effective modulo multiplier in the application of digital signal processing, the redundant 

residue number system (RRNS) can be studied. 

Contributions: The contributions that are illustrated in this research work is explained as follows: 
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➢ The feature of Minimum Phase (MP) is considered as one of the mathematical proofs for the filter that is 

designed in the technique of sharpening which is based on Chebyshev polynomials along with the 

cascaded cosine sub-filters. The presentation of expanded and cascaded Chebyshev-sharpened cosine 

filters, as well as MP filters, are carried out and these filters possess lower group delay for the same features 

of magnitude to that compared with the conventional cascaded cosine filters. The group delay can be 

enhanced with the increase in the utilization of hardware resources. However, the designed technique 

utilizes fewer hardware resources and it exhibits low computational complexity for the application of a 

low-delay decimation filter. 

➢ A decimator that is based on the comb is made up of a structure that is efficient in the area and is driven by 

a generalized embedded Chebyshev-sharpened unit. The suggested system enhances comb filters' least 

desirable aliasing rejection and retains a structure with low computational complexity and also consumes 

significantly less power and very fewer hardware resources. Regularity is considered as one of the unique 

and necessary features observed in the designed methodology and is not seen in any other techniques that 

are based on the comb. 

➢ The decimation filter that is based on the comb is introduced to enhance the features of magnitude 

response by employing the technique of Hartnett-Boudreaux sharpening. This technique is also referred to 

as improved sharpening and is used to enhance the least desirable attenuation and modify the droop in the 

region of the passband. The polynomials of sharpening coefficients are defined as the Sum of Power of Two 

(SPT) and result in the implementation without a multiplier. 

➢ Whenever the down sampling factor is of two's power then the decimation structure that is based on the 

comb and which is non-recursive is used. The structure of decimation that is based on the comb is divided 

into various phases and is based on Harnett-Boudreaux sharpening. The non-recursive comb-based 

decimation architecture is employed when the down sampling factor is a power of two, whereas two and 

three stages are employed for another composite down sampling factors, with the non-recursive structure 

in the first stage and recursive structure in subsequent stages. 

➢ In the case of several operators that are required in the blocks of constant multiplication with fixed points, 

a novel theoretical lower limit is carried out. With the help of the shift-and-add technique, the constant 

multipliers are generated and here every individual operation is pipelined, as well as with the application 

of this simplified structure, the pipelined subtractions or additions with n inputs are permitted with the 

application of pipelining registers that are pure. The above requirement is vitally useful as it exists in the 

latest Field Programmable Gate Arrays (FPGAs) families and is considered as the most effective platform 

for digital signal processing algorithms implementation as it requires less hardware resource and low-cost 

constant multiplication blocks. 

➢ Several research works proved that the residue number system (RNS) can give a notable hardware 

utilization rate as compare to all other optimization models. 

In this paper, we propose DA based speculative RNS MAC unit for FIR filer design which has metrics as follows: 

• DA based residue computation unit will offer considerable complexity reduction over a wide range of 

moduli set. 
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• It can be used for higher-order FIR design to solve tradeoff constraints related to the conventional RNS 

system. 

• Speculative reverse conversion at the final stage can enhance the accumulation speed with direct RAM-

based data accessibility. 

 
Fig.3. Internal Architecture of Proposed sub-band RFIR filter for module 𝑛1 

 

The basic FIR filter function is given by 𝑦(𝑧) = ∑𝑀−1 𝑥(𝑗)ℎ−𝑗 = ∑𝑀−1 𝑥(𝑛)ℎ(𝑛 − 𝑘) − − − − − −(1) 

𝑗=0 𝑗=0 

Where k is length of filter, in this design, the k is 0 to 63. Equation (1) proposes FIR filter operation with direct 

structure which requires less number of registers and its internal architecture is shown in Fig.2. The Fig.2. is a 

sub part in the RNS based RFIR which is shown in Fig.1. In FIR filter is most commonly used in DSP 

applications, the traditional FIR filter design uses binary number system for design of adders and multipliers 

which leads to larger propagation & net delays and it limits the speed of operations. To address these limitations, 

the proposed RNS based FIR filter given in equation (1) which uses faster modified Parallel Prefix Adder (PPA) 

where carry bit propagation is avoided, the results of existing PPA and modified PPA are shown in Table.1. 

 

3.2 Memory efficient post computation 

After residue computation which follows conventional arithmetic operation reverse conversion is performed as 

post computation to convert the residue number to an integer value. This process involves numbers with a 

maximum range of values depends on the size of each moduli. Here all possible results are pre-computed and 

stored in memory as readily available blocks to perform the reverse conversion process. It will reduce the 

hardware complexity of the reverse conversion unit since all these memory units are transformed into 

dedicated onboard block RAMs during hardware synthesis. As compared to other computations this on-chip 
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memory access not only minimize the computation cost the access time is also minimized with the least critical 

path. 

Algorithm: Proposed Ternary-RNS based FIR filter 

 

Input: Sampled Audio Signal, Moduli sets (𝑚1, 𝑚2, 𝑚3, … . . 𝑚𝑛) 

Output: Filtered sampled audio signal y(n-k) 

Start: 

Process 1: RNS Computation 

////Define the moduli sets Module set (7,8,9) 

Input operands: A=14; and B=20; //////for RNS multiplier Input to FIR filter: Sampled Audio Signal (x) 

Process 2: Forward Conversion for RNS computation 

Let Ar1 is modulo operation between one of the operand and moduli set Ar1=(A) mod (m1); 

Ar2=(A) mod (m2); 

Ar3=(A) mod (m3); 

Br1=(B) mod (m1); 

Br2=(B) mod (m2); 

Br3=(B) mod (m3); 

Compute above Ar1…… Ar3 to get Input Residual 1= (0, 6, 5) and Br1……. Br3 to get Input Residual 2 = (6, 4, 

2). 

Process 3: Residue Computation for Multiplication, where * is RNS based multiplier 

Compute 𝑟1 = (𝐴𝑟1 ∗ 𝐵𝑟1)𝑚𝑜𝑑(𝑚1)=0 Compute 𝑟2 = (𝐴𝑟2 ∗ 𝐵𝑟2)𝑚𝑜𝑑(𝑚2)=0 Compute 𝑟3 = (𝐴𝑟3 ∗ 

𝐵𝑟3)𝑚𝑜𝑑(𝑚3)=1 

Output of the process 3 i.e Residue Components are (0,0,1) 

Process 4: Residue Computation for Adder (+) where + is Ternary-RNS based adder 

Compute 𝑟1 = (𝐴𝑟1 + 𝐵𝑟1)𝑚𝑜𝑑(𝑚1)=6 Compute 𝑟2 = (𝐴𝑟2 + 𝐵𝑟2)𝑚𝑜𝑑(𝑚2)=2 Compute 𝑟3 = (𝐴𝑟3 + 

𝐵𝑟3)𝑚𝑜𝑑(𝑚3)=7 

Output of the process 4 i.e Residue Components are (6,2,7) 

Process 5: Reverse Conversion for RNS computation Inputs: Moduli set and invM1, invM2, invM3 Outputs: 

ROM1, ROM2 and ROM3 

Where ROM1 stores computational of (𝑀1 ∗ 𝑖𝑛𝑣𝑀1)𝑚𝑜𝑑 (𝑚1)=1 Where ROM2 stores computational of (𝑀2 ∗ 

𝑖𝑛𝑣𝑀2)𝑚𝑜𝑑 (𝑚2)=1 Where ROM3 stores computational of (𝑀3 ∗ 𝑖𝑛𝑣𝑀3)𝑚𝑜𝑑 (𝑚3)=1 Compute 𝑀1 = 𝑚2 ∗ 𝑚3 

Compute 𝑀2 = 𝑚1 ∗ 𝑚3 

Compute 𝑀3 = 𝑚1 ∗ 𝑚2 

Compute 𝑑𝑜 iterative process till to get (𝑀𝑛 ∗ 𝑖𝑛𝑣𝑀𝑛)𝑚𝑜𝑑 (𝑚𝑛)=1 

|𝑀1 ∗ 𝑖𝑛𝑣𝑀1|𝑚𝑜𝑑 (𝑚1)=1 

|𝑀2 ∗ 𝑖𝑛𝑣𝑀2|𝑚𝑜𝑑 (𝑚2)=1 

|𝑀3 ∗ 𝑖𝑛𝑣𝑀3|𝑚𝑜𝑑 (𝑚3)=1 

At 𝑀1 = 72, 𝑀2 = 63 and 𝑀3 = 56 we will get above three equations output is 1 

Process 6: Final Reverse Conversion for RNS computation 
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RNS output =(|𝑀1 ∗ 𝑖𝑛𝑣𝑀1 ∗ 𝑟1|+|𝑀2 ∗ 𝑖𝑛𝑣𝑀2 ∗ 𝑟2| + |𝑀3 ∗ 𝑖𝑛𝑣𝑀3 ∗ 𝑟3|)𝑚𝑜𝑑(𝑚1 ∗ 𝑚2 ∗ 𝑚3) 

RNS output=|280|mod 504=280 

i.e 14*20=280 hence it is proved end: 

  

First Micro architecture for C0 

  

 

 
Fig.4. Proposed Internal micro-architecture of one coefficient and audio signal of RNS-Ternary PPA based 

RFIR filter for high speed and low energy consumption in SDR application. 
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Fig. 5. Combined architectural blocks of proposed RFIR filter with given audio signal and filter coefficients for 

SDR applications. 

 

Table 3. Performance analyzes of speculative DA based RNS FIR design in terms of energy, power and product 

of area, delay and power 

 

Multiplier Slices 

(area) 

LUT Dela

y 

(ns) 

Power 

(mW) 

Area* delay Time* 

power 

Area*time 

*power 

Two speed Radix-4 Serial-

Parallel multiplier for 32 bit 

[19] 

 

1590 

 

-

-

- 

 

26.820 

 

86.6 

 

7186x10-6 

 

143.27 x10-9 

22.852 

x10-9 
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Booth Serial- 

Parallel Multiplier for 16 

bits[19] 

 

1200 

 

-

-

- 

 

27.2 

 

0.85 

19.06 x10-6 23.13 x10-9 16.19 x10- 

6 

Modified Shift-Add 

Multiplier for 16 its [19,23] 

 

2107 

  

20.51 

 

0.1 

 

21.07 

 

25.1 

 

52.8 

Bawooley1 multiplier 1047 

5 

 10.25 22.62 1.07368x10
- 

04 

1.691x10-10 2.42x10-06 

 

Wallace tree multiplier 

 

111 

  

8.51ns 

 

16.5 

9.4461x10-7 1.40x10-10 1.55x10-08 

Proposed Ternary-RNS 

based FIR design for SDR 

 

174 

 

249 

 

4.771 

 

0.088 

 

8.30 x10-6 

 

41.9 x10-9 

 

7.3 x10-6 

 

  
Fig.6. Overall Device utilization comparison between proposed ternary-RNS based FIR filter design for SDR 

applications 

 

Figure.7. Simulated results for Audio samples and after filtering reconstructed output 
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Fig.7. shows that audio signal for SDR applications using methodology is presented to validate the efficiency 

FIR filter design with extended length and its functionality. The filter process is carried out using high-

precision filter coefficients with improved frequency response and accurate filtering operations. 

 

IV. CONCLUSIONS 

 

An extensive analysis of various types of 2n-1 modulo multipliers without memory is presented in this research 

work and this paper is evaluated by implementing the Booth algorithm so that the efficiency of 2n-1 modulo 

multipliers is enhanced by limiting the number of PPs and this number is limited to one third for radix-8 

Booth-encoded multiplier. However, this multiplier is not much use for a smaller dynamic range because of the 

existence of hard-multiple, but for a higher dynamic range, it is more efficient in terms of power and area. 

Apart from the above-mentioned modulo multiplier employed in the residue number system, a redundant 

encoding has been developed to avoid intra-carry propagation from arithmetic operations in residue number 

systems as it is suitable for significantly high dynamic range. However, still there exists a scope for advanced 

study in the area of 2n-1 modulo multipliers. In future research work, we consider the structure of modified 

Booth-encoded multiplier with higher-radix by utilizing hard-multiple generation. Further, to achieve an 

effective modulo multiplier in the application of digital signal processing, the redundant residue number system 

(RRNS) can be studied. This paper focused on the implementation of high- end FIR filters using optimized RNS 

units for the fetal ECG signal detection process. The hardware synthesis results presented in this work proved 

that each level of optimizations carryout in RNS computation has a direct impact on hardware rate and 

performance retention of the FIR filter design. Here both the RAM-based speculative reverse conversion and 

DA-based residue computation are used for path delay reduction in the RNS system which can able to reduce 

the performance penalty gap in FIR filter design. This work restores consistent performance metrics with the 

extension of the FIR filter tap by incorporating an optimized RNS MAC and memory- efficient reverse 

converter unit. 
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ABSTRACT 

 

With the technological era there is always an intention to fit the whole world into a small screen. Living in the 

technology era where it attempts to fit the whole world into a small screen. Gadgets have become part of 

human life. Touch screen interface between the gadgets and the human begins for interaction and also to use 

them. Touch screen also known as human machine interface (HMI) have wiped out the use of keypads. Due to 

many issues caused by touch screen an evolution of touch less touch screen has occurred. Here the machine 

learning method is used for the implementation of the touchless touch screen. The action such as swipe left, 

swipe right so on are recognized and then Semi-supervised method is used to implement these actions by 

comparing them with the trained dataset. 

 

Keywords: Gadgets, Human Machine Interface (HMI), Touch Screen, Machine Learning, Semi-supervised 

method. 

 

I. INTRODUCTION 

 

Data science otherwise called data driven science is an interdisciplinary field of logical techniques, procedures, 

calculations and framework to separate learning or experiences from information in different structures. It's an 

idea to bring together machine learning, data examination and their related strategy. 

Machine learning is a field of software engineering that enables PC frameworks to learn with information, 

without being expressly modified. Machine learning was instituted in 1959 by Arthur Samuel. It investigates 

the examination and development of algorithms that can learn from and make predictions on data. 

In machine learning focus is essentially on prepared dataset, with the assistance of these prepared dataset the 

machine can learn and play out the activities individually with no outside obstruction. It is a subfield of 

artificial intelligence, its primary objective is to comprehend the structure of information and after that fit the 

information into the models which can be used and comprehended by the general population. In spite of the 

fact that machine learning is a field of software engineering it is entirely different from the conventional 

computational methodologies. 

http://www.ijsrset.com/
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In old processing strategies the calculation are the arrangements of unequivocally customized directions 

utilized by the PCs to take care of the issue. Machine learning calculations rather enable the PC to prepare on 

the information data sources and utilize measurable investigation keeping in mind the end goal to get the 

coveted yield. In machine learning, undertakings are broadly ordered in light of how learning is done or how 

input on learning is given to the framework to create. The most broadly utilized machine learning strategies are 

supervised learning and unsupervised learning. Supervised learning method trains the algorithms based on 

labeled data whereas the unsupervised learning trains on unlabeled data. The blend of the two techniques offer 

ascent to another strategy known as Semi-supervised learning strategy which prepares the calculation in light 

of labeled and unlabeled data. 

 

II. LITERATURE SURVEY 

 

In literary survey, we analyze critically and concisely earlier research and literature related to a particular 

research problem, and utilize them for their own research purposes. It helps in understanding the significance 

of new research and its connections to earlier work. The survey may display an insufficiency in the literature, 

which a new research can correct. In such case, the survey focuses on what is known about the topic and what 

is not known. 

Nilofar E. chanda in his research work, "Study of touch less touch screen technology"[1] explains the 

mechanism of touch less touch screen technology uses finger motions without touching a screen. It simply uses 

hand wave in certain direction, or a flick of the hand in one area. In the touch screen display if the screen is 

cracked then we cannot operate the device by simply touching a display. The purpose of this touch less 

technology is to make life simple and more convenient. This system requires a sensor but the sensor is neither 

hand mounted nor present on the screen. The sensor can be placed either on the table or near the screen. The 

hardware setup is so compact that it can be fitted into a device like a mobile phone or laptop screen. It 

recognizes the position of an object from 5 feet Touch less touch screen technology means without using a 

finger or without touching a device we can easily operate the system. It is also called as "Don't touch me" 

technology. In this technology we have to simply draw a pattern for selecting tool or deleting a tool. This 

pattern we have to store in the database and the currently shown pattern is compared with the already stored 

images if pattern matches then the system work properly. Touch less display doesn't require any special sensors 

that we wear on our finger or either on our hand. We have to just point at the screen (from as far as 5 feet 

away), and we can easily operate the system Microsoft Company rebranded the technology as Pixel Sense once 

Microsoft introduced its unrelated Surface tablet to consumers. The name "Pixel Sense" refers to the way the 

technology actually works: a touch-sensitive protection glass is placed on top of an infrared backlight. As it hits 

the glass, the light is reflected back to integrated sensors, which convert that light into an electrical signal. That 

signal is referred to as a "value," and those values create a picture of what's on the display. The picture is then 

analyzed using image processing techniques, and that output is sent to the connected computer. In this paper 

the working of touch less displays and its applications is mentioned. 

Aditi Obol, Suman Govdar, Sukita Shettigar, Shubhum Anand in their research work, "Touch Less Touch 

Screen User Interface” [2] demonstrates how touch screens were responsible for creating a great future to the 
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technology at an alarming rate. We have to face many problems while working with the touch screen and end 

scratching up on the screen. The result, by frequently touching a touch screen display with the help of a 

touching device is that it depicts that there is a gradual dullness or de-sensitization of the touch screen to the 

input. This could result in a failure of the touch screen. To avoid this problem a simple user interface is being 

developed for Touch less control of electrically operated equipment is being developed. Elliptic Labs innovative 

technology lets us to control our gadgets like computers, MP3 players or mobile phones without touching them. 

A simple user interface for Touchless Control of electrically operated equipment. Unlike other system which 

gradually depends on the distance from the sensor or this system depends on the hand, finger motion, a hand 

wave in a certain direction, or a flick of the hand in one area, and holding the hand in one area towards which 

we are pointing with one finger for example, The device is based on optical pattern recognition using a solid 

state optical sensor with a lens to detect hand motion. This sensor is then connected to a digital image 

processing; this interprets the patterns of motion and output the result as signal to control fixtures, applications, 

machineries, or on any other device which is controllable through electrical signal. In this paper, we are 

introducing about various touchless touch screen technology methods and its various types and discussed about 

one of the implemented touchless touch screen technology i.e. leap motion Controller is a device that connects 

with a user's interface to Manipulate digital objects with hand motions. Working with other hardware the 

controller adds a new way to interact with the world. 

Mona M. Moussa, Elsayed Hamayed, Magda B. Fayek, Heba A. El Nemr in their work"An enhanced method for 

human action recognition" [3] explains about human action recognition is an active area of research due to the 

wide applications depending on it as detecting certain activities in surveillance video, automatic video indexing 

and retrieval, and content based video retrieval. Action representation can be categorized as: flow based 

approaches, spatio-temporal shape template based approaches, tracking based approaches and interest points 

based approaches. In flow based approaches optical flow computation is used to describe motion, it is sensitive 

to noise and cannot reveal the true motions. Spatio-temporal shape template based approaches treat the action 

recognition problem as a 3D object recognition problem and extracts features from the 3D volume. The 

extracted features are very huge so the computational cost is unacceptable for real-time applications. Tracking 

based approaches suffer from the same problems. Interest points based approaches have the advantage of short 

feature vectors; hence low computational cost. They are widely used and are adopted in this work. One of the 

widely used techniques in the action recognition task is Bag of Video Words (BoVW); which is inspired from 

bag of words model in natural language processing, where videos are treated as documents and visual features as 

words. This approach proved its robustness to location changes and to noise. Usually the system consists of four 

main steps: interest-points detection, features description, vector quantization and normalization of the features 

to construct histogram representation. Finally, the histograms are used for classification. In this work SIFT is 

used for detecting interest points where the extracted features are invariant to scale, location and orientation 

changes. 2D SIFT has another advantage which is the limited size of the features vectors; which consumes less 

computation time than other techniques such as 3D descriptors. In addition, the accuracy is better than all (to 

our knowledge) previous work in this field. This paper presents a fast and simple method for human action 

recognition. The proposed technique relies on detecting interest points using SIFT (scale invariant feature 

transform) from each frame of the video. A fine-tuning step is used here to limit the number of interesting 
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points according to the amount of details. Then the popular approach Bag of Video Words is applied with a new 

normalization technique. This normalization technique remarkably improves the results. Finally a multi class 

linear Support Vector Machine (SVM) is utilized for classification. Experiments were conducted on the KTH 

and Weizmann datasets. The results demonstrate that our approach outperforms most existing methods, 

achieving accuracy of 97.89% for KTH and 96.66% for Weizmann. 

L. Liu, L. Shao, X. Li, and K. Lu," Learning spatio -temporal representations for action recognition: A genetic 

programming approach," [4] carries out work on fusing information extracted from multiple layers of a 

convolutional neural network has been proven effective in several domains. Common fusion techniques 

include feature concatenation and Fisher embedding. In this work, we propose to fuse multilayer information 

by genetic programming (GP). With the evolutionary strategy, we iteratively fuse multilayer information in a 

systematic manner. In the evaluation, we verify the effectiveness of discovered GP-based representations on 

three image classification datasets, and discuss characteristics of the GP process. This study is one of the few 

works to fuse multilayer information based on an evolutionary strategy. The reported preliminary results not 

only demonstrate the potential of the GP fusion scheme, but also inspire future study in several aspects. 

Darshana Minstry and Asim Banerjee, "Comparision of Feature detection Approaches: SIFT AND SURF" [5] 

research work explains on Image representation of complex information in easy way. In today world, image 

and video are used in every way. Feature represent information of an image. Features can be point, line, edges, 

and blob of an image etc. There are areas as image registration, object tracking, and object retrieval etc. where 

require to detect and match correct features. Therefore, features are found such way which invariant to 

rotation, scale, translation, illumination, noisy and blur images. The search of interest points from one object 

image to corresponding images is very challenging work. It should be such that same physical interest points 

has found in different views. There are many algorithms are used to detect and match features as SIFT (Scale 

Invariant Feature Transform), SURF (Speeded up Robust Feature), FAST, ORB etc. SIFT and SURF are most 

robust and used method for feature detection and matching. Features are matched based on finding minimum 

threshold distance. Distance can be found using Euclidean distance, Manhattan distance etc. If distances of two 

points are less than minimum threshold distance, that key points are known as matching pairs. Feature points 

are applied to find homographic transformation matrix which are found using RANSAC. Feature detection and 

matching are used in image registration, object tracking, object retrieval etc. There are number of approaches 

used to detect and matching of features as SIFT (Scale Invariant Feature Transform), SURF (Speeded up Robust 

Feature), FAST, ORB etc. SIFT and SURF are most useful approaches to detect and matching of features because 

of it is invariant to scale, rotate, translation, illumination, and blur. In this paper, there is comparison between 

SIFT and SURF approaches are discussed. SURF is better than SIFT in rotation invariant, blur and warp 

transform. SIFT is better than SURF in different scale images. SURF is 3 times faster than SIFT because using of 

integral image and box filter. SIFT and SURF are good in illumination changes images. 

Qing Lei, Zhang et al., "Multi Surface Analysis for Human Action Recognition in Video", [6] research work 

explains the majority of methods for recognizing human actions are based on single-view video or multi-

camera data. In this paper, we propose a novel multi-surface video analysis strategy. The video can be expressed 

as three-surface motion feature (3SMF) and spatio-temporal interest feature. 3SMF is extracted from the motion 

history image in three different video surfaces: horizontal-vertical, horizontal- and vertical-time surface. In 



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published : March 15, 2022 Page No : 350-359 

 

 

 

 
354 

contrast to several previous studies, the prior probability is estimated by 3SMF rather than using a uniform 

distribution. Finally, we model the relationship score between each video and action as a probability inference 

to bridge the feature descriptors and action categories. We demonstrate our methods by comparing them to 

several state-of-the-arts action recognition benchmarks. 

 

III. PROBLEM STATEMENT 

 

Touch less touch screen technology uses finger motions without touching a screen. It simply uses hand wave in 

certain direction, or a flick of the hand in one area. In the touch screen display if the screen is cracked then we 

cannot operate the device by simply touching a display. The purpose of this touch less technology is to make 

life simple and more convenient. This paper demonstrates the implementation of  image processing and gesture 

control for touchless screen. 

 

Present State and its drawbacks 

Touch screen displays found everywhere in the world. The touch screen display provides a greater flexibility to 

user but after some year's touch screen display becomes less sensitive which causes failure of touch on touch 

screen display. If we use a screen protector still dirty marks present on the display to avoid this problem a 

simple user interface for touch less control of electrically operated equipment is being developed. This project 

overcomes the drawback of touch screen display by providing touch less display. 

 

Advantage of Proposed System 

The proposed system will help in the implementing machine learning, image processing technology. 

Proposed system will help in the monitoring the gesture controls using image. 

 

IV. METHODOLOGY 

 

In this we are proposing a semi-supervised action recognition for the touch less touch screen. Here the system 

is trained with the datasets. The trained dataset contains various labeled and unlabeled videos of various actions, 

action such as like open PDF, open applications and action to recognize the alphabets or keystrokes of the 

keyboard. 

The Gesture is recognized by the camera attached to the laptop. The laptop will process without any one 

touching the keyboard according to the gesture motion given by the user. The gesture recognition is recognized 

by the method of CNN algorithm through open CV. 

 

A. WORKING 

Sensors are mounted around the screen that is being used, by interacting with the line-of-sight of these sensors 

the motion is detected and interpreted into on-screen movements. There is a stop unintentional gestures being 

used as input that are not completely clear, but it looks promising nonetheless. The system is capable of 

detecting movements in 3-dimensions without ever having to put your fingers on the screen. Touch less 
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interface does not require that we have to wear any special sensors on our hand for navigation control. We 

have to point fingers at the screen and manipulate object in 3D. The best part of Touch less touch screen is that 

the technology will be easily small enough to be implemented into mobile and everywhere as shown in Figure 

1. 

 
Figure 1: Block diagram of Touchless Touch Screen using Gesture Processing. 

Block Diagram of Convolutional Neural Networks applied in processing of touchless touch screen using 

different gestures as shown in Figure 2. 

 

 
Figure 2: Block Diagram of Convolutional Neural Networks (CNN) Algorithm. 
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Figure 3 explains the flow of the touchless touch screen using gesture processing. 

 

 
Figure 3: Flowchart of Touchless Touch Screen using Gesture Processing. 

 

B. System Architecture Diagram 

 

 
Figure 4: System Architecture Diagram of Touchless Touch Screen using Gesture Processing. 

 

C. Functional Requirement 

Functional Requirements are those requirements which show the working and functionality of a system and 

the expected behaviour of a system based on certain situations and inputs. It defines specific functionality of a 

system. 

Functional requirements of system are: 

1. Collecting data set 

2. Uploading data set. 

3. Clustering data set. 
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D. Non-functional Requirement 

Non-functional requirements is not about functionality or behaviour of system, but rather are used to specify 

the capacity of a system. They are more related to properties of system such as quality, reliability and quick 

response time. Nonfunctional requirements come up via customer needs, because of budget, interoperability 

need such as software and hardware requirement, organizational policies or due to some external factors such as: 

1. Basic Operational Requirement. 

2. Organizational Requirement. 

3. Product Requirement.   

4. User Requirement. 

 

V. ALGORITHM 

 

The touch screen display provides a greater flexibility to user but after some year's touch screen display 

becomes less sensitive which causes failure of touch on touch screen display. If we use a screen protector still 

dirty marks present on the display to avoid this problem a simple user interface for touch less control of 

electrically operated equipment is being developed. The Gesture is recognized by the camera attached to the 

laptop. The laptop will process without any one touching the keyboard according to the gesture motion given 

by the user. The gesture recognition is recognized by the method of CNN algorithm through open CV. Semi-

supervised action recognition for the touch less touch screen. Here the system is trained with the datasets. The 

trained dataset contains various labeled and unlabeled videos of various actions, action such as like open PDF, 

open applications and action to recognize the alphabets or keystrokes of the keyboard. 

In the process of fruit sorting and grading to work system efficiently proper image acquisition is very important. 

The image is captured with camera that image is with noise and its features are not clearly seen so image pre-

processing is done on that image. In this project the features required are colour, texture and size. To get exact 

feature pre-processing is done on acquired image. The main aim of image processing is an improvement of 

image so that unwanted distortions are suppressed and enhance image features which are important for further 

processing. 

The basic steps of pre-processing are first convert RGB image to grey scale image. Then image histogram 

equalization is applied on grey image. This helps in adjusting image intensities in order to enhance contrast. 

Remove noise with filter, here we use median filter for removing noise here laplacian is used for edge detection 

as it highlights the region with rapid intensity change. So this enhanced, noise free, filtered image is ready for 

further processing. 

 

VI. EXPERIMENTAL RESULTS  

 

Screenshots of the results obtained is shown below:  

 

c 
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Figure 6a: Training hand gesture: Thumbs Up, Storing hand gestures in database and performing hand 

recognition task. 

 

 
Figure 6b: Training hand gesture: Hand showing Five Fingers. 
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Figure 6c: Storing hand gestures: Hand showing Five Fingers in database and performing hand recognition task. 

 

VII.  CONCLUSION AND FUTURE WORK  

 

Consumers around the world are worried about the safety and cleanliness of public touchscreens, such as self-

service kiosks, and would be very open to trying new ways of interacting if they are available. Prior to this, 

technologies that could help to mitigate the spread of bacteria and viruses were a developing trend. Customers 

will consider these types of risks more intently in the future and are likely to expect devices, which are of a 

shared use nature, to be designed to mitigate any risks that might be created by touch surfaces which are 

potentially shared by many different people." 

With this in mind, it should come as no surprise that interest is growing in touchless interfaces. 

 

VIII. REFERENCES 

 

[1]. Nilofar E. chanda, "Study of touch less touch screen technology," International Journal of current 

engineering and scientific research, Vol. No. 04, pp. 48-52, 2017. 

[2]. Aditi Obol, Suman Govdar, Sukita Shettigar, Shubhum Anand, "Touch Less Touch Screen User Interface," 

International Journal of Technical Research and Applications, Vol. No. 42, pp. 59-63, Aug 2017. 

[3]. Mona M. Moussa, Elsayed Hamayed, Magda B. Fayek, Heba A. El Nemr, "An enhanced method for human 

action recognition," Journal of Advanced Research, Vol. No. 36, pp. 163-169, Jan 2015. 

[4]. L. Liu, L. Shao, X. Li, and K. Lu," Learning spatio -temporal representations for action recognition: A 

genetic programming approach," IEEE trans. Cyber, Vol. No. 46, pp. 158-170, Jan. 2016. 

[5]. Darshana Minstry and Asim Banerjee, "Comparision of Feature detection Approaches: SIFTAND SURF," 

Vol. No. 01, pp 1-7, Nov (2017). 

[6]. Qing Lei, Zhang et al., "Multi Surface Analysis for Human Action Recognition in Video," SpringPlus, Vol. 

No. 05, 2016. 



Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the 

terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use, 

distribution, and reproduction in any medium, provided the original work is properly cited 

 

 

International Conference on Recent Trends in Mechanical Engineering 

International Journal of Scientific Research inScience,  

Engineering and Technology 

Print ISSN: 2395-1990 | Online ISSN : 2394-4099 (www.ijsrset.com) 

 

 

 

 

  360 

 
Face Recognition Based Attendance Marking System 
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ABSTRACT 

 

Automatic face recognition (AFR) technologies have seen dramatic improvements inperformance over the past 

years, and such systems are now widely used for security andcommercial applications. An automated system for 

human face recognition in a real timebackground for a college to mark the attendance of their employees. So 

Smart Attendanceusing Real Time Face Recognition is a real world solution which comes with day to 

dayactivities of handling employees. The task is very difficult as the real time backgroundsubtraction in an 

image is still a challenge (6). To detect real time human face are used and asimple fast Principal Component 

Analysis has used to recognize the faces detected with ahigh accuracy rate. The matched face is used to mark 

attendance of the employee. Our systemmaintains the attendance records of employees automatically. Manual 

entering of attendancein logbooks becomes a difficult task and it also wastes the time. So we designed an 

efficientmodulethatcomprisesof facerecognitiontomanagetheattendance recordsofemployees. 

Our module enrolls the staff’s face (3). This enrolling is a onetime process and their face willbe stored in the 

database. During enrolling of face we require a system since it is a onetimeprocess. You can have your own roll 

number as your employee id which will be unique foreach employee. The presence of each employee will be 

updated in a database. The resultsshowed improved performance over manual attendance management system. 

Attendance ismarked after employee identification. This product gives much more solutions with 

accurateresults in user interactive manner rather than existing attendance and leave managementsystems. 

 

Keywords: AFR (Automatic face recognition), attendance, identification, interactive, intervention 

 

I. INTRODUCTION 

 

Maintainingtheattendanceisveryimportantinalltheinstitutesforcheckingtheperformanceofemployees(4).Everyin

stitutehasitsownmethodinthisregard.Somearetakingattendancemanuallyusingtheoldpaperorfilebasedapproachan

dsomehaveadoptedmethodsofautomaticattendanceusingsomebiometrictechniques.Butinthesemethodsemployee

shavetowaitforlongtimeinmakingaqueueattimetheyentertheoffice.Manybiometricsystemsareavailablebutthekey

authenticationsaresameisallthetechniques.Everybiometricsystemconsistsofenrolmentprocessinwhichuniquefeat

uresofapersonisstoredinthedatabaseandthenthereareprocessesofidentificationandverification.Thesetwoprocesses

comparethebiometricfeatureofapersonwithpreviouslystoredtemplatecapturedatthetimeofenrollment.Biometrict

emplatescanbeofmany 

http://www.ijsrset.com/
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typeslikeFingerprints,EyeIris,Face,HandGeometry,Signature,Gaitandvoice.Oursystemusesthefacerecognitionapp

roachfortheautomaticattendanceofemployeesintheofficeroomenvironmentwithoutemployees’intervention(2). 

Face recognition consists of two steps, in first step faces are detected in the image and then thesedetected faces 

are compared with the database for verification. Our system utilized this 

algorithmforthedetectionoffacesintheoffice room image. 

Afacialrecognitionsystemisatechnologycapableofmatchingahumanfacefromadigitalimageoravideoframeagainsta

databaseoffaces,typicallyemployedtoauthenticateusersthroughIDverificationservices,worksbypinpointingandme

asuringfacialfeaturesfromagiven image. 

 
FIG1.1 HUMANFACEPATTERN 

 

Whileinitiallyaformofcomputerapplication,facialrecognitionsystemshaveseenwiderusesinrecenttimesonsmart 

phonesandinotherformsoftechnology,suchasrobotics.Becausecomputerizedfacialrecognitioninvolvesthemeasure

mentof 

ahuman'sphysiologicalcharacteristicsfacialrecognitionsystemsarecategorizedasbiometrics.Althoughtheaccuracyo

ffacialrecognitionsystemsasabiometrictechnologyislowerthanirisrecognitionandfingerprintrecognition,itiswidel

yadoptedduetoitscontactlessprocess.[1]Facialrecognitionsystemshavebeendeployedinadvancedhuman-

computerinteraction,videosurveillanceandautomaticindexingof images.[2] They 

arealsousedwidelybylawenforcementagencies. 

 

II. LITERATURE SURVEY 

 

Automatedfacialrecognitionwaspioneeredinthe1960s.WoodyBledsoe,HelenChanWolf,andCharlesBissonworked

onusingthecomputertorecognizehumanfaces.Theirearlyfacialrecognitionprojectwasdubbed"man-

machine"becausethecoordinatesofthefacialfeaturesinaphotographhadtobeestablishedbyahumanbeforethey 

couldbeusedbythecomputerforrecognition.Onagraphicstabletahumanhadtopinpointthecoordinatesoffacialfeatur

essuchasthepupilcenters,theinsideandoutsidecornerofeyes,andthewidowspeakinthehairline. 
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Thecoordinateswereusedtocalculate20distances,includingthewidthofthemouthandoftheeyes.Ahumancouldproc

essabout40picturesanhourinthismannerandsobuildadatabaseofthecomputeddistances.Acomputerwouldthenauto

maticallycomparethedistancesforeachphotograph,calculatethedifferencebetweenthedistancesandreturntheclose

drecordsasapossible match. [3] 

In1970,TakeoKanadepubliclydemonstratedafacematchingsystemthatlocatedanatomicalfeaturessuchasthechinan

dcalculatedthedistanceratiobetweenfacialfeatureswithouthumanintervention.Latertestsrevealedthatthesystemco

uldnotalwaysreliablyidentifyfacialfeatures.Nonetheless,interestinthesubjectgrewandin1977Kanadepublishedthe

firstdetailedbookonfacialrecognitiontechnology. [4] 

In1993,theDefenseAdvancedResearchProjectAgency(DARPA)andtheArmyResearchLaboratory(ARL)establishe

dthefacerecognitiontechnologyprogramFERETtodevelop"automaticfacerecognitioncapabilities"thatcouldbeempl

oyedina 

productivereallifeenvironment"toassistsecurity,intelligence,andlawenforcementpersonnelintheperformanceofth

eirduties."FacerecognitionsystemsthathadbeentrialedinresearchlabswereevaluatedandtheFERETtestsfoundthatw

hiletheperformanceofexistingautomatedfacialrecognitionsystemsvaried,ahandfulofexistingmethodscouldviablyb

eusedtorecognizefacesinstillimagestakeninacontrolledenvironment.[5]TheFERETtestsspawnedthreeUScompani

esthat soldautomatedfacialrecognitionsystems.VisionCorporationandMirosIncwerebothfoundedin1994,by 

researcherswhousedtheresultsoftheFERETtestsasaselling 

point.ViisageTechnologywasestablishedbyaidentificationcarddefensecontractorin1996tocommerciallyexploitthe

rightstothefacialrecognitionalgorithmdevelopedbyAlexPentlandatMIT. [6] 

 

III. TECHNIQUES FOR FACE RECOGNITION, METHODOLOGY, SYSTEM ALGORITHM, FACE 

RECOGNITION PROCESS & SOFTWARE REQUIREMENT 

  

 
FIG1.2FACERECOGNITIONPATTERN 

 

Automatic face detection with OpenCV. 

 

Whilehumanscanrecognizefaceswithoutmucheffort, 

[20]facialrecognitionisachallengingpatternrecognitionproblemincomputing.Facialrecognitionsystemsattempttoi

dentifyahumanface,whichisthree-
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dimensionalandchangesinappearancewithlightingandfacialexpression,basedonitstwo-

dimensionalimage.Toaccomplishthiscomputationaltask,facialrecognitionsystemsperformfoursteps.Firstfacedetec

tionisusedtosegmentthefacefromtheimagebackground.Inthesecondstepthesegmentedfaceimageisalignedtoaccou

ntforfacepose,imagesizeandphotographicproperties,suchasilluminationandgrayscale.Thepurposeofthealignment

processistoenabletheaccuratelocalizationoffacialfeaturesinthethirdstep,thefacialfeatureextraction.Featuressuchas

eyes,noseandmoutharepinpointedandmeasuredintheimagetorepresenttheface.Thesoestablishedfeaturevectoroft

hefaceisthen,inthefourthstep, matchedagainstadatabase offaces. [21] 

 

IV. METHODOLOGY 

  

Thesystemconsistsofacamerathatcapturestheimagesoftheemployeeandsendsittotheimageenhancementmodule.Af

terenhancementtheimagecomesintheFaceDetectionandRecognitionmodulesandthentheattendanceismarkedont

hedatabaseserver.Atthetimeofenrolment,templatesoffaceimagesofindividualemployeesarestoredintheFacedataba

se. 

Hereallthefacesaredetectedfromtheinputimageandthealgorithmcomparesthemoneby 

onewiththefacedatabase.Ifanyfaceisrecognizedtheattendanceismarkedontheserverfromwhereanyonecanaccessa

nduseitfordifferentpurposes.Inthisway 

alotoftimeissavedandthisishighlysecuringprocessnoonecanmarktheattendanceofother.Attendanceismaintainedo

ntheserversoanyonecanaccessitforpurposeslikeadministration,employeesthemselves 

(7).Usingthistechniqueenhancestheefficiencyandaccuracyofthedetectionprocesstwodatabasesaredisplayedinthee

xperimentalsetup.Face 

Databaseisthecollectionoffaceimagesandextractedfeaturesatthetimeofenrolmentprocessandthesecondattendance

databasecontainstheinformationabouttheemployeesandalsousestomarkattendance. 

Facerecognitionareoftenpassivelyrefrainedfromanyspecificactionorparticipationonthepartoftheusersincefacepict

uresareoftenacquiredfromadistancebyacamera.Thiscanbesignificantlyusefulforsecurity andsurveillance 

functions.Facecouldbeaadvancedmultidimensionalstructureandneedssmartcomputingtechniquesforrecognition.

Therecouldalsobevariationsinfacesbecauseofaginganddistractionslikebeard,modificationofhairstylesorglassesetc.f

eaturesextractedfromafaceareprocessedandcomparedwithequallyprocessedfacesthatarepresentwithintheinfo.Ifaf

aceisrecognizedit'sbest 

knownorthesystemmightshowananalogousfaceexistingininfoelseit'sunknown.Ingeneral,facerecognitiontechniq

uesareoftendividedinto2teamssupportedthefaceillustrationtheyuseappearance-

based,thatusesholistictextureoptionsandisappliedtoeitherwholeofthefaceorspecificregionsduringafaceimageandf

eature-

based,thatusesgeometricfacialexpressionlikemouth,eyes,brows,cheeksetc..Thestudentneedstobeaheadofacamera

ataminimumdistance.ThesystemcanfindtheimageofthestudentconsistentwiththeEiganfaceandOpenCValgorithm

icprogramconvertsitintoagreyscaleandstoresitinavery 

file.Oncethestudentreappearsbeforethecamera,facesarerecognizedbycomparisontheEigenfacesofcurrentandkeep

images.Thenthenamesofthedetectedfacesarekeptininfo.Thisprojecteffectivelydefinestheautomaticattendancesyst

embasedonfacerecognitiontoimplementonschools/colleges.Thesystemtakesattendanceforparticularquantityofyo
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urtimeandwhenthetimeexpiresthesystemmechanicallyclosestheattendance.Theresultsoftheexperimentshowsim

provedperformancewithintheestimationofattendingcomparedtoancientpenandpaperkindattendingsystem.Thepr

esentworkisprincipallyfocusedonfacedetectionandextractionbyOpenCVwithinthepicturesexploitationwirelessm

odeWi-

Fi.Inanyworkwearegoingtobesupposedtoenhancefacerecognition’slimitationsandadditionallybycomparing3Dfac

epictureswithsecondfacepictures(Realtime).Alsowehaveatendencytoarsupposedtoenhanceonmultiplefacerecogn

itionatasimilartimeinorderthattheeffectivenessofyourtimewillstillbemanagedandtakealook attoenhanceonthe 

portability ofthesystem 

 

V. SYSTEM ALGORITHM 

 

Thissectiondescribesthesoftwarealgorithmforthe system.Thealgorithmconsistsofthefollowingsteps 

□ Imageacquisition 

□ Facedetection 

□ Facerecognition 

□ Attendance 

 

Theproposedattendancesystemchieflyconsistsof3phases;Imageacquisition,FaceDetection,FaceRecognition.Theop

eratingofthesystemisrepresentedasfollows: 

ImageAcquisition: 

Thesystemconsistsofapicamerathatcapturesthepicturesoftheschoolroomandsends ittotheimagepre-processing. 

Thenthatimageissendsforfacedetection. 

FaceDetection: 

Thismethodseparatesthefacialspacefromtheremainderofthebackground 

image.Thefacesareaunitkeepswithintheinformationanddetected,whenthatFaceextractionisadditionallyadministe

red. 

FaceRecognition: 

Thefaceimageisthencomparedwiththekeepimage.Ifthefaceimageismatchedwiththes1toredimagethenthefaceisrec

ognized.Thenforthatindividualstudenttheattendingisrecorded. 

 
FIG2.1 FACERECOGNITIONALGORITHM 
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Inthefirststepimageiscapturedfromthecamera.Thereareilluminationeffectsinthecapturedimagebecauseofdifferent

lightingconditionsandsomenoisewhichistoberemovedbeforegoingtothenextsteps 

(1).Histogramnormalizationisusedforcontrastenhancementinthespatialdomain.Medianfilterisusedforremovalofn

oiseintheimage.ThereareothertechniqueslikeFFTandlowpassfilterfornoiseremovalandsmoothingoftheimagesbut

medianfiltergives goodresults. 

StudentManagement:Thisconstitutestheprimarysectionofourprojectmodule.Thissectionconsistsfollowingparame

ters:1.StudentRegistrationtype,thestudentseemsasabrand 

newcandidateforregistration.Registrationconsistsofaddingeverycandidate’spersonaldetails.2.StudentFacedetectio

n:Thefreshlyregisteredcandidate’sfacegetsdetectedforthevery1sttimeandhold onwithin theinfo. 

 

AttendanceSystem: 

 
Fig.2.2FlowChartofAttendancesystem 

 

Thisconstitutesthesecondsectionofourprojectmodule.Thepopularityofeveryindividualstudenttakesplaceby 

extractingthecommonoptionsofeveryindividualbyexploitationimageintegraltechnique.Thenthefaceimageismatc

hedwiththeimageholdonwithintheinfoandthereforetheattendanceismarkedforthecandidateprovidingthefacialfe

atureofthefreshlycapturedimagematcheswiththealreadyholdonimage. 

Exit: Ittakesthesystemoutofthemodule. 

 

FACE RECOGNITION PROCESS 

 

Face Count Algorithm: 

 

• The detect MultiScale function is a general function that detects objects. Since we are calling iton 

thefacecascade, that’swhatitdetects. 

• Thefirstoptionisthegrayscaleimage. 
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• Thesecondisthescale Factor.Sincesomefaces maybeclosertothecamera,theywouldappearbiggerthan 

thefacesintheback.Thescalefactorcompensatesfor this. 

• The detection algorithm uses a moving window to detect objects. Min Neighbors defines howmany objects 

are detected near the current one before it declares the face found. Min 

Size,meanwhile,givesthesizeofeachwindow. 

 

TemplateMatching: 

TemplateMatchingisamethodforsearchingandfinding 

thelocationofatemplateimageinalargerimage.OpenCVcomeswithafunctioncv2.Match 

Template()forthispurpose.Itsimplyslidesthetemplateimageovertheinputimage(asin2Dconvolution)andcomparest

hetemplateandpatchofinputimageunderthetemplateimage.SeveralcomparisonmethodsareimplementedinOpenC

V.Itreturnsagrayscaleimage,whereeachpixeldenoteshowmuch doestheneighbourhoodofthat 

pixelmatchwithtemplate. 

Ifinputimageisofsize(WxH)andtemplateimageisofsize(wxh),outputimagewillhaveasizeof(W-w+1,H-

h+1).Onceyougottheresult,youcanusecv2.minMaxLoc()functiontofindwhereisthemaximum/minimumvalue.Tak

eitasthetop-leftcornerofrectangleandtake(w,h)aswidthandheightoftherectangle.That 

rectangleisyourregionoftemplate. 

Ithastwoprimarycomponents- 

 

Sourceimage(I):Theimageinwhichweexpecttofindamatchtothetemplateimage. 

Templateimage(T):Thepatchimagewhichwillbecomparedtothetemplateimage. 

 

ApproachtoSolveTemplateMatching: 

Therehavebeentwoapproachestosolvetemplatematchingproblem: 

 

• Full Search (FS): This algorithm computes the distance between q and all template-sizedsub-windows in 

the image and returns either the patch with the smallest distance or all thepatcheswithdistance 

belowathresholdT. 

• Fast Fourier Transform (FFT) approach: This algorithm has been traditionally usedfor accelerating pattern 

matching in the L2norm (vector norm) especially for large pattern 

sizeswheretheideaisbasedonL2normobservationsbetweentwoMpixels-sizedsub-windows. 

 

WorkingofTemplatematching: 
• Thetemplateimagesimplyslidesovertheinputimage(asin2Dconvolution) 

• Thetemplateandpatchofinputimageunderthetemplateimagearecompared. 

• Theresultobtainediscomparedwiththethreshold. 

• Iftheresultisgreaterthanthreshold,theportionwillbemarkedasdetected. 

• Inthefunctioncv2.matchTemplate(imagegray,template,cv2.TM_CCOEFF_NORMED) 

• thefirstparameteristhemainimage,secondTheMatching MethodsAvailableinOpenCV: 
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• Parameteristhetemplatetobematchedandthirdparameteristhemethodusedformatching. 

 

OpenCVimplementsTemplatematchinginthefunctionmatchTemplate.Theavailable methods are 6: 

• method=CV_TM_SQDIFF 

• method=CV_TM_SQDIFF_NORMED 

• method=CV_TM_CCORR_NORMED 

• method=CV_TM_CCOEFF 

• method=CV_TM_CCOEFF_NORMED 

 

FaceRecognition: 

Tomakeafacerecognitionprogram,initialweneedtocoachtherecognizerwithdatasetofantecedentlycapturedfacesal

ongsideitsID,toIllustratewe've2personthenpersoncanhaveIDoneandsecondpersoncanhaveID2,inorderthatallthep

hotographsofpersononewithinthedatasetcanhaveIDoneandevery 

onethephotographsofthe2dpersonwithinthedatasetcanhaveID2,thenwearegoingtousethosedatasetpicturestocoac

htherecognizertopredictthe oneofassociatedegreefreshlyconferredfacefromthe livevideo frame. 

 

AlgorithmforFaceRecognition: 

1. DatasetCreator. 

2. Trainer. 

3. Detector. 

 

• Startscapturingframesfromthecameraobject 

• ConvertittoGrayScale 

• Detectandextractfacesfromtheimages 

• UsetherecognizertorecognizetheIdoftheuser 

• PutpredictedId/NameandRectangleondetectedface 

 

DatabaseUsingSQLITE: 

 

DatabaseUsingSQLITE: Herewehavecreatedapythonprogramthatconnectstosqlitedatabase. 

Sqlitedatabasedoesnotrequireanypreinstallationandsavesdatabaseasfileinthecurrentworkingdirectory.Sothedatab

ase.pyconsistsofthreefunctionsinit,update,selectinit()-

>ittakesoneargumenti.elistofnamesanditcreatesadatabasewithnamesandtimeperiod1,2,3,4withallthetimeperiodv

aluessettoNmeaningnotavailable(absent).Oncedatabaseiscreatedandvaluesinsertitdisplaysthedatabase.Youcanpas

sanylengthoflistofnamesit willcreatethedatabasewiththatmuchrecords 

ex:fromdatabaseimport*init(['hello','hi','how'])('hello','N', 'N','N','N') 

('hi','N','N','N','N') 

('how','N','N','N','N') 
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Update()-

>ittakestwoargumentsfirstislistofnamesofstudentswhoarepresentandsecondiswhichhourininteger.itwillupdateth

edatabaseandmakethosenamespresentforthathourwhichyou have passed. 

ex:update(['hi','hello'],1) 

 

select()->ittakesoneargumenti.eiswhichhoursdatauwanttosee.onceyougivetheargumentit willdisplaythe 

dataofallthenames forthathour. 

ex: select(1) 

( 'hello','P') 

('hi','P')('how','N')select(2) 

('hello','N') 

('hi','N') 

('how','N') 

 

SOFTWARE REQUIREMENT 

1. PYTHON 

2. CMAKE 

3. DLIB 

4. FACERECOGNITIONLIBRARY 

 

VI. IMPLEMENTATION AND RESULT ANALYSIS 

 

COMMANDSTORUNINCOMMAND PROMPT 

 

FollowingCommandhastobeenteredwhileexecutionoftheprogramincmdline 

STEP1 

cdC:\Users\MaheshkumarU\Desktop\faceReco\myvenvpy\Scripts 

STEP2 

.\activate 

STEP3 

cd.. 

STEP4 

cd.. 

STEP5 

cdC:\Users\Maheshkumar U\Desktop\faceReco\project\Face_Recognition_Project-main(1) 

\Face_Recognition_Project-main 

STEP2 

.\activate 

STEP3 
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cd.. 

STEP4 

cd.. 

STEP5 

cdC:\Users\Maheshkumar U\Desktop\faceReco\project\Face_Recognition_Project-

main(1)\Face_Recognition_Project-main 

STEP6 

pythonattendance.py 

Here 

Step1:ismovingtovirtualenvironmentfolder 

Step2:activatingthevirtualenvironment 

Step3: Going back tomyevenpy folder 

Step4: Going back tofaceReco folder 

Step5: MovingintoFace_Recognition_project-mainfolder 

Step6-Running attendance.pyprogramfile 

 

PROGRAM 

 

importcv2 

importnumpyasnp 

importface_recognition 

importosfromdatetimeimportdatetime 

importface_recognitionimportosfromdatetimeimportdatetimepath='images' 

 

images=[] 

 

personNames= [] 

 

myList=os.listdir(path) 

 

print(myList) 

 

forcu_imginmyList: 

current_Img=cv2.imread(f'{path}/{cu_img}') 

 

images.append(current_Img) 

personNames.append(os.path.splitext(cu_img)[0]) 

 

print(personNames) 
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deffaceEncodings(images) : 

 

encodeList=[] 

 

forimginimages: 

 

img = cv2.cvtColor(img, cv2.COLOR_BGR2RGB) 

 

encode = face_recognition.face_encodings(img)[0] 

 

encodeList.append(encode) 

 

returnencodeList 

defattendance(name): 

 

withopen('Attendance.csv','r+')asf: 

 

myDataList=f.readlines() 

 

nameList= [] 

 

forlineinmyDataList:entry=line.split(',') 

 

nameList.append(entry[0]) 

 

ifnamenot innameList: 

 

time_now=datetime.now() 

tStr = time_now.strftime('%H:%M:%S') 

 

dStr = time_now.strftime('%d/%m/%Y') 

 

f.writelines(f'\n{name},{tStr},{dStr}') 

 

encodeListKnown=faceEncodings(images) 

 

print('AllEncodings Complete!!!') 

cap=cv2.VideoCapture(0) 

whileTrue: 
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ret,frame=cap.read() 

faces=cv2.resize(frame,(0,0),None,0.25,0.25) 

 

faces=cv2.cvtColor(faces,cv2.COLOR_BGR2RGB) 

 

facesCurrentFrame=face_recognition.face_locations(faces) 

encodesCurrentFrame=face_recognition.face_encodings(faces,facesCurrentFrame) 

forencodeFace,faceLocinzip(encodesCurrentFrame,facesCurrentFrame): 

 

matches=face_recognition.compare_faces(encodeListKnown,encodeFace) 

 

faceDis=face_recognition.face_distance(encodeListKnown,encodeFace) 

 

#print(faceDis) 

 

matchIndex=np.argmin(faceDis) 

ifmatches[matchIndex]: 

name=personNames[matchIndex].upper() 

 

#print(name) 

 

y1,x2,y2,x1=faceLoc 

y1,x2,y2,x1=y1*4,x2*4,y2*4,x1* 4 

cv2.rectangle(frame,(x1,y1),(x2,y2),(0,255,0),2) 

cv2.rectangle(frame,(x1,y2-35),(x2,y2),(0,255,0),cv2.FILLED) 

cv2.putText(frame,name,(x1+6,y2-6),cv2.FONT_HERSHEY_COMPLEX,1,(255,255, 

255),2) 

attendance(name) 

 

cv2.imshow('Webcam',frame) 

 

ifcv2.waitKey(1)==13: 

 

break 

cap.release()cv2.destroyAllWindows() 
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RESULTANALYSIS 

 
STEP1FIG4.1FeedingofImagestoselectedfolder 

 
STEP2FIG4.2 CLEARINGTHEDATASHEETOFTHEATTENDANCE 

 
STEP3       FIG4.3(a) COMMANDTOBEEXECUTEDONTHECMDSCREEN 
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FIG4.3(b)COMMANDEXECUTEDONTHECMDSCREEN 

 
STEP4      FIG4.4(a)FACERECOGNITIONOFMULTIPLEPERSONUSINGCAMERA 
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FIG4.4(b)FACERECOGNITIONOFSINGLEPERSONBYCAMERA 

 
Step 5 FIG4.5AUTOMATICATTENDANCEMARKINGDATASHEET 

 

VII.  ADVANTAGES AND APPLICATION 

 

Fasterprocessing 

Theprocessof recognizing afacetakesasecondorless—andthisisincrediblybeneficialforthecompanies.In 

theeraofconstant cyberattacksandadvancedhacking tools,companiesneed atechnologythatwouldbeboth 
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secureand fast.Consideringthatfacialrecognition isalmostinstant,itgrantsaquick 

andefficientverificationofaperson.Inaddition,it’shard tofool thistechnologyso thisisanotherbonus. 

Seamlessintegration 

This is probablyoneofthebiggestbenefitsforcompanies.Thefacialrecognition 

technologyisquiteeasilyintegratedsoit’sa perfectchoice.Itdoesnotrequirespending 

additionalmoneyonitsintegration andmostfacialrecognitionsolutions arecompatible 

withthemajorityofsecuritysoftware.A100%win-win. 

Automationofidentification 

Before, securityguards hadtoperformmanualidentificationof apersonthat tooktoomuch timeand 

didnotboasthighaccuracy.Buttoday,facialrecognition iscompletelyindependentintheidentification 

processandnotonlytakessecondsbutisalsoincrediblyaccurate. 

The3Dfacialrecognitiontechnologyandtheuseofinfraredcameras significantly boosted the 

levelofaccuracyoffacialrecognitionandmadeitreallyhardtofool. 

APPLICATION: 

• Itcanbeusedinschoolsandcollegestomaintaintransparenteducationsystem 

• Itcanbeusedinexaminationhallstoachievefairexaminationbyavoidingproxycandidatetowritetheexamsoftheot

her. 

• Itcanalsobeusedinsecuritysystemtoavoidinterruptionofunknownpersontoaspecifiedsystembyfeeding 

rawimagesofAuthorisedperson. 

• ItcanbealsousedinElectionvoting halltoachievefairprocess. 

 

VIII. CONCLUSION 

 

AutomatedAttendanceSystemhasbeenenvisionedforthepurposeofreducingtheerrorsthatoccurinthetraditional(m

anual)attendancetakingsystem.Theaimistoautomateandmakeasystemthatisusefultotheorganizationsuchasaninstit

ute.Theefficientandaccuratemethod 

ofattendanceintheofficeenvironmentthatcanreplacetheoldmanualmethods.Thismethodissecureenough,reliablea

ndavailableforuse.Noneedforspecializedhardwareforinstallingthesystemintheoffice.Itcanbeconstructedusingaca

meraandcomputer. 
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ABSTRACT 

 

Since paper industries are heavily dependent on trees for paper making process which impacts the 

environment, an alternative substance agricultural waste such as tender coconut coir which is abundantly 

available resource which goes unused can reduce the primary dependence on wood for paper making process. 

This research was focused on making paper from agricultural waste such as dry grass, husks, coconut shell, 

sugar cane waste etc as primary raw material along with secondary material as waste paper. With Literature 

survey we selected kraft process (sulphate process) of pulp and paper making due to its environmentally 

friendly and high chemical recovery along with good mechanical properties imparted into the paper. This 

process is widely used in almost all paper industries hence gives flexibility of readily adapting it. During the 

study of process different proportions of coir-wastepaper ratioswere tested and graph of transmittance vs 

nanometer was tested in UV Spectrometer. Properties suitable for different application can be compared. 

 

Keywords: Paper making, environmentally friendly paper.5 

 

I. INTRODUCTION 

 

Paper is a thin sheet material produced by mechanically or chemically processing cellulose fibres derived 

from wood, rags, grasses or other vegetable sources the pulp from these is mixed in water, draining the water 

through fine mesh leaving the fibre evenly distributed on the surface, followed by pressing and drying.  

There are 2 main problems involved 1.) As M suraj, Akram Khan [1] States that 93% of raw material for the 

production of paper comes from trees. Of an average tree, we get 8000 white pages after production, it also 

involves cutting down trees. Deforestation is one of the main environmental problems we’re facing in these 

times. 42% of all global wood harvest is used to make paper. Although recycling reduces use of raw material to 

some extent but it is very difficult to produce tree at a pace at which they are cutdown every day. 2.) According 

to KalidasKalimuthu, RaghaviMd[2]  

http://www.ijsrset.com/
https://en.wikipedia.org/wiki/Material
https://en.wikipedia.org/wiki/Cellulose
https://en.wikipedia.org/wiki/Fibre
https://en.wikipedia.org/wiki/Wood
https://en.wikipedia.org/wiki/Textile
https://en.wikipedia.org/wiki/Poaceae
https://en.wikipedia.org/wiki/Water
https://www.researchgate.net/profile/Kalidas-Kalimuthu-2
https://www.researchgate.net/profile/Raghavi-Md
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72% of worlds total coconut production is from India. In India, Tamil Nadu tops the list in the productivity of 

coconut, but production is high in Karnataka and Kerala as well. [3] Increased consumption of coconut water 

and green coconut fruit pulp has increased the generation of coconut shells which in some regions tends to 

become waste, generating negative social, economic and environmental impacts Due to the lack of management. 

Coconut shell accounts for around 85 % of the weight of the fruit and has an assumed composition of 33.30 % 

lignin, 30.58 % cellulose, 43 26.70 % hemicellulose, 8.86 % water and 0.56 % ash. 

To account for these problems the process of making paper using coconut coir as potential substitute for wood 

is studied. 

Paper making process using agricultural waste such as tender coconut shell, sugarcane, dry grass etc.theseshare 

common process which can be divided into 2 process as follows: (1) Pulp making process, (2) Paper making 

process. Pulp making process include chopping, Beating, Sun drying, cooking, grinding and mixing the obtained 

substance is a pulp.Paper making includes conversion of pulp to paper which includes screening, finishing. 

 
Fig 1: Paper making process. 

 

II. LITERATURE REVIEW 

 

Types of pulping include mechanical pulping and chemical pulping Pratima Bajpai in her paper [4] Mechanical 

pulp is pulp produced by using only mechanical attrition to pulp lignocellulosic materials; no chemicals (other 

than water or steam) are used. Light-coloured, no resinous softwoods and some hardwoods are often the fiber 

source. The total yield is about 90%–98%. Lignin is retained in the pulp; therefore, high yields of pulp are 

obtained from wood. Mechanical pulps are characterized by high yield, high bulk, high stiffness, and low cost. 

They have low strength because the lignin interferes with hydrogen bonding between fibers when paper is 

made. The lignin also causes the pulp to turn yellow with exposure to air and light. 

Raymond A. Young, ... David A. Tillman in [5] Chemical pulping has been performed or proposed with a wide 

variety of reactants. Today the dominant chemicals used in pulping are sulfur based, although numerous sulfur-

free processes have been proposed. The processes available currently include sulfate or Kraft pulping, acid and 

alkaline sulfite pulping, neutral sulfitesemichemical (NSSC) pulping, and soda pulping. Of these the Kraft 

https://www.sciencedirect.com/topics/materials-science/mechanical-pulp
https://www.sciencedirect.com/topics/materials-science/mechanical-pulp
https://www.sciencedirect.com/topics/engineering/lignocellulosic-material
https://www.sciencedirect.com/topics/engineering/softwood
https://www.sciencedirect.com/topics/materials-science/lignin
https://www.sciencedirect.com/topics/engineering/kraft-process
https://www.sciencedirect.com/topics/engineering/sulfite
https://www.sciencedirect.com/topics/engineering/soda-pulping
https://www.sciencedirect.com/topics/engineering/kraft-process
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process has become dominant and for the following reasons: (1) it can produce useful pulps from all wood 

species; (2) it readily permits chemical and energy recovery from the spent pulping liquor and was the 

first pulping process to do so; and (3) it regularly produces the highest-strength pulps. 

Honghi Tran, Esa k. Vakkilainnen’s research [6] Kraft pulping process is the most dominant lignocellulose 

pulping process producing about 130 million tons of pulp annually. Lignin obtained from kraft pulping process 

has a complex and recalcitrant structure. The success of kraft pulping is attributed to the recovery of inorganic 

reactants. The black liquor obtained after pulping contains a mixture of fragmented lignin and Na2SO4, which 

upon incineration provides Na2S and CO2. Energy released from incineration of the carbonaceous lignin is used 

to generate steam in a high-pressure boiler. Therefore, the residual lignin acts a fuel to power the pulping 

process. The critical role of lignin in the kraft process prohibits diverting the lignin stream for alternative 

application and catalytic upgrading to valuable chemicals. Furthermore, the presence of sulfur, a known 

catalyst poison, is also detrimental for downstream catalytic processes. Nevertheless, the abundance of kraft 

lignin provides options for utilizing excess lignin residue for catalytic upgrading. 

Kraft process is most widely used process for wood pulp and can be used for other raw materials like tender 

coconut shell without change in machineries and chemicals used to readily adapt to current industries. Kraft 

break down lignin and hemicellulose and due to its high chemical recovery rate this process is considered for 

research. 

There have been studies to make paper using raw materials such as sugarcane as in [10], Pineapple leaves [11], 

Elephant grass [12],Elephant Dung [13], Rice Husk [14] etc..  

Testing of paper as mentioned by Shabir Ahmad Mir … in [9] includes 1.) Thickness: The thickness is the 

perpendicular distance between the two outer surfaces of material. The method for determining the thickness is 

given in TAPPI T411. Generally, thickness is measured at different locations of the sample, and the mean is 

calculated. 2.) Bursting Strength: Bursting strength is measured by the pressure developed behind a circular 

rubber diaphragm when it is forced through the paper so as to burst it. The maximum pressure sustained by the 

specimen is recorded. The burst test is the most common evaluation test used for paper and corrugated 

fiberboard. The TAPPI method is T81. The test is conducted using a bursting tester and, in essence, consists of 

forcing a rubber diaphragm through a hole approximately 25 mm in size using hydraulic pressure. The resultant 

upward bulge of the diaphragm causes it to puncture the specimen. The hydraulic force required to burst the 

specimen is recorded on a dial or an electronic digital readout device. 3.) Tensile Strength Tensile strength The 

most common strength test for paper is that of tensile strength. The limiting resistance of a test piece of paper 

or board is submitted to a breaking force applied to each of its ends under the conditions defined in the 

standard method of test. The tensile strength is generally expressed as breaking length. The most common 

method is to use gripping devices that are attached to a testing machine. 4.) Density: Density is an important 

parameter for paper and paperboard. Density is defined as the mass per unit volume of the tested material 

 

III. CHEMICAL REACTIONS INVOLVED 

 

In Kraft pulping process, cooking liquor chemicals are NaOH and Na2S. Although the high percentages of 

sodium sulfide darken the pulp color but it has huge benefits; it increases penetration of the wood, uniform 

https://www.sciencedirect.com/topics/engineering/kraft-process
https://www.sciencedirect.com/topics/chemistry/pulping-liquor
https://www.sciencedirect.com/topics/engineering/pulping-process
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cooking, low cooking time, high yield and strength. The Na2S hydrolyzed in presence of water and gives 

hydroxide and hydrosulfide. The reaction is reversible and can be described as below: 

 
In kraft pulping process NaOH is the key chemicals for completed the cooking process. Temperature also plays 

a significant rule. The main chemical reactions in the kraft cooking process can be expressed as: 

 

NaOH + NaSH + Wood → Na-compound + S-compound 

Here the wood represents various organic compounds as like: Cellulose, Hemi-cellulose, Lignin, fats, and 

Resins. 

The average wood chemical compositions are: 

Cellulose: 40-45 % 

Lignin 18-32 % 

Rest are Hemicelluloses, fat, Resins 

After the karft cooking process the chemical composition of the pulp are: 

Cellulose: 70-75 % 

Lignin 2-5 % 

Rest are Hemicelluloses and others organic compounds. 

At first step of the karft pulping process the white liquor penetration and diffusion into the interior of the wood 

chip. 

When the wood chips are heated the delignification reactions starts, but the reaction rate is very slow. The 

specific kraft cooking temperature is generally 135-175°C in which the lignin structure and others organic 

compounds are broken down into small fragments and solubilized into the alkaline solution. 

 
Courtesy: http://www.pulppapermill.com/wp-content/uploads/reaction-of-lignin.jpg 

 

IV. STEPS INVOLVED IN PAPER MAKING PROCESS 

 

Procedure involves: 

Chopping: 

1.5 kg of Tender coconut was chopped to expose fibres. 

In industries this process can be compared to crushing.  

 

http://www.pulppapermill.com/wp-content/uploads/reaction-of-lignin.jpg
http://www.pulppapermill.com/wp-content/uploads/Na2S-hydrolyzed.jpg
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Drying 

The chopped coconut was sun dried to remove moisture content, chopping in addition increases the rate of 

drying. The weight obtained at this stage was 800 gms. Which is dry weight. 

 
Fig 2: Sun drying 

Cooking: 

It involves Kraft process of pulp making as mentioned earlier, this is the most important part of the process and 

results of final product depends on it. After lignin and hemicellulose which get dissolved in water was washed 

the weight reduced to 350 gms 

W% = (Wf/Wi)*100 

% of weight reduced = final weight of substrate after cooking /dry weight before cooking. 

W% = (350/800)*100 

W%= 43.75% 

 
Fig 3: Cooking 

 

Bleaching: 

It is process of removing impurities and make the final product light colour. This is done by cooking the 

substrate with 8% of hydrogen peroxide. 

Grinding: 

Grinding of coir to make the fibres as smooth as possible and to remove left out impurities. 
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Mixing 

Mixing was done in various proportions of coir to paper ratio, paper includes waste newspaper which 

represents reused papers. Addition of starch increases strength of paper and hence 10 % of starch was used per 

sample. 

Table no. 1: %of coir and waste paper 

SL.No Coir % Waste paper % 

1 20 80 

2 30 70 

3 40 60 

4 50 50 

5 60 40 

6 70 30 

7 80 20 

 

Screening: 

Screening was done by manual method by using 0.5 mm grade screening material.  

 
Fig 4: Screening 

 
Fig 5: After screening 
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Drying: 

Sun drying of substrate after pressing to get uniform paper thickness. 

 

V. RESULTS AND DISCUSSION 

 

The products obtained at different proportions are of size 210:297 mm  

 
Fig 6: Sample paper of 80% coir: 20% Paper (Left) and 20%coir : 80% paper (right) 

 
Fig 7:Graph ofTransmittance vs wavelength in nm. 

 

In UV Spectrometer model SHIMADZUEUROP A GmbH. 

As the coir% increases the transmittance of substrate decreases. 
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VI. CONCLUSIONS 

 

Though this product is far to replace writing paper as application but can be used for packaging, binding, paper 

bags and for different texture papers where writabilityand smoothness is compromised. The potential use of 

tender coconut fiber for making diversified products by an ecofriendly process could be confirmed. A simple 

unconventional paper making process can lead to efficient change in waste and resource management. 

Reduction of impact on environment through a much ecofriendly process, governed by reducing pollutants into 

environment as well as reducing wastage of much potential substance alongside restricting deforestation, 

avoiding expenditure on transport of wood. Even achieving 30% of coir-compost could lead to preserving 

resources and cut down of unnecessary costs. 
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ABSTRACT 

 

The various sensors, mechanical arms, wheel system, wireless communication mechanism and remote 

controlling mechanism are used to design the proposed robot that can be used in military and civil fields. The 

coordination of smart robot various parts to perform different fields are discussed in this project. Our project 

deals with a multi-purpose robot that has been designed in such a way that it can fulfil the needs of the 

military, police, spy teams and armed forces. It has numerous applications and can be used in different 

environments and for different situations. This robotic vehicle uses a specific set of sensors for performing 

various tasks such as the PIR (passive infrared) sensor that detect the alive humans by emitting the infrared 

rays, as an alive human (body) emits thermal radiation, this thermal radiation is detected by the PIR sensor in 

order to detect alive humans, the bomb (metal) sensor is used for the detection of bombs, the fire or flame 

sensor is used for fire detection and the gas sensor, which is used to detect harmful gases. The robot is designed 

in such a way that it can perform multiple operations which is achieved by embedding different features into a 

single prototype. 

 

Keywords: Robot, mechanical arm, wheel system, gas, PIR sensor. 

 

I. INTRODUCTION 

 

Robotics is the branch of technology that deals with the design, construction, operation, and application of 

robots. Robots have become a subject of great interest nowadays. Robots are, in fact, defined as man-made 

mechanical devices that can move by themselves, whose motion must be modeled, planned, sensed, actuated 

and controlled, and whose motion behavior can be influenced by “programming”.  

Advancing the economy of many countries around the world is maybe due to mining/extracting the minerals 

and geological materials that are valuable from the core of the earth. It is estimated that mining industry is 

employing one million people and worth 70 billion dollars. Many countries contribute an average of 20% 

approximately to their GDP. There are various health issues. The metals and metalloids that are generated as a 

waste during mining are highly toxic for human health.  

In modern technology, autonomous robotic system is an excellent novelty. It helps mankind in performing 

laborious task and where humans cannot perform or when it is difficult for humans to go into war fields. In 

http://www.ijsrset.com/
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such cases a robotic vehicle can be deployed, where existing tools cannot be employed. With the availability on 

various sensors in the market building up of robots has become an easy task. The various sensors available are 

Para Infrared (PIR) sensor, IR sensor, metal (bomb) sensor, fire sensor etc. Based on the application and 

necessity of situation we can embed various sensors according to the need. Many areas of the world get affected 

by natural calamities. Disasters like earthquake, floods, etc. are unstoppable and leave behind a great loss of life. 

Large area becomes a hurdle for rescue workers. Hence, we are proposing a Multi-purpose robot.  

The robot is equipped with a PIR sensor to detect live human, a robotic arm to remove any obstacles in its way, 

a camera to send images to control unit. The robot has a fire sensor or a gas sensor that detects the fire 

explosion or any gases released in the area and extinguish it. It has a bomb detector that detects the bomb in the 

area and sends an alert to control office/room. 

All objects emit what is known as black body radiation. It is usually infrared radiation that is invisible to the 

human eye but can be detected by electronic devices designed for such a purpose. The term passive in this 

instance means that the PIR device does not emit an infrared beam but merely passively accepts incoming 

infrared radiation. There are a variety of robotic systems being developed to support firefighters due to the wide 

range of fire events including fires involving structures, vehicles, aircrafts, ships, and wild lands. These robots 

which we used for detect and extinguish fire by means of various sensors 

  

II. PREVIOUS ROBOTIC SYSTEM 

 

There is much progression in the field of engineering, robotics in particular. Many robotic systems have been 

advanced for various purposes. Some robotic systems are used for automatic motion of vehicles on road and 

wheel chairs, which can help disabled. There are also other robotic systems, which can be used for defense 

purposes. Along these innovations there are also robotic systems, which can combat in war times. One of the 

robots is named "Security Warrior", which consists of five features including vision, motion, robot arms and 

power estimation.  

One more robot that autonomously detects and extinguish fire, which is known as a “Fire Fighter robot”. It uses 

thermal sensor for fire or flame detection and extinguish it. Some robotic systems are designed and constructed 

particularly for bomb detection. They achieve this by sending the robot to the respective place. In case of 

disaster-prone areas, detection by rescue workers becomes time consuming and due to the vast area, that gets 

affected it becomes more difficult. So, a robot is sent to the disastrous area for identifying the live people and 

rescue operations. There are various robotic systems invented with different applications, which are currently 

available and in use. 

 

III. PROBLEM DEFINITION 

  

During the tragedy, many people will die because they will not get the aid at the right moment, and many 

people will also be harmed by the unintentional events, at which moment there will not be too much human 

resources to locate and rescue them. In our study, we found robots are developed for various applications like 

detecting fire incidents, military applications, detecting live humans, detecting atmospheric gases, etc. But we 
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didn’t find a single robot which can be used for various applications, this motivated us to design and build a 

cost-effective robot that can be incorporated with features such as fire detection, live human detection, audio 

and video transmission, obstacle detection, etc.  

➢ For each operation there are different robots are constructed  

➢ There is only text reply coming from the robot  

➢ Robot design is not perfect so it cannot run in odd surface  

➢ In present system DTMF is used to control the robot, Network is major drawback in this robot 

 

IV. PROPOSED SYSTEM 

 

Our project deals with a multi-purpose robot that has been designed in such a way that it can fulfill the needs 

of the military, police, spy teams and armed forces. It has numerous applications and can be used in different 

environments and for different situations. This robotic vehicle uses a specific set of sensors for performing 

various tasks such as the PIR (passive infrared) sensor emits the infrared rays in order to detect the alive 

humans, as an alive human (body) emits thermal radiation, this thermal radiation is detected by the PIR sensor 

in order to detect alive humans, the bomb (metal) sensor is used for the detection of bombs, the fire or flame 

sensor is used for fire detection and the gas sensor, which is a type of chemical sensor is used for the detection 

of harmful gases. The robot is designed in such a way that it can perform multiple operations which is achieved 

by embedding different features into a single prototype. 

 

V. WORKING PRINCIPLE COMPONENTS USED 

 

1. Arduino Mega 

The Arduino mega also have advanced features like an inbuilt temperature sensor, the real-time clock, external 

and software interrupts, analog comparator. The output of this micro controller is LCD and communication 

between multiple devices by using wires and input devices are various sensor which has the capabilities to 

sense from the surroundings or environment when there is any fault/problem. 

 

2. Fire sensor:  

A fire sensor is a type of sensor specifically designed to identify and react to the presence of a fire or flame. The 

flame sensors response may depend on its appealing. It includes a warning system, oil and gas pipe, propane and 

a fire control system. This sensor uses the infrared blaze flare system that enables the detector to function 

through a layer oil, dust, water vapor, and indicator. 

 

3. Gas sensor:  

A gas detector is a device that detects the presence of gases in an area, often as part of a safety system. This 

sensor is used to detect a gas leak or other emissions and can interface with a control system so a process can be 

automatically shut down. A gas detector is a sensor that senses the emission or intensity of atmospheric gases. 
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4. Wireless Camera  

Wireless cameras work by transmitting the camera’s video through a radio (RF) transmitter. 

 

5. DC Motor  

A simple DC motor has a coil of wire that can rotate in a magnetic field. The current in the coil is supplied via 

two brushes that make moving contact with a split ring. The coil lies in a steady magnetic field. The forces 

exerted on the current-carrying wires create a torque on the coil. 

 

6. Bluetooth Model  

HC-05 Bluetooth device is a convenient to use Bluetooth SPP (serial port protocol) device built to provide clear 

serial radio communications. Its connectivity is through serial connectivity which makes it very easy for 

controller or computer to connect. 

 

7. PIR Sensor  

The term PIR is a shortened version of the Passive Infra- Red. The word " passive" implies that the detector 

does not participate in the operation, indicating that it does not release the related IR signals themselves, but 

instead passively senses the human body's infrared emissions in the region. 

The radiations detected are switched into an electric current which is equivalent to the contamination intensity 

observed. This charge is then further enhanced by an integrated FET and loaded into the output pin of the 

system which becomes important to an additional circuitry to further trigger and intensify the alarm phases. 

The PIR detector spectrum is up to 10 m at angle of l5°. 

 

8. Metal Sensor  

The precious metal scanner used to detect mines; tests interference of the electrical current produced by the 

existence of pieces of metal in the soil. The common, simple metal detectors are easy to use, and it has an 

excellent rate of success. Metal detector operates by emitting an electric current into the surface from the 

scanning coil. Some metallic objects inside the EMF become energized and will rebroadcast their own energy 

field. 

 

9. L293 DRIVER  

The L293 is an integrated circuit motor driver that can be used for simultaneous bidirectional control of two 

small motors, which allows the motor to drive on any direction. It means by using L293D IC we can control 

two motors with a single L293D IC. Motor driver act as an interface between Arduino and the motors. Two 

servos will act as entry and exit gate and rotate to open or close the gate. 

 

VI. METHODOLOGY  

 

The block diagram of multipurpose robot mainly consists of arduino, to which multiple sensors are connected 

like the PIR (Passive-infrared) sensor which is used for the detection of alive human being, metal (bomb) 
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sensor that is used for bomb detection, fire sensor which is used for detecting fire explosion and gas sensor 

which detects harmful gases in the war field. When all the actions mentioned above are sensed by sensors, an 

LED blinks as an indication and the buzzer sound indicates that there is a problem and checks further in PC to 

find whether it is fire explosion or bomb is detected etc., then further intimation is sent to respective teams to 

rescue. It also includes a Bluetooth module, which is designed for clear wireless serial connection setup. Two 

DC motors are used for the movement of robot-like forward, left, right and reverse. A Wi-Fi camera is used to 

capture live video and send to the control unit.  

A Passive Infrared sensor (PIR sensor) is an electronic device that Measures infrared (IR) light radiating from 

objects in its field of view. PIR sensors are often used in the construction of PIR-based motion detectors (see 

below). By using android technology, we can control the movement of vehicle in the Specified direction. A 

metal detector is implemented in the system which will inform about any explosives are detected in suspected 

areas. We can use this robot as fire fighter robot. We will use fire sensor to detect the fire and we have fire 

extinguisher to control the fire. We can use this robot as mining robot. We will use gas sensor to measure the 

hazardous gasses like CO2, CO, LPG, etc and upload the values into cloud. We have Wi-Fi camera, so we can 

use this robot for surveillance and security. Thingspeak.com is the cloud where we will store all measured data. 

 
Figure 1: Block diagram 
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Figure 2: Flow Chart 

 

VII. TEST RUN PROCEDURES AND RESULTS  

 

A. Live Human Detection:  

In case of disaster-prone areas, it is very difficult and time consuming for rescue workers in the vast area. So, a 

robot is sent to the disastrous area for identifying the live people and rescue operations. The PIR (Passive Infra-

Red) Sensor placed on a robot detects motion by measuring changes in the infrared levels emitted by 

surrounding objects. 

  

B. Bomb Detection:  

In the present-day scenario, we are facing many threats by bomb blasts, in such cases detection of bombs by 

sending the robot to a respective place can save the lives of human at risk. A metal detector is implemented in 

our robotic system which detects the bomb in the area and sends an alert to the control unit. 
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C. Fire detection:  

Fire fighters always cannot get into dangerous regions and rescue victims. The proposed robotic vehicle can 

reach in to such dangerous positions like petrochemical complexes and huge warehouse fire.A fire sensor 

placed in a robot that detect flame or fire. The range of detection is up to 10m. The water tank with capacity of 

2 liters is placed on the robot which can be used to shut down the fire by spraying the water. Once the fire is 

detected the pump motor automatically spray water and it is controlled through motor driver circuit. 

 

D. Harmful Gases detection:  

The Gas sensor placed on a robot is used to detect hazardous gas. By using an audible alarm, alert can be given 

to people whenever a dangerous gas is detected. 

 

E. Obstacle detection:  

When the obstacle comes in path of robot an IR (infrared) sensor detects the obstacle and decides to avoid the 

obstacle by taking left or right turn. 

 
Figure 3: smart multipurpose surveillance robot 

 

Future work of the Project 

1. Automatic pick and drop of blocks or humans with robotic arm can be implemented which can future 

reduce the time consumption. 

2. Laser gun: To make robot self-defense we give the robot a laser gun that can shoot. 

3. We can implement the detection of faces of terrorist using image processing using open CV. 
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VIII. CONCLUSION 

 

The purpose of the proposed system is to provide a robotic vehicle, which plays a vital role in war field, where 

the disaster takes place like bomb explosion, fire accident and release of harmful gases. This proposed system is 

superior to other existing system due to use of different sensors like Metal sensor( works similar to bomb 

sensor) which is used for bomb detection, similarly Fire sensor for fire detection, Gas sensor for detection of 

harmful gases and PIR sensor(which detects the thermal radiation emitted by the alive human body) for alive 

human detection. After each detection the buzzer gets ON and the message is sent to control room. The robotic 

vehicle can perform multiple operations at a time in comparison with the existing robotics systems. Many 

disasters can be detected by using this autonomous vehicle which can be done in a limited period of time. It can 

be done without affecting any humans and affected if done manually. The robot is manually controlled. Hence, 

our system is sure to create a revolution in its own field. 
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ABSTRACT 

 

Additive manufacturing (AM), also known as 3D printing is becoming an industry standard for manufacturing 

components. The AM processes can produce complex metal parts with potential applications in aerospace, 

automobile, medical and fashion domains. Direct Metal Laser Sintering (DMLS) is a commonly used laser 

powder bed fusion (LPBF) type of AM technique for processing widely used aluminum alloys due to its light 

weight, high strength, and corrosion resistance properties. This paper presents an experimental work of the 

latest research carried out in understanding the Hardness and Microstructure of the Aluminium alloys 

processed by DMLS before and after heat treatment conditions with the aim of identifying research gaps and 

future research directions. The present research has effectively utilized the established characterization 

techniques like optical microscopy (OM), scanning electron microscopy (SEM), and X-ray diffraction (XRD), 

and the effects of Heat treatment on Microstructure and Hardness are investigated and the inferences are 

reported. 

 

Keywords: Additive Manufacturing; Lase Powder Bed Fusion; Direct Metal Laser Sintering; Metal powder; 

Characterization; Hardness; Heat treatment. 

 

I. INTRODUCTION 

 

The ASTM definition for Additive Manufacturing is “process of joining materials to make objects from 3D 

model data, usually layer upon layer, as opposed to subtractive manufacturing methodologies” [1]. The Additive 

Manufacturing (AM) is a class of layer-by-layer manufacturing techniques that can fabricate highly complex 

components from CAD model. This CAD model is sliced into 2D slices with a certain layer thickness, and 

subsequently each layer is built up by adding material. There are different types of Metal Additive 
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Manufacturing (AM) Methods, namely Selective Laser Sintering (SLS), Selective Laser Melting (SLM), Direct 

Metal Laser Sintering (DMLS), Laser Engineered Net Shaping (LENS), and Direct Metal Deposition (DMD). 

Among these Metal AM methods, the Direct Metal Laser Sintering (DMLS) process can be used for Aerospace 

parts, customized medical parts, tooling with conformal cooling channels and functional components with high 

geometrical complexity. Direct Metal Laser Sintering is an additive freeform manufacturing process which 

creates 3-D parts through the application of laser energy to powder beds [2]. The manufacturers are focusing on 

the potential cost reduction, fewer steps in the production process and design-freedom and these are achievable 

through Additive Manufacturing (AM) technologies. There has been number of studies on Additive 

Manufacturing of AlSi10Mg alloys, because of the demand from the industrial field for lightweight structures 

with complex geometries [3]. The AlSi10Mg alloy has been widely used in the aerospace and automotive 

industry, because of its neat eutectic composition of Al and Si; further, it has good weldability. However, the 

Aluminium alloy powder is very easy to be oxidized, and the formation of oxide film is one of the challenges 

when exposed to laser during the fabrication of samples. There are many recent studies, which have reported 

the microstructure and mechanical properties of DMLS / SLM fabricated AlSi10Mg alloys. Kempen et al. [4] 

studied the mechanical properties of AlSi10Mg produced by SLM and found that the SLM-fabricated AlSi10Mg 

parts exhibited higher tensile strength and hardness than the casted parts; these parts have exhibited 

anisotropic behavior at rupture under different build directions. Brandi et al. [5] studied the microstructure and 

fatigue performance of SLM-fabricated AlSi10Mg under different directions (0°, 45°, and 90°). The researchers 

found that the heat treatment had the noteworthy effect on fatigue resistance and least effect on the building 

direction. Read et al. [6] studied the influence of process parameters on porosity development in the SLM of 

AlSi10Mg alloys using a DOE. The reviewers found that the laser power, scanning speed, and the interaction 

between the scanning speed and hatch spacing had a pronounced effect on porosity development. From, the 

literature review, it is evident, that this paper focuses on the Microstructure and Hardness properties of 

fabricated samples both in “as fabricated” and post “Heat treatment” condition. The effects of Heat treatment on 

Microstructure and Hardness are investigated. 

 

II. MATERIALS, METHODS, PROCESSING AND CHARACTERIZATION TECHNIQUES 

 

The chemical composition of AlSi10Mg powder as provided by the powder manufactures (EOS Gmbh) is given 

in Table 1, and has been ascertained through powder Particle Elemental Composition studies by the Energy 

Dispersive X-Ray Analysis (EDAX). The Microtrac Bluewave Particle Size Analyzer are used to analyze three 

powder samples Particle Size Distribution (PSD) and the average D10, D50 and D90 values are 30.29 µm, 43.60 

µm and 63.61 µm respectively. Figure 2 shows a Scanning Electron Microscope (SEM) micrograph of the 

powder; it is obvious that the powder particles are not spherical. The particle shows irregular morphology, with 

small irregular satellite particles attached to the bigger particles (Fig. 1). The specimens are manufactured by 

EOSINT M280 system (EOS GmbH - Electro Optical Systems, Germany). The EOS EOSINT M 280 is based on 

the DMLS (Direct Metal Laser Sintering) 3D printing technology developed by EOS, equipped with Ytterbium 

fibre laser with 400W power, and a Scan speed of 7 (m/s), and a minimum re coater time of 8 sec, and build rate 

of 5-20 (cm3 /hr.) The process takes place in an inert environment in a working space with 250 × 250 mm 
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dimensions on the horizontal plane and a maximum height of 290 mm. The layer thickness was set to 60 µm 

and a parallel scan strategy with alternating scan direction was adopted. In the current study, the samples are 

produced using the process parameters of LASER Power of 240 W, Scan speed of 1180 mm/s, Hatch spacing of 

0.12 mm, and Laser Spot Size of 0.1mm. The DMLS process parameters are listed in Table 2 and these are the 

optimum setting parameters from previous studies. The test samples with dimensions of 10mm×10mm × 10mm 

have been fabricated to examine the Microstructure and Hardness as per the dimensions given in figure 2.    

TABLE 1 CHEMICAL COMPOSITION OF AlSi10Mg ALLOY POWDER (Wt. %) 

Element % Composition  

Si 9.5-10.5 

Mg 0.15-0.45 

Fe 0.45-0.55 

Cu 0.05-0.1 

Pb 0.05-0.1 

Ti 0.1-0.15 

Zn 0.1-0.15 

Mn 0.4-0.45 

Sn 0.15-0.2 

Ni 0.05-0.1 

Al Rem. 

 
Figure 1:  The morphology of AlSi10Mg powder   

TABLE 2 DMLS PROCESS PARAMETERS 

Sl. No. Parameter  Value 

1 Power 240 W 

2 Scan Speed 1180 mm/s 

3 Layer Thickness 60 µm 

4 Hatch Spacing 0.12 mm 

5 Laser Spot Size 0.1 mm 
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Figure 2:  Build Orientation and Test samples dimensions 

 

The microstructure of both “as fabricated” and “Heat Treated” AlSi10Mg samples are characterized with Optical 

Microscopy (OM), Scanning Electron Microscope (SEM), and X-ray diffraction (XRD) measurements. A Nikon 

optical microscope LV100 with Clemex Image Analyzer is used to evaluate the microstructure of the etched 

parts. The polishing and etching procedures are performed according to the ASM Metal Handbook 

recommendations. The samples are etched using Keller’s reagent (190 ml distilled water, 5 ml HNO3, 3 ml HCl, 

2 ml HF) for 20 seconds to reveal the microstructure. The Micro Vickers Hardness Tester (MMT-X7, 

Matsuzawa, Japan) is used for measuring the hardness with Vickers scale (0,5 kg load).  A TESCAN- VEGA3 

LMU Scanning Electron Microscope and EDAX – AMETEK is used to investigate the grain size, structure 

observations, and elemental analysis (Energy-dispersive X-ray spectroscopy). For X-ray diffraction analysis, the 

Malvern Panalytical's X-ray diffractometer is used.  

The Post-processing operations like Heat treatment is required in order to enhance the mechanical properties 

[7]. For the Heat treatment study, the samples are fabricated by DMLS process in accordance with the 

dimensions shown in figure 2. This study is to explore the effect of a T6 heat treatment on the DMLS fabricated 

samples, and understand its influence on the microstructure. The Tensile, Compression and Impact samples are 

solution heat treated at 540 °C and 1.5 h soaking time for solution heat treatment, followed by water quenching, 

and artificial ageing (AA) at 200°C for a duration of 8 hours.  

 

III. RESULTS AND DISCUSSIONS  

 

A. Microstructure  

The Optical microscope analysis is performed using the “as fabricated” and “Heat-Treated” samples along the 

building direction that is perpendicular to the printed layers (Z-direction) and parallel to the printed layers (XY 

direction). The Figure 3 shows OM images showing the microstructure of “as fabricated” and “Heat-treated” 

samples. The microstructure has resulted from the high cooling rate experienced by the material during the 

layer wise printing operation. The as-fabricated sample is shown in Figure 3 (a and b). The characteristic 

cellular microstructure, supersaturated α-Al matrix and continuous network of eutectic Si particles are 

characterized from the morphological features. The resulting microstructures are non-homogenous. The Al 

cells usually appear finer when viewed perpendicular to the build direction. And the Al cells appear elongated 

when viewed parallel to the build direction, After the Heat treatment; the microstructure changes noticeably. 
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Figure 3 (c and d) establishes microstructure of T6 Heat treated AlSi10Mg alloy. The Si particles have grown 

and are uniformly dispersed in α-Al matrix owing to solution heat treatment and aging.   

 
Figure 3:  OM images showing the microstructure of as-fabricated samples (a and b) Heat-Treated samples (c 

and d). 

The scanning electron microscope (SEM) analysis is performed using the “as fabricated” and “Heat-treated” 

samples along the build direction that is perpendicular to the printed layers (Z-direction) and parallel to the 

printed layers (XY direction). The Figure 4 (a and b) shows SEM images depicting the microstructure of as 

fabricated and the Heat-treated samples [Figure 4 (c and d)]. 

 
Figure 4:  SEM images showing the microstructure of “as-fabricated” samples (a and b) and “Heat Treated” 

samples (c and d) 
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B. Microhardness 

Hardness is well known as a preliminary indication for mechanical properties. The microhardness 

measurement is performed according to ASTM E384 (The standard test method for Knoop and Vickers 

Hardness Testing of Materials). The average values of the samples of microhardness are obtained along all the 

three (X, Y, and Z) directions. Each recorded value was an average of 3-5 indentations along the tested area of a 

500-gf load applied over a period of 15 to 20 seconds dwell time. The Vickers microhardness of the “as built” 

DMLS samples is much higher (almost 45 Hv) than the microhardness of the T6 heat treatment samples due to 

the softening the material, fine distribution of the Si phase and attributable to the grain growth, which has 

reduced the grain boundaries. The microhardness of the “as fabricated” DMLS material is always higher than 

the heat-treated material. The anisotropy is not observed in the material after heat treatment since the hardness 

in all planes is found to be an average of 132 ± 4 HV for as fabricated samples and 87± 4 for Heat treated samples. 

This is possibly due to the homogenized microstructure and evolution of the crystallographic texture. This 

significant drop in hardness for the DMLS alloy is clearly due to the microstructural changes related to the 

treatment itself. The table 3 gives the hardness values for as fabricated specimens, while the table 4 gives the 

hardness values for heat treated specimens. The figure 5 gives the hardness values for both, “As Fabricated” (AF) 

and “Heat Treated” (HT) specimens.  

TABLE 3 HARDNESS VALUES FOR (AS FABRICATED) SPECIMENS 

 
TABLE 4 HARDNESS VALUES FOR (HEAT TREATED) SPECIMENS 

 

 
Figure 5: Hardness Values Graphs (Both AF and HT)    
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C. XRD Analysis  

XRD analysis is carried out to investigate the different phases, present in the samples in both “as fabricated” and 

post “heat treatment” conditions [8]. The XRD analysis are performed on cross sections of polished un-etched 

samples and there is no specific preparation for XRD, since the size of the “as built specimen” is suitable and can 

be easily fitted onto the mounting plate available [9]. The XRD patterns of “as-built” sample is depicted in 

Figure 6. It mainly consists of α-Al and Si phases and the intensity of Si peaks is relatively lower than that of Al 

peaks. The XRD spectra has not revealed Mg2Si peak although the alloy has ability to precipitate it. This study 

reveals that sample is a two-phase material and that Si is not completely dissolved within the Al phase. 

 
Figure 6: Diffraction pattern of XRD peaks of AlSi10Mg as-built samples 

 

 
Figure 7: Diffraction pattern of XRD peaks of AlSi10Mg after Heat treated condition 

The T6 heat treated sample is subjected to the XRD analysis in order to evaluate the effect of the heat treatment 

on the microstructure, focusing the attention on the Al, Si and Mg2Si peaks. The XRD patterns of the heat-

treated sample is shown in Figure 7. The breadth of the Si peaks transforms to the peaks as that of α-Al, 

confirming that crystals are coarsened. The results reveal that the crystallite sizes of Al and Si increases for heat 

treated samples as compared to the “as fabricated” samples.  

 

IV. SUMMARY AND CONCLUSIONS 

 

The current study focused on the influence of Heat Treatment on the microstructure and Hardness of the “as 

fabricated” and “Heat treated” AlSi10Mg samples. The key results are as follows: 

• In comparison with “as-built” samples, T6 Heat treatment results in a decrease of the hardness by 65%. 
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• The Post-processing of the samples using T6 Heat treatment creates a homogenous microstructure with Si 

particles in an Al matrix. 

• The T6 Heat treated sample shows the α‐Al phase and with coarse dispersed particles of silicon. The Si 

particles are larger and more widely spaced.  

• This study reveals that sample is a two-phase material and that Si is not completely dissolved within the Al 

phase. 

• After Heat treatment the crystallite sizes of Al and Si increased compared to as built samples. 
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ABSTRACT 

 

The level of pollution is increasing rapidly due to factors like industries, urbanization and modernization, 

which effect the human health. The proposed system IOT based industrial pollution monitoring and controlling 

system is used to monitor and control the air quality and water quality over the web server using the internet of 

things [IOT]. It will be triggering an alarm called voice Message, when air and water quality goes down below 

certain level and update data in IOT. 

 

I. INTRODUCTION 

 

The Internet of Things is a vision which is under development and there can be many stake holders in this 

development depending upon their interests and usage. It is still in nascent stages where everybody is trying to 

interpret IOT in with respect to their needs. Sensor based data collection, data management, data mining and 

World Wide Web is involved in the present vision. Of course, sensor-based hardware is also involved. A simple 

and broad definition of the internet of things and the basic idea of this concept is the pervasive presence around 

us of a variety of things or objects – such as Radio-Frequency Identification (RFID) tags, sensors, actuators, 

mobile phones, etc. Fig. 1 has been discussion on three particular visions given by.  

They are:   

• Things Oriented Vision   

• Internet Oriented Vision   

• Semantic Oriented Vision 
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Figure 1 : Three main vision of Internet of things. 

 

II. BLOCK DIAGRAM 

 

The above figure shows that the block diagram of existing system. Here NODE MCU acts as heart of the system. 

It connects following devices are MQ5 sensors it monitors and detect the H2, LPG, CH4, CO. gases. The 

ODOUR sensor is detecting and monitor the LPG, Alcohol, Propane harmful gases. The PH sensor is detected 

the water pollution in the industry. And the relay and air filter circuit are used to controlling the air pollution. 

When the exceed gases released it sensed and automatically turned on. The APR kit and speaker is giving the 

alert message to the workers and labors in the industry.  Here we used 16x2 LCD display for displaying the alert 

messages. We use cloud for the data storing purpose and monitoring purpose through using IOT and machine 

learning. 

 
Figure 2 :  Block diagram of existing system. 

 

Use case diagram is the primary form of system/software requirements for a new software program 

underdeveloped. Use cases specify the expected behavior, and not the exact method of making it happen. Use 

cases once specified can be denoted both textual and visual representation. A key concept of use case modeling 
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is that it helps us design a system from the end user's perspective. It is an effective technique for 

communicating system behavior in the user's terms by specifying all externally visible system.   

 
Figure 3 : Use case diagram. 

   

III. FLOWCHART 

 

 
Figure 4 : Flow chart. 
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A flow chart is a visual representation of the sequence of steps and decisions needed to perform a process. Each 

step in the sequence is noted within a diagram shape. Steps are linked by connecting lines and directional 

arrows. This allows anyone to view the flowchart and logically follow the process from beginning to end. 

 
Figure 5 : Circuit connection. 

 

IV. RESULTS  

 

 
Figure 6 : Monitoring of Chemical gas during the MQ2 will be turned on. 

The above figure 6 shows that the monitoring of the chemical gas using MQ2 sensor when chemical gas sensor 

senses the bad gases [hydrogen, propane] in the industry. Then automatically graph will be raised to level low 

(0). When no gas will be increased in the industry the sensor will be off to level high (1) 
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Figure 7 : Monitoring of CO2 gas during the MQ5 will be turned on. 

The above figure 7 shows that the monitoring of the co2 using MQ5 sensor. When CO2 gases [Alcohol, CO2] 

are increased in industry. Then automatically graph will be raised to level low (0). When no gas will be 

increased in the industry the sensor will be off to level high (1).    

 
Figure 8: Monitoring of water PH level during the PH sensor will be turned on. 

The above figure 8 shows that the monitoring of the Water pollution using PH sensor. When water pollution is 

occurred in the industry. Then automatically graph will be raised to high (1). In normal condition graph will be 

low state (0).   
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Applications:  

• Industrial perimeter monitory and controlling. 

• Hospital perimeter monitory and controlling.  

• Indoor air quality monitoring and controlling.   

• Public sector monitoring and controlling. 
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V. CONCLUSION 

 

The system to monitor and control the air and water in industrial area, Technology enhance the process of 

monitoring and various aspects of environment issues proposed in this paper. Here, using MQ2, MQ5 gas 

sensors and PH water sensor, since different types of dangerous element in environment. NODE MCU is the 

heart of project which controls the entire process. WI-FI module connects the whole process to internet to 

store the value in cloud. And LCD is used for the visual outputs. 
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ABSTRACT 

 

The thermal behavior glass epoxy composites reinforced with nano graphene has been studied. The hybrid fiber 

reinforcement of graphene with 1wt% and 2wt% of nano graphene. These composites were processed and 

developed using vacuum bag technique the test results reveal that addition of glass fabric and nano graphene 

has improved the thermal behaviour of formulated composites the thermal properties such as glass transition 

temperature, degradation time, degradation temperature  recyrstallization temperature etc has improved 

Keywords: Epoxy, graphene, thermal behavior, vacuum bag method, DSC, TGA. 

 

I. INTRODUCTION 

 

Need for newer materials with improved properties is the present requirement in today’s world. The engineers 

and researchers always in search of materials with enhanced mechanical tribological and thermal properties. 

Polymer based composites are class of materials which finds their applications in various engineering disciplines 

like automotive aerospace and electronics industries, the polymer based composites have less structural ability 

hence they are used as secondary loading members, epoxy is one of the important matrix material used in the 

fabrication of composites. These matrix materials have lower melting temperature, hence the composites 

prepared from these matrix degrades when they are exposed to higher temperatures, hence a composite should 

posses a good thermal behavior, the thermal behavior is evaluated by conducting  Differential scanning 

thermometry(DSC) and thermo gravimetric analysis(TGA).The thermal properties define the suitability of 

polymer composites to the specific applications, the limitation of polymer composites in structural applications 

is due to lower melting temperature, therefore, the performance of polymers under different thermal conditions 

and their   weight loss must be critically studied to evaluate the thermal behaviour of polymers. Graphene has 

excellent thermal properties; the graphene addition improves both the electrical and thermal properties of 
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epoxy. Karripal et al. [11] has investigated that the presence of nano clay at 2 wt% in the composites enhanced 

the glass transition temperature of epoxy nano composites. but higher loading of nano clay in to composite 

system declined the glass transition temperature Florian H.Gojny et al. [12] evaluated the effect of carbon nano 

tubes(CNT)on Physical -Mechanical and thermal characteristics of epoxy based composites. They concluded 

that the thermo mechanical properties of polymer composites (epoxy) is influenced by functinilazation of nano 

fillers and their weight percentage. It is observed that glass transition temperature was increased with increase 

in wt% of reinforcement. The addition of multi walled carbon nano tube (MWCNT) in to epoxy. This gain in 

thermal stability can be ascertained to the reduction of mobility of epoxy around carbon nano tubes by 

interfacial interactions Lico etal.[12] in their investigation on the mechanical and thermal behaviour of 

Polyamide reinforced amino propyl trimethoxysilane (APTME) and reduced graphene oxide This couple of 

reinforcement shows better dispersion of fillers. The glass transition and thermal decomposition temperature 

was increased by 21.70C and 440C respectively.Ismadi et al, has investigated the thermal conductivity of 

graphene reinforced epoxy composites, they compare the same results with the theoretical values using 

Maxwell model. They found from their research work that the dispersion of graphene into epoxy matrix has 

improved the thermal conductivity up to 17.5% with 1.5 wt % of graphene content They found that the 

thermal conductivity, higher stirring speeds break down Vander walls forces and lead to agglomeration of 

graphene in matrix. 

 

II. MATERIALS, METHODS, PROCESSING AND TESTING OF COMPOSITES   

 

The technical data of the materials used in processing and development of composites is shown in the table 1. 

The suppliers data used in the development of these epoxy based hybrid composites is detailed in the table 1.  

TABLE1:TECHNICAL DATA OF THE MATERIALS USED IN PROCESS  

Materials Designa-tion   Form and size  Density (gm/cc) 

Epoxy L-12  EP Liquid 1.202 

Hardener K-6 H Liquid 1.202 

Glass fabric 360 GSM  Fabric 2.58 

Graphene   Powder 0.45  

The weight fraction formulation of the materials system used for the investigation is shown in the Table 2 

 

A. Processing of Hybrid Epoxy composites  

The steps involved in processing and fabricating of composite is as follows  

1. Drying of fibers and fillers 

2. Cleaning of mould surface  

3. Appying relief agent and wax pol  

4. Making up plate thickness by placing layers of glass fabric and resin 

5. Apply preparatory breezer for vacuum bagging  

6. Apply vacuum bagging 

7. Place the plates in oven for required period  
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TABLE2 WEIGHT % OF MATERIALS IN PROCESSING OF COMPOSITES 

Material system Material 

Id 

Weight    % Weight 

of matrix 

Weight of 

glass fabric 

Weight of 

reinforcement 

Neat epoxy EP 100 100 ---- ---- 

Glass epoxy GE 100 67 33 ---- 

Glass epoxy with 1 wt% graphene GE1 100 66 33 1 

Glass epoxy with 2 wt% graphene GE2 100 65 33 2 

  

B. Testing of Hybrid Epoxy composites  

The thermal properties of glass epoxy hybrid composites have been tested using DSC and TGA setup STM D 256. 

TGA and DSC tests were carried out according to ASTM E-1131 and ASTM E-1356 standards  

 
Figure1.1: Set up for  DSC Test 

 
Figure1.2: Setup for TGA Test 
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III. RESULTS AND DISCUSSION  

 

The addition of micro and nano fillers improves the thermal behaviour of polymer based composites. The 

different thermal properties such as glass transition temperature, thermal degradation, re-crystallization 

temperature, heating and cooling cycle,  

 

A. Differential Scanning Calorimetry: 

the DSC is carried out in nitrogen atmosphere at a constant flow rate in given temperature range with a 

scanning rate of 100C.min,the samples with weight of 5-10 mg is heated in ceramic pans  the Figure 1.3 shows 

thermo grams for different composites formulated and influence of addition of nano fillers on thermal 

behaviour is studied. The cross linking structure of epoxy is effected by addition of nano fillers, the endothermic 

and exothermic peaks exits at around 950C,1900C for neat epoxy corresponding to melting and decomposition of 

epoxy. For epoxy filled with glass fabric shows a clear peaks around 950C and 1300C corresponding to melting of 

epoxy and formation of crystals with glass reinforcement, with reinforcement of nano graphene into glass epoxy 

will decreases the re-crystallization temperature of the glass epoxy system to 850C.these results are on par with 

the claims of many researchers[10][6][8]. It is interesting to know that degree of crystallanity in cooling cycles 

are similar to second heating cycle indicating that most of the crystals are formed during solidification and few 

crystals are formed during heating cycle, The difference of crystals formed between pure epoxy and glass epoxy 

filled with nano graphene is due to the lower rate of crystallization in epoxy [10] Increased crystallization rate 

in nano composites is due to  crystallization effect, with the addition of graphene.  

 
Figure 1.3 Thermo grams for a) Epoxy b) glass epoxy c) glass epoxy filled with 1 wt% graphene d) glass epoxy c) 

glass epoxy filled with 2 wt% graphene 

 

B. Thermo gravimetric analysis: 

Figure 1.4 shows TGA plots for composite/polymeric material with raise in temperature in nitrogen atmosphere. 

The curves shows two stage weight loss which indicates the same degradation pattern for all composites, the first 
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weight loss occurs from 3000C to 4300C and second weight loss occurs from 4300C to 5800C. The glass epoxy with 

1wt% and 2 wt% graphene shows better degradation rate which shows better thermal stability[12] due to the 

fact that the graphene addition has affected the cross linking structure of epoxy. In this work 33wt % of glass 

fiber was used which was tested under nitrogen atmosphere The TGA curves shows addition of glass fiber has 

improved the initial thermal stability of epoxy  composites and graphene decomposes after leaving volatile 

mixture and residues around 38 wt%    

Results of TGA curves for Epoxy and formulated composites  under Nitrogen atmosphere shows an onset 

degradation temperature of 2840C (2% weight loss) for neat epoxy  and completely  degrades at 6000C with 

leaving ash content of 2 wt%  with wider degradation window(3500C-6450C), the degradation of epoxy and 

epoxy based composites  is shown in Figure1.3(a-d) the thermal degradation has improved with addition of 

graphene in small wt%, neat epoxy shows an  on set temperature of 3200C after complete degradation around 

6300C, glass filled epoxy exhibits better thermal stability[13] compared to epoxy with onset temperature 

2800Cand complete degradation at 6300C with 38% residues glass transition temperature  of glass epoxy is 4900C 

with 1wt%  addition of graphene Tg is increased to 5200C, further addition of graphene about 2wt% improves 

Tg about 5350C after leaving ash content about 38%, the residues in these composites may be due to  incomplete 

burning of glass fiber and other volatilities, further the improvement of thermal stability  may be due to 

shielding effect of graphene flakes there by obstructing the  diffusion of volatile decomposition products with in 

composite.  

 

Table 1.2 TGA temperature at which 10, 20 and 50 % reduction in weight occurs in   initial polymer content of 

nano composites 

 

Neat epoxy shows an onset temperature of 2840C and completely degrades at 6000C and leaves 2 wt% ash content 

Glass filled epoxy shows onset temperature of 2800C and complete degradation at 6300C with 38% residue due to 

incomplete burning of fibers and other components further lower and higher loading of graphene will enhance 

the degradation time of composites, degradation time foe epoxy for 1 wt% loss lies between 9.7 minutes to 13.76 

minutes, for glass epoxy it lies between 9.7 minutes 14.75 minutes and graphene addition improves the 

degradation time from  9.7 minutes to 17.87 minutes. Complete degradation of epoxy occurs at 8000C leaving 

2wt% residue other systems degrade at same temperature leaving 38% residue. 

Sample           T10%(0c) T20%(0c) T50%(0c) 

EP 352 360 372 

GE 360 396 562 

GE1 363 407 798 

GE2 362 402 594 
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Figure 1.4(a-d) TGA Curves for a) neat epoxy b) glass epoxy c) glass epoxy filled with 1 wt% graphene d) glass 

epoxy filled with 2 wt% graphene 

 
Figure 1.5(a-d) plots for variation of Derivative Weight (%) V/s Temperature in 0C a) neat epoxy b) glass epoxy c) 

glass epoxy filled with 1 wt% graphene d) glass epoxy filled with 2 wt% graphene 
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IV. CONCLUSION 

 

The influence of loading of both fibers and fillers on the thermal behaviour of epoxy-based hybrid composites 

was investigated. it is found that the thermal properties has improved with graphene reinforcement. 

1. Glass transition temperature of epoxy has increased with addition of graphene nano filler Tg for GE is 

4900C, GE1 it’s around3000C to 4300C and second weight loss occurs from 4300C to 5800C. and for GE2 it is 

about 5350C 

2. The first and second weight loss of glass epoxy is between 3000C to 4300C and 4300C to 5800C, due to 

addition of glass fabric,  

3. the time for 1 wt% loss of Epoxy is 9.7 minutes to 13.76 minutes with addition of glass fabric it increased 

from 9.7 minute 

4. GE1 Composites shows better degradation properties compared to other material systems 
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ABSTRACT 

 

The influence of sliding pressure on Ramie and Sisal fiber reinforced Polypropylene based hybrid thermoplastic 

composites were studied. Four Material systems were considered for the investigation: Polypropylene (PP), 

PP/5 wt. % Ramie fiber/5 wt. % Sisal fiber (PP/10), and PP/10 wt. % Ramie fiber/10 wt. % Sisal fiber (PP/20), 

PP/15 wt. % Ramie fiber/15 wt. % Sisal fiber (PP/30). These hybrid thermoplastic composites were developed 

using melt mix method with the help of twin screw extrusion followed by injection molding. The dry sliding 

wear behavior was studied as an effect of sliding pressure as per ASTM G99 method. The load considered for 

the experimentation was 25, 50, 75 and 100 N through a sliding distance of 1000 m at a velocity of 0.5 m/s. It 

was found that PP/30 composites exhibited better sliding wear resistance. The interaction of natural fibers with 

the hard surface reduced the plastic deformation due to less interfacial temperature. This may lead to exhibit 

lower frictional effect at the surface. The worn surfaces were studied using SEM images.  

Keywords: Research Paper, Technical Writing, Science, Engineering and Technology 

 

I. INTRODUCTION 

 

The role of polymers in modern industry is very important. The light weight and self lubrication of polymers 

are the credits to their usage in the industrial applications. Further, it is observed that wear of polymer is one of 

the critical issues in industrial applications. The applications like clutches, brake shoes, liners, sliding valves etc. 

were subjected to severe wear and fail to resist the application load [1]. Therefore, it is not possible by a 

homopolymer to support both tribological and mechanical load simultaneously. Due to this, failure of polymers 

is common. Many research studies suggested that the tribological response of composites can be improved 

through polymer modification using fillers and or fibers. Further, reinforcing fibers in to polymers has 

promising results in wear resistance [2]. The hybridization of fibers is the best method for the modification of 

polymer composites. But the optimum volume fraction of fibers is the issue for the production. Therefore, the 

best formulations of composites should be designed and their tribological response related to different process 

parameter has to be reported.  High specific modulus and strength are good with fiber reinforced polymers. 

http://www.ijsrset.com/
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Short fibers made of glass (SGF), carbon (SCF), basalt (SBF) and kevlar (SKF) are some of the potential fibers 

used for the structural applications. Their mechanical and tribological behaviours are very much significant for 

the structural applications. Many research studies are focusing their attention towards the behaviour of FRPs 

particularly on thermoplastics. Usage of the synthetic fibers is very common and their processing seems to be 

tough job. But the use of environment friendly fibers like natural fibers such as sisal fibers, jute fibers, banana 

fibers, sugarcane fibers are exhibiting their strength in the structural applications. But the critical study is 

required in their processing and enhancing the resistance of these natural fibre reinforced composites. The 

processing of natural fibers using epoxy resin was easy, but the reinforcing these natural fibers with the 

thermoplastic is challenging one.  

The mechanical and wear behavior of three different natural fiber composites (NFCs) were analysed BY 

Venkateshwara Reddy et al [3]. Natural fibers like prosopis juliflora (PJ), abuliton indicum (AI), and tapsi (T) 

fibers in the form of straws were considered. Composites were fabricated for three different fibers with 20 wt. % 

by hand layup method. They studied the effect of lsding load on the waer behaviour of natural composites. 

Among all the NFCs, prosopis juliflora fiber attained an improved mechanical and wear behaviours when 

contrasted to the other two NFCs. Yallew et al [4] studied the tribological behaviour of Jute-reinforced 

polypropylene composites. The effect of Jute fabric reinforcement on the resulting composite’s behaviour under 

friction was investigated. The tribological behaviour was assessed with a computerized pin-on-disc wear and 

friction tester at an operating dry condition and different working parameters of sliding speed (1–3 m/s), 

applied load (10–30 N), and sliding distance (1000–3000 m). The results revealed that, the addition of woven 

Jute fabric into PP matrix increases the wear resistance properties of polypropylene based composites as there 

was 3.5 - 45% reduction in coefficient of friction values and a decrease by 65% in the specific wear rate on 

account of incorporation of Jute fabric as reinforcement. Parikh et al [5] studied the tribological characteristics 

of hybrid natural fiber reinforced composites. They explored the effect of hybrid basalt - banana reinforced 

epoxy composite and their effectiveness in substituting few conventional materials in terms of their mechanical 

properties, wear resistance and water absorption rate. The test results reveal that the hybrid basalt banana 

epoxy composite is a good substitute over various conventional materials. Jia et al [6] worked on carbon 

reinforced polymer composite in which they studied the comparative wear behaviour of dry sliding and water 

lubrication. There are marked differences in the response of wear materials when water lubrication was added 

in the sliding of polymer composites/stainless steel contact. The four polymer composites in this study hold the 

lowered friction coefficient and showed much better wear resistance under water lubricated sliding against 

stainless steel than under dry sliding. It could be concluded that the easier of the composite transfer onto the 

counterpart steel surface accounted for the larger wear rate of the polymer composite under dry sliding, its 

hindered transfer onto the steel surface and the boundary lubricating action of water accounted for the much 

smaller wear rate under water lubrication . Goriparthi et al [7] paying attention to improve the adhesion of jute 

fibre with polylactide (PLA). For this intention, surface of the jute fibre was modified by alkali, permanganate, 

peroxide and silane treatments. The surface tailored fibres were characterized by FTIR spectroscopy. 

Unidirectional composites were prepared with treated jute fibres and PLA matrix by hot pressing of solvent 

impregnated prepregs. Experimental results on abrasive wear tests revealed that the wear resistance of 

composite is sensitive to fibre/matrix adhesion. Chand et al [8] conducted the study to investigate the abrasive 
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wear behaviour of jute fibre-reinforced polypropylene composites. Effect of addition of maleic anhydride-

grafted polypropylene (MA-g-PP)-coupling agent by two different approach, sliding distance and load on 

abrasive wear performance of jute fibre–PP composites has been determined by using a SUGA abrasion tester. 

Use of coupling agent gives better wear resistance as compared to without the use of coupling agent. It has also 

been found that addition of MA-g PP coupling agent during melt mixing gives better wear resistance as 

compared to the jute PP composites having MA-g -PP solution-treated jute fibres. Hashmi et al [9] studied for 

sliding and friction wear behavior at different applied loads and graphite concentrations on the developed 

graphite modified polyester–cotton composites. With cotton reinforcement specific wear rate of polyester 

reduced, which further decreased on addition of graphite. In case of cotton reinforcement the coefficient of 

friction of polyester resin increased and reduced significantly on addition of graphite in cotton–polyester 

composite. The influence of SGF on mechanical and tribological behavior of Nylon 66/PPS blend was 

investigated by Chen et al. [10]. The composition of 70/30 vol. % PA66/PPS has been used for the matrix and is 

loaded with varying percentage of glass fiber. The volumetric loss of blend has been lowered with higher 

volume of SGF reinforcement. The frictional constant (0.35) of composites was lowered for 20 vol. % of short 

glass fibers in composites. Influence of SCFs on wear mechanisms of Polyamide 66/ Polyphenylene sulphide 

blend composites was revealed by Chen et al. [11]. The frictional coefficient of blend declined through rise in 

content of SCF. The wear rate of PA66/PPS blend has been lowered for a content of SCF less than 30 vol. %. 

The 30 vol. % SCF in blend exhibits the minimum frictional factor and volumetric loss with 70/30 vol. % 

PA66/PPS blend. The influence of reinforcement effect of fibers on wear mechanisms of PA66 in rolling – 

sliding has been reported by Kukureka and others [12].  The short fibers such as aramid fiber, glass fiber and 

carbon fiber were used for the investigation. It is shown that the aramid fiber is not a good fiber for the 

frictional factor. Both glass fiber and carbon fiber reduced the frictional constant substantially. The frictional 

effects and tribological behavior as an effect of applied pressure and speed of some of the engineering polymers 

such as PA66, POM, UHMWPE, 30% glass fiber filled PPS, 30% SGF filled PA46 and 30% SGF reinforced PPS 

were studied and results are analyzed [13, 14]. The experimental results revealed that the frictional constant of 

composite deteriorated with increase in applied pressure. The material removal rate showed very little 

sensitivity towards the applied pressure. The influence of short carbon fibers loading on mechanical and wear 

mechanisms of Polyoxymethylene has been reported by Yuquin and Junlong [15]. The frictional constant of 

pure POM and carbon fiber filled POM composites has been promoted with raise in load and lowered with 

increase with speed. 

The investigation on the role of SCF in improvement of mechanical and tribological mechanisms of SCF filled 

PA6 studied by Li and Xia [16]. The carbon fiber reinforcement was varied from 0 to 30 vol. %. The composites 

with 20 vol. % of SCF in PA6 exhibits the least wear rate. The frictional effects and volumetric loss of   SCF and 

Polyamide 6 filled Polypropylene has been studied by Jian and Waiter [17]. The good wear behavior of CF/PP 

composites have been improved by the reinforcing effect of SCF. The tests were performed up to 20 vol. % SCF. 

The friction and wear behavior of composites showed an improvement over unfilled polymer. The individual 

effect of SCF and SGF reinforcement on strength and sliding wear behavior of Nylon 66 composites was 

reported by Srinath and Gnanamoorthy [18]. The design and improvement of thin transfer film on counter 

surface is responsible for the enhancement of wear resistance of filled composites. Further, the material 
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removal rate of SGF/PA 66 composites was the least among the composites studied. Reinforcing Nylon 66 with 

carbon fiber or SGF decreased the volumetric loss and frictional constant of composites. The frictional and 

tribological characteristics of SCF loaded PA6 composites has been reported by Nie and Li [19]. The SCF 

addition into PA6 polymer may result in decreasing or increasing frictional coefficient. The best wear resistance 

was obtained for 20 vol. % SCF in composite. The influence of sliding speed and pressure on adhesive wear 

behavior of aramid fiber filled PA1010 composite was studied by Xu et al. [20]. They reinforced PA1010 

polymer with 5 to 15% aramid fiber and their tribological behavior was studied. The frictional coefficient of 

PA1010 polymer found to be reduced as an effect of fiber loading. Further, the addition of aramid fiber 

decreased the volumetric loss of composites. The best tribo-performance of PA1010/ aramid fiber composites is 

obtained for 15% of aramid fiber in composite. The wear properties of SGF reinforced PP has been reported by 

Hufenbach et al. [21]. They revealed that the effect of fiber reinforcement was significantly influenced the 

adhesive wear behavior of composites. Also, they stated that the wear behavior of composites has been 

promoted by the loading of glass fibers. The effect of SCF reinforcement on frictional and strength behaviour of 

PPS/PTFE blend was studied by Luo et al. [22]. The SCF from 0 to 15 vol. % was reinforced into the blend 

PPS/Teflon and their tribological behaviour was studied. The material removal rate and the frictional constant 

of the blend reinforced with 15 vol. % CF exhibited 5.2 x 10-6 mm3/ N-m and 0.085 respectively. This is 88% 

and 47% lower than the neat blend PPS/Teflon. The wear behaviour of fiber- filled polyimide composites has 

been reported by Zhao and others [23]. Three different fibers are used for the composites. They are SGF, SCF 

and short aramid fibers. 15 vol.% of each fiber individually was reinforced into PI composites. It was 

demonstrated that the fiber reinforcement in to PI composites greatly affected the tribological properties. The 

best performance under test condition was exhibited by inorganic fibers reinforced composites due to the 

significant sharing of load between the contact surfaces.  

From the above literature observations, it is clear that potential of natural fibers in tribology has to be explored. 

Further, no work has been reported on Ramie fiber. Further, the Sisal fiber proved to be the best fiber in 

structural applications. On the other hand, the hybrid combination of Ramie- Sisal fiber with Polypropylene 

thermoplastic is not reported. Keeping this in view, the effect of experimental parameters such as load (Sliding 

pressure) on the sliding wear behaviour of Ramie –Sisal reinforced Polypropylene hybrid composites have been 

reported effectively.    

 

II. METHODS AND MATERIAL  

 

The polymer materials and natural fibers used for the development of hybrid natural composites are shown in 

table 1. The physical data of the materials as supplied are in the same table. The weight fraction formulation of 

the materials used for the production of composites and their evaluation is shown in the table 2. 

TABLE 1. THE SUPPLIER’S DATA OF THE MATERIAL  

Material Designation  From and Size (µm) Suppliers 
Melting Temperature 

(0C) 

Density 

(g/cc) 

Polypropylene  PP Granules    (10 to 12) CIPET Mysore 160 0.9 

Maleic grafted MagH Powder (10 to 12) GLS Polymers 53 1.5 
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anhydride Bangalore  

Ramie fiber  RF 5 to 10 mm 
GLS Polymers 

Bangalore 
--- 1.5 

Sisal fiber  SF 5 to 10 mm 
GLS Polymers 

Bangalore 
---- 1.5 

TABLE 2. WEIGHT FRACTION FORMULATION OF POLYPROPYLENE BASED HYBRID NATURAL COMPOSITES 

 

A. Processing of Composites  

The materials used for the process (Table 1 and Table 2) were dried at a temperature 48 0C for about 24 hours to 

free up them from moisture and plasticizing effects. The materials Polypropylene, Ramie fiber ad Sisal fibers 

were mixed thoroughly using mixer and subjected to melting process through the extruder chamber. The 

temperature controlled in the zones of heating chamber in the extruder was 220, 230, 245, 260 and 267 0C 

respectively. The melt mix of composites has been extruded in the cylindrical form through quenching 

followed by pelletization [11, 12]. These pellets were once again heated in the chamber and then subjected to 

injection molding process. The injection molding machine produces the specimens as per ASTM method [12]. 

All the inspected specimens were subjected to testing and defective ones were rejected 

 

B. Testing of Composites  

The Pin on disc machine supplied by Ducom Bangalore has been used to conduct the sliding wear experiment 

as per ASTM G99 method (Fig.1). The samples used for the test were prepared using cutting machine and were 

cut into proper dimensions prescribed by ASTM. The generally used dimensions as per the standards are 6 mm 

x 6 mm x 3.2 mm. The prepared specimens were rubbed against smooth abrasives of 600 Grit in order to 

prepare the perfect sliding surface against the counter steel disc. The samples to be tested were attached to the 

steel pins of 8 mm diameter with a length of 27 mm. The weight of the specimen is measured before subjecting 

them to sliding process along with the pin. The counter surface has been cleaned with the help of soft material 

using acetone before sliding process to ensure no polymer substrate of previous stroke was present.  The details 

of the experimentation and the process parameters used for the test as per ASTM G99 have been depicted in the 

Table 3. 

 

Material Designation  
Weight fraction percentage  

PP MagH SF  RF 

Polypropylene PP 97 3 --- --- 

Polypropylene/5 wt.% sisal fiber/ 5 wt.% 

Ramie fiber 
PP/10 87 3 5 5 

Polypropylene/20 wt.% sisal fiber / 10 

wt.% Ramie fiber 
PP/20 77 3 10 10 

Polypropylene/15 wt.% sisal fiber / 15 

wt.% Ramie fiber 
PP/30 67 3 15 15 
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TABLE 3. EXPERIMENTAL PARAMETERS USED FOR SLIDING WEAR TEST (ASTM G99) 

Process Parameters   

Sliding load  (N) 25, 50, 75 and 100 

Sliding velocity (m/s) 0.5 m/s 

Sliding distance (m) 1000 

The experimental parameter such as normal load, total travelling distance and velocity of sliding were inputted 

by setting the time and speed of the disc. When the predefined time is reached, the timer mechanism equipped 

in the machine stops the machine automatically. The weight of the sample along with the pin after the sliding 

process has been measured. The experimentation has been conducted for different load, velocity and distance 

and loss in weight is recorded in every trial. The three samples were tested for the same conditions and the 

average value of the same is considered to represent the data. The wear volume loss of composites has been 

obtained through the weight loss (W) using the density d (ρ) which is determined experimentally.  The wear 

volume (ΔV) and specific wear rate (Ks) have been calculated using the wear volume loss from the 

experimentation.  The wear volume loss ‘ΔV’ and specific wear rate ‘Ks’ polymer composites are calculated 

using the following formulas:  

Wear volume = ΔV = W/ρ  mm3                         (1) 

Sp. wear rate = Ks = (ΔV/ (F*D))  mm3/N-m    (2) 

Where ρ = density in gr/cc, F, the experimentally applied load in N and D, the sliding distance (m) 

 
Figure. 1. Sliding wear system for ASTM G99: a) Experimental set up and b) specimen details 
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III. RESULTS AND DISCUSSION  

 

The tribological response for varying experimental sliding load as a result of hybrid fiber reinforcement effect 

on volumetric loss of Polypropylene (PP) composites is shown in fig. 2(a - b). The sliding velocity of 0.5 m/s has 

been maintained for a period of time (33.33 Mins.). The graph demonstrated that the volumetric loss has been 

promoted with increase in normal load. The tribological behaviour of natural fiber reinforced composites was 

studied against varying sliding load and also with the dry sliding wear behaviour of Neat PP composites. The 

highest wear volume loss is experienced by Neat PP among the composites studied. The experimental range of 

load is 25 N to 100 N. The wear volume loss of neat PP at lower load was 4.7 mm3. As the sliding pressure 

increases, the wear volume loss is found to increase linearly exhibiting the highest wear volume loss of 9.32 

mm3 which is 98% increase. The rise in frictional shear force at the surface interface promoted the higher wear 

volume loss [11, 12]. The frictional and tribological behaviour of Neat PP was significantly influenced by the 

capability to form a transfer substrate on the steel counter face [22-23]. During low load conditions, crystalline 

PP forms a straight, parallel, unvarying and continuous polymer substrate on the counter surface of steel [20]. 

 
Figure. 2. Effect of sliding load on the sliding wear behaviour of PP natural composites:  a) Wear volume and b) 

specific wear rate  
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The low shear strength interfacial layer formed by melting PP on sliding surface acts as lubricant [20]. 

Furthermore, PP is a crystalline polymer which can be easily detachable from the steel surface. Further, this 

transfer layer disconnects the actual contact of polymer specimen with counter steel surface. This result in 

friction between surfaces of polymer resulting low wear volume loss. With increase in load, the high frictional 

shear force breaks the transfer film. In this condition, plastic deformation of PP and its melting occurs due to 

the generation of heat by the resultant shear and applied force during sliding against steel.   

Similar observations were made with PP/10 composites. Here also, increase in wear volume loss as a result of 

increase in the application of sliding pressure was noticed. From the graph, it is observed that 98% wear volume 

loss has been exhibited as an effect of PP/10 composites (5 wt. % of each Ramie and Sisal fiber) reinforcement at 

lower and higher sliding load over the blend. Addition of 10 wt. % of these fibers could effectively resist the 

sliding load compared to neat PP. During lower load, the fibre filled composites offered resistance against the 

shearing force. During this process, fiber sliding wear is more prominent than matrix wear [11, 12]. Therefore, 

less wear volume loss. But at higher load, sliding was accompanied by matrix melting. The combined action of 

frictional force and sliding load results in rupturing of short fibbers’ into fibrils which were bounded by matrix. 

Hence, more wear volume loss. These 10 wt.% of natural fibers  raised the thermal resistance of PP and greatly 

controlled the promotion of melting wear. At this stage, the exposed fibers supported a part of applied load 

there by avoiding the entry of steel asperities into polymer surface deteriorating the intensity of micro cutting 

and micro ploughing actions [12]. High modulus, good mechanical behavior, superior hardness and excellent 

thermal capacity of fibers defined the wear rate of composites. The superior wear resistance of PP/20 

composites has been submitted to addition of more weight fraction of short natural fibers. The wear volume 

loss at lower load is small as other composites but the significant effect of wear resistance is observed at higher 

load. As a hybrid effect of friction and normal load, the plastic deformation of PP/20 composites was more due 

to matrix wear. During this process, fibers will not ruptured by these actions instead sliding of fibers occurs [21]. 

Therefore, the wear volume loss of composites at higher thermal conditions was controlled by fibers in 

composites. Therefore, increase in the inclusion of fibres has improved the wear resistance of PP/20 composites.  

The combined effect of Ramie and Sisal fibers with high weight fraction of 15% each has effectively supported 

the sliding wear resistance of PP/30 composites. The wear volume loss of 1 mm3 to 2.4 mm3 has been exhibited 

by these composites during the range of sliding pressure studied. Reinforcement of hybrid fibers significantly 

enhanced the wear resistance of composites. The increase in wear resistance is due to: i) The surface of natural 

fibers were rough and they could make good mechanical interlocking with the thermoplastic, ii) The high 

strength Ramie fiber can sustain the frictional load, iii) The hybridization effect of both the fibers offers good 

compatibility and also the interfacial bonding strength to uphold the mechanical locking for long time.  The 

investigated results match with others works [11, 12, 21].  

The specific wear rate of PP natural composites is show in the figure 2 (b). It is responded from the figure that 

the specific wear rate, Ks, of composite studied tends to decrease with increase in applied sliding pressure. This 

is due to increase in frictional force due to abrasivity of the surface as and when the natural fibers worn out 

during interaction. The hard natural fibers tends to offer good resistance against the thermal softening of the 

matrix which may lead to size the fibers resulting less wear volume loss per sliding load. The over breakage of 

these fibers they themselves acts as abrasives to resist against the sliding load offered by external pressure. It is 
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observed that the Ks of the composite studied was in the range of 16.98 x 10-5 to 8.89 x 10-5, 10.32 x 10-5 to 5.05 

x 10-5, 6.59 x 10-5 to 3.2 x 10-5 and 4.01 x 10-5 to 2.34 x 10-5 mm3/N-m respectively of PP, PP/10, PP/20 and PP/30 

composites.  

 
Figure.3. SEM images of PP natural composites under the action of higher sliding pressure of 100 N :  a) Neat 

PP, b) PP/10 composites, c) PP/20 composites and d) PP/30 composites  
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Figure 3 (a – d) shows the SEM images of the worn surfaces of PP natural composites under the action of higher 

sliding pressure of 100 N. Figure 3(a) exhibits the worn surface of Neat PP composites under severe sliding 

pressure. Basically, PP is semicrystalline in nature. Due to sliding action, the smooth and varying surface is 

shown in the figure. This shows the slight plastic deformation has been exhibited by the worn surface. Further, 

figure 3(b) indicates the slight uniform wear tracks parallel to each other. This may due to nature of natural 

fibers. At higher pressure, these hybrid fibers which were not uniform rub against the hard surface resulting in 

heavy shear. But the detaching of fibers from the specimen surface is very less in figure. This indicates less wear 

volume loss than neat PP. Similar observation was noticed in the figure 3(c) and 3(d) respectively. It is 

concluded from both the figure that adhesion was good between fibres and matrix surface. The interface 

strength across the interaction of fibers and matrix is seemed to be good. This has avoided the pull out of fibers 

from the surface. Further, the severe matrix surmounts the fibers which may lead to matrix wear rather than 

fibers. This tends to decline the wear volume loss of PP/20 and PP/30 composites respectively.  

 

IV. CONCLUSION 

 

The effect of varying sliding pressure on the dry sliding wear behaviour of PP natural composites was studied. 

Further, the effect of hybrid fibers in equal proportions was also explored to study the potential of natural fibers 

(Ramie and Sisal fibers) to wear behaviour of natural composites. It is observed that the wear volume loss of 

composites increases linearly with increase in sliding pressure. The specific wear rate of composite decreases 

with increase in sliding pressure. Neat Polypropylene exhibited the least wear resistance whereas PP/30 

composites found to be the best wear resistance material among the composites studied. This may due to the 

excellent thermal adhesion of natural fibers with matrix PP. Plastic deformation, thermal adhesion and fiber 

wear were some of the mechanisms observed. PP/10 and PP/20 exhibited the better wear resiatne than neat PP 

comparatively lesser wear resistance than PP/30 composites. The study indicates that higher volume fraction, 

good adhesion and excellent mechanical properties of both matrix and fibers enhanced the wear resistance. 
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ABSTRACT 

 

Agriculture is the backbone of human society. In India, most of the farmers face problems of labour shortage. 

Sugarcane is one of the labour-intensive agriculture products. Presently there is a huge demand for agriculture 

labours and because of this, the wages of the labour are very high. The Labour cost is the major cost in the 

production of sugarcane. This project aims to design and develop a 3D design model of a sugarcane harvesting 

machine to reduce farmers’ effort. The proposed machine model has the capacity to cut canes at a faster rate 

compared to manual harvesting. This machine is economically viable for small and big farmers.  

 

Keywords: Sugarcane, Mechanization, Model, Harvesting machine 

 

I. INTRODUCTION 

 

Nowadays agriculture is facing serious challenges like scarcity of agricultural labour, not only in peak working 

seasons but also in normal times. This is mainly for increased nonfarm job opportunities having a higher wage, 

migration of labour force to cities, and low status of agriculture labors in the society. Sugarcane is the world’s 

largest crop 2010 Food Agricultural Organization (FAO) estimates it was cultivated on about 23.8 million 

hectares in more than 90 countries, with a worldwide harvest of 1.69 billion tons. India is the largest producer 

of sugarcane in the world and Brazil in the second position. 

Sugarcane harvesting is agricultural machinery used to harvest and process sugarcane. Sugar cane is a hardy crop 

that is cultivated in tropical and sub-tropical regions for its sucrose content and by-products such as molasses 

and bagasse (the waste fibrous residue). The plant grows in clumps of cylindrical stalks measuring from 1.25 to 

7.25 cm in diameter and reaching 6     to 7 m in height. The cane stalks grow straight upward until the stalk 

becomes too heavy to hold itself up. It then lies on its side and continues to grow upward. This results in a 

mature cane field lying on top of itself in a mesh pattern. 
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There are two main methods of sugarcane harvesting 

1. Sugarcane harvesting by manual 

2. Mechanical harvesting by sugarcane harvester 

 

1. Manual Harvesting: 

In manual harvesting, Sugarcane is harvested mostly by Hand knives, cutting blades or hand axes are used for 

manual harvesting. In manual harvesting, workers usually become fatigued after manually cutting the cane for a 

few hours. They need frequent pauses for rest, and they experience sustained injuries from excessive stress on 

the joints and muscles of the body. The cutting tool and motion involved directly influence the stresses created. A 

cutting tool that has not been designed by taking into consideration occupational biomechanics can lead to 

unnecessary strains in the body's muscle system, resulting in injuries. Manual harvesting skilled labors as the 

improper harvest of cane lead to loss of cane and sugar yield, poor juice quality, and problems in milling due to 

extraneous matter. Hand harvesting accounts for more than half of production and is dominant in the 

developing world. In hand harvesting, the field is first set on fire. The fire burns dry leaves, and kills any lurking 

venomous snakes, without harming the stalks and roots. Harvesters then cut the cane just above ground level 

using cane knives or machetes. A skilled harvester can cut 500 kilograms (1,100 lb) of sugarcane per hour. But 

manually sugarcane harvesting is more labour intensive and as compare to machine harvesting the cutting speed 

is very slow. Steps to be taken in Cut and Windrow methods. Some of the merits of manual harvesting are Low 

cost, Low soil compaction, Low damage to cane roots mostly for use in relatively large cane fields. 

 

2. Mechanical harvesting 

The various factors that cause sugar cane harvesting done mechanically are Difficulties in obtaining sugar cane 

cutters. Labor can only work for 8 hours during the day while the sugar cane harvesting machine can work for 24 

hours. The capacity of sugarcane harvesting machines is much greater than manual cane cutting. The maximum 

time for sugarcane harvest is relatively short, especially in areas with limited manpower, will be able to resolve 

the harvest activities at a given time, so that losses can be reduced. 

 
Mechanical harvesting of sugar cane can be done in two ways: 

Whole stalk Harvester: In this process, the cutting of the sugar cane is done at the base of the stem near the soil 

surface. Then sugar cane is brought back and arranged into a windrow for subsequent loading. 

Chopper Harvester: In this process, the sugar cane is cut at the base and then it is fed into the harvester where 

the cane is cut again into shorter pieces called billets with a size 20-40 cm. Each cane harvester has some 
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advantages and disadvantages. Harvesting using a Chopper Harvester will be more profitable than whole stalk 

Harvester under certain conditions. Figure 1 gives the cane flow chart for the whole stack and chopper 

harvesters. 

Some of the limitations of large scale sugar cane harvesting machines are soil compaction, High initial cost i.e. 

Rent of this machine is also not affordable in small farmers, High operating cost, Area required is more for 

application i.e. it requires more space at starting of cutting and also it doesn’t work in a small area of the farm, 

Size of the machine is very big. 

In the present work, the 3D model design of the miniature machine is carried out to meet the following 

criteria: 

1. The machine should cut the sugarcane stem at ground level. It is the basic need of cutting as the sugar 

content in the cane is more at its base. 

2. The cane must be cut quickly and very sharply. 

3. The eye should remain below ground level and it should operate without damage to the blade. 

4. The cane should not squeeze while it is being cut. 

5. The cost of a machine should be such that it should be affordable to a middle-class farmer. 

6. Space occupied by the machine should not be too large.  

7. The machine should have optimum weight so that a single man can operate it very easily. 

The paper is organized as follows: in Section 2, gives the literature review; in Section 3, 3D design parameters 

for developing presented; in Section 4, 3D models are developed in the software; and finally in Section 5, the 

conclusions of this study are drawn. 

 

II. LITERATURE REVIEW   

 

Salass and Champagne [1] developed a spreadsheet-based cost model for sugarcane harvesting systems. The 

model is capable of estimating equipment requirements and costs for one-row and two-row wholestalk 

sugarcane harvesters as well as for combine, or billet, sugarcane harvesters. Costs of hauling harvested 

sugarcane to mills are estimated for both direct haul systems (tractor and wagons) and transfer haul systems 

(trucks and trailers). Ma et al. [2] presented the overview of sugarcane harvester technology. Authors gave 

insights of various harvesting practices such as burnt cane harvesting and green cane harvesting. Authors also 

presented the two harvesting modes i.e., whole stalk harvesting and chopper harvesting. Also reviewed the 

two core technologies of a sugarcane harvester, cutting, and feeding mechanisms. Shelke et al. [3] presented 

the design of a sugarcane harvesting machine. This research was carried out to determine the effect of loading 

rate and internode position on shearing characteristics of the sugar cane stalk. The experiments were 

conducted at three loading rates of 5, 10, and 15 mm min-1 and at ten internode positions down from the 

flower. Siddaling and Ravaikiran [4] presented the design and fabrication of small-scale Sugarcane harvesting 

machine. Santoro et al. [5] presented the route optimization technique in mechanized sugarcane 

harvesting. This optimization technique help to reduce the costs. The work proposes a mathematical model to 

the Route Planning Problem for Mechanized Harvesting. This mathematical model minimizes the time of 

maneuvering the harvesting machine and, consequently, reduces fuel and labor costs, among others. Authors 
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performed the computer tests using data supplied by a company from the sugarcane energy sector located in 

the state of São Paulo, Brazil. Corredo et al [6] acquired data, such as yield, losses, and quality that would 

provide valuable information for site-specific management of sugarcane. This research work describes the 

current instrumentation used by sugarcane harvesters to map yield with the current technologies that have 

the highest potential applications for losses and quality mapping. The authors provide some information 

regarding the automation of the machines and the operational improvements, such as logistics planning and 

machine performance. Inkane et al. [7] presented a design calculation of a solar power operated sugarcane 

harvesting machine. Aliano Filho et al. [8] proposed a bi-objective mathematical model for integrated 

planning of sugarcane harvesting and transport operations. Authors addresses the integrated planning of 

harvesting and transport operations over a multi-period planning horizon. In this research authors developed 

a tactical plan for the deployment of harvesting and transport equipment that sets the periods for the 

execution of the harvesting operations on the sugarcane fields and the type of harvesting machines and road 

haulage vehicles to be operated. 

This paper contributes to the literature by proposing a 3D Design Model of Miniature Sugarcane Harvesting 

Machine for Mechanized Harvesting with aiming to minimize the harvesting time reduce the fuel and labour 

costs. 

 

III. DESIGN PARAMETERS FOR MODEL DEVELOPING 

 

In this section, the various design data required for the development of the miniature sugar cane model is 

established and the details of these design data are as under. 

Force required for cutting the sugar cane by shearing 

Shearing strength of sugarcane: 3.03 to 4.43 MPa (AVG 3.64 MPa) 

Area of sugarcane stalk cutting at a time = Diameter of stalk × length of serration 

= 40mm × 1mm 

= 40 mm2 

Shearing force required = Shear strength × Cutting area 

= 4.43 × 40 (Taking maximum shear strength) 

=177N 

Power required to cut the sugarcane 

The optimal combination of parameters was: blade cutting velocity of 13.8 m/s, oblique 

The angle of ~ 35° and disc tilt angle of ~ 27°.  

Diameter of Cutting Disc = 200mm 

Optimal rpm for cutting sugarcane = Blade cutting velocity×60Radius×2π 

Optimal rpm for cutting sugarcane = Blade cutting velocity × 60/Radius × 2π 

13.5x60/0.1x2x3.14 

= 1318.47 ~ 1320 rpm 

= Cutting Force× Radius ×2𝜋𝑁/60 

= 172×0.1×2π×1320/60 
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= 2376.35 ~2380W 

Engine power 

15 hp diesel engine is used for both driving system and sugar cane cutting mechanism 

▪ Diesel engine provides high torque and high load-carrying capacity which satisfy the objectives of the 

machine design. 

▪ The designed power capacity for the machine is 15 HP. 

▪ The designed engine speed is 2300rpm Single cylinder. 

Gear Box : 

▪ Gear box is used to vary or manipulate the speed of the engine. 

▪ The gearbox is connected between engine and drive shaft and transmit the desired rpm to the drive shaft. 

▪ Helical gear box is used 

Drive Shaft : 

▪ Driveshaft is one of the main component of the driving mechanism. 

▪ Driveshaft receives the desired rotational motion from the gearbox  and transmits it to the wheels which 

eventually moves the vehicle. 

▪ The designed material for the fabrication of the shaft is SM45C. 

Driver Cabin : 

▪ Drivers cabin provides comfort and controlling access to the driver. 

▪ All the components control unit is provided inside the driver’s cabin. 

▪ The desired and objectified operations will be controlled by the driver inside the cabin. 

 

Other Components: 

• Steering : 

Steering is used to provide Particular direction to the machine. Our machine is designed to have 

mechanical steering. 

Steering used is mechanical type (rack and pinion type) 

• Braking System: 

Braking system is used to reduce the speed or either to stop the machine,. 

▪ The braking action is carried out by pressing the brake peddle which transmits this power to the brake 

pads. 

▪ Brakes used is hydraulic brake 

• Cooling System: 

The machine is designed with water cooling system which removes the heat from the engine and other 

components. 
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IV. 3D DESIGN MODELS FOR VARIOUS PARTS AND ASSEMBLY OF MINIATURE SUGAR CANE 

MACHINE  

 

In this section, the various parts and assembly model of miniature sugar cane machine developed in the 

software is presented and the details of these models are as under. 

 

Base Frame: 

 
 

Bottom Cutting Blade: 

 
 

Conveyer Belt-1 
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Conveyer Belt-2 

 
 

Conveyer Belt-3 

 
 

Cylinder 
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Driving Shaft holder 

 
 

Drive Shaft 

 
 

Driver Cabin 
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Inclined Conveyer Belt 

 
 

Liver remover Frame 

 
 

Row Driver 
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Shaft-3 

 
 

Shaft-1 for Conveyer belt 

 
 

Shaft-2 for conveyer belt 
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Sugar Cane Holder 

 
 

Support for Top Cutter Blade 

 
 

Top Cutting Blade 
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Tyre 

 
 

Assembly 
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Final 3D Model of Miniature Sugar Cane Machine 

 
 

V. CONCLUSION AND SCOPE FOR FUTURE WORK 

 

In this project, design and development of 3D model of a sugarcane harvesting machine is established. This 

model helps to reduce farmers’ effort. The proposed machine model has the capacity to cut canes at a faster rate 

compared to manual harvesting. This machine is economically viable for small and big farmers. The model cuts 

the sugarcane at ground level compared to manual labor who cut sugarcane above the ground level with a 

distance 6” to avoid the strike of the knife with soil. So in case of manual harvesting it is required to cut the 

remaining sugarcane stem after harvesting/cutting manually which requires extra labor and it is very much 

required to cutting off the remaining sugarcane stem otherwise it affects the next crop generation.  

Future work can be extended in the following direction: 

Automation: The machine can be updated to automatic operation by including electronics and programming. 

Power: The diesel for the power can be replaced with dc motor which can be powered with solar energy. 

Wheels: The tyre and rim Wheel system can be replaced with continuous track wheel system which can 

operate easily in all conditions. 

Steering: The mechanical steering can be replaced with power steering 
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ABSTRACT 

 

A collective method to manufacture parts to a precise dimension involves the removal of excess material by 

machining operation with the help of cutting tool. In any machining process, it is most important to determine 

the optimal settings of machining parameters take aim at reduction of production costs and achieving the 

desired product quality. we were conducting different experiments with varying one parameter and keeping 

other two fixed so maximum value of each parameter was obtained. Vibrations not only increase the surface 

roughness of work piece but also affect the tool life and noise during the machining operation 

 Operating range is found by investigating with spindle speed and taking the four levels of other parameters. 

Every day scientists are developing new materials and for each new material, have need economical and 

efficient machining. It is also predicted that Taguchi method is a adoptable method for optimization of various 

machining parameters. In this work the relation between change in hardness caused on the material surface 

due the turning operation with respect to different machining parameters like spindle speed, feed and depth of 

cut have been investigated. Taguchi method has been employed to plan the experiment where the material 

used is aluminium. The main effects have been calculated and percentage contribution of various process 

parameters affecting hardness also determined. 

Key words - Lathe Machine, Tool Dynamometer Cutting Speed, Feed, Depth of Cut and Surface tester etc. 

 

I. INTRODUCTION 

 

Present manufacturing industries are facing difficulties due to vibrations induced in machine tools like lathe, 

milling, grinding, etc. during machining. Vibrations produced in machine tools like lathe, milling and grinding, 

etc. during machining operation are one of the primary concern in manufacturing industries. These vibrations 

not only increase the surface roughness of work piece but also affect the tool life and noise during the 

machining operation [1,2]. Machining practice under conventional dry condition of hardened work material 

has been a usual practice in metal machining industries, but it has its drawbacks. In addition, the improved 
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relationship between input and output factors is established considering suitability and potential approach with 

appropriate selection of working environment for effective utilization in turning practice [3]. In the current 

scenario, there is a greater demand for increased productivity with smaller tolerances. It paved way for 

increased material removal per unit time and higher spindle speeds, increased feed rate, and greater depth of 

cut. Certain combinations of machining parameters, cause process instabilities causing vibrations which in turn 

result in a decrease in accuracy, inferior surface finish, reduced tool life time, a decrease of the metal removal 

and in certain extreme cases, it can even cause spindle failure and decline in the life of the machine tool. 

Vibration amplitude modelling forms the basis for realizing the cutting process which has to be maintained at 

the least in order to reduce tool deflection, vibration, tool wear, improve surface finish quality, augment tool 

life time, enhance of the metal removal, provide a long life of a machine tool and to maintain the process 

parameters at an optimum level so that it ensures the delivery of a premium product with the minimum 

machining time [4] 

If there be any relative vibratory motion present between the cutting tool and the job, it is obvious that the 

performance of the machine tool not be satisfactory. Moreover machine tool vibration has detrimental effect on 

the tool life, which in turn, lowers down the productivity and increase cost of production. 

Machining is the most wide spread metal machining process in mechanical manufacturing industry. The goal of 

changing the geometry of raw material in order to form mechanical parts can be met by putting material 

together. Conventional machining is the one of the most important material method. Machining is a part of the 

manufacturing all most all metals  

products.  In order to perform cutting operations, different machining tools such as lathes, drilling machine, 

horizontal and vertical milling machines etc. are utilizing. Out of this machining process, shape metal, because 

in turning the condition of operation are most varied. Increasing productivity and reducing manufacturing cost 

has always been the  

primary object of successful business.  

Turning operation is very important material removal process in modem industry. The study on the influence 

of hardness during machining has been going back to change. 

 

II. LITERATURE SURVEY 

 

Many eminent researchers from India such as, . A. G. Yuvaraju, Ritesh Upase, Samarjit Swain,M. 

Subramanian,Siamak Ghorbani, Prof. A. M. Patil, Siamak Ghorbani,A. Palanisamy, Khalid Ahmed Al-Dolaimy, 

Amal S. Siju,S.S. Sarjana, Ramneek Singh F. S. Sabirov Dr. C. J. RaoA. Fouathiya, 2021Amal S. Siju and 

Prabhaharan, showed significant improvement in conventional Turning process optimization by using various 

non-conventional  optimization  techniques. They compared their results with the results obtained from 

hand books. The goal of optimization in all the cases is to reduce vibration and determine the minimum surface 

roughness by considering various cutting parameters .Some researchers tried various combinations of cutting   

process   parameters   and non-traditional optimization techniques. 

[1]It has been found that there is a reduction in surface roughness as well as vibration amplitude with an 

increase in the number of composite plates placed under the tool.[2]In this study, tool wear is monitored by 
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measuring vibration signals when turning hardened steel.[3]analysis of the correlation of input machining 

parameters and vibration signal on machining features like tool wear, surface roughness and cutting 

temperature under MQL environment.[4]investigation on the direct and interactive effect of the process 

parameter with vibration amplitude was carried out for the selection of process parameter so that the vibration 

amplitude was maintained at the minimum which ensures the stability of end milling process.[5]The present 

paper outlines an experimental study while turning unreinforced and Al/SiC/RHA hybrid composite with 

varying reinforcements in equal proportions at different turning conditions. Cutting forces, surface roughness, 

power consumption, metal removal rate are analyzed through graphical representations[6].Vibration influence 

on tool wear is assessed, which considers the phase shift of vibration in different coordinates and forces on rake 

and rear faces of the tool. Tool life is predicted based on fatigue strength of tool material and parameters of tool 

vibrations[7].To attain quality of the turned components, Ra was minimized and MRR was maximized via 

Taguchi - based Grey Relational Analysis (GRA).[8] To measure the vibrations of HSS single point cutting tool. 

To measure the vibrations of Carbide tipped single point cutting tool. To find the better tool with cutting 

parameters for maintaining good surface finish. [9]The intention on finding the alternative tool material to 

support the usage of Coated Cemented Carbide for increasing the productivity in turning of hardened steel is 

the rationality of this study. Study on the mechanical properties of hard metals and the advantages of modern 

Cermet cutting tools lead to nominate this tool to be applied for turning of hardened steel.[10The main 

objective is to evaluate the variations in the tool–chip contact length, tool wear, chip morphology, and cutting 

forces whenever textured inserts with various surface textures are used 

 

III. MATERIALS AND METHEDOLOGY 

 

A. Work Piece Material 

An aluminium (AL6065) 32 mm dia and 120 mm length rod is used for the machining operation. Its 

composition is given in Table 1 

cu Fe Mg Si Zn Ti Bi Zr Cr Mn Al 

0.274 0.4 1.028 0.609 0.06 0.06 1.25 0.12 0.03 0.05 96.11 

  

After iron, aluminium is now the second most widely used metal in the world. This is because aluminium has a 

unique combination of attractive properties Low weight, high   strength,   superior malleability, easy  

machining,  excellent  corrosion resistance and   good   thermal   and   electrical conductivity are amongst 

aluminium’s most important properties. Aluminium is also very easy to recycle. 6065-T6 aluminium is 6065 

aluminium in the T6 temper. To achieve this temper, the metal is solution heat-treated and artificially aged 

until it meets standard mechanical property requirements. It has the lowest strength and highest ductility 

compared to the other variants of 6065 aluminium 

 

B. Tool material 

High-speed steel (HSS) is used as the cutting tool material. It is a subset of tool steels, commonly used in tool 

bits and cutting toots.  It is often used in power-saw blades and drill bits. It is superior to the older high-carbon 
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steel tools used extensively through the 1940s in that it can withstand higher temperatures without losing its 

temper (hardness). This property allows IBS to cut Faster than high carbon steel, hence the name high-speed 

steel. At room temperature, in their generally recommended heat treatment, HSS grades generally display high 

hardness (above IIRC6O) and abrasion resistance (generally linked to tungsten and vanadium content often 

used in HSS) compared with common carbon and tool steels. 

 

C. Machining Process 

The experiments were conducted as per  the orthogonal array and the spindle speed, depth of cut, feed  is  

measured  and  the  surface  roughness  is measured with the help SJ210 Surf test . A  SJ210 Surf test is a  device 

used  to measure the roughness of a surfaceA  diamond tip is run over a sample of a material. The stylus records 

the groves as a wave pattern and sends the information back to a computer.  By the time the process is done, 

the system have an accurate model of every location measured. 

 
Fig: SJ210 Surf test 

 

IV. EXPERIMENTALDETAILS 

 

 
Fig.2: Lathe machine 
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Lathe Name Turbo LX175 Lathe 

Type of bed Induction Hardened,   Straight Gap bed 

Distance between centers (mm) 2000 

Surface finish Max. : 0.8 micron Surface roughness Ra value 

Speed Range Standard -from 40-2040 forward  

                from 60-1430 reverse  

Feed range longitudinal (mm/rev) from 0.04-2.24 

 

The experimental setup includes Lathe machine, cutting tool, sensor, Vibrometer and Data acquisition system. 

In this setup an experimental study to investigate the effects of cutting parameters like Cutting speed, feed and 

depth of cut on surface finish. Aluminium, mild steel , cast-iron & hard steel in the form of round bar Ø32mm 

and 120mm length was used to carry out for machining operation on Lathe machine 

 
Fig: Al Machining work pieces 

 
Fig : Surface tester  
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Table 1: Tabulated values  

Sl No Cutting speed 

mm/min 

Feed mm/rev Depth of cut mm Surface roughness 

(Ra) 

     

1 245 0.45 1.5 0.82 

2 245 0.45 1.0 0.56 

3 245 0.45 0.5 0.60 

4 545 0.35 1.5 0.48 

5 545 0.35 1.0 0.64 

6 545 0.35 0.5 0.72 

7 745 0.25 1.5 0.52 

8 745 0.25 1.0 0.66 

9 745 0.25 0.5 0.53 

  

Table2: Factors that affect Turning operation 

 

CONTROL FACTORS NOISE FACTORS 

Cutting Speed Vibration 

Depth of cut Raw material variation 

Feed rate Machine Condition 

Nose radius Temperature 

Coolant Operator Skill 

After listing the control and the noise factors, decisions on the factors that significantly affect the performance 

will have to be ascertained and only those factors must be taken in to consideration in constructing the matrix 

for experimentation. All other factors are considered as Noise Factors.    

Table 3: testing conditions quality characteristics to be observed: 

Quality  characteristic Surface finish 

Work piece material Aluminium 

Cutting tool Tungsten Carbide Tripped tool 

Operating Machine Lathe machine 

Testing Equipment Portable surface tester 

 

A. Identifying the Objective Function 

S/N Ratio for this function: 

SNl = -10log 1/Ni ∑_(u=1)^Ni▒1/y2uType equation here. 

Where, 

N=Sample Size, and y= Surface Roughness in that run 
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B. Identifying the control factors and their levels: 

The factors and their levels were decided for conducting the experiment, based on a “brain storming session”. 

The factors and their levels are shown in table . 

Table 4: Selected Factors and their Levels 

 

FACTOR LEVELS 

 1 2 3 

Cutting speed(v, rpm) 245 545 745 

Depth of cut(t, mm) 1.5 1.0 0.5 

Feed rate(f, mm/min) 0.45 0.35 0.25 

 

C. Selection of Orthogonal Array 

To select an appropriate orthogonal array for conducting the experiments, the degrees of freedom are to be 

computed. The same is given below: Degree of Freedom: l for Mean Value and8= (2x4), two each for the 

remaining factors Total Degree of Freedom: 9 the most suitable orthogonal array for experimentation is L9 

array as shown in Table . Therefore, a total nine experiments are to be carried out. 

Experiment No. Control Factors 

 1 2 3 

1 1 1 1 

2 1 2 2 

3 1 3 3 

4 2 1 3 

5 2 2 1 

6 2 3 2 

7 3 1 2 

8 3 2 1 

9 3 3 3 

 

D. Conducting the Matrix Experiment: 

In accordance with the above OA, experiments were conducted with their factors and their levels as mentioned 

in table . The experimental layout with the selected values of the factors is shown in table . Each of the above 9 

experiments were conducted 5 times (45 experiments in all) to account for the variations that may occur due to 

the noise factors. 

Table 4 : OA with Control Factors 

Experiment No. Control Factors 

 V(m/min) D(mm) F(mm/rev) 

1 245 1.5 0.45 

2 245 1.0 0.35 
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3 245 0.5 0.25 

4 545 1.5 0.45 

5 545 1.0 0.35 

6 545 0.5 0.25 

7 745 1.5 0.45 

8 745 1.0 0.35 

9 745 0.5 0.25 

 

E. Examination of Data: 

The Following are the experimental results of the work carried out. Since the objective function (surface finish) 

is smaller-the-better type of control function, was used in calculating the S/N ratio. The S/N ratios of all the 

experiments were calculated and tabulated as shown in table 5 

Table 5 : Tabulated S/N ratios 

Experiment No. S/N Ratio 

1 -8.9702 

2 -6.2568 

3 -9.4539 

4 -10.9196 

5 -10.0971 

6 -13.101 

7 -9.2385 

8 -11.4642 

9 -10.2941 

Average S/N ratio corresponding to Cutting Speed at level l = Ss1/3 Average S/N ratio corresponding to Cutting 

Speed level 2=Ss2/3 Average S/N ratio corresponding level each factor. Similarly Sf1 and St1 are calculated for 

feed and depth of cut .The average of the signal to noise ratios is shown in table 8. Similarly S/N ratios can be 

calculated for other factors. 

Table 6: Average S/N Ratio for each factor 

 

 

Level 

Speed Feed Depth of cut 

 

Sum 

Avg. 

S/N ratio 

 

Sum 

Avg. 

S/N ratio 

 

Sum 

Avg. 

S/N ratio 

1 -27.69 -9.23 -28.46 -9.39 -28.22 -9.55 

2 -34.11 -11.38 30.59 -10.28 -30.81 -10.23 

3 -28.91 -9.69 -31.83 -10.61 -31.84 -10.66 
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F. Annova & Its Significance 

the result of the ANOVA analysis for the surface roughness of turning and facing process respectively. This 

analysis was carried out for a significance level of α=0.05, i.e., for confidence level of 95%. the probability level 

that is realized significance  levels, associated with the F-tests for each source of variation. The sources with a 

Probability level less than 0.05 are considered to have a statistically significance with the variation surface 

roughness generation in the work piece. From the Table 9 none of the factors having either statistical or 

physical significance on the flank wear obtained. Notice that the error associated in the ANOVA analysis for 

the surface roughness was 25.79 %( turning) and 13.21% (facing) and for the flank wear was approximately 

9.98%(turning) and 31.8%(facing). If the error percentage was greater amount the linear model developed by 

using factor and their interactions may not give precise prediction results. 

Table 7:- ANOVA for surface roughness of turning process 

Source Sum of Squares Mean Square F-Ratio Probability level % of 

contribution 

V 0.07062 0.0353 1.1 0.379 7.09 

F 0.00511 0.0025 0.08 0.926 0.51 

A 0.03605 0.001823 0.57 0.589 3.65 

V×f 0.14355 0.03599 1.12 0.412 14.43 

V×a 0.3179 0.08198 2.52 0.121 32.88 

f×a 0.14617 0.03904 1.21 0.376 15.67 

Error 0.25721 0.03215   25.78 

Total 0.9973    100 

  

Table8: Optimum values of factors and their levels 

Parameters Optimum value 

Cutting speed(m/min) 35 

Feed(mm/rev) 0.15 

Depth of cut(mm) 1.25 

 

V. RESULTS AND CONCLUSION 

 

The harder work material, the slower the cutting speed. The softer work material the faster the recommended 

cutting speed Steel. The harder the cutting tool material, the faster the cutting speed. The softer the cutting tool 

material the slower the recommended cutting speed. If the cutting speed is too slow than a lot of time is wasted 

during the machine process but if the cutting is too fast than also time is wasted in replacing or regrinding the 

cutters so the process should be carried out with an optimum cutting speed. 

The speed of the cutting tool’s movement relative to the work piece as the tool makes a cut. The feed rate is 

measured in inches per minute. As the feed increases the cutting force also increases but in accordance with 

this the tool life decreases. If the fees is too slow than time is wasted and the cutter also chatters but if the 
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cutter speed is too fast than the cutter teeth can broke so the process should be carried out with a optimum 

value of feed. 

The depth of the tool along its axis in the work piece as it makes a cut. As the depth of cut increases feed rate 

increases the load on tool increases and the combined effect of this is that the tool life decreases. There are 

several shallow cuts that waste time so this should be eliminated. 
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ABSTRACT 

 

The effect of nano and hybrid micro fillers on two body abrasive wear of PA66/PA6 blend based composites is 

studied. Three composites Blend (PA66/PA6) (80/20 wt.%)/10 wt.% PTFE, Blend/10 wt.% PTFE/5 wt.% MoS2/ 

2.5 wt.% TiO2 and Blend/10 wt.% PTFE/5 wt.% MoS2/ 2.5 wt.% TiO2/2.5 wt% Nano graphene were 

considered for the investigation. These Nano and hybrid micro composites were prepared using melt mix 

method by twin screw extrusion technique. The Two body abrasive wear behavior was studied by considering 

the experimental parameters such as abrading load (2.5,5,7.5,10 N), Water proof SiC abrasive paper 180 Grit 

Size, abrading velocity 0.5 m/s as per ASTM G99 method. It is found from the experimentation that the 

volumetric wear loss is totally depends on the abrading load, abrading velocity and abrasive grit size. Micro 

ploughing and micro cutting were noticed during the morphological study through SEM images. Among the 

studied nano and hybrid micro composites, Blend (PA66/PA6) (80/20 wt.%)/10 wt.% PTFE exhibited better 

abrasive wear behavior compared to other composites.  

 

Keywords: PA66/PA6, Abrasive wear, nano fillers, micro fillers, two body 

 

I. INTRODUCTION 

 

Mechanical industries are constantly under pressure to come up with new materials that are both mechanically 

strong and tribologically efficient. Polymers and composites are increasingly being used in a variety of 

industrial applications, including bearings, rollers, gears, cams, wheels, and clutches. The usage of polymers and 

polymer-based composites with good mechanical and tribological properties can only be beneficial. It is often 
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found that such a property cannot be achieved with a homopolymer. As a result, polymer blends have been 

developed. Various reinforcements and fillers are incorporated into the polymer blend to improve tribology, 

mechanical and thermal behavior [1]. The abrasion properties of PA66/graphite composites in two body mode 

were studied by Nomula et al. [2]. The wear characteristics were studied by varying the graphite percentage. 

The best results were obtained for PA 66/10 wt. % Graphite and PA 66/20 wt. % Graphite.  

The two-body wear behaviour of glass-basalt composites under the impact of different abrasive particle size was 

investigated by Rudresh et al. [3]. The synergism between matrix and fibres improved the wear resistance of 

composites. The 2-BAW behaviour of SGF loaded Vinyl ester resin and particulate UHMWPE filled Vinyl ester 

composites were studied [4]. The solid fillers used for the abrasion test were granular form coal and mineral 

ignimbrite. The UHMWPE filled resin showed the better wear resistance both for hard and soft abrasives. The 

SGF reinforced composites exhibited the complicated behaviour. When coal as abrasive, the SGF filled 

composites exhibits good wear resistance whereas with harder ignimbrite, it showed negative trend on abrasive 

wear resistance. This showed that the abrasive wear behaviour is a function of abrasive particle size. The 

mechanical and abrasive wear properties of PA66/PP microcomposites was studied by Suresha and Ravi Kumar 

[5]. They found from their study that the sole effect of nanoclay was not favourable to improve the 2-BAW 

resistance. But the synergism between SCF and nanoclay proved to be the best combination for the abrasion 

resistance. The abrasive wear behaviour was affected by distance, load and grit size. Microcutting and micro 

ploughing are the failure mechanisms noticed during SEM analysis.  

The synergism effect between fibers and fillers in improving the abrasion wear properties of polymers was 

reported by Bijwe et al. [6].They studied the effect of inclusion of carbon filler, graphite, PTFE and MoS2 filler 

on PEI/SGF, Polyimide (PI)/SGF, Nylon 6/SGF and PTFE/SGF composites. They found that the specific wear 

rate decreases with increase in load. The wear behaviour of bronze filled ones was better compared to all other 

composites. Further, it is concluded that the reinforcement greatly reduced the ultimate elongation to fracture 

which is the main factor for the abrasion behaviour. It was showed that the inclusion of SCF into the blend was 

detrimental to abrasion resistance of composites. The blend PA66/PP exhibited the better abrasive wear 

resistance. Matrix damage and debonding were some of the mechanisms observed through SEM. The wear 

behaviour of PA6 and its composites under two body abrasion was reported [7]. They used 25 wt. % glass beads, 

20 wt. % talc and 30 wt. % wollastonite fillers for the composites. It is found from the study that the composites 

with glass bead fillers found to exhibit the better abrasion wear resistance. The abrasive wear behaviour of 

PTFE/SCF composites has been presented [8]. The composites were developed using SCF varying from 0 to 40% 

and PTFE from 0 to 15%. The hybrid effect of SCF and PTFE found to be detrimental to abrasive wear 

resistance. Load, velocity and fiber geometry affected the wear behaviour. 

From the above literature review, it is clear that the blend of PA66 and PA6 was not reported.  Both PTFE, 

MoS2, TiO2 and Nano graphene are known for their effective tribological resistance behaviour when combined 

with thermoplastics. Further, the hybrid effect of micro fillers such as PTFE, MoS2, TiO2 and Nano fillers such 

as Nano graphene on two body abrasive wear behaviour of PA66/PA6 blend based composites was not 

investigated. The individual effect of PTFE, MoS2, TiO2 and Nano graphene and their combined effect are very 

much required for the structural applications.  Therefore, an attempt has been made to study the effect of 
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varying abrasion pressure on the two body abrasive wear behaviour of PA66/PA6 blend based composites. 

Further, the morphological study of abraded surfaces has been presented in the form SEM images.  

 

II. EXPERIMENTAL  

 

2.1. Materials and their formulations   

Materials used in the present investigation and formulation of composite blend PA66/PA6 in different weight 

percentage are tabulated in table 1 and table 2 respectively. 

Table 1: The details of supplier’s physical data of materials  

Material Designation Supplier’s Name Form Size 

(µm) 

Melting 

Temperature (0C) 

Density 

(g/cm3) 

Polyamide 66 PA66 
GLS 

Polymers,Bangalore 
Granules ---- 256 1.14 

Polyamide 6 PA6 
GLS Polymers, 

Bangalore 
Granules ---- 215 1.14 

Polytetrafluoroethylene PTFE 
GLS Polymers, 

Bangalore 
Powder 12 327 2.2 

Molybdenum 

Disulphide 
MoS2 

GLS Polymers, 

Bangalore 
Powder 

10-

20 
1185 5.06 

Titanium Dioxide 
TiO2 GLS 

Polymers,Bangalore 

Powder 10-

20 

1843 3.78 

Nano Graphene 

 

-- United Nanotech 

Innovation Pvt. 

Ltd. Bangalore 

Powder 5 4125 0.17 

      

Table 2: Formulations of polymer composites 

Composition Mat. ID 

Weight fraction percentage 

PA66 PA6 PTFE MoS2 TiO2 
Nano 

Graphene 

Blend 

(PA66/PA6)/PTFE 
U1 80 20 10 ---- ---- ---- 

Blend/PTFE/ MoS2/ 

TiO2 
U2 80 20 10 5 

2.5 ---- 

Blend/PTFE/ MoS2/ 

TiO2/Nanographene 
U3 80 20 10 5 2.5 2.5 

 

2.2. Fabrication of blends and micro fillers 

For the fabrication of these composites, two steps are required. In the initial stage, a blend of PA66 and PA6 is 

weighed in the desired proportion based on the formulation. Compositions are heated separately in a separate 
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chamber, and then the mixture is made to pass through a Barbender co-rotating twin-screw extruder (Make: 

CMEI, Model: 16CME, SPL, chamber size 70cm3).  A five-zone extruder chamber was designed with 

temperatures of 2200C, 235°C, 240°C, 265°C, and 270°C for heating the mixture to form fine melts, respectively. 

In order to keep the feed rate of 5 kg/h, the screw speed of the extruder is maintained at 100 

RPM at a temperature of 220 0C. The extrudates which were in cylindrical form were quenched in cold water 

and pelletized using a pelletizing machine. The quenched pellets of PA66/PA6 blend were once again subjected 

to heating before subjected to any other process.  

During the second step, the preheated micro and nano fillers were mixed with the polyamide 66 and polyamide 

6 pellets. The compounding process has to take place before the pellets can be extruded. The uniform melting 

process is then repeated in the heating chamber in order to obtain uniform blended melt. This blended 

melt was then made to pass through the necessary diametrical nozzles where these pellets were projected in the 

form of cylindrical wires. Using a cold bath chamber, the extruded pellets were water 

quenched and then pelletized. The resulting composite pellets were dried in a vacuum oven at 1000C for 24 

hours. As per ASTM, heated pellets were injected into an injection molding machine to generate the test 

specimens. For injection molding the temperature maintained in zone 1 and zone 2 is 2650C and 290 ºC further 

mold temperature of 650C was maintained and also screw speed of 10-15rpm and injection pressure of 700-800 

bar was maintained. Injection time of 10 s, cooling time of 35 s and ejection time of 2 s have been maintained in 

injection molding.  The molded specimens for mechanical and tribological testing as per ASTM standards were 

carefully inspected, visually tested and defective ones were rejected. 

 

2.3. Two Body Abrasive Wear test (ASTM G99) 

As per ASTM G99 method with the help of wear testing machine (Fig. 1) (Ducom, Bangalore) two body 

abrasive wear behaviour of the samples was conducted. Table 3 shows the details of the experimentation 

parameters used in the test. The standard dimensions of 8 mm x 8 mm x 3.2 mm test specimens were used and 

they were rubbed against 600 grit SiC abrasive paper to ensure the uniform specimen surface contact. These 

prepared samples were glued using suitable adhesive to the steel pins of diameter 8 mm and length 27 mm. The 

initial weight of specimen including the pin was measured using an electronic weighing balance with an 

accuracy of 0.0001 grams (Metler Toledo).  

Table 3. Experimental test parameters for two body abrasive wear test (ASTM G99)  

Experimental parameters 

Abrading load (N) 2.5, 5, 7.5 and 10 

Abrading velocity (m/s) 0.5  

Abrading distance (m) 100 

Abrasive Grit size 180 

 

Based on the experimental conditions 180 Grade of SiC abrasive paper were glued on to the steel surface of the 

disc of diameter 165 mm. For each trial fresh abrasive paper was used. After fixing abrasive paper and pin with 

the sample attached in the perfect position, a normal load is applied to the pin through pivoted loading lever 

which is shown in fig. 1. The machine stops automatically when the pre-set time is reached. The final weight of 
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the polymer composite sample along with the pin was measured. The tests were conducted for different 

experimental conditions by varying load, varying abrading velocity, abrasive grit size and distance. In all the 

cases, the samples initial weight is measured before and after conducting experiment. The weight loss of the 

composites is recorded. To obtain the average value for the purpose of data representation, minimum three 

samples were tested. The weight loss of specimen (W) gives the abrasive wear volume loss using experimentally 

determined density (ρ). The wear volume loss and specific wear rate are calculated using the equations 1 and 

equation 2 respectively.  

Wear volume = ΔV = W/ ρ  mm3………………………………..............  Eq. (1) 

Specific wear rate = Ks =  ΔV / (F * D)   mm3/ N-m ……………. ……… Eq. (2)      

Where ρ = density (g/cm3), F, the applied normal load (N) and D, the sliding distance (m) 

 
Fig. 1. Set up used for two body abrasive wear system: Pin on disc machine and specimen dimensions 

 

III. RESULTS AND DISCUSSION   

 

3.1. Two Body Abrasive Wear Behaviour of (PA66/PA6) based Micro and Nano Composites: Effect of abrading 

load 

Figure 2 (a and b) shows the effect of abrading load on 2-BAW behaviour of (PA66/PA6) composites. The 

abrasion wear behaviour is presented through wear volume loss and specific wear rate (Ks). The two-body 

abrasion wear behavior was studied for an abrading load ranging from 2.7 to 10 N through an abrading velocity 

of 0.5 m/s under the action of second body 180 grit size SiC abrasive paper for a distance of 100 m. 

The study showed that wear loss of composites increases with abrading load and purely a function of type of 

fillers used in the development of composites.  Figure 2(a) presents the impact of varying abrading load on the 

abrasion wear volume loss of composites. It is concluded through the figure that nanographene filled 

composites (U3) has exhibited the highest volumetric wear loss whereas PTFE filled composites (U1) 

showed the least among the composites tested. 
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Table 4. Factors affecting 2-BAW behavior of (PA66/PA6) blend composites 

 

  
 

Particulars 

(PA66/PA6) blend based composites 

Blend (PA66/PA6) 

/PTFE   (U1) 

Blend/PTFE/ 

MoS2/ TiO2 (U2) 

Blend/PTFE/ MoS2/ 

TiO2/Nanographene 

(U3) 

Ultimate tensile strength (σ) 

(MPa) 
61.7 61.5 50 

% elongation (ε) 27.07 16.36 11.47 

Factor (σε) 16.702 10.064 5.737 

Hardness (H) 76 68 73 

1/ σ ε 0.059 0.099 0.174 

1/H σ ε 0.78 x 10-3 1.46 x 10-3 2.38 x 10-3 
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Fig 2: 2-BAW behavior of (PA66/PA6) based composites under the action of varying abrading load through 180 

grit SiC: a) Wear volume  and b) Specific wear rate (Ks) 

The blend (PA66/PA6) /PTFE exhibits the wear loss of 3.5 mm3 under the impact of lesser load of 2.5 N. But at 

higher abrading load of 10 N, the wear volume loss was 18 mm3. The remaining composites exhibited the same 

trend under the impact of varying abrasion load. The volumetric loss of 6.5 to 30 mm3 and 8 to 38 mm3 was 

experienced by U2 and U3 composites respectively between the range of abrading load applied. The study 

suggested     that PTFE filled composites (U1) exhibited the better abrasive wear resistance. 
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The abrasive wear response of the blend (PA66/PA6)/PTFE as a linear function of abrading load is shown in 

figure 2 (a). The intensity of SiC abrasive particles was very much effective due to lesser interaction as an effect 

of lesser abrasion pressure. The minimum contact stresses exist between polymer surface and abrasion particles 

during interaction. It has been proved at this stage that surface fracture energy of polymers is greater than the 

fracture energy required by the abrasive grits [9]. The thin polymer film has been spread out across all the 

abrasive grains on abrasive paper as result of sliding. This action has weakened the abrasion intensity of 

abrasion grains.  

The abrasion wear behaviour of U1 and U2 composites has exhibited the abrasion wear resistance in the order 

of U1 > U2. The abrasion wear behaviour of PTFE filled composites (U1) is seemed to be very appreciable 

because of the presence of PTFE in composites. At lesser abrasion pressure, the effective wear resistance was 

shown by the blend. The abrasion effect at this condition has been compensated by the matrix wear. The filler 

volume fraction is found to be the one of the significant factors to enhance the abrasion wear resistance [10,7]. 

The lesser abrasive pressure leads to repetitive matrix deformation in the same wear track. These results in 

accumulation of wear debris in the gap between the abrasive grains as a result of clogging [11]. These clogged 

wear debris completely nullify the intensity of abrasive grains which may lead to exhibit lesser volumetric wear 

loss. This is due to the fact that sharp abrasive particles have ploughed PTFE and dragged it in the form of 

fibrils on to SiC abrasive surface. The microploughing of deformed matrix has transferred the polymer 

substance on to the abrasive paper. Therefore, the effect of abrasives reduces and hence the penetration effect 

decreases which results in poor material loss. Further, the fracture energy (σε) of “U1” composites is greater 

compared to other composites [12,13]. Therefore, high abrasion wear resistance.  

TiO2 filled composites (U2) showed poor abrasion resistance due to brittle phase. Adding TiO2 in to ‘U1’ 

composites significantly reduced the ductility of “U2‟ composites which is the abrasion resistance promoting 

parameter. At lesser abrasion pressure, deformation and micro ploughing of matrix has been resulted because of 

sharp abrasive SiC particles. But the material loss was less due to effective synergism between micro fillers. But 

as the load increases, the penetration of abrasive particles with high pressure increases wear of composites. The 

clogging process was completely eliminated due to the presence of hard fillers. These hard fillers supported the 

abrasive surface to improve the effect of penetration. High abrasive load further removed the material resulting 

in high wear volume loss. The fracture energy required to pull out the abrasives from the abrasive surface was 

less and therefore, high wear volume loss. Agglomeration of fillers has further supported the microploughing 

and cutting action to promote abrasive wear volume loss [13]. Among the filled composites studied, the abrasive 

wear resistance was exhibited in the order of U1> U2. 

The abrasion wear behaviour of nanographene filled composites (U3) seemed to be worse compared to all other 

composites studied. Nanocomposites have experienced high volumetric loss because of increase in deep 

penetration and tough contact stresses due to increased abrasion pressure. This condition may result in more 

loss. At lower pressure, high frictional force between the interacting surfaces has created high temperature and 

results in severe plastic deformation [14,15]. These micro and nano fillers which were transferred to abrasive 

surface improve the abrasive action of SiC paper. This may promote the wear volume loss. Initially the process 

of clogging has controlled the wear volume loss. But as the penetration pressure increases, the sharp abrasive 

particles along with agglomerated micro and nano fillers further removed the material from the polymer 
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surface [16,17]. Therefore, higher wear volume loss. The abrasivity action of fillers was improved due to micro 

and nano fillers inclusion. This has impaired the abrasion wear resistance of nanocomposites [18,19]. Among 

the composites studied, nanocomposites have exhibited the least abrasion wear resistance. 

The ‘Ks’ of (PA66/PA6) blend based composites under the impact of varying abrasion load is depicted in figure 

2 (b). The study reports that ‘Ks’ of (PA66/PA6) based composites enhances with increase in abrasion pressure. 

This is because of increase in abrasion effect with the addition of hard fillers. When the load increases, the 

abrasion efficiency of the grains decreases due to repetitive contact stresses. The wear rate increases due to 

disintegration extended by these fillers. When the abrasion pressure was less, wear rate impairs due to 

weakened abrasive grains as a result of clogging. The behaviour of the composites matches with similar work 

[5,6,20]. The specific wear rate of U1 varied from 14 x 10-3 mm3 / N- m to 20 x 10-3 mm3/ N-m increases as 

abrading load increases. Similar observations are made with other filled composites. The wear rate ranges from 

22 x 10-3 mm3/ N-m to 34 x 10-3 mm3/ N- m and 25 x 10-3 mm3/ N-m to 39 x 10-3 mm3/ N-m respectively for 

U2and U3 composites. The reinforced fillers made the materials to exhibit high wear rate. The fracture energy 

(σε) of “U1‟ composites is high because of the presence of ductile PTFE (Table 4). From the study, it is clear that 

‘U1’ composites exhibit least wear rate. 

 

3.2. Worn surface analysis using SEM 

Figure 3 (a – c) shows the SEM images of failure surfaces abraded against 180 grit SiC abrasive paper under high 

abrasion pressure. The abrasive wear behaviour indicates that microploughing, microcutting and microcracking 

phenomenon were held responsible for poor abrasion wear resistance. The combined action of aforesaid 

mechanisms tends the material to experience more wear loss.  

The worn surface of PTFE filled composites is shown in the figure 3 (a). The plastic deformation is seemed to 

be small. Further, the fibrils of PTFE were projected out of deep wear track showing microploughing process. 

Figure shows microploughing process is dominant over micro cutting. This is because of the ductile nature of 

PTFE. The sharp penetration of abrasives is not seen in the figure. The plastic deformation along with the 

frictional effects are seen in the picture.  

The SEM image of the abraded surface of TiO2 filled composites (U2) is shown in the figure 3 (b). Here the 

deep penetration of the abrasives has ploughed the matrix deeply and deep micro cutting action is noticed. The 

surface exhibits the abrasive nature and micro cutting action is dominant. The feathery like debris are projected 

out of the wear track as result of deep ploughing. The matrix deformation is severe due to heavy penetration of 

the abrasives along with the micro fillers. The surface exhibits the pure abrasive nature as a result of 

disintegration of micro fillers. The SEM image of the nano graphene filled nano composites (U3) is shown in 

the figure 3 (c). Here the deep wider wear track is seen as a result of microploughing. 

The matrix deformation is seemed to be severe due to heavy abrasion action [20]. The agglomerated fillers have 

avoided the projection of wear debris from the wear surface. Microploughing and micro cutting are found to be 

dominant mechanisms. Further, fatigue is one among the failure mechanisms. It is witnessed because of 

deeper deformation of the matrix. Micro cutting action has left the wear debris across the surface. The deep 

ploughing action is noticed as a result of combined action of abrasion both by fillers and abrasives. Among the 
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SEM images studied, nano composites have exhibited the severe abrasion surface with micro cut wear debris 

[12,13]. 

 

 
Figure 3: 2 - BAW behaviour of (PA66/PA6) blend composites under the action of 180 grit size abrasives at 

higher abrading load of 10N: a) Blend (PA66/PA6)/PTFE, b) Blend/PTFE/MoS2/TiO2 and c) Blend/PTFE 

/MoS2/TiO2/Nanographene 

 

IV. CONCLUSION 

 

The tribological behaviour of (PA66/PA6) micro and nano composites was studied using 2-BAW behaviour. 

The specific wear rate of composites tested increases with increase in sliding load. The 2-BAW behaviour of 

blend (PA66/PA6)/PTFE composites was improved by the addition of PTFE under all the conditions of abrasion 

test parameters. Blend (PA66/PA6)/PTFE composites exhibits better 2-BAW resistance among all the 
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composites tested. Addition of MoS2, TiO2 and Nanographene slightly impaired the abrasion wear behavior of 

blend (PA66/PA6)/PTFE /MoS2/ TiO2 and blend (PA66/PA6)/PTFE /MoS2/ TiO2/Nanographene composites. 

Among composites studied, blend (PA66/PA6)/PTFE /MoS2/ TiO2/Nanographene composites exhibit the least 

abrasion wear resistance in all the test conditions. It is proved that the synergistic effect of micro fillers is 

detrimental to 2-BAW behavior of composites tested. The SEM micrographs observations revealed that micro 

cutting, micro ploughing, fatigue was some of the failure mechanisms observed during the morphological study 

of the worn surfaces. 
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ABSTRACT 

 

The branching of pipes is common in water distribution system and penstocks of hydroelectric power plants. 

Hydraulic analysis is needed to optimize the head losses occurring pipe junctions. Junction introduces extra 

energy losses due to changes in the flow direction and magnitude of velocity and flow rate and separation the 

flow at the sharp corner.  

The flow prediction at pipe trifurcation due to combining streamlines, curvature, turbulence, anisotropy and 

recalculating region at high Reynolds number is complex. An attempt is made to study experimentally and 

numerically, the pressure loss (‘K= P’) for unsymmetrical (15o-45o, 30o-15o and 35o-20o) pipe trifurcation, by 

controlling of line pressure from 50 KPa. to 300 KPa. at inlet. It is found that the turbulence and unequal angle 

of trifurcation are the main reasons for losses and separation of flow. The combined trifurcation loss coefficient 

(K) and branch loss coefficients (K12, K13, K14) have been correlated between split flow ratios 

(Q2/Q1),Q3/Q1),(Q4/Q1) and energy ratio(E2/E1,E3/E1,E4/E1,Eout/E1). The experimental findings suggest, the 

overall trifurcation loss coefficient (K) is more for higher angle of the trifurcation and the head loss will be 

optimum, when the rate of flow in branches is nearly equal.  

Keywords: Trifurcation, split flow ratio, optimum loss co-efficient. 

 

I. INTRODUCTION 

 

Pipe networks are very common in industries, water supply schemes where fluid or gases to be transported 

from source to the receiver. The trifurcation junction is a part of the hydroelectric plant, which together with 

other parts and equipment has the purpose to produce electricity using the hydraulic potential. The losses must 

be reduced to obtain the best operating condition, with stable flow. These conditions can be known from tests 

in preliminary models to obtain appropriate geometries, with controlled load losses and variations of flow 

supplying the turbines.  
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The pressure loss may vary depending on the type of components in the network, material of the pipe, fluid 

that is being transported through the network, pipe fittings, and placement of valves, pumps, turbines and 

geometry pipe fittings. Minor loss is a term used to describe losses that occur in fittings, expansions, 

contractions etc. Fittings commonly used in the industry include bends, tees, elbows, unions, valves and 

branching. The branching of flow in to streams of different velocities in turbulent region with high Reynolds 

number  results in the exchanges of fluid momentum, energy transfer from low to high velocity. There is a need 

for flow parameter to account for the distribution of flow between the junction legs.   

Albert (2003) presented that, in the power plant sever power oscillations were encountered at the outer turbine 

in the range of +/-10% of nominal power. Vortex instability forming in the sphere starting at the top and 

extending in to the side branch after a certain period it changes it behavior and extends to the opposite side 

branch and after some time jumps back, this unpredicted movement of the vortex causes power fluctuations 

and head loss in the branch. These losses reduce the head of the turbine and consequently the power output.  

Further he has recommended that an adaptive turbulence model based on the extended K- ε model instead of 

RANS methods for VLES in pipe trifurcation. 

Buntic(2005) presents that the turbulent flows are characterized by transport of the large quantities of mass, 

momentum and energy. Malik (2009) has carried out 3D flow modeling of the trifurcation to find out the most 

efficient profile of the trifurcation in the given constraints of pressure, velocity and layout. 

Bohuslav, has presented the calculation methods of pressure drop in pipe line components such as elbow, tube 

fittings and various valves etc. The methods are equivalent length method, Crane method loss, coefficient 

method, Idelchik method and Blevins method and considering the diameter ratio Reynolds Number, he has 

recommended the Blevins method for wide range of hydraulic parameters. Aguirre has analyzed the CFD tool 

to determine the loss coefficient in the adduction system type Symmetrical trifurcation, by dividing the 

geometry in to structure and unstructured volumetric elements, and concluded that hexahedral (structured) 

mesh is more sensitive to quantify the head losses mean while the tetrahedral (unstructured) mesh shows 

similar behavior comparing its results with reduced model tests. 

  

II. METHODOLOGY 

 

The experiments were carried out in the closed loop test rig as shown in the Fig.1. The test trifurcation junction 

was made by GI pipe of 25.4mm diameter main pipe and 19.6mm diameters GI branching with different angle 

of trifurcation. The branching pipes are carefully joined for required angle of trifurcation. The flow meters are 

installed at downstream of the pressure gauges in each of the branching to quantify the flow. Valves are 

installed to control the flow distribution in each of the pipe. The flow was continuous and driven by a 

volumetric pump of 2HP capacity, supplied by constant head tank. The temperature of the re circulated water 

is also noted. The water temperature variation during each test run was within +/-0.5oC because of large volume 

of water in the test rig tank. The pressure gauges, in the main pipe and each of the three branching are installed 

at 400mm away from the trifurcation junction. The pressure measurements were noted for each leg of the 

branching pipes to obtain the flow parameters. 
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III. EXPERIMENTAL RESULTS AND DISCUSSION 

  

The pressure at the trifurcation is reduces due to recirculation at this zone, but there is a small region near the 

junction where negative pressure is developed due change in direction of flow resulting in the pressure drop at 

downstream and increase in the velocity at the out let.  

Figure 3(a): The combined loss coefficient (k) with the split flow ratio (Q3/Q1) reaches a common optimum 

value of 0.35 (Q3/Q1) = 0.4 and all curves converges at a common optimum the split flow ratio of 1.00 with loss 

coefficient value as 0.6. For unsymmetrical trifurcations the value of loss coefficient is 0.8 in the low Reynolds 

number region and converges to 0.6 at split flow ratio (Q3/Q1) =1.0.  

Figure 3(c): The combined loss coefficient (k) with the split flow ratio (Q4/Q1) attains a minimum optimum 

value of 0.45 (Q4/Q1) =0.4.  

Figure 3(d): Shows that for fully developed flow inlet Reynolds Number (Re 1) is more than 8000, the loss 

coefficient is independent from the Reynolds Number (Re1). 

Figure 3(e): The branch loss coefficient varies linearly as the velocity in the branch pipe no 3 increase and 

attains the max value of 0.6 when the flow is fully diverted to pipe 3 

The loss coefficient for the branch No 4 for 30 to 40 % of the flow through it varies from 0.4 to 0.86 for 

symmetrical and unsymmetrical trifurcations. The loss coefficient for the branch No 2 for 30 to 40 % of the 

flow through it varies from 0.3 to 0.70 for symmetrical and unsymmetrical trifurcations branch angle.  It shows 

that as the angle of trifurcation increases the loss coefficient also increases in parabolic order.  The loss 

coefficient for the branch No 3 for 60 to70 % of the flow through it varies linearly and is independent of the 

branch angle and flow ratios. 

The numerical model is created using GAMBIT2.4.6 with tetrahedral unstructured mesh of 4 mm size for the 

standard K-ε model. The boundary conditions were set as the velocity at inlet and the outlet parameters are 

static pressure, mass flow rate, turbulence, pressure coefficient and mean velocity. The model is run through 

the commercial software ANSYS FLUINT 15, the predicted loss coefficient is validated with the experimental 

results. 

The CFD output is validated with the experimental results. For the standard K-ε models, the simple algorithm is 

adapted to couple pressure and momentum equations. The solutions were considered to be converged when the 

sum of the normalized residuals for all the cells became less than 10-5 for the variables. 

 

IV. CONCLUSIONS 

 

The Distribution of flow in the pipes has been studied in pipe unsymmetrical trifurcation with different line 

pressures and flow rates for unsymmetrical trifurcation angles. The experimental results show that the pressure 

loss coefficient increases with trifurcation angles, and its optimum value is obtained, at 30% split flow ratio in 

each outer branch and 60 % in the middle branch. The loss coefficient is more in case of unsymmetrical 

trifurcation when compared with symmetrical trifurcation for same value of flow rate. The loss coefficient is 

independent for high Reynolds number. The CFD analysis for total pressure, velocity, loss coefficient is 

validated with the experimental results.  
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Nomenclature: 

 

Energy Equations:  : Density of water 1000 kg/m3, Q1: Discharge in main pipe, w : Unit weight of water 9810 

N/m3,Q2, Q3, Q4 Discharge in Branching,U1,: Velocities in main pipe, U2, U3,, U4: Velocities in branching, P: 

Static pressure, Q2/Q1, Q3/Q1, Q4/Q1: Split flow ratio,K12, K13, K14, and K: branch loss coefficient and combined 

loss coefficient, Re1, Re2, Re3, Re4: Reynolds Number in main, branching.E1, E2, E3, E4: Total Energy in main, 

branching, Ө1, Ө2 branch angle in degree 
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Equations: 

 

The computation is based on the principle of conservation of mass, momentum and energy. 

Expected discharge through each nozzle = Q/3. 

The inlet energy per unit time = Work done by Pressure per unit time + Kinetic Energy 

  2
/

2

1
11

1

UQ
QPTimeEnergyInlet


+=

                              (1) 



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published :  March 15, 2022    Page No : 468-476 

 

 

 

 
472 

 222
/

2

44

2

33

2

22 UQUQUQ
TimeEnergyOutlet


++=

  
                (2) 

Blevins (1984) 

Kij=0.96sin2ѳj+αj (cosѳj /U1)2+βjUj/U1                                                                                                                           (3) 

αj = 0.22 ѳjcosѳj +1.2sinѳj. Sin (60-ѳj) 

βj={0.00698(45- ѳj)+0.075Aj/A1+0.0262 ѳj}sin(75- ѳj), ѳ in degree                

 

Combined loss coefficient:   

K= (Q2/Q1) x K12 + (Q3/Q1) x K13+ (Q4/Q1) x K14      (4) 

 

Table No 1. Split flow Ratio and Total Energy.  
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Table No 2. Loss Coefficient and Reynolds Number. 
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Blevins  formula Reynolds Number  

Ө1 

Deg. 

Ө2 

Deg. 

k14 k13 k12 k Re1 Re2 Re3 Re4 

35 20 0.57 0.20 0.75 0.51 10745 4465 4710 5546 

35 20 0.57 0.19 0.76 0.52 10987 4877 4584 5591 

35 20 0.57 0.18 0.76 0.52 10336 4584 4245 5331 

35 20 0.58 0.19 0.75 0.51 10071 4271 4245 5282 

35 20 0.55 0.25 0.76 0.50 10372 4710 5779 3721 

30 15 0.47 0.21 0.71 0.47 10411 5132 4849 4282 

30 15 0.47 0.21 0.72 0.47 10458 5225 4908 4193 

30 15 0.46 0.22 0.72 0.47 10237 5290 4987 3747 

30 15 0.47 0.24 0.75 0.50 9875 5632 5245 2651 

30 15 0.52 0.28 0.81 0.55 9077 5954 5623 858 

15 45 0.88 0.20 0.47 0.53 8878 3820 4045 4298 

15 45 0.86 0.21 0.47 0.51 8548 3820 4088 3801 

15 45 0.82 0.25 0.50 0.46 7901 4237 4352 2235 

15 45 0.87 0.29 0.54 0.44 7349 4649 4762 657 

15 45 0.89 0.29 0.55 0.44 7095 4590 4681 448 

 

 

 

 
 

Figure1.  Experimental Setup. 
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2 (a) 

 
2 (b) 

 
2 (c) 

Figure 2:  (a) Combined loss Coefficient (k) with Split flow ratio (Q3/Q1); (b) branch loss coefficient (k14) with 

split flow ratio (Q4/Q1); (c) combined loss coefficient vs. Reynolds Number 



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published :  March 15, 2022    Page No : 468-476 

 

 

 

 
476 

 
3 (a)                                                                                    3(b) 

 
3(c)                                                                                3(d) 

 

Figure 3:  (a) Output total pressure for unsymmetrical trifurcation; (b) Velocity magnitude at inlet of the 

trifurcation; (c) velocity magnitude at unsymmetrical trifurcation; (d) Total pressure at plane 100mm from the 

junction for unsymmetrical trifurcation. 
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ABSTRACT 

 

The demand of utilization of Mg alloy and Mg matrix composite in railway and automobile industry. With the 

rapidly growth of vehicle the fuel consumption increased respectively to solve such issues required light weight 

material for fuel/energy saving, The aim of this research paper is to identify the possibility of light weight 

material for railway and automobile components fabrication by using magnesium material. This paper is to 

summarized the importance of magnesium with the influences of various reinforcement material and Nano 

composite on the mechanical properties of pure Mg is reviewed. 

 

Keywords: Magnesium alloy, Magnesium matrix Nano composite, Mechanical Properties, Corrosion nature of 

magnesium alloy, uses of Mg in railway and automobile sector. 

 

I. INTRODUCTION 

 

The aim of this paper is to highlights best suitable material for to provide research direction such as influences 

of various alloying element on pure magnesium, for the application of magnesium alloy in railway and 

automobile sector and last but not the least for understanding Magnesium corrosion mechanism. Magnesium is 

the lightweight of all the elements used as the base material for constructional alloys. [1]Currently automobile 

manufactures to exchange light material not only steel, cast iron, copper based alloy but aluminum alloy by 

magnesium composite or magnesium alloy because of its low density. [2]The demand of reducing weight of 

railway car body and automobile car body has been a major problem in manufacturing industry. Currently 

lightweight composite material and alloys are trends in world wide of transportation section. It is requirement 

for pollution and reducing fuel consumption. [3]Due to this industries are now mainly focused on developing 

light weight material where magnesium demand is so high due to their ultimate properties like low density 

only two third that of aluminum alloys. Most of the railway car bodies and automobile car bodies are generally 
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fabricated by aluminum alloys and steel alloy. [4]Weight reduction challenge is the major concern for the 

researcher who works in the field of aluminum alloy and magnesium alloy or their composites. 

Uses of strength and light weight material for the car body of railway and automobile industry can both 

improve the stress bearing capability during impact or sudden load act on the rail car body. Lots of Aluminum 

alloy has been developed in some past years for weight reducing purpose but we required advance material 

which is lighter than aluminum i.e. magnesium alloy and magnesium composite is present demand. The design 

of reducing weigh of train body or car body needs high strength material with light weight in nature. However 

the light weight vehicle body is play an important role for enhancing the speed of vehicle. [2]The selection of 

magnesium as a weigh reducing because of its low density metal (1.8 g/m³) and its alloy or composite show 

valuable impact for application in the development in the new light weight high speed rail or automobile car 

components. [6]The major advantages of magnesium alloy or composite include energy saving, less fuel 

consumption, better heat distribution and good damping properties. With easy of recycling defend more 

research and development of Mg alloy and Mg based composites [7,8]. 

 
Figure.1: Discussion on general element properties of Mg with Aluminum and Fe. 

 

Composite having reduce weight and good potency would have enhanced performance by various testing [9]. 

The light weight material in railway and automated application are an excellent substitute as they can enrich 

the capability of the railway and automobile and also reducing Co₂ emission. [7]The good quality of light 

weight material having capability to minized the fuel consumption issue. Physical properties of Mg, Aluminum 

and Fe and mechanical properties of pure Mg are shown in Table1 and Table 2. 

  

Table 1: Physical properties of Mg, Al, and Fe [10,11] 

 

Property Mg Al Fe 
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Crystal structure 

 

hcp 

 

FCC 

 

Bcc 

ρ, at 20°C (g/cm³) 1.74 2.70 7.86 

α, 20–100°C 25.2 23.6 11.7 

E, (MPa) 44.126 68.947 206.842 

UTS (MPa) 240 (for AZ91D) 320 (for A380) 350 

Melting point (°C) 650 660 1536 

 

Table 2: Mechanical Properties of pure Mg at room temperature [6,12,13] 

Mechanical Property Annealed Sheet Hand Rolled 

  Sheet  

Sand 

Cast 

Extruded 

Compressive Yield Strength 

(MPa) 

69 to 83 105 to 115 21 34 to 55 

Tensile Yield Strength (MPa) 90 to 105 115 to 140 21 69 to 105 

UTS (MPa) 160 to 195 180 to 220 90 165 to 205 

Hardness (HB) 40 to 41 45 to 47 90 35 

 

Weight reducing of railway and automobile car body can be achieved in many ways like selecting light weight 

material, design modification by using optimization methods and decreasing numbers of components by 

exploiting by their multi functionality. [4,14] Currently Mg material have received lot of focused from railway 

and automobile industries because of low density and more potency than aluminum. Mg alloys and Mg 

composites are going to utilized in manufacture of railway train car and automobile car. This is dynamic 

changes of invention in cars body design, material fabrication. 

 

1.1. Problem Statement 

Reducing the components weight of railway and automobile industry has been a important problem, 

minimizing rail body maintenance costs and energy consumption required to drive vehicle, to identify the 

possibility of light weight material for design a new rail parts and automobile component, so in this research 

paper we discussed various alloy and Nano particles on the basis of their mechanical strength and corrosion 

resistance properties for understand the impact of various reinforcement material and Nano particle to help to 

reducing weight and enhance mechanical strength of the vehicle components. 

 

II. MATERIAL AND METHODS 

 

In this section we discussed on types of magnesium alloys and magnesium composite used in the field of railway 

and automobile sector for the purpose of reduction in weight of vehicle. The current scenario in the area of 

railway the magnesium alloy and its composites show their potential for fabricate car body due to good 

mechanical strength [4,15,16]. The continuous innovation of the high speed railway and demand of light 
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weight material with good microstructure property can be applied to enhance the quality of rail. Welding is 

major problem that should be point out in the manufacturing process and repair rail train materials. 

Manufacturing and welding method provide impact in design of light weight. Figure 2, shows mechanical 

strength of well manner formed by applying MIG, TIG and friction stir welding and it’s proof that the 

mechanical strength of magnesium alloy and magnesium composite [17]. Mg alloys have two major drawbacks 

for the application in railway and automobile industry which they having low high temperature strength and 

comparatively poor corrosion protection.  [18] The most important step for enhancing the corrosion obstruction 

to Mg alloy. 

  
Figure 2: Mechanical Strength and welding techniques give impact in design of light weight Mg Alloy. 

 

Mg-Al alloy one of the most important group among Mg based alloy [17]. The potency of the alloy is enhanced 

by addition of reinforcement elements in pure form of Mg. [19]With the addition of reniforment element the 

composition in (wt%) of each element play an important role for improving strength of base material. [20] As 

we know that magnesium is reactive material above 650°C magnesium will start to boil or may be burn during 

casting more it is very tough to handle the situation. There are many form of magnesium alloys has been 

developed in past year for reducing weight of automobile components. The mechanical potency of Magnesium 

alloy is also be governed by on at the time of casting the uniform distribution of elements in bases material and 

the grain size of elements. [13, 15, 21] Some general Mg alloy and their uses are exposed in figure 3. Due to low 

mechanical potency of pure Mg must be alloyed with other elements to enhance their strength. The 

Magnesium-Aluminum-Zinc groups of alloy are general alloying elements uses for room temperature. Thorium, 

Cerium and Zirconium (in absence of Al) are used for dignified temperature form the Mg- Zn-Zr group [22]. Th 

and Ce is added to enhance mechanical potency at the temperature of 270 °C to 354°C. Al is the most emphatic 

elements in enhancing results. A small amount of 3% to 9% of Al with minor addition of Zn and Mn enhanced 

potency and hardness. [23]. 
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Figure 3: Some common magnesium alloy and their application 

 

In order to reduce the disadvantage of flux additions and to reducing the percentage weight of Fe content in the 

melt to much lower level [25][26]. The effect of different melt temperature and the arrangement with Mn/Zr 

addition on the Fe content in the melt of magnesium and its alloy were examined. During 2018-19, heat 

resistance cast magnesium alloy focused on rare earth containing alloy, mainly Gd covering alloys, [27,28]The 

mechanical properties of high temerpature resistant cast alloy designed are shown in figure 3. The UTS of Mg-

Gd-Y-Zr reached 351 MPa at 210°C and 366 MPa at 129°C. On the other hand to increasing the elements of Gd 

results in high cost which limits its railway and automobile industry [29]. 

  
Figure 4: Mechanical Properties of Heat Resistant Cast Alloy 
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Minging Chang group fabricated a Mg-3Gd-2Ca (wt %) with a excellent creep properties. During tested they 

found at 213°C/103MPa for 100h. Diemag633 alloy has excellent strength. Wencai Liu et.al developed Mg- 10 

Gd-3Y-0.5Zr with good potency at high and tom temperature which has outstanding heat obstruction property. 

UTS are 363 MPa, YS 243 MPa and 2.7% elongation respectively. Mg-3.5Sm-2Yb-0.6Zn- 0.5Zr (wt%) alloy was 

developed by Jian Mang group with enhanced mechanical potency and ductility at elevated temperature, where 

yield strength 178±3MPa, a UTS of 274±4MPa and an EL (%) of 16.8±2%. In various cast  magnesium alloy with 

high potency were also discussed in Table 3. 

Table 3: Mechanical properties of high performance cast Mg alloys at room temperature [11,23,30,31]. 

 

Alloy (wt%) UTS (MPa) YS (MPa) EL (%) 

Mg-10Gd-1Zn-0.5Zr 315 201 7.6 

Mg-10Gd-2Y-1Zn-0.5Zr 359 247 12.3 

Mg–12Gd–0.8Zn–0.4Zr 354 - 4.6 

Mg-10Gd-3Y-0.5Zr 335 - 4 

Mg–2Zn–0.2Y–0.5Nd–0.4Zr 219 95 43 

 

The improvement of low cost Magnesium alloy a cost gives impact in the economical point of view with high 

potency is requirement of automobile and railway industry to fabricate component but due to addition of some 

reinforcement alloy the cost will provide impact on manufacturer industry [32]. Some low cost high strength 

cast magnesium alloy was discussed in Table 4.For this reason the vehicle components price rapidly increased 

with increasing the labor charges. [33] With the addition of Y, Zn, Nd, Ce, Al, La and Mn all such elements 

enhanced strength, creep resistance and corrosion resistance also, but most important factor is on how much 

percentage of elements adding with pure Mg. 

Table 4: Mechanical strength of low cost high strength cast Magnesium alloys [34] [13,35]. 

 

Alloy (wt%) UTS (MPa) YS (MPa) EL (%) 

Mg-5Y - - - 

Mg-10Zn-5Al 248 193 6.8 

Mg−3.5Al−4.2La−0.3Mn - - - 

Mg–1Nd–1Ce-0.5Zn-Zr 231 143 13.5 

 

2.1. Environmental Corrosion of Mg alloy. 

A various investigation has been done on corrosion magnesium alloy for enhancing corrosion protection from 

the environment. [36] One disadvantage of pure form of magnesium is poor corrosion resistance due to this 

reason a lot of Mg corrosion resistance alloy has been investigated by researchers to find out which alloying 

elements give high efficient performance to protect material by Mg alloy. [37] Corrosion formation in pure 
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magnesium was optimized by microstructure with surface roughness occur through Image J software the detail 

description of microstructure were discussed in result section. 

  
Figure 5: Typical corrosion phase for high purity Mg. 

 

The generall form of corrosion in rail is atmospheric corrosion. The holding time of moisture on the surface and 

the rate of recurrence of wetting and drying determine the serverity of atmospheric corrosion.[38] The good 

feature of atmopsheric corrosion is that the resulting corrosion is generally unifrom in nature. However 

economic loss due to corrosion problem is still a major problem world wide. A huge quantity of rail was 

replacement by new rail due to corrosion problem. Many alloying elements are present in earth which have 

capability to solve magnesium corrosion problem but toxicity is a major issue of each elemnts which is 

discussed the range of toxicity of elements in magnesium by figure 6. 

 
Figure 6: Toxicity of elements for Mg. 

 

The cast Mg has poor mechanical strength and exorbitant degression rate. The material properties hence, can be 

improved by mixing correct combination of reniforcement elements and processing technique. [39] Mechanical 

property of magneisum alloy will also have improved by anneling, rolling and other heat treatment methods 

with different temperature region. During mixing of alloying elements most imprortant factor to be 

   B    A  
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condsidered that each elemets having own temperature region where appropriate combination come out with 

good mechanical strength. The popular elements and theire influence of Mg alloy are discussed in figure 7. 

  
Figure 7: Some Reinforcement elements and their influences on Mg 

 

2.2. Medium Strength Wrought Magnesium Alloy 

The deformation mechanism of magnesium alloy depends on a combination of grain size and crystallographic 

structure. For this reason, to enhance ductility of magnesium alloy, it is not only needs to create a structure 

containing a mixture of large grain and fine grains but also require weakening the texture of the alloy. [40] 

Enhancing the ductility at room temperature has been a vital demand for ultrafined grain magnesium alloy. 

Railway and automobile car body work under the heavy stress due to this material structure should be more 

powerful to avoid undesirable stresses. A part of enhance material structure internally with combination of 

correct reinforcement elements with pure magnesium, so some medium strength wrought magnesium alloys 

are discussed in Table 5. [41]To enhance the strength of Mg alloy some methods should be required i.e. rolling, 

extraction, annealing etc. 

  

Table 5: The mechanical properties of medium strength wrought Mg alloys. 

 

Alloy (wt%) Process UTS 

(MPa) 

TYS (MPa) EL (%) Ref. 

Mg-2Ca Hot extrusion 389 375 2.8.0 [43] 
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Mg-7Zn- 0.7Zr-0.7Cu-0.7Ce Hot extrusion 341 313 22 [44] 

Mg-6Al-2.9Sn-1.0Ca Hot extrusion+ 

aging 

304 234 8.5 [45] 

Mg-2.5Zn-3Sm-1Zr Hot extrusion 289 229 24.1 [46] 

Mg–1.6Zn– 0.30Zr–0.19Nd Hot rolling 236 171 26.0 [47] 

Mg–3.5Sn–6Zn–0.8Sc Hot extrusion 279 168 21.5 [16] 

Mg-0.6Sn-0.5Y-0.8Zn Hot extrusion 257 183 30.1 [8] 

Mg-6Sn-3Al-2Zn Hot extrusion 346 230 18.1 [48] 

Mg-1.0Sn-0.5Zn-0.5Ca Hot extrusion 334 109 36.5 [49] 

Mg-1.0Sn-0.5Zn-2.0Ca Hot extrusion 300 184 15.9 [50] 

Mg-8Sn-2Zn-0.5Cu Hot extrusion 390 367 7.8 [9] 

Mg-1.1Al- 0.33Ca-0.44Mn Hot rolling 289 276 13.2 [51] 

 

2.3. High Strength wrought magnesium alloy. 

The growth of high potency wrought Magnesium alloys with 0.3% proof strength above 310 MPa by grain 

modification and toughness has acknowledged advanced attention because of high demand to decrease the 

weight of railway and automobile parts [53]. Currently the yield strength of rare earth alloy sequence has 

extended 520 MPa and the rare earth alloy sequence has reached 464 MPa. 

Table 6: The mechanical properties of typical medium strength wrought Mg alloys at room temperature in 

2018–2019. 

Alloy (wt%) UTS (MPa) TYS (MPa) EL (%) Ref. 

Mg-8.1Gd-4Y-1Zn 369 300 10.0 [54] 

Mg-12Dy-11Ni 328 272 14.7 [20] 

Mg-8Gd-3Yb-1.2Zn-0.5Zr 429 410 6.5 [4] 

Mg-9.2Gd-3.3Y-1.2Zn-0.9Mn 411 340 7.8 [55] 

Mg-8.3Gd-4.2Y-1.4Zn-1.1Mn 392 278 17.4 [11] 

Mg-15Gd-1Zn-0.4Zr 520 452 6.0 [56] 

Mg-8Gd-1Er-0.5Zr 448 420 5.2 [58] 

Mg-7.2Gd-3.9Y-1.5Zn-0.6Zr 438 389 18 [5] 

Mg-6Er-3Y-1.5Zn-0.4Mn 334 282 13.7 [10] 

Mg-3.6Zn-0.6Y-0.2Ca 351 312 7.4 [60] 

Mg-5Al-3.5Ca-1Mn 365 320 14 [61] 

Mg-2Sn-2Ca 462 446 1.8 [18] 

Mg-5Zn-3.5Sn-1Mn-0.5Ca-0.5Cu 409 390 9 [64] 
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III. RESULT 

 

3.1. Microstructure Analysis 

In the assessment of Magnesium corrosion behavior of magnesium alloy is very limited compared with that of 

other conventional engineering metals. The contents of hydrogen melt in the Magnesium during corrosion. A 

corrosion level minor than that of major purity Magnesium is only possible for such a Mg alloy having two 

phases. If the quantity of second phase is continuous an alloying having a second phase can have a steady state 

corrosion rate which is below than that of high purity magnesium. Such corrosion is illustrated in Figure 8 and 

Figure 9. 

 
Figure 8: Typical corrosion phase for high purity Mg. 

 

Figure 9. (A) A cross section of Mg alloy containing a continuous second phase (beta) [5]. (B) illustrate the 

steady state. 
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In generally, the potency of the magnesium alloy is highly affected by the normal grain size from the Hall Pitch 

relationship. Figure (10, 11, 12) shows a comparison of the reported value of the extruded commercial 

magnesium alloys. 

 

Figure 10: Tensile Proof Stress in [MPa] of Magnesium Alloy 

 
Figure 11: Ultimate Tensile Strength [MPa] of Magnesium Alloy 
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Figure 12: Compressive Proof Stress in [MPa] of Magnesium Alloy 

 

3.2. Magnesium Composite Trends 

With the addition of Titanium Oxide (TiO₂) nanoparticles the effect shown to enhance ductility and hardness 

of pure magnesium. Graphene (GNP) nanoparticles is used for stress enhancement and good corrosion 

protection with the percentage of 1% (wt), 3 % (wt) and 4% (wt), but above 5% (wt) its increase carbon 

particles in alloy due to this corrosion properties will be decreasing as increasing GNP particles. In pure form of 

Mg addition of Manganese Oxide Nano particles it enhancing salt water corrosion protection of alloy, 

magnesium have tendency to oxidized fast and its high reactive elements, it is required to maintain the 

temperature of furnace otherwise it will burn with nanoparticles. Tin Oxide Nano particles (SnO₂) enhenaced 

ductility of magnesium and aluminum with increasing compressive strength or corrosion resistance properties. 

Yttrium Oxide Nano particles give their effect to enhancing creep strength and high temperature resistance, 

magnesium having low melting point 650°C for fabricate automobile components such as engine block, piston 

assembly, cooling pipes etc, magnesium alloy or composite should be higer temperature resistance otherwise 

melting of alloy will be start after reach 650°C. The utilization of Calcium Oxide (CaO) nanoparticles for 

enhancing corrosion, creep with addition of pure Mg. 

  

Table 7: The mechanical properties of Magnesium matrix composite reinforcement by nanoparticles. 

 

Alloy (wt%) UTS (MPa) 0.2% YS (MPa) EL (%) Ref. 

1vol% nano-SiCp/AZ91 220 83 7.1 [3] 

12 vol% SiCp/Mg-4 Zn - 710 - [44] 

0.7 wt%TiC p /Mg-3Zn-0.7Ca 380 345 10.2 [45] 
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11 μm M-SiCp/Mg-5Zn-0.7Ca 327 245 6.7 [46] 

S-0.4 + M −9 μm SiCp/AZ91 356 320 1.80 [47] 

10 μm M-SiCp/AZ91 342 286 1.19 [16] 

30–50 nm TiCp/Mg 189 123 19 [8] 

50 nm TiCp/ ZK60A 311 182 10.6 [48] 

 

 
Figure 5: A 

   
Figure 5: B  
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Figure 8: A   

 
Figure 8: B 

Plot 1: Analysis of Profile plot of figure 5 and 8 
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Figure 5: A       Figure 5: B 

 
Figure 8: A       Figure 8: B 

Plot 2: Analysis of Surface roughness plot of figure 5 and 8 

 
Plot 3: Thermal Simulate Profile of Surface Roughness of figure 5 (A) 
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Plot 4: Thermal Simulate Profile of Surface Roughness of figure 5 (B) 

  
Plot 5: Thermal Simulate Profile of Surface Roughness of figure 8 (A) 

 
Plot 6: Thermal Simulate Profile of Surface Roughness of figure 8 (B) 
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IV. DISCUSSION 

 

By nature magnesium is a reactive metal and so corrosion obstruction is a problem of the poor corrosion 

obstruction of magnesium alloy is essential with Magnesium having low electrochemical efficient of any metals 

used in railway and automobile structure. The lower creep of Mg alloy limits the applications of magnesium 

alloy to be used for critical parts the major problem that require high focused to enhance creep resistance of Mg 

alloy. In figure number 5 (a &b) all these profile plot, surface plot and thermal simulate curve shows that major 

irregulaties are shown. The curve wavelength is too large and thermal simulate properties red color indicated 

that maximum corrosion resistance occur in that region where surface roughness as high as increasing corrosion 

on magnesium alloy, where as in figure 8 ( a & b) cover less amount of corrosion on surface with less roughness. 

So there are many magnesium alloy has been developed by researchers all having their unique properties to 

make alloy attractive as compare to pure magnesium. To enhance strength of magnesium various alloying 

elements and nanoparticle play an important role to increasing mechanical properties and good corrosion 

protection. 

 

V. CONCLUSION 

 

Due to the demand of light weight material a Mg is best choice as compared to Aluminum. It has a lower 

density with high potency. This alloy property has focused on enhancing in the utilization of Mg and its alloy 

in application to railway and automobile sector. Meanwhile Mg is highly reactive metal. Thus it is important to 

identify the corrosion nature of Mg and its alloy in its applications. Likewise magnesium also owns drawback 

and its tremendously low protection to corrosion being the most important to them. Some of the important 

alloys and composite are Mg-Ca, Mg-Al, Mg-Zn, Mg-RE, Mg-Li , Mg/TiO₂ ,Mg/CaO, Mg/SnO₂, Mg/GNP etc. 

Some research papers related to different types of magnesium alloys and composite and their behaviour 

characteristics has been collected and mentioned in detail. The results of the study concluded that suitable price 

and enhanced the properties of magnesium alloy and composite will lead to vast use of magnesium. 
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ABSTRACT 

 

Composites materials those special in modern materials era due to   its   nature of taylor made properties.Their 

most attractiveness lies in high Strength- to weight ratio and high stiffness-to- weight ratio. Recent 

development of the polymer composites with synthetic fibres and natural fillers as a sustainable alternative 

material for some engineering applications, particularly in aerospace applications and automobile application. 

In this way artificial fibre composites such as glass, carbon, and kelver polymer composites appear more 

attractive. In this paper extensively use glass fibre as the major reinforcement long with silicon particles and 

epoxy resin as the base material to prepared hybrid composite material by hand layup process. ASTM standard 

test samples were prepared with different weight fractions of glass fibre and silicon. Tensile and flexural test 

were conducted to enhance mechanical properties of the hybrid composite materials, results were compared 

and tabulated. 

Keywords: Hybrid composite, Glass fiber, Epoxy, Flexural strength 

 

I. INTRODUCTION 

 

Composite materials are nowadays employed in many engineering structures, such as helicopter and wind 

turbine rotor blades, boat hulls, and buildings, implying the application of variable loadings for long time 

spans[1]. This raises the question of their fatigue behaviour, whose importance is increasingly appreciated also 

in the fixed-wing aircraft industry, where fatigue life has not been a major issue in the past, due to the low 

working strains used in practical components. Significant efforts have been devoted toward the use of 

lightweight structures to increase energy efficiencies in various industrial and commercial sectors[2]. Fiber-

reinforced composites have found numerous applications in aerospace industry for their high specific strength 

and specific stiffness[3]. However, the cost of traditional composite materials is also considerable. Random 

chopped fiber-reinforced composites (RFCs) have emerged as promising alternative materials for lightweight 

structures due to their low cost and mass production capabilities[4]. Their potential application in, for example, 
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automotive industry has been documented. In order to expand their use, accurate material characterization is 

required[5]. The main difficulty in fully exploring the capabilities of the RFCs lies in the apparent impediment 

to effectively model their geometry at the micro-level for high fiber volume ratios (35-40%). This difficulty 

becomes even more obvious at high aspect ratio fibers[6]. 

Glass-fiber-reinforced composites (or glass-fiber reinforced plastics, GFRP) have seen limited use in the 

building and construction industry for decades. Because of the need to repair and retrofit rapidly deteriorating 

infrastructure in recent years, the potential for using fiber-reinforced composites for a wider range of 

applications is now being realized[7]. 

A study on numerical generation of a random chopped fiber composite RVE and its elastic properties has been 

done by research study on theory of fabrication-induced anisotropy of chopped-fibre/resin panels martin has 

been done by Martin[8]. A study on chopped glass and recycled newspaper as reinforcement fibers in injection 

molded poly (lactic acid) (PLA) composites has been done[9]. Although a great deal of work has been reported 

in the literature which discuss the mechanical behavior of fiber reinforced polymer composites, however, very 

limited work has been done on effect of fiber loading on mechanical behaviour of chopped glass fiber 

reinforced epoxy composites[10]. 

Against this background, the present research work has been undertaken, with an objective to explore the 

potential of chopped glass fiber as a reinforcing material in polymer composites and to investigate its effect on 

the mechanical behaviour of the resulting composites[11],[12]. The present work thus aims to develop this new 

class of polymer composites with different fiber loading and to analyse their mechanical behaviour by 

experimentation. 

Tensile and flexural characteristics of the epoxy based metal matrix hybrid composites plates fabricated with 

hand layup was the main focus of the present research work. 

 

1.1. Objectives: 

An experimental study of mechanical characterization of glass fiber and silicon Reinforced epoxy composite is 

our main objective of this research. The study included following tasks. 

• Fabrication of glass fiber, silicon  / epoxy composite using hand layup technique. 

• Mechanical characterization such as tensile strength, flexural strength, impact strength, different weight 

percentage of fiber loadings. 

• Compatibility of unmodified of glass fiber and silicon fiber with epoxy matrix material. 
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II. MATERIALS USED 

 

 
Fig.1 Microspheres, Chopped or Woven. Fig. 2 Silicon powder Fiberglass is a strong lightweight material 

and is used for many products. Although it is not as strong and stiff as composites based on carbon fiber, it is 

less brittle, and its raw materials are much cheaper. Its bulk strength and weight are also better than many 

metals, and it can be more readily molded into complex shapes[13]. Applications of fiberglass include aircraft, 

boats, automobiles, bath tubs and enclosures, swimming pools, hot tubs, septic tanks, water tanks, roofing, pipes, 

cladding, casts, surfboards, and external door skins. 

 

2.1. Properties of Epoxy resin 

Epoxy resins are low molecular weight pre-polymers or higher molecular weight polymers which normally 

contain at least two epoxide groups. The epoxide group is also sometimes referred to as a glycidyl or oxirane 

group. a wide range of epoxy resins are produced industrially[14], [15]. 

The raw materials for epoxy resin production are today largely petroleum derived, although some plant derived 

sources are now becoming commercially available Epoxy resins are polymeric or semi-polymeric materials, and 

as such rarely exist as pure substances, since variable chain length results from the polymerization reaction used 

to produce them[16]. 

High purity grades can be produced for certain applications, e.g. using a distillation purification process[17]. 

One downside of high purity liquid grades is their tendency to form crystalline solids due to their highly 

regular structure, which require melting to enable processing[18]. 

 

III. EXPERIMENTATION AND PROCESS 

 

3.1. Processing Technique: Hand Layup 
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Fig.3 Mould      Fig.4 Weighing machine 

Fig.5 Materials used     Fig.6 Mixing of resin and silicon 

 
Fig.7 Molding process     Fig.8 Curing process 

 

3.2. Fabrication Procedure 

3.2.1. Pre-Preparations 

• Safety Hand Glows (latex hand glows). 

• Brushes -Small and Medium sized. 

• Steel plates-Small sized to overlay mixer. 
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• 0Steel sticks- for stirring of resin and reinforcements mixed in a mug. 

• Hand rollers- to apply pressure. 

• Mylar sheets. 

• Chemicals-Hardeners. 

• Weighing machine. 

 

3.2.2. Processing Procedure of Glass Fiber / Epoxy 

• Cut the Mylar sheet according to Mold size and place it on the Mold. 

• According to calculation pour the resin into the mug. 

• According to the percentage of volume required the calculated amount of rice husk is mixed into the 

weighted resin. 

• Stir well for about two minute in clockwise and alternatively anticlockwise to mix the content thoroughly. 

• Then add hardeners i.e. 1.10 ratio depending of volume fraction 

• Once it is mixed thoroughly now it is ready to lay on the mold. 

• Before layup clean the Mylar sheet with little amount of resin. 

• Pour the mixer continuously over the mold apply little pressure using plates to fill the mixer all along the 

mold. 

• Wait for a minute and apply pressure using hand rollers to remove air bubbles and to maintain uniqueness 

in the laminate. 

• Once the layup is over put Mylar sheet on it to avoid sticking of specimen onto the male portion of the 

mold. 

• And put heavy weight on the specimen and leave it for curing. 

• Approximately after 24 hour at room temperature the laminate is ready for cutting operation. 

• The specimen is cut to the desired size and taken for testing. 

 

3.3. Sample Preparation 

Composite laminate of 300 mm X 200 mm X 5 mm were fabricated according to ASTM standards for 

mechanical tests. 

 

IV. TESTING AND DISCUSSION 

 

4.1. Tensile and Flexural Specimen 

  
Fig.9 Tensile test specimen 100% epoxy resin Tensile specimen 250mmX25mmX5mm 
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Fig.10 Flexural test specimen 100% epoxy resin Flexural specimen 200mmX15mmX5mm 

 

4.2. Ultimate Tensile Strength (UTS) 

Ultimate tensile strength, often referred to tensile strength is the maximum stress that a material can withstand 

while being stretched or pulled before fracture. The tensile test for the specimens was conducted according to 

ASTM D3039. The specimens of size 250 mm x 25 mm x 10 mm were tested with a span length of 100 mm in 

tensile mode at a cross head speed of 1 mm / min. The fixtures used for the tensile testing is shown in Figure 5.1. 

  
Fig.11 Specimens loaded in tension 

Table 1. Ultimate tensile strength of glass fiber/ silicon  / Epoxy resin composite 

 
Graph 1. UTS of glass fiber / silicon different percentage loadings 
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4.3. Flexural Strength 

The use of flexural tests to determine the mechanical properties of polymeric composites is widely prevalent 

because of the relative simplicity of the test method, instrumentation and testing equipment required. The 

flexural strengths of the specimens were determined for specimens using the three-point bending test as per 

ASTM-D790. The specimens of dimensions 200 mm x 15 mm x 5 mm tested with a span length 50 mm. Figure 

5.6 shows the flexural test setup used in the experiment. 

Table 2. ultimate flexural strength of glass fiber / silicon / Epoxy. 

 

Samples Glass fiber(%) Silicon (%) Ultimate flexural Strength (MPa) Avg flexural Mpa 

A 15 0 75 76.4 76.4 75.93 

B 15 1 82 83 84 83.00 

C 15 3 85.6 86.4 85.2 85.73 

D 15 5 87.8 88.6 88.7 88.37 

E 15 7 82.88 83.48 83.8 83.39 

 

 
Graph 2. Ultimate flexural Strength of glass fiber / silicon composite at different percentage loading. 

 

V. CONCLUSSION 

 

Mechanical Properties of Glass Fiber and Silicon / Epoxy Resin 

Table 3. Results of UTS of composite material 

SAMPLES ULTIMATE TENSILE STRENGTH RESULTS 

Glass fiber, % Silicon Av g.UTS, MPa 

A 0 0 30.69  

B 15 1 33.49 Tensile strength increases by8.36% 

C 15 3 36.03 Tensile strength increases by 7.04% 

D 15 5 38.03 Tensile strength increases by5.25 % 

E 15 7 32.03 Tensile strength decreases by18.34% 
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Table 4. Results of flexural strength of composite material 

SAMPLES ULTIMATE TENSILE STRENGTH RESULTS 

Glass fiber, % Silicon Av g.UTS, MPa 

A 0 0 75.93  

B 15 1 83.00 Flexural strength increased by8.51% 

C 15 3 85.73 Flexural strength increased by3.18% 

D 15 5 88.37 Flexural strength increased by2.98% 

E 15 7 83.39 Flexural strength decreases by5.97% 

 

The conclusion of the study of glass fiber & silicon reinforced epoxy resin composite is that there is significant 

increase in the tensile and flexural strength of the composite. 

Table 5. Results of Mechanical tests 

Samples Tensile strength in MPa Flexural strength in MPa 

A 30.69 75.93 

B 33.49 83.00 

C 36.03 85.73 

D 38.03 88.37 

E 32.03 83.39 

 

1. Tensile strength increased by19.30% gradually with more percentage of loading of Silicon composite and 

hybrid composite 

2. The flexural Strength increased by14.22 gradually with the more percentage silicon composite hybrid 

composite 

3. To have better mechanical properties at higher silicon content, the bonding between glass fiber/ silicon 

and epoxy resin must improved 

4. To increase the mechanical properties of the composite there must be homogenous mixture of the silicon 

and matrix to have the property of the composite. 

5. Hybridization has been successfully found to be better option to have better mechanical property which 

alone a glass fiber fails. 

  

VI. SCOPE OF FUTURE WORK 

 

From the conclusion of the study it clearly states that improvement/implementing following will yield 

composite of enhanced strength. 

• Glass fiber reinforcement resulted in a increase in tensile strength for different loading proportion that can 

be compared with the treated /modified silicon to know which one gives improved strength value. 

• Glass fiber shown poor interfacial bonding with epoxy resin which can be made better for bonding 

strength by treating the silicon with the (10% NAOH) solution for optimal result. 
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• Micro cracks and voids are present in the matrix material which is due to inhomogeneous mixing of silicon 

with epoxy resin is avoided by mixing thoroughly in mechanical means. 

• The composite is to also be tested for hardness to conclude the right application of material developed 
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ABSTRACT 

 

Tribology is the science of two rubbing bodies. Machin elements during their operations transfer either force or 

motion from one location to other locations. Transfer of load and displacement causes friction between one 

among them results with progressive failure ending with breakdown of the machineries. Wear is the process of 

material removal due to micro fracture, chemically dissolutions or melting at contact surfaces. Understanding 

wear mechanisms and describing wear phenomena is difficult due to complex changes during friction. The 

displacements involved in contacting surfaces loading wear are; elastic deformation & inelastic deformation. 

Plastic deformation and fracture are the sub-groups of inelastic deformation. It is required to understand these 

deformations by conducting the experiments in the lab which simulates the wear conditions in the field. 

Keeping this in our mind the comprehensive study has been discussed with the review on the failure of steel 

category materials subjected to two body and three body wear abrasion. Influence parameters mechanisms of 

wear to cause the failure was discussed. 

 

I. INTRODUCTION 

 

The dependency of specific wear rates in case of metallic materials in different lubricating conditions are 

summarized in figure number 1.1. 

 
Fig: 1.1 Distribution of specific wear rate of metallic materials in sliding contact under different 

lubrication conditions. (Courtesy: Koji-Kato & Koshi Adachi (2000) Modren Tribology Hand book, CRC Press, 

Vol-1, 273-300) 
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The specific wear rates were found vary over a wide range of 10-15 to 10-1 mm3/ N-m. Attempts are also made 

in relating specific wear rate with prevailing friction conditions. Figure 1.2 shows the dependency of specific 

wear rates with friction coefficients. The specific wear rate was found to change over a range from 10-1 to 10-2 

mm3/ N-m for a similar material pair depending on materials and friction conditions. 

 

Fig: 1.2 Distribution of specific wear rates and friction coefficients of ceramics in unlubricated sliding against 

themselves. ((Courtesy: Koji-Kato & Koshi Adachi (2000) Modren Tribology Hand book, CRC Press, Vol-1, 273-

300) 

It was found from different scientists all over the world who conducted experiments simulating field conditions 

that the wear rate was drastically changed in the range of 10-15 to 10-1 mm3/ N-m. These wear rates were 

found to depend on operating conditions and material pairs involved [1-7]. The design engineer should be able 

to know in advance the operating conditions and materials for a given machine element pairs. The wear 

phenomenon and its stages were defined by the various parameters like wear modes and wear rates [8 & 9]. It 

was believed that wear map is most convenient and suitable for selection of material under a wide range of 

operating conditions.Designing a tribo-system and selecting material pairs based on wear maps further requires 

the understanding of wear rates, different wear modes and mechanisms involved. The experimental results 

show that wear a consequence of displacement is not a metal property but a system dependent. Wear drastically 

changes with a relatively small change in tribo system which has parameters like dynamic conditions, 

environmental conditions and materials state [10 & 11]. In the present study it was found that wear volume, 

wear surface roughness and wear particle shape gave important information on wear mechanisms. In general, 

three types of dependency of wear with time were found. In first type wear was found to be constant with 

change in time. In the second type, a transitions of wear rate from a very large initial rate followed by steady 

state with time, was found. This type of wear behavior was found in case of metals [10]. In the third type, a 

catastrophic transition from initial lower wear rate to a very high wear failure, was found. This type of wear 

was observed in ceramics [11]. A crack initiation which depends on surface finish, material properties and 

frictional conditions precedes the catastrophic failure. There are many types of wear; adhesive, abrasive, fatigue 
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and corrosive. In any situations all the above- mentioned types of wears individually or in combination could 

occur due to change in material surface properties and dynamic surface responses due to frictional heating, 

chemical film formation [12]. 

 

II. TRIBOLOGICAL BEHAVIOR OF STEELS 

 

Stanisla Verichev et al [13] tried to understand the impact of hydrostatic pressure on wear behavior of 

structural materials. Tests were conducted in a custom-made pressure vessel where very high level of 

hydrostatic pressure could be realized. Hydrostatic pressures of the order of 250 atm were realized. The target 

materials used are steel and tungsten carbide.  From the study they found that the weight loss of steel increases 

to 1.6 times and twice increases to tungsten carbide alloy shown in the figure 2.1 & 2.2. The target materials 

used were steel and tungsten carbide. The worn surface was studied in SEM. The results showed increased wear 

rate with increase in hydrostatic pressure. The SEM study revealed the peeling of layers and chipping of hot 

particles. A reasonable co-relation was obtained for wear data with a deformation factor that incorporated the 

friction of the abrasive on plastic and a term related to energy observed for plastic deformation. Improved 

abrasion resistance was observed for materials which were easily deformed plastically. The study reveals that 

hydrostatic pressure also influences the actual wear rates in structural components. 

 

 
Figure: 2.1. weight loss of steel & tungsten carbide samples subjected to hydrostatic pressure. (Courtesy: 

Stanislav N. Verichev et al, (2015), Experimental study of abrasive wear of structural materials under high 

hydrostatic pressure, Occean Engg, Wear, 99, 9-13.) 

 

Juri Pirso et al [13] tried to understand the wear characteristics of TiC-NiMo cermet’s. The author conducted 

test using a block on ring test according to ASTM B611-85 procedure. Silica sand was used as an abrasive. The 

abrasive was fed in to the test rig as slurry in the ratio 1:1.5 along with water. The abrasive grit size varied from 

0.1 to 0.3 mm. The normal loads of 40 N and 200N were used. The linear speed was 2.2 m/s. Series of target 

specimen with different percentage of nickel molybdenum binder were tested. The results showed that  a wear 

resistance depends on the type of composite and its binder with respect to the varying loads and the 

mechanisms of the wear found was similar shown in fig 2.2. The decrease in wear rate was found increase in 

titanium carbide and molybdenum. Wear track was studied in SEM. Material removal process such as extrusion, 

removal of binder, fracture of carbide grain and carbide networks were found. 
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Figure 2.2. Volume loss of cermet’s vs sliding distance P= 40 N (a) & P = 20 N (b) (Courtesy: Juri Pirso et al, 

(2015), Three body abrasive wear of cermet steel, Wear, 271, 2868-2878) 

Penagos et al [14] investigate the refinement of structure in case of high chromium cast iron on wear loss. 

Castings were done employing different cooling rates for obtaining refinement of structure. Pin on garnet paper 

tester was used for two body abrasion and tests were conducted according ASTM G132 standards. Three body 

abrasive wear tests were conducted using dry sand rubber wheel abrasion tester and test were conducted 

according ASTM G65. The wear coefficient was observed to be depending on grain refinement instead of bulk 

material hardness shown in fig 2.3. M7C3 carbide was found to show cracking and fracture in case of fine grain 

structure whereas sub critical cracking of M7C3 is observed in case of coarse grain castings. 

 
Figure 2.3. Wear coefficient vs mean free path for two body & three body abrasion tests. (Courtesy: J. J Penagos 

et al, (2015), Structure refinement effect on two and three body abrasion resistance of high chromium cast irons, 

Wear, 340-341, 19-24) 

Kritika singh et al [15] attempted to understand the effect of heat treatment on micro structure and wear 

behavior of D2 steel. Tests were conducted using pin on plate abrasive wear test rig. The test samples were 

hardened and multiple tempered. The abrasive material was silicon carbide. The test parameters were 

systematically and simultaneously varied. The worn-out surface, subsurface and debris were examined in SEM, 

EDS and XRD. Random variation of abrasive particle size and load increased the volume loss along with 

temperature shown in fig 2.4. The wear results were analyzed with respect to micro-structure and operating 

wear mechanism which were influenced by wear parameters. 
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Figure 2.4. Variation of abrasive wear volume loss (cm3) as a function of hardness at a load of 10 N and 40 N. 

(Courtesy: Kritika Singh et al, (2015), Microstructure evolution and abrasive wear behavior of D2 steel, Wear, 

328-329, 206-216) 

 

Das Bakshi et al [16] attempted to understand the influence of micro-structure on wear behavior of graded steel. 

The tests were conducted using standard rubber wheel abrader test. The test samples were of three 

metallurgical structures and different hardness for the same steel. It was found that the abrasive particles were 

slide and cause pitting. Fragmentation of the surface in untampered martensite was found. Plastic deformation 

was found in active bainite. Depth and width of grooves was plotted and shown in the fig 2.4. The test results 

did not show any major deviations in wear co-efficient and wear loss for three different micro structured steels 

studied. The study in scanning electron microscopy of wear track identified different wear mechanism. 

 
Figure 2.5. Groove characteristics for the three kinds of abraded samples. (Courtesy: S Das Bakshi et al, (2013), 

Three-body abrasive wear of fine pearlite, nanostructured bainite and martensite, Wear, 308, 46-53) 

Nikola Ojala et al [17] attempted to understand the effect of compositions and micro- structure on the abrasive 

performance of quenched wear resistance steels. Experiments were conducted using crushing pin on wear 

testing rig. Experiments were conducted using 15 varieties of commercially available quenched wear resistance 

steel materials. The abrader was granite gravels and tests were conducted under high state of stresses. Wear loss 

of the order of 50 percent of variations was observed. The observed variations in wear loss were attributed to 
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prevailing micro-structure in different grade steels. The steels show different wear rates due to manufacturing 

conditions. 400 HB grades steels show better wear life compared with commercially available steels. 

 

 
Figure: 2.6. Average mass loss for steel for 5 grades of steel. (Courtesy: Niko Ojala et al, (2014), Effects of 

composition and microstructure on the abrasive wear performance of quenched wear resistant steels, Wear, 317, 

225-232) 

 

Woldman et al [18] studied the influence of size of the abrader on single asperity wear. Tests were conducted 

using pin on flat machine which facilitated scratching along a straight line and under active load control. The 

abrasive body was a single crystal Sio2 tip and the substrate was Din St-52 steel. The radius of the tip varied to 

understand the effect of size of the abrader and normal load changed to understand its influence. They found 

that the amount of wear and mechanisms involved in the wear varied with a given load shown in the fig.2.6. 

Microscopic studies were carried out on scratches to study the wear mechanism. The results showed that an 

increase in wear rate for increased load. The wear rate was found to be dependent on size of the abrader. 

Contrary to normal observation, the author observed increased wear rate for smaller sized abrader. Within the 

experimental range of abrader size and load, the author identified a regime of limited plastic deformation. 

 
Figure: 2.7. Wear loss vs normal load and wear loss vs DOP for the different tip radius. (Courtesy: Niko Ojala et 

al, (2014), Effects of composition and microstructure on the abrasive wear performance of quenched wear 

resistant steels, Wear, 317, 225-232) 
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Vytenis jankauskas et al [19] made an attempt to characterize wear behaviour of manually arc welded hard 

facings with low carbon and stainless-steel matrix. Experiments were conducted using dry sand wheel abrader 

according ASTM G65 specifications. The authors, in the experiments, tried to address the effect of binder 

material, tungsten carbide grain size and contents of tungsten carbide in an electrode used for hard facings of 

agricultural implements. The resistance of wear and hardness was increased by addition of WC. The hard 

facings by WC grain size of 135 micrometre. A lower wear rate of factor of 9 was found. The experimental 

results also showed an improvement in wear resistance when tungsten carbide content was an order of 42 to 

48%. Attempt was also made to find the wear mechanism in the hard facings. 

Hernandez et al [20] made an attempt to understand role of temperature on abrasive of boron steel and hot 

forming tool steels. Experiments have been conducted using a high temperature continuous abrasion machine. 

Tests were conducted over a temperature 20º to 800ºc with a constant normal load of 45N and sliding speed of 

1m/s. The wear results were co-related with hardness obtained by hot hardness tester. The worn surface studied 

in scanning electron microscope. The target materials used were boron steel and two different pre-hardened 

tools steels. The hot hardness test results indicated a gradual decrease in hardness up to 600ºC and above 600ºC 

hardness dropped at a much faster rate. The rate of wear was found to remain constant and improved up to 

400ºC. The improvement in wear performance was attributed to increased toughness and wear protective tribo-

layers. The wear rate was found to increase with increase in temperature above 400ºC. This trend was 

attributed to decrease in hardness and re-crystallization. 

 

III. CONCLUSIONS 

 

From the study carried out from various researchers it was concluded that, the quantum of the abrasive wear is 

grater in extent may takes place than the excepted. Abrasive wear was influenced by hard particles on the 

surface of the material. Abrasive wear does not only depend on the hardness of the particles also on size of the 

abrasive and nature of contact. Microscopic study of abraded area reveals various mechanisms of wear like 

cutting mode, wedge mode, ploughing mode and so on. Various mechanisms were found by the observers from 

the influence of abrasive wear. Influence of wear was also depending on the type of materials subjected to 

abrasion also on temperature that influence the area of abrasion 

 

IV. REFERENCES 

 

[1]. Archard,J.F, J. Appl. Phys., 1953, 24, 981-988. 

[2]. Bhansali,K.J, wear control hand book, Peterson M.B and Winer, W.O, (Eds), 1980, ASME, 373-383 

[3]. Johnson, K.L.,Wear, 1994, 190, 162-170. 

[4]. Hokkarigawa,K., Bulletin of the ceramic society of japan, 1997 1, 19-24. 

[5]. Holm, R., Electric contact, Almquist and Wiksells, Stockhelm, 1946, section 40. 

[6]. Lancaster, J.K., Trans. Inst. Metal Finish. 1978, 56, 4, 145. 

[7]. Rabincowicz, E., Wear control hand book, Peterson M.B and Winer, W.O, (Eds), ASME, 1980, 475. 

[8]. Lim, S.C. and Ashby, M.F., Acta Metallurgica, 1987, 35, 1, 1-24. 



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published :  March 15, 2022    Page No : 508-515 

 

 

 

 
515 

[9]. Hokkarigawa, K and Kato, K., Tribology Int., 1988, 21, 1, 51-57. 

[10]. Chiou, Y.C., Kato, K., and Kayaba, T. ASME, J. Tribology, (1985), 107, 491-495. 

[11]. Cho, S.J., Hockey, B.J., and Lawn, B.R. (), J. am .Ceram, Soc., 1989, 72, 7, 1949- 1952. 

[12]. Stanisla.N. Verichev, Vasily V. Mishakin, DmitryA. Nuzhdin, Evgeny N. Razov, Ocean Engineering, 99 

(2015) 9-13. 

[13]. Juri Pirso, Mart Vijius, Sergei Letunovits, kristjan, Renee Joost Wear 271 ( 2011) 2868-2878. 

[14]. J.J. Penagaos, F.Ono, E. Albertin, A. Sinatora, Wear, 340-341(2015) 19-24. 

[15]. Kritika Singh, Rajesh K. Khatikar, Sanjay G. Sapate, Wear, 328-329 (2015) 206-216. 

[16]. S. Das Bakshi, P.H. Shipway, H.K.D.H. Bhadeshia, Wear, 308 (2013) 46-53. 

[17]. Nikola Ojala, Kati Valtonen, Vuokko Heino, Marke Kallio, Jonas Aaltonen, Wear, 317 (2014) 225-232. 

[18]. M Woldman, E, Van Der Heide, T.Tinga, M.A,Masen, Wear 301 (2013) 76-81. 

[19]. Vytenis jankauskas, askim Antonov, Valentinas Varnauskas, Remigijus Skirkus., Wear 328-329 (2015) 378-

390. 

[20]. S. Hernandez, J. Hardel, H. Winkelmnn, M.Rodriguez Ripoll, B. Prakash, Wear 338- 339 ( 2015) 27-35. 



Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the 

terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use, 

distribution, and reproduction in any medium, provided the original work is properly cited 

 

 

International Conference on Recent Trends in Mechanical Engineering 

International Journal of Scientific Research inScience,  

Engineering and Technology 

Print ISSN: 2395-1990 | Online ISSN : 2394-4099 (www.ijsrset.com) 

 

 

 

 

  516 

 
Energy Efficient Automated Hydraulic Power Unit 

Nikhil Kumar K1, Paraveej Shirahatti2, S. ShivaPrakash3, Gujjala Anil Babu4, H.K. Shivanand5 
1M.tech Student, Department of Mechanical Engineering, UVCE, Bangalore, Karnataka, India 

2Research scholar, Department of Mechanical Engineering, UVCE, Bangalore, Karnataka, India 
3Assistant Professor, Department of Mechanical Engineering New Horizon College of Engineering, Bangalore, 

Karnataka, India 
4Senior Manager, Hindustan Aeronautics Limited, Bangalore, Karnataka, India 

5Professor, Department of Mechanical Engineering, UVCE, Bangalore, Karnataka, India 

 

ABSTRACT 

 

The variable frequency drive (VFD) industry is growing rapidly and it is now more important than ever for 

technicians and maintenance personnel to keep VFD installations running smoothly. Variable frequency drives 

(VFD) change the speed of motor by changing voltage and frequency of the power supplied to the motor. In 

order to maintain proper power factor and reduce excessive heating of the motor, the name plate volts/hertz 

ratio must be maintained. This is the main task of variable frequency drive. Implementation of Variable 

Frequency Drive to the present system to run motor at different speeds. Test the performance of the developed 

system for clamping operation. Integration of Programmable Logic Controller to achieve automation. Energy 

usage is reduced and hence system becomes economical .The flow rate of the hydraulic fluid can be controlled 

and reduces the cooling time. It reduce the process cost. The most dominating parameter is determine the 

actual amount of saving was ratio of idle time to total cycle time and also observed that at idle time there is less 

usage of hydraulic oil. This increase the life hydraulic oil and hence its components. 

 

Keywords: programmable logic controller, variable frequency drive, hydraulic oil 

 

I. INTRODUCTION 

 

The word “hydraulics” generally refers to power produced by moving liquids. Modern hydraulics is defined as 

the use of confined liquid to transmit power, multiply force, or produce motion. This force and motion maybe 

in the form of pushing, pulling, rotating, regulating and driving. Though hydraulic power in the form of water 

wheels and other simple devices has been in use for centuries, the principles of hydraulics weren’t formulated 

into scientific law until the 17th century. It was then that French philosopher Blaise Pascal discovered that 

liquids cannot be compressed. He discovered a law which states “Pressure applied on a confined fluid is 

transmitted in all directions with equal force on equal areas”. 
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MOTIVATION 

Most of the machines tools in use today utilize a complex hydraulic system to perform the necessary work 

required for the process. The pressure and flow rate demands on the hydraulic system vary significantly 

throughout the cycle. Many older systems are greatly oversized so that they are able to meet the peak hydraulic 

demand at any point. These systems operate inefficiently because there is typically no way to limit the 

hydraulic capacity during periods of low demand. As a result, fluid is throttled to lower pressures and excess 

fluid flow is routed directly back to the system reservoir, wasting motor energy and increasing the thermal load 

on the cooling system. There is unnecessary power consumption in system. 

 There is a need to change how hydraulic system works. 

 

II. SCOPE OF WORK 

 

Consisting mainly of a motor, a reservoir and a hydraulic pump, these units can generate a tremendous amount 

of power to drive most any kind of hydraulic ram. Hydraulic Power Units are based on Pascal's law of physics, 

drawing their power from ratios of area and pressure. Hydraulic Power Units are used in a wide range of 

applications: 

• Machine Tool 

• Mobile Equipment 

• Paper Mill Machinery 

• Rolling Mill Machinery 

• Material Handling 

The energy can be saved for the systems which have idle time. 

 

III. OBJECTIVE 

 

The objectives of the study titled “Energy Efficient Automated Hydraulic Power Unit” are as follows 

• Implementation of Variable Frequency Drive to the present system to run motor at different speeds. 

• Test the performance of the developed system for clamping operation. 

• Integration of Programmable Logic Controller to achieve automation. 
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IV. METHODOLOGY 

 

 
Fig.1 Flow Chart 

 

V. PRESENT SCENARIO 

 

  
Table 5: Specifications of Present System 
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CYLINDER IS IN MOTION 

 
Fig.2 Cylinder in transition 

 

CYLINDER IS AT THE DEAD END POSITION (CLAMPED POSITIONS) 

  
Fig.3 Cylinder in clamped position 
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VI. RESULTS OF DEVELOPED SYSTEM 

 

POWER CALCULATIONS 

Frequency-1 = 10 Hz Pressure = 50 bar Speed= 300 rpm. 

Displacement of the pump(v)=8cc/rev=8x10-3 liters /revolution 

Discharge (Q) = v x N lpm 

= 2.4 lpm 

Power Consumed (Pw)= 0.1936 KW  

Frequency-2 = 50 Hz Pressure < 50 bar Speed= 1500 rpm 

Displacement of the pump(v)=8cc/rev=8x10-3 liters /revolution 

Discharge (Q) = v x N lpm 

= 12 lpm 

Power Consumed (Pw)= 0.4841 KW 

TOTAL POWER CONSUMED 

Using a 25 % loading cycle: 45 min clamped and 15 min loading 

Total Power = [(Pw1 x 75 %) + (Pw 2 x 25 %) 

= 0.2662 KW 

Heat dissipation in a tank: 

EL = 0.6438 Q P (1 − µ)W 

EL = 51.504 W 

TD=EL / (∑KA) 

TD = temperature over ambient K TD = T oil −Tair 

= (60+273) – (27+273) = 33 K 

The surface area of our tank, A = 0.351 m2 

∴ 33 = (51.504) / (205 x A) 

A = 0.00761m2. 

The designed surface area of the tank 0.351 m2 is larger than the required surface area 

A =0.00761m2 for the natural heat dissipation of oil in the tank 

∴ We conclude that design of the tank is safe. 
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VII.  POWER CIRCUIT 

 

PRESENT SYSTEM 

 
Fig.4 present working circuit 

Developed System circuit. 

 
Fig.5 Developed System circuit 

WIRING DIAGRAM 
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Fig.6 wiring diagram 
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PLC PROGRAM 

 

Fig 7.4 shows PLC program, developed using, Indra Works Engineering 12.8.301.0 software, which 

is developed by BOSCH REXROTH. 

  
Fig.7 PLC program 

 

PROGRAM PLC_PRG 

start_PB AT %IX0.0: BOOL; 

Pressure_switch AT %IX0.1: BOOL; FLOAT_SWITCH AT %IX0.2: BOOL; B1 AT %IX0.3: BOOL; 

Stop_PB AT %IX0.4: BOOL; y1 AT %QX0.0: BOOL; 

Y2 AT %QX0.1: BOOL; 

Process_start: BOOL; stop_signal: BOOL; F1: F_TRIG; 

R1: R_TRIG; T1: TON; 

act1: TIME; T2: TP; act2: TIME; 
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VIII. BILL OF MATERIAL FOR POWER UNIT  

 

Table 1 

  
 

IX. COMPONENTS USED FOR EFFICIENT SYSTEM 

 

  
Fig.8 oil reservoir 
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Fig.9 Pressure Compensated Vane Pump 

 
Fig.10 Breather 

 
Fig.11 oil level indicator Fig.12 Electric Motor 
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Fig.13 Bell Housing 

 
Fig.14 Coupling 

  
Fig.15 Frequency Convertor Fig9.9Check Valve 
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Fig.15 Pressure Gauge Fig.16 Temperature Indicator 

 
Fig.17 Return Line Filter 

 
Fig.18 Clogging Indicator Fig.19 Quick Disconnect Coupling 
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Fig.20 P/T Distributor 

 
Fig.21 Pressure Switch 

 
Fig.22 Pressure Relief Fig.23 Inductive Sensor Valve 
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Fig.24 Programmable Logic Controller 

 

X. COMPARISONS 

 

POWER CONSUMED 

Table.2 Comparison of Power Consumed 

 
 Graph.1 Power consumed vs Trail number 
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FLOW OF OIL THROUGH PRV DURING CLAMPED POSITION 

Table.3 Flow of oil during clamped position 

 
  

Graph.2 Flow rate(lpm) v/s Trail 

 
TOTAL FLOW OF OIL THROUGH THE SYSTEM DURING LOADING 

Table.4 Flow of oil during loading 

 
Graph.3 Flow rate vs Trail number 
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Graph.4 Annual cost in INR for 8hrs per day 

  
Graph.5 Annual cost in INR for 24hrs per day 

 
 

COMPARISON TABLE OF BOTH THE SYSTEMS 

 

Table.5 Comparison of present system with Eta system 
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XI. CONCLUSION 

 

• Energy saving potential of machine tool running by hydraulic systems with variable frequency drive. 

• It is found that the energy usage by present system is 0.8625kW and Eta system is 0.345kWrespectively. 

Energy usage is reduced by 61% and hence system becomes economical. 

• The most dominating parameter in determining the actual amount of saving was ratio of idle time to total 

cycle time and also observed that at idle time there is less usage of hydraulic oil. 

• As there is less circulation of fluid during idle cycle, oil will not get heated up easily as compared to 

loading cycle. So that oil temperature slightly reduces and viscosity of oil will remain almost same. 

This increases life of hydraulic oil and hence the components. 
• The entire system is automated with the help of programmable logic controller, so that actuation as well as 

frequency controlling can be done simultaneously without human intervention. 
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ABSTRACT 

 

The current work is undertaken to investigate the buoyant circulation in a porous non-square cavity with heat 

flux is determine using finite element based mathematical procedure. The cavity is used for fluid flow, analysis 

of fluid flow and heat transfer has bottom wall subjected to heat flux and constant thermal effect at top and 

inclined walls The bottom wall subjected to uniformly and non-uniformly heat fluxes. The numerical 

simulations has been studied for Rayleigh number 101 ≤ Ra ≤ 103  with respect to uniform  and non-uniform 

heated wall and top cold walls. The fact inside the enclosure with centrally located porous media and analyzed 

through isotherm pattern, streamline pattern, local and mean Nusselt number. It is found that the average Nu 

more for linearly varied heat flux boundary condition at bottom wall.  

Keywords:  Trapezoidal cavity, Natural convection, Porous medium, Heat flux and Nusselt number. 

 

I. INTRODUCTION 

 

The paper deals with fluid and heat transfer has occupied the centre stage in many industrial and engineering 

applications. However, from one decade, awareness on free convection in a closed porous cavity with Heat 

function boundary condition is increased very rapidly. Most of the commonly used cavities in industries are 

triangle, square, circular and non-square cavity.  

Different cavities with various boundary conditions with porous media have been considered extensively by 

different researchers. However cavities with bottom wall heating have received less consideration. There are 

many engineering applications where the buoyant energy through a fluid region contained in a cavity is to be 

controlled. 

Saranya et al.[1] presented the effect of heat flux on porous square cavity. They observed that, uniformly 

varying heat flux along bottom wall, the maximum rate of heat transfer at middle of the heated wall due to 

increased fluid flow rate at center region of the cavity. 

Prasad [2] studied buoyant thermal effect in a regular porous cavity with constant heat flux on one vertical wall. 

Peter Vadasz [3] derived analytical solutions to confirm radical and differential data disclose a wide spread 
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dispersion of heat flux data in buoyant heat transfer in porous media. The buoyant circulation was higher when 

the strong fluid flows at the midpoint of the enclosure. 

Bader Alazmi et al. [4] have studied initial conditions for constant wall heat flux in the absence of local thermal 

boundary. Outcome of changing porosity and buoyant heat transfer were analyzed. Results were found in terms 

of streamlines and heat lines.  

Mahapatra et al. [5], have conducted a numerical simulations on mixed convection with radiation effect. The 

work reveals that radiation has substantial bearing on buoyant heat transfer and it is managed to flow 

turnaround in the middle of the enclosure. After thorough literature, the authors feel to outline a few prior 

research works identifying the phenomenon of natural convection in divided cavities.  

Numerical simulations on laminar natural convection in a 2D air filled regular enclosure with a vertical 

partition of finite thickness carried outby Mezrhab and Bchir [6]. The computational model is bounded by 

adiabatic horizontal end walls, and vertical surfaces at different temperature. Calculations including shadow 

effects have been carried out using finite volume based computational procedure.  It is noticed that there is no 

significant modifications on heat transfer through the enclosure, especially at Ra. 

Aparna et al.[7] studied simulations using finite element method with triangular elements to investigate the 

heat flux effect in a  trapezoidal cavity .Numerical study has been carried out different number of Rayleigh 

number. Nusselt numbers and stream functions. The heat transfer is maximum for sinusoidal varying Ra and 

heat flux. 

Varol et al. [8] numerically performed fluid motion and buoyant energy in a porous cavity with constant 

isotherms and non-isothermally bottom wall heated a triangular cavity is analyzed using finite difference 

method. Darcy governing law was used to generate the codes of porous medium filled inside a cavity. 

From the above literature scan, it can be seen that there is lack of information regarding buoyant thermal flux 

in encloursres with bottom wall subjected to heat flux boundary conditions. The of the present work is to 

numerically estimate the heat transfer and fluid flow in a 2D porous non-square enclosure with thermal flux 

initial conditions along the bottom wall.  

 

II. POROUS GEOMETRY 

 

A physical domain of a Non-Square Porous region is depicted in Figure 1. Notice that, bottom wall with 

uniformly and sinusoidal varying boundary conditions, left and right side walls are well insulated and top wall 

is cold.  

  
Fig. 1: Physical domain 
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A. FROBLEM FORMULATION 

In order to obtain the governing equations for above working model following assumptions are adopted, 

• The Radiation heat exchange is negligible. 

• The fluid flow with small Reynolds’s numbers. 

• The working medium is Newtonian and the Boussinesq approximation. 

• Thermal equilibrium obtained between fluid and porous medium. 

• For the flow prediction inside the porous cavity, Darcy’s governing equation is used. 

 

For buoyant energy transfer, the dimensionless variables as  
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The velocity in X- direction can be described by  
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Velocity in vertical direction is given by 
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The permeability K of porous medium is given by 
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The buoyant parameter variation within the porous cavity is given by 
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Energy equation; 
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The continuity equation follows following stream functions such as  
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Non-dimensional equations for porous cavities are 

X
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B. BOUNDARY CONDITIONS 

The boundary conditions for temperature with case (see Fig 1) are  

h    =1 (Uniform heating, bottom wall)                               

c  = 0 (Top cold wall)                                            (13) 

Y


 =0 (adiabatic inclined walls)   

X
U

Y

H




−=



 
     (Heat function)                     

 

C. SOLUTION METHODOLOGY 

The computations are undertaken for 41 X 41 grid based on a grid refinement study. A Galerikin’s Residual 

finite element method is used for solution of the dimensionless governing equations. In order to determine the 

buoyant heat transfer parameters in the non square cavity, Eqn. (12) is to be solved.  

 

D. SIMULATION RESULTS 

The grid independency against  for various  mesh size of 11×11, 21×21 31×31, 41×41, 51×51 and 61× 61 of a 

porous square cavity for regular mesh with triangular element have been investigated using Finite Element 

Method. Table shows grid independence study of the average Nusslet numbers with Ra =500 for left side is wall 

uniform heating. Average nusselt number is increases from 11 X 11 to 31 X 31 and constant at 41 X 41,51 X 

51,61 X 61 Grid size , hence  41 X 41grid is used for all further computations. 

  

Grid independence Test 

Grid Dimension Average Nusselt No( Nu ) 

11 X 11 10.3212 

21 X 21 8.5325 

31 X 31 7.1023 

41 X 41 6.4456 

51 X 51 6.4435 

61 X 61 6.4401 

Table. 1: Mesh convergence  study. 
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Fig. 2: Triangular Mesh for trapezoidal cavity 

Local parameters such as heat functions and stream functions have been comparing to the reference Aparna and 

Seetharamu [7] for linear heating. A code is developed to generate isotherms and streamlines for 2D free 

convection problems in trapezoidal cavities using MATLAB.  

Local parameters such as heat functions and stream functions have been comparing to the reference Aparna and 

Seetharamu [7] for linear heating. A code is developed to generate isotherms and streamlines for 2D free 

convection problems in trapezoidal cavities using MATLAB.  

  
Fig. 3: Assessment of the present work with other published data for Non square enclosure at Ra = 500 

A 2D non-square enclosure filled with saturated water is considered to validate the current study. The work has 

been investigated for Ra = 500 and data is calculated in terms of average Nusselt Numbers.  It is found that the 

excellent agreement between Published data [7] and present study with sidewall inclinations of 550  for non-

square cavity.  

Ra Nu  Discrepancy in % 

Present Study Published Data [7] 

100 1.325 1.302 0.876 

500 5.526 5.499 0.576 

1000 7.525 7.505 0.306 

2000 9.662 9.655 0.099 

2000 9.662 9.655 0.099 

Table 2 Validation of Average Nu with uniform heating is carried out with Published data of  Aparna and 

Seetharamu [7]. 
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Fig. 4: Variation in local Nu with distance X for different Rayleigh Numbers with Sinusoidal temperature  

 

Fig .4 displays non-uniform heating curve like variation but asymmetry trend is found for the heated wall. The 

local Nu begins with –ve coefficients and increases to positive.  

The effect of Ra on skin friction coefficient along the warm wall for sinusoidal case is plotted in Fig. 4 and 5. At 

Rayleigh number, Ra = 102, the heat transfer is primarily by conduction dominated mode. In contrast, the 

magnitudes of stream function curves are very small and the stratification of temperature contours are around 

the enclosure. Hence, the local heat transfer is almost straight line. The significant of convection occurs at Ra ≥ 

1 x 103. The magnitude of the fluid flow is very small near the corners. The increasing and decreasing 

behaviour is observed at the beginning and end of the local heat transfer along the warmed and chilled surfaces.   

 
Fig. 5: Variation in local Nu with distance X for different Rayleigh Numbers with Uniform temperature 

condition 
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III. RESULTS AND DISCUSSION  

  

 
Figure.6 Isotherms, Streamlines and Heat lines of bottom wall for Ra = 100, Ra = 500 and Ra = 1000 (Uniform 

Heating).  

Fig. 6.shows the temperature contours, stream lines and heat lines for Ra = 100 to 1000 with the bottom wall 

exposed to uniformly varying heat flux boundary condition. The aspect ratio is considered as 1.  The 

temperature difference between the top and bottom walls induced raising fluid from the left face. As a result, 

fluid rises from the middle portion of the left sidewall and the fluid flows towards the right side wall. The 

buoyant energy travels from the left sidewall is higher than that from the right side wall. Because of this 

magnitude of the isotherms for different Ra is almost invariant but flow pattern is increase from low Ra to 

higher Ra. The isotherm contours which are very close to the hot wall (θ = 0.9) and cold surface (θ = 0.1) are 

almost curved to the inclined wall. However, the isotherm contours, θ (0.8 ≥ θ ≥ 0.2) are smooth curves and 

surround the heat flux walls. 
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Figure.7: Isotherms, Streamlines and Heat lines of bottom wall for Ra = 100, Ra = 500 and Ra = 1000, (Sinusoidal 

heating).  

  

Figure.7 The stream function corresponding to Ψ=12 stretches more at the centre for Ra=1000 compare to 

Ra=100,500.  With respect to streamlines, number of elliptical loops formed varies with higher value of 

magnitude Ψ=12 and centre egg-shaped loop of larger size obtained compare to lower Ra values in non square  

cavity 

 

IV. CONCLUSION 

 

The above addressed to numerically investigate the fluid flow and buoyant heat transfer characteristics in a 

porous non square cavity with uniformly and sinusoidal heat flux on bottom wall. 
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The current work highlights the effect of Ra on bottom wall heating in porous cavity. The FEM is used to 

predict the problem under consideration. For this study, it can be concluded that: 

• In the case of linearly varying heat flux on bottom wall, the maximum thermal effect occurs at the bottom 

edge of the cooled left wall. 

• The average Nu increases monotonically with higher values of modified Rayleigh numbers. 

• The value of velocity field increases as higher Ra as a result conduction region becomes buoyant heat region. 

• The average Nu is more for linearly varied heat flux for bottom wall. 

• The average Nu increase consistently with increase of Ra for right side heating wall for square and non-

square cavity and is more for uniform temperature than linearly varying temperature case for the walls. 
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ABSTRACT 

 

Conventional materials fail to provide a good combination of strength, stiffness, toughness, wear resistance, and 

density. In order to overcome these shortcomings and to meet the ever- increasing demands of modern 

technology, composites have emerged as the most promising materials of recent interest. Composite materials 

are macroscopic combinations of two or more distinct materials that have a recognizable interface. 

The outstanding mechanical properties of composite materials make them useful in engineering. viz. high 

stiffness, strength and wear resistance.  Natural fiber reinforced polymer composites are considered a cost 

effective option for synthetic fiber reinforced composites due to heightened environmental awareness today. 

Extensive research was conducted on the manufacturing and qualities of polymer matrix composite (PMC) with 

natural fibres such as jute, sisal, pineapple, bamboo, kenaf, and bagasse replacing synthetic fibres.  Development 

of natural fiber reinforced polymer composites has become an important area of research interest in Material 

Science. Engineering and agricultural components are now subjected to  machine abrasive wear caused by 

abrasive particles. if abrasive wear rates are to be reduced/controlled, an understanding of the effects of all 

system variables must be gained during the design of the machinery and the selection of materials. The need for 

new materials to combat wear situations has led to the development of polymer-based systems. 

The present research is aimed at studying the abrasive wear behavior of jute fiber reinforced polymer 

composites at the mechanical, physical, and three-body levels. The morphology of abraded surfaces is examined 

by using scanning electron microscopy (SEM) and possible wear mechanisms are discussed. 

Keywords: Natural Fibers, Polymer Matrix, SEM, Tribological Properties, Mechanical Properties. 

 

I. INTRODUCTION 

 

Human development is defined by the advancement of materials, i.e. the Stone Age, the Bronze Age, and the 

Iron Age. Today's material era belongs to composite materials due to their lighter weight, higher strength, 

corrosion resistance, and ease of shaping. The selection of a material system that meets not only industrial 

requirements but also this wider definition of eco-materials, as described above, is an urgent necessity. 

http://www.ijsrset.com/
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The most appropriate concept for material selection is composite materials Contains natural fibers for 

reinforcement. In terms of their industrial applications and fundamental research, natural fiber reinforced 

composites are gaining rapidly in popularity. Their availability, renewability, low density and price as well as 

satisfactory mechanical properties, they offer an appealing ecological alternative to glass, carbon and other 

man-made fibers used in composites. 

Composites are materials made up of two or more chemically different elements with a distinct interface 

separating them on a macro-scale. To make a composite, one or more discontinuous phases are inserted in a 

continuous phase. The reinforcement refers to the discontinuous phase, which is usually harder and stronger 

than the continuous phase, whereas the matrix refers to the continuous phase. Metals, polymers, and even 

ceramics can be used as matrix materials. The composite is known as a polymer matrix composite when the 

matrix is a polymer (PMC). 

Many traditional metals/materials have been replaced by polymers in diverse applications over the last few 

decades. This is achievable due to benefits such as simplicity of processing, productivity, and cost savings, 

offered by polymers over conventional materials. 

The characteristics of polymers are modified in most of these applications by employing fibres to meet the high 

strength/high modulus criteria. Fiber reinforced composite materials have discrete interfaces (boundaries) 

between fibres embedded in or bonded to a matrix. 

Both fibres and matrix retain their physical and chemical identities in this state, but they provide a unique 

combination of qualities that neither of the constituents could attain on their own. 

Fibers are the primary load-bearing elements, with the surrounding matrix ensuring that they remain in the 

proper placement and orientation. The matrix also serves as a load transfer medium between them and protects 

the fibres from damage caused by high temperatures, humidity, and other environmental factors. 

While the fibres offer reinforcement for the matrix, the matrix also serves a variety of roles in a composite 

material. Many fibre reinforced polymers (FRPs) have a strength-to-modulus ratio that is comparable to or 

better than that of many traditional metallic materials. 

 

II. LITERATURE REVIEW 

 

S Velumani, et.al., [1] investigated mechanical properties of non-woven short sisal fiber reinforced vinyl ester 

composite using factorial design and genetic algorithm (GA) method.Untreated short sisal fiber reinforced vinyl 

ester polymer based composite developed by hand lay – up techniques with varying fiber percentages ( 10, 30 

and 45 wt%) and different combination of fiber length (10,30 and 50 mm)(Table 2.1).The results shows that the 

fiber length plays prominent role in deciding the mechanical properties of sisal composite compared with fiber 

content. From the result of optimization, the best combination of fiber parameter (length = 50 mm and 34.05 

wt%) are determined to attain maximum value of tensile, flexural and impact strength. The average tensile 

strength ranges between 27.1 to 43.9 MPa (Figure 2.1), the flexural strength ranged between 26.9 to 49.5 MPa 

(Figure 2.2) and the impact strength ranges between 16 𝑡𝑜 93 𝐽/𝑚 (Figure 2.3).  
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Dayakar Penumadu, et.al., [2] authors focused on the effect of confined and one sided sea water confinement on 

the cyclic fatigue behavior of carbon fiber reinforced VE composites that serve as facing material for naval 

sandwich structure. They observed that the fatigue life of polymeric composites shortened dramatically up to 

85 %, when cyclic loading was applied under immersed conditions shows every significant loss of mechanical 

strength under cyclic loading due to sea water exposure while the stress cycle were applied. Also, voids 

between matrix and fiber rapidly grows and lead to the early fatigue failure mode while fatigued under sea 

water confined. They concluded that water confinement or exposure while cyclic or dynamic loading is applied 

plays an important role on degrading the cyclic fatigue life of carbon fiber/vinyl ester composites for marine 

applications and sea water induced degradation considered carefully for novel structures. 

The percentage of stiffness reduction ratio of dry sample in air was observed 500 % higher than that of wet one 

side immersed, also reported that average number of cycle to failure of dry sample in air was higher than that of 

wet one side immersed.  

R.J. Brambleby, et.al., [3] studied the influence of loading rate on the mode II damage behaviorof vinyl ester 

GRP composite. Load displacement rate ranging from 1 to 6000 mm/min. to determine its effects on four point 

bending end notched flexure test (4ENF) mode II damage behavior(GIIC) of glass fiber reinforcement vinyl ester 

(GFRVEP) specimens. The specimens were tested at normal loading rates of 50 mm/min, 750 mm/min and 6000 
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mm/min respectively. During the 4ENF tests, the length of the crack propagating was measured using the 

digital image correlation (DIC) technique. It was concluded that the loading rate effect on the initial GIIC of 

Derakane 510A-40 VE GFRP. Loading rate effect on GIIC is a significant contributing factor to the higher tensile 

strength of perforated double lap joints tested at higher rate of loading.  

Sathishkumar. S, et.al., [4] have evaluated the effect of alkaline treatment on properties of jute fiber mat and its 

vinyl ester composites. The untreated and treated jute fiber mat were used as reinforcing agent of VE resin 

composites fabricated by vacuum bag method with a number of 4 piles laminate prepared in the ratio of 60:40. 

Alkaline treatment on the static mechanical properties are evaluated shows that the higher moduli in 

comparison to the neat resin. The addition composite reinforced with unidirectional layers show higher 

strength than the resin. It was observed from SEM analysis an untreated a very poor dispersion of the fiber and 

exhibited fiber agglomeration, poor adhesion between fiber and matrix. Thus lower strength is occurred. The 

fibers treating with NaOH (Table 2.2). Binder lignin and fatty substances that hold the unit cells firmly in a 

fiber and have a better fiber – matrix interaction. At different exposure times 0,1,2,3,4,5,6 and 7 hours dried in 

hot 300C. the results shows that the better fiber matrix interface adhesion caused due to the fiber surface 

treatment by alkali (Figure 2.4).  

 

 
Essi Sarlin, et.al., [5] have studied effect of matrix type on aging of thick vinyl ester glass fiber reinforce 

laminates.  Composite laminate samples were manufactured with filament winding technique using four 
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different VE resin systems to study. The manufactured laminate samples were conditioned in an environmental 

cabinet (700𝐶, 95 RH%), water immersion (950𝐶) and in sulphuric acid solution immersion under pressure (5 % 

H2SO4 950𝐶, 15 bar), after 6 and 12 months of conditioning, the samples were tensile tested. In their study four 

different VE resins were used as the matrix material in the composites: Derakane 441-400, Atlac E-Nova FW 

1045,Dian 9400 and Derakane 455-400. The main goal of their studies correlate with the long term properties of 

the composite laminates. The authors found that the Derakane 455-400 shows the best values of hardness, 

tensile strength and tensile modulus.  

Carlos Eduardo Correa, et.al., [6] conducted wear performance of vinyl ester reinforced with musaceae fiber 

bundles sliding against different metallic surfaces. Composite were characterized by different fiber content (o -

60 wt%). The result shows that 30 wt% fibers loading exhibited the better wear mechanism and surface damage 

characteristics, also cracks are increased with increase of fiber loading. They concluded that wear severity is 

dependent on the counter body’s surface roughness in neat resin and composites with low and medium fiber 

content, but independent for high fiber content samples.  

F.A. Almansour, et.al., [7] discussed the influence of water absorption on the mode I inter laminar damage 

behaviorof flax and basalt fiber reinforced vinyl ester hybrid composite, three types of composite laminates, flax 

fiber reinforced vinyl ester (FVE), flax fiber hybridized basalt unstitched (FBVEu)  and  flax fiber hybridized 

basalt stitched (FBVEs)  fabricated by vacuum infusion technique are investigated. They found from the 

experimental result that the mode I damage behaviorinitiated propagation of water immersed FVE composites 

were decreased by an average of 27 % and 10 % respectively compared to the dry specimen. Whereas the 

damage behaviorpropagation of water   immersed FBVEu and FBVEs composites were improved by 

approximately 15 % and 17% compared to dry specimen. The results shown that basalt fiber hybridization has 

positive effects on durability and the moisture resistance of natural fiber composites.  

G. Anand, et.al., [8] studied dynamic mechanical, thermal stability and wear properties of neat GF reinforced, 

nickel phosphorus coated glass fiber/𝐴𝑙2𝑂3 nanowire reinforced vinyl ester composite. It observed that 44 wt% 

Ni-P/GF and 0.75 wt% 𝐴𝑙2𝑂3 nanowire reinforced VE composite exhibited higher properties than neat GF 

reinforced VE Composites, different composites with different concentration of 𝐴𝑙2𝑂3  nanowire and Ni-P 

coated GF prepared by hand lay up process. The experimental results reveled that the maximum storage 

modulus and glass transition temperature value of 6.16 × 103 𝑀𝑃𝑎 and 106 − 870𝐶 is obtained for the 44 wt% 

Ni-P/GF and 0.75 wt% 𝐴𝑙2𝑂3 nanowire reinforced VE composite. In their paper optical microscope images aid a 

support to the specific wear resistance value to conclude the wear behavior of the hybrid composite.  

Khubab Shaker, et.al., [9] evaluated the enhancement in the properties of glass/vinyl ester composites by 

incorporating silica micro particles composite materials were fabricated without particles and with 2 % and 5 

wt% particle loadings, using UD glass fabric reinforcement. They found substantial increase in the matrix 

strength and interfacial adhesion and considerable enhancement in tensile strength, tensile modulus, flexural 

strength and flexural modulus by addition of 5 % silica particles. The tensile modulus and tensile strength were 

enhanced by 13.88 % and 15.39 % respectively (Figure 2.5), flexural modulus and strength were enhanced by 

42.73 % and 36.37 % respectively by the addition of 5% silica particles (Figure 2.6). The same particle loading 

also enhanced the hardness, impact and short beam shear strength by 13.89 %, 25.12 % and 16.40 % 

respectively (Figure 2.7).  
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Nagaraj Nagaprasad, et.al., [10] investigated ob tensile, flexural, impact and hardness properties of date seed 

filler reinforced vinyl ester (DSF-VE) composites experimentally. DSF-VE composite were prepared by using 

conventional compression molding technique with varying fillers loadings from 5 % to 50 wt%. SEM 

characterization of the fracture surface used to identify the interfacial strength and to reveal the mechanism of 

failure. The major finding in their work is the attainment of high mechanical properties of composite specimens 
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with 30 wt% fiber loading. The heat deflection temperatures of DSF – VE composites increased by  58.49 % 

were compared with the neat pure vinyl ester resin. The authors found that tensile, flexural, impact and 

hardness properties of pure vinyl ester resin addition of DSF loading of 30 % increased it by 64.5 %, 91 %, 44 % 

and 93.67 % respectively (Figure 2.8 & Figure 2.9), compared with the neat, pure vinyl ester resin. They 

concluded that the DSF-VE composite which can be considered for many automobile and structural application.  

 

   
B. Suresha, et.al., [11] have reported that carbon fiber (CV) with graphite reinforced vinyl ester composite 

compete with and even out perform SiC/ carbon fiber reinforced vinyl ester composite. In term of tensile and 

flexural properties. CV hybrid composite developed by hand lay up technique with varying SIC/Graphite fillers 

percentage ( 2 to 6 wt%). The results shows the a mechanical properties increases with increases in filler 

percentage. The author concluded that 6 wt% of graphite reinforcement CV composite showed improved 

mechanical properties, the tensile strength improved by 16 % and flexural strength by 7 %. 

S. Anilkumar Global, et.al., [12] while studying the mechanical strength behavior of egg shell/termite mound 

filler coir fiber vinyl ester composite found that tensile strength, impact strength and flexural strength 

increased with increase of egg shell/ termite filler, composites developed by the compression molding machine. 

An overall comparison between the properties of all the testing samples revealed that the termite mound filler 

composite performed better in tensile strength(28.6 𝑀𝑃𝑎, 30 𝑚𝑚) , impact strength (46.2
𝑘𝐽

𝑚2 , 30 𝑚𝑚 )  and 
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flexural strength (28.4 𝑀𝑃𝑎, 50 𝑚𝑚). Test results indicated that the incorporation of termite mound with egg 

shell filler coir fiber vinyl ester filler coir fiber vinyl ester composite.   

B.N.V.S Ganesh Gupta K, et.al., [13] tried to improve tensile, flexural and inter laminar shear properties of the 

glass fiber reinforced polymer blend of epoxy and vinyl ester. Three different types of composites, i.e., GE, GVE 

and GEVIPN hybrid composites developed by the hand lay - up techniques, in the case of epoxy matrix 

preparation, 10 wt% of curing agent TETA were mixed in the epoxy polymer, 15 wt% of free radical MEKP 

mixed in vinyl ester. They studied role of curing temperature ( 140, 170, 200 𝑎𝑛𝑑 2300 𝐶) on the flexural 

properties of the glass fiber reinforced epoxy vinyl ester interpenetrate polymer network composite 

(GEVIPNC). 21.83 %, 22.54% and 13.45% improvement in inter laminar shear strength (ILSS), tensile and 

flexural strength respectively. From scanning electron microscopy (SEM), it was concluded that strong 

interfacial bonding between the matrix and fiber mode GEVIPN composite exhibits better mechanical property.  

Cuong Manh Vu, et.al., [14] studied the mechanical and flame retardant properties of phenyl/vinyl 

polysilsesquioxane based ladder polymer as navel additive for vinyl ester resin. Composites were characterized 

by different fiber loading (0-20 wt%). The experimental investigation revealed the VER with presence of 20 wt% 

of navel ladder polymer (NLP) (S3 Sample) exhibits superior flexural strength, flexural modulus increased by 

195.5%, 260.6% respectively, also test samples exhibits the decresing in total smoke release (TSR) and peak heat 

release rate (PHRR) was about 20.7% and 52.2% respectively. They concluded that the NLP is the good 

candidate for simultaneous improvement of mechanical properties and flame retardant of VER.  

Chang Su, et.al., [15] they found that enhancement od tensile strength and toughness of fiber reinforced 

polymer composites by incorporation of multi wall carbon nanotubes. Mechanical properties, damage 

behaviorand stiffness of impregnated basalt, carbon and glass fiber ravings were systematically examined. In 

their study, MWCNTs were used for dispersion  epoxy and vinyl ester resins. The MWCNTs with an average 

diameter and length of 15 𝑛𝑚 and 20 𝜇𝑚, respectively. The results shows that as compared to pure epoxy resin, 

the 0.3 wt% MWCNT-modified epoxy resin exhibited elevated  𝐾𝐼𝐶, tensile strength (𝜎𝑡) , flexure strength (𝜎𝑓) 

and impact strength, also similar improvements were discovered for the MWCNTs modified vinyl ester resin. It 

were identified the combined action of restricted crack propagation and the promoted co stress of fibers and 𝜎𝑡 

of the basalt, carbon and glass ravings increased with the addition of MWCNTs. The results indicated that 

modified methods significantly increased the mechanical properties, damage behaviorand design strength of 

FRP.  

Ashis Kumar Samanta ,et.al., [16] authors provided detail information on Processing of jute fibres and its 

Applications. They reported chemical aspects and effects of chemical treatmens of jute fibers. Different 

chemical treatments such as treatment of jute with caustic soda (NaoH), treatment of jute with meatl salt and 

complexes, Bleaching/Oxidation of jute fibers, ohoto yellowing or colour reversion of bleaching jute. 

Staboilized bleaching of jute, treatment with glycols. Enzyme treatment, treatment with silicone (antifriction 

agent), treatment of jute fibers with jute batching oil. They also reported chemical finishing and allied processes 

for jute fibers, to improve abrasion resistance and fiber shedding,to softening,to improve crease resistant 

property, to improve rot resistant property, to improve water repellant property, to improve fire retardant 

property.  They concluded that jute based composite materials wide applications in different fields. Specially 

designed and developed Jute fabric reinforced bio-degradable geo membrane or medical disposable bags and 
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wipes, Jute fabric based combined/multi-layered Tar Felt can also be used for potential applications in civil 

engineering for roof treatment in particular, Use of Jute based composites for awning, false ceiling board, cover 

wall of railway coaches and even door panel for cars, bioengineering measure for soil and water conservation 

and fertility enhancement of the Barren & Baid Lands , development of jute-based substitute of mastic asphalt 

by designing and manufacturing Bituminized Jute Paving Fabric, with polymerized special grade a bitumen 

coated multi-layered composite of jute woven and nonwoven fabric composites.  

B.S. Raju, et.al., [17] authors research work is concerned with the fabrication and evaluation of the physical and 

mechanical properties of a new polymer hybrid epoxy composite consisting of glass fiber, jute fiber mat, ZnS 

microparticles and LY556 Epoxy resin with HY951 Hardener. The specimens were prepared using hand lay-up 

technique as per ASTM standard & were tested for Tensile, Flexural, Interlaminar Shear Strength, Impact, 

Water Absorption Test, Density, Micro Hardness and the microstructure was evaluated by SEM analysis.The 

hybrid polymer composites with micro ZnS fillers are prepared with five different microparticle weights (0, 3, 6, 

9 and 12%). They observed that in flexure test, the flexure strength was found to increase as compared to C1 

(0%ZnS) which is because of increase in ZnS micro particulate content, significantly increases up to C3 (6% 

ZnS) but decreases thereafter due to increase in the brittleness, hence flexure strength decreases. In impact test, 

the impact strength decreases as compared to base composite C1 (0% ZnS). It is because of increase in % of ZnS 

reinforcement. Micro graph shows better bonding between matrixes, ZnS reinforcement. It was concluded that 

Overall composition C3 (6% ZnS) can be considered as suitable composition for the development of ZnS, jute 

mat, glass fiber and epoxy based composites by hand lap-up process. Carlos Eduardo Correa , et.al., [18] the aim 

of there work was to compare the effect of vinyl ester reinforced with Musaceae fiber bundles on tribological 

behavior while varying the composite´s fiber content and the counter-body’s material and surface roughness. 

The composite fabrication process using the bulk moulding compound (BMC) fabrication techniques with 

varying fiber percentages (10, 20, 30, 40, 50, 60 wt%).  Pin-on-disc test equipment was used to slide composites 

while keeping the test parameters fixed and the variation in the counter-body’s material. The counter-bodies 

used were discs of carbon steel AISI 1045 with a hardness of 10 HRC and aluminum alloy 6061-T6 with a 

hardness of 31 HRB.  SEM images were used to identify the wear mechanisms and surface topography in the 

friction and wear. The experimental results reveled that the COF for almost all the composites tested falls 

between 0.2 and 0.4. The composite with 30 wt% fiber content has the most stable behavior in the COF, having 

the same COF value of approximately 0.29, no matter the counter-body material or the surface roughness. 

samples tested against carbon steel generally exhibit lower specific wear than the samples tested against 

aluminum alloy. Test results indicated that The severity of the wear depends of the counter-body’s surface 

roughness for the samples of the neat resin and composites with low and medium fiber content. In the case of 

composites with high fiber content, no dependence is observed.  

Chandra Prakash Singh, et.al., [19] tried to characterize the jute and coir fibers composites and develop a better 

understanding of these composites, the physical and mechanical properties of these composites are evaluated to 

find hardness, flexural and tensile properties of the jute/coconut coir reinforced polymer matrix composite. 

Three different types of composites, ie., 50% jute and 50% coconut coir fiber, 85% jute and  15%coconut coir 

fiber, 15%jute and 85% coconut coir fiber composites developed by the hand lay - up techniques, Epoxy and 

resin are used to bind, hold and provide strength to the fiber matrix. The experimental investigation revealed 
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that the composite with the composition of 85% jute and 15% coconut provides higher tensile 

strength (16.6MPa[B]  > 10.91 𝑀𝑃𝑎[A] )  because of the higher wt % of the jute fiber. The composite with a 

composition of 50% jute and 50% coconut coir fiber behaves like semi brittle and ductile as it contains 50/50% 

jute and coconut fiber (1.93 % [A] > 1.6[B]).  They concluded that composite specimens are fundamentally 

more durable than pure coir specimens. creating hybrid composite by the blend of two natural fibers gives 

them the advantage to replace synthetic fibers, this work likewise shows the capability of the hybrid natural 

fiber composites can be viewed as a useful material in lightweight applications. 

G. Bharathiraja, et.al., [20] they found that significant improvement in fracture toughness value for the increase 

in volume fraction of algae filler in vinyl ester material. The materials used for there study are vinyl ester resin 

(matrix), methyl ethyl ketone peroxide (catalyst), cobalt naphthenate (accelerator), and algae filler (natural 

filler) as a reinforcement agent. Five different volume fractions of algae fillers (5%, 10%, 15%, 20%, 25%). 

Composite plates were prepared by hand layup method. Compact testing (CT) specimens are used extensively to 

determine material strength values in the field of mechanical fracture and corrosion testing. The results shows 

that The increase of fracture strength shows uniform dispersion of algae filler with vinyl ester matrix material. 

The composite exhibited high fracture strength at 25% volume fraction of algae filler. It was due to strong 

interfacial bonding between algae filler and vinyl ester material. They concluded that this kind of natural filler 

reinforced polymer composite can be used in low load bearing structural applications.  

J. Sai Revanth, et.al., [21] studied Thermal gravimetric analysis (TGA) and Differential scanning calorimetry  

(DSC) analyses to determine physical properties of respective materials. DSC analysis provides information 

regarding Transition temperatures, glass transitions, Polymorphic transformation. TGA provides information 

regarding physical properties such as vaporization, sublimation, absorption, adsorption and chemical properties 

like chemisorptions, desolvation, decomposition. The materials used for there study are Polyvinyl ester (matrix) 

66 %, Vetiveria Zizanioides, (10 to 17 %), Glass (0 – 14 %), and Jute (natural filler) (10 to 17 %). The results 

shows that of  Thermo gravimetric analysis: Sample 1 procuring residual mass of about 11 percent at a 

temperature of about 599.50 centigrade seem promoting than the other samples having residual masses at 11.33 

and 9.22 percentages at temperatures 599.50 and 599.60 respectively. Further increase in percentages of natural 

fibre i.e. above 11.33 shows inferior thermal stability. Differential scanning calorimetry: the Transition 

temperature of sample 1 is superior to sample 2 and 3, and sample 2 has Tg that is superior to sample 3.  Adding 

synthetic fibres to the already existing composites (while synthesis) decreases the transition temperature but 

increases the recrystallization temperature.  

Jeetendra Mohan Khare, et.al., [22] studied the influence of different resin on physico-mechanical properties of 

hybrid fiber reinforced polymer composites. Three type of polymer matrix ( Epoxy, Vinyl ester and Polyester ) 

and Three type of reinforcement (Glass fiber , Jute fiber and Graviaoptivafibre ) were used in the fabrication of 

composite. Glass, Grewiaoptiva and Jute fibers were reinforced in epoxy, vinylester and polyester resin in four 

different proportions. Conventional hand layup process was used for the fabrication of prosthetic composite. 

The weight fraction of the fiber in the composite was varied from 5% to 20%, in which the percentage of glass 

fiber was fixed (i.e. 5%) and the percentage of other two fibers (jute &Grewiaoptiva) was variedas 5%, 10%, 15% 

in equal proportion respectively. They found from the experimental result that the epoxy-basedcomposite at 5 

wt% jute fiber and 5 wt% grewiaoptiva gives the maximum value of hardness i.e. 76 HRL. the maximum value 
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of tensile strength was found to be 72 MPa for epoxy-based composite (at 7.5 wt% jute and 7.5 wt% 

grewiaoptiva). In case of vinyl ester, the maximum value of tensile strength was found to be 69 MPa (at 7.5 wt% 

jute and 7.5 wt% grewiaoptiva). For the case of polyester, maximum value of tensile strength was observed as 

60 MPa (at 7.5 wt% jute and 7.5 wt% grewiaoptiva). Maximum value of flexural strength obtained was 42 MPa, 

48 MPa and 35 MPa for epoxy based, vinyl ester based and polyester based composite respectively (at 5 wt% 

jute and 5 wt% grewiaoptiva) for all the matrix composites. The impact energy increases as the natural fiber 

loading increases. The percentage increases in impact energy was 17% in epoxy based, 9% in vinyester based 

and 16% in polyester based composite at 10 wt% of natural fiber. Test results indicated that the  composition E2 

is the best optimized samples among all.   

Levente Ferenc Toth, et.al., [23] investigated tribological behaviour of advanced unsaturated polyester/vinyl 

ester based thermoset composites reinforced by inorganic (mineral-based) or organic (vegetal) fibres such as 

basalt and jute. polyester/vinyl ester based basalt/jute fibre reinforced composites with PTFE/POM/MoS2 tribo-

fillers developed by hand lay – up techniques with varying tribo-fillers percentages ( 2 and 4 wt%) and 

different combination of basalt (40 to 45 wt%) and jute (25 to 30 wt%). They observed that the Jute fibre 

reinforced composites had slightly lower hardness compared to basalt composites with the same 2 wt% tribo-

filler content. The highest strength values were reached with the vinyl ester matrix ((332.4 ± 15 MPa). 

Specimens with vinyl ester matrix had higher lifetime (1367 Cycles) compared to the same composites based on 

unsaturated polyester. Transfer layer formation generated from PTFE/POM/MoS2 tribo-fillers was clearly 

observed for steel counterfaces both in micro-and macrographs.  

M. Arun, et.al., [24] developed Cellulose Reinforced Polymer Composite (CRPC) using cellulose from jute 

and sisal fibers as reinforcement and epoxy L-12 as matrix. The composite with Lapox L-12 matrix and cellulose 

as the constituent elements, were prepared with the proportions of 85%–15%, 80%–20% and 70%–30% using 

compression moulding technique. The experimental investigation revealed the maximum value of impact 

strength obtained was 7.02 kJ/m2, E70JC30 sample, An average tensile strength of 35.52 MPa was observed for 

samples E85SC15 sample, ultimate tensile strength of 35.52 MPa has been observed for sample E85SC15 which 

is far more superior than the reported values of jute fiber reinforced polymer composite in both epoxy and 

polyester matrix, they reported that flexural strength for jute fiber reinforced composite in epoxy and polyester 

matrix was 44.71 MPa. They concluded that  Among all the samples tested E85SC15 and E85JC15 shows 

increased in tensile strength with low cellulose concentration. Tensile, impact flexural strengths of cellulose-

epoxy composite was found to be better than that of jute fiber reinforced polymer composites in epoxy as well 

as polyester matrixes, cellulose–epoxy composites have a good potential to replace natural fiber based polymer 

composites for the manufacturing of many automotive parts which do not require high load bearing capability.  

M. Rajesh, et.al., [25] studied the effect of reinforcing natural fiber in the form of woven fabric on dynamic 

mechanical and thermogravimetric analysis were investigated. Further the influence of water molecule 

interaction on dynamic mechanical analysis of natural fiber composite were studied. in there study, jute and 

banana fibers were used as a rein-forcement in the woven form. Unsaturated polyester resin,methyl ethyl 

ketone peroxide (MEKP), and cobalt naphthenatewere used as the matrix, catalyst, and accelerator, respectively. 

composite were prepared by using hand lay up technique with varying fillers loadings from 10 % to 80 wt% 

and weaving pattern (plain, basket and her-ringbone) and intra-ply hybrid woven fabric. The Results revealed 
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that basket andintra-ply hybrid composite shown higher storage and loss modulus compared to herringbone 

and plain-woven composites. sand-wich composite enhanced the dynamic properties and glasstransition 

temperature of the composites.   

P. Deepak, et.al., [26] investigated wear and mechanical properties of Molybdenum disulphide Modified Epoxy 

based composites reinforced by organic fibres such as banana and jute. Epoxy based banana/jute fibre reinforced 

composites with Molybdenum disulphide  tribo-fillers developed by hand lay – up techniques with varying 

tribo-fillers percentages ( 5,10 and 15 wt%) and The epoxy resin and amine hardener were mixed in the ratio of 

2:1. The results shows the a S15 composite had shown the least abrasion loss of 0.2729g among all the form of 

composites, which is 31.62% less than that of SN composite.  The tensile strength and tensile modulus of S15 

composite was found to be 32.47MPa and 1623MPa, respectively.  The flexural strength of the S15 composites 

was 21.9% more than that of SN composites. experimental results indicated that the  composition S15 is the best 

optimized samples among all.  

Sahas Bansal, et.al., [27] evaluated the  comparative analysis of bamboo using jute and coir fiber 

reinforced polymeric composites.  The paper deals with the study of bamboo fiber, jute fiber and coir fiber cut 

into 2-4 mm of length with epoxy resin having random orientations. Various tests like Impact test (IZOD test 

and CHARPY test), Fourier Transform Infra-Red (FTIR) test and Rockwell Hardness test were conducted on 

bamboo epoxy resin composite, bamboo-jute epoxy resin composite and bamboo-coir epoxy resin composite 

developed by hand lay – up techniques. For sample A, B and C, the combinations taken are in the ratio 90:10 

(epoxy resin: bamboo fiber), 90:5:5 (epoxy resin: bamboo fiber: jute fiber), 90:5:5 (epoxy resin: bamboo fiber: 

coir fiber) respectively. the Impact results, bamboo-coir epoxy resin composite showed the highest value of 4 

Joules and 5 Joules while bamboo epoxy resin composite showed the lowest value of 2 Joules and 3 Joules for 

IZOD test and CHARPY test respectively. the hardness results, bamboo-coir epoxy resin composite had the 

highest Rockwell hardness test value of 38 RHN , bamboo epoxy resin composite had the lowest Rockwell 

hardness test value of 20 RHN.  

Srinivas Shenoy Heckadka, et.al., [28] studied the mechanical characterization of Flax/Jute/Ultra high molecular 

weight polyethylene reinforced phenol formaldehyde (PF) composites. research work compares the flexural 

and Interlaminar Shear Strength (ILSS) of three varieties of fiber reinforced phenol formaldehyde composites. 

Composites were fabricated with hand layup and compression molding technique with eight layers of same 

fabric. Thickness of 4 mm was maintained for all the composite panels. Composite were characterized by 

different fiber content UHMWPE – 78 wt%, Jute – 71 wt% and Flax – 75 wt%. They found from the 

experimental result that among the three varieties of composites, Flax fiber reinforced composites displayed 

superior flexural strength (46 MPa) and inter-laminar shear strength (4.4 MPa). Second best being jute fiber 

composites. Least flexural strength (19 MPa); inter-laminar shear strength (1.4 MPa) was observed for 

UHMWPE composites. 

A complete study on literature survey shows that the reinforcement have better mechanical and tribological 

properties such as hardness, tensile strength, yield strength, density, compression test, % of elongation, wear 

resistance and co efficient of friction compared to unreinforcement composite materials. These are carried out 

through fabrication process of reinforcement using different kind of fabrication technique. As mentioned above 

hand layup technique have implemented more for composite materials. This literature survey also revealed that 
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polymer material reinforced with natural fibres also might show good mechanical and tribological properties 

with different weight percentage ratios.  

 

III. CONCLUSION 

 

Polymer base material reinforced with different kind of composite material is fabricated using hand layup 

technique shows good mechanical and tribological properties. In this review, I conclude that using polymer  

(vinyl ester)  reinforced with natural fibres (Jute, Banana and Coir) will show the better properties and further 

work has to done on these materials.  

The conclusions drawn from the previous investigations are as follows: 

1. The jute and coir natural fibers can successfully be used as reinforcing agent to fabricate composite by 

suitably bonding with resin for the development of value added products.  

2. There is a good dispersibility of jute and coir in the matrix, which improves the hardness, strength, and 

modulus and work fracture of the composite.  

3. The abrasive wear resistance of neat polymers is appreciably enhanced by incorporation of natural fibers. 

The specific wear rate of the composite also decreases with addition of fiber.  

4. The abrasive wear rate of the natural fibers polymer composite is influenced by several parameters e.g. 

sliding velocity, sliding distance and normal load. The wear rate of the composite is found to be more 

sensitive to normal load in comparison to sliding velocity. The coefficient friction of the composites 

decreases with addition of fibers which confirms that the addition of this fiber is beneficial in reducing the 

wear of neat resin.  
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ABSTRACT 

 

The present work involves in fabricating “Coconut Sapathe and Bast Papaya Fibre Reinforced Epoxy Polymer 

Composites. The reinforcements used are Coconut sapathe and papaya in different weight fraction. The 

mechanical properties are compared for these polymer composites. The main objective is to enhance the 

properties of Epoxy based polymer by adding reinforcements like Coconut sapathe and bast papaya. The 

reinforcement increases the mechanical properties of a polymer. Epoxy is a Copolymer and is formed from two 

different chemicals, Resin and Hardener. Epoxy has very large application. In general epoxy is known for their 

excellent adhesion, chemical and Heat resistant, excellent Mechanical properties and very good insulating 

properties. But these properties can be modified by adding materials to it. Natural fibers have been used to 

reinforce materials for over 3,000 years. More recently they have been employed in combination with plastics. 

Many types of natural fibres have been investigated for use in plastics including Flax, hemp, jute, straw, wood 

fibre, rice husks, wheat, barley, oats, cane (sugar and bamboo), grass reeds, kenaf, ramie, oil palm empty fruit 

bunch, sisal, coir, water hyacinth, pennywort, kapok, paper- mulberry, raphia, banana fibre, pineapple leaf 

fiber and papyrus. 

Natural fibres have the advantage that they are renewable resources and have marketing appeal. The Asian 

markets have been using natural fibres for many years e.g., jute is a common reinforcement in India. Natural 

fibres are increasingly used in automotive and packaging materials. Polymer matrix composites are gaining 

more importance compare to monolithically materials as being more reliable and cheaply available. Polymer 

matrix composites finding application from household to engineering approach. With the advancement of 

PMC‟s their properties have been increased by addition of one more fibre made as hybrid composite which 

boosts the property of PMC where a single fibre composite lag. We have chosen coconut sapathe, papaya bast 

fibre as reinforcement and Epoxy resin as the base material, composite material prepared by hand layup process 

according to ASTM. Tests were conducted and the improvement in mechanical properties (tensile strength and 

flexural strength, impact strength. hardness test.) of the composite material is observed. The result on this study 
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indicate the coconut spathe composite shows better mechanical properties compare than papaya best fibre and 

hybrid composite 

 

Keywords: Coconut Spathe, Bast Papaya, Epoxyresin, Hand lay-up process tensile strength, flexural strength, 

impact strength and hardness. 

 

I. INTRODUCTION 

 

In the current quest for improved performance, which may be specified by Numerous criteria comprising less 

weight, more strength and lower cost, currently used materials frequently reach the limit of their utility. Thus, 

material researchers, engineers and scientists are always determined to produce either improved traditional 

materials or completely novel materials. Composites are an example of the second category. Over the last thirty 

years composite materials, plastics and ceramics have been the prevailing emerging materials. The volume and 

numbers of applications of composite materials have developed steadily, penetrating and conquering new 

markets persistently. Modern composite materials establish a significant proportion of the engineered materials 

market ranging from everyday products to sophisticated niche applications. 

Composites have already proven their worth as weight-saving materials; the current challenge is to make them 

cost effective. The hard work to produce economically attractive composite components has resulted in several 

innovative manufacturing techniques currently being used in the composites industry. The composites industry 

has begun to recognize that the commercial applications of composites promise to offer much larger business 

opportunities than the aerospace sector due to the sheer size of transportation industry. 

India endowed with an ample availability of natural fiber such as Bamboo, Ramie, Jute, Sisal, Pineapple, Coir, 

Banana etc. has focused on the improvement of natural fiber composites mainly to explore value-added 

application avenues. Such natural fiber composites are well matched as wood substitutes in the housing and 

building sector. The development of natural fiber composites in India is based on two cleft strategy of 

preventing depletion of forest resources as well as ensuring good economic returns for the cultivation of natural 

fibers. 

The developments in composite material after meeting the challenges of aerospace industry have poured down 

for catering to domestic and industrial applications. Composites, the spectacle material with light-weight; high 

strength-to-weight ratio and stiffness properties have come a long way in replacing the conventional materials 

like wood, metals etc. The material experts all over the world focused their attention on natural composites to 

cut down the cost of raw materials. 

 

II. OBJECTIVES 

 

Keeping in view of the current status of research the following objectives are set in the scope 

of the present research work. 

• Fabrication of coconut spathe / papaya bast fiber reinforced epoxy composites using hand lay-up process. 
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• Test specimens are 2 layer of coconut spathe with epoxy composite, 2 layer of papaya bast fiber with epoxy 

composite and 1 layer coconut spathe + 1 layer papaya bast fiber with epoxy composite. 

• Material used in this composite are lighter in weight, lesser density and more strength. 

• Epoxy resins used in the composite are low viscosity, higher heat resistance and corrosion resistance. 

• To study the Mechanical characterization. Such as tensile strength, flexural strength, impact strength and 

hardness of composite. 

 

III. MATERIALS USED 

 

3.1. Matrix Material 

Among different types of matrix materials, polymer matrices are the most commonly used because of many 

advantages such as cost effectiveness, ease of fabrication with less tooling rate and they also have outstanding 

room temperature properties. Polymer matrices can be either thermoplastic or thermosetting. The most 

commonly used thermosetting resins are epoxy, polyester, vinyl ester, Polyurethanes and phenolics. Among 

them the epoxy resins are generally used for many superior composites due to their many advantages such as 

tremendous adhesion to wide variety of fibers, superior mechanical and electrical properties and good 

performance at elevated temperatures. In addition to that they have low shrinkage upon curing and good 

chemical resistance. Due to numerous advantages over other thermoset polymers, epoxy is chosen as the matrix 

material for the present research work. It chemically belongs to the ‘epoxide’ family and its common name of 

epoxy is Bisphenol-A-Diglycidyl Ether. 

 

3.2. Epoxy 

The epoxy resin i.e., diglycidyl ether of biphenyl-A (LY 556) with hardener i.e., triethylenetetramine (HY 951) 

is used as polymer matrix in this study. The typical properties of the epoxy resin (C18H21ClO3) used in this 

study are given in Table 3.2.1 

 

Table 1. Specifications of the Materials Used In the Research 
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Fig.1 Epoxy resin with hardener 

 

3.3. FIBER MATERIALS 

 

3.3.1. COCONUT SPATHE 

Coconut spathe, the covering of the coconut inflorescence, is an under-exploited material with considerable 

potential in this respect. Although substantial research has been carried out on other tissue-types of the coconut 

palm (Cocos nucifera), e.g., leaf bud sheath reports on the use of coconut spathe as a source of fiber in 

composite materials are scarce. Furthermore, production of fiber reinforced composite materials strengthens 

the bonding between fiber and matrix, so that it could resist the applied load. Hence coconut spathe-fiber and 

fiber-reinforced epoxy composites were tested in this study to determine the tensile and flexural strengths 

 

3.3.2. PAPAYA BAST FIBER 

Papaya is interesting resource of natural fibers,  have not been studied yet. Papayas plants  may reach an age of 

20 years and do usually not branch. Characteristically, the secondary xylem remains completely 

parenchymatous. Despite the lack of wood, individual plants grow up to nine metres; hence papaya is called a 

giant herb. Lignified fibers occurring in the bark (secondary phloem) are the only reinforcing structures 

interacting with the turgor pressure. The fibers form a complex lattice like mesh, which again is filled with 

parenchyma. The small amount of fibers compared to the total weight of the stem arouses interest as a model 

for light-weight applications and structures. Papaya plants were cultivated primarily due to the palatable fruits. 

Main producers in 2012 have been India (5.16 million ton), Brazil (1.52 million ton) and Indonesia (0.91 million 

ton). The world's total yield in 2012 accounted for ca. 12.4 million ton. Papaya may therefore be source for 
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fibers as by-product after have been harvested, such as pineapple, palm and coir. Since the papaya fruit 

maximum in the first three years, replaced mostly after 3 - 5 years. Fiber material is available in a large usually 

discarded. Further processing material in composites could be source of income for the producer. Only idea for 

an application was the use papaya fibers as bio sorbent to remove metals from water. 

Coconut and papaya fibers are selected as reinforcements, which is extracted mechanically and they are cleaned 

manually and then the specimens are prepared as per the ASTM standards are used for this study. 

  
Fig.2 Coconut spathe and papaya bast fiber. 

 

3.4. PROCESSING REQUIREMENTS 

 

Table 2. Materials Used In the Fabrication of Composite. 
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IV. EXPERIMENTATION AND PROCESS 

 

4.1. PROCESSING TECHNIQUE: HAND LAYUP 

 

 
Fig.3 Mould      Fig.4 Weighing machine 

 
Fig.5 Epoxy and Harder    Fig.6 Pouring of resin Mixing 

  
Fig.7 Fabrication process    Fig.8 Coconut spathe composite 
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4.2. FABRICATION PROCEDURE 

 

4.2.1. PRE-PREPARATIONS 

• Safety Hand Glows (latex hand glows). 

• Brushes Small and Medium sized... 

• Glass sticks- for stirring of resin and reinforcements mixed in a mug. 

• Hand rollers- to apply pressure. 

• Mylar sheets. 

• Chemicals-Hardeners. 

• Weighing machine. 

 

4.2.2. PROCESSING PROCEDURE OF COCONUT SPATHE &PAPAYA BAST FIBER / EPOXY 

• Cut the Mylar sheet according to Mold size and place it on the Mold. 

• According to calculation pour the resin into the mug. 

• Stir well for about two minutes in clockwise and alternatively anticlockwise to mix the content 

thoroughly. 

• Then add hardeners 

• Once it is mixed thoroughly now it is ready to lay on the mold. 

• Before layup clean the Mylar sheet with little amount of resin. 

• Before pour the mixed resign in to the mould place one layer of coconut spathe. 

• Pour the mixer continuously over the mold apply little pressure using plates to fill the mixer all along the 

mold. 

• Wait for a minute and apply pressure using hand rollers to remove air bubbles and to maintain uniqueness 

in the laminate. 

• And In top of the mould, place one more layer of coconut spathe. 

• Put Mylar sheet on it to avoid sticking of specimen onto the mold. 

• The cast of each composite is preserved under a load of about 30kg for 24 hours before it removed from the 

mould cavity. 

• Then this cast is post cured in the air for another 24 hours after removing out of the mould. 

• Specimens of ASTM standards dimension are cut for physical and mechanical tests. 

 

4.2.3. ASTM STANDARDS FOR TESTING OF SPECIMEN 

 

Table 3. ASTM standard list for testing of samples 
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Fig.9 Shows specimen before testing 

 

The above figure shows the specimen of tensile, flexural, impact and hardness before testing. The specimen 

prepared with according to ASTEM standard. 

• Tensile specimen size 250 X25X 5mm 

• Flexural specimen 200 X15 X 5mm 

• Impact specimen 64mm x 12.6 X 5mm 

• Hardness specimen 25 X25 X 5mm 

 

 

 



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published :  March 15, 2022    Page No : 557-574 

 

 

 

 
565 

V. TESTING AND DISCUSSION 

 

5.1. ULTIMATE TENSILE STRENGTH (UTS) 

Ultimate tensile strength, often referred to tensile strength is the maximum stress that a Material can withstand 

while being stretched or pulled before fracture. The tensile test for the specimens was conducted according to 

ASTM D3039. The specimens of size 250 mm x 25 mm x 5mm were tested with a span length of 100 mm in 

tensile mode at a cross head speed of 1 mm / min. The fixtures usecd for the tensile testing is shown in Figure 

5.10. 

 
Fig.10 Tensile fixture 

Tensile test was conducted for coconut spathe / papaya bast fiber / epoxy specimens using 10 tonne capacity 

Universal testing machine. 

 

Table 4. The UTS of coconut spathe / papaya bast fiber / epoxy resin 

 
Table 4. Shows the variation of UTS of coconut spathe / papaya bast fiber / epoxy composite. The tensile 

strength is maximum in case of coconut spathe composite is 12.25Mpa and minimum in case of papaya 

composite 6.47Mpa, and this can be seen in the following graph 1. 
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Graph 1. Ultimate Tensile Strength Test 

 

5.2. FLEXURAL STRENGTH 

The use of flexural tests to determine the mechanical properties of polymeric composites is widely prevalent 

because of the relative simplicity of the test method, instrumentation and testing equipment required. The 

flexural strengths of the specimens were determined for specimens using the three-point bending test as per 

ASTM-D790. The specimens of dimensions 200 mm x 15 mm x 5 mm tested with a span length 50 mm. Figure 

5.4 shows the flexural test setup used in the experiment. 

  
Fig.11 Flexural test setup 
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The use of flexural tests to determine the mechanical properties of polymeric composites is widely prevalent 

because of the relative simplicity of the test method, instrumentation and testing equipment required 

Table 5. The flexural strength of coconut spathe / papaya bast fiber / epoxy resin 

 
 

Table 5. Shows the variation of flexural strength of coconut spathe / papaya bast fiber / epoxy composite. The 

ultimate flexural strength is maximum in case of coconut spathe composite is 

41.29 Mpa and minimum in case of papa composite 27.62Mpa, and this can be seen in the following graph 2. 

 
Graph 2. Flexural strength Test 

 

5.3. SHORE D HARDNESS TEST ASTM D2240 

Shore hardness is a measure of the resistance of a material to penetration of a spring load needle-like indenter. 

Hardness of Polymers (rubbers, plastics) is usually measured by Shore scales. Shore A scale is used for testing 

soft Elastomers (rubbers) and other soft polymers. Hardness of hard elastomers and most other polymer 

materials (Thermoplastics, Thermosets) is measured by Shore D scale. Shore hardness is tested with an 

instrument called Durometer. Durometer utilizes an indenter loaded by a calibrated spring. The measured 

hardness is determined by the penetration depth of the indenter under the load. Two different indenter shapes 

(see the picture below) and two different spring loads  are used for two Shore scales (A and D). The loading 

forces of Shore A: 1.812 lb (822 g), Shore D: 10 lb (4536 g). Shore hardness value may vary in the range from 0 

to 100. Maximum penetration for each scale is 0.097-0.1 inch (2.5-2.54 mm). This value corresponds to 

minimum Shore hardness: 0. Maximum hardness value 100 corresponds to zero penetration 
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Fig.12 shore D Hardness testing machine 

 

Table 6. The hardness of coconut spathe / papaya bast fiber / epoxy resin 

 
  

Table 6. shows the shore D hardness of coconut spathe / papaya bast fiber / epoxy composite. The shore D 

hardness number is maximum in case of coconut spathe composite is 78 and minimum in case of papa 

composite 74, and this can be seen in the following graph 3. 

 
Graph 3. Shore D Hardness Test. 
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5.4. IMPACT TEST 

The Izod impact strength of composite samples were evaluated as per ASTM D256, using testing equipment 

(internal equipment, Mumbai. Capacity up to 25J, release angle of pendulum:1500) the specimen dimension was 

64x12.6x6 

The impact strength of coir composite samples was evaluated as per ASTM D256, the RI scale was used as the 

impact load which is having a range of (0-2.71) J, the obtained impact energy was divided by the thickness of 

the specimen to get impact strength. 

 
Fig.13 Impact test machine 

Table 7. The impact strength of coconut spathe / papaya bast fiber / epoxy resin 

 
Table 7. shows the impact strength of coconut spathe / papaya bast fiber / epoxy composite. The impact strength 

is maximum in case of coconut spathe composite is 8 and minimum in case of papa composite 2, and this can be 

seen in the following graph 4. 

 
Graph 4. Impact Strength Test 
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5.5. TEST SAMPLES AFTER TESTING 

 
Fig.14 Tensile specimen after testing 

 
Fig.15 Flexural specimen after testing 

 
Fig.16 Impact specimens after testing 
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Fig.17 hardness specimen after testing 

 

5.6. COMBINED RESULTS 

 

The results of mechanical behaviour of coconut spathe /papaya bast fiber reinforced epoxy- based hybrid 

composites. 

Table 8. 

  
Table 8. Shows the result of coconut Spathe /Papaya bast fiber reinforced with epoxy composite, and this can be 

seen in the following graph 5. 

 
Graph 5. Combined Results 
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VI. CONCLUSION 

 

In recent years, the plant based natural cellulose fiber-reinforced polymer composites have attracted the 

attention of many researchers and material engineers due to their advantages of specific properties over 

synthetic fibers. The proper selection of the materials and fabrication methods for the preparation of natural 

fiber polymer composites is necessary to achieve the application of composites. In the present work the coconut 

and Papaya fibers as reinforcing agents to epoxy matrix composites are prepared by hand layup followed by 

compression moulding technique. The mechanical characteristics of the coconut and papaya fiber reinforced 

with epoxy composites are studied. 

The experimental investigation on the physical, mechanical behaviour of coconut spathe /papaya bast fiber 

reinforced epoxy composites lead to the following conclusions. 

• Successful fabrication of coconut spathe /papaya bast fiber reinforced epoxy composites by simple hand 

lay- up technique. 

• Tensile strength is maximum in case of coconut spathe composite is 12.25 Mpa , minimum in case of 

papaya bast fiber is 6.47 and tensile strength of hybrid composite is 8.80Mpa. it clearly shows that hybrid 

composite lags in tensile strength compare to coconut spathe composite. 

• Flexural strength is maximum in case of coconut spathe is 41.29 Mpa and minimum in case of hybrid 

composite and papaya composite flexural strength is 33.60 Mpa. 

• Hardness no is maximum in case of coconut spathe composite is 78 and minimum in case of papaya bast 

fiber composite is 74 and hybrid composite is 75. 

• Impact strength is maximum in case of coconut spathe composite is 8J, minimum in case of hybrid 

composite is 2J. and impact strength of in case of papaya bast composite is 4J. 

• It has been noticed that the various properties of the composites is maximum at coconut spathe fiber 

loading. 

• It has been noticed that the varies properties of the composite is minimum at hybrid composite 

• With increasing the fiber content to coconut spathe fiber composite the mechanical properties increased. 

 

VII. SCOPE FOR FUTURE WORK 

 

From the conclusion of the study it clearly states that improvement/implementing following will yield 

composite of enhanced strength. 

• Papaya bast fiber shown poor interfacial bonding with epoxy which can be made better for bonding 

strength by treating the papaya bast fiber with the solution for optimal result. 

• Micro cracks and voids are present in the matrix material which is due to inhomogeneous mixing of 

epoxy/hardener is avoided by mixing thoroughly in mechanical means. 

• The composite is to also be tested for ballistic to conclude the right application of material developed. 

• The experiment is tested for temperature variation to know the behaviour of composite under 

environmental changes. 
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• The mechanical properties and the machinability behavior can be optimized and predicted using soft 

computing techniques such as Artificial Neural Network, Neuro Fuzzy and Genetic Algorithm for future 

work. 
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ABSTRACT 

 

Additive manufacturing (AM), also known as 3D printing is becoming an industry standard for manufacturing 

components. The AM processes can produce complex metal parts with potential applications in aerospace, 

automobile, medical and fashion domains. Direct Metal Laser Sintering (DMLS) is a commonly used laser 

powder bed fusion (LPBF) type of AM technique for processing widely used aluminum alloys due to its light 

weight, high strength, and corrosion resistance properties. This paper presents an experimental work of the 

latest research carried out in understanding the Hardness and Microstructure of the Aluminium alloys 

processed by DMLS before and after heat treatment conditions with the aim of identifying research gaps and 

future research directions. The present research has effectively utilized the established characterization 

techniques like optical microscopy (OM), scanning electron microscopy (SEM), and X-ray diffraction (XRD), 

and the effects of Heat treatment on Microstructure and Hardness are investigated and the inferences are 

reported. 

 

Keywords: Additive Manufacturing; Lase Powder Bed Fusion; Direct Metal Laser Sintering; Metal powder; 

Characterization; Hardness; Heat treatment. 

 

I. INTRODUCTION 

 

The ASTM definition for Additive Manufacturing is “process of joining materials to make objects from 3D 

model data, usually layer upon layer, as opposed to subtractive manufacturing methodologies” [1]. The Additive 

Manufacturing (AM) is a class of layer-by-layer manufacturing techniques that can fabricate highly complex 

components from CAD model. This CAD model is sliced into 2D slices with a certain layer thickness, and 

subsequently each layer is built up by adding material. There are different types of Metal Additive 
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Manufacturing (AM) Methods, namely Selective Laser Sintering (SLS), Selective Laser Melting (SLM), Direct 

Metal Laser Sintering (DMLS), Laser Engineered Net Shaping (LENS), and Direct Metal Deposition (DMD). 

Among these Metal AM methods, the Direct Metal Laser Sintering (DMLS) process can be used for Aerospace 

parts, customized medical parts, tooling with conformal cooling channels and functional components with high 

geometrical complexity. Direct Metal Laser Sintering is an additive freeform manufacturing process which 

creates 3-D parts through the application of laser energy to powder beds [2]. The manufacturers are focusing on 

the potential cost reduction, fewer steps in the production process and design-freedom and these are achievable 

through Additive Manufacturing (AM) technologies. There has been number of studies on Additive 

Manufacturing of AlSi10Mg alloys, because of the demand from the industrial field for lightweight structures 

with complex geometries [3]. The AlSi10Mg alloy has been widely used in the aerospace and automotive 

industry, because of its neat eutectic composition of Al and Si; further, it has good weldability. However, the 

Aluminium alloy powder is very easy to be oxidized, and the formation of oxide film is one of the challenges 

when exposed to laser during the fabrication of samples. There are many recent studies, which have reported 

the microstructure and mechanical properties of DMLS / SLM fabricated AlSi10Mg alloys. Kempen et al. [4] 

studied the mechanical properties of AlSi10Mg produced by SLM and found that the SLM-fabricated AlSi10Mg 

parts exhibited higher tensile strength and hardness than the casted parts; these parts have exhibited 

anisotropic behavior at rupture under different build directions. Brandi et al. [5] studied the microstructure and 

fatigue performance of SLM-fabricated AlSi10Mg under different directions (0°, 45°, and 90°). The researchers 

found that the heat treatment had the noteworthy effect on fatigue resistance and least effect on the building 

direction. Read et al. [6] studied the influence of process parameters on porosity development in the SLM of 

AlSi10Mg alloys using a DOE. The reviewers found that the laser power, scanning speed, and the interaction 

between the scanning speed and hatch spacing had a pronounced effect on porosity development. From, the 

literature review, it is evident, that this paper focuses on the Microstructure and Hardness properties of 

fabricated samples both in “as fabricated” and post “Heat treatment” condition. The effects of Heat treatment on 

Microstructure and Hardness are investigated. 

 

II. MATERIALS, METHODS, PROCESSING AND CHARACTERIZATION TECHNIQUES   

 

The chemical composition of AlSi10Mg powder as provided by the powder manufactures (EOS Gmbh) is given 

in Table 1, and has been ascertained through powder Particle Elemental Composition studies by the Energy 

Dispersive X-Ray Analysis (EDAX). The Microtrac Bluewave Particle Size Analyzer are used to analyze three 

powder samples Particle Size Distribution (PSD) and the average D10, D50 and D90 values are 30.29 µm, 43.60 

µm and 63.61 µm respectively. Figure 2 shows a Scanning Electron Microscope (SEM) micrograph of the 

powder; it is obvious that the powder particles are not spherical. The particle shows irregular morphology, with 

small irregular satellite particles attached to the bigger particles (Fig. 1). The specimens are manufactured by 

EOSINT M280 system (EOS GmbH - Electro Optical Systems, Germany). The EOS EOSINT M 280 is based on 

the DMLS (Direct Metal Laser Sintering) 3D printing technology developed by EOS, equipped with Ytterbium 

fibre laser with 400W power, and a Scan speed of 7 (m/s), and a minimum re coater time of 8 sec, and build rate 

of 5-20 (cm3 /hr.) The process takes place in an inert environment in a working space with 250 × 250 mm 
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dimensions on the horizontal plane and a maximum height of 290 mm. The layer thickness was set to 60 µm 

and a parallel scan strategy with alternating scan direction was adopted. In the current study, the samples are 

produced using the process parameters of LASER Power of 240 W, Scan speed of 1180 mm/s, Hatch spacing of 

0.12 mm, and Laser Spot Size of 0.1mm. The DMLS process parameters are listed in Table 2 and these are the 

optimum setting parameters from previous studies. The test samples with dimensions of 10mm×10mm × 10mm 

have been fabricated to examine the Microstructure and Hardness as per the dimensions given in figure 2.    

TABLE 1 CHEMICAL COMPOSITION OF AlSi10Mg ALLOY POWDER (Wt. %) 

Element % Composition  

Si 9.5-10.5 

Mg 0.15-0.45 

Fe 0.45-0.55 

Cu 0.05-0.1 

Pb 0.05-0.1 

Ti 0.1-0.15 

Zn 0.1-0.15 

Mn 0.4-0.45 

Sn 0.15-0.2 

Ni 0.05-0.1 

Al Rem. 

 

 
Figure 1:  The morphology of AlSi10Mg powder  
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TABLE 2 DMLS PROCESS PARAMETERS 

Sl. No. Parameter  Value 

1 Power 240 W 

2 Scan Speed 1180 mm/s 

3 Layer Thickness 60 µm 

4 Hatch Spacing 0.12 mm 

5 Laser Spot Size 0.1 mm 

 

 
Figure 2:  Build Orientation and Test samples dimensions 

 

The microstructure of both “as fabricated” and “Heat Treated” AlSi10Mg samples are characterized with Optical 

Microscopy (OM), Scanning Electron Microscope (SEM), and X-ray diffraction (XRD) measurements. A Nikon 

optical microscope LV100 with Clemex Image Analyzer is used to evaluate the microstructure of the etched 

parts. The polishing and etching procedures are performed according to the ASM Metal Handbook 

recommendations. The samples are etched using Keller’s reagent (190 ml distilled water, 5 ml HNO3, 3 ml HCl, 

2 ml HF) for 20 seconds to reveal the microstructure. The Micro Vickers Hardness Tester (MMT-X7, 

Matsuzawa, Japan) is used for measuring the hardness with Vickers scale (0,5 kg load).  A TESCAN- VEGA3 

LMU Scanning Electron Microscope and EDAX – AMETEK is used to investigate the grain size, structure 

observations, and elemental analysis (Energy-dispersive X-ray spectroscopy). For X-ray diffraction analysis, the 

Malvern Panalytical's X-ray diffractometer is used.  

The Post-processing operations like Heat treatment is required in order to enhance the mechanical properties 

[7]. For the Heat treatment study, the samples are fabricated by DMLS process in accordance with the 

dimensions shown in figure 2. This study is to explore the effect of a T6 heat treatment on the DMLS fabricated 

samples, and understand its influence on the microstructure. The Tensile, Compression and Impact samples are 

solution heat treated at 540 °C and 1.5 h soaking time for solution heat treatment, followed by water quenching, 

and artificial ageing (AA) at 200°C for a duration of 8 hours.  
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III. RESULTS AND DISCUSSIONS  

 

A. Microstructure  

The Optical microscope analysis is performed using the “as fabricated” and “Heat-Treated” samples along the 

building direction that is perpendicular to the printed layers (Z-direction) and parallel to the printed layers (XY 

direction). The Figure 3 shows OM images showing the microstructure of “as fabricated” and “Heat-treated” 

samples. The microstructure has resulted from the high cooling rate experienced by the material during the 

layer wise printing operation. The as-fabricated sample is shown in Figure 3 (a and b). The characteristic 

cellular microstructure, supersaturated α-Al matrix and continuous network of eutectic Si particles are 

characterized from the morphological features. The resulting microstructures are non-homogenous. The Al 

cells usually appear finer when viewed perpendicular to the build direction. And the Al cells appear elongated 

when viewed parallel to the build direction, After the Heat treatment; the microstructure changes noticeably. 

Figure 3 (c and d) establishes microstructure of T6 Heat treated AlSi10Mg alloy. The Si particles have grown 

and are uniformly dispersed in α-Al matrix owing to solution heat treatment and aging.   

 
Figure 3:  OM images showing the microstructure of as-fabricated samples (a and b) Heat-Treated samples (c 

and d). 
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The scanning electron microscope (SEM) analysis is performed using the “as fabricated” and “Heat-treated” 

samples along the build direction that is perpendicular to the printed layers (Z-direction) and parallel to the 

printed layers (XY direction). The Figure 4 (a and b) shows SEM images depicting the microstructure of as 

fabricated and the Heat-treated samples [Figure 4 (c and d)]. 

 
Figure 4:  SEM images showing the microstructure of “as-fabricated” samples (a and b) and “Heat Treated” 

samples (c and d) 

 

B. Microhardness 

Hardness is well known as a preliminary indication for mechanical properties. The microhardness 

measurement is performed according to ASTM E384 (The standard test method for Knoop and Vickers 

Hardness Testing of Materials). The average values of the samples of microhardness are obtained along all the 

three (X, Y, and Z) directions. Each recorded value was an average of 3-5 indentations along the tested area of a 

500-gf load applied over a period of 15 to 20 seconds dwell time. The Vickers microhardness of the “as built” 

DMLS samples is much higher (almost 45 Hv) than the microhardness of the T6 heat treatment samples due to 

the softening the material, fine distribution of the Si phase and attributable to the grain growth, which has 

reduced the grain boundaries. The microhardness of the “as fabricated” DMLS material is always higher than 
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the heat-treated material. The anisotropy is not observed in the material after heat treatment since the hardness 

in all planes is found to be an average of 132 ± 4 HV for as fabricated samples and 87± 4 for Heat treated samples. 

This is possibly due to the homogenized microstructure and evolution of the crystallographic texture. This 

significant drop in hardness for the DMLS alloy is clearly due to the microstructural changes related to the 

treatment itself. The table 3 gives the hardness values for as fabricated specimens, while the table 4 gives the 

hardness values for heat treated specimens. The figure 5 gives the hardness values for both, “As Fabricated” (AF) 

and “Heat Treated” (HT) specimens.  

TABLE 3 HARDNESS VALUES FOR (AS FABRICATED) SPECIMENS 

 
TABLE 4 HARDNESS VALUES FOR (HEAT TREATED) SPECIMENS 

 

 
Figure 5: Hardness Values Graphs (Both AF and HT) 

 

C. XRD Analysis  

XRD analysis is carried out to investigate the different phases, present in the samples in both “as fabricated” and 

post “heat treatment” conditions [8]. The XRD analysis are performed on cross sections of polished un-etched 

samples and there is no specific preparation for XRD, since the size of the “as built specimen” is suitable and can 
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be easily fitted onto the mounting plate available [9]. The XRD patterns of “as-built” sample is depicted in 

Figure 6. It mainly consists of α-Al and Si phases and the intensity of Si peaks is relatively lower than that of Al 

peaks. The XRD spectra has not revealed Mg2Si peak although the alloy has ability to precipitate it. This study 

reveals that sample is a two-phase material and that Si is not completely dissolved within the Al phase. 

 
Figure 6: Diffraction pattern of XRD peaks of AlSi10Mg as-built samples 

 
Figure 7: Diffraction pattern of XRD peaks of AlSi10Mg after Heat treated condition 

The T6 heat treated sample is subjected to the XRD analysis in order to evaluate the effect of the heat treatment 

on the microstructure, focusing the attention on the Al, Si and Mg2Si peaks. The XRD patterns of the heat-

treated sample is shown in Figure 7. The breadth of the Si peaks transforms to the peaks as that of α-Al, 

confirming that crystals are coarsened. The results reveal that the crystallite sizes of Al and Si increases for heat 

treated samples as compared to the “as fabricated” samples.  

 

IV. SUMMARY AND CONCLUSIONS 

 

The current study focused on the influence of Heat Treatment on the microstructure and Hardness of the “as 

fabricated” and “Heat treated” AlSi10Mg samples. The key results are as follows: 
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• In comparison with “as-built” samples, T6 Heat treatment results in a decrease of the hardness by 65%. 

• The Post-processing of the samples using T6 Heat treatment creates a homogenous microstructure with Si 

particles in an Al matrix. 

• The T6 Heat treated sample shows the α‐Al phase and with coarse dispersed particles of silicon. The Si 

particles are larger and more widely spaced.  

• This study reveals that sample is a two-phase material and that Si is not completely dissolved within the Al 

phase. 

• After Heat treatment the crystallite sizes of Al and Si increased compared to as built samples. 
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Effect of Heat Treatment on Dry Sliding Wear Behaviour of AA6061-Gr Metal 
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ABSTRACT 

 

In the present study, metal matrix composites of Al6061 matrix with varying composition of 2%, 4% and 6wt. 

% Gr were prepared by liquid metallurgy route. The cast composites have been subjected to solutionizing heat 

treatment at a temperature of 5300 ± 20C for 6 hours followed by ageing at a temperature of 1750 ± 20C for 4 

hours. The wear and frictional properties of metal matrix composites were studied by conducting dry sliding 

wear test using Pin on Disc machine as per ASTM G-99 standard. The wear tests were carried out by using 

Taguchi technique. The L9 orthogonal array and analysis of variance approach was employed to study the effect 

of wear parameters such as load, percentage reinforcement and sliding distance on wear rate of the composites. 

The effect of wear parameters on wear rate of the composites was studied. The experimental results revealed 

that applied load had the most significant effect on wear rate of composites than the reinforcement and sliding 

distance load. The worn surfaces of samples were examined by using Scanning Electron Microscope (SEM) 

photographs to analyze the nature of wear mechanism. 

Keywords: Taguchi technique; Wear; MMC; AA6061; Graphite 

 

I. INTRODUCTION 

 

It is well known that aluminium and its alloys being lightweight materials have huge applications in the area of 

automotive and aerospace applications. Taking a cue from their low density and moderate strength properties, 

many researchers across the world have developed composite materials using organic and ceramic based 

materials as reinforcement [1]. Among the various series of aluminium alloys, the Al6061 is better choice for a 

matrix material because it has excellent mechanical properties, good formability and the strength of this 

material can be altered by doing the heat treatment [2]. Most commonly used reinforcements are SiC, Al2O3, 

graphite, TiB2, TiC, B4C and carbon nanotubes. The stir casting method is found to be easier and the low cost 

production method when compared to other processing methods, particularly when discontinuous 

reinforcements are used [3, 4]. 

Deuis et.al [5] reported the influence of volume fraction and particle size on the wear behaviour of aluminium 

composites. They concluded that the most significant parameter on the wear rate was sliding distance and 

applied load.  Radhika et.al [6] reported that the Taguchi technique is a better technique to deal with responses 
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influenced by multivariable. Basavarajappa et.al [7] found that addition of graphite particles into the aluminium 

matrix increases wear resistance of the composite. Mahdavi and Akhlaghi [8] studied the dry sliding wear 

behaviour of SiC and graphite particles reinforced Al6061 composites.  Most of the studies have been carried 

out on Al-Gr [9, 10] and Al-SiC [11, 12] composites individually. From the literature survey, not much work 

has been reported on the effect of heat treatment, applied load, % reinforcement and sliding distance on the dry 

sliding wear behaviour of AA6061-Gr composites. In view of the above, an attempt was made to study the 

effect of these parameters on AA6061-Gr composites using Taguchi design of experiments. 

 

II. TAGUCHI TECHNIQUE 

 

Taguchi technique is a powerful tool for designing high quality systems based on orthogonal array (OA). It is a 

reliable and systematic approach to optimize designs for performance, quality and cost [13]. There are several 

orthogonal arrays based on the process Parameters and their levels.  The suitable Orthogonal Array is selected 

and the experiments are conducted as per the OA specifies. The experimental results are analyzed by signal to 

noise ratio (S/N) values. The S/N ratios are categorized into three types i.e. lower the better (LB), higher the 

better (HB) and nominal the best (NB). This will be selected based on the response of the process, since here the 

response is the wear rate and we have to minimize the value of the response so LB characteristics needs to be 

applied here. The Mathematical equation for smaller is better S/N ratio is represented in equation 1. 

Furthermore Analysis of Variance (ANOVA) was performed to find out which parameter is significant over the 

other and to find the percentage of contribution of each parameter on the wear rate. With the help of the S/N 

ratio and ANOVA analysis, the optimal combination of process parameters can be obtained. At last a 

confirmation test was performed to verify the optimal process parameters.  
𝑆

𝑁
 = - 10 log

1

𝑛
 ( y12 + y22 + y32 + . . . . . . …+ yn2)                       (1) 

Where y1, y2, y3,  .. . . .   yn, are the response of sliding wear, n is the number of observations.  

 

III. MATERIALS, METHODS, PROCESSING AND TESTING OF COMPOSITES   

 

A. MATERIALS AND METHODS 

The matrix material selected for the present research study is AA6061. The reinforcing material selected were 

Gr particles of 10 to 30 µm size. The chemical composition of AA6061 alloy by weight percent Si = 0.72, Mg = 

0.89, Cu = 0.21, Fe = 0.23, Cr = 0.22, Zn = 0.10, Ti = 0.01 and Al = Balance. The amount of Gr particles are varied 

from 2 to 6 wt. % in steps of 2wt. %. Stir casting technique has been used to prepare the AA6061-Gr composite. 

The detailed procedure adopted during composite preparation has been explained in our earlier paper [5]. 

 

B. PROCESSING OF COMPOSITES 

The cast composites have been subjected to solutionizing heat treatment at a temperature of 5300 ±20C for 6 

hours, followed by ageing at a temperature of 1750 ±20C for 4 hours. The microstructural study revealed that, 

the distributions of reinforcements in the matrix are fairly uniform. The detailed microstructural analysis and 

hardness of composites have been explained in our earlier paper [5].   
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C. PLAN OF EXPERIMENTS 

The L9 orthogonal array was used to conduct the experiment. The wear parameters chosen in this experimental 

study were (i) Applied Load, (ii) Sliding Distance and (iii) Percentage Reinforcement and the response studied 

was the wear rate. Table 1, indicates the     level and their factors. The experiment consists of 9 tests and each 

parameter was varied for three levels. 

Table 1: process parameters and levels 

 

D. DRY SLIDING WEAR TEST 

Dry sliding wear test were conducted by using a pin on disc wear test machine. Test specimens as per ASTM G-

99 standard of size 8mm diameter and 30mm length were cut from the cast samples. The surface of the 

specimen was polished by fine emery paper. A single pan digital weighing machine with the least count of 

0.0001gram was used for measuring the initial weight of the specimen. The wear test was conducted at room 

temperature. During the test the track diameter was set for 100 mm the specimen was mounted in between the 

grippers and pressed against a rotating EN 32 steel disc of hardness 65 HRC by applying the load. After the test, 

the specimen was removed and cleaned with acetone. The final weight of the specimen was measured. The 

difference in the weight of specimen before and after the test gives the amount of material removed from the 

surface of the composite.  

 

IV. RESULTS AND DISCUSSION  

 

A. STATISTICAL ANALYSIS OF EXPERIMENTS 

The experiments were conducted as per L9 orthogonal array and the obtained results of wear rate and S/N ratio 

for various combinations of parameters are shown in the Table 2  

Table 2: Taguchi orthogonal array Result of AA6061-Gr composites for wear rate 

S D (m) L (N) R P As Cast Heat Treated 

WR(mm3/m) SNR WR(mm3/m) SNR 

500 9.81 2 0.003335 49.5381 0.002756 51.1944 

500 19.62 4 0.003786 48.4364 0.003236 49.7998 

500 29.43 6 0.003947 48.0747 0.003381 49.4191 

1000 9.81 4 0.002605 51.6838 0.002153 53.3391 

1000 19.62 6 0.002779 51.1222 0.002296 52.7806 

1000 29.43 2 0.004263 47.4057 0.003828 48.3406 

1500 9.81 6 0.001779 54.9965 0.001470 56.6537 

1500 19.62 2 0.003480 49.1684 0.002875 50.8272 

Level % Reinforcement Sliding Distance, D (m) Applied load, L (N) 

1 2 500 9.81 

2 4 1000 19.62 

3 6 1500 29.43 
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1500 29.43 4 0.003722 48.5845 0.003076 50.2403 

 

Table 2 shows the wear rate of AA6061-Gr composites for two processing conditions. It can be observed that 

the as cast composites displayed highest wear rate than the heat treated ones. The reason behind this is the 

presence of as cast defects like porosity can lead low hardness values when compared to heat treatment 

processing conditions. So in such conditions the AA6061 matrix doesn’t offer any resistance to plastic 

deformation caused by hard asperities of counter surface. The penetration of hard asperities can lead to high 

wear of as cast composites. While in case of heat treated composites, due to high hardness attributed to the 

presence of precipitates like MgZn2 and Al2Cu strengthen the matrix material for heat treated composites. 

Further the uniformly dispersed Gr can help by distributing the load applied on the composite pin during 

sliding test and lubricating nature of graphite.  

Table 3: Response table for signal to noise ratios of AA6061-Gr composites for wear rate (smaller is better) 

 

The response table obtained for this process is shown in the Table 3. The rank values provide the level of 

influence of input factors on response variable. This table is clearly indicating that the applied load is a 

dominant parameter on the wear rate followed by reinforcement percentage and sliding distance.  

 
(a) Main effects plot for S/N ratios –wear rate (As Cast) 

Level As Cast Heat Treated 

S D (m) L (N) R P S D (m) L (N) R P 

1 48.68 52.07 48.70 50.14 53.73 50.12 

2 50.07 49.58 49.57 51.49 51.14 51.13 

3 50.92 48.02 51.40 52.57 49.33 52.95 

Delta 2.23 4.05 2.69 2.44 4.40 2.83 

Rank 3 1 2 3 1 2 
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(b) Main effects plot for S/N ratios –wear rate (Heat Treated) 

Fig.1 Main effects plot for S/N ratios of AA6061-Gr composites - Wear Rate 

 

Figure 1 shows the influence of process parameters on wear rate graphically. The optimum condition for wear 

rate which is shown in Figure1 is D3, L1 and R3. Fig.1(a, b) depicts main effect plot for S/N ratio. It shows that 

S/N ratio increases with the increase in sliding distance. Applied Load has inverse relation with wear rate.  

Since it is desirable to have maximum S/N ratio, as per lower the better option, SN ratio graph depicts that 

minimum wear rate is achieved at 1500m of sliding distance, 9.81N of applied Load and 6% of Reinforcement 

Percent same for all categories.  

 

B. ANALYSIS OF VARIANCE (ANOVA) RESULTS  

Table 4(a): Analysis of Variance of Al6061-Gr composites for wear rate (As Cast) 

 

Table 4(b): Analysis of Variance of Al6061-Gr composites for wear rate (Heat Treated) 

Source DF Adj SS Adj MS F-Value P-Value P (%)  

S D (m)     1   0.000001   0.000001     48.89     0.001 14.93 

  L (N)   1  0.000003   0.000003    199.22     0.000 60.85 

  R P         1   0.000001   0.000001     74.31     0.000 22.69 

Error         5   0.000000   0.000000 
  

01.53 

Total         8   0.000005 
   

100 

Source DF Adj SS Adj MS F-Value P-Value P (%)  

S D (m)     1   0.000001  0.000001     81.19     0.000 15.45 

L (N)   1  0.000003  0.000003    325.11     0.000 61.92 

  R P         1   0.000001   0.000001    113.91     0.000 21.68 

Error         5   0.000000  0.000000 
  

00.95 

Total         8   0.000004 
   

100 
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The ANOVA results shown in Tables 4(a) and 4(b) is clearly indicating that the applied load is a dominant 

parameter on the wear rate followed by reinforcement percentage and sliding distance. Same is presented in 

terms of percentage in the last column of ANOVA results shown in Table 4(a) and 4(b). P-value in the ANOVA 

table tells which factors are significant on wear rate.  Applied Load, Reinforcement Percent and Sliding 

Distance are significant factors affecting wear rate because their P-values are less than 0.05. 

 

Table 5: Model Summary of Al6061-Gr composites for wear rate 

 

As Cast Heat Treated 

R-sq R-sq(adj) R-sq R-sq(adj) 

98.47% 97.56% 99.05% 98.48% 

 

R2value measures degree of fit, 98.47%, 99.05% of variability in data can be explained by present R2 value for all 

categories As Cast and Heat Treated respectively. As R2value approaches unity, fitted model fits the actual data 

better. It also tells how much performance characteristics are affected by unaccountable factors.  Thus it 

confirms that present model presents fairly good explanation of relationship between input factors and the 

response variable. 

 

C. MULTIPLE LINEAR REGRESSION MODELS (MLRM) 

The statistical tool MINITAB 17 was used to develop the MLRM. The relation between independent variable 

and the response variable from the observed data in the form of linear equation was obtained by this model.  

The regression equation developed for wear rate is   

W R (As Cast) (mm3/m) = 0.003449 - 0.000001 S D (m) + 0.000072 L (N) - 0.000214 R P  -  (5.8) 

 

W R (Heat Treated) (mm3/m) = 0.002905 - 0.000001 S D (m) + 0.000066 L (N) - 0.000193 R P (5.9) 

 

 
(a) Normal probability plot of Residuals-As Cast 
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(b) Plot of Residuals v/s fitted values- As Cast 

 
(c) Normal probability plot of Residuals-Heat treated 

 
(d) Plot of Residuals v/s fitted values- Heat Treated 

Fig.2 Normal probability plot of Residuals and Fits of AA6061-Gr composites for Wear Rate 
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Figure 2 shows the normal probability plot of residuals and Fits for wear rate. From the figure it is observed that 

the data points are close to the normal probability line. It shows that the residuals are normally distributed over 

the line and the model is best fit to forecast the wear.  

 

D. CONFIRMATION TEST 

The obtained results were confirmed by conducting the confirmation test. The experimental parameters used 

for the test was shown in the Table 6(a).  

Table 6(a): Confirmation Experiment of AA6061-Gr composites for wear rate 

Expt. No Sliding Distance, S D (m) Applied load, L (N) % Reinforcement Percentage 

1   900 22 2 

2 1200 28 4 

3 1500 36 6 

 

The results of confirmation test and comparison between the experimental values and computed values 

developed from the regression model is recorded in the Table 6(b). The experimental value of wear rate is 

found to vary from the regression equation in the range of 1.08% to 4.58%. The wear rate obtained from the 

regression model and the experimentation was found to match with least error.   

Table 6(b): Result of Confirmation Experiment of AA6061-Gr composites for wear rate and their comparison 

with regression model 

Expt. No Expt. WR (mm3/m) Reg. model W R (mm3/m) %Error 

1 0.002442 0.002352 3.68 

2 0.002486 0.002372 4.58 

3 0.002493 0.002466 1.08 

 

E. SEM ANALYSIS OF WORN SURFACES OF AA6061-GR COMPOSITES 

 

As Cast 

   
a) Distance=500, Load=29.43N,  

Al606-2wt.%Gr 

b) Distance=1000, Load=29.43N,  

     Al6061-2wt.%Gr 

c) Distance=1500, Load= 29.43 N,  

Al6061-2wt.%Gr 

 

Heat treated 
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a) Load=9.81N, Distance=1000, 

Al6061-4wt.%Gr 

b) Load=19.62N, Distance=1000 

     Al6061-4wt.%Gr 

c) Load= 29.43 N, Distance=1000,  

Al6061-4wt.%Gr 

Fig.3 SEM wear tracks of Al6061-Gr composites 

 

During testing the uniformly distributed graphite smears way layer by layer and forms a lubricating layer [14]. 

This layer formed in between the contact surface and composite pin effectively avoid the wear. This 

phenomenon is well reflected in the SEM analysis of worn surfaces of these materials as shown in Fig.3 In case 

of as cast composites we can see peeling off large lumps from the surface. This was further increased with the 

increase in load during test due to deep penetration of hard asperities of counter surface. Further comparatively 

large grain sizes of AA6061 matrix in case of as cast composite systems are ineffective in resisting the plastic 

deformation and lead to high wear rate. So the SEM micrographs of as cast composite systems show the features 

like peeling off matrix along with scratches due to penetration of hard asperities of counter surface disc. [15].      

On the other hand heat treated composite surfaces do exhibit the scratches but the depth or width is not as high 

as that of as cast ones. 

 

V. CONCLUSION 

 

The following conclusions are drawn from the present investigation: 

1. Liquid metallurgy route was successfully adopted in the preparation of AA6061- (2-6wt. %) Gr composites. 

2. The load (61.92%) has the highest influence on specific wear rate of the composite followed by percentage 

reinforcement (21.68%) and sliding distance (15.45%).  

3. Incorporation of Graphite particulates into the AA6061 matrix increases the wear resistance of the 

composite by forming a protective lubricating layer between the pin and counter face. 

4. Regression equation generated for AA6061- (2-6 wt. %) Gr composite has been used to predict the specific 

wear rate for the intermediate conditions with good accuracy. 

5. The confirmation test results showed least error. Thus, design of experiments by Taguchi technique was 

successfully used to study the tribological behaviour of AA6061- (2-6 wt. %) Gr composites.  
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ABSTRACT 

 

Aluminium 6061 alloys have been widely used in the field of the application of aerospace, sports equipment’s 

manufacturing and automobiles industries and there have been distinct cases of experimental implementation. 

It has been investigated with various ceramic reinforcements to enhance the usability of the material. 

Feasibility of different constituent depends on the compatibility of the properties. 

In the present investigation, efforts are made to study the corrosion properties of Al6061 alloy reinforced with 

alumina particulate and zircon sand in different compositions. The vortex method of stir casting was employed 

in which the reinforcements were introduced into vortex created by the molten metal by mechanical stirrer. 

Castings were machined to the ASTM standards on a highly sophisticated lathe. The alloy exhibit improved 

corrosion resistance with increased weight percentage of alumina and zircon sand. 

Keywords: Aluminium 6061, Alumina, Zircon sand, corrosion. 

 

I. INTRODUCTION 

 

Composite metals have an unique advantage of low weight to strength ratio, better mechanical properties like 

hardness, wear resistance and fatigue properties which is of high importance.  

Das et al [1] Basavarajappa and Chandramohan et al [2] have demonstrated dry sliding wear behaviour, 

aluminium alloy reinforced with reinforced with SiCp-Graphite. The un-lubricated pins on disc wear test were 

conducted, to examine the wear behaviour of aluminium alloy and its composites. They reported that wear rate 

of graphite composites is lower than that of matrix alloy and SiCp reinforced composite. Sharma et al [3] have 

studied liquid metallurgical technique. A pin on disc wear testing machine was used to carry out the 

tribological tests on both composites and matrix alloy over a load range of 10–50N and sliding velocities of 

1.25–3.05 m/s for various sliding instances of 0.5–3 km. The wear resistances of Al6061 matrix, garnet 

particulate reinforced composites are superior to that of unreinforced matrix alloy. Olivier Beffort et al [4] 

alloying effects on microstructure and mechanical properties of high volume fraction SiC-particle reinforced 

Al-MMCs made by squeeze casting infiltration. Suresh et al [5] have observed that one of the important 

limitations in fabrication of aluminium matrix composites is the compatibility of reinforcement in the matrix. 

This is of prime importance in case of Al composites; as Al is covered with a thin layer of oxide which blocks 

the surface wetting and reacts with some ceramics to form inter metallic phases which tend to influence the 
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final properties of composites. The tribological behaviour of self-lubricated aluminium/SiC/graphite hybrid 

composites with various amount of graphite addition synthesized by the semi-solid powder densification 

method [6]. In the case of particle-filled MMCs, the mechanical properties are not significantly altered, but 

tribological properties show marked improvements. Soft solid lubricant particles such as graphite and mica 

improve anticizing properties of A1alloys whereas hard particles like SiC, alumina, WC, TiC, zircon, silica, and 

boron Carbide greatly improves the resistance to abrasion of Al alloys. [7] 

Based on the literature survey, it is observed that very minimal work was reported based upon Al6061/Al2O3/ 

Zircon sand, hence the present investigation is to fabricate a Aluminium 6061/Zircon sand and Al2O3.  

Aluminium is a light metal whose alloys already are widely used in aircraft industries such as aircrafts whereas 

Zircon has high wear resistant and hardness properties. Therefore, Aluminium MMCs have the potential to 

further improve the application characteristics. In the present investigation, Zircon sand and Al2O3 was 

dispersed in molten Al6061, where in Al2O3 wt% and Zircon sand wt% was varied 

 

II. MATERIALS, METHODS, PROCESSING AND TESTING OF COMPOSITES   

 

The materials used for processing and development of Aluminium alloy metal matrix composite are 

Alumiunium 6061 alloy, Zircon sand and their  properties  are shown in the Table 1.  

TABLE 1 PROPERTIES OF ALUMINIUM 6061 ALUMINA AND ZIRCON SAND  

Chemicals Density Melting point Thermal Conductivity 

Al6061 207 g/cm3 5800C 173 W/mK 

Alumina 3.95 gm/cm3 20720 C 40 W/mK 

Zircon sand 3.95 g/cm3 20720 C 40 W/mK 

 

A. Composite Preparation  

Composite materials were prepared using Liquid metallurgy technique where Zircon sand particles and Al2O3 

were introduced into the molten metal pool through a vortex created in the melt by the use of a zirconium 

coated stainless steel stirrer. Stirring was carried out by means of a mechanical stirrer which rotates at a speed 

of 150 rpm. The Aluminium composite material reaches to a complete liquid state at the temperature of about 

8000 C as the melting point of Aluminium is 7000 C as shown in Figure 1. Thus, the completely melted 

Aluminium Metal matrix composite was poured into the permanent moulds as shown in Figure 2. The 

specimen was prepared for different percentage composition of Al6061, Alumina and Zircon sand. Castings are 

prepared by pouring the melt into preheated moulds of cylindrical shapes. Zircon sand and Al2O3 was dispersed 

in molten Al6061, where in Al2O3 wt% and Zircon sand wt% was varied. The specimen with varied 

reinforcement composition was prepared as shown in Table 2. Then these specimens were tested for corrosion 

characteristics to be compared with pure Al 6061 
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Figure 1: The specimen with varied reinforcement composition before being poured into molds 

 

 
Figure 2: Specimen after casting 

 

TABLE 2 AL 6061 MMC WITH VARIED REINFORCEMENT COMPOSITION  

Specimen No. Al6061 Alumina Zircon sand 

1 97% 1% 2% 

2 95% 3% 2% 

3 93% 5% 2% 

4 95% 1% 4% 

5 93% 3% 4% 

6 91% 5% 4% 

7 93% 1% 6% 

8 91% 3% 6% 

9 89% 5% 6% 
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B. Testing of composites  

The corrosion behaviour of the composite material was carried out by immersion corrosion test at room 

temperature by placing the composite sample in 1 Normality of NaCl solution as shown in Figure 3. The 

solution contained 58.44 gms of NaCl which was dissolved in 1 litre of distilled water. Weight loss  was 

calculated for 10, 20 and 30 days respectively. The corroded specimen were thoroughly cleaned as per ASTM 

standard G1. The cleaning solution contained 20 gms of chromium oxide and 50 ml of phosphoric acid which 

was dissolved in 1 litre of distilled water. The weight loss due to corrosion was measured for 10 days, 20 days 

and 30 days duration 

 
Figure 3: Corrosion test set-up 

 

III. RESULTS AND DISCUSSION  

 

Table 3 shows the weight loss as a function of immersion time in number of days in 1Normality NaCl solution. 

It is seen that at in the beginning the weight loss decreases with increment in immersion time, a drop in weight 

loss is seen for both Al6061 matrix and its composites up to 30 days. It is additionally noticed that the weight 

loss of composites is lesser after 20 days. The saturation of solution with anodic ions and also presence of 

relatively more stable passive oxide layer, a steady state condition is arrived after few days irrespective of fact 

that if unreinforced matrix alloy or hybrid composite. When evaluated with matrix material can be ascribed to 

the large quantity of porosity in composites. 

 

TABLE 3 WEIGHT LOSS DUE TO CORROSION 

 

Alumina Zircon Weight loss in 10 days (mg) Weight loss in 20 days (mg) Weight loss in 30 days (mg) 

1% 2% 3 6 12 

3% 2% 4 7 11 

5% 2% 2 5 10 

1% 4% 3 6 12 

c 
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3% 4% 2 5 10 

5% 4% 3 6 8 

1% 6% 2 6 10 

3% 6% 2 4 9 

5% 6% 4 8 8 

 

From the Figure 4 we observe that the corrosion weight loss decreases as the percentage of Alumina is increased, 

but it is also observed that with the increase in the addition of zircon sand also decreases corrosion rate. From 

this graph, it is observed that for a smaller duration of time period there is a smaller decrement in weight loss. 

As the process continuous for 30 days, there is a slight decrement in the weight loss. For increase in 

reinforcement from 1% to 3% alumina in the base matrix there is a decrease in weight loss about 20%. Further 

increase in 3% to 5% alumina in base matrix will decrease weight loss by about 41.6%. Similarly, weight loss 

decreases as the percentage of alumina increases. 

 
Figure 4: Variation of corrosion weight loss for 30 days in aluminium 6061 for different % of Zircon Sand and 

Alumina 

 
Figure 5: Variation of corrosion weight loss for 6% of Zircon Sand with varying Alumina and time duration 
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Figure 5 shows the weight loss of specimens due to corrosion for different composition of composites. For 

increase in reinforcement from 1% to 3% alumina in the base matrix, the decrease of weight loss is about 15%. 

Further increase in 3% to 5% alumina in base matrix will decrease the weight loss by about 14%. Therefore, the 

weight loss decreases as the percentage of alumina increases. For increase in reinforcement from 2% to 4% 

zircon sand in the base matrix there will be decrease in weight loss about 33%. Further increase in 4% to 6% 

zircon sand in base matrix, will decrease it about 20%. Therefore, weight loss decreases as the percentage of 

alumina increases. For the increase in reinforcement from 2% to 4% zircon sand in the base matrix, this will 

decrease weight loss about 33%. Further increase in 4% to 6%   zircon sand in base matrix will decrease weight 

loss about 20%. Therefore, weight loss decreases as the percentage of zircon sand increases. 

 

IV. CONCLUSION 

 

Aluminium 6061 based metal matrix composite reinforced with different weight percentage of Zircon sand and 

Alumina were successfully synthesized by stir casting technique. The corrosion test conducted based on ASTM 

standards shows the improved mechanical properties. The weight loss of alloy decreases with the increased 

percent weight of alumina and zircon sand. This can be ascribed to the fact that there is a presence of steady 

oxide layer, which is framed over the Al 6061 composite, development of such oxides reduces the corrosion rate 

response over period of time 
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ABSTRACT 

 

The Aluminum alloy has excellent properties such as high thermal conductivity and low density. These 

properties make its application wide in the field of automotive, aerospace and mineral processing industries to 

make their products. In spite of these properties the main drawback of aluminum alloys are low hardness  and 

strength. To overcome this drawback, these types of alloys are reinforced with some other materials so that its 

hardness, Young’s modulus and ultimate tensile strength and yield strength  can increased to the desired limit  

In the present investigation, Al 7075 alloy as matrix cenosphere as reinforcement has been identified since it 

has potential applications in aircraft and space industries because of lower weight to strength ratio. Among 

various reinforced materials used, cenosphere (a small proportion of the pulverised fuel ash (PFA) produced 

from the combustion of coal in power stations) is one of the most inexpensive and low density reinforcement 

available in large quantities as waste product during combustion of coal in thermal power plants. Hence, 

composites of Al 7075 with cenosphere and e glass as reinforcement are likely to overcome the cost barrier as 

well as the different physical and mechanical properties for wide use in the today’s world & serve a wide range 

of applications. 

 

Keywords: Aluminium 7075, cenosphere, e-glass, mechanical properties. 

 

I. INTRODUCTION 

 

Conventional monolithic materials have limitations in achieving good combination of strength, stiffness, 

toughness and density. To overcome these shortcomings and to meet the ever increasing demand of modern 

day technology, composites are most promising materials of recent interest. Metal composites possess 

significantly improved properties including high specific strength, specific modulus, damping capacity, good 
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wear resistance and corrosion resistance compared to unreinforced alloys. There has been an increasing interest 

in composites containing low density and low cost reinforcements. 

A composite material can be defined as a combination of a matrix and reinforcement, which when combined 

gives properties superior to the properties of the individual components. The constituent which Present in the 

greater quantity in the composite is termed as matrix. The second constituent is referred to as the reinforcing 

phase or reinforcement. In the present work Al7075 is used as a matrix and tungsten carbide is used as 

reinforcement. Olivier Beffort et al [4] alloying effects on microstructure and mechanical properties of high 

volume fraction SiC-particle reinforced Al-MMCs made by squeeze casting infiltration. Suresh et al [5] have 

observed that one of the important limitations in fabrication of aluminium matrix composites is the 

compatibility of reinforcement in the matrix. This is of prime importance in case of Al composites; as Al is 

covered with a thin layer of oxide which blocks the surface wetting and reacts with some ceramics to form 

inter metallic phases which tend to influence the final properties of composites. The tribological behaviour of 

self-lubricated aluminium/SiC/graphite hybrid composites with various amount of graphite addition 

synthesized by the semi-solid powder densification method [6]. In the case of particle-filled MMCs, the 

mechanical properties are not significantly altered, but tribological properties show marked improvements. Soft 

solid lubricant particles such as graphite and mica improve anticizing properties of A1alloys whereas hard 

particles like SiC, alumina, WC, TiC, zircon, silica, and boron Carbide greatly improves the resistance to 

abrasion of Al alloys. [7] 

Based on the literature survey, it is observed that very minimal work was reported based upon 

Al7075/cenosphere/ e-glass, hence the present investigation deals is about the fabrication of Aluminium 7075, 

Cenosphere and E-glass fibres.  Aluminium is a light metal whose alloys already are widely used in aircraft 

industries such as aircrafts whereas Cenosphere is a low density material with high compression strength 

having its application in automotive components, biomedical applications and other industrial materials. 

Therefore, Aluminium MMCs have the potential to further improve the application characteristics. In the 

present investigation, Cenosphere and E-glass fibres were dispersed in molten Al 7075, where in Cenosphere 

wt% and E-glass fibres wt% was varied. 

 

II. MATERIALS, METHODS, PROCESSING AND TESTING OF COMPOSITES   

 

The materials used for processing and development of Aluminium alloy metal matrix composite are 

Alumiunium 7075 alloy and their properties are shown in the Table 1.  

TABLE 1 PROPERTIES OF ALUMINIUM 7075  

Property Tensile Strength (MPa) Yield Strength (MPa) Elongation (%) 

Casting 248 138 1-3 

 

A. Composite Preparation  

The Al 7075-Cenosphere and E-Glass composite was prepared by using stir-casting technique. This approach 

involves mixing of the reinforcement particulate into a molten metal bath as shown in figure 1 and transferring 

the mixture directly into a cylindrical shaped die, as shown in Figure 2, to complete solidification. In this 
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technique aluminum alloy 7075 ingot pieces were  heated in the furnace to its molten state and the temperature 

was maintained between 800-8500 C. A vortex was created using a mechanical stirrer. Cenosphere and E-Glass 

particles were preheated in the furnace. The temperature of the furnace was maintained between 825-8500 C. 

Preheated Cenosphere and E-Glass particles were added with different weight percentages to the melt with 

continuous stirring. Different weight percentage of the reinforcement is as shown in Table 1. Stirring was 

carried out for about 15 min after the addition of Cenosphere and E-Glass particles for uniform distribution in 

the melt. Castings were prepared by pouring the melt into preheated molds of cylindrical shapes as shown in 

Figure 3. Prepared specimens as shown in Figure 4 were tested for tensile properties & hardness characteristics 

and was compared with pure Al 7075.  

 

Heat treatment:- 
Heat treatment process called aging was carried out for the as processed specimens. First then specimens are 

subjected to solution treatment for 12 hours 5300C, then quenched in water at 800 c .Then after stabilizing for 3 

hours ,the aging is carried out at 1750c for different intervals of time ranging from 1hr,3hr,5hr. 

                        

 
Figure 1: MMC Molten metal bath in furnace 

 
Figure 2: Cylindrical shaped Die 
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Figure 3: Casting process 

 
Figure 4: Specimen after casting 

TABLE 1 PERCENTAGE COMPOSITION OF REINFORCEMENTS  

Specimen  No. Al7075 CENOSPHERE E-GLASS 

1 97% 2 1 

2 95% 2 3 

3 93% 2 5 

4 95% 4 1 

5 93% 4 3 

6 91% 4 5 

7 93% 6 1 

8 91% 6 3 

9 89% 6 5 

 

B. Testing of composites  

a. BRINELL HARDNESS TEST 
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Brinell hardness is determined by forcing a hard steel or carbide sphere of a specified diameter under a specified 

load into the surface of a material and measuring the diameter of the indentation left after the test. The Brinell 

hardness number, or simply the Brinell number, is obtained by dividing the load used, in kilograms, by the 

actual surface area of the indentation, in square millimeters. The result is a pressure measurement, but the units 

are rarely stated. 

The BHN is calculated according to the following formula: 

 
Where  

BHN = the Brinell hardness number  

       F = the imposed load in kg  

       D = the diameter of the spherical indenter in mm  

       Di = diameter of the resulting indenter impression in mm 

  

b. Tensile Test 

The tensile test was conducted using a computerized universal testing machine as per the ASTM E8 standard. 

The test uses specimens of 20 mm grip diameter, 30 mm grip length, 62.5 mm gauge length, 75 mm length of 

reduced cross section, inner diameter of 12.5 mm and total length 155 mm machined from the cast specimens of 

various compositions mentioned earlier. Tensile test helps to calculate tensile strength, yield strength, 

percentage of elongation. The apparatus consists of loading unit and control unit. The tensile properties of 

reinforce alloy were evaluated using UTM machine as per the ASTM E8 standard at Advanced  Metallurgical 

Laboratory, Peenya, Bangalore, India. Yield strength, Ultimate tensile strength and ductility were evaluated. An 

average of three results was taken as strength of each material. Tensile test specimens are as shown in the figure 

5 

 
Figure 5: Tensile test specimen 
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III. RESULTS AND DISCUSSION  

 

Hardness test 

Brinell hardness test was conducted for different specimen and BHN is calculated as shown in the table 2. As 

the addition of cenosphere and E-glass reinforcement increases the hardness of aluminium 7075 alloy. Hardness 

of the as-cast alloy produced in this work is lower at  2% of cenosphere when compared to 4% and 6%.  after 

heat  treatment the water quenched specimens exhibit higher hardness . From the graphs drawn it is evident 

that hardness number increases with increased percentage of cenosphere and e glass. With increase in E glass 

and cenosphere in base metal 19.56% of hardness increases. 

 

TABLE 2 BHN VALUES FOR DIFFERENT COMPOSITIONS OF COMPOSITE MATERIALS 

SPECIMEN 

NUMBER 

ALLUMINIUM7075 

alloy+ CENOSPHERE+ 

E GLASS 

Brinell Hardness 

Number, (BHN) 

(As cast) 

Brinell Hardness 

Number, (BHN) 

ONE HOUR HT 

Brinell Hardness Number 

(BHN) Three HOUR HT 

1 97%+2%+1% 64.85 66.89 74.10 

2 95% +2%+3% 69.37 71.5 79.61 

3 93% +2%+5% 70.21 72.5 75.60 

4 95% +4%+1% 68.56 69.70 71.62 

5 93% +4%+3% 74.10 75.6 79.5 

6 91% +4%+5% 76.10 78.14 87.5 

7 93%+6%+1% 70.74 71.92 76.85 

8 93%+6%+3% 78.62 73.92 79.61 

9 89% +6%+5 87.95 89.62 96.53 

Figure 6-10 shows the graph of variation of hardness with respect to different reinforcement with varied 

weight percentage  

 
Figure 6: Variation of hardness with respect to E GLASS  for as cast specimens 
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Figure 7 Variation of BHN with respect to E GLASS for ONE HOUR heat treated specimens 

 
Figure 8 variation of BHN with respect to E GLASS for three HOUR heat treated specimens 

 
Figure 9 variation of BHN with respect to HEAT TREATMENT 2% ceno constant 
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Figure 10 variation of BHN with respect to HEAT TREATMENT 6% ceno constant 

 

TENSILE TEST:  

Tensile test was conducted for different specimen and percentage elongation is calculated as shown in the table 

3 

There is a predominant decrease of ductility (% of elongation) of aluminium 7075 alloy, due to the addition of 

mica and E-glass reinforcement. 

With increase in e glass and cenosphere in base metal 34 % of hardness increases. 

Figure 11-13 show the graph of percentage elongation of different composition. 

TABLE 3 PERCENTAGE ELONGATION FOR DIFFERENT COMPOSITION OF REINFORCEMENTS 

SPECIMEN 

NUMBER 

ALLUMINIUM+ 

CENOSPHERE+ E GLASS 

0 HOUR (As 

cast) , % 

ONE HOUR HT, % Three HOUR 

HT , % 

1 97+2+1 14.64 12.2 10.2 

2 95 +2+3 8.34 7.4 7.2 

3 93 +2+5 4.78 5.2 4.9 

4 95 +4+1 15.02 14.2 12.2 

5 93 +4+3 8.78 7.9 7.1 

6 91  +4+5 6.44 5.7 4.8 

7 93+6+1 10.34 9.7 8.9 

8 93+6+3 7.4 5.3 5 

9 89 +6+5 6.48 4.9 4.9 



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published :  March 15, 2022    Page No : 601-611 

 

 

 

 
609 

 
Figure 11 variation of  % ELONGATION  with respect to E GLASS  for AS CASTspecimens 

 

 
Figure 12 variation of  % ELONGATION  with respect to E GLASS  for ONE HOUR HEAT TREATED 

specimens 

 

 
Figure 13 variation of  % ELONGATION  with respect to E GLASS  for THREE HOUR HEAT TREATED 

specimens 
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IV. CONCLUSION 

 

The present investigation on the effect of CENOSPHERE and E-glass reinforcements with Al-7075 metal 

matrix composites are led to the following conclusions  

• As the addition of CENOSPHERE and E-glass reinforcement increases the UTS of aluminium 7075 alloy.  

• As the addition of CENOSPHERE  and E-glass reinforcement in aluminium 7075 alloy, there increase  

hardness, due to the presence of silica content in both reinforcement. The tensile strength (UTS) has increased 

in heat treated condition 
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ABSTRACT 

 

A finite volume based on unstructured cell-centered Navier - Stokes solver is used to predict the heat flux 

variations for a scaled version of a typical re-entry module at various altitudes. The solver is validated with 

available experimental data and then used to predict heat flow for a typical re-entry module at various 

operational altitudes. The predicted heat flux is compared to the measured data 

Keywords : CFD, Re-Entry, Heat Flux. 

 

I. INTRODUCTION 

 

During atmospheric-entry maneuvers, re-entry modules experience high thermal loads due to the shock-heated 

gases around the vehicle. The heat transfer to the vehicle surface comes from frictional convective heating, 

catalytic effects, ablation, and radiative heating. The convective heating is due to the flow past the blunt-body 

and scales with the nose radius, R, as 1/√R, i.e. as the nose radius decreases, the heating becomes more severe. 

Hence re-entry modules are designed with blunted configuration (larger radius), particularly for those vehicles 

subject to severe convective loads. Given the mass constraints in the design of an atmospheric-entry module, 

there is strong demand for an optimal heat shield design, thick enough to protect the payload during descent. 

An optimal heat shield design relies on accurate estimates for the heating rates and heating loads during 

atmospheric entry. Analytical tools make oversimplifying assumptions and can be used only for simple 

geometries. Hence it can be used only for the preliminary phase of simple geometries. The Fay and Riddell [1] 

correlation, for instance, can be used to estimate convective heat transfer at a blunt body's stagnation point. 

Experiments are accurate but difficult[2]. In this paper, the results of CFD simulations of a re-entry module are 

presented. 

 

II. GOVERNING EQUATIONS 

 

The governing equations corresponding to two- dimensional/axisymmetric laminar flow are shown below. 

http://www.ijsrset.com/
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        ( 1 ) 

By choosing proper values for m (0,1) the problem can be 2-D or axisymmetric problems. m=1 and for 2-D 

problems. 

 
 

III. NUMERICAL METHOD 

 

The discretization of governing equations using cell centered schemes and the procedure is given below [7] 

      ( 2 ) 

     ( 3 ) 

   ( 4 ) 

   ( 5 ) 

    ( 6 ) 

Runge- Kutta method is used for time integration. 

    ( 7 ) 
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α1= 0.6, α2 = 0.6 and α3 = 1.0 are the coefficients used in the Runge-Kutta integration. The stability criterion is 

as follows 

      ( 8 ) 

      ( 9 ) 

As a result, the explicit solution time step can now be expressed as: 

      ( 10 ) 

Flux evaluations are based on [5,6]. 

 

IV. RESULTS AND DISCUSSIONS 

 

A. Blunted cone-flare in hypersonic flow 

Flow field around a blunted cone-flare is of particular interest since it features most of the aspects of the 

hypersonic flow around re-entry vehicles. The region between the cone and the flare is critical with respect to 

the evaluation of the surface heat flux. Flow separation is induced by the shock wave-boundary layer 

interactions with subsequent flow reattachment that can dramatically enhance the surface heat transfer. The 

experiment was carried out in H3 hypersonic wind tunnel and the chamber conditions ensure that the flow is 

purely laminar. Air at 580 K and 10 bar is passed through an axisymmetric nozzle where it expands to a 

nominal Mach number of 6 and enters the test section. This results in free stream values of P∞=673.67 Pa, T∞= 

67 K and M∞= 6 which were set as inlet conditions for our numerical model. At the solid wall adiabatic no slip 

conditions were imposed (u=v=0). The geometry and boundary conditions for the blunted cone- flare are 

shown in Fig. 1 

 
Figure 1 Validation geometry. 

 

Numerical results of pressure and temperature variation have been shown in Figure 2 and Figure 3. Flow field 

separation has also been highlighted. This separation occurs at the cone-flare junction where the Mach number 

drops to 0. 
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The pressure variation occurs from 0.002 to 0.03MPa and the temperature variation occurs from 100 to 500K. 

Vector plot is shown in Figure 4. Validation of heat flux with experimental data is given in Figure 5. 

 
Figure 2 Variation of Pressure 

 
Figure 3 Variation of Temperature 

 
Figure 4     Vector plot 

 
Figure 5 Validation of of heat flux with experimental data 
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B. Aerodynamic Heating Reduction due to Opposing Flow 

Next, we consider numerical simulation of counter flow cooling for a reentry module. This simulation has been 

carried out for a simple axisymmetric re-entry module with and without counter flow cooling. The schematic 

diagram of a typical re-entry configuration and supersonic flow fields with opposing jet injected at the nose of a 

blunt body is shown in Fig. 6 and 7. 

 
Figure 6 Schematic of counter flow 

 
Figure 7 Schematic of re-entry vehicle. 

 

Numerous researches on counter flow jet have been conducted in order to discover the pattern of flow. While 

considering counter flow jet in a supersonic flow, complexity arises, because of bow shock, contact surface of 

main flow and opposing jet, Mach disk, re-circulation region and re- compressed shock wave. Secondly, self-

induced oscillations occur due to interaction between supersonic opposing jet and supersonic free stream in the 

supersonic free stream. 
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Our model is characterized by a spherical body of radius 25, on the end of a cylinder. Coolant is housed in a 

smaller cylinder of 11 mm diameter and is ejected out  through a 4 mm nozzle at a pressure of 0.37 MPa and 

temperature of 300K under conditions of Mach number 1. The computational domain has been represented in 

figure 8 

 
Figure 8 Test conditions and computational domain (All dimensions in mm) 

 

Temperature variation 
As seen clearly in below images, heat flux at stagnation point is at its peak in the case when there is no counter 

flow injection. But in the second image, where coolant injection takes place, we find that the temperature in 

the regions of stagnation point lies between 180K and 260K which is considerably lower than 360K.( Fig 9 (a,b)) 

 
Figure 9 (a)Temperature variations in without and with counter flow cases 

 
Figure 9(b) Pressure variation in without and with counter flow cases. 
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Pressure variation 
In figure 10 and 11 normalized pressure along the surface of the blunt body is plotted and compared with 

experimental results of Azo’s work for without counter flow and with counter flow cases. It can be seen that for 

both the cases the numerical results agree very well with the experimental data. We can also observe that 

pressures are lower than when coolant is not used. This is an indication of effectiveness of counter flow coolant 

injection. 

 
Figure 10 Pressure vs angular variation from stagnation point (Without Counter Flow) 

 
Figure 11 Pressure vs angular variation from stagnation point (With Counter Flow) 

 

Mach number Variation 

 
Figure 12 Mach number variation in without and with counter flow cases. 
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While coolant is injected at Mach no of 1, Mach no at infinity is taken as 3.96. We get to see how Mach no 

varies from 0 at stagnation point to 3.96 when there is no coolant. However, when a counter flow coolant is 

used, there is significant variation in Mach no compared to the former case. 

Coolant at sonic velocity is injected through nose of the body in direction opposite to that of flow,  following 

which the flow increases to Mach 2 while being enveloped in a region of lower Mach No. Further, the entire 

variation is covered in a region where Mach no is 2 to 3. This region penetrates more into the infinity region 

where Mach No. is 3.96. 

 

C. Simulation of flow over re-entry module 

Flow over re-entry modules are similar to supersonic flows over blunt bodies carrying some additional 

complexities such as reaction chemistry, flow turbulence, ablation, shock-shock interaction, entropy layer and 

viscous interactions, etc. Some prominent features of flow includes bow shock, flow expansion at the corners, 

shear layer and recirculation bubble. Detached bow shock formed ahead of the forebody decelerates the flow to 

a subsonic Mach number and causes sudden rise of temperature at the shock. Flow expansion around the 

shoulder accelerates the gas to supersonic Mach numbers. As the Mach number increases, the shock comes 

closer to the vehicle body and can interact with the boundary layer. High temperature prevails in the 

hypersonic boundary layer due to viscous dissipation, which transfers the kinetic energy of the fluid to thermal 

energy. 

 
Figure 13 Computational domain (All dimensions in mm). 

 

Boundary conditions 

Supersonic inflow: Flow enters the computational domain through left boundary in the form of a supersonic jet. 

Static pressure P∞, static temperature T∞ and free stream Mach number M∞were specified at this boundary. 

No slip conditions: u=v=0 and are used at solid wall. 

Isothermal wall temperature of 300K is specified on the wall. 

Far field: Flow in this boundary is generally supersonic outflow and the properties (static pressure, static 

temperature and velocities) are linearly interpolated at the exit nodes. 

Symmetry: All simulations were carried out using axisymmetric flow assumptions. Axisymmetric boundary 

condition can be expressed as              and v=0 on the symmetry axis. 
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The data corresponding to various altitude through which re- entry vehicle travelling is given as the input to 

the code. Figure 14 (a-c) represents the Mach contours in front the vehicle while the vehicle is travelling at 

various speed. 

 
Figure 14(a) Mach contour at altitude 57.65 km Mach No.15.5 

 
Figure 14(b) Mach contour at altitude 45.32 km Time 505s Mach No.13.38 

 
Figure 14(c) Mach contour at altitude 37.71 km Time 525s Mach No.7.17 
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Figure 15(a)  Pressure at altitude 57.65 km Mach No.15.5 

 
Figure 15(b) Pressure at altitude 45.32 km  Mach No.13.38 

 
Figure 15(c) Pressure at altitude 37.71 km Mach No.7.17 
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Figure 16(a) Temperature at altitude 49.4 km Time 500s Mach No.14.18 

 

The Mach number corresponding to the vehicle speed is ranging from M =15.5 to 7.17. The vehicle is 

descending from an altitude 57.65 km to 37.31 km. The corresponding pressure distribution is given in Fig (15 

a-c). The temperature distribution at two altitude is given in Fig 16 (a-b). The temperature distribution 

corresponds to 49.4 km altitude and 45.32 km respectively. 

 
Figure 16(b) Temperature at altitude 45.32 km Time 505s Mach No.13.38 

 

V. CONCLUSION 

 

The finite volume solver is used to hypersonic flows after validating few test cases. Thereafter, a series of 

numerical experiments are carried out for flow past a scaled version of a typical re-entry module. The heat flux 

distribution for a range of operating conditions obtained using numerical computations matches well with the 

trend shown by  measured values. A slightly higher value in heat flux is observed near shoulder region of the 

module in comparison to the stagnation region indicating that a slight transition may occur in this region. A 

more detailed analysis in this region may help to identify the real cause of the discrepancy. It is also observed in 

the numerical experiments that the first order and second order reconstruction schemes generates almost 

identical results as grid cell size decreases implying a decline in the influence of higher order reconstruction 

schemes on simulated results with refinement of grid cell size. 
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ABSTRACT 

 

The effect of different cross head speed on the tensile and flexural behavior of sugarcane bagasse reinforced 

epoxy composites has been studied.  The epoxy based composites with 5 wt. % varying reinforcement (5, 10 

and15) was developed using hand layup technique. The tensile behavior of these composites has been studied 

using different cross head speed (5, 25 and 50 mm/min) as per ASTM D3039 method. The flexural behavior of 

same composites has been reported using different cross head speeds (1, 1.5 and 2 mm/min) as per ASTM D790 

method. It is observed from the experimented results that mechanical behavior is a function of cross head 

speeds. The tensile strength and the flexural strength have been improved with increase in cross head speed. 

This may due to uniform stress distribution across the matrix – fiber interface and also the compatibility 

between both matrix and fiber. Further, higher reinforcement of bagasse fiber results in decrease of tensile 

strength but significant increase in flexural strength of composites. This may be due to generation of voids and 

non-resin section due to improper impregnation of fiber and matrix. The ductility of composites also followed 

the same trend as that of strength behavior.  
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I. INTRODUCTION 

 

Engineers have access to at least 50,000 different materials. Rather than being lost by the opponent, a specific 

kind of welded commercial ship suffered huge losses during World War II because the steel and, in particular, 

the welds were not fracture resistant enough [1]. Engineers now have access to a wide variety of materials, 

including thousands. Timber, stone and clay goods, cast iron and copper alloys are just a few of the materials 

that have been used in building for ages. While high-temperature super alloys, industrial ceramics, and fiber-

reinforced composites have been around for decades, other materials with great potential for use are still in the 

research and development stages, such as new alloy compositions, new polymers, metallic glasses, and metal-

matrix composites. In addition to the development of new and better materials, casting, new moulding 

processes for polymers, ceramics, and composites, and novel joining technologies have been developed [2]. 
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Research into natural fibre reinforced polymer composites as a low-cost alternative to synthetic fibre reinforced 

composites is being spurred on by a growing global concern for the environment. Jute, Sisal, Coir, Pineapple, 

Bamboo, Ramie, and Banana are just few of the natural fibres available in abundance in India, which has fueled 

the creation of natural fibre and particle composites. Such natural fibre and particle composites are ideal for use 

as wood alternatives in the housing and construction industries. For the development of natural fibre and 

particle composites in India, it is important to ensure that forest resources do not become depleted and that the 

cultivation of natural fibres is financially rewarding [3]. In terms of mechanical, thermal, and acoustic 

characteristics, natural fibres may compete with manufactured glass fibres. The biodegradability and 

recyclability of natural fibres makes them ideal for circular economy and sustainable development [4]. They are 

also environmentally beneficial. Due to their low cost of production and the fact that they are gentle on mixing 

and moulding equipment, natural fibres are a promising alternative to synthetics. Natural fibres have so many 

advantages that they may be employed in a wide range of industries, including construction, automobile, home 

appliances, and more. 

 

II. LITERATURE REVIEW 

 

In fiber-reinforced plastics, reinforcing materials including glass, carbon, Kevlar, and boron fibres have been 

extensively acknowledged as materials for structural and nonstructural uses [5]. These materials, on the other 

hand, are difficult to degrade and pose environmental concerns. It is well known that natural fibres from plants 

like jute, bamboo and coir may be used in many applications that need a high degree of weight bearing capacity. 

Biodegradability and plenty of supply are two of the advantages of using natural fibres over synthetic fibres. 

Natural fibres, on the other hand, are hydrophilic in nature and have a high moisture content, which makes the 

fiber-to-hydrophobic matrix interaction difficult. The interface of natural fibre composites may be improved 

using a variety of treatment approaches [6]. In fact, these fibres are already being employed in the automobile 

sector in place of glass and carbon in places where mechanical characteristics and weight are important trade-

offs. VP Arthanarieswaran and his colleagues [7] studied the mechanical characteristics of epoxy composites 

using banana and sisal fibre. In their research, the mechanical characteristics of glass-banana, sisal, and glass-

banana–sisal hybrids were examined. The tensile strength may be increased by a factor of 2.34 and 4.13 if two 

and three layers of glass fibre are added. Flexural characteristics on banana–sisal fibre were improved by using 

two glass fibres instead of three, and the laminate with sisal and three glass ply provides greater impact strength. 

Sugarcane bagasse fibres were employed by RupaPatil et colleagues [8] to create a polymer matrix composite 

and test its mechanical properties under external stresses. Sugarcane bagasse volume fraction ratio was 

researched by authors to illustrate the influence of fibre volume on the mechanical characteristics of 

composites and to examine the feasibility of processing this agro-residue with thermoplastics. Carbon nanotube 

(CNT) incorporation in glass fibre reinforced polymer (GFRP) composites was explored by K K Mahato et al [9]. 

Crosshead speeds of 1, 10, and 100 mm/min were used to evaluate the control GFRP composites and CNT-

modified composites. Multi-walled carbon nanotube (MWCNT) was used as a filler with various MWCNT 

content in the CNT modified matrix (i.e. 0.1, 0.3 and 0.5 wt. percent ). In comparison to the GFRP composite, 

the tensile strength increased for all crosshead speeds when the CNT content was increased by up to 0.3 percent. 
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According to the results, adding 0.1% CNT and 0.3% CNT increased the tensile strength of the composite by 

6.11 percent and 9.28 percent correspondingly. The tensile modulus of GFRP composites with an optimal CNT 

content is shown to be largely impacted. Using polypropylene as the matrix and rice-husk flour as the 

reinforcing filler, Han-Seung Yang et al [10] prepared a particle-reinforced composite to test the physical, 

mechanical, and morphological properties of the composite in relation to filler loading in the thermoplastic 

polymer composite. Test temperatures ranged from -30 to 110˚C and crosshead speeds ranged from 2 to 1500 

millimetres per second in the tensile test. Filler loading enhanced the tensile strength of the composites. 

Increased filler loading resulted in an increase in tensile modulus. At greater crosshead speeds, the composite 

became brittle, and plastic deformation was seen as the test temperature rose. Multi-wall carbon nanotubes 

(CNTs) were incorporated into epoxy resin in the present experimental work to increase tensile strength above 

standard glass fibre reinforced plastics. There were three distinct crosshead speeds and three different levels of 

modification for the epoxy of Sugarcane Bagasse (SCB) composite in this investigation. Laminate fabrications 

were made. SCB composite's tensile and flexural strengths are also examined. 

 

III. MATERIALS SELECTION 

 

The present experimental work included the manufacture of SCB composites and the use of an epoxy resin 

based on Diglycidyl Ether of Bisphenol A (DGEBA) as matrix. The hardener NNO-bis (2aminoethyl ethane-

1,2diamin) was employed in conjunction with the epoxy HY 951. Fresh bagasse fibres are procured from Sakti 

Sugar Industries in Mandya. Yuje Enterprises, Bengaluru, provided the epoxy resin and hardener under the 

trade names Lapox L-12 and K-6, respectively. The epoxy to hardener weight ratio was set at 10:1, as advised by 

the supplier. 

 

IV. COMPOSITE PREPARATION 

 

The composite sheet was cast using a wooden mould with dimensions of (120x100x6) mm. The samples were 

made with a volume percentage of fibers of 5, 10, and 15%. The samples were prepared using the standard hand 

lay-up process. A determined quantity of epoxy resin and hardener (ratio of 10:1 by weight) was completely 

mixed in a glass jar and put in a vacuum chamber to eliminate air bubbles that were introduced for varied 

volume fractions of fibres. This process took 10 minutes to complete. To facilitate the removal of composite 

sheets, a mould release sheet was placed over the glass plate and a mould release spray was sprayed to the 

mold's inner surface. After placing the mould on a glass sheet, a thin layer of the mixture (2 mm thickness) was 

poured. The needed number of fibres were then scattered on the mixture. After that, the remaining of the 

mixture was poured into the mould. The mould was then pressed from the top and left to cure at room 

temperature for 72 hours. After the allotted time, samples were removed from the mould. Figure 1 depicted the 

stages involved in the manufacturing of a laminated composite created by hand layup method in accordance 

with ASTM standards. Figure 1 shows the materials used for the fabrication of composites.  
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(a) Sugarcane stalk (b) Sugarcane Bagasse (c) Wooden mold 

   

(d) Sheet placed on composite 

laminate 

(e) Prepared composite 

samples 
(f) ASTM standard samples 

Figure 1 (a) – (f): Steps involved in fabrication of laminated composite as per ASTM standards 

 

V. RESULT AND DISCUSSION 

 

5.1. Tensile Test  

The test was performed with tension fixture in Universal testing machine (UTM) as per ASTM D3039 standard 

samples to evaluate the tensile properties. The tensile test was performed in universal testing machine 

INSTRON H10KS. Test specimens were cut from the prepared mould with the help of cutting machine, width 

of 25 mm, thickness of 2, 3 & 4 mm and length of 220mm. The specimens were prepared using hand layup 

method exhibits similar behavior for 0° and 90° directions, only one direction is tested. The samples were tested 

at room temperature with different crosshead speeds viz. 5, 25 and 50 mm/min. The conditioned specimens 

were also tested in the tension mode with the aforesaid crosshead speeds. Figure 2 shows the tensile and 

flexural tested SCB composite samples of varied compositions (5%, 10% and 15%). Figure 3 signified the results 

obtained from tensile test conducted on UTM.  

 
Figure 2: Tensile tested composite specimens  
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It is evident from all these figures that the tensile properties of the composites increases with increase in 

crosshead speed. Figure 3 (a) shows the tensile behavior of Bagasse reinforced epoxy composites.  It was 

identified that 10 wt. % of SCB composite has shown more elongation at crosshead speeds of 5, 25 and 50 

mm/min, respectively. Lesser percentage of elongation has seen with 5% wt. of SCB composite indicating safe 

deformation at three crosshead speeds. The tensile strength has shown significant increase at 10 wt. % of 

composite with maximum crosshead speed. Similar increase in strength values are present in the investigated 

PMCs which may be caused by the induced thermal stresses in the polymer phase. The induced thermal stresses 

in the fiber/matrix interface and/or, at polymer matrix may possibly generate micro cracks without blunting at 

a stable state. Few micro cracks transfers to potential cracks at lower crosshead speeds and cause substantial 

decrease in tensile strength of the composites, while as the crosshead speed increases the response required to 

propagate the micro cracks is less. Also, at lower crosshead speed the stress transfer from the matrix to the fiber 

through fiber/matrix interface occurred slow and steady. But as crosshead speed increases the stress transfer 

may not that much efficient through micro cracks in the polymer matrix composite. This can be attributed to 

higher strength at higher crosshead speeds [11].  

  

(a)        (b) 
Figure 3: Tensile Properties of SCB composite (a) % Elongation of gage length (b) Ultimate Tensile Strength 

 

5.2. Flexural Test 

Three point bend tests were performed in accordance with ASTM D 790M to measure flexural properties. The 

specimens were 125 mm long, 12.7 mm wide and 3 mm thick. The samples were tested at room temperature 

with different crosshead speeds viz. 1, 1.5 and 2 mm/min. Flexural tested specimens of 5%, 10% and 15% wt. 

SCB composite are shown in figure 2. The flexural behavior of SCB fiber reinforced composite is presented in 

Figure 5. Figure 5 exhibits similar trend observed for tensile properties. The flexural strength for 15wt. % 

reinforcement is about 22.77MPa with highest crosshead speed of 2 mm/min [12]. The flexural strength 

increases with increase in fiber loading which was in agreement with the findings of other researchers [13-15]. 

This may be due to the favorable entanglement of the polymer chain with the filler which has overcome the 

weak filler matrix adhesion with increasing filler content [16].  
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(a)      (b) 

Figure 5: Flexural Properties of SCB composite (a) % Elongation of gage length (b) Flexural Strength 

 

VI. CONCLUSION 

 

The sugarcane bagasse (SCB) reinforced epoxy composites were fabricated by hand layup technique. The 

mechanical properties such as tensile and flexural strength of SCB composites at different crosshead speeds 

were studied as per ASTM standards. The inclusion of sugarcane bagasse reinforced natural fiber polymer 

composite significantly enhanced the tensile strength and flexural strength at different crosshead speeds. 

Flexural strength has shown significant results with crosshead speeds of 1, 1.5 and 2 mm/min due to 

entanglement of polymer chain with the filler content by improving the matrix adhesion.  But 10 wt. % 

reinforcement favored both tensile and flexural behavior of composites studied.  
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ABSTRACT 

 

Several metal nanoparticles with numerous properties have been prepared based on plant extracts. We report in 

this article, an environment friendly method for the preparation of silver nanoparticles (AgNPs) using leaf 

extract of Hyptis capitata, and the evaluation of their catalytic efficiency. Hyptis capitata is a species of erect 

annual shrubs, of the plant family Lamiaceae. Extract was prepared with water using distillation technique. 

AgNPs were prepared by irradiating the mixture of silver nitrate and leaf extract with microwave radiation. 

The synthesized AgNPs were characterized by UV-visible spectroscopy, HR-TEM, SAED, EDX, XRD, DLS, Zeta 

Potential, and FT-IR techniques. The synthesized AgNPs exhibited good catalytic efficiency.  

 

Keywords: Hyptis capitata, Silver nanoparticles, green synthesis, catalytic efficiency. 

 

I. INTRODUCTION 

 

Many effective physical and chemical methods such as arc discharge, vapor deposition, pyrolysis [1], micro 

emulsion, photo reduction [2] and chemical reduction of silver nitrate have been employed in the synthesis of 

silver nanoparticles. Green synthetic methods are non-toxic, cost-effective and eco-friendly. Numerous studies 

have been focused on the synthesis of silver nanoparticles with antimicrobial, anti-inflammatory and catalytic 

properties using plant materials as reducing agents [3-6]. Silver nanoparticles are used in bio sensing, antibiotics, 

catalysis, food industry, agriculture, microelectronics etc. [7-15]. We report in this article, the microwave 

assisted green synthesis of silver nanoparticles using the leaf extract of Hyptis capitata as reducing and capping 

agent and evaluated the catalytic efficiency. 
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II. MATERIALS AND METHODS 

 

Silver nitrate, methyl orange and sodium borohydride of analytical grade were purchased from Merck(India) 

and used as such without further purification. Hyptis capitata plants were identified and collected from 

Changanacherry, Kerala, India. Fresh leaves were washed thoroughly with distilled water, sliced into small 

pieces and dried in hot air oven. Dried sample (5 g) was taken in a round bottom flask fitted with condenser 

and boiled for 20 min with 100 mL of distilled water. Extract was filtered through whatman paper. Stored in 

refrigerator for further experiments. 

 

A. Synthesis of silver nanoparticles 

In a 250ml beaker, 90ml 1mM silver nitrate aqueous solution and 10ml leaf extract were mixed and placed in 

domestic microwave oven [Sharp R219T (W)] for 3minutes.  

 

B. Characterization of synthesized silver nanoparticles 

Using UV-visible spectrophotometry (Shimadzu UV-2450) the formation of silver nanoparticles was monitored 

at 30 minutes’ intervals and characterized with FT-IR (Perkin Elmer-400), HR-TEM (JEOL JEM-2100), EDX 

and XRD (XPERT- PRO X-ray spectrometer) analyses.  

 

C. Catalytic activity 

The reduction reaction of methyl orange by sodium borohydride in presence of silver nanoparticles was 

conducted to examine the catalytic action of nanoparticles. 

 

III. RESULTS AND DISCUSSION 

 

By irradiating the mixture of 90ml 1mM silver nitrate aqueous solution and 10ml Hyptis capitata leaf extract 

with microwave radiation, the silver nanoparticles were synthesized. The color change was obtained from 

colorless to yellowish brown which indicated the formation of nanoparticles. 

                  
Figure1:A) Hyptis capitata leaf extract. B) Color change with microwave irradiation of mixture of silver nitrate 

and Hyptis capitata leaf extract. 

A B 
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UV-vis spectrum was taken in the range 200-800nm at 30 sec intervals and typical SPR band of silver 

nanoparticles was obtained.                               

 
Figure2: UV-visible spectrum of synthesized silver nanoparticles. 

-53.3mV zeta potential and 104.4 nm hydrodynamic size were obtained for the synthesized silver nanoparticles. 

The presence of elemental silver was confirmed with the EDX spectrum.  

 
Figure3: EDX spectrum of synthesized silver nanoparticles. 

Poly crystalline silver nanoparticles were spherical and oval in shape and have face centred cubic structure. 

 

A 
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Figure4: Images of quality and morphology of synthesized silver nanoparticles. A) XRD pattern B) SAED 

pattern C) HR-TEM image  

The various phytochemicals present in the plant extract help in capping the surface of nanoparticles. The 

functional groups were found in the FT-IR spectrum. 

 
Figure5: FT-IR spectrum of silver nanoparticles. 

The reduction of methyl orange by sodium borohydride in presence of silver nanoparticles was analyzed by 

taking UV-vis spectrum at 30 minutes’ intervals. The fall in absorbance shows decrease in concentration of 

methyl orange in the solution. Reaction was found to be completed in 3hours with the help of the silver 

nanocatalyst.  

 
Figure6: UV-vis spectrum of catalytic reduction of methyl orange by sodium borohydride in presence of 

silver nanoparticles. 

B C 
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IV. CONCLUSION 

 

Microwave assisted green synthesis from Hyptis capitata leaf extract  is a rapid and simple method. Typical SPR 

band was obtained in the UV vis spectrum. Polyphenols and flavonoids in this leaf extract helped in this 

biosynthesis. Polycrystalline silver nanoparticles with spherical and oval shapes were obtained with great 

stability. In the EDX spectrum the presence of elemental silver was confirmed. Good catalytic efficiency was 

exhibited by these nanoparrticles. 
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ABSTRACT 

 

For more than 50 years, we have been manufacturing propulsion systems for various international satellites and 

spacecraft. For deep-space missions, significant improvements in propulsion will be needed in the future. 

NASA’s Deep Space 1 spacecraft technology is the mainstream option for deep-space missions; ion propulsion is 

considered a viable option. The purpose of this paper is to demonstrate different propulsion options and 

technologies needed to survive a deep space environment that can enable a spacecraft to travel into deep space. 

Keywords: -Chemical propulsion, Ion propulsion, Deep space travel, etc. 

 

I. INTRODUCTION 

 

Physicist Stephen Hawking is one of the greatest in history. From the Big Bang to black holes, his work 

revolutionized the understanding of the origin and structure of the universe. Humanity has a deadline to save 

itself, which he set earlier this year. He warned that mars and other planets need to be colonized within 100 

years. Our future may be threatened by climate change, disease, and different kinds of doom we are likely to 

bring on ourselves in the coming decades. We need a propulsion option for traveling in space and migrating to 

another planet to achieve this goal. This must be reached within a limited period using better propulsion 

options. 

The most significant factor contributing to aerospace vehicles’ success is their engines in the past, present, and 

future. Among these activities are design, manufacturing, testing, production and flight operations support. This 

design is responsible for every aspect of the vehicle: the wing shape and size, the installation of the propulsion 

systems, logistics for crew and payload, the handling of propellants, and life support. In the design of 

hypersonic vehicles in the future, air intakes will be incorporated almost entirely into the wing-body. As the 

engine speed ranges from subsonic to hypersonic, it must channel and condition the airflow in an adroit 

manner to operate efficiently. The choice of propulsion system should be made as early as possible in the 

project. Propulsion systems affect the cost and lifecycle of a project. Only if we continue to make access to 

space reliable, safe and relatively inexpensive will technologists, experimenters, and innovators be able to take 

full advantage of space. 

http://www.ijsrset.com/
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1.1 Historical Perspective 

It has been centuries since propulsion systems have been developed, going back as far as the early 20th century. 

Early pioneers, including Jules Verne (French) and Konstantin Tsiolkovsky (Russian), first proved the 

improvement of Rocket-powered flight; however, the famed aerospace corporation NASA later proved it 

commercially. The first rockets were flown and built in the 20th century when the American Robert H. 

Goddard came along. The Germans were the ones who perfected Goddard’s liquid missiles during World War II 

and flew the first operational rockets.  

All rockets prior to the 1950s had a single stage and could not reach the earth’s orbit. German rocket team 

members left Germany after the war and moved to the United States, developing the V-2 technologies for 

better rockets. In World War II, German soldiers assisted the Soviet rocket men. Russian cosmonaut Yuri 

Gagarin was the first man to orbit the earth in space. From 1960 to 2000, John Glenn became the first American 

to orbit the Earth on Feb. 20, 1962. In 1961, John F. Kennedy set the goal of landing a man on the moon and 

returning him safely to earth within that decade. American astronaut Neil Armstrong stepped onto the moon 

on July 20, 1969. During the 1970s, a satellite was used to broadcast television programs over the air. In the 

1980s, the first interplanetary missions were launched into space. The Chernobyl nuclear disaster was seen on 

satellite images in 1986. A hole in the atmosphere was discovered over Antarctica, and forest fires were located 

using satellites. New stars have been found, and satellites reveal the centre of our galaxy. Modern space 

exploration has reached areas only dreamed of before. NASA is exploring the possibility of human-crewed 

missions to mars as part of its long-term goal to explore the Red Planet. NASA is on a mission to Mars, and its 

purpose is to send humans there in the 2030s. 

The Indian space research organization (ISRO) has launched 79 rockets and conducted 111 spacecraft missions. 

Several missions are planned, including Gaganyaan, Aditya and MOM 2. 

 

II. ROCKET PROPULSION SYSTEMS 

 

The propulsion systems on vehicles are the ones that move the vehicle. The propulsion systems we use in 

walking, running, swimming, and so on are many and diverse, starting with our muscles using which we propel 

ourselves. As rocket propulsion systems do not utilize air from the atmosphere, it is evident that both fuel and 

oxidizer are to be carried by the rocket. Essentially, rocket propulsion systems can generate and store their 

working fluid within themselves. Due to the working fluid being generated from or contained within the 

rocket propulsion system, the thrust generated can be independent of the surrounding environment. Because 

rocket propellant is not drawn from the atmosphere free, they are more expensive to use in the atmosphere 

than air-breathing propulsion systems. However, rocket propulsion systems can be designed to operate 

regardless of the atmosphere.  

Rocket propulsion is classified as 

(1) Chemical rocket, 

(2) Electric rocket, and 

(3) Nuclear rocket.  
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Rocket motors are classified according to the source of energy used for propulsion. Chemical rocket motors, for 

example, release both working fluid and thermal energy upon combustion. By expanding the combustion 

products through a nozzle, the hot fluid acquires high kinetic energy by transforming thermal energy into 

kinetic energy. Because the fluid expands through a conventional nozzle, thermal energy is converted into 

kinetic energy. The working fluid is accelerated by kinetic energy added by the electric energy. Solar cells can 

be used to convert solar energy into electricity. A photovoltaic cell converts solar energy into electricity in an 

electric rocket propulsion system. Nuclear-fusion reactions release thermal energy that is transferred to the 

working fluid during nuclear rocket propulsion, in contrast with radioactive decay or nuclear fission that can 

be directly converted into electricity via thermionic materials.  

 

2.1. Chemical Rocket Propulsion  

Chemical rocket propulsion is classified as   follows:  

(1) Solid rocket motor, 

(2) Liquid rocket engine, 

(3) Cryogenic engine and 

(4) Hybrid rocket engine. 

Combustion or exothermic reactions release heat through chemical rocket propulsion, known as propellants. 

The chemical is either a liquid propellant or solid propellant, depending on its phase. By burning the propellant 

and releasing heat, combustion products are also produced. Solid propellant rockets are generally called motors, 

and liquid propellant rockets are called engines. 

 
Fig. 1.1 Schematic sketch of a chemical rocket. 

 

2.2. Solid Rocket Motor 

 
Fig. 1.2. Schematic sketch of a solid propellant 
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Here is a schematic representation of a solid rocket motor Fig.1.2. There are three major components: (1) 

Igniter, (2) Grain, and (3) Nozzle. By the name grain, we mean the solid block of propellant contained within 

the casing. Essentially, the grain contains an oxidizer and fuel. 

A combustion chamber is typically found in the central cavity in the grain, as shown in the figure. After being 

ignited, the propellant grain burns. Gaseous products are produced when the grain burns. 

The hot gases expand rapidly as they exit the nozzle. The nozzle is generally a convergent-divergent type. The 

working fluid is generated in the combustion chamber, so there is no incoming momentum rate. A high 

momentum rate of the exiting combustion products during combustion opposes a zero momentum rate of the 

incoming combustion products. The propellant grain is sandwiched between a liner and insulator in so that hot 

combustion products are kept out of the casing walls. For the desired thrust variation with time, certain parts, 

may be necessary to protect certain parts of the grain from burning. This is accomplished by covering them 

with an inhibitor. A drawing of Fig.1.2 illustrates the insulator between the casing wall and the propellant 

grain, as well as the inhibitors on either side of the grain. Convergence-divergence nozzle handles high-

temperature combustion gases; its walls should also be properly insulated and made of high-temperature-

resistant materials. 

The solid rocket engine is the simplest chemical propulsion system since fuel and oxidizer are found in the 

grain. One of the chief disadvantages of solid rocket motors is that their thrust is delivered based on the 

configuration of the grain and may not be altered at will. Furthermore, solid rocket motors cannot be easily 

stopped and restarted. In warfare missiles, solid rocket propulsion systems are used because they are simple and 

are always ready to fire. They have lower energy content per unit mass of propellant than liquid motors. 

Despite this, satellite launch vehicles are always powered by huge solid rocket motors to overcome the 

enormous gravitational pull experienced during launch due to the system's simplicity. 

As an example of the type of thrust generated by a solid rocket booster, Fig. 1.3.and 1.4, show the twin solid 

rocket boosters of the Space Shuttle. The SRBs have a combined thrust of over 11520 KN, around 38m long and 

3.7m in diameter. 

 
Fig. 1.3.Solid rocket boosters of the Space Shuttle CREDIT-NASA 
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Fig.1.4. Space Shuttle solid rocket booster. Credit-NASA 

 

2.3. Liquid Rocket Engine  

 

 
Fig. 1.5. Schematic sketch of a gas pressurized liquid rocket engine 1. High pressure inert gas, 2. Pressurization 

control valves, 3. Fuel tank, 4. Oxidizer tank, 5. Propellant-flow control valves, 6. Igniter, 7. Injector plate, 8. 

Combustion chamber, 9. Convergent divergent nozzle and 10. Regenerative cooling jacket. 

As shown in Fig.1.5, a liquid rocket propulsion system consists of the propellant feed system and the engine. 

For cooling, one of the propellants, fuel, circulates around the nozzle and the combustion chamber. 

In addition to the igniter, injector, combustion chamber, and nozzle, the engine is made up of a feed system. 

Liquid rockets can be classified according to which feed system is used for the propellant flow. Pressure-fed 
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liquid rockets and turbo-pump-fed liquid rockets have similar engine components. The pressure-fed liquid 

rocket shown in Fig. 1.5 is designed with an inert gas pressurizing the propellants and injecting them into a 

combustion chamber through flow control valves.   

The engines of liquid rockets commonly operate for a long period, a few minutes or more. Therefore, they 

require a cooling system. Usually, the fuel has better cooling properties than the others. 

Additionally, the oxidizer may corrode the metallic surfaces of the coolant passages, causing premature engine 

failure. Figures 1.5 and 1.6 show how the fuel circulates between the nozzle and combustion chamber, cooling 

them, and preventing them from oxidizing. 

 
Fig.1.6. Schematic sketch of a turbo-pump fed liquid rocket engine 1. Low-pressure inert gas tank, 2. 

Pressurization control valves, 3. Fuel tank, 4. Oxidizer tank, 5. Fuel pump, 6. Turbine, 7. Oxidizer pump, 8. Gas 

generator, 9. Propellant-flow control valves, 10. Regenerative cooling jacket, 11. Igniter, 12. Injector plate, 13. 

Combustion chamber, 14. Convergent divergent nozzle and 15. Control thruster). 

As a result, the cooling system adopted is known as regenerative cooling. Small liquid rocket engines, which 

can operate in pulsed operation or for short durations, are referred to as liquid thrusters, and they are used as 

control devices. The main cooling method used for these thrusters is radiated cooling. Liquid rocket engines are 

not as simple as solid rocket motors, as they require systems to supply, inject, and cool propellant. However, 

they offer many advantages over solid rocket motors. A characteristic of liquid propellant engines is that the 

thrust can be easily controlled by adjusting the propellant flow rate as well as the ability to stop and restart 

them. As the propellants exist in a liquid phase, one of the propellants, as discussed previously, can be used to 

cool the liquid engines, which can operate longer than solid motors. The propellants are kept outside of the 

combustion chamber for liquid engines, so the thrust chamber and nozzle assembly are not as heavy as for solid 

motors, and gimbals for thrust vectoring can be easily adjusted. In the case of solid motors, the propellant 

ingredients must be compatible with each other, as they must remain mixed and stable in the grain for a long 

time.  
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Fig. 1.7.Schematic sketch of a Liquid rocket Engine 

 

2.4. Hybrid Rocket Engine 

 
Fig. 1.8. Schematic sketch of a hybrid rocket propulsion system. 

An illustration of a hybrid rocket engine is shown in Fig. 1.8. Usually the oxidizer, has a feed system similar to 

that of a liquid rocket engine. A solid propellant, the fuel, is housed in a casing similar to that of a solid rocket 

engine. They are simpler than liquid rocket engines but not as simple as solid rocket motors. Hybrid rocket 

engines leverage the advantages of both solid rocket motors and liquid rocket motors. The current generation of 

hybrid rocket engines has a short operation duration, largely due to the limited thickness of the fuel web that 

can be used. They can be stopped and restarted and have thrust control through the regulation of oxidizer flow 
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rate. Therefore, these engines do not require active cooling. However, the liquid propellant can always be used 

in a hybrid engine as active cooling. Based on preliminary studies, hybrid rocket engines are predicted to 

achieve specific impulses comparable to liquid rocket engines using earth-stored propellant or semi-cryogenic 

propellant combinations while utilizing lower overall systems mass. There are far fewer flight-proven hybrid 

rocket engines than solid rocket motors and liquid rocket engines. However, several research and development 

activities on hybrid rocket engines have been reported in recent years. 

In order to motivate this, there is an increasing interest in (1) lower development and operation costs with little 

loss in specific impulse and density specific impulse, (2) safer operation characteristics, and (3) better 

environmentally friendly exhaust.   

 
Fig. 1.9. Schematic sketch of a hybrid rocket propulsion system. 

 

III. DEEP SPACE TRAVEL PROPULSION  

 

In order for a vehicle to remain on course on its journey, its propulsion systems must provide precision and 

ensure the crew can return safely to earth the farther into space it ventures. For humans to travel farther from 

earth on longer missions, the systems that keep them alive must be highly reliable while taking up minimal 

volume and mass. A long distance from earth creates a stressful and potentially hostile living environment. 

Higher doses of damaging radiation and altered gravity fields are among the health hazards of space exploration. 

 
Fig. 1.10. NASA’s Deep Space 1. Credit: NASA 
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On NASA’s Deep Space 1, twelve new technologies were tested, such as highly-efficient ion engines and 

autonomous navigation software. As a result of the mission, ion engines were proved to be effective in long-

duration spaceflight and navigational requirements were improved. Humans have occupied the ISS for more 

than ten years now. Likewise, some dreamers are promising consumers that commercial space travel will be 

available soon. As compared to earth, deep space offers a number of advantages. Additionally, based on recent 

events, space exploration efforts seem promising. What will deep space look like in the future and who will 

reach their missions first? 

Though several technologies pursue deep space travel and have some slight advantages, ion and electric 

propulsion is on the way to space exploration, which is further, fastest, and cheaper. 

 

3.1. ION PROPUSLION 

 

 
Fig.1.11.Ion-beam-propelled Dawn spacecraft 

As scientists and engineers at NASA, ion thrusters have become the propulsion of choice for science fiction 

writers. Fuel and electrical power are efficiently used for ion propulsion, enabling modern spacecraft to travel 

farther, faster and cheaper than any other propulsion technology. The fuel efficiency of chemical rockets has 

been up to 35 percent, but the fuel efficiency of ion thrusters has been over 90 percent. As of today, ion 

thrusters are used to keep communication satellites on course with respect to earth, as well as to drive deep 

space probes. A spacecraft can have several thrusters, but they are usually used one at a time. 

These thrusters can propel spacecraft up to 90.00 kilometre per hour The Space Shuttle, on the other hand, can 

reach 18, 00 kph. Currently, ion thrusters have a low thrust (or low acceleration) trade-off for their high top 

speeds. One ion thruster can deliver only 0.05098 kiloNewton of thrust, which is equal to the force that would 

be felt by holding ten quarters. They cannot be used to put spacecraft into orbit because large amounts of thrust 

are required to escape earth’s gravity and atmosphere. These thrusters must be used in a vacuum to operate at 

their maximum power levels. 

During the flight, acceleration continues continuously, so tiny amounts of thrust over a long period contribute 

to shorter travel times and less noise. Ion thrusters must be operated for a long time to compensate for low 

thrust. In over 16,000 thrusting hours, Deep Space 1 used less than 72.1212 kilogram of fuel. As a result, smaller, 

lower-cost space vehicles are possible. 
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3.2. Propulsion 

Sir Isaac Newton’s third law states that any action will lead to an equal and opposite reaction. For example, a 

balloon will be propelled forward when air escapes from its end. Conventional chemical rockets make gas 

propellant by burning fuel along with an oxidizer. 

 
Fig.1.12. Ion thruster of Deep Space 1, 

Credit: NASA 

Since modern ion thrusters use inert gases as propellant, there is no risk of explosion as there is with chemical 

propellant. Most thrusters use xenon, which is colourless, odourless, and tasteless. 

In the Deep Space 1 probe, ions were ejected at 146,000 kilometres per hour compared to other inert gases, 

including krypton and argon. Only relatively small amounts of ions are ejected, but they are traveling at very 

high speeds. Space crafts can be accelerated to close to light speed with  ion and or electric rockets. 

 

3.3. Making Ions and Plasma 

As an alternative to combustion gases, ion thruster engines emit ions to create thrust, the force that propels a 

spacecraft forward because an ion is just an atom or with an electrical charge from losing or gaining an electron. 

During ion propulsion, the ions lose electrons, so they are positively ionized. Whenever some or all of the 

atoms or molecules in a gas are converted into ions, it is said to be ionized. All positive and negative charges--

from inert gases, negatively charged electrons, and positively charged ions--add up to zero in plasma. There are 

plasmas everywhere in nature (for instance, in lightning and fluorescent light bulbs), and they are designated as 

the fourth state of matter (the others being solids, liquids, gases). Electricity can easily pass through it since it is 

a good conductor and has some features of a gas. Electric propulsion means accelerating electrically charged 

ions and electrons with an electric or magnetic field to provide thrust through plasma. The plasma in an ion 

thruster is composed of positive ions and electrons in equal amounts. In order to produce ions, NASA uses an 

electron bombardment technique. Propellant is injected into the thruster ionization chamber and flows 

upstream. Because of this injection method, the propellant remains in the chamber for longer time. In such ion 

thrusters, electrons are generated by a hollow cathode, called the discharge cathode, located at the center of the 
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thruster on the upstream end. The electrons flow out of the discharge cathode and are attracted (like hot socks 

pulled out of a dryer on a cold day) to the discharge chamber walls, which are charged highly positive by the 

thruster power supply. The release of a second electron occurs when an electron from the discharge cathode 

hits a propellant atom (neutral charge) and is accelerated into a high-energies electron (negative charge). 

Magnets into the discharge chamber redirect electrons approaching the walls of the discharge chamber as they 

approach the walls. 

 
Fig1.13. Ion thruster operation: 1. Electrons (shown as small, pale green spheres) is emitted by hollow discharge 

cathode, traverse discharge chamber, are collected by the anode walls. 2. Propellant (shown in green) is 

injected from the plenum and travels toward the discharge cathode. 3. Electrons affect the propellant atoms to 

create ions (shown in blue). 4. Ions is pulled out of the discharge chamber by ion optics. 5. Electrons is injected 

into the beam for neutralization. Credit: NASA. 

In order to maintain the exhaust beam’s total charge neutral, an equal amount of negative charge must be 

ejected. Otherwise, the ions would attract the spacecraft itself. By enabling the use of much smaller, lower-cost 

launch vehicles as well as reducing flight times, ion propulsion systems reduce mission costs and make missions 

far more appealing scientifically. 

 

IV. RESULTS AND DISCUSSION 

 

Because of its known long-term adverse effects, space radiation can also pose health risks to astronauts on long-

duration missions such as those to the Moon, Mars and beyond, but it can also become deadly in short periods. 

When a spacecraft leaves Earth orbit, it can use its engines. However, this is not always necessary because the 

rocket, gravity slingshot, and monopropellant/bi-propellant attitude control systems provide sufficient initial 

boost. 
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We provide an overview of one of the important research topics such as the search for alternative propellants 

based on this discussion. The technology of ion thrusters, a prominent member of the gridded ion engine family, 

is the focus of our discussion. Neutralizer concepts from novel insert materials and neutralizer-free propulsion 

concepts are examined, in addition to aspects of thruster modelling. We also talk about the development of 

highly efficient electronic components as well as issues relating to electromagnetic compatibility and radiation 

hardness in relation to space electronics.  

 

V. CONCLUSION 

 

Today’s ion propulsion technology enables deep-space science missions to operate. Future planetary missions 

and beyond will highly depend on board propulsion systems. This will reduce the cost of planning while 

benefiting science. Deep Space technology has made ion propulsion a legitimate option for deep-space science 

missions. Future missions to scientifically interesting planets will place significantly greater demands on the 

propulsion systems onboard than in the past. It is possible to reduce the cost of planetary missions and beyond 

by using ion propulsion systems. 
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ABSTRACT 

 

Explosive growth of digital transactions, usage of social media and week human phycology of getting attracted 

to false news leading invites a huge threat to humanity effecting financially and mentally. To counter these 

effects on humanity, cyber security is a need of the time. Its necessary to counter the frauds. When ever a 

security breach is planted, study of threat patterns helps us to identify the possible breach. Countering the 

treats is time bound, hence physical systems may fail if the patterns are missed while analyzing. Hence, 

Machine Learning has a wider landscape with advance features. In our work, we propose a method to classify 

the traces of malware to predict the possible cyber threat. 

 

Keywords: Machine Learning, cyber security, k- means, Random Forest, SVM. 

 

I. INTRODUCTION 

 

The data is generated in abundance by various platforms. Numerous mechanisms are derived to extract 

Information and on classification, time critical information can be mined. Such mined information can be 

misused effecting modern society also effecting trust on the existing system. Due to various reasons, companies 

are adopting cloud based work culture where the complete company assets are over Internet. Internet being 

public platform, securing these services from public becomes a mission critical agenda for cloud service 

providers. Evolution of Internet of Things (IoT) and the dependance of public over these applications are 

growing day by day. As the devices utilized in IoT are small in size, they are manufactured with numerous 

security flaws which act as exploits. These exploits pose a threats and misused by miscreants. Identifying these 

exploits itself is critical tasks. Some of the exploits are know only when its been breached or misused for self 

benefit causing unexpected lows to the society. Finding exploits, tracing the fingerprints of the breached 

exploits are the current research problem. Most of the solutions derived to tackle exploits are reactive derived 

over known attack signatures. In this process many new exploits whose signatures does not match with existing 

go unnoticed. By the time it is identified, damage would have been registered. To address the unnoticed threats, 

the signature patterns of malware and malicious software behavior is considering to build semi supervised 

environment. To achieve this process in the existing condition, machine learning (ML) methods are the need of 
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the day.  ML methods can adopt supervised and unsupervised learning for detecting unnoticed threats and 

adopt the new findings in the future threat prediction. 

 

II. LITERATURE SURVEY  

 

Kozil, et.al [12] has proposed a method to balanced self learning method to detect cyber attacks. The proposed 

method addresses the problem of data imbalance. In the proposed framework malware behavior is monitored 

throughout and its influence in data manipulation is observed.  

Ployphan, et.al [13] in his research, considered feature similarity correlation of malware behaviour as a 

constrain and proposed a hybrid method using Machine learning based on adoptive boosting. Multiple 

classifiers are considered to identify the irrelevant features to narrowing down to relevant features causing 

threat.   

Javier Martinez Torres, et.al [14] in their work elaborated on using ML techniques in the domain of cyber 

security for find the threat signatures. As ML is based on mathematical models, it can solve wide spectrum of 

complex problems which include classification, predicting correlation between certain derived patterns and 

many more.  

Thangavel M et.al [15] have elaborated over the effective usage of ML and Deep Learning (DL) mathematical 

models in the field of Cyber Security. Models elaborated can be utilized to process the threat signatures and 

predict the possible patterns which may signify a possible pattern for cyber threat.  

 

III. METHODOLOGY  

 

To work on, we are in need of Network Traffic data for analysis. For the said purpose, we can get the network 

traffic data form know institutions or organisations having signs of cyber attack and filter network flows for 

study. To achieve the same we can opt for public domain datasets to training the system. Popular datasets like 

CTU-13 (CTU University 2011), KDDCUP993 and CIC-IDS-20174 can be used for the said purpose. In our 

study, we have opted fo CTU-13 dataset for various reasons in which one of them being wider acceptance of it 

by research community working in similar problem domains. Dataset usage process is depicted in Figure 01.  

From the dataset, we filter common features and pattern frequencies for statistical analysis. The attribute in the 

NetFlow include, StartTime, Duration, Protocol, Source Address, Destination Address and many more These 

attributes signify the purpose and helps us in classification.  

Once we have selected a dataset, the very important part of our project is to identify and extract the features. 

We then pre-process to extract categorical and numerical characteristics from the bidirectional NetFlow dataset 

within the given time window. To reduce the training matrix dimension, we use the feature selection 

techniques. We need to use three different types of machine learning algorithms (like Logistic Regression, 

Support Vector Machine (SVM), Random Forest Classifier) for comparison. Three different machine learning 

models created and compare to get accuracy of each. After completion of training the model is tested with test 

dataset. After successful training and testing our system would be ready for prediction. We have designed a GUI 

with help of Streamlit module for better user understanding. Complete process can be visualized in the same 

c 
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platform. When user gives the input our GUI will pass the data to back-end python code and data will be 

processed. After pre-processing data will be compared with trained model and output will be predicted. This 

predicted output includes (time, attackers ip, and attack details) will be shown on the user interface.  

 
Figure 01:  Dataset refinement process and feature extraction 

 

IV. ARCHITECTURE 

 

SYSTEM DESIGN 

Figure 02 depicts the system architecture and flow used in the threat prediction process. 

 
Figure 02: System architecture 
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V. RESULTS 

 

We have tested our project with different aspects in the built platform. Data is process at the backend by python 

code. GUI frontend and python backend provides a visual platform for threat analysis and prediction. The 

predictions can be visualized on the front-end which includes attack types, time and ip address. In the current 

implementation, system detects threats based on used datasets that it is trained upon. Currently the system 

detects DDOS, Phishing by known constraints with 96- 98% accuracy. Same is displayed as graphical 

representation over the front-end.  

 

VI. CONCLUSION 

 

In our work, we were able to extract relevant features which match signatures of botnet from the NetFlow 

dataset. We used Logistic Regression, Support Vector Machine, Random Forest, Gradient Boosting and a Dense 

Neural Network ML models in our analysis in which found Random forest classifier was out performing in 

detecting botnets in all the possible scenarios. For the opted test cases, Random forest classifier had a detection 

accuracy near to 95%. As our work is limited to test dataset with limited parameter.  In our further work we are 

planning to extend in the size of parameters signifying different attack scenarios and also test on the real time 

network traffic to check if the prediction is justifiable. 
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ABSTRACT 

 

Cloud Computing is a recently emerged model which is becoming popular among almost all enterprises. It 

involves the concept of on demand services which means using the cloud resources on demand and we can 

scale the resources as per demand. Cloud computing undoubtedly provides unending benefits and is a cost-

effective model. 

The major concern in this model is Security in cloud. This is the reason of many enterprises of not preferring 

the cloud computing. This paper provides the review of security research in the field of cloud security. After 

security research we have presented the working of AWS (Amazon Web Service) cloud computing. 

AWS is the most trusted provider of cloud computing which not only provides the excellent cloud security but 

also provides excellent cloud services. The main aim of this paper is to make cloud computing security as a core 

operation and not an add on operation. 

 

Keywords: Cloud Computing, Trusted Computing, Information Centric Security, Amazon Web Service. 

 

I. INTRODUCTION 

 

The word “cloud” was used by Google’s CEO Eric Schmidt to describe the business model of providing services 

across the internet in 2006. To state various ideas the term cloud was used as marketing term. Classification of 

clouds is done as public, private and hybrid. Services of three types are offered by cloud providers are Platform 

as a Service (PaaS), Software as a Service (SaaS) and Infrastructure as a Service (IaaS) Cloud computing has a 

focus on maximizing effectiveness of the shared assets.  

Cloud computing have certain features like they are agile, have reduced cost, easier maintenance, reliable, 

secure, scalable, etc Cloud computing involves communication over a loose coupling mechanism which 

involves multiple cloud components.  

Certain security issues faced by cloud computing include sensitive data access, data segregation, privacy, 

authentication, bug exploitation, recovery, accountability, account control 
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II. CLOUD COMPUTING 

 

It is one of the approaching IT industry murmured words- the users move their applications and data to the 

remote cloud so that they can have a simple and pervasive way of accessing. Clouds are categorized in two ways: 

1. On the basis of location of cloud computing.  

2. On the basis of type of services offered. 

 

1) On the basis of location of cloud computing. 

a) Private Cloud: These are allocated to a particular organization and are not divided among any specific firm. 

Private clouds have higher cost and security in comparison to public clouds. Further types of private clouds 

are private clouds and externally hosted private clouds. 

b) Public Cloud: In public cloud, at the vendor’s premises the computing infrastructure is hosted by the 

traders of the cloud. The user has no clarity and control hosted by the computing framework. The 

computing foundation is shared between with some companies 

c) Hybrid Cloud: This type of clouds is cost-effective and scalable. When we combine the use of public and 

private clouds together it is called as hybrid cloud. This aims in minimizing change. 

 

2) On the basis of type of services offered. 

a) Infrastructure as a Service (IaaS): Using the principles of cloud computing, services related to hardware are 

offered. These include storage services or virtual servers. 

b) Platform as a Service (PaaS): Development platform on the cloud is offered by them. Distinct vendors 

provide platform that are not consistent. 

c) Software as a Service (SaaS): Complete software services are offered on the cloud. Software application can 

be accessed by the users hosted by the cloud vendor on the basis of paying as per use. The nomenclature of 

cloud computing consists of a part which is known as Software as a favour. 

 

III. SECURITY IN CLOUD COMPUTING 

 

Cloud computing undoubtedly provides very good service to the user but still many organizations do not 

support cloud computing because of the security issues. The main security issues are data security and privacy 

protection.These security issues hinders the managers or customer to support the services provided by cloud 

computing. This is the reason why cloud computing not gaining the expected market size. Cloud security is the 

responsibility of both the cloud provider and cloud consumer. There should be the relationship of trust 

between them before availing any cloud service. 

It is the responsibility of management to take care of security risk so as to protect data. There are many risks 

associated with the cloud computing.Some of them are: Security, service providers, Management and Control, 

Laws and regulation, virtualization risks, lack of standards and auditing, uncontrolled viable cost etc. The risk 

which is of most concern is Security. 
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Cloud computing is the just the virtual environment for the customer who are using the cloud services in 

which he will give its data to the cloud without knowing even the location of the data. The data can be there 

with thousands of other data on the cloud. So the most important facilities that storage provider should provide 

is Confidentiality, Integrity and Availability (CIA). A model should be developed that promotes CIA. CIA can 

be provided by –encrypting the data, access control to prevent unauthorized user to access data and scheduled 

back up should be there to ensure availability. 

 

IV. SECURITY RESEARCH 

 

In order to tackle the security issues in cloud there is a need of some research in this area so as to provide 

security in the cloud computing and attracting more number of users so as to save the resources and time.  

The models of security research are:  

a) Trusted computing  

b) Information Centric Security [ICS]. 

 

a) Trusted computing: 

TC system was considered to be very important because data security is considered to be the core operation and 

not the add-on operation. TC system encrypts the data and application and gives the decryption key to the 

trusted program and information. Nowadays manufacturers provide the TC services in the computers by adding 

some new hardware to the computers. 

 

b) Information Centric Security [ICS]. 

ICS architecture is made of 4 services arranged horizontally and not vertically.  

 

The 4 services are. 

a) Storage infrastructure services  

b) Data services  

c) Management services  

d) Access services  

 

The architecture of Information centric security protects the information by monitoring and enforcing the 

policies of security or privacy. The individuals who are dispersed all over can now share their documents 

securely. The documents now contain security rules with them so that whenever there are logs capture 

activities then the security policies are enforced.ICS architecture is responsible for controlling, monitoring and 

enforcing thesecurity over the confidential documents. 
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V. AWS (AMAZON WEB SERVICE)  

 

AWS is the cloud computing provider. This service is a perfect example of true cloud computing which not 

only provides excellent cloud services but also provides confidentiality; integrity and availability of the 

customer’s data. AWS give the ondemand services. The IT resources are available at cheap prices and no 

upfront investment is required for the resources. The customer just has to pay for the resources that he 

consumes on variable basis. 

Another benefit of AWS is it makes the work easier and faster. With traditional architecture it was difficult to 

develop the application as it takes lot of time to get a server. But with AWS cloud computing one can deploy 

hundreds or thousands of servers without any delay. Hence AWS allows quick development and deployment of 

an application and hence it allows the team to experiment more frequently.  

AWS not only provide resources to develop an application but also helps in deploying the application globally 

at minimum cost. Traditionally it was difficult for a company to provide performance to the distributed users so 

they concentrate on only single geographical region at a time. But with the help of AWS this problem was 

solved and now one can deploy its application all around the world and provide better experience for 

customers. AWS provides wide range of cloud computing services that helps in development of a sophisticated 

application. 
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VI. AWS SECURITY PROCESS 

 

For AWS, Confidentiality, Integrity, and Availability (CIA) of the user’s data is most important task.  

The aim of AWS is to maintain the customer confidence and trust. 

 

a) AWS infrastructure: 

AWS infrastructure contains hardware, operational software, security standards, network and other important 

facilities.High level security is there during the physical access of AWS data centers. Professional security staff 

is hired for data security. Visitors or contractors have to present their identification which is signed by 

authorized staff and are allowed to access if they have business needs 

The environment of the data centers is controlled 

a) Automatic fire detection and suppression equipment to reduce risk. 

b) 24*7 Uninterrupted Power Supply. 

c) Climate control is there in order to maintain the temperature for working of servers and other hardware 

d) All equipment is managed, so if any issue is raised then it should be immediately identified. 

 

b) Network Security: 

AWS has an outstanding network security which is properly controlled and managed. Following are thereasons 

for the world class network architecture of AWS: 

a) Secure Network Architecture  

Secure Network Architecture is attained by the network devices such as firewall which manages and controls 

the boundary of network. Traffic flow policies, access control list (ACL), is generated to control the flow of 

informational is approved by Amazon Information Security 
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b) Secure Access Points  

Secure Access Point indicates that AWS has limited number of access points so as to perform proper monitoring 

of communication. The access points of customers are called API endpoints. 

c) Transmission Protection 

One can make connection to the AWS access point via HTTS using SSL (Secure Socket Layer) protocol. This 

protocol provides many security services like protection against message forgery, tampering etc 

d) Amazon Corporate Segregation  

The developer or manager cannot directly access the network devices even for maintenance. They need to 

access through AWS ticketing system.  

e) Fault Tolerant Design   

AWS has provision of storing data with multiple geographical regions with each region having independent 

failure zone 

f) Network monitoring and Protection 

AWS has a world class monitoring and control system as it has automated monitoring system which 

automatically detects the defects; any unauthorized access or any unusual activity.  

 

VII. CONCLUSION 

 

Cloud Computing undoubtedly provides many services and has uncounted advantages but still there are many 

problems that still exits and need to be solved to increase the market of such a world class technology.The 

concern in the cloud computing is SECURITY around data, access and privacy protection. Cloud computing 

should be secure androbust and should mitigate the risks. According to the analysis of cloud computing it was 

found that security should be the core operation rather than an add on operation. AWS(Amazon Web Service) 

has an outstanding performance in cloud computing because of the its excellent work in the area of Security of 

data. Some of work of the AWS is a) Providing network security b) Build real time sliding window dashboard 

over streaming data c) AWS for Disaster Recovery (DR). d) Security at scale: logging in AWS. e) Securing data 

with encryption f) Backup and Recovery approach These security services provided by AWS are the reason that 

customers have faith in its services.So building trust by providing security services should be the main aim of 

cloud computing 
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ABSTRACT 

 

Cloud storage offers user scalable, flexible and high quality data storage and computation services. The meaning 

of cloud storage is "the storage of data online in the cloud". Different companies store their data access data 

from many different and connected resources that comprise a cloud. Once the owner of the data transfers the 

data to the cloud storage server, he removes its copy from local machine, thereafter owner will not be able to 

access the data locally. In this situation, primary issues are integrity and confidentiality of the data transferred.  

The regular issue is Data Loss Leakage, cloud providers are not trustworthy. Hence for enhancing service RDPC 

protocol was proposed by Chen et al. Third party auditor checks the user’s data correctness and also verifies the 

accuracy of the data that is stored in the cloud server and this reduces the burden of cloud user.  

RDPC supplies a method for data owner to efficiently verify whether cloud service provider faithfully stores 

the original files without retrieving it. And Deduplication technique is stored in cloud storage is already exist at 

cloud server or not. This  framework is effective and secure. 

 

I. INTRODUCTION 

 

to MHT is used to find the location of each data operation in RDPC protocol, it allow the third party auditor 

(TPA) to check the integrity of outsourced data. The scheme allows unlimited times verification and also 

verifies accuracy of the data that is stored in the cloud server and this reduces the burden of cloud server. 

A data compression technique which eliminates duplicate copies of data blocks or files in storage is known as 

Data deduplication. No need to check whether the content or file is stored previously in cloud. The system will 

check duplicate data available and notify to the user. 

The review paper discussed about the working of RDPC protocol on cloud domain for securing the data. 
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ABSTRACT 

 

From the beginning of human history, people are suffering from many kinds of disabilities. One of the major 

disabilities is senior citizen’s mobility problem. This leads many severe problems to the senior citizens to 

carryout daily regular activities. Many senior citizens uses the walking stick as their helping tool / device for 

avoiding several problems like weakness in legs and loss in balance. These problems causes them to fall 

incidents, which increases the various elderly injuries, and sometime leads to death. Despite awareness of these, 

there is a scarcity of information on effective and acceptable mediation in India. Many victims depends on a 

walking stick (cane) for support the senior citizens in their walking. There can be decrease in the severity of 

injury by being ready with medical aid quicker for the senior citizens who might fall in several cases. In 

modern era where mobiles, laptops and many other electronics have become an important factor in everyone's 

life, one might indulge too much into it such that they forget to take care of senior citizens. Even in earlier 

generations there were cases where the senior citizens were ignored. For this major reason, In this paper, 

author has proposed a smart walking stick which is helpful for senior citizens for walking and also at the same 

time one can monitor senior citizen’s health condition. Unlike visually impaired people’s electronic walking 

stick, can detect the obstacles and alerts the user with the many features embedded in the smart stick. The 

proposed smart stick can monitors the pulse rate, measures the body temperature, detect if the people using it 

takes a fall, user’s location. This smart stick alerts the family members or caretakers by sending alert messages 

related to the person’s health issue or any other emergency. In case of emergency situations, it is also provided 

with an emergency button. The proposed smart stick yields an accuracy of 92.5%. 

 

Keywords: Fall Detection, Health Monitoring, IOT, Location Tracking, Smart Stick, Walking Stick 

 

I. INTRODUCTION 

 

In most of the countries of the world, the life anticipation has increased dramatically in last decades. Due to the 

advancements in the medical science, diagnostic technology and increase in awareness of diseases, an 

improvement may be achieved in the health of human beings. With the speeded-up population, a huge interest 

in development of resolutions to the senior citizens assistance. IOT is a recent technology, which fully 

modifying our day-to-day life and it prospects to overturn current health care by sanctioning a much 
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individualized, preventative and cooperative form of care. The concept of IOT has a achievable for giving 

growth to most of the health check applications like health monitoring remotely, personal fitness and health, 

also paediatric and senior citizen care. With these comprehensive range of applications, the senior citizens 

health care, called Ambient Assisted Living (AAL), is appealing special attraction, because of the unexpected 

speedup of world population. These kinds of solutions will be very helpful in village places, in which the count 

and existence of exigency group with  right response is poor sometimes. For senior citizens, walking stick is 

used for help in  walk, also guide for maintaining balance and reduces the fall risk. For helping the senior 

citizens, an appropriate tool/device is necessary for walking in both indoor and outdoor without taking the help 

from others with more confidence.  

With the intention of helping senior citizens for better living, a concept of wireless IOT based solution, which 

is capable of monitoring and collecting  crucial data of the user, making it obtainable for the concerned well-

wishers / caretaker is implemented. Also, this smart stick reads the various health parameters of walking stick 

owner. These collected information is sent to the monitor system of the well-wishers / caretaker. It triggers the 

alerts in exigency conditions like falling suddenly,  heart rate abnormal, temperature of the body. The smart 

stick is much effective to the people suffering from Alzheimer’s sickness. This is because of the GPS is 

compartment in the walking stick and caretakers can monitor the accurate locality. Also, this smart stick is 

incorporated with exigency buttons for lighting torch, alert the caretaker. This device is unique as its easy 

fundamental interaction and segregation with networks which are IOT-enabled, low-cost and provides most 

essential services for other related devices. 

The organization of this article is as follows. Section 2 provides the methodology of the proposed work. In 

Section 3, presents the modelling and analysis of the work. Section 4 provides the results and discussion of the 

proposed work. Finally conclusive remarks and the future perspective of the proposed work is presented in 

section 5.  

 

II. METHODOLOGY 

 

The proposed smart stick development system consists of many components which are illustrated in the 

architecture shown in figure 1. This employs the user interface of the sensor with the patient which is in turn 

integrated with the  Walking stick. It is attached to NodeMCU module and Arduino device. The collected 

information from the sensor is displayed in “Blynk” mobile app and the same can be accessed by the well-

wishers/caretakers. 

 

A. Smart Health Monitoring:  

The smart health monitoring system consists of Arduino, ‘Blynk’ mobile application, NodeMCU module and 

physiological sensors., Arduino device is used as controller and NodeMCU module is used for communication. 

The pulse sensor is using for collecting the various physiological signals and also the sensitive temperature 

sensor is using to measure the body temperature. From all the various sensors described below, the various data 

reading are collected and the same are displayed on the Blynk mobile app by using Arduino device and 

ESP8266 module.  
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Figure 1: Block Diagram of Proposed System 

B. Pulse Rate Monitoring:  

Pulse Rate Monitoring System consists of a basic pulse rate sensor, which has a Light-Emitting Diode (LED) and 

a photo-diode or a light detecting resistor. The heart-beat pulses drives variance in the blood flow and 

indifferent parts of the human body. This is taken as an analog input in the monitoring system. Figure 2 shows 

the working of pulse sensor of the system 
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Figure 2. Working of Pulse Sensor 

 

C. Body Temperature Measurement System:  

The human body Temperature can be measured using Negative Temperature Coefficient (NTC) temperature 

sensor. The NTC thermistors are the resistors with a Negative Temperature Coefficient. Here, if the body 

temperature increases, then the resistance decreases. The sensitivity coefficient of the temperature is around 5X 

(five times) higher than the Silicon Temperature Sensors (STSs)and 10X (ten times) higher than the Resistance 

Temperature Detectors (RTDs). 

D. Fall Detection Sensor:  

Accelerometer is a sensor, which can be used for detecting sudden fall. As this sensor provides the acceleration 

in three axes and an amplified output is produced from these three acceleration values in x, y and z axes. This 

amplified output value is compared with the threshold value. If the amplified output value crosses this 

threshold value, then the fall detection is produced. Finally the fall alert message will be send to the well-

wishers/caretakers. 

E. Location Tracking System:  

Global Positioning System (GPS) module is used for tracking the live location of the user. This GPS feature is 

very much necessary in the system and same has been added because there is a chance that the senior citizens 

may get lost sometimes somewhere. So that, this location tracking system will be very helpful for the well-

wishers/caretakers to know the exact live location of user through the mobile phone. 

F. Giving Alert Messages:  

There may be an emergency situation/condition  like sudden fall or there is a disruption in heart rate or any 

such related situations. In such kind of situations, the well-wishers/caretakers will receive the alert message or 

notification to the their registered mobile phone on both ‘Blynk’ mobile app and to their registered email. 

 

III. MODELLING AND ANALYSIS 

 

The proposed system consists of both various hardware and software parts. In hardware category, the proposed 

system has various sensors and in software category, it has two softwares such as Arduino and ‘Blynk’ app. The 

proposed smart stick system consists of various components which are discussed in the following sub-sections. 
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A. Arduino Mega 2560:  

Arduino is a kind of microcontroller, which is used for collecting the data/information read by the various 

sensors. These data/information is processed and carryout the appropriate actions based on the processed data. 

These collected data is also transferred serially to the NodeMCU where further processing of data will be 

carriedout. 

B. NodeMCU:  

It is a wireless module, integrated with the Arduino for transferring the data which is received from the 

microcontroller to ‘Blynk’ server. This data will be displayed in ‘Blynk’ app and it also generates the distinctive 

alert messages based on if any processed data crosses any of the threshold as already set. 

C. Pulse Oxymeter:  

Pulse Oxymeter one of the sensor, which is used for measuring the heart rate and the oxygen level in blood. It 

is one of the important and very usefull device in the proposed system.  The working of pulse oxymeter is 

shown in Figure 3. 

 
Figure 3: Pulse Oxymeter Working 

D. Accelerometer:  

Accelerometer is an another kind of sensor, which can be used to the fall detection. The feature fall detection 

needs the data from accelerometer sensor which gives acceleration in all the three axes x, y and z. From this 

acceleration, an amplified output value will be generated which will be compared with the threshold value for 

detecting sudden fall of the person and finally alert messages will be sent to the concerned person. 

E. NTC Thermistor:  

The NTC Thermistor is a sensor, used for measuring the body temperature. The temperature sensitivity 

coefficient is approximately 5X (five times) higher comapared to STSs and also about 10X (ten times) higher 

compared to RTDs. These NTC thermistor sensors are generally using between the −55°C to 200°C range. 

F. GPS Module:  

GPS is used to track or record the accurate live location of the person. In this Smart Stick system, by using 

ublox NEO-6M GPS module to track the live location of the user. This module acts as a receiver and the 

received data from satellite is sent to the ‘Blynk’ app through the ‘NodeMCU’ wireless module. The working of 

GPS is based on the principle of Triangulation, which is shown in figure 4. The GPS satellites communicates 

minimum of two low-power radio signals. 
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Figure 4: Location Tracking using GPS satellites 

G. ‘Blynk’ app and Arduino Software:  

The Arduino software coding is used for microcontrollers where reading data and processing of data is 

carriedout. The collected data is successfully transmitted serially to the NodeMCU module for further 

processing. This NodeMCU module data is later transmitted to the ‘Blynk’ Server from where the data will be 

displayed in ‘Blynk’ mobile app as per the Graphical Use Interface (GUI) set by the user in the mobile app. 

 
Figure 5: Blynk Working 

 

IV. RESULTS AND DISCUSSION 

 

In every research work, after carriedout, it is very much necessary for evaluating and discussing the results of 

the research work. Following paragraph describes the results and discussion of this proposed work. 

The simple and precise circuit of the the proposed work is illustrated in figure 6. This includes the various 

sensors for measuring various health parameters of the senior citizens discussed in the earlier sections. All the 

sensors of the circuits will collects the data, process it and sends the relevant alert messages to the ‘Blynk’ 

mobile app whenever the concerned sensors senses and processes the same. 
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Figure 6: Smart Stick Circuit 

 

Figure 7 shows the various readings of the health parameters such as heart rate, body temperature and oxygen 

level of the person, which are received from the smart stick and displayed on the ‘Blynk’ mobile app. In figure 7, 

the app shows the three readings of the person such as body temperature 37, pulse 106, and oxygen level is 95. 

 
Figure 7: Various readings of the Person 

As discussed in the earlier sections, whenever the body temperature, pulse rate, and oxygen level crosses actual 

set limit, then alert messages are sent to the tare takers mobile phone. The two sample alert messages (i.e., 

Oxygen Concentration is low and Heart Rate is High) displayed on the mobile phone is shown in Figure 8 and 9 

respectively. 
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Figure 8: Sample alert message (Oxygen Concentration is Low) 

 
Figure 9: Sample alert message (Heart Rate is High) 

 

In case of Location Tracking, the Latitude and  Longitude values will be displayed in the ‘Blynk’ mobile app 

along with the live location position on the google map. The same has been shown in Figure 10. 

Sudden Fall detection feature is integrated to know whether the person faced any fall. If in case, is there any 

fall of the person, the proposed stick sends an alert message immediately to the ‘Blynk’ mobile app as shown in 

the Figure 11. 
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Figure 10: Sample alert message (Location Tracking) 

 
Figure 11: Sample alert message (Fall Detection) 

 

The proposed Smart Stick system has been experimented with 14 people with 10 senior citizens (5 male and 5 

female) of 61 to 68 years old and 4 middle age people (2 male and 2 female) of 35 to 44 years old. 

This experimentation is carriedout in various time intervals of day and night time in both indoor and outdoor 

locations. Here, the smart stick experimentation was carriedout for body temperature, oxygen level, pulse rate, 

location tracking, and fall detection. There are 4 different experimentation was carriedout on all the 14 people 

for all the 5 parameters. With the detailed experimentation, the proposed system provides an overall excellent 

average accuracy of 92.5%. 
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The detailed average accuracy of the experimentation is illustrated from Table I to Table IV . 

Table I. Experiment 1 - Between 8.30 AM and 10:15 AM 

Age G BT PR OL FD LT AA 

35 F Y Y Y Y Y 100 

38 F Y Y Y Y Y 100 

42 M Y Y Y Y Y 100 

45 M Y Y Y Y Y 100 

60 M Y Y Y Y Y 100 

60 F Y Y Y Y Y 100 

61 F Y Y Y Y Y 100 

62 F Y Y Y Y Y 100 

63 M Y Y N Y Y 80 

63 F Y N Y Y Y 80 

65 M Y Y Y Y Y 100 

67 M Y Y Y Y Y 100 

68 F Y Y Y Y Y 100 

68 M Y N Y Y Y 80 

AA 100 85.7 92.8 100 100 95.7 

 

Note: Abbreviations in table I - IV, G - Gender, BT - Body Temperature, PR - Pulse Rate, OL - Oxygen Level, 

FD - Fall Detection, LT - Location Tracking, Y - Yes Matched, N - Not Matched, and AA - Average Accuracy. 

Table II. Experiment 1 - Between 12 Noon and 1:50 PM 

Age G BT PR OL FD LT AA 

35 F Y Y Y Y Y 100 

38 F Y Y Y Y Y 100 

42 M Y Y Y Y Y 100 

45 M Y Y Y Y Y 100 

60 M Y Y Y Y Y 100 

60 F Y Y Y Y Y 100 

61 F Y Y Y Y Y 100 

62 F Y Y Y Y Y 100 

63 M Y N N Y Y 60 

63 F Y N Y Y Y 80 

65 M Y Y Y Y Y 100 

67 M Y Y N Y Y 80 

68 F N Y Y Y Y 80 

68 M Y N N Y Y 60 

AA 92.8 78.6 78.6 100 100 90 
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Table III. Experiment 1 - Between 4.15PM and 6 PM 

Age G BT PR OL FD LT AA 

35 F Y Y Y Y Y 100 

38 F Y Y Y Y Y 100 

42 M Y Y Y Y Y 100 

45 M Y Y Y Y Y 100 

60 M Y Y Y Y Y 100 

60 F Y Y Y Y Y 100 

61 F Y Y Y Y Y 100 

62 F Y Y N Y Y 80 

63 M Y N N Y Y 60 

63 F Y Y Y Y Y 100 

65 M Y Y N Y Y 80 

67 M Y Y N Y Y 80 

68 F Y Y Y Y Y 100 

68 M Y N N Y Y 60 

AA 100 85.7 64.3 100 100 90 

 

Table IV. Experiment 1 - Between 7PM and 8.15 PM 

Age G BT PR OL FD LT AA 

35 F Y Y Y Y Y 100 

38 F Y Y Y Y Y 100 

42 M Y Y Y Y Y 100 

45 M Y Y Y Y Y 100 

60 M Y Y Y Y Y 100 

60 F Y Y Y Y Y 100 

61 F Y Y Y Y Y 100 

62 F Y Y Y Y Y 100 

63 M Y N Y Y Y 80 

63 F Y Y Y Y Y 100 

65 M Y Y N Y Y 80 

67 M Y Y N Y Y 80 

68 F Y Y Y Y Y 100 

68 M Y Y N Y Y 80 

AA 100 92.8 78.6 100 100 94.3 

 

In Table I to IV, N is nothing but the proposed system experimentation result is Not Matched with the cross 

verified manual results. 
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For verification of the experimentation results, we have used the regular classic glass thermometer and modern 

digital thermometer for body temperature measurement. The pulse rate experimentation result is verified with 

the manual wrist holding with two fingers method. Also, the oxygen level results of the experimentation is 

verified by using the regular pulse oximeter, which are available at the market. Experimentation results of the 

Location Tracking is verified with the mobile phone  GPS system. 

 
Figure 12. Average Accuracy (Experiment-wise) 

Figure 12 shows the experiment-wise average accuracy of all the experiments. This average accuracy achieved 

by utilizing senior citizens and middle age people for experimentation. 

In this proposed work experimentation, by considering only senior citizens, an average accuracy of 89.5% is 

achieved for experiment 1 to 4.  

 

V. CONCLUSION 

 

The proposed work is mainly concerned about monitoring health condition of the senior citizens and taking care of 

them. The proposed system is combination of many individual applications.  

The proposed system, a Smart stick is a walking stick, which has pulse rate monitoring, body temperature reading, 

location tracking and also sudden fall detection system. The smart stick system also sends emergency alert messages 

to the ‘Blynk’ mobile application or to the registered  email of the caretakers. The Smart Stick system is mainly 

implemented using Arduino Microcontroller and nodeMCU module which is integrated along with various sensors 

such as Pulse Oxymeter, Body Temperature Sensor, GPS Module, Accelerometer Sensor and etc. With the various 

parameters of the system, an average accuracy of 92.5% has been achieved and specifically for senior citizens, an 

average accuracy of 89.5% has been obtained. 

As part of the future perspective, this work can extended by adding Voice Assistance System so that the proposed 

system can helps both the senior citizens and visually impaired people. 
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ABSTRACT 

 

The Spent wash is a beneficial by product produced from distilleries after extraction of ethyl alcohol from 

molasses. Being a plant extract, which is derived from sugar cane and contains nutrients and easily oxidisable 

organic matters. Spent wash is a rich source of organic matters and nutrients like N, P, K,Ca, and S. in addition 

to that sufficient amount of micro-nutrients such as Fe, Zn , Cu, Mn, B, Mb etc. It does not contain any toxic 

heavy metals and Hazardous constituents therefore it increases the soil fertility to increase the yield. Salinity of 

Soil, its structure and texture along with water availability can be studied by electrical conductivity. 

 

Index Terms— Ethyl alcohol, Molasses, Spent wash, Anaerobic, Bio-methanation, Salinity, Electrical 

Conductivity. 

 

I. INTRODUCTION 

 

Sugar Industries globally gives lot off inputs like food items(Jagger y, sugar), Beverages, spirits, organic solutions 

and even waste water known as Spent wash. This Spent wash is a waste product and can be discarded to water 

resources or neighbouring lands but, if industries do so means it creates lot of Environmental pollution, so it is 

necessary to all the industries to follow treatment methodologies to avoid unnecessary harm to the 

environment, the treated spent wash if optimized thoroughly gives duel benefits to the mankind in the form of 

methane gas (bio gas) and as a fertilizer, to enrich soil fertility. 

The Spent wash is a beneficial By product produced from distilleries after extraction of ethyl alcohol from 

molasses. Being a plant extract which is derived from sugar cane and contains nutrients and easily oxidisable 

organic matters. Spent wash is a rich source of organic matters and nutrients like N, P, K,Ca, and S. in addition 

to that sufficient amount of micro-nutrients such as Fe, Zn , Cu, Mn, B, Mb etc. It does not contain any toxic 

heavy metals and Hazardous constituents therefore it increases the soil fertility to increase the yield.Salinity of 

Soil, its structure and texture along with water availability can be studied by electrical conductivity. 

http://www.ijsrset.com/


International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published :  March 15, 2022    Page No : 679-681 

 

 

 

 
680 

II. METHODOLOGY 

 

Based upon UASB method Anaerobic Biomethanation process is carried and also Physical, Chemical 

characteristic parameters were studied along with microbial culture, pH study, and obtained optimized Spent 

wash is added to mud is the following order for two days and dried, subjected to determination of Electrical 

conductivity of soil the following results were obtained. 

Table 

S.N Electrical Conductivity (dS/m) Spent wash in ml/Soil in kg Result 

1 0.56 40ml/kg- type-1 soil It is observed that 

depending upon the 

soil type salinity is 

moderate in all. 

2 0.54 60ml/kg-type-2 soil 

3. 0.86 30ml/kg-type-3 soil 

4. 0.41 50ml/kg-type-4 soil 

 

Graphical study 

 
Blue- 0.56 dS/m, Grey - 0.86 dS/m, orange-0.54 dS/m and yellow - 0.41 dS/m 

              
Electrical Conductivity meter used               soil type-1 

 

III. RESULTS AND DISCUSSION 

 

According to obtained data the result is It is observed that depending upon the soil type salinity is moderate in 

all, and from that it is not much hazardous to the soil with respect to the above-mentioned ratio and spent wash 
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added in milliliter to soil type in kilogram. So fertility is not affecting much as the spent wash sprayed on soil in 

the form of press mud. 

 

IV. CONCLUSION 

 

Spent wash obtained from distillery as waste product can be used in duel mode as a biogas generation and also 

as manure to spry on the mud especially for agricultural purposes based upon the proper ratio along with mud 

as press mud. 
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ABSTRACT 

 

Metal Matrix Composites (MMC’s) have wide range of applications in aerospace, automotive, military and 

industrial applications due to their superior mechanical properties, light weight, electrical and thermal 

conductivity. Though synthesizing a hybrid composite is a challenging task due to the lack of wettability of 

particulates, it has a greater demand due to their attractive mechanical properties. In the present work, a hybrid 

composite material was synthesized with 2024Aluminium alloy as a matrix material and the combination of 

Boron Carbide (B4Cp) and Alumina (Al2O3) particulates as reinforcement with traditional stir casting process 

and also investigated the mechanical properties of composites such as tensile, compression, impact and hardness 

were determined. The comparative study of different parameters and variable achieved successfully and 

concluded that Tensile strength, Compressive strength and Hardness progressively increases up to 5% wt. to 6% 

wt. of Alumina (Al2O3), further cross the optimum range noticed that reduction in mechanical properties like 

tensile, compression, impact strength and even hardness too. 

 

Keywords: 2024 Aluminium alloy, Boron carbide, Alumina, Stir casting. 

 

I. INTRODUCTION 

 

The globalization of modern world has sparked countries and regions to open their gates  for allowing the entry 

of global players into their markets. Because of this scenario, thus competition situation is arising in marketing 

field. So the organizations are supplying the products to the customers on time in a less cost and with quality 

materials. So as per the subject concern to materials, lot of research works are going in engineering field to 

bring new materials to the market. After all the research we found the materials which are in light weight, low 

density and also cost is plus point. 

The applications what we see in all the fields are of composite materials. The composite materials occupied 

more space in almost all the areas. So the design, manufacturing of materials also important as material, design 
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and manufacturing are interrelated to each other and we are also seeing lot of developments in material science 

and design field. So let’s see about composite materials which are a major part in engineering field. 

A composite material is a non-uniform solid consisting of two or more different materials that are mechanically 

or metallurgical bonded together. Each of the various composites retains its identity  in the composite and 

maintains its characteristic properties such as stiffness, strength, weight, high temperature, corrosion resistance, 

hardness, and conductivity, which are not possible with the individual components by themselves. Example of 

the traditional composite is brick which consists of clay that mix up with grass and concrete that have mixture 

of cement and sand. In this example, clay and cement are matrix component while grass and sand are the 

reinforcement  

Generally, one component acts as a matrix in which the reinforcing phase is distributed. The matrix component 

is, thus the continuous phase. When the matrix component is metal, we call such  a composite a metal matrix 

composite (MMC). The reinforcement can be in the form of particles, whiskers, short fibers, or continuous fiber. 

There are three entities that determine the characteristics of a composite which are reinforcement, matrix and 

interface. The role of matrix was considered to be that of a medium or binder to hold the strong and stiff fibers 

or other types of reinforcement. Over the years, however, it has been realized that the matrix microstructure 

and consequently its mechanical properties have a considerable influence on the overall performance of a 

composite. This is particularly true of the MMC’s because the very act of incorporating a reinforcement can 

result in change(s) in the microstructure of the metallic matrix and, consequently in their structure-sensitive 

properties such as a strength and toughness. While composites have already proven their worth as weight-

saving materials, the current challenge is to make them cost effective. The efforts to produce economically 

attractive composite  components have resulted in several innovative manufacturing techniques currently being 

used in the composites industry. It is obvious, especially for composites, that the improvement in 

manufacturing technology alone is not enough to overcome the cost hurdle. It is essential that there be an 

integrated effort in design, material, process, tooling, quality assurance, manufacturing, and even program 

management for composites to become competitive with metals. 

Unlike conventional materials (e.g., steel), the properties of the composite material can be designed considering 

the structural aspects. The design of a structural component using composites involves both material and 

structural design. Composite properties (e.g. stiffness, thermal expansion etc.) can be varied continuously over a 

broad range of values under the control of the designer. Careful selection of reinforcement type enables 

finished product characteristics to be tailored to almost any specific engineering requirement 

 

II. OBJECTIVES 

 

In the present work an attempt will be made to prepare and evaluate the Mechanical Properties Of Aluminium 

2024 Reinforced with boron carbide and Alumina particulates by novel two stage stir casting method. Some of 

the specific objectives are 

1. Synthesis of B4Cp -Al2O3 reinforced Aluminium 2024 hybrid metal matrix composite by novel two stage 

stir casting route for weight  fraction of 7% of B4C particulates and varying fraction of Alumina. 
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2. Evaluation of mechanical properties like tensile strength, compressive strength by using computerized 

universal testing machines respectively. 

3. Evaluation of impact strength by using computerized Charpy test machine. 

4. Evaluation of the Rockwell Hardness Number (RHN) by using manual Rockwell hardness testig machine. 

 

III. MATERIALS USED 

 

There are many interdependent variables to consider in designing an effective MMC material. Since the upper 

bound on MMC properties is established by the properties of the matrix and reinforcement material, careful 

selection of these components is necessary. 

Reinforcements: Boron carbide (B4C) and Alumina (Al2O3). 

Matrix material: Aluminium alloy (Al2024T6). 

 

3.1. Aluminium (2024-Al) 

Aluminium alloy 2024 is an aluminium alloy, the primary alloying element being copper. Its main use is in 

applications that require high strength to weight ratio and good resistance to fatigue. It has the property to be 

welded but only through friction welding. Aluminium alloy 2024 is annealed from a heat-treated condition 

between 399 and 427 degrees Celsius for approximately 2 hours, after which it is slowly cooled in the furnace. 

Alternatively, aluminium alloy 2024 can be annealed between cold working operations at 343 degrees Celsius 

for 2 hours and cooled in air. 

 

3.2. Boron Carbide –B4Cp 

Boron carbide is one of the hardest materials known, ranking third behind diamond and cubic boron 

carbide .Originally discovered in the mid- 19th century as a by-product in the production of metal borides. 

Boron carbide powder is mainly produced by reacting carbon with B2O3 in an electric arc furnace, through 

Carbothermic reduction or by gas phase reactions. Boric acid as a source of boron, and carbon active and 

petroleum coke as reducing agents were used. Mixtures of boric acid and carbon bearing material with a 

particle size of less than 44 μm were placed in a graphite crucible and heated under a flow of argon atmosphere 

in a tube furnace to 1400–1550 °C for 1–5 h. This resulted in the formation of boron carbide powder with or 

without un-reacted starting raw materials. For commercial use B4C powders usually need to be milled and 

purified to remove metallic impurities. 

2B2O3 + 7 C → B4Cp + 6 CO 

  
Fig.1 Showing the photograph of Boron carbide powder. 
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3.3. Alumina (Al2O3) 

Al2O3 nanoparticles were synthesized using laser ablation of an aluminium (Al) target in deionized water. 

Nd:YAG laser, emitted the light at a wavelength of 1064 nm, was used as a light source. The laser ablation was 

carried out at different energies of 1, 3, and 5 J. Furthermore, it was observed that the particle size increased 

with increasing the laser energy. 

Al2O3 or alumina generally refers to corundum. It is a white oxide. Alumina has several phases such as gamma, 

delta, theta, and alpha. However, the alpha alumina phase is the most thermodynamically stable phase. In 

general, alumina has many interesting properties, for example high hardness, high stability, high insulation, 

and transparency. Alumina is also widely used in the fire retard, catalyst, insulator, surface protective coating, 

and composite materials. 

Al2O3 nanoparticles can be synthesized by many techniques including ball milling, sol-gel, pyrolysis, 

sputtering, hydrothermal, and laser ablation. Among them, the laser ablation is a widely used technique for the 

synthesis of nanoparticles since it can be synthesized in gas, vacuum or liquid. This technique offers several 

advantages such as rapid and high purity process compared with other methods 

 
Fig.2 Showing the photograph of Alumina powder 

 

IV. EXPERIMENTATION AND PROCESS 

 

4.1. Steps Involved In Casting Process 

 
Fig.3 Electrical resistance 
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Fig.4 Degassifier furnace for melting Al2024 Hexachloro ethane 

 
Fig.5 Degasifier is mixed in crucible 

 
Fig.6 B4Cp, K2TiF6 (Halide salt) and Al2O3 mixture. 

 
Fig.7 mixing of Constituent material 
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Fig.8 Stirring. 

 
Fig.9 ASTM Casting Dies 

 
Fig.10 Hot liquid molten metal is pouring. 

 
Fig.11 Final Castings 
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• First of all, 500 gm of commercially aluminium 2024-T6 was melted to 1023K temperature in resistance 

heated muffle furnace having clay graphite crucible 

• It was degasified by pouring hexachloro ethane tablets in the clay graphite crucible. Degasification is the 

removal of dissolved gases from liquids, especially water or aqueous solutions, in the fields of science and 

engineering. 

• B4Cp, K2TiF6 (Halide salt) and Al2O3 are mixed according to the required % by mass and poured in 

crucible having the molten red hot Al 2024-T6 with continuous stirring in two steps with 10 to 20 second 

time lag, the technique is called as two stage stir casting method and here all the composites are well 

stirred such that all the constituent material get mixed homogeniously with the base metal that is Al 2024. 

• Later the red hot liquid mixture is poured in to ASTM casting dies and allowed it for solidification for ½ 

hour 

• Then the casting dies are separated and the casting is sent for machining for required dimension. 

 

4.2. Composition of Test Specimens Prepared By Casting 

Casting is obtained by mixing B4Cp in composition of 7% and Al2O3 of 3% in red hot liquid condition of Al 

2024 in composition of 90%.Similarly all different casting are obtained as the data provided in the table. 

  

Table 1. Different casting composition. 

Samples Al 2024 Al2O3 B4Cp 

Castig 1 100 0 0 

Castig 2 93 0 7 

Castig 3 90 3 7 

Castig 4 89 4 7 

NOTE- All the figures are given in percentage 

 

V. TESTING AND DISCUSSION 

 

5.1. Hardness Test 

 
Fig.12 Rockwell Hardness Testing Machine 
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5.1.1. Procedure: 

➢ The specimen is placed on the table. Hand wheel rotated so that the specimen along with the table moves 

up and just touches the ball indenter, applying an initial load of 10kgs. 

➢ A Load of 100kg is applied on the specimen for a period of 30 seconds, during which the indenter presses 

onto the specimen. 

➢ The Load is removed after 30 seconds and Rockwell hardness number (RHN) is noted from the Dial 

 

Hardness specimen (ASTM-E18-17e1): All dimensions are in mm 

 
Fig.13 Hardness specimen 

  
Fig.14 Hardness testing specimens 

 

5.1.2. Hardness Test results 

Test 1: Load: 100Kg, Time 20 seconds 

Table 2. Hardness test Results 

 

Samples Al 2024 Al2O3 B4Cp Rockwell Hardness Number (RHN) 

A 100 0 0 31 

B 93 0 7 34 

C 90 3 7 37 

D 89 4 7 49 
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Graph 1. Hardness V/S Alumina % Curve 

Test 2: Load: 120Kg, Time 20 seconds 

Table 3. Hardness test Results 

Samples Al 2024 Al2O3 B4Cp Rockwell Hardness Number (RHN) 

A 100 0 0 33 

B 93 0 7 42 

C 90 3 7 48 

D 89 4 7 51 

  

 
Graph 2. Hardness V/S Alumina % Curve 

It is observed from the table 3. and graph 2. that with varying Percentage of Alumina, Hardness Number (RHN) 

increases till 6% after that increase in the Alumina Reduces the Hardness. Decrease in hardness is mainly due to 

porosity as volume fraction increases and non-uniform distribution of reinforcements due to different density. 

Hence use of alumina up to 5% to 6% gives better results. 
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5.2. Tensile Test 

 
Fig.15 Universal testing machine Apparatus 

The tensile testing is carried out to get tensile strength by applying longitudinal or axial load at a specific 

extension rate to a standard tensile specimen with known dimensions (gauge length and cross sectional area 

perpendicular to the load direction) till failure. The applied tensile load and extension are recorded during the 

test for the calculation of stress and strain. A range of universal standards provided by Professional societies 

such as American Society of Testing and Materials (ASTM), British standard, JIS standard and DIN standard 

provides testing are selected based on preferential uses. Each standard may contain a variety of test standards 

suitable for different materials, dimensions and fabrication history. We have used ASTM E8M specimen for 

tension testing 

Tensile Specimens (ASTM-E8M): All dimensions are in mm 

  
Fig.16 ASTM-E8M standard specimen for tensile test 

 
Before testing   After testing 

Fig.17 Tensile Specimens 
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5.2.1. Tensile Test results 

Table 4. Tensile test Results 

Samples Al 2024 Al2O3 B4Cp Tensile Strength (MPa) 

A 100 0 0 426.8 

B 93 0 7 440.08 

C 90 3 7 454.3 

D 89 4 7 467.7 

 

 
Graph 3. Tensile Stress V/S Strain Curve for different composition of Alumina 

  
Graph 4. Tensile Stress V/S Alumina % Curve 
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It is observed from the table 4. and graph 4. that with varying Percentage of Alumina Tensile Strength increases 

from 440MPa to 470 MPa after that increase in the Alumina decreases the Tensile strength. Decrease in tensile 

strength is due to many reasons like increase in the volume fraction of reinforcement leads to porosity during 

the casting, improper distribution of reinforcements due to different density, and decreases the wettability, 

gasification etc. Hence use of alumina up to 6% gives good results. 

 

5.3. Compression Test 

 
Fig.18 Universal Testing Machine 

A Universal Testing machine, also known as a universal tester, materials testing machine is used to test the 

tensile strength and compressive strength of materials. It is named after the fact that it can perform many 

standard tensile and compression tests on materials, components, and structures. Operation of the universal 

testing machine is by hydraulic transmission of load from the test specimen to a separately housed load 

indicator. The system is ideal since it replaces transmission of load: through levers and knife edges, which are 

prone to wear and damage due to shock on rupture of test pieces. Load is applied by a hydrostatically lubricated 

ram Main cylinder pressure is  transmitted to the cylinder of the pendulum dynamometer system housed in the 

control panel. The cylinder of the dynamometer is also of self - lubricating design. The load transmitted to the 

cylinder of the dynamometer is transferred through leverage to the pendulum. Displacement of the pendulum 

actuates the rack and pinion mechanism which operates the load indicator pointer and the autographic 

recorder. The deflections of the pendulum represent the absolute load applied on the test specimen. Return 

movement of the pendulum is effectively damped to absorb energy in the event of sudden breakage of the 

specimen 

 

Compression specimens (ASTM-E9): All dimensions are in mm 

 
Fig.19 ASTM-E9 standard specimen for compression test 
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Before testing    After testing 

Fig.20 Compression Test Specimens 

 

5.3.1. Compressive Test results 

Table 5. Compressive Stress Results 

Samples Al 2024 Al2O3 B4Cp Compressive Stress (MPa) 

A 100 0 0 590 

B 93 0 7 618.84 

C 90 3 7 633.753 

D 89 4 7 644.55 

 

 
Graph 5. Compressive Stress V/S Strain Curve for different composition of Alumina 
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Graph 6. Compressive Stress V/S Alumina % Curve 

It is observed from the table 5. and graph 6. that with varying Percentage of Alumina compressive Strength 

increases from 580MPa to 645 MPa after that increase in the Alumina decreases the compressive strength. 

Decrease in compression strength is due to many reasons like increase in the volume fraction of reinforcement 

leads to porosity during the casting, improper distribution of reinforcements due to different density, and 

decreases the wettability, gasification etc. Hence use of alumina up to 4% gives good results. 

  

5.4. Impact test 

 
Fig.21 Charpy impact Testing Machine 

Charpy impact testing involves striking a standard notched specimen with a controlled weight pendulum 

swung from a set height. The standard Charpy-V notch specimen is 55mm long, 10mm square and has a 2mm 

deep notch with a tip radius of 0.25mm machined on one face. The specimen is supported at its two ends on an 

anvil and struck on the opposite face to the notch by the pendulum. The amount of energy absorbed in 

fracturing the test- piece is measured and this gives an indication of the notch toughness of the test material. 
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The pendulum swings through during the test, the height of the swing being a measure of the amount of energy 

absorbed in fracturing the specimen. Conventionally, three specimens are tested at any one temperature and 

the results averaged. Charpy tests show whether a metal can be classified as being either brittle or ductile. A 

brittle metal will absorb a small amount of energy when impact tested; a tough ductile metal absorbs a large 

amount of energy 

 

Impact test specimens (ASTM-E23): All dimensions are in mm 

 
Fig.22 ASTM-E23 standard Impact test specimen 

 
Before testing     After testing 

Fig.23 Impact Test Specimens 

 

5.4.1. Impact Test results 

Table 6. Impact Test Results 

Samples Al 2024 Al2O3 B4Cp Impact Strength (J), KV300/10 

A 100 0 0 17 

B 93 0 7 12 

C 90 3 7 8 

D 89 4 7 6 
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Graph 7. Impact Strength V/S Alumina % Curve 

It is observed from the table 6. and graph 7. that with varying Percentage of Alumina, Impact strength 

decreases with increases in the Alumina as brittleness increases due to this amount of energy absorbed due 

impact decreases. Increase in reinforcement decreases the ductility, since the ductility is directly proportional 

to impact strength, due to decrease in ductility impact strength decreases. 

 

VI. CONCLUSION 

 

New MMC’s can be synthesized by liquid metallurgy technique successfully with enhanced properties using 

Boron carbide and Alumina particulate reinforcement. 

• It is clear that ultimate tensile strength increases with increase in percentage composition of constituent 

material with Aluminium 2024. The increase in ultimate tensile strength is due to the addition of Boron 

carbide and Alumina gives strength to the matrix alloy there by enhanced resistance to tensile stresses, 

there is a reduction in the inter-spatial distance between the particles this leads to restriction to plastic 

flow due to the random distribution of the particulate in the matrix. 

• It is seen that the compressive strength of the hybrid composites increases monotonically as reinforcement 

contents are increased. The increase in compressive strength is mainly due to the decrease in the inter-

particle spacing between the particulates since Boron carbide and Alumina are much harder than Al2024 

alloy. The presence of Boron carbide and Alumina resists deforming stresses and thus enhancing the 

compressive strength of the composite material. 

• It is seen that the Hardness of the hybrid composites increases by about 20% monotonically as 

reinforcement contents are increased. 

• It is observed that with increase in reinforcement, Impact strength decreases. It is due to increases in the 

Boron carbide and Alumina reinforcement increase brittleness of hybrid composite, due to this amount of 

energy absorbed by impact decreases. And also Increase in reinforcement decreases the ductility which 

reduces impact strength. 
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VII. SCOPE FOR FUTURE WORK 

 

Currently few Mechanical Properties of Alluminium-2024 with different compositions are studied. 

 

• Further studies can also be done on Tribological Properties like Corrosion properties, Bending Strength, 

Shear Strength, wear resistance Analysis with varying the Reinforcement material and Matrix material. 

• Further studies can also be done on heat treated Aluminium reinforcement hybrid composite. 

• Bonding strength between the Aluminium 2024 matrix, Alumina and boron carbide reinforcement can be 

analyzed by using the Nano indentation test. 
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ABSTRACT 

 

Welding of metals such as steel is still a hotly debated research area. The effect of process parameters on 

AISI1040 steel welding using Shielded Metal Gas Welding techniques has been qualitatively examined (MIG 

and TIG).The Taguchi method is critical for creating the experimental layout. Arc voltage, arc current, welding 

speed, nozzle to work distance, and gas pressure all have an impact on weld quality, according to a thorough 

analysis. The thickness of the plate and the backing plate have an effect as well. A design of trials based on an 

orthogonal array is used to produce weldments. A set of tests are performed on the weldments in order to 

determine their quality. The data is tested for appropriateness using ANOVA. The computed result is in the 

form of a contribution from each parameter, which is used to find the best values for fault 

minimization.Weldments are evaluated using an angle beam technique and the findings are measured using 

ultrasonic testing (UT). The presence of faults such as LOP, LOF, Blowhole, and Cracks in the specimens that 

were tested. 

Keywords: Gas Metal Arc Welding (GMAW), Weld Dilution, Regression Analysis 

 

I. INTRODUCTION 

 

The weldability of ferrous metals is inversely proportional to the hardenability of steel, which determines the 

possibility of martensite formation during welding. Ferrous metals, such as AISI1040, are prone to distortion 

due to their high coefficient of thermal expansion. Some of these alloys are prone to cracking and have low 

corrosion resistance.Hot cracking can occur if the amount of ferrite in the weld is not controlled. When an 

electrode is employed for deposition, a small amount of ferrite is deposited in the weld metal, which solves the 

problem. TIG welding (gas tungsten arc welding) is commonly used to join non-ferrous metals, but it may be 

used on nearly any metal.Its carbon steel applications are constrained by the availability of more cost-effective 

steel welding methods such as gas metal arc welding (MIG) and shielded metal arc welding (SMAW). This 

approach can provide corrosion-resistant welds that are robust and ductile.AISI1040 steel was employed in this 

work, with the following composition: C 0.370.44; Mn 0.60-0.90; P 0.40(max); S 0.50. (max). This material is 

http://www.ijsrset.com/


International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published :March 15, 2022 Page No : 699-708 

 

 

 

 
700 

used to make axles, shafts, minimally stressed gears, and other components for agricultural, earth moving, and 

material handling equipment. 

Ultrasonic testing is used in this study to assess weld flaws without destroying them. Ultrasonic flaw detection 

has long been the preferred method of non-destructive testing in welding applications. Because of its safety, 

accuracy, and simplicity, ultrasonic inspection has climbed to the forefront of inspection technology.Using 

ultrasonics, on-line weld pool monitoring for various flaws such as lack of fusion (LOF), porosity, undercutting, 

and inclusion, which are produced by in proper TIG and MIG settings, is emphasised; however, Stares [1] 

conducted this work on mild steel and stainless steel.Jung [2] describes the selection of process parameters for 

optimum weld pool geometry in stainless steel. Tarng [3] uses Taguchi methods to detect TIG welding process 

parameters, and this study is done on mild steels to forecast the best setting for each welding process 

parameter.Giridharan [4] optimised the bead geometry of pulsed TIG welding on 304L stainless steel, 

constructed mathematical models, and tested them. Ross [5] provided a clear explanation of the Taguchi 

approach, which served as the foundation for our study.Many investigators have worked on stainless steel 

utilising various gas shielded arc welding processes, however there is a dearth of study on AISI 1040 steel using 

the Taguchi methodology and fault detection using ultrasound testing, according to the literature. 

 

II. EXPERIMENTATION 

 

The study's foundation materials are 2mm and 4mm thick AISI 1040 steel plates linked utilising DCSP and TIG 

and MIG welding methods. 100mm x 55mm x 2mm and 100mm x 55mm x 4mm are the dimensions of the 

specimens. The investigation's process parameters are arc voltage, arc current, welding speed, nozzle to work 

distance, gas pressure, plate thickness, and backing plate thickness.Optimal parameter ranges are chosen from 

well-known welding publications [7, 8], and values in between the ranges are chosen, i.e. two values are 

required. 

For testing, a L8 orthogonal array was chosen. Because there are seven total variables, a perfect analysis requires 

two experiments. Performing such a large number of tests, however, is impractical, time-consuming, and 

expensive. The research is conducted using a L8 orthogonal array, which necessitates a set of 16 tests, therefore 

a total of 16 trials are carried out to evaluate TIG welding.Similarly, 16 tests for MIG welding assessment were 

conducted. 

For the provided experimentation, two levels of process variable selection are required for TIG welding of AISI 

1040, and welding of the coupons is performed by selecting these limits using standard data available in the 

literature (Table-1). 

Table.1:Parameters 

 

Thickness 02mm 04mm 

Type of Groove sq v 

  Electrodesize 03mm 03mm 

Size of Filler rod  01.3mm 03.4mm 

Nozzledimension 09.1 mm 09.1 mm 
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flow rate of Gas 08l/min 011 l/min 

Shielded gas Ar Ar 

Current 056 A 075 A 

No of passes 01 01 

 

Responses are obtained using the NDT method (ultrasound testing). On the test portions, the test is carried out. 

The equipment is calibrated first, then the Distance Amplitude Curve is formed using a Notch plate made of the 

same material, with the DAC drawn at an echo level of 80%, 40%, and lastly 20%. IIf the echo crosses the curve, 

it means there's a problem that has to be looked into. To acquire echo and determine the presence of a defect, 

the angle probe must be positioned so that the crystal faces the weld zone. On both the RHS and LHS sides of 

the weld, the probe is moved in a zig-zag pattern from the weld centre line to the heat impacted zone 

(HAZ).The depth (D), surface distance (SD), and beam path (BP/SP) are all determined. The data relating to the 

defect(s) is checked for adequacy using ANOVA, and the impacts of parameters are known in the form of 

contribution, as shown in Tables 2 and 3. 

 

Table.2: Lack of penetration in welding 

Ranges 
Sum of 

squares (SSxi) 

DOF 

(n-1) 

Mean of SSxi 

M.SSxi 

= SSxi/D.O.F 

Fisher ratio 

F=M. 

SSxi/ M.SSE 

Contri- bution(%) 

x1 105.6 1 105.6 21.0425 - 

x2 45.36 1 45.36 9.1420 0.2451 

x3 2673.06 1 2673.06 535.1125 - 

x4 7.5625 1 7.5625 1.5125 - 

x5 1785.06 1 1785.06 357.0125 9.63 

x6 13398.06 1 13398.06 2679.6125 72 

x7 473.06 1 473.06 94.6125 2.55 

/SSE=39.5025 8 SSE/8=5  Total =84.42 

iSST=18527.77    Others = 16.58 

 

Table.3:Under fill  

 

 

Para- meters 

 

SOS (SSxi) 

 

 

 

(n-1) 

Mean of 

SSxi 

M.SSxi 

=SSxi 

/D.O.F 

Fisher 

Ratio 

F=M. SSxi/ M. SSE 

 

Contri- 

bution(%) 

x1 60.36 1 60.36 134.5026 - 

x2 187.36 1 187.36 426.6275 45.50 

x3 39.76 1 39.76 88.3184 - 

x4 16.36 1 16.36 44.0411 - 

x5 11.06 1 11.06 24.4656 2.54 
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x6 97.06 1 97.06 213.0711 22.88 

x7 0.062 1 0.062 0.1420 0.015 

SSE=3.7 8 SSE/8 =0.489  Total= 70.22 

SST=419.4375    Other =29.99 

 

Figures 1 and 2 show the distribution of lack of penetration (LOP) and underfill for various L7 orthogonal array 

settings. 

 
Figure.1:LOP Distribution 

 
Figure-2. Distributionunder fill for different conditions 

 
Figure.3:With overlap and porosity, a typical TIG welded coupon. 
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A typical ultra sound scan of TIG welded coupons of 5mm AISI1040 steel plate is shown below. In TIG welding, 

echo signalling at a distance of 32mm from the work piece's edge. 

Figures 1 and 2 show the distribution of L7 orthogonal array lack of penetration (LOP) and underfill for various 

situations. 

 

 
Fig.4:At a distance of 41mm from the edge of the work piece, there is a lack of penetration in TIG welding. 
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III. RESULTS AND DISCUSSIONS  

 

The experimentation and welding of the coupons are accomplished at two levels. These limits were chosen 

using standard data from the literature (Table-4). 

 

Table.4: Level selection. 

Thickness 2mm 4mm 

Type of Groove Square  V-type 

dimension of Electrode  0.97mm 0.97mm 

Range of Voltage 023 V 028 V 

flow rate of gas  09l/min 010 l/min 

Shielded gas CO2 CO2 

Currentrange  123 A 147 A 

Passes 01 01 

Travelspeed 020 ipm 014 ipm 

Distance between Nozzle and  workdistance 014 019 

 

 

The findings of LOP and under fill are shown in Tables 5 and 6, and ANOVA is performed on MIG welded 

coupons in the same way that it is on TIG welded coupons. 

 

Table.5: Lack ofpenetration 

 

 

 

 

Values  

 

S.O.S.(SSxi) 

 

 

D.O.F. 

Mean value of 

SSxi 

M.SSxi= SSxi/ 

D.O.F 

Fisher ratio 

F= M. SSxi/ 

M.SSE 

 

 

Contribution 

(%) 

x1 45.56 1 45.56 22.0876 0.17 

x2 8602.5 1 8602.5 4170.3315 32.47 

x3 68.06 1 68.06 32.9952 0.25 

x4 1.56 1 1.56 0.7574 0.006 

x5 9168.06 1 9168.06 4444.4747 34.6 

x6 264.06 1 264.06 128.0116 0.99 

x7 8326.56 1 8326.56 4036.5340 31.43 

S.S.E.=16.5885 8.2 SSE/8 =2.106  Total=99.913 

SST=26493    Others=0.09 
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Table-6.under fill  

Process Para- meters  

S.O.S.    ( SSxi) 

 

 

D.O.F. 

Mean range of 

SSxi 

M.SSxi = 

SSxi/ D.O.F 

Fisher 

Ratio 

F=M. 

SSxi/ 

M.SSE 

 

 

Contribution 

(%) x1 11.73 1 11.73 316.5991 20.65 

x2 5.4056 1 5.4056 145.9001 9.50 

x3 2.8056 1 2.8056 75.7246 4.93 

x4 2.8056 1 2.8056 75.7246 4.93 

x5 5.4056 1 5.4056 145.9001 9.50 

x6 11.73 1 11.73 316.5991 20.65 

x7 16.6056 1 16.6056 448.1943 29.23 

SSE=0.23964 8 SSE/8 =0.093705  Total=99.963 

SST=56.7844    Others=0.661 

 

The distribution of lake of penetration (LOP) and underfill for various L7 orthogonal array settings is shown in 

Figures 4 and 5. 

 
Figure.5:In MIG welding, the lack of penetration is distributed. 

 
Figure.6:porosity and underfill. 
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The following is an example of a typical ultra sound scan of MIG welded coupons on 5mm AISI1040 steel plate. 

At a distance of 30mm from the edge of the work piece, echo indicating in MIG welding. 

 

 
Echo indicating a lack of penetration in MIG welding at a distance of 45mm from the work piece's edge. 
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IV. TEST RESULTS ANALYSIS 

 

In both TIG and MIG welding, low current trials increased the percent of variance of LOP; high welding speed 

induced underfill, which can be as large as 8mm2 in TIG welding. Experiments in MIG welding with a short 

nozzle tip distance also demonstrated a lack of penetration.At low speeds and low current levels, over lap 

relative to blow holes and porosity can be identified in MIG welding; however, under fill is not visible in all 

studies with high current values. Weldability of AISI 1040 is excellent for both TIG and MIG welding 

procedures; nevertheless, in TIG welding, operator competence is shown to be more important than process 

parameters. 

With a gas flow rate of 9-10 l/min, perfect shielding may be achieved; in TIG welding, plate thickness has a big 

influence on lack of penetration, and current has a 45 percent influence on under fill. In MIG welding, gas 

pressure is responsible for up to 35% of the lack of penetration, and current is responsible for 31% of the LOP. 

 

V. CONCLUSION 

 

To avoid LOP during MIG welding 3mm and 5mm plate, the recommended current values are 150A and 180A, 

respectively. TIG values for 3mm and 5mm plates are now 65A and 80A, respectively. In MIG welding, the 

weld speed should be less than 0.45 m/min for 3mm plate and less than 0.35 m/min for 5mm plate.For 3mm 

plates, the nozzle tip distance should be around 10mm, and for 5mm plates, it should be around 12mm. The 

Taguchi technique has proven to be reliable in the design of experiments for quality evaluation. You can save 

money on your experiments by selecting the appropriate orthogonal array. 
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ABSTRACT 

 

The term "REGENERATIVE" describes processes that restore their own sources of energy and materials. RE-

GENERATOR-It’s a conceptual device, where we are trying to generate free electricity by means of mechanical 

parts. This will be used as creating sustainable systems that integrate the needs of society with the integrity of 

nature. The basic is derived from systems ecology with a closed loop input–output model or a model in which 

the output is greater than the input with all outputs variable and all inputs accounted for regenerative design is 

the biomimicry of ecosystems that provide for all human systems to function as a closed viable ecological 

economics system for all industry. It parallels ecosystems in that organic (biotic) and synthetic (a biotic) 

material is not just metabolized but metamorphosed into new viable materials. Ecosystems and Regenerative 

designed systems are holistic frameworks that seek to create systems that are absolutely waste free. The model 

is meant to be applied to many different aspects of human habitation such as urban environments, buildings, 

economics, industry and social systems. Simply put, it is the design of ecosystems and human behavior, or 

culture that function as human habitats. 

Whereas the highest aim of sustainable development is to satisfy fundamental human needs today without 

compromising the possibility of future generations to satisfy theirs, the end- goal of regenerator design is to 

redevelop systems with absolute effectiveness, that allows for the generation to use this free electricity for 

further development possible for their habitat the goa of study is To produce electricity without using any fuel 

at the lowest possible cost,Conventional way of producing electricity, Saving fossil fuels,Pollution free 

production, Low maintenance requirement, Easy to operate and repair. 
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ABSTRACT 

 

This work presents a numerical study of data centres’ thermal performance with varying server densities inside 

the rack.The effects of hot-air recirculation and cold-air bypass on the temperature distribution are predicted 

and analysed in the data centre room using thermal performance measures such as supply/return heat index 

(SHI/RHI), return temperature index (RTI), and rack cooling index (RCI).  

 

Keywords: Data Centre, Thermal Management, CFD Modeling, Energy Efficiency 

 

I. INTRODUCTION 

 

A Data Centre (DC) is a building that houses a collection of networked computer servers that are often used by 

businesses to store, process, and distribute massive amounts of data remotely[1],[2]. The rising demand for 

digital services has resulted in a massive increase in data centres and as a result, their electrical power 

consumption. Most of the energy consumed by the server is dissipated as heat which has to be removed by the 

cooling system for trouble-free operation of a data centre.[3]. The cooling systems in data centres require a 

substantial amount of data centre electricity. In most DCs, cooling consumes 30–40% of the overall energy.Fig.1 

shows the typical layout of a data centre. Heat is removed from the server rack by the cold air pumped from 

Computer Room Air Conditioner (CRAC) units through the plenum. Perforated tilesfacilitate the cold air into 

the cold aisle. Cold air is expected to pass through the server by absorbing heat and entering the hot aisle 

behind the server rack. The hot air will be carried to CRAC units through outlets in the hot aisle[3]. The 

facility's operating parameters must adhere to the thermal guidelines for data processing provided by the 

American Society of Heating and Refrigeration Engineers (ASHRAE)[4].The main concerns with the data 

centre’s reliability and energy usage are hot air recirculation and cold air bypass around the server 

racks.[5],[9],[10].Hot air recirculation occurs when hot air circulates in the cold aisle without reaching the hot 

aisle. Cold air bypassoccurs when cold air reaches the hot aisle without making contact with the server rack.[8] 

Data centres' energy usage can be lowered by enhancing their cooling systems.[5], [8]–[12]. 

http://www.ijsrset.com/


International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published : March 15, 2022 Page No : 710-718  

 

 

 

 
711 

 
Figure1: Typical layout of a DataCentre 

Experiments and field measurements at data centres are challenging, expensive and time-consuming to carry 

out.Without the use of a modelling tool, it is difficult to establish a plan for augmenting airflow management 

[13].Computational Fluid Dynamics (CFD) is an efficient technique for examining the airflow distribution 

within the data centre because of the complicated nature of flow inside the data centre. CFD has enabled easy-

to-use, accurate, and low-cost computational design and analysis techniques to tackle complicated and 

sometimes competing thermal requirements.[2],[14]–[16]. 

 

A. Data Centre Performance Parameters Indices 

Thermal metrics are used in the design and operational stages to evaluate DC airflow performance and thermal 

managementsuch as supply/return heat index (SHI/RHI), return temperature index (RTI), and rack cooling 

index (RCI) [17], [18]. 

The ratio of the heat gained by the cold air supply in the cold aisle before entering the racks to the heat taken 

away from the servers is known as SHI. 

𝑆𝐻𝐼 =  
𝑇𝑖𝑛𝑡𝑎𝑘𝑒 − 𝑇𝑠𝑢𝑝𝑝𝑙𝑦

𝑇𝑒𝑥𝑖𝑡 − 𝑇𝑠𝑢𝑝𝑝𝑙𝑦
 

The SHI depicts the level of recirculation in the cold aisles. 

The RHI is the ratio of total heat extracted by CRAC units to sensible heat gained at the servers' exhaust. 

𝑅𝐻𝐼 =  
𝑇𝑟𝑒𝑡𝑢𝑟𝑛 − 𝑇𝑠𝑢𝑝𝑝𝑙𝑦

𝑇𝑒𝑥𝑖𝑡 − 𝑇𝑠𝑢𝑝𝑝𝑙𝑦
 

RHI is a measure of how much cold air mixes with hot air, and it's another indicator of recirculation. 

SHI and RHI work in tandem. Thus 

SHI+RHI =1 

RTI is defined as theratio of return and supply temperature difference at the CRAC unit to the temperature 

difference across the IT equipment. 

𝑅𝑇𝐼 =  
𝑇𝑟𝑒𝑡𝑢𝑟𝑛−𝑇𝑠𝑢𝑝𝑝𝑙𝑦

∆𝑇𝑠𝑒𝑣𝑒𝑟
 × 100 % 

The ideal value for RTI is 100 per cent. RTI values greater than 100% imply recirculation and lesser than 100% 

specifies cold air bypass. 
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𝑅𝐶𝐼𝐻𝐼 = [1 −
𝛴(𝑇𝑖𝑛𝑡𝑎𝑘𝑒 − 𝑇𝑚𝑎𝑥−𝑟𝑒𝑐) 𝑇𝑖𝑛𝑡𝑎𝑘𝑒>𝑇𝑚𝑎𝑥−𝑟𝑒𝑐

(𝑇𝑚𝑎𝑥−𝑎𝑙𝑙 − 𝑇𝑚𝑎𝑥−𝑟𝑒𝑐)𝑛
] × 100% 

 

𝑅𝐶𝐼𝐿𝑂 = [1 −
𝛴(𝑇𝑚𝑖𝑛−𝑟𝑒𝑐 − 𝑇𝑖𝑛𝑡𝑎𝑘𝑒) 𝑇𝑖𝑛𝑡𝑎𝑘𝑒 <𝑇𝑚𝑖𝑛−𝑟𝑒𝑐

(𝑇𝑚𝑖𝑛−𝑟𝑒𝑐 − 𝑇𝑚𝑖𝑛−𝑎𝑙𝑙)𝑛
] × 100% 

 

II. PHYSICAL MODEL 

 

Fig. 2 shows the physical model for the current investigation in a data centre room with dimensions of 6.71 × 

5.49× 3.0 m.[19], [20].Nada et al.[6]Has numerically investigated the influence of CRAC unit’s location inside 

the data centre. CRAC units placed in line with the rack row and perpendicular to the rack row are 

investigated.The findings revealed that placing the CRAC units perpendicular to the racks row improves the 

uniformity of airflow from the perforated tiles along the rack row, reduces hot air recirculation at the ends of 

the row and increases cold air bypass in the middle and improve the data centre's overall performance 

parameters RTI, SHI, and RHI. 

Sheth et al. [19]Have conducted a numerical investigation of data centres’ thermal performance by a porous 

media approach.Rack servers with cooling fans installed on the backside of the servers are modelled as a 

momentum source. The variables considered are porosity of server, outlet locationand volumetric heat 

generation.For the present study geometrical model similar toSheth et al. [19] is considered. Racks with 

dimensions of 0.61 × 0.915 × 2 m, organised in two rows of seven racks each and separated by 1.22 mare 

considered.14 perforated tiles with dimensions of 0.534 ×0.534× 0.1 m and cooling fans of size 0.61× 0.5× 0.0763 

mare modelled behind each server.CRAC unit is neglected to reduce the computational time.The density of 

servers is represented by porosity. Lower porosity represents higher density, while higher porosity represents 

lower density. 

 
(a) All dimensions are in m 
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(b) All dimensions are in mm 

 

 
(c) All dimensions are in mm 

Figure 2: Schematic diagram of (a) a data centre, (b) top view (c) side view 

 

III. BOUNDARY CONDITIONS 

 

The servers in this study have porosities of 0.35, 0.55 and 0.75, with volumetric heat generation of 3136.29, 

2171.278 and 1206.265 W/m3 respectively.The porosity of the tilesconsidered as 0.25. Inlet velocity tile is 

considered as 1m/s at a temperature 12.30 C. The outlet placed at the ceiling is considered.Thethermal 

conductivity of the porous server is considered as 9.607 W/m K. The fan momentum considered as 150 N/m3 

ANSYS Design Modeler 15.0is used to create the physical model. The mesh package included with ANSYS 

Workbench 15 is used for meshing. The commercial CFD solver tool ANSYS FLUENT 15 is used for numerical 
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simulations. “The solution method includedSIMPLEscheme for pressure-velocity coupling and the spatial 

discretization for gradient, pressure, momentum, k-ε and energy equations are achieved using least squares cell 

based, second order, second order upwind, first order upwind, and second order upwind methods, respectively. 

The convergence criteria for equations of continuity, momentum, kinetic energy and dissipation are set to 10-3, 

whereas the same for energy is set to 10-6. The convergence criterion for continuity, momentum, kinetic energy, 

and dissipation are set to 10-3, whereas the same is set to 10-6 for energy”[19]. 

 

IV. RESULTS AND DISCUSSION  

 

Figure 3 shows the temperature contours andFigure 4 shows the streamlines in the data centre room for a case 

with aporosity of 0.75 and a fan momentum source of 150 N/m3.It is evident from the figure that a few 

streamlines in the middle bypasses and enter directly into return vent.Servers at the top near to wall observe 

high-temperature zones due to hot air recirculation.  

 
(a) 

 
(b) 

Figure 3:Temperature contours (a) and (b) showing bypass and recirculation 
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Figure4:Streamlines (velocity in m/s) for the cold airflow 

Figure 5 (a) shows RTI values for varying porosities. The target for RTI is to achieve a value of 100 percent. 

Recirculation is indicated by RTI values greater than 100 percent, while cold air bypass is indicated by RTI 

values less than 100 percent. RTI values that are significantly off from the desired value of 100 percent indicate 

an inadequate thermal management system.An analysis is performed for server rack with porosity of 0.35, 0.55 

and 0.75. It is observed that RTI value is high at porosity 0.75 which indicatesa considerable amount of 

recirculation. When compared to middle racks, servers closer to the wall have a greater RTI, indicating 

recirculation near the wall. The bypass phenomenon is observed in racks with RTI values less than 100%.From 

figure 5 (b), (c) and (d) it can be seen that the presence of recirculation affectsthe values of heat index as a result, 

higher SHI value and lower RHI value.From figure 5 (e) and (f) RCILO readings are within acceptable limits. 

Few numbers are less than 100%, indicating that temperatures in some areas are below the minimum necessary 

temperature of 13 degrees Celsius.All the values of RCIHI are near to 100 percent, indicating that rack inlet 

temperatures beyond the recommended range are unlikely.  

 
(a) 
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(b) 

 
(c) 

 
(d) 

 
(e) 

 

0

0.2

0.4

0.6

0.8

1

R11 R21 R12 R22 R13 R23 R14 R24 R15 R25 R16 R26 R17 R27

H
ea

t 
In

d
ex

Server Racks

Heat Index for porosity 0.35

RHI

SHI

0

0.2

0.4

0.6

0.8

1

R11 R21 R12 R22 R13 R23 R14 R24 R15 R25 R16 R26 R17 R27

H
ea

t 
In

d
ex

Server Racks

Heat Index for porosity 0.55

RHI

SHI

0

0.2

0.4

0.6

0.8

1

R11 R21 R12 R22 R13 R23 R14 R24 R15 R25 R16 R26 R17 R27

H
ea

t 
In

d
ex

Server Racks

Heat Index for porosity 0.75

RHI

SHI

0%

20%

40%

60%

80%

100%

R11 R21 R12 R22 R13 R23 R14 R24 R15 R25 R16 R26 R17 R27

R
C

I  
LO

Server Racks

Porosity 0.35

Porosity 0.55

Porosity 0.75



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published : March 15, 2022 Page No : 710-718  

 

 

 

 
717 

 
(f) 

Figure5: Effect of server density on thermal metrics (a) RTI (b), (c), (d) SHI/RHI, (e) RCILO and (f) RCIHI. 

 

V. CONCLUSION 

 

Low sever density racks have a higher barrier to air movement than higher density racks, resulting in more 

recirculation as a result the RTI value raises as porosity raises.As a result of recirculation, the value of SHI was 

observed to increase and on the other hand, results in lower RHI values.It is observed that RCILO values are 

decreasing with higher server density indicating lower inlet temperature at higher porosities. RCIHI values are 

within the recommended range. The maximum temperature observed within the server rack is 36.090 C for 

porosity 0.35, 27.160Cfor porosity 0.55 and 23.810C for porosity 0.75. 
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ABSTRACT 

 

The vehicle acoustic execution advancement in an undertaking to decide the issue of sound strategies was made 

the clamor inside the lodge. In this paper to review the progressions up until this point did in the field of 

enhancement contemplates on reduction of commotion in the truck lodges by utilizing acoustic materials. 

Considering this, it is to examine the chance of acoustic materials as aluminum, steel metal and carbon fiber 

with plan to further develop the lodge commotion by NVH investigation can be done by utilizing ansys and 

hypermesh programming's. By observing the investigation upsides of recurrence, sound and weighted sound 

can be finished up the acoustic materials are great for calmer applications. 

Keywords: Noise, vibration, harshness, acoustic materials. 

 

I. INTRODUCTION 

 

It is apparent that the quieter automotive cabin design plays a major role in meeting the statutory guidelines in 

minimizing the health hazards due to Noise, vibration, and harshness (NVH) of automobile vehicles. Many 

studies have been carried out in minimizing the noise of the automotive cabin. Still researches are going on to 

find out the new methods and techniques to reduce the noise of the cabin. The NVH analysis of acoustic 

materials will give the insight of a possibility of reduction of noise and vibration for quieter automotive cabin. 

The following paragraphs discuss some of the acoustic materials of design importance which will be considered 

for the analysis. [1,2] 

Acoustic Materials 

Acoustic materials are used in recording studios, the home and in offices to manipulate, deaden sound and 

noise. Noise can be reduced in energy, absorbed to stop resonance and echoes and reduced in pressure level 

using these materials. An acoustic material is a material designed to control, direct, and manipulate sound 

waves. Acoustic materials are often placed over interior wall surface in order to prevent reverberation of the 

sound waves. [3] 

http://www.ijsrset.com/
https://en.wikipedia.org/wiki/Sound_wave
https://en.wikipedia.org/wiki/Sound_wave
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The objectives of the present work is to determine the best combination of acoustic materials which exhibit the 

minimum values of vibration and noise, better mechanical strength and higher absorptivity from the 

simulation.[4] 

 

II. METHODOLOGY 

 

• Determination of acoustic materials for clamor and vibration portrayal to set up the example for the 

review. 

• Doing the investigation by considering these examples utilizing CAE approaches. 

• Examination for the best blend of vibrio-acoustic example for low clamor and vibration weakening in light 

of CAE investigation. 

 

A. Specimen of vibro-acoustic Materials  

In this phase, the modeling of the specimen and the vibro-acoustic analysis (FSI-Fluid Structure Interface 

analysis) is carried out. The following cases have been considered for the analysis to find the amplitude of 

vibration in MPa and sound pressure level (SPL) in dB and weighted sound pressure in dBA.  

Case 1: Base metal + Damper (Standard Aluminum-6061+ Carbon Fiber) 

Case 2: Base metal + Damper (Standard Aluminum-7075+ Carbon Fiber) 

Case 3: Base metal + Damper (Standard Steel-316+ Carbon Fiber) 

Case 4: Base metal + Damper (Standard Steel -304+ Carbon Fiber) 

 

III. RESULTS AND DISCUSSION  

 

The frequency up to 5000HZ are applied and acoustic pressure will default in fluid region and no need to apply 

acoustic pressure, for obtaining sound pressure level and amplitudes. 

The amplitude of vibration in MPa and sound pressure level (SPL) in dB and weighted sound pressure in dBA 

for the different cases considered are discussed. The frequency plots have been given in the following Figures. 

Case 1: Aluminum 6061 + Carbon Fiber      

 
Figure 1: Amplitude Vs Frequency Response 

 

c 
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The figure 1 shows the amplitude Vs frequency graph of aluminum 6061 and carbon fiber and amplitude is in 

MPa and frequency in Hz. And the maximum amplitude is ranges between 3000 Hz -4000 Hz.  

 
Figure 2: Real (Sound) Vs Frequency Response 

 The figure 2 shows the Sound pressure level (SPL) Vs frequency graph of aluminum 6061, carbon fiber and SPL 

in dB and frequency in Hz. And the maximum SPL is ranges between 3000 Hz -4000 Hz.  

 
Figure 3: Real (Weighted Sound) Vs Frequency Response 

The figure 3 shows the weighted SPL Vs frequency graph of aluminum 6061, carbon fiber and amplitude is in 

MPa and frequency in Hz. And the maximum weighted SPL is ranges between 3000 Hz -4000 Hz.  

Case 2: Aluminum 7075 + Carbon Fiber 

 
Figure 4: Amplitude Vs Frequency Response 

 The figure 4 shows the amplitude Vs frequency graph of aluminum 7075 and carbon fiber and amplitude is in 

MPa and frequency in Hz. And the maximum amplitude is ranges between 3000 Hz -5000 Hz.  
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Figure 5: Real (Sound) Vs Frequency Response 

The figure 5 shows the Sound pressure level (SPL) Vs frequency graph of aluminum 7075, carbon fiber and SPL 

in dB and frequency in Hz. And the maximum SPL is ranges between 3000 Hz -5000 Hz.  

 
Figure 6: Real (Weighted Sound) Vs Frequency Response 

The figure 6 shows the weighted SPL Vs frequency graph of aluminum 7075, carbon fiber and amplitude is in 

MPa and frequency in Hz. And the maximum weighted SPL is ranges between 3000 Hz -5000 Hz.  

Case 3: Steel 304 + Carbon Fiber 

 
Figure 7: Amplitude Vs Frequency Response 

 The figure 7 shows the amplitude Vs frequency graph of steel 304and carbon fiber and amplitude is in MPa and 

frequency in Hz. And the maximum amplitude is ranges between 4000 Hz -4500 Hz.  
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Figure 8: Real (Sound) Vs Frequency Response 

The figure 8 shows the Sound pressure level (SPL) Vs frequency graph of Steel 304, carbon fiber and SPL in dB 

and frequency in Hz. And the maximum SPL is ranges between 4000 Hz -4500 Hz.  

 
Figure 9: Real (Weighted Sound) Vs Frequency Response 

The figure 9 shows the weighted SPL Vs frequency graph of Steel 304, carbon fiber and amplitude is in MPa 

and frequency in Hz. And the maximum weighted SPL is ranges between 4000 Hz -5000 Hz.  

Case 4: Steel 316 + Carbon Fiber 

 
Figure 10: Amplitude Vs Frequency Response 

The figure 10 shows the amplitude Vs frequency graph of Steel 316, carbon fiber and amplitude is in MPa and 

frequency in Hz. And the maximum amplitude is ranges between 4000 Hz -4500 Hz.  
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Figure 11: Real (Sound) Vs Frequency Response 

The figure 11 shows the Sound pressure level (SPL) Vs frequency graph of Steel 316 and carbon fiber and SPL 

in dB and frequency in Hz. And the maximum SPL is ranges between 4000 Hz -4500 Hz.  

 
Figure 12: Real (Weighted Sound) Vs Frequency Response 

The figure 12 shows the weighted SPL Vs frequency graph of Steel 316, carbon fiber and amplitude is in MPa 

and frequency in Hz. And the maximum weighted SPL is ranges between 4000 Hz -5000 Hz.  

 
Figure 12.1 shows the analogy data comparison for Amplitude vs. frequency responses 

The  Figure 12.1 shows the different colour for different material, the blue line for Steel 316 and carbon fiber 

composition, orange line for steel 304 and carbon fiber  and  purple for aluminium 6061 and carbon fiber  and 

yellow for aluminium 7075 and carbon fiber  they shows the characteristics of the amplitude and frequency  

ranges. It can be attracted for achieving the results from 3000-4000Hz and maximum amplitude territories are 

less than 500mpa are achieved and are shown in figure. 
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Figure 12.2 shows the analogy data comparison for SPL vs. frequency responses 

The Fig 12.2 shows the different colour  for different material, the blue line for Steel 316 and carbon fiber 

composition, orange line for steel 304 and carbon fiber  and  purple for aluminium 6061 and carbon fiber  and 

yellow for aluminium 7075 and carbon fiber  they shows the characteristics of the SPL and frequency  ranges. It 

can be attracted for achieving the results from 1000-4000Hz and maximum amplitude territories are less than 

300mpa are achieved and are shown in figure. 

 

 
Figure 12.3 shows the analogy data comparison for weighted SPL vs. frequency responses 

The Figure 12.3 shows the different colour  for different material, the blue line for Steel 316 and carbon fiber 

composition, orange line for steel 304 and carbon fiber  and  purple for aluminium 6061 and carbon fiber  and 

yellow for aluminium 7075 and carbon fiber  they shows the characteristics of the weighted SPL and frequency  

ranges. It can be attracted for achieving the results from 0-5000Hz and maximum amplitude territories are less 

than 500mpa are achieved and are shown in figure. 

 

IV. CONCLUSION 

 

The straight portrayal shows that the ranges of explored characters for damping angle and Absorption co-

proficient which are seen from beginning to 5000Hz territory. We can accomplish the last end for vibro-

acoustic examination by concentrating on all the liner attributes of decided upsides of all the successful material. 
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The yellow line addresses the Steel-316, carbon fiber which is generally proficient than different materials 

accounts, the other blend of materials are slacking in damping perspective and ingestion co-effective by looking 

at a few qualities in our review recurrence ranges. What's more Aluminum-7075, carbon fiber, is the adjoining 

worth to the Steel-316, carbon fiber, and besides Aluminum-7075, carbon fiber is the closer worth than other 

acoustic materials. At last we wrap up that the Steel-316; carbon fiber material is gigantic in the picked material. 
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ABSTRACT 

 

In recent days Surface treatment processes are gaining much importance because it enhances the mechanical 

properties. It is required to enhance surface layer properties of aerospace and automobile components to avoid 

early failure. Shot peening process is most commonly used surface treatment process to improve surface 

properties. In shot peening process Spherical shots are blasted with controlled parameters on the surface which 

induces compressive residual stresses by causing plastic deformation. In the present work Al 6061 with 5, 10 

and 15 wt. % of B4C reinforcements were synthesized by stir casting route and conducted shot peening process. 

It is observed that peened specimens exhibited improved hardness, compressive residual stresses (CRS), and 

fatigue life with refinement in microstructure.   

Keywords: Shot Peening process, Al6061-B4C composite, Compressive Residual stress 

 

I. INTRODUCTION 

 

Al-6061 alloy is extensively used 6xxx series which offers a range of good properties [1]. Al-6061 based 

composites are highly corrosion resistant, light weight, ductile, tough and easily extractable in nature. It 

exhibits moderate strength with a suitable wear resistance. Being stiff and strong material it finds many 

applications in different engineering fields [2, 3]. 

Boron Carbide (B4C) ceramics is an exceptional physical and mechanical characteristic such as high impact and 

wear strength and is capable of absorbing high neutron [4, 5].  

As a good ceramic material, boron carbide (B4C) has attracted attention in a wide variety of applications 

especially as a neutron absorption material. 

Various mechanical methods such as rolling and peening methods are used to induce residual stresses. Residual 

stresses play a significant role in preventing failure of components [6-10]. In rolling process material is passed 

between one or more rollers which rotate in opposite direction causes plastic deformation in turn induces the 

compressive residual stresses. Shot peening is surface strengthening process where spherical shots are blasted on 
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the specimen which causes plastic deformation by introducing compressive residual stresses. Cast steel shots are 

directed through suction type shot peening machine with suitable parameters. Shot peening process is intended 

to mechanical components such as coiled springs, turbine blades, connecting rods, crankshafts, gearwheels and 

leaf springs to enhance surface properties and fatigue life. 

Most frequently used peening techniques are laser peening, cavitation peening and shot peening [11-13].  In 

laser peening process high energy laser beam is passed on the surface which creates shock waves that causes 

plastic deformation on the surface which in turn induce deeper compressive stresses. In cavitation peening low 

pressure high velocity water jet made to strike on the surface which creates bubbles when these bubbles 

impinges creates impact force which indeed creates residual stresses. 

 The present work focuses on the effect of shot peening on surface properties of B4C composite material. Air 

blast peening was conducted to study its effect on Hardness, CRS, fatigue life cycles and microstructure.  

   

II. METHODS AND MATERIAL  

 

2.1 Material selection and Fabrication 

Matrix material used is Al-6061 and 5, 10 and 15 wt. % of B4C reinforced particulates are casted by using stir 

casting method. Table 1&2 illustrates chemical composition of Al-6061 and B4C material. Stir casting process is 

an extensively used method to fabricate MMC’s in liquid state in which molten metal is mixed in the furnace by 

means of mechanical stirring [14-16]. Correct mixing of matrix and reinforcement takes place with the help of 

mechanical stirring during stir casting process. Stir casting setup along with stirrer and casted specimens are as 

shown in Fig.1&2. 

 

Table: 1 Chemical Composition of Al 6061 

Elements Mg Si Ti V Mn Cu Fe Al 

Wt. % 1.08 0.63 0.02 0.01 0.52 0.32 0.17 Remainder 

 

Table: 2 Chemical Composition of B4C 

Elements B+C B C B2O3 Fe Si 

Wt. % 98.5 74-79 17-24 0.1-1.0 0.2-0.5 0.1-0.3 
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Figure 1: Stir casting process Set-Up 

 

 
Figure 2: Casted specimens 

 

2.2 Air blast shot peening process 

Shot peening process was conducted on machined specimens by using Air blast shot peening machine 

illustrated in Fig.3 Suitable parameters such as angle of striking nozzle is 900, Almen intensity 4A (A-for 

common application of peening), standoff distance 150mm and S170 spherical cast steel shots of 0.43mm was 

selected Fig.4. Shots are made to strike in all around the specimens by moving the working table and rotating 

the round specimens held in attachment [17]. Shots are re-circulated with suitable air pressure from collector to 

tube rod then it passed through nozzle. Shot peened specimens are illustrated in Fig.5.  
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Figure 3: Air Blast shot Peening Machine 

 

 
Figure 4: Cast Steel Shots 
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Figure 5: Shot peened specimens 

 

III. RESULTS AND DISCUSSION  

 

A. Effect of Shot peening on Hardness (VHN) 

Shot peening improves the surface hardness [18] of B4C Composites of 5, 10, 15 Wt. % . Hence, in this present 

work shot peening was carried out on different wt.% of B4C specimens. Fig.5 shows the Vickers Hardness value 

among these 5% B4C composite exhibited hardness value 72VHN compared base metal. Increase in percentage 

reinforcement, specimens become hard hence shot impact causes less deformation therefore 15% Reinforced 

composite exhibited 77 VHN. 

 

 
Figure 5: VHN for different wt% Before and after peening 
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B. Influence of Shot Peening on Compressive residual stresses (CRS) 

The main advantage of SP is to create CRS which helps to enhance the life of components. [19] In the present 

context, shot peening process was carried out and CRS was measured by X-ray diffraction equipment. CRS 

calculated based on lattice spacing and is determined precisely at two extreme values of θ typically 00 and 450 

CRS is calculated. Fig.6 shows the variation CRS for specimens. For 15wt. % specimen CRS measured value is -

125MPa whereas for 5 wt. %    -209MPa.  

 
Figure 6: Compressive residual stress distribution 

 

C. Microstructure 

Microstructure unpeened and peened specimens are presented in SEM images fig.7&8 several shots impact 

created dimples on the surface. On account of dimples, below the surface compression is created which reduces 

lattice spacing by refining the crystalline structure which indeed induces CRS [20]. In Unpeened specimen 

surface is free from dimples and smooth in surface consequently peened had dimples and craters.  

 
Figure 7: Al 6061-5 wt.% B4C Unpeened 
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Figure 8: Al 6061-5 wt.% B4C Shot peened 

 

D. Fatigue Life  

Fatigue life cycles of Al-6061 with 5, 10 and 15 wt.% B4C reinforcements before and after peening is shown in 

Table 3 . It is noticed that after shot peening fatigue life of all the specimens increased due to induced CRS 

[21&22]. 

 

Table: 3 No. of cycles to failure 

wt.% of reinforcement 
No. of cycles to failure 

un peened Shot peened with polish 

5 wt.% B4C 1,65,352 1,84,823 

10 wt.% B4C 1,43,513 1,52,531 

15 wt.% B4C 1,21,465 1,32,914 

 

IV. CONCLUSION 

 

Shot peening conducted on Al-6061 with 5, 10 and 15 wt. % of B4C specimens using, S170 grade cast steel shots 

as per SAE J444 standards by using 4A Almen Intensity, standoff distance of 150 mm, 900 impingement angle 

with full coverage. The following conclusions are achieved: 

 

• Stir casting method is one of the cost economical processes to obtain defect free casting and composites are 

successfully fabricated.  

• Peening is done successfully with suitable parameters on the composites specimens. 

• After Shot peening surface hardness increased up to 10.7 % due to strain hardening effect. 
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• Compressive residual stress (CRS) introduced up to -209MPa which indeed helped to increase fatigue life 

of the specimens. 

• With the impact of shots Microstructure refinement taken place and lattice space is reduced.  

•  Fatigue life is enhanced in shot peened specimens because of induced CRS. 
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ABSTRACT 

 

This paper illustrates the differences between mechanical and electrical water pumps of internal combustion 

engine. Literature have been studied regarding engine cooling with the water pumps. Main design features of 

the mechanical and electrical water pumps have been illustrated. 

The traditional cooling system is not suitable for a high efficiency performance in terms of fuel economy and 

exhaust emission. Therefore, it is necessary to develop a new technology for engine cooling systems. These 

days, the electronic water pump is spotlighted as the new cooling system of an engine. The new cooling system 

can provide more flexible control of the coolant flow rate and the engine temperature, which used to be 

strongly relied on the engine driving conditions such as load and speed. 

 

Keywords: Power; Torque; Electrical Water Pump; Mechanical Water Pump; Oil Temperature; Water 

Temperature, Cylinder Wall Temperature, 

 

I. INTRODUCTION 

 

Since the invention of internal combustion engine in 1883, the process of combustion unfortunately produces 

an abundance of waste heat energy which needs to be removed in a systematic manner via a cooling system to 

prevent damage to any mechanical components. The output of the energy as a percentage of the energy 

generated by the fuel in the combustion process is shown in Figure 1 for a modern passenger car engine when 

tested through a “NEDC ECE 15 EUDC” European drive cycle. Specifically, the energy generated has 33% 

exhaust heat losses to the wall and wall heat losses which needs to be removed by a transfer mechanism to 

lower the engine’s temperature. Hence in this case the heat transfer medium is the coolant fluid circulated by a 

water pump in the engine’s cooling system. When the engine power output is substantially increased, the large 

amount of heat generated needs to be removed in a timely manner to prevent damage to the engine 

components. 

To comply with these laws the emissions control systems are rapidly developing in the market aimed at 

providing products that meet future emissions standards, but savings in fuel consumption and greater durability 
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and competitiveness in international markets, improving cost-benefit ratio. In this context, it is performed a 

design and analysis of a control system for cooling the diesel engine, aiming to control the engine water 

temperature accurately, to save fuel and reduce emissions. The system under study consists of an electric water 

pump, electronic controller a control algorithm. This system is intended to provide precise control in water 

temperature of the diesel engine, thereby reducing pollutant emissions and fuel consumption, allowing also a 

rapid response to heating in cold start. 

 
Figure 1: The heat generated by burning fuel is converted into mechanical energy 

The coolant fluid, marked in a blue color as shown in Figure 2, is required to circulate around an engine to 

sufficiently carry the heat away, not only from the combustion chamber but also other critical areas of the 

engine such as the engine block, the cylinder head, the radiator and the heater core. It is this movement and 

circulation of the coolant fluid that is studied in this paper. Hence, the water pump can be either mechanically 

or electrically driven to circulate the coolant fluid around the engine in this cooling system. Instead of use of 

water, the coolant is often mixed with water in modern vehicle engines, which prevents the coolant fluid from 

either freezing or boiling, because the freezing or boiling water will significantly reduce the effectiveness of 

heat removal. 

 
Figure 2: Coolant circulation in diesel engine 
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Conventional systems for cooling the engine are simply designed to keep the engine temperature acceptable for 

a wide range of operation and operating conditions. With the introduction of mechatronic technology 

conventional mechanical systems are being replaced by electronically controlled systems. A cooling system of 

electronically controlled diesel engine should provide improvements in performance through their effects on 

the engine, improved friction loss, improvement in fuel economy, reduced emissions and increased durability. 

The basic design of automotive cooling system has remained essentially unchanged for a long time; for example, 

drive the pump water from the cooling system of the motor is accomplished by rotating the engine. Thus, the 

coolant flow rate is determined by engine speed, which is not ideal for most cases. A conventional, 

mechanically driven water pump can cause unnecessary and parasitic losses. A water pump with electronic 

control would control the flow of water from the cooling system regardless of engine speed, providing a further 

reduction of parasitic losses. Another potential advantage of the electric pump is the possibility of reducing the 

size of the radiator, which is an important issue in the development of engine cooling systems. Increasing 

control possibilities provides a better choice of operating points of the diesel engine. 

 

II. COMPONENTS OF ENGINE COOLINGSYSTEM 

  

The purpose of the Engine Cooling System is to prevent the overheating of your vehicle’s engine. With engine 

combustion reaching extremely high temperatures, the resulting heat needs to be dissipated. An efficient 

cooling system is essential to prevent the engine from burning!! Another function of the cooling system is to 

regulate the temperature inside the passenger compartment, insuring your comfort and that of your passengers. 

o Main Components of the Engine Cooling System 

o Radiator and radiator cap 

o Cooling Fluid - Coolant 

o Radiator Fan & Hoses 

o Water Pump 

o Heater Core & fan 

o Temperature Knob,valves,Thermostat & sensors 

o Reservoir or Reserve Tank 

 
Figure 3:  Main components of engine cooling system 
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A. Mechanical Water pump:  

As shown in figure 4, a typical mechanical water pump consists of an impeller located inside spiral housing and 

sealed via an axial face seal. The spiral housing is mounted against the engine block with channels leading in 

and out of the coolant fluid channels within the engine block. The mechanical power arrives via the hub with 

pulley. The channels on the pulley indicate the interface for the guides on the serpentine belt which transmits 

power from the crankshaft. Either driven by an accessory drive belt or meshing gears, the mechanical water 

pump is designed to circulate the coolant fluid through the engine based on the engine speeds. 

 
Figure 4 : Conventional(Mechanical) water circulation pump used in engines 

 

B. Electronic Water pump  

 
Fig 5 : Cross section view of electrical water pump 

As the automotive industry strives to develop cleaner burning and more fuel-efficient engines, an electric water 

pump is becoming a sensible alternative to its mechanical counterpart. Modern vehicles the hybrid electric 

vehicles, have adopted advanced electronically control systems and sensors which have impacts on the engine 

cooling system, because negative aspects of the mechanically driven water pump is possible to be avoided. Since 

the coolant flow rates of the mechanical water pumps are elated to the engine speeds the thermal control using 

the mechanical water pumps is generally not effective  in electric water pump shall be a good alternative to the 

current mechanical water pump, as the electric water pump may have an opportunity to remove a source of 

parasitic loss from the internal combustion engine and provide a better control of the engine temperature 
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according to the engine heating and cooling requirements. Since an electric pump offers an effective flow 

control capability which is totally independent of engine speeds, this can lower the system operating 

requirement with a reduced pump flow rate at high engine speeds. This allows the engine to run at a steadier 

temperature, as there is no sudden fluctuation in the coolant flow rate. Some advantages of an electric water 

pump used in internal combustion engines are discussed as below 

Design Losses – mechanical water pumps must be mounted where the power to drive them is available. The 

power is usually at the front of the engine where belts or gear-train can be used to provide the drive power. In 

some instances, this package constraint can limit the ability to design a pump system and result in a reduced 

head flow. Furthermore, the mechanical pump design has performance limiting characteristics such as fluid 

cavitation and. An electric pump can be remotely mounted, allowing the flow characteristics to be 

hydraulically optimized while not impacting on the design constraint of both the overall engine installation 

package and the cooling system effectiveness  

Drive Losses – the gear drives of the mechanical water pump place large accelerations into the pump shaft due 

to the gear teeth mesh which generates high cyclic side loads on the pump bearings. The belt driven water 

pumps do not have the same accelerations as the gear driven ones, but the belt driven water pumps can 

experience larger side loads due to the drive belt tension. Both ‘driving’ factors require the mechanical water 

pumps to have large bearings and the physical design to support the bearing loads.  

Operating Losses - mechanical water pumps deliver the coolant flow and pressure directly proportionally to 

engine speed, the only means of adjusting the coolant flow rate and pressure is through use of the restriction 

valves. On the other hand, an electric pump can operate as a function of the engine cooling requirement(s) 

which can adjust coolant flow rate based on ‘need’, not engine speed  

Eliminate Hot Soak after Shutdown - an electric pump can circulate coolant fluid throughout the engine post 

shutdown which enables one to control the engine’s thermal mass to prevent the overheat of critical 

components. This feature may also allow for design of engines operating at higher temperatures considering 

that the hot soak design limits will be eliminated  

 

III. COMPARISON OF ELECTRICAL AND MECHANICAL WATER PUMPS 

 

 
Figure 6 : Layout and energy  conservation of electrical water pump 
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There are many benefits of the EWP: 

➢ Increased Power and Torque 

➢ Increased cooling capability 

➢ Eliminating Heat Soak 

➢ Better control of engine temperature 

➢ Flexible options for pump control 

  

IV. SELECTION OF SUITABLE ELECTRIC WATER PUMP FOR ENGINE 

  

Pump performance maps were used in order to calculate pump power consumption. Pump performance maps 

consist of pressure rise, flow rate, pump speeds, and efficiency. Based on these map data, the pump power 

consumption was calculated using the following equation. 

Ppump = Qp X  X P 

Where: P: pump power consumption, η: pump efficiency, Qp : Volumetric flow rate, 

ΔP: pressure rise across the pump. 

The coolant mass flow rate for a centrifugal water pump depends on the coolant density, shaft speed, system 

geometry, and pump configuration, the mass flow rate may be computed as:mc = ρc x (2  x rp x b x v) mass 

flow rate = density of fluid X volume of flow region X velocity of pump as v = p x rp x tan   , Velocity of pump 

is a function of blade speed, blade radius and blade angle. 
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V. TESTING OF ENGINE USING ELECTRICAL WATER PUMP 

 

In order to verify the effectiveness of an electrical pump over a standard mechanical pump, engine dynamo-

meter tests have been conducted where the engine fitted with the mechanical and electric water pumps was 

run back-to-back. In order to verify if the benefits are available for use of the electric water pump, it is 

necessary to adequately size the electric water pump and control its use via a proper understanding of the 

engine’s optimum operation temperatures and then implement an ECU to manage the water pump switching to 

adequately control the engine temperature. 

Following graph shows the details of engine torque with mechanical water pump (MWP) and electrical water 

pump tested under different engine rpm ranging from 1000 to 5000. As mechanical water pump is driven by the 

belt attached to the crankshaft pulley the power consumption (frictional torque) is higher from the engine 

compared to the electrical water pump (EWP) which is nowhere connected to running parts of the engine as it 

is mounted independently on the test bed. This non dependency of the drive saves the engine power for better 

output drive ability (used as useful power to the wheels) 

  
To evaluate the oil temperature engine is tested with mechanical water pump with thermostat and electrical 

water pump without thermostat (Thermostat is not necessary for electrical water pump). The water limiting 

temperature is set at 80C and 70C for the electrical water pump through the ECU. 
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 As shown in the above plots lube oil temperature can be controlled, we within the limits as per the design 

standards with electrical water pump by setting the engine water outlet temperature limit. Controlling oil 

temperature with mechanical water pump is limited by the thermostat of the engine which is difficult to 

control over the long duration running. Electrical water pump is beneficial compared to mechanical water 

pump in regulating oil temperature by setting water temperature rise limit.Rise in oil temperature over period 

during engine running will lead to evaporation of oil through the crankcases and reduces the viscosity of oil 

which in turn will affect the lubrication property of engine parts.  To evaluate the effect of oil temperature on 

lubrication oil consumption engine is tested at 2000 rpm and 4500 rpm for about 8 hours in each rpm and based 

on the result obtained following bar chart is created to show the comparison of mechanical water pump and 

electrical water pump. 

  
  

VI. CONCLUSIONS 

  

1. Elimination of mechanical commutation system leaves the durability of the rotor bearings as practically 

the only limiting factor of service life of engine. Using electrical water pump will improve the overall 

engine life as well as reduces periodic maintenance problems. 

2. Reducing the number of rotating parts significantly reduces the engine noise as well as frictional losses in 

the engine as shown in the test results. The reduction in frictional torque is 3.3 N-m at 5000 rpm which 

constitutes about 1.7 kW of power in engine, which is very significant when we are using small power 

engines. Reducing frictional power improves the fuel efficiency of the engine.  

3. Matching the electrical coolant pump out put to the actual cooling requirements of the engine can reduce 

the fuel consumption and exhaust emissions. Instead of the approximately 6.0 kW rated input for 

conventional mechanical pumps, an electric pump with 4.2 kW electric water pump can be used to 

automotive engines up to 55 kW rating engine. So effective power saving using electrical water pump is 

around 1.8 kW  

4. It is possible to run the electrical water pump (EWP)after switching off the engines to avoid hot spots 

(localized overheating of parts) but this is not possible in mechanical water pump (MWP). With electrical 
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water pump we can keep circulating the hot water through the engine because the EWP is independent of 

the engine operation as it is controlled by the battery of the vehicle  

5. The use of the electrically driven water pump is a design of future, such as those using hybrid or fuel 

technology is inevitable and most of the vehicles will use this technology in upcoming days in India. As 

hybrid technology uses most of the battery power so, the electrical water pump can be operated through 

battery in all speeds of the engine running  

6. As the emission norms are getting stringent, in upcoming years with BS6 and above the particulate matter 

emission reduction is one of the biggest challenges. Lubrication oil consumption contributes a considerably 

amount in particulate matter formation. With the use of electrical water pump the oil consumption can be 

reduced by properly controlling the oil temperature by setting the engine out water temperature at the 

desired limit using electrical water pump. The experimental result shows there will be around 35% oil 

consumption reduction using electrical water pump in 8 hours testing. 
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ABSTRACT 

 

In this paper we study different types of coatings on piston skirt and crown area, the focus will be on the anti-

frictions coatings and their benefits with respect to fuel consumption, power output as well as wear rate (long 

durability study).Study will be focused on frictioncoefficient, durability and its effect on piston skirt friction 

with respect to Molybdenum base mixture, Graphite base mixture, Polytetra fluoroethylene (PTFE) a resin-

based antifriction coating, Dimond like coating (DLC). 

Keywords: Low friction coatings, Piston skirt, dry lubricant, PTFE, DLC 

 

I. INTRODUCTION 

 

Stricter demands on emission norms, fuel economy and performance require internal combustion engines to be 

optimized with respect to their frictional losses and wear. While engines ran for the last 100 years without 

coatings of any type, modern technology has drastically improved the science of piston coatings.  While the 

piston appears to be a relatively simple, stable, solid component on the surface, during operation the piston 

expands and flexes under combustion temperature and pressure.  This movement and stress in the piston 

absolutely require 100% proper piston prep to avoid delimitating the coating.  Many manufacturers have been 

using piston coatings for decades, but as the benefits of piston coatings have proven themselves throughout the 

years. Many OEM's have used skirt coatings since the early 2000's because of the undeniable efficacy in modern 

diesel engines.  

Approaches for reducing engine friction include low friction lubricants, reduction of engine friction through 

design modifications, turbocharged and downsized engines, cylinder deactivation, and hybridization. 

Transmissions with a higher number of gears also provide the opportunity to reduce engine speed to reduce 

friction work. Engine friction losses comprise approximately 8 percent of the fuel energy. If friction could be 

reduced by 25 percent, a 5.6 percent reduction in fuel consumption could be achieved. Advanced low-friction 

coatings and surface texturing are potentially new methods for reducing friction in reciprocating engines. The 

design of the piston skirt is one of the key features to be considered in controlling the performance of friction, 

oil consumption and noise. The piston skirt contributes to around 25 - 47% in piston-cylinder system losses due 

http://www.ijsrset.com/
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to engine friction.Along with the characteristics of coatings, which decrease friction coefficient and, 

consequently, decrease fuel consumption, their ability to avoid increased wear and seizure of friction surfaces 

under operating conditions is of particular interest.The contribution of the piston assembly to overall engine 

frictional losses is well documented and has been the subject of a lot of research over several decades. 

  

II. NEED OF ANTI-FRICTION COATINGS 

 

About 7-10% of the total energy input in a vehicle is lost due to mechanical friction, and in an engine, about 50% 

of the total frictional losses occur at the interface between the cylinder and pistons and piston rings. Therefore, 

this interface offers great opportunities for friction reduction.In terms of improving the performance of the 

engine components and forming very demanding, high strength materials, the contact surfaces must show 

reduced friction, anti-adhesive properties and increased wear resistance.Robust anti-friction coatings become 

necessary whenever components are continuously subjected to frictional forces. When properly coated, 

however, the material remains intact and protected for a long time. Lubricity or lubrication's objective is to 

reduce friction between two mating surfaces to extend the wear life of the components. If the objective is to 

have a wear in period for the parts to size together then a thicker coating solution is required. If the application 

is an item with close tolerances or preload factors such as a bearing, then a very thin coating would be best to 

reduce friction. 

 
Fig 1. Mechanical losses (Frictional losses) in engine 

 

Low friction coatings provide improved performance and service life while eliminating the need for wet 

lubricants in operating environments that require resistance to heat, chemicals, or clean room conditions. 

Coatings enhanced thermal control, improved lubrication, and oil-shedding. Depending on the type of coating 

and the area in which the coating is applied, the benefits can include increased power, component durability, 

or both. 
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III. TYPES OF PISTON COATINGS 

  

Coating the tops of pistons protects and increases the life of the rings on the piston which reduces radial tension 

loss. Not a lot of people realize this, but the coating helps shield the rings from heat caused by improper burn of 

the fuel which creates hot spots.  Heat kills performance so we want to get rid of it as fast as we can. Coating 

the tops of pistons helps with scavenging heat out of the motor. The thermal barrier coating on top of the 

piston helps to push the heat out of the motor. There are basically two types of piston coatings are applied viz 

thermal barrier coatings to reduce heat loss and anti-friction coatings to reduce the dynamic friction between 

moving parts  

 
Fig 2.Different types of piston coatings 

 

A. Thermal Barrier Coatings 

Also called ceramic coatings, they act as a shield to prevent heat from passing into a part. For instance, a 

thermal barrier coating on a piston dome prevents combustion heat from being lost beyond the dome. This 

prevents heat from dissipating through the dome, causing the piston to expand. If there is a barrier coating, 

combustion heat is greatly reduced, and does not sink into the piston and cause expansion. Since the piston 

doesn’t expand as much you can then run a tighter piston-to-wall clearance. Some of the advantages of thermal 

barrier coatings are 

• High Temperature ceramic-based coatings that can withstand temperatures up to 1,800˚ 

• Coatings that withstand thermal cycling as well as thermal shock 

• Performance coatings that are simply unmatched in corrosion and chemical resistance 

• A distinct, high-end look and feel 

• Cost effective, single coat (straight to substrate), easy to apply products 

• Ceramic coating replaces the other coating process like Anodizing, Zinc plating, Nickle plating, Chromate 

conversions, Powder Coating, Paint 

  

B. Anti-Friction  

Anti-Friction-Coatings are touch-dry lubricant solutions which, in their formulation, resemble common 

industrial varnishes. They contain solid lubricants, resins as bonding agents, as well as solvents. Solid lubricant 

components are mainly molybdenum desulphated, graphite and PTFE. The individual raw materials and 
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additives, as well as the concentration of solid lubricants are decisive for lubricating efficiency and corrosion 

protection. Anti-friction coatings also known as solid-film or dry-film lubricants are recommended for 

applications where extreme operating conditions of very high or low temperatures and significantly high 

pressures are preventative.Anti-friction coatings provide a low coefficient of friction between two moving 

surfaces and serve to retain surface oil between moving parts. Anti friction coatings are also able to avoid noises. 

TheAnti-friction coating’s true benefit is reduction of friction, which prolongs part life and reduces operating 

friction, and it naturally frees available horsepower. A moly skirt coating is not specifically designed to reduce 

heat, but because it reduces friction, heat is potentially reduced as a direct by-product. Anti-friction skirt 

coating improves cold-engine startups; the AFC prevents skirt scuffing that might otherwise repeatedly occur 

in that situation. 

 

C. Dry film or wet film coating 

Dry film lubricants are advantageous over wet (oil and grease) when adhesion, lifetime lubrication and 

appearance, are crucial requirements of the application. Dry lubricants perform exceedingly well at elevated 

high temperatures extreme pressures and in vacuum. Also, dry film lubricants are environmentally friendlier as 

there is no after use disposal involved as with wet lubricants. Dry film coatings provide following advantages  

• Frees up horsepower normally lost to friction. 

• Provides back-up lubrication if the primary lubrication has gone 

• Reduces wear which increases engine life 

• Reduces heat that can cause galling and seizing 

• Produces tighter piston-to-wall clearance 

• In majority of applications, lifetime lubrication is feasible 

• Hard, durable abrasion resistant finish 

• Low Surface Energy 

• Dry, clean lubrication unaffected by dust, dirt and moisture  

• Controlled film thickness for exact load-bearing capabilities  

 

IV. PISTON COATING PROCESS 

 

Anti-Friction Coatings can be economically applied by hand or drum spraying, dipping, centrifuging (dip-

spinning), brushing, roll coating and printing. The size, shape, weight and quantity of the parts being coated are 

factors in selecting a certain application method. Film-thickness and sliding-surface requirements are other 

factors. Some of the most used application methods for dry/ solid lubricants are: 

o Immersing/ Dipping the Object in Lubricant: This method is common for large batches of fasteners, small 

ID components and situations where spraying is not possible or desirable. Dip-Spin equipment is often 

used in these type of applications 

o Spraying Technique: This is the most common application method for most dry/solid film lubricants. This 

is a line-of-sight application method and is only restricted by either small diameter, internal bends, long 

lengths, etc. Equipment utilized will be dependent on the type of lubricant being applied. 
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o Burnishing: This method is not very common and typically the least effective regarding bonding. This 

process utilizes the lubricant, typically in powder form and either a prepared surface or a carrier such as 

Isopropyl Alcohol, which is then manually rubbed onto the part until a coating is obtained 

Anti-Friction-Coatings are preferably applied by immersion or by spraying onto carefully degreased surfaces. 

Other methods are possible as well, such as immersion centrifuges, electrostatic or automatic spraying methods, 

application by pressure or roller as well as the various methods for drying and hardening processes which are 

well-known within industry. The typical steps in applying antifriction coatings are as follow. 

 

 
Fig 3: Typical coating process of AF material on piston skirt 

  

Different application methods provide excellent, good or limited results, depending on the anti-friction product. 

Each method has certain selection parameters, advantages and disadvantages, as shown in the Coating Methods 

Comparison Chart. Application specialists can help make the right choice based on base material and field of 

working. 

 

 

  



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published :March 15, 2022 Page No : 746-755 

 

 

 

 
751 

Sr 

No 

Method 

Selection 

Parameters Advantages Disadvantages 

1 Spraying • Speed • Quantity of material 

• Distance • Air pressure • 

Viscosity of coating 

• Good appearance 

• Even film 

thickness 

• Not so economical • 

Over-spray waste • 

Exhaust cabinet 

needed 

2 Dipping • Long, flat parts • Viscosity of 

coating • Withdrawal speed 

• Good appearance 

• Even film 

thickness 

• Batch economical • 

Stirring equipment 

3 Dip-Spinning 

(Centrifuging) 

• Form/quantity of parts • 

Rotational speed • Viscosity of 

coating 

• Good for bulk 

volume • 

Economical 

• Poor appearance • 

Two layers • Poor 

batch control 

4 Roll Coating • Long, flat parts • Viscosity of 

coating • Withdrawal speed 

• Good appearance 

• Economical • 

Large surface areas 

• Expensive 

equipment • Large 

space required 

5 Printing • Mesh size/film thickness • 

High-viscosity coating • Low-

evaporation solvents 

• Exact design 

coverage • 

Economical 

• Special coatings • 

Viscosity, 

evaporation 

Table 1: Coating Methods Comparison Chart 

  

V. TRIALS WITH DIFFERENT DRY FILM ANTI FRICTION COATINGS 

  

To conclude the benefits of the friction reduction in gasoline engine, following activities has been carried out to 

compare coefficient of friction for different materials of dry lubricant. Total four solid anti friction lubricants 

have been tried on the engine piston. i.e., Molybdenum based material, graphite based, Teflon based (PTFE) 

and Tungsten disulfide. Comparison study of anti-friction dry lubricants is shown in the below table related to 

the physical properties. 

  

A. Comparison of physical properties of different coatings  

Parameter Molybdenum Disulfide (MoS2) Tungsten Disulfide (Ws2) Graphite 

Co-efficiency of 

Friction 
0.05 0.03 0.12 

Thermal Stability 600 Deg F 1100 Deg F 800 Def F 

Load Bearing 

Capacity 
250,000 psi 400,000 Psi 150000 Psi 

Temperature Range -273 Deg C to +650 Deg C -185 Deg C to +350 Deg C 
- 94 Deg F to +700 Deg 

C 

Molecular Weight 

Density 

160.08 

5060 Kg.m-3 

248 

7500 Kg.m-3 

12.01 

1800 Kg.m3 
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Remarks 

Low friction, fuel and oil 

resistance, suitable for high 

temperature use, moderate load 

carrying capacity, useful for 

drive shafts, valve trains etc. 

Low friction, fuel and oil 

resistance, suitable for 

high temperature use, 

high load carrying 

capacity, useful for 

bearings.Coating process is 

costly  

Low friction, fuel and 

oil resistance, suitable 

for high temperature 

use, easy to apply and 

low cost, renewable 

and non-hazardous. 

Table 2: Physical property comparison of dry anti friction lubricants 

  

VI. EXPERIMENTAL STUDY 

  

Three different types of coatings have been studied on the gasoline engine piston skirt. The experimental study 

is carried out with motoring dyno on 1.8 L naturally aspirated BS3 engine with MPFI injection. Engine testing 

carried out with varying rpm speed and load (automotive application) as well as constant speed with varying 

load (Generator application). Following graphs are plotted to understand the behavior of the engine under 

various conditions. 

• Wear rate of different coatings over 10,000 cycles of operation under dry condition 

• Hardness variation with respect to operating temperature  

• Friction power comparison in four strokes of an engine 

 

VII. FRICTION COATING WEAR STUDY 

 

Wear resistance refers to a material's ability to resist material loss by some mechanical action. Wear volume of 

the material is directly related to hardness and coating thickness. Higher the thickness of coating, more is the 

wear rate due to low clearance in between parts. Hardness also plays vital role because harder material wears at 

lower rate, but the coefficient of friction will be higher due to the low micro scoping pores to retain the 

lubricating oils. Another important factor is about the presence of lubrication oil during operation, as a fact the 

softer material performs better with respect to friction during operation in the presenceof lubricating media. 
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The following figure shows the details of harness measured in Mohs value. The Mohs scale is the hardness of a 

material is measured against the scale by finding the hardest material that the given material can scratch, or the 

softest material that can scratch the given material.The Mohs scale is a purely ordinal scale, and it ranges from 1 

(For talc) to 1500 (for Dimond). Even though harness is directly related to the wear rate, but the friction 

coefficient reduction is also of equal importance in this study. Low hardness material with micropores for 

retention of lube oil is the focus in this study to reduce the engine friction. 

  
  

A. Frictional power in different strokes of an engine 

As we are aware the friction will be higher on the engine during the compression stroke because of the rubbing 

of parts when there is a load against the piston. This friction is not only because of the piston skirt but the 

presence of smooth gliders with oil retain makes piston move faster and extract useful energy by reducing 

friction between liner and piston skirt. 

  
  

B. Frictional torque of an engine 

Present research work is focused on the investigation of friction power as a function of engine speed, load, and 

oil viscosity, and engine components operating predominantly in hydrodynamic regime (piston ring assembly 

and bearings) are considered as major contributors towards engine friction power loss.Engine load also plays a 
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vital role in engine friction to eliminate this effect we have used motored dyno to measure the torque based on 

the rpm factor. As a basic principle the frictional power will be higher in case increased rpm. To analyze the 

effect of friction with different coatings experiments has done and results are plotted with graph as shown 

below  

  
   

VIII. RESULTS AND DISCUSSION 

  

The coatings have been experimentally studied without lubricating material in order to study friction and 

scoring resistance of the coating materials, which are employed in a piston skirt of high-force diesel, which is 

usually exposed to short-term boundary and even dry friction. This study has demonstrated that the friction 

coefficient of the specimens with a solid lubricating coating is lower, and the seizure load is higher than those 

of the specimens without a coating. A five-fold decrease in friction losses and an increase in the service life of 

piston skirt of high-forced petrol can be achieved in the coatings.A brief analysis indicates that possible benefits 

should be closer to 3% at high engine loads.To establish coating effectiveness, carefully controlled fuel 

economy testing of engines was performed on aEddy current dynamometer at one engine speed and two output 

torque levels (50% load & 100% load) and also on different rpm load. 

• Friction power reduction using graphite coatings shows positive results in conjunction with 

liquidlubrication. Graphitebeing soft material has more anti friction property even though it has low 

hardness and high wear volume percentage. 

• With higher speeds the friction power reduction in engine due to application of graphite is nearly 45% 

under motoring condition. 

 

IX. FUTURE WORK 

  

To improve the wear rate as well as long duration operation, antifriction coatings with different additives like 

molybdenum and tungsten can be applied with low-cost production. The combination of coatings benefits in 

case liners are also coated with antifriction with better oil retention capacity on the surface. Wear capacity 
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improvement on the graphite with different additives or combination with molybdenum or tungsten will 

provide an added advantage. 
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ABSTRACT 

 

Anti-friction coatings (AFCs) are used in a wide range of technical areas, whether for small parts in precision 

engineering, in electrical engineering or in the automotive industry. With a range of flexible system concepts 

for anti-friction coating, Sprimag is ideally equipped to meet specificrequirements’-friction coatings serve a 

purely functional purpose. On gear parts, pistons and bearing shells, for instance, anti-friction coatings both 

prevent wear and optimize friction behavior. Anti-friction coatings offer a number of advantages compared to 

oil and grease lubricants: Only a single, one-off application of an anti-friction layer is required to separate 

contact surfaces, and the dry, clean lubricating film provided by the anti-friction coatings eliminates unwanted 

and troublesome impurities. When applying anti-friction coatings to bearing shells, the compact Sprimag 

automatic round-table coating machine is often used. This machine can be adapted to specific customer 

requirements. Different cycle operations, the coating of rotating parts, and the coating of stationary parts with a 

rotating extension. 

 

Keywords: Surface coatings and textures; friction;wear; Low-friction coatings; anti friction coatings 

 

I. INTRODUCTION 

 

FUNCTIONS OF BEARINGS IN INTERNAL COMBUSTION ENGINES 

Bearing is a device supporting a mechanical element and providing its movement relatively to another element 

with minimum power loss. The rotating components of internal combustion engines are equipped with sleeve 

type sliding bearings. The reciprocating engines are characterized by cycling loading of their parts including 

bearings. Such character of the loads is a result of alternating pressure of combustion gases in the cylinders. 

Rolling bearings, in which a load is transmitted by rolls (balls) to a relatively small area of the ring surface, 

cannot withstand under the loading conditions of internal combustion engines. Only sliding bearings providing 

a distribution of the applied load over a relatively wide area may work in internal combustion engines. A 

bearing is a component used to reduce friction and to maintain clearance between stationary and rotating 

http://www.ijsrset.com/
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components of the engine. Bearings, or bearing surfaces, are located on the crankshaft, connecting rod, and 

camshaft, and in the cylinder block. 

The sliding bearings used in internal combustion engines are: 

Main crankshaft bearings support crankshaft providing its rotation under inertia forces generated by the parts 

of the shaft and oscillating forces transmitted by the connecting rods. Main bearings are mounted in the 

crankcase. A main bearing consists of two parts: upper and lower. The upper part of a main bearing commonly 

has an oil groove on the inner surface. A main bearing has a hole for passing oil to the feed holes in the 

crankshaft. Some of main bearings may have thrust bearing elements supporting axial loads and preventing 

movements along the crankshaft axis. Main bearings of such type are called flange main bearings. 

Connecting rod bearings provide rotating motion of the crank pin within the connecting rod, which transmits 

cycling loads applied to the piston. Connecting rod bearings are mounted in the big end of the connecting rod. 

A bearing consists of two parts (commonly interchangeable). Small end bushes provide relative motion of the 

piston relatively to the connecting rod joined to the piston by the piston pin (gudgeon pin). End bushes are 

mounted in the small end of the connecting rod. Small end bushes are cycling loaded by the piston pushed by 

the alternating pressure of the combustion gases. 

Camshaft Bearings support camshaft and provide its rotation. camshaft bearings are manufactured as a "Full 

Round" design. Bearings are produced from extruded steel tubes with a centrifugally cast Babbitt lining. Several 

different grades of Babbitt are used depending on applications. Engines with inherent OE problems of bearing 

wiping and/or fatiguing utilize a high-grade ASTM-14 material.   

  
The following figure shows the locations of different shell bearings in an I C Engine 
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A. Construction and properties of thin shell bearings  

In 1839 Isaac Babbitt of Massachusetts developed a unique metal alloy that is highly resistant to galling (the 

sticking and pulling of two metal surfaces in contact with each other). His babbitt material became the “go-to” 

material for plain bearings used in a variety of applications. The material had great conformability (ability to 

work around the limits of the production machinery of the era) and great embeddability (ability to ember 

harder particles in the bearing surface instead of damaging the pin).The super alloy did have a weakness. The 

“soft” material would wear. In fact, early rods and main caps would be fitted with shims that would be removed 

to tighten up the clearance. This was a time when engine’s lacked oil filters too. Over time, it was learned that 

the thinner the layer of soft Babbitt material, the longer it would take to wear. The realization led to the 

development of bearings with an intermediate layer between the steel backing shell and a thin Babbitt top layer 

 
 

Fig 1: Engine bearing structure 

 

II. INTRODUCTION TO BEARING COATINGS 

 

Dry lubrication is advantageous over wet (oil and grease) when adhesion, lifetime lubrication and appearance, 

are crucial requirements of the application. Dry lubricants perform exceedingly well at elevated high 

temperatures extreme pressures and in vacuum. Also, dry lubricants are environmentally friendlier as there is 

no after use disposal involved as with wet lubricants. Application of the coating to the work component plays a 

critical role in the performance of the anti-friction coating. Dry film lubricant with good adhesion and 

corrosion protection properties for metal-to-metal material pairings. Coating is a layer of a substance applied to 

the substrate surface. Coating is also a process of applying a layer to the substrate surface. Coating material is 

different from the substrate material, and it permits achieving special surface properties of the part without 

changing its bulk properties. Coatings may improve the following surface properties: 

➢ Anti-friction properties (wear resistance, low coefficient of friction, score resistance). 

➢ Hardness of the material  

➢ Corrosion and oxidation resistance 

➢ Cosmetic appearance. 
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A. Coatings for improving Anti-friction properties 

Low-friction coatings are used on bearings for two reasons. The first is as a backup lubricant if the primary 

(fluid) lubricant fails or is insufficient to prevent surface-to-surface contact. Lubricant failure occurs when new 

equipment is in its break-in period, during machinery start-up, or during reversing operations. Occasionally, 

lubrication fails when a conventional hydrodynamic bearing is momentarily overloaded, and the film of oil is 

partially pressed aside. In these conditions, there is mixed lubrication or, worse, boundary lubrication. 

Boundary lubrication refers to lubrication failure between two rubbing surfaces that don't have a full-fluid 

lubricating film between them. The second reason for using low-friction coatings is to handle applications that 

can't use fluid as the primary lubricant. Examples include nonmetallic bearings made from fiber, plastic, 

composites, or paper in instrument and aircraft applications. The coating also reduces friction in the bearing, 

which in turn reduces the heat and wear on the coating. Reduction of friction and support of bearing loads are 

both key for any coating used in a bearing. Coating formulators develop coatings based on tough resins, into 

which they add dry lubricants such as polytetrafluoroethylene (PTFE), molybdenum disulfide (MoS2), and 

graphitate is the premier low-friction constituent, with a coefficient of friction of 0.02. Coefficient of friction 

values for coatings with PTFE range from 0.02 to about 0.10, depending on PTFE loading. This corresponds 

favorably with the friction coefficients of bearings operating in the mixed and boundary layer conditions. But 

coatings with low coefficients of friction have relatively high PTFE loadings which makes the coating soft and 

less wear resistant. MoS2 provides a coefficient of friction of approximately 0.12. The advantage of MoS2 is its 

ability to bear high loads. Under low slip velocities, MoS2 coatings can carry extreme loads. Graphite is perhaps 

the oldest known dry lubricant. It has a coefficient of friction of about 0.12 to 0.16. In a coating, it's primarily 

used where ambient temperatures are high or where PTFE and MoS2 can't be used. For example, graphite is the 

coating of choice on tobacco processing equipment. This is because it won't leave residue that would 

subsequently burn and be inhaled by humans. Graphite also performs well in applications where water is 

present. 

 
Fig 2: Bearing coatings and construction 

  

The new engine bearings have an additional polymer sliding layer, so the bearing metal and the polymer 

coating can perform different tasks. After all, adaptability, wear resistance and load capacity all place extremely 

different demands on the system. A specially developed aluminum alloy containing silicon is used as the 

bearing metal; this is both extremely tough and wear resistant. Using a complicated application process, a 

polymer coating is applied to this aluminum alloy. The coating consists of a temperature and dirt-resistant poly 

amide resin that contains a high level of friction and wear-reducing bulking agents. Thanks to the combination 
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of metal and polymer components, the new product is 20% stronger than conventional dual-material bearings 

while also ensuring greater wear resistance and less friction. Using a complicated application process, a polymer 

coating is applied to this aluminum alloy. The coating consists of a temperature- and dirt-resistant polyamide 

resin that contains a high level of friction and wear-reducing bulking agents. By combining metal and polymer 

components, the new product is 20% stronger than conventional two-material bearings while also ensuring 

greater wear-resistance and less friction. 

 

III. TECHNOLOGY USED IN APPLYING AFC ON BEARINGS 

 

Coatings containing PTFE, MoS2, or graphite are available as one-coat products. They can be applied to almost 

any bearing material except high nickel alloys and polyolefin resins. Depending on the formulation, continuous 

use temperatures are as high as 500°F, or 550°F for short periods of time. Suitable metal substrates include steel 

(carbon and stainless), aluminum (wrought and cast), copper and its alloys, and titanium. Special precautions 

must be taken when coating powdered metal (P/M) parts. Many P/M parts are treated with resinous 

impregnates that get trapped in the porosity of the parts. P/M parts need pre-baking at a temperature higher 

than the anticipated cure temperature for the coating. Contaminants that bleed to the surface during the pre-

bake must be removed before coating. Coated plastic parts must cure at temperatures well below the softening 

temperature of the substrate to avoid distortion and polymer degradation. Most elastomeric parts that are not 

expected to elongate more than 30% in service can be coated. Woven and non-woven materials are increasingly 

used as bearings. Coatings adhere well to the porosity of the fabric. 

 
Fig 3: Example for working principle of coat spraying process 

  

The technology for coating parts has improved recently. One result is that permanent bearing surfaces now get 

coated much more accurately than with conventional spray application systems. Known as the Dimension Bond 

process, the new technique uses computer-controlled systems that measure each part at several points during 

the application process to ensure consistent accuracy. The technique varies the thickness of the material being 

bonded to each part as necessary. 

Many bearing designs use two dissimilar materials. In such situations, coat the softer of the wo materials 

because it suffers the most damage from boundary lubrication. The roughness of a mating surface also affects 

coating wear. The optimum surface has a roughness of 8 to 12- inch rms. Surprisingly, hyper-smooth surfaces of 

less than 4 inch produce higher wear rates than those from the optimum range to the machined surface range 
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of 15 to 30 inch. The reason is that hyper-smooth surfaces permit less PTFE transfer to mating surfaces, which 

increases friction. Surfaces that are rougher than 30 inches. have higher wear rates.  

 

IV. TESTING ENGINE WITH ANTI-FRICTION COATED BEARINGS 

 

Friction testing is used to measure engine friction as a method of evaluating and improving fuel efficiency and 

component performance. Friction and wear are typically measured in engines, and mechanical systems to 

evaluate lubricant geochemistry, component design, and surface coatings. Coefficient of friction (COF) 

laboratory testing is used for a wide variety of materials and lubricants to determine their friction behavior and 

overall system performance. The COF is a dimensionless ratio of the tangential friction force between 

interacting materials, and the normal force pressing them together. COF is a system property which depends on 

many factors such as material type, surface finish, temperature, and contact geometry.  

 

The experimental investigations were carried out for a modern in-line four-cylinder, four-stroke, naturally 

aspirated, passenger-car petrol engine with a nominal volume displacement of 1.8 L and at nominal power of 55 

kW.   

 

 
Fig 4: Vickers hardness values of different materials 

 

Above graph shows the bearing overlay layer hardness value measured in Vickers hardness units. The bearings 

were coated with different overlay material composition as mentioned in the above graph. The thickness of the 

overlay material is kept uniform and constant for the bearings to assess the harness under standard condition. 

The graph shows the molybdenum base material with higher copper content will have better hardness  

compared to other materials. Higher copper content along with molybdenum also increases the fatigue strength 

of the overlay alloy. The surface condition of a material is crucial to its fatigue strength. Fatigue cracks form on 

the surface and then propagate into the material bulk. The higher the hardness of the surface layer, the greater 

the load must be for cracks to initialize. 
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Fig 5: Friction torque from the engine using different AFC coatings 

To evaluate the friction from engine due to change in bearing overlay material, full engine is reduced to the 

base-engine configuration by deactivating all engine auxiliary devices. This enables to full focus on the base 

engine friction losses during the friction loss investigations. The first measurements are then carried out on the 

base engine to obtain the engine friction torque over the entire load and speed range of interest. The engine 

friction torque is measured at constant engine media supply temperatures to analyze the influence of different 

AFC coatings on the friction losses of the engine due to bearings. Plot shown above depicts the different 

frictional torque with respect to overlay layer of anti-friction layers.    

 
Fig 6: Lube oil pressure with different AFC coatings 

 

The above bar chart is plotted with lube oil pressure data conducted in trial engine with different coatings on 

the main and journal bearings as well as camshaft bearings. The data shows the oil pressure is higher side with 

polymer coated overlay bearing. To keep this oil cushion working well, we need a very accurate gap between 

the bearing shell and the crankshaft journal. It's a very small gap in the order of hundredths of a millimeter. 

The polymer coating being less hard compared to other coatings the gap between the bearings and crankshaft 

(Minimum oil film thickness) maintained as required in most of the engine speed conditions  
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Fig 7: Wear rate with different AFC coatings 

  

Above plot indicates the wear of coating layer after testing an engine for 200 hours on test bench. Different 

coatings worn out with different pattern and overall dimension is measured to assess the wear rate in micron 

meters. The lowest wear notices with polymer coated bearings. The coating applied is said to be 'solid lubricant' 

or 'dry lubricant' films, and i basically polymer coatings with a low coefficient of friction. Incorporation of 

solidlubricant particles into a metallic coating improves its anti-friction properties decreases the coefficient of 

friction and increases Seizure resistance (compatibility) and wear resistance. The most popular composite anti-

friction coatings are nickel based with co-deposited PTFE.Copper-graphite and cobalt-BN are other examples of 

depositions with incorporated particles of solid lubricants. 

 

V. CONCLUSION 

 

This work investigated the frictional behavior of different overlay coated bearings and subsequently assessed 

whether the performance of coatings with respect to hardness, wear rate, frictional power and lube oil pressure 

sustenance. Based on the test results following conclusions are derived 

1. The important part is the oil pressure inside the engine: this is piped to the crankshaft bearings, and it's this 

pressure that makes the plain bearings work. Based on the experimental results it is recommended to use 

polymer coated (AFC) bearings for this engine to achieve the best lube oil pressure in all rpms,to nullify 

the starting torque and reducing friction over engine operation. 

2. The crank spins on a cushion of high-pressure oil, so the bearings should never really wear in normal use – 

there's a little bit of contact when the engine starts, but this will quickly stop once the oil pump starts 

working. If the oil pressure drops, then the bearings start to touch the crank journal surface, and the 

bearing shell quickly wears away. Based on the experimental results it is observed that polymer coated 

bearings wear rate is very less compared to other coatings, so we can conclude that based on the tested 

materials polymer coated overlay is good for the engine which is under trials. 

3. Engine friction represents a non-negligible part of engine power loss, which determines engine efficiency. 

By optimizing bearings and their environment, which means the lubricant circuit and structural 

components like the camshaft, crankshaft, conrod, it seems possible to reach 25% bearing friction 

2.8

1.2

1.6

2.1

0.0

0.5

1.0

1.5

2.0

2.5

3.0

Babbit Polymer Graphite Molybdenum

W
ea

r 
(M

ic
ro

n
 m

et
er

)



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published :March 15, 2022 Page No : 756-765 

 

 

 

 
764 

reduction. Without a large improvement of technology in component friction, this target will remain 

unreachable. Looking at the experimental results polymer coated bearings created less friction in engine in 

comparison to other materials. So, it can be   concluded as the polymer coatings are good for this engine.  

4. After various engine design background, low friction bearing design has to go hand in hand with 

improvements in reliability. The new trends in development try to define properties in more mechanical 

and quantified terms like hardness, yield strength, ductility and fatigue resistance. Based on the hardness 

results the polymer coatings have lowest hardness in comparison to other materials under trials. Polymer 

coatings requires addition particles to increase the hardness as well as fatigue strength. With polymer 

coatings, the main worry is binding quality as polymer material has quite a different thermal expansion to 

the metallic substrate. 

5. Polymer coated engine bearings offer the end user superior protection and performance in extreme 

scenarios, extend engine life, and provide vastly improved lubricity over non-coated bearings. 

 

VI. FUTURE SCOPE 

 

With improved hardness, fatigue strength of the bearings we can achieve better reliability of engine bearings. 

There is a need of improvement in base material and the most common solutions are MoSx or DLC coatings. 

However, new coatings, composite coatings or deposits with WC/Co, TiN, TiC, TiB2, WS2, nanostructured 

coatings are also under investigation. Bearing manufacturers are in an intervention to solve this potential de-

lamination problem by adopting a specific surface preparation and to add adhesion promoters to the polymer. 
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ABSTRACT 

 

Design of an aircraft is a multidisciplinary and a complex process that includes a broad range of disciplines and 

proficiency in aerodynamics, propulsion, structures, and flight control systems. Most important step in the any 

aircraft design process is its conceptual design phase. The primary design of any aircraft emphasizes on the 

balance the four aerodynamic forces namely weight, lift, thrust and drag. The most of the lift is generated by 

the wing. In the present work the design of the subsonic wing is considered based on these aerodynamic forces. 

The aircraft wing is modelled in the CATIA V5 considering NACA aerofoil standards, NACA 64-215 and 

NACA 64-210,which are used at the wing root and tip respectively.Stations and ordinates given in percent of 

airfoil chord for particular NACA profile are used in the modeling of wing profile. 

“GSD_PointSplineLoftFromExcel” in-built excel file in the CATIA V5 software is used to generate the points in 

the construction of airfoil profile at the root and tip.The smooth surface, generated by joining the airfoil 

profiles at the root and at the tip,is considered as the ‘Numerical Master Geometry’ in the construction of 

structural elements of the wing viz., spars, ribs and stringers. This model is further used for aero dynamic 

analysis. 

 

Keywords: Aircraft Wing Structure, NACA, Wing Profile, CATIA V5 

 

I. INTRODUCTION 

 

During the conceptual design phase of an aircraft design process flight dynamics plays vital role [1, 2], wide 

verity of aircraft configurations are comprehensively studied and analyzed. Viability studies for different or non 

identical concepts and designs are carried out and the aim is to come up with the best concept design that is 

able to achieve the defined design objectives. One of the extremely important studies in any design process of 

aircraft is the conceptual design study of an aircraft wing.  

http://www.ijsrset.com/
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The conceptual design phase of an aircraft design process flight dynamics plays vital role [1, 2], wide verity of 

aircraft configurations are comprehensively studied and analyzed. Viability studies for different or non 

identical concepts and designs are carried out and the aim is to come up with the best concept design that is 

able to achieve the defined design objectives. One of the extremely important studies in any design process of 

aircraft is the conceptual design study of an aircraft wing.  

The prime function of any wing is to produce sufficient lift (L), Drag (D) and nose-down pitching moments (M) 

are the two components of the wing. The main aim of the aircraft wing design is to maximize the lift and 

minimize the drag and nose-down pitching moment. Wing is considered as lifting surface, based on Boundary 

Layer Principle, lower and upper surface of the wing profile produces the lift.  

The wing design of the aircraft depends on many parameters like geometrical dimension, weight, uses of 

aircraft, required speed of takeoff and landing, required climb rate etc. sometimes space left unused in the wing 

may be used as storage tank for fuel and also for storage tank of other oils used for any other purpose in the 

aircraft. Left wing and right wing are decided based on the pilot seating arrangement. Pilot left side is called left 

wing and right side is called right wing. 

Designs of an aircraft in CAD tool three reference planes are required. These reference planes in aircraft 

terminology termed as stations. Fuselage stations (FS) are used along the length of the aircraft in this case 

fuselage station zero is considered at the nose of the aircraft. Negative stations will not be considered in the 

fuselage stations. Reference planes along the height of the aircraft are termed as Water Lines (WL). Reference 

planes along the span of the wing are termed as Butt Lines (BL). In this research washout is considered along 

the wing to take care of stalling. 

Usually in the case of subsonic aircraft wing two primary spars are is constructed along the wing span [3]. Ribs 

are placed perpendicular to the spars to give aerodynamic shape to the wing. Since it is a subsonic aircraft two 

spar constructed wing is considered in the modeling. Spars are directly attached to the fuselage so they are 

considered as main structural member of the aircraft wing. Spars take high bending strength. The transfer of air 

load in the case of wing takes place from skin to ribs and from ribs to spars. Based on the location of the ribs 

they are termed as nose ribs, mid ribs and tail ribs. Since wing analysis is tedious and time consuming process 

and can be made easy by using numerical methods like Finite Element Method (FEM) and Computational Fluid 

Dynamics (CFD). 

 

A. AIRFOIL: 

An airfoil is the shape of a wing or blade as seen in cross-section and is shown in the Figure 1.  

 
Figure 1. Cross section of an airfoil 
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It is passed through a fluid in order to provide either lift or down force, depending on its application. Subsonic-

flight airfoils have a characteristic shape with a rounded leading edge, followed by a sharp trailing edge, and 

often with camber (Figure 2). 

 
Figure 2. Pressure vector flow over an airfoil  

Leading edge: The Wing front edge 

Trailing edge: The Wing back edge   

Span: Distance measured from wing tip to wing tip 

Chord : Distance between wing front edges to wing back edge, usually measured parallel to the long axis of   the 

fuselage 

Aspect ratio: Ratio of span to standard mean chord 

Twist: Gradual change of the airfoil (aerodynamic twist) and/or angle of incidence of the wing cross-sections 

(geometrical twist) and/or angle of incidence of the wing cross-sections. 

 

B. AIRFOIL GEOMETRY 

Many times we will see airfoils described as NACA XXXX or NACA XXXXX or NACA XXY-XXX series [4]. The 

following definitions are given to this nomenclature. 

The NACA 4-digit airfoil- 4412 has a maximum camber of 4% of chord located at 40% chord back from the 

leading edge and is 12% thick, while 0006 is a symmetrical section of 6% thickness.The NACA 5 digit series 

airfoil - 23012 has a maximum camber of about 2% of the chord located at 15% of the chord from the leading 

edge (3 tenths divided by 2) and is 12% thick. The NACA six, seven and even eight series were designed to 

highlight some aerodynamic characteristic. For example, NACA 653-421 is a 6-series airfoil for which the 

minimum pressure's position in tenths chord is indicated by the second digit (here, at the 50% chord location), 

the subscript 3 means that the drag coefficient is near its minimum value over a range of lift coefficients of 0.3 

above and below the design lift coefficient, the next digit indicates the lift coefficient in tenths (here, 0.4) and 

the last two digits give the maximum thickness in percent chord (here, 21% of chord)[3]. Non symmetrical 

(cambered) airfoils may have a wide variety of upper and lower surface designs. The advantages of the non 

symmetrical airfoil are increased lift-drag ratios and more desirable stall characteristics.  

Here, in this work, NACA 64-215is used for the root end and NACA 64-210 for the tip end of wing. This 

belongs to NACA six series airfoil and is annon symmetrical airfoil. 

 

http://en.wikipedia.org/wiki/Trailing_edge
http://en.wikipedia.org/wiki/Chord_(aircraft)
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II. GENERATION OF WING PROFILE 

 

In the present scenario there are many Computer Aided Design (CAD) tools available for preliminary aircraft 

design. Preliminary Aircraft Design and Optimization (PrADO) is a comprehensive library of about 500 

FORTRAN programs initiated in the early ’90s at TU Braunschweig [5,6,7]. It is used in the modeling of 

different airplane configurations, which are further used in the preliminary design analysis. The airfoil 

generated without struts, ribs and stringers using PrADO and is not CAD-based. Multidisciplinary Interactive 

Design and Analysis System (MIDAS), based on graphical CAE tools structural analysis is combined with 

aerodynamics [8, 9].Framework for Interdisciplinary 

Design Optimization (FIDO), in the late 90’s NASA Langley Research Center has developed this tool and used 

in the creation of airfoil geometry, with set of points, creation of airfoil geometry was improved with the use of 

Non-Uniform Rational B-Splines (NURBS)[10].In 2002, a new and promising approach was presented by TU 

Munich [11] using CATIA V5 as a framework. Two concepts like K-operator and D-operator were used to 

create the aircraft structure using CAD software CATIA V5, which could be used for repetitive aircraft 

structure generation. [12].The airfoil was modeled in CATIA V5 considering NACA 4412 coordinates later 

modeled the wing of the aircraft [13]. S. Senthilkumar et all in their paper considered NACA 65-210 airfoil 

coordinates in the taper wing CATIA V5 model [14]. Guguloth Kavya and B.C Raghukumar Reddy in their 

research paper they modeled aircraft wing in ProE with spars and ribs [15]. Ghassan M. et all constructed the 

wing model using ProE CAD software and later imported to COSMOL analysis software [16]. Kakumani Sureka 

and R Satya Meher in their research they modeled aircraft wing in CATIA V5 R20 CAD software considering 

the NACA 64-215 airfoil coordinates [17]. Continuation of previous research we found the research gap that no 

researcher has explained how to generate the aircraft wing by considering NACA standards in CAD software’s 

which is the basic necessary requirement to carry out the further analysis of the wing. In this paper we focused 

on the generation of wing profile comprehensively step by step in CAD software CATIA V5.In continuation of 

previous research the research gap is identified that how to generate the aircraft wing by considering NACA 

standards in CAD tool to carry out the further analysis of the wing. In this paper the generation of wing profile 

is focused comprehensively using CATIA V5.The dimensions required for the generation of wing profile have 

been adopted from the previous design outcomes of various aircraft models. The design details are given in the 

TABLE 1 and few more considerations in the present research are given in TABLE 2 

TABLE 1. Dimensions for modelling wing profile[18] 

Parameters Values 

Root chord 2400 mm 

Tip chord 700 mm 

Semi Span length 5500 mm 

Exposed Span 4750 mm 

Airfoil (root)  NACA 64-215 

Airfoil (Tip) NACA 64-210 

Aircraft weight 1400 kg 

Lift Load 6g 
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FOS 1.5 

 

TABLE 2. Considerations in this Research Work 

Sweep at ¼ Chord 0° 

Angle of Attack at root 0° 

Angle of Attack at ¼ Span 0.6° 

Angle of Attack at Midspan 1° 

Angle of Attack at ¾ Span 1.6° 

Angle of Attack at Tip 2° 

It is apparent that all the subsonic aircrafts are relatively having similar values of capacity, length, wing span, 

height, wing area, empty weight, gross weight, power plant, maximum speed, cruising speed, stall speed, range, 

and rate of climb and ‘g’ limit. Hence, for the present study the dimensions required for the generation of wing 

profile are based on the design details given in the Table 1.  

Table 3 gives the coordinates for NACA 64-215 airfoil section [19] and Table 4 gives the coordinates for NACA 

64-210 airfoil section [19] 

TABLE 3. Co ordinates for NACA 64-215 airfoil 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 

0.5 1.3414 0.5 -0.9871 

0.75 1.5937 0.75 -1.2205 

1.25 2.0067 1.25 -1.5737 

2.5 2.7796 2.5 -2.2002 

5 3.887 5 -3.0428 

7.5 4.7301 7.5 -3.6551 

10 5.4313 10 -4.1526 

15 6.5361 15 -4.9143 

20 7.3702 20 -5.4689 

25 7.988 25 -5.8598 

30 8.4231 30 -6.1125 

35 8.6864 35 -6.2341 

40 8.7634 40 -6.2077 

45 8.6223 45 -5.9979 

50 8.3055 50 -5.6467 

55 7.8435 55 -5.1874 

60 7.2614 60 -4.6481 

65 6.5726 65 -4.0462 
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70 5.793 70 -3.4045 

75 4.9429 75 -2.7543 

80 4.0361 80 -2.1328 

85 3.0595 85 -1.5834 

90 2.057 90 -1.0531 

95 1.0473 95 -0.5449 

100 0 100 0 

L.E. radius = 1.481 percent c 

slope of mean line at LE = 0.0951 

 

TABLE 4. Calculated Coordinates for chord length 2400mm 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 

12 32.1936 12 -23.6904 

18 38.2488 18 -29.292 

30 48.1608 30 -37.7688 

60 66.7104 60 -52.8048 

120 93.288 120 -73.0272 

180 113.5224 180 -87.7224 

240 130.3512 240 -99.6624 

360 156.8664 360 -117.9432 

480 176.8848 480 -131.2536 

600 191.712 600 -140.6352 

720 202.1544 720 -146.7 

840 208.4736 840 -149.6184 

960 210.3216 960 -148.9848 

1080 206.9352 1080 -143.9496 

1200 199.332 1200 -135.5208 

1320 188.244 1320 -124.4976 

1440 174.2736 1440 -111.5544 

1560 157.7424 1560 -97.1088 

1680 139.032 1680 -81.708 

1800 118.6296 1800 -66.1032 

1920 96.8664 1920 -51.1872 

2040 73.428 2040 -38.0016 

2160 49.368 2160 -25.2744 
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2280 25.1352 2280 -13.0776 

2400 0 2400 0 

L.E. radius = 1.481 percent c 

slope of mean line at LE = 0.0951 

 

Similarly stations and ordinates are calculated for NACA 64-210 standard given in the TABLE 5 considering the 

chord length as 700 mm at the tip for both upper and lower surfaces and the calculated values are given in the 

TABLE 6. 

TABLE 5. Co ordinates for NACA 64-210 airfoil section 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 

0.5 0.9339 0.5 -0.7026 

0.75 1.1132 0.75 -0.8544 

1.25 1.4035 1.25 -1.0743 

2.5 1.9434 2.5 -1.4517 

5 2.7218 5 -1.9464 

7.5 3.3193 7.5 -2.3017 

10 3.8186 10 -2.5886 

15 4.6112 15 -3.0233 

20 5.2138 20 -3.3355 

25 5.6653 25 -3.5513 

30 5.9884 30 -3.6853 

35 6.1926 35 -3.7426 

40 6.2733 40 -3.7162 

45 6.2054 45 -3.5787 

50 6.0119 50 -3.3524 

55 5.7125 55 -3.0585 

60 5.3237 60 -2.716 

65 4.8542 65 -2.3372 

70 4.3111 70 -1.9353 

75 3.7066 75 -1.5333 

80 3.0449 80 -1.1598 

85 2.3124 85 -0.8543 

90 1.559 90 -0.5674 

95 0.788 95 -0.292 

100 0 100 0 
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L.E. radius = 0.735 percent c 

slope of mean line at LE = 0.0951 

 

TABLE 6.Calculated coordinates for chord length 700mm 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 

3.5 6.5373 3.5 -4.9182 

5.25 7.7924 5.25 -5.9808 

8.75 9.8245 8.75 -7.5201 

17.5 13.6038 17.5 -10.1619 

35 19.0526 35 -13.6248 

52.5 23.2351 52.5 -16.1119 

70 26.7302 70 -18.1202 

105 32.2784 105 -21.1631 

140 36.4966 140 -23.3485 

175 39.6571 175 -24.8591 

210 41.9188 210 -25.7971 

245 43.3482 245 -26.1982 

280 43.9131 280 -26.0134 

315 43.4378 315 -25.0509 

350 42.0833 350 -23.4668 

385 39.9875 385 -21.4095 

420 37.2659 420 -19.012 

455 33.9794 455 -16.3604 

490 30.1777 490 -13.5471 

525 25.9462 525 -10.7331 

560 21.3143 560 -8.1186 

595 16.1868 595 -5.9801 

630 10.913 630 -3.9718 

665 5.516 665 -2.044 

700 0 700 0 

L.E. radius = 0.735 percent c 

slope of mean line at LE = 0.0951 

The points calculated in the Table 4 and Table 6 as per NACA profile standards are used to generate the airfoil 

profile. The profiles used are NACA 64- 215 at the root and NACA 64-210 at the tip. The splines are drawn 
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starting from the trailing edge to the leading edge except the leading edge point. Thus creating the top and 

bottom splines of the wing. This is done on both root and the tip 

 

A. Creating the primary wing surface using CATIA V5: 

• Plotting the NACA profile points.  

• Plot the points using the option:  “GSD_PointSplineLoftFromExcel” 

FIGURE 3. shows the co-ordinates generation at root and tip as per NACA standards in CATIA V5 platform. 

1. Create the splines making the top and bottom part of the aerofoil. Leave the leading edge point to give the 

leading edge radius as per NACA standard. FIGURE 4. shows the creation of spline except leading edge 

radius. 

 
FIGURE 3. Coordinates generation at root and tip as per NACA standards 

  
FIGURE 4. Creation of spline except leading edge radius 

 

B. Incorporating the leading edge radius 

1. Using the NACA standards for leading edge; 

At Root 

Slope= 0.0842, Radius= 1.556% of the chord length    

At Tip              

Slope= 0.0842, Radius= 0.701% of the chord length. 

The following calculations are made using empirical relations for the creation of leading edge radius and slope. 

At Root (NACA 64-215) 

Leading edge radius – 1.556% chord length 
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   =
1.556

100
x 2400 = 37.344 mm 

Slope of mean line at leading edge = 0.0842 

   tan θ = 0.0842 

          θ = tan-1(0.0842) 

          θ = 4.8129̊  

At Tip (NACA 64-210) 

Leading edge radius – 0.701% chord length 

   =
0.701

100
x 700 = 4.907 mm 

Slope of mean line at leading edge = 0.0842 

   tan θ = 0.0842 

          θ = tan-1(0.0842) 

          θ = 4.8129̊ 

2. Creating a point in the sketcher mode as per the given standards for both root and tip airfoil profiles and it is 

shown in the FIGURE 5. 

3. Exit the sketcher and draw the arcs of radius as per the standards for the profiles. FIGURE 6 shows the 

drawing procedure of the arc at the root and tip of the wing. 

 
FIGURE 5. Leading edge radius centre point 

  
FIGURE 6. Creation of arc for leading edge 
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5. Using the connect curve option join the arc and the splines choosing curvature continuity for both the ends 

and it is shown in FIGURE 7. 

6. Generation of wing surface using the aerofoil profiles at the root and the tip. Creation of wing surface is 

shown in FIGURE 8. 

 
FIGURE 7. curve connecting arc and spline 

  
FIGURE 8. Wing surface connecting root and tip sections 

 

III. WING SURFACE WITH WASHOUT 

 

A. Creating profiles at sections 

1. Construct the planes at 1/4th, 1/ 2 and 3/4th of the spans of the wing. 

2. Intersect the wing surface at the constructed planes to get the aerofoil sections at each of them and it is 

shown in the FIGURE 9. 

3. Create a line along a point at quarter chord distance. 

4. Rotate the profiles keeping the line as a reference.  

5. The rotation angles are00 at the root of the wing, 0.60 at 1/4thspan of the wing, 10at the mid span, 1.60 at 

3/4thof the span and 20 at the tip of the wing. Introducing the angle of attack into the CATIA model is 

shown in the FIGURE 10. 

6. Create the surface using multi sections surface option 
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FIGURE 9. Intersection of the wing surface at 3 different planes 

 

 
FIGURE 10. Introducing angle of attack 

 

By considering the profiles generated with angle of attack at different sections, the wing surface is created using 

multi-section surface option. Wing surface with washout is shown in FIGURE 11. 

 
FIGURE 11. Wing surface with washout 
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Thus the wing surface is constructed as per the NACA standards incorporating all the requirements considered 

in this research work. 

 

IV. CONCLUSION 

 

Wing profile generation is the prime requirement of a researcher to carry out any kind of design and analysis 

on aircraft wing model. Existing Literature would not give clear idea in the generation of subsonic aircraft wing 

profile. 2 to 14 seater aircrafts are subsonic in nature. NACA standards are used in most of the aircrafts to build 

the wing profile. In this research NACA 64-215 at the root and NACA 64-210 at the tip are considered for 

building the wing profile. Washout is also considered along the length of the wing at the root, 1/4th, 1/2, 3/4th 

and at the tip of the wing as 00,0.60,10,1.50 and 20 respectively for reducing the lift distribution across the wing 

span of the aircraft to provide the continued aileron control during stalling of the aircraft. CATIA CAD tool is 

used in the generation of wing profile. 
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ABSTRACT 

 

The current work intended to synthesize Al6061 alloy with 5 wt. % of micro B4C particulate metal matrix 

composites using liquid metallurgy technique. Scanning electron microscopic images of the synthesized 

composites were obtained to demonstrate the uniform dispersion of the reinforced micro B4C particles in the 

matrix.EDS spectrums confirmed the various elements present in the Al6061-B4C composites, XRD patterns 

reveal the Al and B4C phases in the composites. Hardness, tensile and impact testswere carried out to find out 

the impact of micro B4C on the various mechanical properties of the composites. Synthesized composites 

hardness, tensile and impact strength were found to be more with the incorporation of B4C particles. 

Key words: Al6061 Alloy, B4CParticles, Microstructure, Mechanical Properties, Fractography 

 

I. INTRODUCTION 

 

Composites are materials made up of a continuous constituent stage assembled network that holds and supports 

more grounded, stronger support constituents, resulting in a material with an optimal blend of main qualities 

that is clearly superior to its constituent parts alone. Design flexibility, high specific strength, high specific 

modulus, high fatigue endurance limit, corrosion, and wear resistance, thermal cycling tolerance, tolerable 

coefficient of thermal expansion, and other features make composites superior to normal primary materials [1, 

2]. The relative number and attributes of constituent stages, as well as the geometry of the distributed stage, 

which includes molecule size, shape, and orientation in grid coordinates, are all properties of composites [3]. 

High stiffness, a high strength-to-weight ratio, and good wear resistance are only a few of the qualities [4]. 

For light weight structural applications and electronic enclosures, metal matrix composites (MMCs) using 

aluminium (Al) as the matrix are used. In contrast to the same monolithic materials, MMCs were increased as a 

critical material class for simple structural, wear, and electrical applications principally because they were able 

to show greater efficiency than weight-strength to cost ratios [5, 6]. Aluminum metal matrix composites 

(AMMCs) are regarded as a new class of propellants in MMCs because of their light weight, high resistivity, 

high modulus, low CTE (Coefficient of Thermal Expansion), and increased wear resistance. 
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Ashwath and team [7] explain the importance of aluminium metal matrix composites and their importance in 

high strength application in line with fatigue strength. This study tells us advantages and disadvantages in 

employing aluminium alloy metal matrix composites (AAMMC) for superior strength applications. They 

claimed that AAMMC fabricated by advanced manufacturing methods have certain degree of impact in the 

evaluation of replacement of high strength materials. 

Jayashree and team [8] did this study to address the role of SiC addition in aluminium metal matrix composites 

on the welded microstructure and to relate the microstructural changes to the observed mechanical behaviour 

of the welded joints. Their study reveals that strength depends not only on average value of misorientation but 

also on the distribution of misorientation in the microstructure. It briefs us some important observations on the 

strength and behaviour of the welds of aluminium MMCs prepared through the TIG technique with different 

composition of SiC subjected to age hardening and relating the noticed characteristics of the welds to its 

microstructure in terms of distribution of grain size, grain boundary nature, misorientation and stored energy. 

Harish Munnur [9] and others tried to summarize the effects of reinforcements such as SiC and CNT in the 

aluminium matrix by various fabrication Techniques. They discussed about mechanical properties like hardness, 

tensile strength and compressive strength improvement related with percentage of reinforcement, fabrication 

and processing of the MMCs. They also briefed about methodology for mixing condition and behaviour of 

Aluminium metal matrix composites which gives information about processing conditions. 

In the present study, alumina particles with 90 micron size were incorporated into the Al6061 alloy to fabricate 

Al6061 – 5 wt. % of B4C composites. The composites were developed using stir cast method. Thus developed 

composites were tested for microstructural and mechanical characterization as per ASTM testing standards.  

 

II. EXPERIMENTAL DETAILS 

 

Materials Used 

The stir method of casting was used to create metal composites containing 5% B4C particles with a size of 90 

microns. Due to its greater casting properties, strength, formability, heat treatment nature, good corrosion 

resistance, machinability, and wide applications in several sectors, aluminium 6061 alloy (Fenfee Metallurgical 

Pvt. Ltd., Bangalore) was chosen as the matrix, while B4C particles with a size of 90 m were used as 

reinforcements (Fig.1). The chemical arrangement of the Al6061 alloy used in the current experiments is shown 

in Table 1. 

Table 1 Chemical configuration of Al6061 alloy 

Elements (wt. %) Al6061 (actual) 

Mg 0.91 

Si 0.67 

Fe 0.21 

Cu 0.23 

Ti 0.07 

Cr 0.02 

Zn 0.03 
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Mn 0.06 

Al Balance 

 

B4C particles of 90 µm (Supplied by Speedfam Ltd, Chennai, Karnataka, India) are used in the present study. 

The SEM and EDS analysis of B4C particulates are carried by using SEM as in Fig. 1 (a-b).  

 

 
(a)                                                (b) 

Fig. 1 (a) SEM micrograph of B4C particles (b) EDS spectrum of B4C particles 

 

Preparation of Composites 

The stir casting approach is used to create Al6061-B4C metal composites. A weighing kit is used to weigh a 

known amount of Al6061. The graphite-based crucibles are used to hold the Al6061 ingots. Inside the electro-

mechanical stir cast machine is a crucible containing Al6061 alloy. The Al6061 ingot is heated to 750°C till it 

becomes liquid metal. Simultaneously, known amounts of B4C particles are warmed in the preheater at a 

temperature of 500 degrees Celsius. This aids in the removal of humidity and increases the wettability of the 

particles. Degassing specialist hexochlorthene is introduced to the liquid metal to remove unwanted gases 

caught inside. After that, 5 wt. percent B4C particles are added into the produced vortex of the melt in two 

phases rather than one at a time, and the melt is further stirred for 10 minutes with a zirconia coated steel 

impeller. The molten slurry is then poured into a cast iron mould and allowed to solidify completely. After 

complete solidification, the hybrid composite is drawn from the mould and subjected to SEM, hardness, tensile 

test, and impact test, all in accordance with their specifications. In the tensile and impact failure investigation, 

SEM microphotographs were employed to examine the various fracture modes. 

SEM is used to examine the size, shape, and circulation of B4C and B4C found in Al6061 composites (TESCAN 

VEGA, Czech Republic). For EDX study, the apparatus is connected to the JED 2300 examination software 

application. Specimens for SEM are cut to a diameter of 15 mm and a height of 5 mm. The sliced samples are 

flattened with a belt grinder. The samples are then polished with silicon carbide emery sheets with grit sizes 

ranging from 300 to 1000. Fine cerium oxide is used to finish the piece by hand on a micro cloth. Keller's 

reagent is used to etch the samples to disclose the right granular structure. 95 mL H2O, roughly 2.5 mL HNO3, 

1.5 mL HCl, and 1 mL HF make up the etching solution. The samples are rinsed and completely dried after 

etching. 
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To determine the degree of difficulty The Vickers hardness tester is employed, with a load range of 25 to 1000 g. 

For testing, the ASTM E384 [10] standard is utilised. Dead weight is used to apply loads. A precision diamond 

indenter is utilised on the material, and a load of 100 g is applied for 30 seconds across a specimen with a 

diameter of 15 mm and a length of 10 mm. The indentation is then microscopically measured, and the applied 

load is utilised to calculate the Vickers hardness number (VHN). On each sample, three readings were taken at 

different points and the mean value was calculated. 

Tensile tests are performed using an Instron computerised universal testing machine (UTM) with a 60 kN 

capacity and a minimum count of 4 N. Figure 2 shows a tensile specimen with a 45 mm gauge length that meets 

the ASTM E8 [11] standard. Following the test, the fracture surfaces are provided for microstructural analyses 

with a scanning electron microscope (SEM) to better understand the fracture mechanism. 

 
Fig. 2 Tensile test specimen 

Impact strength of the Al6061 alloy and Al6061 with 5 weight percentages of B4C particles reinforced 

composites are evaluated as per ASTM E23 standard [12]. The standard size of the Charpy impact test sample is 

shown in the Fig. 3. 

 
Fig. 3 sample of Charpy impact test specimen 

 

III. RESULTS AND DISCUSSION 

 

Microstructural Studies 

 
(a)                                                                    (b) 
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Fig. 4 Scanning electron microphotographs of (a) Al6061 alloy (b) Al6061-5 wt. % of B4Ccomposites 

Scanning electron microphotographs of Al6061 alloy as cast and Al6061 with 5% B4C composites are shown in 

Figure 4 (a-b). SEM microstructures of Al6061 compound and Al6061 amalgam with 5 weight rates of micro 

B4C supported composites are shown separately in Figs. 4 (a) and 4 (b). The micrograph of Al6061 alloy with 

fine grains and no pores is shown in Figure 4 (a). Furthermore, as shown in Fig. 4 (b), B4C is present in the 

Al6061 alloy, and there is a strong link between the Al6061 matrix and B4C particles. The Al6061 alloy's 

particle distribution was enhanced using a two-stage reinforcement addition process. As a result, dispersed 

particles aid in the improvement of composite qualities. 

 
(a) 

 
(b) 

Fig. 5 EDS spectrums of (a) Al6061 alloy (b) Al6061-5 wt. % of B4Ccomposites 

The EDS spectrums of Al6061 alloy and 5 wt. percent B4C particles supported composites are shown in Fig. 5(a-

b). The alloying components included in Al6061 compound are shown in Fig. 5 (a), with Mg and Si being the 

most important alloying components, along with Cu, Mg, Zn, and Si. The EDS analysis of Al6061-5 wt. percent 

of B4C composites is shown in Fig. 5 (b); the spectrum verifies the presence of B4C particles in the generated 

composites in the form of Al and B elements. 
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To examine the presence of Al and B4C particulates in the Al6061-B4Cmetal composites, the XRD investigation 

is made. Fig. 6 is the XRD pattern of 5 wt. 5 of B4C particles reinforced composites, which conainsB4C phases at 

38˚, 42˚, 69˚ and 74˚. 

 
Fig. 6 XRDpatterns of Al6061-5 wt. % of B4Ccomposites 

Hardness Measurements 

 
Fig. 7 Hardness of Al6061 alloy and B4Ccomposites 

Hardness of Al6061 compound and Al6061 with 5 weight level of B4C supported metal grid composites are 

addressed in Fig. 7. The hardness of the Al6061 compound expands with the addition of support B4C particles, 

as seen in Fig.7 plots. The hardness of the base material cast Al6061 combination is estimated to be 63.5 BHN, 

however after the expansion of B4C particles using a two-way unique technique, the hardness increases to 76.3 

BHN. The hardness of Al6061-5 wt. percent of B4C composites has improved by 20.15 percent. The inclusion of 

hard particles B4C in the delicate pliable lattice contributes to Al6061's increased hardness. The delicate 

framework's hardness increased because the hardness of B4C particles is 2875 BHN, which increases the 

hardness of the Al6061-B4C grid. 
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Ultimate Tensile and Yield Strength 

 
Fig. 8 Ultimate tensile strength of Al6061 alloy and B4C composites 

The ultimate strength of supported B4C particles on Al6061 amalgam is shown in Fig.8. The basic material cast 

Al6061 combination has a UTS of 146.8 MPa; however, after expanding B4C particles in two ways using a 

unique technique, the UTS increases from 146.8 MPa to 192.3 MPa. The strength of Al6061-5 wt. percent of 

B4C composites has improved by 30.9 percent. The strong interfacial connection of Al6061 matrix and B4C 

particles was clearly seen in SEM micrographs; this bonding aids in the transfer of axial tensile load from matrix 

to B4C particles [13]. This hard particle prevents Al matrix plastic flow, increasing the load carrying capability 

of Al6061 alloy. The two-step technique also contributed to the Al6061 alloy having a strong bond and 

homogeneous particles. 

 
Fig. 9 Yield strength of Al6061 alloy and B4C composites 



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published :March 15, 2022 Page No : 780-789 

 

 

 

 
787 

The yield strength of Al6061 alloy and Al6061 alloy with 5% B4C composites is plotted in Fig. 9. The yield 

strength of Al6061 alloy is 121.6 MPa, with a slight increase following the addition of 5% micro B4C to the Al 

matrix. The strength of Al6061 composites containing 5% B4C is 154.3 MPa. These hard oxide particles are 

responsible for a 26.9% increase in yield strength. The strong interfacial connection of Al6061 matrix and B4C 

particles was clearly seen in SEM micrographs; this bonding aids in the transfer of axial tensile load from matrix 

to B4C particles. This hard particle prevents Al matrix plastic flow, increasing the load carrying capability of 

Al6061 alloy. 

 

Percentage Elongation 

When compared to the cast Al6061 matrix alloy, Fig. 10 shows the decrease in percentage elongation of the 

resulting composite after adding 5 wt. percent B4C. The decrease in ductility is due to the following factors: I 

void nucleation caused by raising the reinforcing level. The specific explanation for this difference could be that 

the B4C particle works like a stress concentrator, and that ii) the solid interfacial strength with the 

reinforcement and matrix is extremely high, resulting in increased reinforcement load and breaking at lower 

stresses [14]. 

 
Fig. 10 Ductility of Al6061 alloy and B4C composites 

 

Impact Strength 

The impact strength of Al6061 alloy reinforced metal composites with 5% B4C particles is shown in Fig. 11. The 

impact strength of as-cast Al6061 alloy is 1.6 J, however with the inclusion of oxide particles, the impact 

strength of Al6061-5 wt. percent B4C composites increased to 1.95 J. When compared to the as-cast Al matrix, 

composites absorb more energy due to the strong connection between the particle and matrix interface. The 

development of a clean interface between the matrix and reinforcement is dependent on load transfer, hence it 

is important for boosting composite strength. When strong ceramic particles are present, a dislocation shortage 

occurs, causing dislocations to pile up, resulting in increased impact strength. 
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Fig. 11 Impact strength of Al6061 alloy and B4C composites 

 

IV. CONCLUSIONS 

 

By using stir casting technology, Al6061-B4C composites with 5% micro B4C and an average particle size of 90 

microns were successfully manufactured in the current study. Microstructural analysis and major mechanical 

performance, such as hardness, UTS and YS, % elongation, and impact strength, are all ASTM requirements. 

The matrix is virtually pore-free as a cast-alloy and evenly distributed micro B4C composite, as shown in SEM 

micrographs. The Al6061 alloy matrix contains B4C particles, according to EDS and XRD measurements. When 

compared to unreinforced Al6061 as-cast alloy, the characteristics of Al6061 and 5 wt. percent B4C composites 

are superior. 

 

V. REFERENCES 

 

[1]. Pankaj R jadhav, B R Sridhar, Madeva Nagaral and Jayasheel I Harti, “Mechanical behavior and 

fractography of graphite and boron carbide particulates reinforced A356 alloy hybrid metal matrix 

composites”, Advanced Composites and Hybrid Materials, 3, 2020, pp. 114-119. 

[2]. Madeva Nagaral, V. Auradi, S. A. Kori, “Microstructure and Mechanical Properties of Al6061-graphite 

Composites Fabricated by Stir-Casting Process”, Applied Mechanics and Materials, 766-767, 2015, pp. 

308-314. 

[3]. Madeva Nagaral, V Auradi, S A Kori, VeenaShivaprasad, “Mechanical characterization and wear behavior 

of nano TiO2 particulates reinforced Al7075 alloy composites”, Mechanics of Advanced Composite 

Structures, 7 (1), 2020, pp. 71-78. 



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published :March 15, 2022 Page No : 780-789 

 

 

 

 
789 

[4]. H.R. Ezatpour, S.A. Sajjadi, M.H. Sabzevar, Y.Z. Huang, “An investigation of the tensile and compressive 

properties of Al6061 and its nano composites in as-cast state and in extruded condition”, Materials 

Science and Engineering A, Volume 607, Issue 23, 2014, pp. 589-595. 

[5]. Fazil N, V Venkataramana, Madeva Nagaral, V Auradi, “Synthesis and mechanical characterization of 

micro B4C particulates reinforced AA2124 alloy composites”, International Journal of Engineering and 

Technology UAE, 7 (2.23), 2018, pp. 225-229. 

[6]. N. G. Siddesh Kumar, G. S. Shivashankar, S. Basavarajappa, R. Suresh, Some studies on mechanical and 

machining characteristics of Al2219/n-B4C/MoS2nano hybrid metal matrix composites, Measurement, 

107, 2017, pp. 1-11. 

[7]. P. Ashwath, “Surface modification on aluminium metal matrix composite for high strength application-

Current state of art”, Materials today: Proceedings,46,17, 2021, 2130-7134. 

[8]. Jayashree P.K, “The effect of SiC content in aluminium based metal matrix composites on the 

microstructure and mechanical properties of welded joints ”, Journal of Materials Research and 

Technology, 12, 2021, 2325-2339. 

[9]. Harish Munnur, “Characterization &tribological behaviour of aluminium metal matrix composites-A 

review”, Materials today: Proceedings, 47, 10, 2021, 2570-2574. 

[10]. G Pathalinga Prasad, H C Chittappa, Madeva Nagaral, V Auradi, ‘Effect of the reinforcement particle size 

on the compressive strength and impact toughness of LM29 alloy-B4C composites”, Structural Integrity 

and Life, 19, br. 3, 2019, pp. 231-236. 

[11]. HS Vasanth Kumar, UN Kempaiah, Madeva Nagaral, K Revanna, “Investigations on mechanical behaviour 

of micro B4C particles reinforced Al6061 alloy metal composites”, Indian Journal of Science and 

Technology, 14, 22, 2021, pp. 1855-1863. 

[12]. V AAnjanBabu, R Saravanan, M Raviprakash, M Nagaral, “Microstructure, Tensile and Flexural Strength 

of Boron Carbide Particles Reinforced Al2030 Alloy Composites”, Indian Journal of Science and 

Technology, 14, 28, 2021, pp. 2342-2350. 

[13]. Madeva Nagaral, V Auradi, V Bharath, ShanawazPatil, Mahantesh S Tattimani, “Effect of micro graphite 

particles on the microstructure and mechanical behavior of aluminium 6061 (Al-Mg-Si) alloy composites 

developed by novel two step casting technique”, Journal of Metals, Materials and Minerals, 31, 2, 2021, 

pp. 38-45. 

[14]. H S Kumar, U N Kempaiah, Madeva Nagaral, V Auradi, “Impact, Tensile and Fatigue Failure Analysis of 

Boron Carbide Particles Reinforced Al-Mg-Si (Al6061) Alloy Composites”, Journal of Failure Analysis and 

Prevention, 21, 6, 2021, pp. 2177-2189. 



Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the 

terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use, 

distribution, and reproduction in any medium, provided the original work is properly cited 

 

 

International Conference on Recent Trends in Mechanical Engineering 

International Journal of Scientific Research inScience,  

Engineering and Technology 

Print ISSN: 2395-1990 | Online ISSN : 2394-4099 (www.ijsrset.com) 

 

 

 

 

  790 

 
Study on Effect of Process Parameters on Kerf Width using Wire Electrical 

Discharge Machining of Cu-Al-Mn Shape Memory Alloys 
N Praveen*1, U S Mallik2, A. G. Shivasiddaramaiah3 

*1Research Scholar, Department of Mechanical Engineering, Siddaganga Institute of Technology (Affiliated to 

VTU), Tumkur-572103, Karnataka, India 
2Professor, Department of Mechanical Engineering, Siddaganga Institute of Technology, Tumkur-572103, 

Karnataka, India 
3Assistant professor, Department of Mechanical Engineering, Siddaganga Institute of Technology, Tumkur-

572103, Karnataka, India 

 

ABSTRACT 

 

Wire cut EDM machining is a popular specialised thermal machining technique for conductive materials.  

During the process, molybdenum wire with a diameter of 0.18 mm acts as an electrode. The present study aims 

to identify the process parameters affecting the kerf width (Kw) of the Cu-Al-Mn shape memory alloy (SMA), 

which was machined using wire-cut EDM. For the conduction of experiments, Taguchi’s L9 orthogonal array 

was chosen based on the design of experiments (DOE). The kerf width is used to classify the accuracy. From 

ANOVA, the main parameter which is responsible for affecting the Kw was identified and percentage 

contribution to obtain the accuracy. The lowest kerf can be achieved keeping the both pulse on time and peak 

current at low. From SEM Analysis, the kerf width profile obtained after the machining process were 

examined. 

 

Keywords: Cu-Al-Mn SMAs, Wire cut EDM, Kerf width, Taguchi method, ANOVA. 

 

I. INTRODUCTION 

 

Wire electric discharge machining (WEDM) is a non-conventional type of Electro Discharge Machining (EDM). 

[1]. This machining method can precisely machine a complex and irregular shape of an electrically conductive 

component that is difficult to machine. To achieve the optimal three-dimensional shape and accuracy of the 

work material, the wire movement is numerically controlled [2]. The machining principle is based on a series of 

discontinuous discharges between the electrode (wire) and the work-piece eroding the work-piece material [3]. 

The commonly used Wire cut EDM wires are from brass, copper, tungsten or molybdenum, zinc or brass coated. 

However recently multi coated wires are also have been used Wire cut EDM is appropriate for stamping dies, 
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extrusion dies, and prototype parts manufacturing applications. the conventional machining process took long 

hours for fabrication of precision work piece because of manual grinding and polishing [4][5][6]. 

The main challenge with EDM is surface integrity difficulties such as kerf width and heat impacted zone. As a 

result, choosing the right cutting parameters is critical for mitigating this issue. Kerf width, also known as 

working gap, is a term used to describe the width of a kerf. The working gap is the result of an erosion pulse 

discharge between the workpiece and the electrode wire. The breadth of this working gap varies according to 

the cutting parameter, dielectric fluid, and material to be cut. It was noted that peak current has a big impact on 

the WEDM micro milling process. Working gap is also linked to excessive thermal stress that exceeds the 

material's ultimate tensile strength and pulse energy fluctuations that cause the Kerf width to increase. The 

Kerf width decreases as the pulse on time, pulse off time, spark gap voltage, peak current, and wire tension rise 

[7]. 

Ashish goyal et al. have investigated the surface roughness and the kerf width of shape memory alloy using 

wire EDM. They have revealed that the most important factor affecting was pulse on time. Both Ra and kerf 

width of the alloy. The increased thickness of the recast layer is due to the greater discharge energy value [8]. 

Vinayak N. Kulkarni et al, have reported the machinability analysis of Nitinol shape memory alloy and its 

optimization using wire EDM. The Servo voltage (SV) was found to be the most important factor in achieving 

improved surface quality, followed by Ton and Toff. The higher the SV, the better the surface quality. High 

MRR can be obtained at lower SV by increasing the Ton and Toff. Wire feed (WF) was found to be 

unimportant when it comes to maximizing MRR. When machining medical grade NiTiNOL SMA, the electrode 

material made of zinc- coated brass wire provides better machining results when compared with the uncoated 

brass wire electrode in terms of lower SR, TWR, and greater MRR [9]. 

Abhinaba Roy et.al.,have reported the machining accuracy of TiNiCu SMA using wire EDM. As per ANOVA 

results, servo voltage (SV) followed by pulse on time (Ton) are proved to be most influential parameters when 

kerf width is concerned. When compared to Ti40Ni50Cu10, Ti50Ni40Cu10 had a better propensity for broader 

kerf formation and a larger material removal rate under equivalent machining conditions, which can be 

attributed to Ti50Ni40Cu10's lower thermal conductivity value. For a medium to average VMRR, testing runs 7 

and 11 produce satisfactory kerf width accuracy and are adequate for machining with average accuracy for the 

specified alloys [10]. Vinayak N Kulkarni et.al.,reported the Wire EDM process characteristics of  medical grade 

Ni-Ti SMAs. The main factor pulse on time affects the output responses such as MRR and Ra, followed by wire 

feed rate, according to ANOVA. However, Toff is the least significant parameter and has no effect on the 

output responses. WEDM process parameter optimization for NiTi SMA shows the best results obtained with 

the parameters Ton =115µs, Toff =25µs, and WF =4 m/min [11]. Shivangi Paliwal et.al., have evaluated 

machining of SMAs using non- conventional machining process. investigated the impact of various critical 

parameters such as voltage, pulse off time, pulse on time, current, and electrode wear rate on material removal 

rate, electrode wear rate, and surface roughness. The material removal rate of NiTi shape memory alloys is 

highly influenced by pulse current and pulse on time [12]. 
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Fig.1: Mechanism of wire cut EDM of Kerf width [13] 

The effect of machining factors on MRR, surface roughness, cutting speed, wire rupture, and wire craters has 

been studied in the literature for Nitinol shape memory alloy. However, to the best of the authors' knowledge, 

there is no published work on examining the effect of machining parameters and their level of relevance 

exclusively on kerf width by using Taguchi Method has not been carried out for copper based SMAs (i.e., Cu- 

Al-Mn SMA). 

 

II. METHODOLOGY 

 

The Cu-Al-Mn SMAs was the sample used in this investigation. The flat specimen measured 100X50X3mm in 

dimensions (LxWxT). Cu-89wt.%, Al-10.5wt.%, and Mn-0.5wt.% are the chemical compositions of the chosen 

alloy. Concord DK7720 wire cut EDM was used for the test. Because of its inexpensive cost and ability to be 

reused as many times as feasible during the machining, molybdenum wire with a diameter of 0.18 mm is used 

as a cutting tool in wire cut EDM machining. Distilled water, which works as a dielectric medium, was 

employed as a lubricant during the cutting operation. 

The Kw was measured using SEM after the machining process. The kerf width of Cu-Al-Mn SMAs was 

determined by measuring Kw in three different locations and taking the average of those measurements. The 

machined Kw, which changes with machining parameters, has a considerable influence on machining precision. 

The width of the kerf determines a machined part's dimensional precision. The Kw is affected by the diameter 

of the gap wire, the spark gap, debris in the gap, and wire vibration. The present work was carried out using 

wire cut EDM shown in fig.2 and fig.3 indicates the flat Cu-Al-Mn SMA specimen setup image in wire EDM 

equipment. Table.1 shows the parameters and their ranges of wire cut EDM considered for the present 

investigation. 

Table.1: Input factors and their ranges  

Parameters Level-1 Level-2 Level-3 

Pulse on time (µs) 90 95 100 

Pulse off time (µs) 5 10 15 

Peak current (A) 2 3 4 
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Fig.2: Wire cut EDM 

 
Fig.3: Setup image of SMA 

 

 

III. RESULTS AND DISCUSSION 

 

Fig.4 shows the main effect plot for kerf width. From. Table.1, It was found that pulse on time obtained rank-1 

position, peak current as rank-2 position followed by pulse off time as rank-3. Table.2 shows the kerf width 

results throughout 9 test runs. At the first glance, there was not a lot of variation observed that the result 

ranging from 223 to 325 μm. Further investigation by statistical analysis, the main factor that affected kerf 

width was discovered using ANOVA. From fig.4 it was found that as the Ton and Ip increases, the kerf width 

increases but when increase in Toff tends to decrease in width of kerf. Table 3 shows ANOVA, Ton and Ip were 

found significant since P-Values were less than 0.05. Based on the P-value the ranks for the individual 

parameter were obtained from the analysis. The contribution is more for pulse on time (45.26%), Peak current 
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(38.75%) and for pulse off time (0.30%). Since the pulse off time was found least significant parameter affecting 

the Kw. 

 
Fig.4: Main effect plot for kerf width 

 

Table.1 Shows the data for main effect plot  

Levels Pulse on time Pulse off time Peak current 

1 253.3 282.7 26 

2 290.7 280.7 280.7 

3 298.3 279 301.7 

Delta 45 3.7 41.7 

Rank 1 3 2 

 

Table.2: Machined data of kerf width (Kw) 

Sl. No Pulse on time (µs) Pulse off time (µs) Peak current (A) Kerf width (µm) 

1 90 5 2 223 

2 90 10 3 257 

3 90 15 4 280 

4 95 5 3 300 

5 95 10 4 298 

6 95 15 2 272 

7 100 5 4 325 

8 100 10 2 284 

9 100 15 3 287 
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Table.3 ANOVA for Kerf width (Kw)  

Source DF Seq SS Adj SS Adj MS F-value P-value Contribution 

Pulse on time 1 3082.67 3082.67 3082.67 15.52 0.011 46.34% 

Pulse off time 1 13.5 13.5 13.5 0.07 0.805 0.20% 

Peak current 1 2562.67 2562.67 2562.67 12.9 0.016 38.52% 

Error 5 993.17 993.17 198.63   14.93% 

Total 8 6652     100% 

  

IV. EFFECT OF PROCESS PARAMETERS ON KERF WIDTH (KW) 

 

The kerf width, which is the gap left by the wire electrode after passing through a certain point, can be used to 

determine the precision of a Wire cut EDM-machined component. The wire diameter and spark gap on both 

sides of the wire determine the kerf width. The input factors of the Wire cut EDM process define the spark gap, 

which changes based on the parameter values. Fig.4 indicates the SEM image of the kerf width of Cu-Al-Mn 

SMAs. The influence of Ton, Toff, and Ip on Kw was investigated. For the selected alloys, Kw increases as the 

pulse duration (Ton) increases, which may be explained by the fact that as the discharge duration increases, 

more material is melted, resulting in a larger kerf and thus reduced accuracy. The influence of increasing pulse 

duration on kerf width is clearly shown in Fig. 7, as more re-solidified molten debris is present at the kerf 

boundary due to the increasing explosive nature of the molten material. Because of the uniform distribution of 

the spark, resulting in the generation of more heat and, as a result, an increase in the width of the kerf. This 

causes a dimensional variation in the profile. Dimensional accuracy can be achieved at lower Ton and Ip values. 

 
 

Fig.6 SEM equipment Fig.7: SEM image of kerf width of Cu-Al-Mn SMA 
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As the Toff increases, the kerf width tends to decrease because the higher the value of Toff, the more debris is 

flushed away from the machining zone, improving dimensional accuracy [8][14]. A.Ikram et al. found that the 

overall influence of pulse off time on kerf width is minimal when compared to other parameters since the net 

change in pulse off time from starting to final value is not significant [3]. 

Fig. 6 shows the SEM equipment and fig.7 indicates profile of kerf width observed from SEM. When pulse on 

time is set to 100µs, more metal residues were observed along the boundary of the machined zone. Similarly, 

when the peak current was increased to 4A, the average amount of metal residue that was formed along the 

machined area increased, resulting in an increase in kerf width. Similarly, a small width of kerf can be observed 

when the Ton is set to 15µs and found very less metal residue along the boundary of the kerf width. 

  

V. CONCLUSIONS 

 

The following are the conclusions obtained from the experimental results, 

 

• The Taguchi method was used to evaluate the impact of cutting parameter on Kw. 

• From ANOVA, it was noticed that pulse on time is the most significant factor affecting kerf width followed 

by peak current and pulse off time. As the pulse off time increases, the kerf with tends to decrease. 

• From the SEM image, the width of the kerf was identified and observed a recast layer formation along the 

around the kerf boundary of the alloy for all three parameters. Maximum pulse on time and peak current 

values resulted in the increase of recast layer. The obtained recast layer is free from crack formation and 

results in good accuracy of the kerf width of the alloy. 

• A thorough experimental examination is also necessary to assess the machinability of Cu-Al-Mn SMA in 

Wire cut EDM using various multi optimization techniques. 
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ABSTRACT 

 

Nano magnetic ferrites are one of the important classes in the family of nanomaterials. In the recent days the 

Nano magnetic ferrites draw greater attention of the researchers all over the world due to their significant 

applications in the field of electronics, gas sensing, catalysis, magnetic drug delivery and magnetic resonance 

tomography. In the present work copper ferrite (CuFe2O4) and lanthanum doped CuFe2O4 were synthesized 

by using nitrates as source materials and citric acid as fuel via self-combustion reaction. The synthesized 

CuFe2O4 and lanthanum doped CuFe2O4 were characterized using XRD, FTIR and SEM-EDAX. The XRD 

reveals the high crystallinity of the synthesized nano ferrites. The effective synthesis of the nano ferrite samples 

were further confirmed by FTIR and SEM-EDAX. The dielectric study plays an important role in 

understanding the electric nature of the materials. The dielectric and ac conductivity studies on the CuFe2O4 

and lanthanum doped CuFe2O4 have been carried out using AAI LCR meter over the frequency range 100Hz-

100 kHz. The frequency dependence of ac conductivity, dielectric constant and dielectric loss factor of the 

synthesized CuFe2O4 and lanthanum doped CuFe2O4 were investigated and reported in this paper. 

 

Keywords: ac conductivity, copper ferrite, dielectric constant, dielectric loss, self-combustion 

 

I. INTRODUCTION 

 

The nano magnetic ferrites are attracting the researchers and scientists due to their variety of applications. The 

ferrites are represented by general formula MFe2O4 (M= Zn, Mn, Cu, Mg, Ni, Co etc). The ferrites have wider 

applications in high-density storage media, ferromagnetic fluids, catalysts, magnetic separation, magnetic 

resonance tomography, gas sensors and other applications [1]. Copper ferrite belongs to the class of inverse 

spinel structure [2]. The spinel structure of the copper ferrite has 8 Cu2+ ions in octahedral B-site while among 

16 Fe3+ ions, 8 Fe3+ ions occupy the tetrahedral (A-sites) and 8 Fe3+ ions occupy octahedral (B-sites) site of the 

unit cell. CuFe2O4 shows thermal stability, high resistance to corrosion, excellent catalytic properties, 

photocatalyst and ferrimagnetism [3-6]. The Copper ferrite is commonly used in cell labeling, gas sensing and 

electrochemistry [7-9]. Lanthanum is rare earth element and shows strong photo-luminescence and magnetic 

moment. It was reported in the literature that the substation of the minute amount of rare earth ions in ferrites 

causes a notable change in electrical and magnetic properties [10, 11]. 
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II. EXPERIMENTAL WORK 

 

For synthesis of CuFe2O4and lanthanum doped CuFe2O4, the Copper nitrate [Cu (NO3)2 3H2O (MW 241.6 

g\mol)], Ferric nitrate [Fe (NO3)3 9H2O (MW 404 g\mol)], Citric acid [(C6H8O7) (MW 192.12 g\mol)], 

Lanthanum nitrate [La (NO3)2 6H2O (MW 324.92 g\ mol)] and Ammonia solution [NH3OH (17.037 g\mol)] of 

high purity have been used. The 0.02M of ferric nitrate solution is prepared by dissolving 1.01 gm of Fe (NO3)3. 

9H2O in  50 ml of DI water. The 0.02M ferric nitrate solution is added to 50ml of 0.05M citric acid solution. 

The solution of ferric nitrate and citric acid solution is stirred for 10minutes.This solution is labelled as solution 

A. 0.02M copper nitrate solution is prepared by dissolving 0.604gm of Cu (NO3)2. 3H2O in 50ml of DI water. 

The 0.02M of copper nitrate solution is added 50ml of 0.05M citric acid solution. The solution of copper nitrate 

and citric acid solution is stirred for 10minutes. This solution is labelled as solution B. Mix the solutions A and 

B in the Molar Ratio 2:1 and stir the mixture using magnetic stirrer for 25 min to get homogeneous reaction 

mixture. After complete dissolution, Ammonia was added drop wise into the solution to adjust the PH -7 to 8 

and the stirring is continued at 90 until the concentrated gel of CuFe2O4 is formed. The gel is then taken in a  

glass petry dish and heated at 200 to allow self-combustion reaction to take place. After the self-combustion 

reaction, powder of CuFe2O4 is collected in the petry dish. The powder of CuFe2O4 is then calcinated at 400  

for  4 hours in the vacuum furnace to exhaust any moisture content in the sample. To prepare lanthanum doped 

CuFe2O4, the same procedure is used. Here 5wt% of lanthanum nitrate relative to ferric nitrate is mixed with 

0.05M citric acid and Fe (NO3)3.9H2O solution to get solutionA. 

 

III. RESULTS AND DISCUSSION 

 

The phase purity, surface morphology and composition of the synthesized nanoferrite samples were 

characterized by XRD, FTIR and FESEM-EDAX. 

 

A. XRD: 

The XRD patterns of the samples were recorded using the Bruker 8 advance in the range of 0-100 . The XRD 

pattern of CuFe2O4 is depicted in the Figure (1). At 2theta angles of 18.33 , 29.88 , 30.59 , 34.75 , 35.90 , 37.13 ,  

41.86 ,  43.80  ,  46.87 ,  52.73  ,  53.88 ,  55.34 , 57.07 ,  57.89 ,  62.13  ,  63.68 ,  66.23  ,  69.07 ,  71.91 , 73.19 , 

74.63 , 76.16 and 79.15 sharp XRD peaks are observed. 

 
Figure (1): XRD of CuFe2O4 
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The absence of impurity peaks in the xrd pattern shows the high purity of CuFe2O4 and the sharp XRD peaks 

confirm the high crystallinity of the synthesized CuFe2O4. The peaks are indexed for reflecting planes; (1 0 1), 

(1 1 2), (2 0 0), (1 0 3), (2 1 1), (2 0 2), (0 0 4), (2 2 0), (2 1 3), (2 0 4), (3 1 2), (1 0 5), (3 0 3), (3 2 1), (2 2 4), (4 0 

0), (3 2 3), (1 1 6), (3 3 2), (3 0 5), (4 2 2) and (4 0 4) of tetragonal CuFe2O4 with a =5.8444 and c = 8.6304 and 

the results obtained were in close agreement with the JCPDS Card No.034-0425. The Figure (2) shows the XRD 

pattern of lanthanum doped CuFe2O4. By observing the XRD pattern of lanthanum doped CuFe2O4, it is seen 

that all the major CuFe2O4 peaks of CuFe2O4 reappear in the case of lanthanum doped CuFe2O4. The XRD 

peaks of lanthanum doped CuFe2O4 are sharper due to higher crystallinity compare to pure CuFe2O4. 

 
Figure (2): XRD of lanthanum doped CuFe2O4 

The crystallite size of the nanoferrites was estimated using the FityK software [12]. Figure (3) shows the 

Gaussian fit to the major peak of CuFe2O4 corresponding to reflection (2 1 1) using FityK and Figure (4) shows 

the Gaussian fit to the major peak of lanthanum doped CuFe2O4 corresponding to reflection (2 1 1) using FityK. 

The crystallite size (D) was estimated using the following Equation: 

D= Κλ / β COS θ 

Where K is shape factor and its typical value is 0.94 for spherical crystallites with cubic symmetry, λ the X- ray 

wavelength (Cu  ), β the FWHM (Full Width Half Maximum) of XRD peak in radians and θ the Bragg’s angle. 

The β is found to be 0.276 and crystallite size is estimatdd to be 31.61nm for pure CuFe2O4. For lanthanum 

doped CuFe2O4, the β is found to be 0.314 and crystallite size is turn out to be 27.79nm. Decrease in crystalline 

size of the lanthanum doped copper ferrite is attributed to the inclusion of lanthanum ions in the lattice of 

copper ferrite. 

 
Figure (3): Gaussian fit for CuFe2O4 
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Figure (4): Gaussian fit for lanthanum doped CuFe2O4 

 

B. FTIR 

The FTIR technique is useful for identification of functional groups present in the sample. The FTIR spectra for 

the CuFe2O4 samples have been carried out using Bruker spectrometer in the wave number range 400 to 4500 

cm -1. The FTIR spectrum of CuFe2O4 is shown in the Figure (5). The spectrum shows two characteristic 

absorption peaks at 575.61 cm -1and 399.18cm-1 which corresponds to the octahedral and tetrahedral sites of + 

ve ions of CuFe2O4 respectively [13]. The FTIR spectrum of lanthanum doped copper ferrite is depicted in the 

Figure (6). In the case of lanthanum doped CuFe2O4 the characteristic absorbtion observed at 590.53 cm-1 and 

407.08 cm-1 It is observed that the characteristic absorbtion peaks are peaks are shifted to longer wavenumber 

side in the case of lanthanum doped CuFe2O4. The presence of lanthanum ions in the lattice of CuFe2O4 is the 

reason for the shift in wavenumber of the characteristic absorbtion peaks. 

 
Figure (5): FTIR of CuFe2O4 
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Figure (6): FTIR of lanthanum doped CuFe2O4 

 

C. FESEM –EDAX 

The FESEM–EDAX of the nanoferrite samples were recorded using ZEISS with the accelerating voltage 

5.0kVand higher magnification of the order of 50.00- 100.00kX. The surface morphology and shape of the 

nanoferrite samples were analysed through FESEM. The Figure (7) is the FESEM micrograph of CuFe2O4. The 

FESEM micrograph visualizes the polyhedron shape of the copper ferrite. There is uniform distribution of 

grains in the space with no porosity. 

 
Figure (7): SEM image of CuFe2O4The Figure (8) is the FESEM micrograph of lanthanum doped CuFe2O4 is 

shown in the Figure (8). The micrograph clearly reflects the accumulation of lanthanum on the polyhedron 

CuFe2O4. 

 
Figure (8): SEM image of lanthanum doped CuFe2O4 
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The chemical content of the nanoferrite samples were analysed by EDAX. The Figure (9) is EDAX of pure 

copper ferrite. The peaks observed at 0.930keV and 8.040keV correspond to Cu, the peaks observed at 0.705keV 

and 6.403keV correspond to Fe and peak observed at 0.532 keV corresponds to O. presence of sharp peaks of Cu, 

Fe and O is the clear indication of formation of copper ferrite. 

 
Figure (9): EDAX of CuFe2O4. 

 
Figure (10): EDAX of lanthanum doped CuFe2O4 

  

The EDAX of lanthanum doped copper ferrite is depicted in the Figure (10). In the EDAX of lanthanum doped 

CuFe2O4; there are sharp peaks of lanthanum at 0.833keV, 4.650 keV and 5.888 keV in addition to Cu, Fe and 

O peaks. FESEM –EDAX analysis supports the inclusion of lanthanum ions in the lattice of copper ferrite and 

the results obtained from the XRD and FTIR confirm this. 

 

D. Dielectric measurement 

The fine powder of nanoferrite was pelletized using hydraulic press at a pressure around 2tons. The pellet was 

polished carefully to get smooth surface. The silver paste was coated on either faces of the pellet. Utmost care 
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was taken to ensure no electric connection between two faces of the pellet while coating the silver paste. The 

pellets were allowed to dry for twenty days to completely evaporate moisture. The dielectric measurement was 

carried out using LCR meter AAI. AAI can measure the dielectric parameters up to frequency 100 kHz. The 

Figures (11a) and (11b) depict the variation of dielectric constant of CuFe2O4 and lanthanum doped CuFe2O4 

with applied frequency. 

 
Figure (11): Frequency dependence of dielectric constant of (a) CuFe2O4and (b) lanthanum doped CuFe2O4. 

The dielectric constant, decreases with increasing frequency. The dielectric constant of lanthanum doped 

CuFe2O4 is higher than that of the CuFe2O4 which means that the lanthanum doped CuFe2O4 seems to be 

more capable of storing electric energy than the CuFe2O4. 

 
Figure (12): Frequency dependence of dielectric loss of (a) CuFe2O4 and (b) lanthanum doped CuFe2O4 
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The Figures (12a) and (12b) show the frequency dependence  of  dielectric loss factor, of the CuFe2O4 and 

lanthanum doped CuFe2O4. The dielectric loss factor gives information about the energy dissipation in 

dielectric material when the material of interest is subjected to an external ac signal. The dielectric loss factor of 

the nano ferrites varies inversely with applied frequency. The lanthanum doped CuFe2O4 shows greater 

dielectric loss than the CuFe2O4. 

 
The Figures (13a) and (13b) show the frequency dependence of ac conductivity of the CuFe2O4 and lanthanum 

doped CuFe2O4. It is found that the ac conductivity of CuFe2O4 increases with increasing frequency of the 

applied voltage. This increase in ac conductivity with frequency may result due to increase in charge carriers 

hopping in the ferrite with frequency. The ac conductivity of lanthanum doped CuFe2O4 is higher compared to 

CuFe2O4. 

 

IV. CONCLUSION 

 

Copper ferrite (CuFe2O4) and lanthanum doped CuFe2O4 were synthesized effectively using citric acid as fuel 

via self-combustion reaction. The synthesized samples have been characterized using XRD, FTIR and FESEM-

EDAX. The dielectric study shows decreasing trend of both the dielectric constant and dielectric loss with 

frequency. In the lower frequency range there may be faster response of dipoles to the frequency of the applied 

field and dipole polarization has maximum value. At higher frequencies dipole polarizability will reach 

minimum value due to slow response of dipoles to the frequency of the applied field. Therefore, dielectric 

values; dielectric constant and dielectric loss saturate at minimum value at higher frequency range. The ac 

conductivity increases with increasing frequency due to the hopping of charge carriers. The ac conductivity of 

lanthanum doped CuFe2O4 is more than that of the CuFe2O4. In the octahedral site, lanthanum ions replace 

Cu2+ ions. Some of the Fe3+ ions in the tetrahedral site will diffuse to octahedral site. This will increase the ac 

conductivity of lanthanum doped CuFe2O4. 
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ABSTRACT 

 

A high concentration of fluoride in ground water beyond the permissible limit of 1.5 mg/L is a major health 

problem in India. The goal of this work is to use Geographic Information System (GIS) techniques to 

understand the fluoride concentration in the drinking water of BagepalliTaluk (BPT). For the present study, 

184 and 23 samples were collected from the rural and urban areas of BPT. This study reveals that, fluoride 

content in rural areas of BPT varied from 0.1 to 1.74 mg/l with an average of 0.946 mg/l. Also, out of 24 

GramaPanchayaths (GPs), 16 GPs were contaminated with high fluoride content. A very high concentration of 

1.74 mg/l and 1.71 mg/l were recorded from Thollapalli and Pathapalya GPs. In urban areas, fluoride 

concentrations varied from 0.47 to 1.39 mg/l with an average of 0.96 mg/l. The majority of the samples 

exceeded the standard limit of 1 mg/l given by BIS 10500:2012, so drinking fluoride contaminated water causes 

major health problems in the areas of BPT. The present study is helpful in proper planning and management of 

available water resources for drinking purposes. 

Keywords: Fluoride, GIS, Bagepalli, Chikkaballapura, Drinking water, Groundwater 

 

I. INTRODUCTION 

 

According to WHO 1984, due to the poor quality of drinking water, the world is affected with 80% of diseases 

[1]. Fluoride (F) is one of the prominent elements found in ground water. When consumed in moderation, 

fluoride in drinking water has some health benefits, such as reducing dental cavities. However, an excessive 

presence of this anion in the drinking water (> 1.5 mg/L) can lead to health problems such as dental and skeletal 

fluorosis [2, 3]. Generally, a limited concentration of fluoride is present in groundwater and soil. However, 

certain anthropogenic activities, such as the application of fertilisers in agricultural activities and the untreated 

discharge of industrial waste, aggravate the fluoride concentration and become the cause of ground and surface 

water contamination [4]. India is one of the most affected countries by fluoride contamination in groundwater. 
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According to [5], approximately 12 million tonnes of fluoride deposits are present in the earth's crust of Indian 

topography, and both geogenic and anthropogenic activities have a role in aggravating this presence. 

The impact of geogenic activities and climatic conditions on the fluoride level in ground water Yadav et al. [5] 

was one of the focal points of the researchers. Suthar et al. [6], who conducted a study on the villages in 

northern Rajasthan, which is a part of the peninsular plateau, indicated the association of geogenic sources with 

the presence of fluoride in the ground water. The study demonstrated higher levels of fluorides in the ground 

water and vaguely hinted at the role of semi-arid conditions and the rocky geography, with the presence of 

bedrock of gneisses and schists, in the increased concentration of fluorides. Reddy et al. [7] indicated that the 

ground water originated from fractured hard rock terrain could be the reason for the higher fluoride presence 

in the ground water in those areas. The relationship between fluoride presence and geogenic sources as well as 

climatic conditions was further highlighted by Mishra et al. [8]. Naaz[9] also pointed out the geogenic sources 

like granite and gneissic rocks as the reason for the exceedingly high presence of fluorides in the drinking water. 

Several studieshave highlighted the role of geogenic sources in the increased presence of fluorides in ground 

water.The study by Singaraja [10] hinted at the role of climatic conditions. The author demonstrated the higher 

concentration of fluoride in the pre-monsoon season in comparison with the post monsoon season, indicating 

the dilution effect. This was further supported by Batabyal and Gupta [11], who also highlighted the effect of 

natural and climatic activities on the presence of fluorides in groundwater. Anthropogenic activities can also be 

the source of fluoride pollution. Ravindra and Garg[12]  provided an indication of the role of anthropological 

activities, such as agricultural activities and improper water treatment, in determining fluoride levels.  

Fluoride contamination of groundwater has irreversible consequences for plants and human health. In humans, 

high fluoride intake causes physiological problems, skeletal and dental fluorosis, thyroxin changes, and kidney 

damage. Fluoride levels above a certain level hinder germination, create ultrastructural deformities, lower 

photosynthetic capabilities, alter membrane permeability, reduce productivity and biomass, and cause various 

physiological and biochemical problems in plants. The uncontrolled exploitation of groundwater has resulted in 

elevated fluoride levels in the water. People's health has been affected as a result of their consumption of this 

water [13]. 

 

TABLE I HARMFUL EFFECTS OF DIFFERENT LEVELS OF FLUORIDE IN DRINKING WATER [13] 

Fluoride Level (mg/l)       Harmful Effects 

Less than 1      No dental caries 

1.00 – 1.50    Acceptable 

1.50 – 3.00    Mottling and pitting of teeth 

3.00 – 6.00    Skeletal Fluorosis 

More than 10.00     Crippling Fluorosis (Skeleton) 

 

Chikkaballapura is a district in the state of Karnataka, just north of the capital Bengaluru. Groundwater plays an 

important role in the economy of the farmers of the Chikkaballapura district of Karnataka. Agriculture was 

mainly dependent on irrigation facility by numerable widely distributed tanks during earlier days. Due to 

drought situations farmers are now mainly depending upon borewells for their agriculture needs. As per 
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Central Ground Water Board (CGWB) report, there is no scope for further ground water development. All the 

taluks are over exploited especially Bagepalli. Fluoride concentration of more than 1.5 mg/l is reported from 

many parts in Bagepalli. However, some of the exploratory bore wells also have recorded fluoride concentration 

of 2mg/l and above [13]. The main objective of the present study is to assess the fluoride concentration in 

drinking water in the Bagepallitaluk of Chikkaballapura district using GIS. 

The quality of groundwater has particularly received immense attention since water of high quality is required. 

Until recently, groundwater assessment has been based on laboratory investigation, but the advent of satellite 

technology and GIShas made it very easy to integrate various databases.GIS can be a powerful tool for 

developing solutions for water resources problems, assessing water quality, preventing flooding, determining 

water availability, understanding the natural environment and for managing water resources on a local or 

regional scale [14]. 

 

II. MATERIALS AND METHODS 

 

Bagepallitaluk is in the Chikkaballapura district of Karnataka. The district has no perennial water sources for 

both agriculture and drinking water purposes and is only source of water is ground water. According to 

Chikkaballapura district at a glance report 2019, the BPT consists of 25 GPs and has the total area of 929 sq. km 

with a total population of 1,83,498. Normal rainfall in BPT was 667mm. The topography of the district is 

undulating to plain, the types of soils distributed range from red loamy soil to red sandy soil and lateritic soil.  

Drinking water sampling was carried out in November to December 2020 in urban and rural areas of the BPT 

taluk. 184 and 23 samples were collected from the rural and urban areas of BPT, respectively. In the rural areas 

of BPT, the samples were collected from 24 GPs. The geographical location of each sample was determined 

with the help of GPS. Samples were collected in pre-cleaned polypropylene bottles as per the standard 

procedures. On the same day, after collecting water samples, they were stored in the laboratory at a 4 °C 

temperature level and analysed for fluoride content to check their suitability for drinking as per BIS 10500:2012. 

Figure 1 and figure 2 shows the location map of Bagepallitaluk of Chikkaballapura district and sampling 

locations in the study area, respectively. 

  
Figure 1:Location map of Bagepallitaluk of Chikkaballapura district, Karnataka 



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published : March 15, 2022 Page No : 807-813 

 

 

 

 
810 

  
Figure 2: Sampling locations in the study area 

 

III. RESULTS AND DISCUSSIONS 

 

The table 2 shows the fluoride content in BPT. Fluoride content in rural areas of BPT was varied from 0.1 to 

1.74 with an average of 0.946 mg/l. In the case of MittemariGP, high fluoride (1.48 mg/l) was recorded at 

Chinnampalli village. Likewise, InKanagamakalapalli, Yellampalli, Gulur, Nallapareddypalli, Chakavelu, 

Rascheruvu, Somanathapura, Palyakere, Naremaddepalli, Pathapalya, Thollapalli, Thimmampalli, 

Devaragudipalli, Gantavaripalli, Paragodu, Marganakunte, Kothakota, Billur, Gorthapalli, Chelur, 

Nallaguttapalli, Polanayakanahalli, and JulapalyaGPs, high concentrations of fluoride were recorded at the 

village Pillagutta (1.52 mg/l), Patravarapalli (1.67 mg/l), Chinnakayalapalli (1.72 mg/l), M Cherlopalli (1.7 mg/l), 

Maddireddipalya (1.34 mg/l), Aragevarigutta (1.46 mg/l), Mangalamaduguvarapalli (1.37 mg/l), Gollapalli (1.50 

mg/l), Kamatampalli (1.46 mg/l), Gondipalli (1.71 mg/l), Nallacheruvunagarlu (1.74 mg/l), Gujjavandlapalli (1.61 

mg/l), Peddathunkepalli (0.4 mg/l), Puttaparthi (0.39 mg/l), Srinivasapura (0.46 mg/l), Nanjireddipalli(0.37 mg/l),  

Krishnapura (0.34 mg/l), Kottur (0.33 mg/l), Kothur (0.37 mg/l), Byrappanapalli (0.97 mg/l), 

Kottakotavandlapalli (1.18 mg/l), Dugginayakanahalli(1.23 mg/l) and Vadigere (1.22 mg/l) respectively. Out of 

24 GPs, 16 GPs were contaminated with high fluoride content.  

In urban areas, fluoride concentrations varied from 0.47 to 1.39 mg/l with an average of 0.96 mg/l. In Table 3, 

ward numbers indicate that drinking water from various points was supplied to those particular wards. High 

fluoride content was noticed in the water supplied to wards 2, 3, and 6. From the results, it was observed that 

high fluoride concentrations were recorded in many parts of the taluk and most of sample were exceeds the 

acceptance limit of 1 mg/l as per BIS 10500:2012. Hence, they were not fit for drinking purposes. The cause of 

this contamination is linked to decreased rainfall, which has resulted in longer periods of drought in the area, 

forcing residents to dig deeper and deeper in search of water, resulting in a decrease in groundwater level. 

Figure 3 shows the spatial variation map of fluoride in the rural areas of Bagepalli. 
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Figure 3: Spatial variation map of fluoride in the rural areas of Bagepalli 

TABLE II FLUORIDE CONCENTRATIONS IN BAGEPALLI TALUK (RURAL) 

GramaPanchayaths No. of samples  F, mg/l 

Min. Max. Mean 

Mittemari 5 0.91 1.48 1.14 

Kanagamakalapalli 11 0.66 1.52 1.19 

Yellampalli 7 0.36 1.67 0.96 

Gulur 4 0.56 1.72 1.15 

Nallapareddypalli 7 1 1.7 1.33 

Chakavelu 9 0.83 1.34 1.09 

Rascheruvu 9 0.84 1.46 1.15 

Somanathapura 7 1.15 1.37 1.24 

Palyakere 9 0.88 1.50 1.24 

Naremaddepalli 5 0.92 1.46 1.24 

Pathapalya 9 1.12 1.71 1.47 

Thollapalli 8 1.45 1.74 1.61 

Thimmampalli 14 1.06 1.61 1.33 

Devaragudipalli 9 0.11 0.4 0.25 

Gantavaripalli 5 0.12 0.39 0.26 

Paragodu 8 0.1 0.46 0.25 

Marganakunte 9 0.19 0.37 0.30 

Kothakota 7 0.26 0.34 0.3 

Billur 6 0.21 0.33 0.26 

Gorthapalli 6 0.17 0.37 0.26 

Chelur 9 0.46 0.97 0.79 

Nallaguttapalli 11 0.17 1.18 1.01 

Polanayakanahalli 6 1.11 1.23 1.18 

Julapalya 4 1.02 1.22 1.10 
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TABLE III  FLUORIDE CONCENTRATION IN BAGEPALLI TALUK (URBAN) 

  

Town Ward No. (Drinking water supplied to) F, mg/l Min. Max. Mean 

 

 

 

 

 

 

 

 

 

 

Bagepalli Town  

1 0.55  

 

 

 

 

 

 

 

 

 

0.47 

 

 

 

 

 

 

 

 

 

 

1.39 

 

 

 

 

 

 

 

 

 

 

0.96 

2, 3 0.89 

2, 3, 6 1.39 

3 1.28 

2, 3 0.92 

4 0.53 

2, 3, 4 1.22 

10, 11, 12 0.57 

18 1.13 

10 1.06 

14 1.2 

15, 17 0.8 

19 1.23 

10, 12, 13 0.88 

20 1.2 

21 0.99 

23, 22 1.28 

16 0.95 

Chithravathi Filter Water 0.47 

9 0.59 

7, 5 0.89 

5 1.08 

5 1.1 

 

IV. CONCLUSIONS 

 

The results indicate that most of the samples from urban and rural areas were beyond the acceptable limits as 

per BIS. The fluoride content in rural areas of BPT varied from 0.1 to 1.74 mg/l with an average of 0.946 mg/l. A 

very high concentration of 1.74 mg/l and 1.71 mg/l were recorded from Thollapalli and Pathapalya GPs. In 

urban areas, fluoride concentrations varied from 0.47 to 1.39 mg/l with an average of 0.96 mg/l. As a result, 

there is an urgent need to reduce fluoride contamination in Bagepallitaluk. Consumption of high 

concentrations of fluoride can lead to serious health issues. The long exposure and use of groundwater that has 

high fluoride results in fluorosis. The present study is helpful in proper planning and management of available 

water resources for drinking purposes. 
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ABSTRACT 

 

Current world is rapidly forward towards smart systems to incarnate easy and versatile in all actions of 

development using Wireless sensor network (WSN) technologies. WSN is applied in smart farming to assist in 

monitoring and controlling as advances in technology. The applications based on WSN are similar to those 

components used in industries, control applications, automation and security systems. WSN can be designed 

and implemented for commercial crop rose in a greenhouse to provide best growing conditions. In this paper a 

new device namely Smart panel, a system helps person with inferior knowledge of technology to understand 

and maintain rose green house will be considered. The system allows agricultural environment data collection 

from each sensor such as temperature, humidity, and light in rose greenhouse a smart panel will be designed. 

The data mining techniques will be used to identify behavioral patterns according to environmental conditions 

captured by sensor network. The monitoring includes functions like crops management, harvesting, water 

supply control, animal control, pesticide distribution, humidity and temperature. The actuators to automate 

farming and provide precision farming experience. The smart panel assists in e-governance by setting simple 

data exchange between farmers and government. Farmers will be benefitted by system as to keep them up to 

date agricultural related announcements.  

Keywords: WSN, data mining, smart agriculture, precision farming, smart panel, e governance, Crop yield, pest 

control, green house 

  

I. INTRODUCTION 

 

The collection of large set of mobile or static sensor nodes featured with self-organization and self-location 

assisted single or multi-hop network is known as Wireless Sensor Network (WSN). The sensors will be 

embedded with capability to interact with each other in network environment be processing information and 

communication to each other wirelessly. Mainly WSN is deployed with purpose to detect, process and to 

communicate sensed information in remote areas. Hence it has greater impacts in seismic, low sampling 

magnetic, thermal, visual,   infrared, acoustic and radar real time applications (1). The typical WSN network is 

shown in figure 1. 

The WSN has been employed in precision agriculture with an aim to prevent to manage routine to a crop 

regardless of site circumstances to improve in several circumstances such as minimize the water requirement, 
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wastage of pesticides, control pests and diseases, supply of required nutrients to soil and others(2). The tradition 

farming varies from PA sense that this process accurately identifies variations and relates the spatial data to 

management activities. PA involves five stages, namely, (i) data collection, (ii) diagnosis, (iii) data analysis, (iv) 

precision field operation, and (v) evaluation [4].  

 
Figure 1:   Typical WSN architecture 

 

A. Motivation 

One of the primary basic needs of human beings is food due to increase in population throughout world is 

facing shortage of food. Though according to world statistics India being in 27th position in production of food 

face problem to feed everyone in the country. The changes in climate and scarcity of water alarm adaptation of 

new improvement methods (Mueller et al., 2012). So, agricultural sector must increase yield by adopting 

modern technologies in order to meet gap ((Chen et al., 2015;). the most favorable facilities for Agriculture can 

be considered as one of WSNs to improve food crop yields and minimize the burden of farmers[3]. Hence, out 

main objective of proposed work is to assist a farmer with very less or absolute technical knowledge by 

introducing smart panel concept.  

 

The main contributions of this paper are summarized as follows: 

• Automatic watering and pesticide supply system for rose greenhouse 

• The identification of smart sensor potentials in terms of best power consumption and communication 

distance for PA application. 

• The taxonomy of energy-efficient and energy harvesting techniques to resolve problems of communication 

• To develop an environmental conditions identification system to high precision agriculture within 

controlled environment by applying to rose green house 

• The smart panel will be provided interface to sensor and actuators 

• The existing solutions, applicability, and limitations of applying WSNs in agriculture will be reviewed and 

compared 

• The applicability of data mining techniques to obtain prediction model will be dealt.  

 

 

 

 



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published : March 15, 2022 Page No : 814-822 

 

 

 

 
816 

II. RELATED WORK 

 

This section briefs some compiled works which aligns with proposed by highlighting key focus and progress. 

Since from time of PA adaptation around 1994 have gone through various modifications with the advancement 

in technologies. Few researchers have also incorporated IOT and cloud computing to assist in PA functionalities 

[4]. For processing and to get accurate results at faster rate machine learning techniques are being introduced 

[5]. The key concern of PA is smart irrigation system. The automatic watering system based on Arduino UNO 

design in [8] detecting level of moisture in the soil using soil moisture sensors. A similar project developed in [9] 

by applying increased technology ATmega32 microcontroller, where an automatic watering of plants from tank 

is developed. IOT based automated irrigation system was developed in (10). Decision support system based on 

PH levels for watering of plants adopted in (11). The Raspberry Pi, humidity and temperature sensors based 

automatic system irrigation system developed to increase crop production [2]. Wi-Fi enabled ploy house 

implemented in [3], low power Bluetooth and Low Power Wide Area Networks (LPWAN) communication 

modules and MQ Telemetry Transport (MQTT) communication method is used in monitoring and control 

systems of PA in [4] 

The crop estimation has been another major research concern in PA, the image based crop estimation was 

implemented in [12], satellite image based prediction adopted in [13], machine learning model based prediction 

in [5], prediction based on data mining knowing soil quality designed in [6] 

In [1] an IoT based monitoring and controlling system designed using moisture sensors. For pest control 

initially manual techniques were applied by trapping those in pheromone trap [6] later moved on to image 

based pest fine grained optimization [7].the crop suggestion system based on soil fertility was developed in [7]. 

A zigbee based WSN drip watering system designed measuring soil moisture, temperature, light intensity and 

electric conductivity for making decisions in (Xinjian Xiang14). A monitoring system to monitor agricultural 

environment using System on Chip to reduce cost and physical size was constructed in (Jzau-Sheng Lin et al.15). 

A decision system for producer using WSN is implemented in (Zhao Liang et al). the knowledge base and 

diffuse inference rules providing intelligent watering mechanisms implemented in this system. 

Initially smart board concept was adopted for teaching purpose [14], and mainly to teach math [15], later 

similar concept was adopted in (16) identifying benefits of smart board. 

The prediction system for apple plagues constructed based on WSN in (Bharava, 13). The system is used to 

identify temperature and foliar humidity measurements. The watering for cherry plant by detecting specific 

area and implementing drip watering system with Bluetooth build in (Dursen and Ozden16 ). An automated 

agriculture system to monitor and control the growth process of melon in green house was implemented in 

(Yoo S. et al.17).  Most of the works presented systems are only proposals, few works are implemented and very 

few works are specific to applications. So, forward trending actions are required for better productivity. 
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TABLE 1 SUMMARY OF RELATED WORK 

 

Author Title Year Domain Application of interest  

Jonathan Jao, Bo 

Sun Kui Wu 

A Prototype 

wireless 

Sensor Network 

for 

Precision 

Agriculture 

2013 WSN in agriculture Utilizes solar panels and 

rechargeable battery to 

address the problem of 

limited battery supply 

Ravi Kishore 

Kodali, Nisheeth 

Rawat, Lakshmi 

Boppana 

WSN Sensors for 

Precision 

Agriculture 

2015 WSN In Precision 

Agriculture 

Different Sensors used in 

Agriculture and mathematics 

behind them  

Santoshkumar, 

Udaykumar R.Y 

Development of 

WSN system for 

precision 

agriculture 

2015 Precision 

Agriculture 

Smart low cost WSN is used 

for monitoring and control in 

Precision Agriculture 

G.Sahitya,Dr.N.Bal

aji,Dr. C.D Naidu 

Wireless Sensor 

Network for 

Smart Agriculture  

2016 Agriculture To give real input according 

to the environment, Sensor 

network designing and 

transferring sensed values to 

zigbee 

 

III. PROPOSED WSN SYSTEM CONSTRUCTION 

 

Agriculture includes growing, maintaining and yielding of crops. Our aim is to construct smart panel to assist in 

monitoring all such actions remotely in a green house. Also, this paper tries to reduce problems of farmer. The 

modules included to assist are, automated calculation of crop yield, automatic watering of field, timely 

reporting of disorder and automatic pesticide application.  

The prediction of crop yield requires temperature, humidity, moisture and nutrient sensors. The counter 

sensors will be installed to figure out ripe crops with in green house area. The sensors will be communicating 

one to another to get live details regarding temperature or moisture detector will collect information within 

detection range(13). PH, temperature and moisture sensors will be installed in fields to function in automatic 

watering. PH level i.e nutrient index from PH sensors, dielectric constant index of the soil from moisture sensor 

and temperature of field from temperature sensors will be collected to make decision on movement of motor 

and amount of watering to rose plant. The water supply will be automatically made to start when sensors data 

shows information more than 800ohm, 700ohm and 7for temperature, moisture and PH respectively which is 

considered as non-ideal situation for rose plant (11). -Suitable mechanism will be installed such as ultrasonic 

pest detector with range between 20-50 kHz band and transducers to recognize pest through sound. The scale 
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from 1-5 will be designed to identify level of disorder based on portion area being infected. Through the 

information collected farmer will be able to supply suitable amount of pesticide via pump. Pesticide can be 

automatically supplied using motor as in water distribution or supplied manually. To establish communication 

between sensors wireless sensor network will be construct assisted with 802.15.4 technical standard and Zigbee 

Full Function Device to transmit data and GSM remote network distribution for storage and processing of 

information or federator-network technology like WLAN and WWAN can also be equipped or if all functions 

are to be carried in a system without Internet connection then WiMAx technology setup will be done (19,20). 

The data storage and result analysis can be suitably made to compute in smart panel so that smart panel will be 

able to communicate back to required sensor through commands. The proposed smart panel architecture to 

equip fro rose greenhouse is shown in figure 3 to assist in remote greenhouse monitoring.  

 

 
 

The major advantage of introduction of smart panel will be to help farmer with very less technical knowledge. 

It is observed from many precision farming systems that embedding and collaborating functionalities between 

modules to make it operative will be an issue. In such cases smart panel concept will be useful where it can be 

handled with minimum knowledge as person need not to interact directly with sensors or actuators. Further, 

the green house will be divided into small areas. It avoids overuse of water or pesticides by supplying only to 

required areas in correct proportions. If portion on is not having ideal values only sensors in that location will 

be active and rest portions sensors and actuators will be in sleep. 
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Figure 4: Smart panel 

 

An interactive smart panel will be designed as in figure 4. It will consist of buttons to accept commands or 

made to accept input and output voice messages. Further the operating system with simple functions required 

to support interface in smart panel. The interactive dash board and farmers assistant tool box to alert regarding 

information of any warnings for farmers, any news alert for any coming cyclone of flood will be designed. The 

flow of operations in the proposed model is described in figure 5. Governmental services notifications or 

suggestions regarding current crop yield information are accessible via smart panel.   

 
Figure 5 : Flow diagram of Rose Greenhouse Monitoring 
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IV. PREDICTIVE MODEL 

 

The proposed rose greenhouse monitoring system model is a completely implementation model but still not yet 

instrumented practically.  The rate of success of proposed model is estimated collecting economic data of 

components as in table 2(22,21). The price list of sensors and smart panel are estimated based on current market 

information. 

 

TABLE 2: ESTIMATED COST OF ROSE GREENHOUSE MONITORING SYSTEM 

 

Name of the Component Required Number of Units Cost 

Temperature sensor 4 2000 

Moisture sensor 10 5000 

PH sensor 2 12000 

UV sensor  2 1000 

Servo motor 8 5000 

Smart panel components 1 10000 

Total cost 35000 

 

A. Application Feature:  

The smart panel will be interactive for farmer to know about field information and to operate remotely. The 

data will be stored for further decisions making or for instant data fetching in web interactive pages or in 

mobiles. The information is provided to only authenticate persons through a Log-invalidating via a 

confirmation email. The data collected will be scripted with suitable parameters for further mining and 

subsequently to generate prediction model through learning tool. The temporal and numerical data will adjust 

itself to the algorithm which gives the best results and can show a prediction with the least amount of deviation 

to the parameters that were taken for the study probably. The dataset will be designed to include both raw; data 

collected from sensors and normalized data between zero and on. The three predictive models will be used to 

perform test linear regression, neural networks and support vector machines.  

 

V. CONCLUSION  

 

Thus, smart farming helps farmers to make sure to earn more money thereby improving economy of our county 

considering in large scale. Technology applied in proposed model is fundamentally a support, monitor and 

management tool for agricultural domain which can be extended to other domain also. Generally monitoring 

and predictive system being developed influences much on decision making on parameters temperature, 

humidity, moisture, luminosity and others. Normally, the goal of recording such value is to characterize crop by 

size, duration, sanitary status and others which assist farmers to take earlier actions. The learning algorithms 

tuned up in order to enhance greenhouse environmental conditions forecasting and a comparison with other 
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techniques will be put into effect. In the future, a complete solution using different hardware and software 

components designed during proposed work will be put in place. Further improvement for proposed work can 

be focused with automatic control of data regarding phonological status with introduction of cameras applying 

image processing concepts. Similarly nodes can be made to operate on solar energy minimizing energy 

requirement.  
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ABSTRACT 

 

The enhanced form of client-server, cluster and grid computing is termed as Cloud Computing. The cloud users 

can virtually access the resources over the internet. Task submitted by cloud users are responsible for efficiency 

and performance of cloud computing services. The number of tasks in the cloud is huge and the system is 

dealing with massive tasks all the time, so it is difficult to handle and manage. Scheduling means the order in 

which the set of tasks to be executed. 

Cloud computing provides various scheduling algorithms considering various parameters that can increase the 

performance of the system. Task scheduling is an essential downside within the cloud computing that has to be 

optimized by combining different parameter. Here the comparison of several job scheduling techniques with 

respect to several parameters, like response time, load balance, execution time and makespan of job to find the 

best and efficient task scheduling algorithm under these parameters. 

Already a lot of scheduling algorithm exists targeting to various goals like reducing execution time, cost, 

makespan and increase resource utilization, load balancing, etc. In this work, we have mainly carried out the 

performance analysis and comparison among various well-known task scheduling algorithms. 

 

I. INTRODUCTION 

 

Cloud computing is a new technology derived from grid computing and distributed computing and refers to 

using computing resources (hardware, software, and platforms) as a service and provided to beneficiaries on 

demand through the Internet. It is the first technology that uses the concept of commercial implementation of 

computer science with public users. It relies on sharing resources among users through the use of the 

virtualization technique.  

High performance can be provided by a cloud computing, based on distributing workloads across all resources 

fairly and effectively to get less waiting time, execution time, maximum throughput, and exploitation of 

resources effectively. Still, there are many challenges prevalent in cloud computing, Task scheduling and load 

balance are the biggest yet because it is considered the main factors that control other performance criteria such 

as availability, scalability, and power consumption. 

http://www.ijsrset.com/
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II. TASKS SCHEDULING ALGORITHMS OVERVIEW 

Tasks scheduling algorithms are defined as the mechanism used to select the resources to execute tasks to get 

less waiting and execution time or They can be defined as a set of rules and policies used to assign tasks to the 

suitable resources (CPU, memory, and bandwidth) to get the highest level possible of performance and 

resources utilization. 

Scheduling levels 

In the cloud computing environment there are two levels of scheduling algorithms: 

First level: in host level where a set of policies to distribute VMs in host. 

Second level: in VM level where a set of policies to distribute tasks to VM. 

 

III. TASK SCHEDULING ALGORITHMS ADVANTAGES 

 

1. Manage cloud computing performance and QoS. 

2. Manage the memory and CPU. 

3. The good scheduling algorithms maximizing resources utilization while minimizing the total task 

execution time. 

4. Improving fairness for all tasks. 

5. Increasing the number of successfully completed tasks. 

6. Scheduling tasks on a real-time system. 

7. Achieving a high system throughput. 

8. Improving load balance. 

 

IV. TASK SCHEDULING SYSTEM IN CLOUD COMPUTING 

 

The task scheduling system in cloud computing passes through three levels. The first task level: is a set of tasks 

(Cloudlets) that is sent by cloud users, which are required for execution. The second scheduling level: is 

responsible for mapping tasks to suitable resources to get highest resource utilization with minimum makespan. 

The makespan is the overall completion time for all tasks from the beginning to the end.The third VMs level: is 

a set of (VMs) which are used to execute the tasks as in Figure. 

 

 
Fig 1: Task scheduling system 



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published :March 25, 2022 Page No :  823-828 

 

 

 

 
825 

 

V. TASK SCHEDULING ALGORITHMS IN CLOUD COMPUTING 

 

1.1 FCFS 

FCFS: the order of tasks in task list is based on their arriving time then assigned to VMs. FCFS is a most popular 

and simplest scheduling algorithm. It is fairer than other simple scheduling algorithms and it depends on FIFO 

rule in scheduling task. It has less complexity when compared to other scheduling algorithms. But it also has 

few demerits such as tasks have high waiting time and it won't give any priority to tasks. That means when we 

have large tasks in the begin tasks list, all tasks must wait a long time until the large tasks to finish.  

The resources are not consumed in an optimal manner. And In order to measure the performance achieved by 

this method, we will be testing them and then measuring its impact on (fairness, ET, TWT, and TFT). 

 

1.2 Shortest Job First (SJF) 

Tasks are sorted based on their priority. Priority is given to tasks based on tasks lengths and begins from 

(smallest task ≡ highest priority). Some of the advantages of SJF are the wait time is lower than FCFS and SJF 

has minimum average waiting time among all tasks scheduling algorithms. And it has disadvantages such as it 

shows unfairness to some tasks when tasks are assigned to VM, due to the long tasks tending to be left waiting 

in the task list while small tasks are assigned to VM. And it takes long execution time and TFT. 

 

1.3 MAX-MIN Scheduling Algorithm 

In MAX-MIN tasks are sorted based on the completion time of tasks; long tasks that take more completion time 

have the highest priority. Then assigned to the VM with minimum overall execution time in VMs list. This 

algorithm is working to exploit the available resources in an efficient manner. And it has better performance 

than the FCFS, SJF, and MIN-MIN algorithm. But It increases waiting time to small and medium tasks; if we 

have six long tasks, in MAX-MIN scheduling algorithm they will take priority in six VMs in VM list, and short 

tasks must be waiting until the large tasks finish. And it shows unfairness to some or most small and medium 

tasks when tasks are assigned to VM. 

 

1.4 Min-Min scheduling Algorithm 

This algorithm is split into 2 stages. The estimated completion time of each assignment in a Meta task is 

determined for each resource in the first stage. In the second stage, the task is chosen and assigned to the 

corresponding element by shortest estimated completion time. Then the chosen task is erased from the meta-

list. This process is repeated before you map all the tasks in the Meta task. This raises the cumulative 

completion time of all the tasks and thereby raises the makespan. To finish their operation, the long tasks have 

to pause for smaller tasks.  

It causes for unbalancing load in Min-Min. The min-min method is easy, but at the time of the number of tasks 

in the Meta task is small relative to large tasks, it gives instant results. On the other hand, if the number of 

smaller tasks is overlaid by large-size, it offers bad utilization of resources and bot good makespan since large 

tasks have to pause until all low size tasks to be done. 
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1.5 Particle Swarm Optimization (PSO) 

This is meta-heuristic population-based algorithm exhilarated by social manners of fish schooling and bird 

flocking. The algorithm contains set of particles, and each particle depicts a solution for the problem in given 

search space which is then used to approach convenient solutions . This algorithm is initialized by a set of 

random particles and then finding a best solution in problem space. In PSO we use iteration to find out each 

particles position which is referred as Personal best Pb achieved by particle I and global best Pg. Position found 

by neighbour particle. 

 

VI. COMPARASION PARAMETERS 

 

Scheduling of the jobs/tasks, consider certain parameters through which the performance of the system can be 

improved by improving those parameters. Various parameters used to compare various scheduling algorithms 

are discussed in this section: 

• Makespan: It is defined as the total completion time of all the tasks in a job queue. The makespan should be 

reduced to increase the performance of particular algorithm. 

• Resource utilization: Resource utilization is the use of the resource in such a way that increases the 

throughput of the system. 

• Deadline: It is the period of time from submitting a task to the time by which it must be completed. 

• Execution time: The exact time taken to execute the given task is known as execution time. The ultimate 

goal of any scheduling algorithm is minimizing the execution time. 

• Completion time: The time taken to complete the whole execution of a job. It also includes the execution 

time and the delay caused by the cloud system. 

• Load balancing: It is the method of distributing the entire load in a cloud network across different nodes so 

that at a time no nodes remain under loaded. The load should be balanced to increase the efficiency of the 

system. 

• Energy consumption: Many different scheduling algorithms has designed to reduce the power 

consumption and improving the performance.  

• Performance: Performance indicates the overall efficiency given by the scheduling algorithm in order to 

provide good services to the user as per their requirements. 

• Quality of service: This includes various user input constraints like meeting execution, performance, 

deadline, cost, makespan, etc. 

• Response time: The elapsed time between the end of an inquiry or demand on a computer system and the 

beginning of a response. 

• Scalability: It is the ability of the system to function well when it is changed in size to satisfy the user need. 
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VII. COMPARISON OF VARIOUS TASK SCHEDULING ALGORITHMS 

 

Algorithms Methodology Paramete

rs 

Merits Demerits 

Particle 

Swarm 

Optimization 

The algorithms use population to 

find the optimal minimum values 

that help in creating a correct order 

of tasks and schedule task to a 

suitable resource 

.1.Inertia, 

2. C1,C2 

constants 

1.high utilization of 

resources, finding the 

optimal solution, 

minimizing processing 

time 

1.Slow 

convergence 

speed if search 

space is large 

Min-Min 

Algorithm 

This algorithm works on strategy in 

which task having minimum 

execution time is selected for all 

task 

 

1. 

Makespa

n 

1. Better makespan 1.load 

imbalance 

2.poor QoS 

 

First Come 

First Serve 

 

This algorithm manages the task 

scheduling with FIFO queue. Task 

which comes first will be executed 

first on VM 

 

1. Arrival 

time 

 

1. Simple and fast 

execution 

 

1.Task 

scheduling is 

based on 

arrivaltime, 

doesn’tconsider 

any 

othercriteria 

Lessutilization 

of VM 

 

VIII. CONCLUSION 

 

This paper introduces the meaning of the different tasks scheduling algorithms and also a comparative study 

between the static task scheduling algorithms in a cloud computing environment such as FCFS, SJF, and MAX-

MIN, MIN-MIN,PSO in terms of average waiting time, turnaround time, makespan, load balancing, and 

throughput, fairness between tasks, and when becoming suitable to use. 
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ABSTRACT 

 

This project discusses about a brain-controlled wheel chair based on Brain–computer interfaces (BCI). BCI’s are 

systems that can bypass conventional channels of communication (i.e., muscles and thoughts) to provide direct 

communication and control between the human brain and physical devices by translating different patterns of 

brain activity into commands in real time. The intention of the project work is to develop a robot that can assist 

the disabled people in their daily life to do some work independent of others. Here, we analyse the brain wave 

signals. Human brain consists of millions of interconnected neurons, the pattern of interaction between these 

neurons are represented as thoughts and emotional states. According to the human thoughts, this pattern will 

be changing which in turn produce different electrical waves. A muscle contraction will also be generating a 

unique electrical signal. All these electrical waves will be sensed by the brain wave sensor and the different 

pattern is used for controlling a wheel chair. 

Keywords: brain-computer interface, wheel-chair, eeg sensor 

 

I. INTRODUCTION 

 

Paralysis is the inability whether temporary  or permanent to move a part of the body. In almost all cases, 

paralysis is due to nerve damage, and it is not because of injury to the affected region. For instance, an injury in 

the middle or lower regions of the spinal cord  is likely to disrupt function below the injury, including the 

ability to move the feet or feel sensations, even though the actual structures are as healthy as ever. Because of 

this in patients at least one of the following symptoms results. The brain is unable to relay a signal to an area of 

the body due to injuries to the brain. Brain- Computer Interface (BCI) also known as “direct neural interface” 

can provide a direct communication and interaction channel between the user’s brain and the computer. BCI 

helped to direct in assisting, augmenting, or repairing human cognitive or even sensory-motor functions.BCI 

provides a new direction to construct an interactive system which can translate human Channel based on brain 

waves and muscles to allow users to communicate without movement with the external world. A BCI system is 

just to translate EEG signals from a reflection of brain activity into user action through system’s hardware and 

software. [1]. 
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II. OVERVIEW 

 

2.1. PROBLEM STATEMENT DISABLED PERSON HAS TROUBLE MOVING FROM ONE PLACE TO 

OTHER WITHOUT THE HELP OF OTHERS. THE PRESENT SYSTEM DOESN’T PROVIDE MUCH 

HELP SINCE THEY ARE MANUALLY OPERATED WHEEL CHAIR. HENCE THERE IS NEED FOR 

AUTONOMOUS SYSTEM WHICH AID DISABLED PERSON TO MOVE ON THEIR OWN. 

2.2. EXISTING SYSTEM EXISTING SYSTEM CONSIST OF MANUALLY OPERATED WHEEL CHAIR 

WHICH CONSISTS OF WHEEL PULLY WHICH SHOULD BE ROTATED BY HAND TO MOVE THE 

WHEEL CHAIR .THE OTHER VERSION CONSISTS OF MOTORIZED WHEEL CHAIR WHICH IS ALSO 

OPERATED BY A REMOTE ON THE WHEEL CHAIR. THESE SYSTEMS ARE INEFFICIENT WHEN 

THE PERSON USING IT IS PHYSICALLY CHALLENGED OR DISABLED DUE TO OLD AGE / 

PARALYSIS. 

2.3. PROPOSED SYSTEM OUR PROPOSED IDEA CONSISTS OF A MOTORIZED WHEEL CHAIR, WHICH 

IS CONTROLLED USING BRAIN SIGNALS. THIS SYSTEM DOESN’T DEPEND ON OPERATING 

SWITCHES MANUALLY OR ROTATING A PULLY.SINCE THE CONTROL MECHANISM WORKS BY 

INTERCEPTING BRAIN SIGNAL, IT OVERCOMES THE MAIN LIMITATION OF EXISTING SYSTEM. 

THUS, ALLOWING PHYSICALLY CHALLENGED AND DISABLED PERSON TO USE WITHOUT 

EFFORT. 

2.4. MOTIVATION BEHIND PROPOSED WORK THE MOTIVATION OF THE EEG-CONTROLLED 

WHEELCHAIRS IS TO FACILITATE ASSISTANCE IN MOBILITY IN ORDER TO ACCOMPLISH 

COMPLEX NAVIGATIONAL TASKS IN REALISTIC ENVIRONMENTS FOR THE PARALYZED 

PATIENTS. IT INCLUDES THE DEVELOPMENT OF AUTOMATIC NAVIGATION STRATEGIES AND 

PERSONALIZED INTERACTIVE ASSISTANCE TO ENABLE THE PATIENTS TO MOVE EFFECTIVELY 

AND EASILY. ONE ATTEMPT ATTRACTING CONSIDERABLE ATTENTION IN THOSE FIELDS 

INVOLVES THE UTILIZATION OF BIO- SIGNALS SUCH AS AN ELECTROENCEPHALOGRAM (EEG) 

OR ELECTROMYOGRAM (EMG); OBTAINABLE FROM THE HUMAN BODY AS A MEANS FOR 

INTERACTION WITH THE SURROUNDING WORLD. IN THE FIELD OF BRAIN- COMPUTER 

INTERFACE (BCI), MEANINGFUL INFORMATION DERIVED DIRECTLY FROM A USER’S BRAIN 

ACTIVITY HAS BEEN USED TO MANIPULATE SYSTEMS. HOWEVER, DESPITE THE DEFINITE 

ADVANTAGE UNIQUE TO EEG SIGNALS THAT ALLOWS A SYSTEM TO BE CONTROLLED ONLY 

BY ONE’S THOUGHTS, THE POOR SIGNAL-TO-NOISE RATIOS IN THE SPONTANEOUS EEG 

SIGNALS AND THE LACK OF CONSISTENCY IN THE SIGNAL `PATTERNS STILL MAKE THEIR 

APPLICATION IMPRACTICAL. 

 

2.5. Scope of the proposed project 

• Advancements in robotics, sensor technology and artificial intelligence promises enormous scope for 

developing an advanced wheelchair. 

• The proposed work deals with engineering an interface between the human brain and an electric 

wheelchair using a portable EEG brainwave headset and firmware signal processing and filtering. 
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• The project eliminates the drawbacks of conventional EEG by using a dry sensor technology to pick up 

EEG signals instead of using a conductive gel and reducing the time it takes to setup. 

• This project aims at creating a cost-efficient solution, later intended to be distributed as an add-on 

conversion unit for a normal wheelchair. Doing so would be  of noble and of importance to “brain-active-

body-paralyzed patients providing them the independence of mobility. 

• The main purpose of this project is to design a wheelchair for severely disabled person move them 

voluntarily. Their movement of wheelchair can be controlled with their own mind waves. 

 

2.6. Objectives 

Independent mobility is a necessity to live everyday life for human beings. A person with physical challenges 

has restricted mobility. For these people, Brain Computer Interface (BCI) provides a promising solution. The 

major design objectives of this project are given below. 

• To reduce user effort in controlling the wheelchair. 

• To ensure the safety during movement. 

• A smart wheelchair using inexpensive hardware and open-source software. 

• To monitor the activity of the person in real time using sensors 

• The designed system should be portable for the user. 

 

III. LITERATURE SURVEY 

 

Cecilia L. Maeder; Claudia Sannelli; Stefan Haufe; Benjamin Blankertz: PreStimulus “Sensorimotor Rhythms 

Influence Brain-Computer Interface Classification Performance”: The influence of pre- stimulus ongoing brain 

activity on post-stimulus task performance has recently been analysed in several studies. While pre-stimulus 

activity in the parieto- occipital area has been exhaustively investigated with congruent results, less is known 

about the sensorimotor areas, for which studies reported inconsistent findings. In this work, the topic is 

addressed in a brain-computer interface (BCI) setting based on modulations of sensorimotor rhythms (SMR). 

The goal is to assess whether and how peristimulus SMR activity influences the successive task execution 

quality and consequently the classification performance. Grand average data of 23 participants performing right 

and Lefthand motor imagery were analysed. Trials were separated into two groups depending on the SMR 

amplitude in the 1000ms interval preceding the que, and classification by common spatial patterns (CSPs) pre-

processing and linear discriminant analysis (LDA) was carried out in the post-stimulus time interval, i.e., during 

the task execution. The correlation between trial group and classification performance was assessed by an 

analysis of variance. As a result of this analysis, trials with higher SMR amplitude in the 1000 ms interval 

preceding the cue yielded significantly better classification performance than trials with lower amplitude. A 

further investigation of brain activity patterns revealed that this increase in accuracy is mainly due to the 

persistence of a higher SMR amplitude over the ipsilateral hemisphere. Our findings support the idea that 

exploiting information about the ongoing SMR might be the key to boosting performance in future SMR-BCI 

experiments and motor related tasks in general. 
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Murat Akcakaya; Betts Peters; Mohammad Moghadamfalahi; Aimee R Mooney; Umut Orhan; Barry Oken; 

Deniz Erdogmus:”Noninvasive Brain- Computer interfaces for Augmentative and Alternative Communication”: 

Brain-computer interfaces (BCIs) promise to provide a novel access channel for assistive technologies, including 

augmentative and alternative communication (AAC) systems, to people with severe speech and physical 

impairments (SSPI). Research on the subject has been accelerating significantly in the last decade and the 

research community took great strides toward making BCI-AAC a practical reality to individuals with SSPI. 

Nevertless, the end goal has still not been reached and there is much work to be done to produce real-world 

worthy systems that can be comfortably, conveniently, and reliably used by individuals with SSPI with help 

from their families and care givers who will need to maintain, setup, and debug the systems at home. This paper 

reviews reports in the BCI field that aim at AAC as the application domain with a consideration on both 

technical and clinical aspects. 

C Guger, H Ramoser, G Pfurtscheller: “Real time EEG analysis with subjectspecific spatial patterns for a brain-

computer interface (BCI)”: Electroencephalogram (EEG) recordings during right and left motor imagery allow 

one to establish a new communication channel for e.g., patients with amyotrophic lateral sclerosis. Such an 

EEG-based brain-computer interface (BCI) can be used to develop a simple binary response for the control of a 

device. Three subjects participated in a series of on-line sessions to test if it is possible to use common spatial 

patterns to analyses EEG in real time in order to give feedback to the subjects. Furthermore, the classification 

accuracy that can be achieved after only three days of training was investigated. The patterns are estimated 

from a set of multichannel EEG data by the method of common spatial patterns and reflect the specific 

activation of cortical areas. By construction, common spatial patterns weight each electrode according to its 

importance to the discrimination task and suppress noise in individual channels by using correlations between 

neighbouring electrodes. Experiments with three subjects resulted in an error rate of 2,6 and 14days of training 

and make common spatial patterns a promising method for an EEG -based brain -computer interface. 

Md. Arif Abdulla Samy; Md. Mirazur Rahman; Tafsir Ahmed Khan:”Extracting and discriminating selective 

brain signals in non-invasive manner and using them for controlling a device”: A cost-efficient approach to 

brain computer interface (BCI):Publisher: IEEE: The interface through which a human brain establishes links 

with external devices is generally called Brain Computer Interface. Although there are some significant 

amounts of ongoing researches on how an overall efficient BCI can be developed are going on, making a cost-

efficient approach while dealing with limitless brain patterns is found to be more challenging. In this work, 

feasibility of a cheaper but appropriate way of extracting and discriminating of several non-invasive. EEG 

signals and using those for controlling devices such as a wheel chair has been proved. To assist the argument of 

this project, numerous experimental data has been processed to produce several signals, such as, right turn, 

moving forward, stop etc. for the wheel chair. In the experiment the above mentioned three signals were well 

distinguished from each other. A microcontroller has been used for processing the signals collected from the 

brain and hence sending to the wheel chair controlling motors. Despite the challenges of dealing with very low 

but noise sensitive brain signals, their limitless patterns, and limited scope of necessary circuitries, this work 

has opened up the scope of feasibility of BCI technology in practical life with a simpler and easier approach. 

R. S. Naveen; Anitha Julian:”Brain computing interface for wheel chair control:Publisher: IEEE:” Brain-

computer interfaces (BCIs) or mind machine interface (MMI) is the direct communication path between brain 
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and external devices. Currently it is difficult for the persons suffering from stokes, amyotrophic lateral sclerosis 

(ALS) can lead to complete paralysis. Therefore, the BCI system may be used to improve the quality of life of 

such patients. In this paper we overcome this challenge by introducing a BCI system which helps the patient to 

navigate the wheelchair from one place to another based-on motor imagery model to control a brain actuated 

wheelchair. This allows the user to control the direction for four movements left turn, right turn, forward and 

backward movement, of the simulation or real wheelchair. Experimental trials are to be conducted to assess the 

BCI control; both a simulated wheelchair in a virtual environment and a real wheelchair were tested. The 

system will be realized as a standalone hardware unit and will be tested in the field. 

Nafiul Hasan; Md. Mahmudul Hasan; Md. Akramul Alim:”Design of EEG Based Wheel Chair by Using Color 

Stimuli and Rhythm Analysis Publisher”: IEEE: A novel methodology of brain controlled intelligent wheelchair 

by using color stimuli is proposed here. A general methodology is applied to find out most effective rhythm for 

color classification. Primary colors RGB and secondary color yellow were chosen for left, right, forward and 

stop command. Alpha, Beta, Theta, Delta rhythms were analysed for three different subjects. Using dissimilar 

features of time and frequency domain twelve artificial neural network were built to decide the best rhythm. 

Principal component analysis was made for each EEG signal to remove the background effect of color stimuli. 

Comparing the findings, it is visualized that beta rhythm is the most efficient rhythm with minimum mean 

square error of 4.845×10 -9 among all designed ANN for color classification. 

Danny Wee-Kiat Ng; Ying-Wei Soh; Sing-Yau Goh:”Development of an Autonomous BCI Wheelchair 

Publisher: IEEE:” In the society, most of the disabled people especially completely movement impaired ones 

live like burdens and suffer from severe depression as they have to depend on others for day-to- day activities 

and cannot contribute to the community. These people may not be able to move their arms or legs but they can 

certainly think. If their ability to think and make decisions can be utilized in decision making situations and 

also if they can further be included in industrial automation structure, they will no longer be burden rather 

they will become man-power to the society. One of the major challenges of involving these people in such 

processes is making a low-cost device  that is affordable by the mass, made with locally available components 

and also interprets the person’s choice accurately. As these people are physically disable, comprehending their 

electroencephalogram (EEG)  signal for blink detection can be an effective solution for translating their choices. 

EEG-based controlling devices are mobile and can serve as powerful aids for severely disabled people in their 

daily life. In this work, a low- cost EEG sensor is made with readily available components and a framework is 

developed to detect voluntary eye blinks. A graphical user interface (GUI) is also developed which is suitable 

for the impaired person. The eye blinks of the person act as bridge between a set of choices pointed in the GUI 

and his/her selection interest and thus help the person control home appliances, wheel chair and even 

computer without depending on others. 

Soumya Sen Gupta; Sumit Soman; P. Govind Raj; Rishi Prakash:”Detecting eye movements in EEG for 

controlling devices. Publisher: IEEE:” Eye blinks and lateral eye movements are prominent in EEG signals 

which are obtained by placing electrodes in the frontal region of the brain. This paper presents a machine 

learning approach to detect eye movements and blinks from EEG data and map them as intents to control 

external devices like a computer desktop or a wheel chair. 
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C. S. Ashwin; K. R. Rangarajan; S. Ramachandran:”Disance (enhance the disabled) 

brain mapped mobility for physically challenged. Publisher: IEEE:” This paper proposes an intelligent robotic 

wheelchair with user-friendly human computer interface (HCI) based on EEG signal, face directional gesture, 

and voice. Electroencephalography (EEG) is the recording of electrical activity along the scalp produced by the 

firing of neurons within the brain. The user has  to just think  the direction in which the wheel chair has to 

move. Additionally, at unavoidable circumstances he can use voice or other gestures to signal the movement. 

The user’s intention is transferred to the wheelchair via the HCI, and then the wheelchair is controlled to the 

intended direction. Additionally, the wheelchair can detect and avoid obstacles autonomously wing sonar 

sensors. By combining HCI into the autonomous functions, it performs safe and reliable motions while 

considering the user’s intention. The proposed robotic Wheelchair is feasible for the disabled and the elderly 

with severe motor disabilities. This concept gives the user the flexibility to use the device in unknown and 

evolving scenarios. 

Lamiya Rahman; Jannatul Adan; Quazi Mutasim Billah; Md Kamrul Islam; A.H.M Mostafa Kamal; Sazzad 

Hossain:”A low-cost Human Computer Interface for Disabled People based on Eye Blink detection using Brain 

Signal :Publisher: IEEE:” In the society, most of the disabled people especially completely movement impaired 

ones live like burdens and suffer from severe depression as they have to depend on others for day-to-day 

activities and cannot contribute to the community. 

These people may not be able to move their arms or legs but they can certainly think. If their ability to think 

and make decisions can be utilized in decision making situations and also if they can further be included in 

industrial automation structure, they will no longer be burden rather they will — 25 become man-power to the 

society. One of the major challenges of involving these people in such processes is making a low-cost device  

that is affordable by the mass, made with locally available components and also interprets the person’s choice 

accurately. As these people are physically disable, comprehending their electroencephalogram (EEG)  signal for 

blink detection can be an effective solution for translating their choices. EEG-based controlling devices are 

mobile and can serve as powerful aids for severely disabled people in their daily life. In this work, a low- cost 

EEG sensor is made with readily available components and a framework is developed to detect voluntary eye 

blinks. A graphical user interface (GUI) is also developed which is suitable for the impaired person. The eye 

blinks of the person act as bridge between a set of choices pointed in the GUI and his/her selection interest and 

thus help the person control home appliances, wheel chair and even computer without depending on others. 

 

IV. COMPONENTS USED IN THE SYSTEM 

 

4.1. Software Requirement: 

1. Arduino IDE 

 

4.2. Hardware Requirement: 

1. Arduino Uno 

2. Heart beat sensor 

3. Blood oxygen sensor (sp02)(MAX30100) 
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4. Temperature sensor(LM35) 

5. Motor Driver(LM239D) 

6. DC motor 

7. Battery(12V) 

8. EEG sensor 

9. LCD Display 

 

4.3. Hardware Description 

1. ARDUINO UNO 

The Arduino Uno is an open- source microcontroller board based on the Microchip ATmega328P 

microcontroller and developed by Arduino.cc. The board is equipped with sets of digital and analog 

input/output (I/O) pins that may be interfaced to various expansion boards (shields) and other circuits. The 

board has 14 digital I/O pins (six capable of PWM output), 6 analog I/O pins, and is programmable with the 

Arduino IDE (Integrated Development Environment), via a type B USB cable. It can be powered by the USB 

cable or by an external 9-volt battery, though it accepts voltages between 7 and 20 volts. It is similar to the 

Ardcuino    Nano    and    Leonardo.    While    the    Uno communicates using the original STK500 protocol, it 

differs from all preceding boards in that it does not use the FTDI USB-to-serial driver chip. Instead, it uses the 

Atmega16U2 (Atmega8U2 up to version R2) programmed as a USB-to-serial converter. 

Features of Arduino 

The key features of Arduino have been discussed below as follows: 

• Arduino boards are able to read analog or digital input signals from different sensors and turn it into an 

output such as activating a motor, turning LED on/off, connect to the cloud and many other actions. 

 
Figure 4-1 ARDUINO UNO 

• You can control your board functions by sending a set of instructions to the microcontroller on the board 

via Arduino IDE (referred to as uploading software). 

• Unlike most previous programmable circuit boards, Arduino does not need an extra piece of hardware 

(called a programmer) in order to load a new code onto the board. You can simply use a USB cable. 

• Additionally, the Arduino IDE uses a simplified version of C++, making it easier to learn to program. 

Finally, Arduino provides a standard form factor that breaks the functions of the microcontroller into a more 

accessible package. Arduino UNO board description We chose the Arduino UNO board because it is the most 

popular board in the Arduino board family. In addition, it is the best board to get started with electronics and 

coding. Some boards look a bit different from the one given below, but most Arduino have majority of these 
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Figure 4 - 2 Arduino UNO Board components in common. The pin configuration of the Arduino UNO Board is 

discussed in the below Table 4-1: 

 

Pin No. Description 

 

 

Power USB: Arduino board can be powered by using the USB cable from your 

computer. All you need to do is connect the USB cable to the USB connection (1). 

 

 

Power (Barrel Jack): Arduino boards can be powered directly from the AC mains 

power supply by connecting it to the Barrel Jack (2). 

 

 

 

Voltage Regulator: The function of the voltage regulator is to control the voltage 

given to the Arduino board and stabilize the DC voltages used by the processor  

and other elements. 

 

 

 

Crystal Oscillator: The crystal oscillator helps Arduino in dealing with time issues. 

How does Arduino calculate time? The answer is, by using the crystal oscillator. The 

number printed on top of the Arduino crystal is 16.000H9H. It 

tells us that the frequency is 16,000,000 Hertz or 16 MHz 

 

 

 

Arduino Reset: You can reset your Arduino board, i.e., start your program from the 

beginning. You can reset the UNO board in two ways. First, by using the reset 

button (17) on the board. Second, you can connect an external reset button 

to the Arduino pin labelled RESET (5). 

 Pins (3.3, 5, GND, Vin) 

3.3V (6) : Supply 3.3 output volt 

 

2. DC MOTOR 

• A DC motor converts DC electrical energy into mechanical energy. 

• Basic principle: When a current-carrying conductor is placed in a magnetic field, it experiences a torque and 

has a tendency to move. 

• DC Motor – 100RPM – 12Volts geared motors are generally a simple DC motor with a gearbox attached to it. 

• These motors have a 3 mm threaded drill hole in the middle of the shaft thus making it simple to connect it 

to the wheels or any other mechanical assembly. 

• They are very easy to use and available in standard. 
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5V (7) : Supply 5 output volt 

(Most of the components used with Arduino board works fine with 3.3 volt and 5 volts.) 

GND (8- Ground): There are several GND pins on the Arduino, any of which can be used to ground your 

circuit. 

Vin (9) : Even this pin can be used to power the Arduino UNO board 

from an external power source, like AC mains power supply. 

 

 

Analog pins: This board has six analog input pins A0 to A5. These pins can read 

the signal from an analog sensor like the humidity sensor or temperature sensor and convert it into a digital 

value that can be read by the microprocessor. 

 

 

 

Main microcontroller: Each Arduino board has its own microcontroller (11). You can assume it as the brain of 

your board. The main IC (integrated circuit) on the Arduino is slightly different from board to board. The 

microcontrollers are usually of the ATMEL Company. You must know what IC your board has before loading 

up a new program from the Arduino IDE. This information is available on the top of the IC. For more details 

about the IC construction and functions, 

you can refer to the data sheet. 

 

 

ICSP pin: Mostly, ICSP (12) is an AVR, a tiny programming header for the Arduino 

consisting of MOSI, MISO, SCK, RESET, VCC, and GND. It is often referred to as an SPI (Serial Peripheral 

Interface), which could be considered as an "expansion" of the output. Actually, you are slaving the output 

device to the 

master of the SPI bus. 

 

 
Figure 4 - 3 DC motor 

 

 

 

 

Power LED indicator: This LED should light up when you plug your Arduino into a power 

source to indicate that your board is powered up correctly. If this light does not turn on, then 

there is something wrong with 

the connection. 
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TX and RX LEDs: On your board, you will find two labels: TX (transmit) and RX (receive). 

They appear in two places on the Arduino UNO board. First, at the digital pins 0 and 1, to 

indicate the pins responsible for serial communication. Second, the TX and RX led (13). The 

TX led flashes with different speed while sending the serial data. The speed of flashing 

depends on the baud rate used by 

the board. RX flashes during the receiving process. 

 

 

 

Digital I/O: The Arduino UNO board has 14 digital I/O pins (15) (of which 6 provide PWM 

(Pulse Width Modulation) output. These pins can be configured to work as input digital pins 

to read logic values (0 or 1) or as digital output pins to drive different modules like LEDs, 

relays, etc. The 

pins labelled “~” can be used to generate PWM. 

 

 

 

AREF: AREF stands for Analog Reference. It is sometimes, used to set an external reference 

voltage (between 0 and 5 Volts) as the upper limit for the 

Analog input pins. 

 

3. MOTOR DRIVER (L298N) 

Motor driver is a small Current Amplifier whose function is to take a low- current control signal and then turn 

it into a higher- current signal that can drive a motor. The most popular L298N H-bridge module with onboard 

voltage regulator motor driver can be used with this motor that has a voltage of between 5 and 35V DC. Nuts 

and threads on the shaft to easily connect and internally threaded shaft for easily connecting it to the wheel. 

 
Figure 4 - 4 Motor driver 

 

4. EEG SENSOR 

• The Electroencephalography (EEG) sensor is a non- invasive sensor. 

• It has a bipolar configuration with two measurement electrodes which detects the electrical potentials 

in the specific scalp region and is used in combination with a reference electrode, placed at a region of 

low muscular activity. The resulting signal is the amplified difference between these two signals and the 

result of the brain’s electrical activity in the monitored scalp region. 

• EEG Muscle Sensor Module V3.0 with Cable and electrodes will measure the filtered and rectified 

electrical activity of a muscle and gives the output 0-Vs Volts depending on the amount of activity in 

the selected muscle, where Vs signifies the voltage of the power source. 
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• This Muscle Sensor V3 measures, filters, rectifies and amplifies the electrical activity of a muscle and 

produces an analog output signal that can easily be read by Arduino microcontroller. Important 

Features: 

• Improved adjustable gain (more rugged). 

• Onboard port for new cables . 

• Connects to the board straight out of the box. 

• Power Supply: Normally ±9V dual power supply, minimum voltage is ±3.5V. 

• The body temperature of the patient is measured using this sensor. 

• Any abnormality in body temperature will be alerted. 

• LM35 is a precession Integrated circuit Temperature sensor, whose output voltage varies based on the 

temperature around it. 

• It is a small and cheap IC which can be used to measure temperature anywhere between -55°C to 150°C. 

• It can easily be interfaced with Arduino. 

• The body temperature of the patient is measured using this sensor. 

 
Figure 4 - 5 Electroencephalography (EEG) sensor 

 

• Power the IC by applying a regulated voltage like +5V (VS) to the input pin and connected the ground 

pin to the ground of the circuit. Now, you can measure the temperature in form of voltage as shown 

below: 

 
Figure 4 - 6 Temperature sensor: (LM35) 
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Figure 4 - 7 Working of temperature sensor 

 

• If the temperature is 0°C, then the output voltage will also be 0V. There will be rise of 0.01V (10mV) 

for every degree Celsius rise in temperature. 

 The voltage can convert into temperature using the below formulae: 

  
 

5. HEART-BEAT SENSOR 

• It measures the heart rate of patient. 

• It measures the heart rate of patient 

 

6. BLOOD OXYGEN SENSOR 

• This sensor measures the oxygen concentration level in blood of patient. 

• If the measured value is less than threshold value, an alert will be given by the microcontroller. 

MAX30100): 

• MAX30100 is an integrated pulse oximeter and heart- rate monitor sensor solution. 

• It’s an optical sensor that derives its readings from emitting two wavelengths of light from two LEDs – a 

red and an infrared one – then measuring the absorbance of pulsing blood through a photodetector. 

• This particular LED colour combination is optimized for reading the data through the tip of one’s 

finger. 

• It is fully configurable through software registers and the digital output data is stored in a 16-deep FIFO 

within the device. 

• It has an I2C digital interface to communicate with a host microcontroller. 

 

Software description Arduino (ide) 

is the software used to write-compile-upload program to Arduino. It’s an open-source software. 

Procedure to Install Arduino Software (IDE) 

Step 1 : 
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First, we must have an Arduino board and a USB cable. In case we use Arduino UNO, Arduino Duemilanove, 

Nano, Arduino Mega 2560, or Diecimila, we will need a standard USB cable (A plug to B plug), the kind we 

would connect to a USB printer .In case we use Arduino Nano, we will need an A to Mini-B cable instead as 

shown in Fig.4.8 

 
Figure 4-8 A to Mini-B Cable 

  

Step 2 - Download Arduino IDE Software: 

One can get different versions of Arduino IDE from the Download Page on the Arduino Official website. We 

must select our software, which is compatible with our operating system (Windows, IOS, or Linux). Unzip the 

file, after downloading it completely. 

 
Figure 4 -9 Downloading Arduino IDE 

 

Step 3 - Power up your board: 

The Arduino Uno, Mega, Duemilanove and Arduino Nano automatically draw power from either, the USB 

connection to the computer or an external power supply. If you are using an Arduino Diecimila, you have to 

make sure that the board is configured to draw power from the USB connection. The power source is selected 

with a jumper, a small piece of plastic that fits onto two of the three pins between the USB and power jacks. 

Check that it is on the two pins closest to the USB port. Connect the Arduino board to computer using the USB 

cable. The green power LED (labelled PWR) should glow. 

  
Figure 4 - 10 Launch Arduino IDE 
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Step 4 -Launch Arduino IDE : 

After your Arduino IDE software is downloaded, you need to unzip the folder. Inside the folder, you can find 

the application icon with an infinity label (application.exe). DoubleClick the icon to start the IDE. 

 

Step 5 - Open your first project: 

Once the software starts, we have two options: 

Create a new project. To create a new project, select File →New, as shown in Fig 4-11. 

  
Figure 4 - 11 Creating a New Project 

 

Open an existing project example. To open an existing project example, select File → Example → Basics → 

Blink, as shown in Fig. 4.-12. Here, we are selecting just one of the examples with the name Blink. It turns the 

LED on and off with some time delay. We can select any example from the list. 

 
Figure 4 - 12 Opening an Existing Project 

 

Step 6 -Select the respective Arduino board: 

To avoid any error while uploading our program to the board, we must select the correct Arduino board name, 

which matches with the board connected to our computer. Go to Tools → Board and select the board. 
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Figure 4 - 13 Selecting the Arduino Board 

  

Step 7 - Select the serial port: 

Select the serial device of the Arduino board. Go to Tools → Serial Port menu. 

This is likely to be COM3 or higher (COM1 and COM2 are usually reserved for hardware serial ports). 

To find out, you can disconnect your Arduino board and re-open the menu, the entry that disappears should be 

of the Arduino board. Reconnect the board and select that serial port. 

 
Figure 4 - 14 Selecting the Serial Port 

 

Step 8 -Upload the program to the board: 

 
Figure 4 - 15 Arduino IDE Toolbar 

Before explaining how to upload our program to the board, we should know the function of each symbol 

appearing in the Arduino IDE toolbar. 

A. Used to check if there is any compilation error. 

B. Used to upload a program to the Arduino board. 
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C. Shortcut used to create a new sketch. 

D. Used to directly open one of the example sketches. 

E. Used to save your sketch. 

F. Serial monitor used to send and receive the serial data from the board. 

Now, simply click the ”Upload” button in the environment. Wait few seconds; we will see the RX and TX LEDs 

on the board, flashing. If the upload is successful, the message “ Done uploading” will appear in the status bar. 

Program Structure 

In this section, we will study in depth, the Arduino program structure and we will learn more new 

terminologies used in the Arduino world. The Arduino software is open-source. The source code for the Java 

environment is released under the GPL and the C/C++ microcontroller libraries are under the LGPL. Arduino 

programs are called “sketch”. 

Arduino programs can be divided in three main parts: Structure, Values (variables and constants), and 

Functions. Let us learn about the Arduino software program, step by step, and how to write the program 

without any syntax or compilation error. Let us start with the Structure. Software structure consist of two main 

functions: 

Setup( ) function 

Loop( ) function 

 
Figure 4 - 16 Structure of a Sketch 

 

The setup () function is called when a sketch starts. It is used to initialize the variables, pinmodes, start using 

libraries, etc. The setup function will only run once, after each power up or reset of the Arduino board. 

After creating a setup () function, which initializes and sets the initial values, the loop() function does precisely 

what its name suggests, and loops consecutively, allowing our program to change and respond. It actively 

controls the Arduino board. 

Programming using Embedded C 

C is a high-level programming language intended for system programming. Embedded C is an extension that 

provides support for developing efficient programs for embedded devices. Yet, it is not a part of the C language. 

In our internship program, we employed Embedded C programs to write sketches to be dumped on Arduino 

Uno. 

Introduction to Embedded C 
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Embedded C programming language is an extension to the traditional C programming language that is used in 

embedded systems. 

The only extension in the Embedded C language from normal C Programming Language is the I/O Hardware 

Addressing, fixed-point arithmetic operations, accessing address spaces, etc. 

Basic Structure of Embedded C Program: The embedded C program has a structure similar to C programming. 

The five layers of Embedded C programming structure are: 

• Comments 

• Pre-processor directives 

• Global declaration 

• Local declaration 

• Main function() 

The whole code follows the below outline. This is the basic structure of the embedded c program. Each code 

has a similar outline. Now let us learn about each of this layer in detail. 

Outline of an Embedded C code is as shown below: 

1. Multiline Comments Denoted using /*……*/ 

2. Single Line Comments. Denoted using // 

3. Pre-processor Directives #include or #define 

4. Global Variables Accessible anywhere in the program 

5. Function Declarations. Declaring Function 

6. Main Function. Main Function, execution begins here  

7. { 

8. Local Variables. Variables confined to main 

9. function. 

10. Function Calls. Calling Other Functions 

11. Infinite Loop Like while (1) or for (;;) Statements . . . . . 

12. …. 

13. …. 

14. } 

15. Function Definitions Defining the Functions 

16. { 

17. Local Variables. Local Variables confined to 

18. this Function Statements . . . . . 

19. …. 

20. …. 

21. } 

Comment Section: Comments are simple readable text, written in code to make it moreunderstandable to the 

reader. Usually comments are written in // or /* */. Example: //Test program 

Global Declaration Section: The global variables and the user-defined functions aredeclared in this part of the 

code. They can be accessed from anywhere. 



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published :March 25, 2022 Page No : 829-855 

 

 

 

 
846 

void delay (int); 

Local Declaration Section: These variables are declared in the respective functions and cannot be used outside 

the main function. 

  

Main Function Section: All C programs need to have the main function. So does an embedded C program. Each 

main function contains 2 parts. A declaration part and an Execution part. The declaration part is the part where 

all the variables are declared. The execution part begins with the curly brackets and ends with the curly close 

bracket. Both the declaration and execution part are inside the curly braces. 

Example: 

1. void main(void) // Main Function  

2. { 

3. P1 = 0x00; 

4. while(1)  

5. { 

6. P1 = 0xFF;  

7. delay(1000);  

8. P1 = 0x00;  

9. delay(1000); 

10. } 

11. } 

 

Function Definition Section: The function is defined in this section. 

Arduino Code libraries – Library Structure 

A library is a folder comprised with C++ (.cpp) code files and C++ (.h) header files. 

The .h file describes the structure of the library and declares all its variables and functions. 

The .cpp file holds the function implementation. – 

Importing Libraries 

The first thing to do is to find the library we want to use out of the many libraries available online. After 

downloading it to our computer, we just need to open Arduino IDE and click on Sketch Include Library 

Manage Libraries. We can then select the library we want to import. Once the process is complete the library 

will be available in the sketch menu. 

Arduino Code Explanation Arduino code is written in C++ with an addition of special methods and functions. 

C++ is a human-readable programming language. When we create a ‘sketch’ (the name given to Arduino code 

files), it is processed and compiled to machine language. 

Code Structure 

The basic concepts which one should know to write a program on Arduino IDE are discussed below: 

– Libraries 

In Arduino, much like other leading programming platforms, there are built-in libraries that provide basic 

functionality. In addition, it’s possible to import other 
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libraries and expand the Arduino board capabilities and features. These libraries are roughly divided into 

libraries that interact with a specific component or those that implement new functions. To import a new 

library, we need to go to Sketch ¿ Import Library. 

In addition, at the top of our file, we have to use ‘include’ to include external libraries. We can also create 

custom libraries to use in isolated sketches. 

 
Figure 4 - 17 Include library 

 

Pin Definitions 

To use the Arduino pins, we need to define which pin is being used and its functionality. A convenient way to 

define the used pins is by using: ‘define pinName pinNumber’. The functionality is either input or output and is 

defined using the pinMode () method in the setup section. 

Declarations 

Variables Whenever we’re using Arduino, we need to declare global variables and instances to be used later on. 

In a nutshell, a variable allows us to name and store a value to be used in the future. For example, we would 

store data acquired from a sensor in order to use it later. To declare a variable, we simply define its type, name 

and initial value. It’s worth mentioning that declaring global variables isn’t an absolute necessity. However, 

it’s advisable to declare variables to make it easy to utilize our values further down the line. 

Instances 

In software programming, a class is a collection of functions and variables that are kept together in one place. 

Each class has a special function known as a constructor, which is used to create an instance of the class. In 

order to use the functions of the class, we need to declare an instance for it. 

Setup() 

Every Arduino sketch must have a setup function. This function defines the initial state of the Arduino upon 

boot and runs only once. Here we’ll define the following: 

∗ Pin functionality using the pinMode function 

∗ Initial state of pins 

∗ Initialize classes 

∗ Initialize variables 

∗ Code logic 

Loop() 
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The loop function is also a must for every Arduino sketch and executes once 

setup () is complete. It is the main function and as its name hints, it runs in a loop over and over again. The loop 

describes the main logic of our circuit. 

Code Logic 

The basic Arduino code logic is an “if-then” structure and can be divided into 4 blocks: 

Setup 

It will usually be written in the setup section of the Arduino code, and performs things that need to be done 

only once, such as sensor calibration. 

Input 

At the beginning of the loop, read the inputs. These values will be used as conditions (“if”) such as the ambient 

light reading from an LDR using analogRead (). 

Manipulate Data 

This section is used to transform the data into a more convenient form or perform calculations. For instance, 

the AnalogRead () gives a reading of 0-1023 which can be mapped to a range of 0- 255 to be used for PWM. 

(See analogWrite ()). 

Output 

This section defines the final outcome of the logic (“then”) according to the data calculated in the previous step. 

Looking at an example of the LDR and PWM, turns on an LED only when the ambient light level goes below a 

certain threshold. 

From Software to Hardware 

There is a lot to be said of Arduino’s software capabilities, but it’s important to remember that the platform is 

comprised of both software and hardware. The two works in tandem to run a complex operating system. Code 

→ Compile → Upload → Run At the core of Arduino, is the ability to compile and run the code. 

After writing the code in the IDE we need to upload it to the Arduino. Clicking the Upload button (the 

rightfacing arrow icon), will compile the code and upload it if it passed compilation. Once the upload is 

complete, the program will start running automatically. 

  

V. PROPOSED SYSTEM DESIGN (HARDWARE) 

 

5.1. Detailed block diagram 

 
Figure 5 - 1 Block Diagram 



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published :March 25, 2022 Page No : 829-855 

 

 

 

 
849 

5.2. Detailed design 

The brain of the system is Arduino microcontroller. The system is designed to control the movement of wheel 

chair using EEG sensor. EEG sensor intercepts and measures the electrical signal sent by brain to control muscle 

movement. The electrodes from EEG sensors are attached near forehead when person tries to move eyes, The 

signal is intercepted. The system is de-signed to recognize different pattern of eye movement, like blinking, 

blinking fast, hard blink and these patterns are used to control the direction of wheel chair. 

Various other sensors are used to monitor the health of the patient. 

1. Heart beat sensor: The heart beat sensor is attached to micro con- troller, it measures the heart rate of patient, 

and if the heart rate is too low or high than the threshold value, micro controller gives alert sound. 

2. Blood Oxygen Sensor: This sensor measures the oxygen concentration level in blood of patient. This is very 

important parameter to be checked because paralyzed patients don’t have control on their lungs and other 

diseases like asthma may worsen the effect. If the measured value is less than threshold value an alert will be 

given by the system. 

3. Temperature sensor: The body temperature of the patient is measured using this sensor, any abnormality in 

body temperature will be alerted. 

5.3. Designed circuit 
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VI. PROPOSED SYSTEM DESIGN (SOFTWARE) 

 

6.1. Flowchart 

 
Figure 6-1 Flow chart 

VII. RESULTS AND DISCUSSION 

 

Project model result. CASE 1: Temperature and Heartbeat is measured continuously and displayed on LCD 

screen. 

In this case, Temperature sensor reading showing 85 degrees Celsius. 

 
Figure 7 - 1 Temperature sensor reading 

 

In this case, MAX30100 sensor readings showing pulse rate as 102 bpm and oxygen concentration as 95%. 

 
Figure 7 - 2 MAX30100 sensor readings 
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CASE 2: Direct modes can be changed by concentrating greater than 1 second and less than 2 seconds. The 

modes are FORWARD, BACKWARD, RIGHT and LEFT. • In this case, Display showing wheelchair moving in 

FORWARD direction 

 
Figure 7 - 3 Display showing FORWARD movement 

In this case, Display showing wheelchair moving in BACKWARD direction. 

 
Figure 7-4 Display showing BACKWARD movement 

In this case, Display showing wheelchair moving in LEFT direction. 

 
Figure 7-5 Display showing LEFT direction 

In this case, Display showing wheelchair moving in RIGHT direction. 

 
Figure 7-6 Display showing RIGHT direction 

 

CASE 3: The wheelchair can be moved in set direction mode by concentrating for more than 2 seconds. 

 

Final Result Image 
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Figure 7-7 Working model of wheelchair controlled using brain as bio-sensor 

 

Advantages 

 

The wheel chair without the tiresome turning of the wheels is a simple step ahead of the electrical wheelchairs. 

It may prove beneficial for every individual for locomotion purposes without the need of manual labour. 

The simultaneous EEG acquisition may detect any substantial improvement in the condition of the body. 

 

Disadvantages 

The fixing of the electrodes must be done before any further course. 

The mental state must be stable at all times. 

Some training is must before it is fully efficient and used for practical purposes. 

 

Applications 

The developments in the field of brain computer interface are a juvenile step towards the improvement of the 

wheel chair. 

The wheel chair controls only two wheels whereas the same condition may be used to drive a car with four 

wheels. 

The functionality of the brain can be used to trounce many other manual works at industries as well as 

household levels. 

The day today gadgets may be evolved to work using mind waves. 

 

VIII. CONCLUSION 

 

Appropriate assistive technology often helps people with disabilities compensate, at least in part, for a 

limitation. This specialized technology promotes independence and decreases the need for other support. 
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ABSTRACT 

 

The rapid growth of digital imaging, especially in the fields of hospital, education, and e-commerce, has made 

data maintenance and transmission over networks a difficult task. So, the development and use of image 

compression techniques have become essential for overcoming the problems of storage and transmission of 

digital image data. In this paper, an efficient discrete wavelet transform (DWT) architecture for image 

compression is presented. The proposed scheme of DWT with capacity of compressing and reconstructing 

image data without data loss. Using DWT which has better reconstruction quality and also better compression. 

The difficulties posed by transfer of large file sizes in image processing will be reduced and method gives better 

accuracy in compression and reconstruction. The simulation is done in MATLAB, applied method to various 

popular images and obtained promising PSNR, CR, and SSIM that highlight the advantages of our approach and 

the efficiency of our algorithms. 

Keywords— DWT, MATLAB, 2D-DWT, Huffmancoding, scalarquantization, Image compression, Image 

Decompression. 

 

I. INTRODUCTION 

 

For image compression, transform-based compression demonstrates greater robustness than spatial domain-

based compression. Image compression is data compression method applied to digital images, in order to reduce 

the cost for storage or transmission. The aim is to reduce the number of bits required to represent an image by 

removing the spatial and spectral components to lowest possible level. During image compression the 

redundancy and irrelevancy in the image will be reduced. It aims in reducing the size of multispectral image 

using image compression techniques. The objective is to reduce the transmission and storage requirements of 

image data. 

The two types of compression which describes image compression are:  

Lossless compression: In this compression type it reduces the image size by changing the way in which the data 

is stored. Therefore this type of compression will make no changes in your image. The noise will not be added 

to the image.  

http://www.ijsrset.com/
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Lossy compression: In this Compression type, the size of the image will be reduced by removing some data from 

it which in turn reduces the quality of the image but will not affect the quality of that image [5]. The 

compression ratio of data loss, however, is very high, but it suffers from lossy compression. Yet this is a high 

compression ratio, really. In the lossless compression method, the decompressed image is identical to the 

original one, but with the compression ratio [2]. Discrete cosine transform (DCT) is one of the most popular 

transforms in image processing. It is widely used for image compression because of its high energy packing 

capabilities. The spatial domain image is converted into frequency domain image using DCT. Image is 

represented as a sum of sinusoidal of varying magnitudes and frequencies. At high data compression ratio, DCT 

is capable of achieving higher quality. This property is termed as energy compaction. Lossy image compression 

uses discrete cosine transform for image compression. [5]Lossless compression techniques, on the other hand, 

conserve all the information of the original image even after compression. Fractal algorithm is an example of 

Lossy Compression. Discrete Wavelet Transform (DWT) and Huffman Coding are Lossless Image Compression 

techniques. Discrete wavelet converts the image into four separate frequency bands called LL, LH, HL, and HH, 

where image characteristics are reflected by LL sub-bands and signal noise is shown by HH sub-bands [2]. 

DWT is used to separate the image into a pixel. DWT is used in signal and image processing especially for 

lossless image compression. DWT is also used for Lossy compression. The Lossless image compression is mostly 

used in DWT Lossless image compression give the good quality of the image and also the compression ratio of 

the image also good. The PSNR ratio of the image is also good in the Lossless compression. In this technique 

lossless gives the best compression result. The PSNR value of Lossless Image is good quality. The lossless image 

compression ratio was good, and also the quality of the lossless image compression also good. The aim of this 

study is to propose a technique based on Discrete Wavelet Transforms and Scalar Quantization to compress 

grayscale images in an efficient manner to achieve high compression ratios and high quality. 

 

II. RELATED WORK 

 

S. Nosratian, M. Moradkhani and M. B. Tavakoli have proposed an approach that provides security and 

compression for data and emphasizes the use of the fuzzy Huffman coding algorithm for compression and the 

use of fuzzy logic encryption for data security.[1] Their proposed method uses a fuzzy logic mechanism based 

on the frequency of the symbols to determine Huffman compression weights. These symbols are derived from 

the classification of information codes that are moved by fuzzy logic for data security under a dedicated key. 

Their proposed method uses symmetric key encryption. In fact, it uses a public key for encryption that based on 

the data structure, the number of symbols and this public key, a proprietary key that varies for each data set is 

achieved and security encryption and decryption is done based on this key. Their proposed method has been 

tested under matlab2017b software for image and text information data and shows that it has been successful in 

data compression and security [1]. 

Rajiv Ranjan in “Canonical Huffman Coding Based Image Compression using Wavelet” [4] have combined 

DWT with Canonical Huffman Coding to get a highly compressed reconstructed image and compared the 

results and parameters with other Huffman Coding method. To do so, it has tested many well-known images 

cited in relevant literature at slice resolutions of 256 × 256, considering it to be the minimum industrial 
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standard size. It has been matched that computing time and codebook size with Huffman coding to establish 

the superiority of Canonical Huffman coding. [4] 

 

III. METHODOLOGY 

 

Proposed DWT architecture is designed by choosing 3 levels of discrete wavelet decomposition. Image is taken 

through 3 levels of discrete wavelet decomposition. The compressed image is reduced in bit size using the 

Huffman coding system. Huffman coding is based on the frequency of occurrence of a data item (pixel in 

images). The principle is to use a lower number of bits to encode the data that occurs more frequently. Codes 

are stored in a Code Book which may be constructed for each image or a set of images. To ensure accurate 

decoding, the encoded sequence along with their code is used by the decoder to successfully recover the 

original data. To restore the image, the compressed image goes through a reverse of the compression process. 

The Huffman encoded data is first decoded to recover the indexes. Inverse discrete wavelet transform (IDWT) 

is applied to get back the original image. 

 

A. Proposed Block Diagram.  

 
Fig 1. Block diagram of proposed system. 

 

Image is taken through 3 levels of discrete wavelet decomposition, three level decomposition of image, the 

approximation and detail coefficients are obtained. These coefficients are quantized after that the quantized 

coefficients are coded in a bit stream using Huffman coding and compressed data is obtained.  

To decompress images, compressed data is decoded and then Inverse quantized. In this step wavelet coefficient 

are obtained. Using inverse discrete wavelet transform original image is reconstructed. 

 

B. Discrete Wavelet Transform 

The Discreet Wavelet transform (DWT) can decompose images into various multi-resolution sub bands [4]. 

Basically, the low frequency coefficients contain the most energy of the image, while the high frequency 

coefficients reflect the significant visual information. 

The vital key role of the decomposition procedure is separating the low frequency coefficients from the high 

frequency to a small number of coefficients. Meanwhile, the remaining coefficients have been quantized 
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indecently or minimized to zero with insignificant image distortion. Sub bands for 3-levels Haar filter as a basic 

function of the wavelet decomposition [4]. The figure 2 shows the decomposition of image. 

 
a)  Single level decomposition     b) Two level Decomposition     c) Three level Decomposition  

Figure 2.Decomposition of image in 3 levels 

 

Three Level Decomposition of Image. 

• Apply the DWT transformation on the input image to get four sub-bands; LL, LH, HL, and HH. The 

approximation sub-band is the LL sub-band.  

• Transforming LL sub-band again to gain a new set of sub-bands and that LL sub-band is also transformed. 

This ensures that the input grayscale image goes through three levels of decomposition. At last LL band 

obtained at level three decomposition is used for further process. 

 

C. Quantization 

Quantization, involved in image processing, is a lossy compression technique achieved by compressing a range 

of values to a single quantum value. 

Quantization step is applied at the cost of image quality to the sub-band coefficients produced by the DWT to 

reduce the number of bits needed to represent them. The output is a sequence of integer numbers which must 

be encoded bit-by-bit. The quantization steps according to different bands are tuning to control the quality of 

reconstructed image. For the high compression ratio, the large quantization step is required but this lead to 

degrade the image quality and the technique will be lossy. With no quantization step the compression is lossless. 

To maintain the image quality, the approximation coefficients (LL) need the smaller step of quantization. 

Quantization is the process of reducing the number of bits needed to store an integer value by reducing the 

precision of the integer. 

Quantization is of two types: 

• Scalar quantization 

• Vector quantization 

As we compare to Vector Quantization Scalar quantization has less complexity, therefore we have used scalar 

Quantization for quantizing the Image. 

Scalar quantization is a phenomenon on which, each pixel is quantized either by reducing the number of gray 

levels or by reducing the resolution.    

Gray level is defined as 
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                                               𝐿 = 2𝐾      

     Gray level = number of bits per pixel (BPP). (K in the equation)     

 

D. Huffman coding 

Huffman coding is an entropy encoding algorithm used for lossless image compression. Huffman coding is 

efficient technique for image compression to some extent [11]. The Huffman encoding starts with calculating 

the probability of each symbol in the image. The symbols probabilities are arranged in descending order [11]. 

Huffman coding is one of the basic compression method that have proven useful in image and video 

compression standards. When applying Huffman encoding technique on an image, the source symbols can be 

either pixel intensities of the image or the output of an intensity mapping function. Huffman coding is a lossless 

data compression algorithm where each character in the data is assigned a variable length prefix code. This can 

be applied for different values whereas the run length only works for the data that have repeated values. This 

coding could compress the data significantly if certain symbols occur more frequently than others, whereas 

LZW is not going to be able to compress the data very well. After Huffman encoding, we get encoded data and 

dictionary that will be used in reconstruction process. 

 

E. Proposed Algorithm 

Compression Process 

1. Read the input grayscale image.  

2. Apply 2-DWT on image for decomposing into four Sub-bands (LL, LH, HL, and HH). 

3. Consider LL sub-band (Approximation coefficients), Apply 2-DWT for another two levels and get the 

resultant image LL3 

4. Apply Scalar Quantization on LL3 

5. Apply Huffman encoding on Quantized Image to get Encoded Data and calculate encoded length  

Decompression Process 

6. Encoded data is decoded using Huffman Decoding process and Image is obtained after reshaping 

Decoded Data. 

7.  Inverse Quantization is applied on Decoded Image. 

8. IDWT is used for reconstruction by using Inverse Quantized image and other Zero filled Sub-bands, 

IDWT is applied for 3 times . 

9. Calculate SSIM, PSNR, Original image length, Encoded Length and Compression Ratio for the input 

and Reconstructed Image. 

 

IV. PERFORMANCE EVALUATION 

 

The performance of compression methods can be estimated with the help of certain indicators mentioned 

below. 

Peak-Signal-to-noise-ratio (PSNR): 

PSNR is a standard measure for computing the quality of the compressed image. 
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For the general case of 8-bits images, the PSNR [4] is expressed as  

  𝑝𝑠𝑛𝑟(𝑑𝐵) = 10𝑙𝑜𝑔10 (
2552

𝑚𝑠𝑒
)   ----------- (1) 

Where worth 255 is the maximum possible value that can be attained by the image signal. 

MSE in Eq. (2) [4] denotes the mean squared error of the image expressed as 

 𝑚𝑠𝑒 =
1

𝑛
∑ ∑ (𝑋(𝑖, 𝑗) − 𝑌(𝑖, 𝑗))2 𝑗𝑖 -------- (2) 

MSE = 1/n, Here n is the total number of pixels, Y (i, j) indicates the pixel value in the compressed image and X 

(i, j) expresses a pixel value in the original image. 

 

Compression Competence 

Compression ratio (C.R) [4] is a scale for measuring compression competence, which is defined. 

Mathematically as follows: 

  𝐶. 𝑅 =  
𝑌𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑒𝑑

𝑋𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 
        ------------ (3) 

Where Ycompressed is the dimension of the compressed image data and Xoriginal is the dimension (numeral of bits) of 

the original image data. 

 

V. RESULTS AND COMPARISION  

A. Lena image 

 
 

 

B. Results 

We have considered various images for the experimentation and obtained the result as shown in Table I and 

Table II. 

C. Result table 

Image (512X512) SSIM PSNR Compressed 

length  

Compression Ratio 

Lena 0.632 23.66 30083 98.4375 

Cameraman 0.705 22.21 28678 98.4375 

Barb 0.499 21.81 30009 98.4375 

Peppers 0.606 22.85 30860 98.4375 

Image SSIM PSNR Compressed length Compression Ratio 

Lena 0.6318 23.664 30083 98.4375 
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Fishing-boat 0.499 22.04 28867 98.4375 

 

TABLE I.  RESULT OBTAINED FOR DIFFERENT IMAGES 

D. Images 

 

 
 

 
 

VI. CONCLUSION 

 

The proposed scheme uses DWT based-compression technique to compress and decompress image for reduced 

transmission times with superior data compressibility. DWT is used for decompose the image and the wavelet 

coefficients are then encoded with use of Huffman encoding after the quantization. The usage of wavelet and 

Huffman encoding ensure the compression performance. Our proposed method provides 98% compression ratio 

and high SSIM. Scalar quantization helps to reduce the number of bits required to represent the image pixel 

value. Further Huffman coding reduces the bits required to represent an image and Inverse is applied to get the 

reconstructed image which has high similarity index. The values of PSNR and CR received through our 



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published : March 15, 2022 Page No : 854-862 

 

 

 

 
861 

algorithm and their comparison with such values produced by competing methods justify our expectations. We 

can therefore conclude that our method can prove to be extremely beneficial for the storage and transmission 

of image data over digital networks. 
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ABSTRACT 

 

Statistical techniques such as Karl Pearson’s coefficient of correlation and Principal Component Analysis (PCA) 

were used to analyze the data. Fifteen variables for twelve sampling locations used to evaluate the status of the  

water quality. The correlation co-efficient of pH, calcium, magnesium, alkalinity, sulphate, DO, BOD and COD 

were significantly correlated with a large set of variables and the BOD and COD are significantly negative 

correlation with other physico-chemical parameters. There is a high positive correlation of 0.99 between BOD 

and COD. The Principal Component Analysis (PCA) showed that the eigenvalues of the first 2 components 

accounts for 55% in the total varience whereas first four components accounted for almost 79% of the total 

variations. The PCA biplot axis 1 and 2 together 96.81% of variation in the physico - chemical parameters of 

the 12 sampling sites are consistently different in their characteristics. 

Keywords: Water quality, Correlation, Principal Component, Biplot, Lake Water 

 

I. INTRODUCTION 

 

Statistical techniques such as Karl Pearson’s coefficient of correlation and Principal Component Analysis (PCA) 

interpret the data. They help to better understand the behaviour of the water body [1]. Karl Pearson’s 

correlation analysis will indicates the relationship between various physico-chemical parameters. The 

correlation coefficient indicates positive and negative correlation with each other. Positive correlation mean, 

one parameter increase with increase in other parameters and negative correlation mean one parameter 

increase with other parameters decrease [2]. The PCA was developed to summarize and it reduces a 

multidimensional complex data set into two or three dimensions by computing principal component. In study 

PCA was used to produce an ordination of independent descriptors based on water quality parameters [3]. The 

Bellandur lake water is an important source for the activities of drinking, fishing, recreation, cultural etc., in 

Bangalore urban area. There are different factors including sewage and industrial wastes which are posing 

threat on water quality of the lake water. The purpose of this study to assess the relationship between the 

various analyzed physico-chemical parameters applies statistical techniques such as pearson’s correlation 

coefficient and PCA. 
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II. MATERIALS, METHODS AND DATA ANALYSIS 

 

Investigations involving a large number of observed variables can often the simplified by considering a smaller 

number of linear combinations of the original values, with a Standardized Linear Combination (SLC), it is 

possible to make meaningful comparisons between various choices of linear combinations. PCA finds a set of 

SLC called the Principal Components (PSs), which taken together can explain all the variables obtained by 

multiplying the original correlated variables with a list of coefficients (loadings or weightings). There are 

generally as many PCs as variables. However, because of the way they are calculated, it is usually possible to 

consider only a few of them which together explain most of the original variation. PCA therefore imparts 

information on the most important parameters, explaining the whole data set while permitting data reduction 

with the least amount of loss of original information it is a potent method for pattern detection that attempts to 

explain the variance of a huge set of inter-correlated variables and convert them into a smaller set of 

independent (uncorrelated) variables(PCs). The correlation coefficient matrix determines how well the 

variance of each element can be explained by each relationship with each of the others (4). A rotation of 

principal components can achieve a simpler and more meaningful representation of the under laying factors by 

decreasing the contribution to PCs of variables with minor significance and increasing the more significance 

ones (5). 

PCA is one of the best statistical techniques for extracting the linear relationships between sets of variables. 

PCA are linear combinations of original variables and are the eigen vectors (6). The analysis was applied to 

assess the significance of parameters that explain the patterns of the monitoring stations on the basis of water 

quality parameters. The correlation matrix consists of 15 water quality parameters. 

 

Data Analysis 

A statistical technique such as pearson’s correlation and PCA were used to evaluate the water quality of 

Bellandur lake. SAS 9.3 software was used to carry out the analysis. Proc princomp and proc prinqual procedure 

are used to get correlation matrix, eigenvalues, scree plot and biplot. 

 

III. RESULTS AND DISCUSSION 

 

In this study, statistical methods including correlation matrix (pearson’s correlation) and principal component 

nalysis were applied to a data set obtained from the analytical data. 

 

Correlation matrix 

The spatial correlation matrix of the water quality parameters obtained using the spearman coefficient is shown 

in table No.1. There exits good and strong correlation between the parameters if r more or equal to The 15 

variables generated 121 correlation coefficients when analyzes in pairs and 31 were statistically significant [9]. 

According to table-1, all the variables are correlated with each other. The variables that showed only one 

significant correlation were EC with calcium (0.43). Some variables had a moderate number of significant 

correlations. Turbidity is positive correlation with alkalinity. The TDS showed significant positive correlation 
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with pH (0.51), total hardness (0.97) and magnesium (0.77).The pH showed significant positive correlation with 

TDS (0.51), total hardness (0.48), magnesium(0.57), alkalinity (0.41), DO (0.43) and negative correlation with 

BOD (-0.42) and COD (- 0.40). The total hardness showed significant positive correlation with TDS (0.97), pH 

(0.48) and magnesium (0.67). The calcium showed significant positive correlation with EC (0.43), BOD (0.41), 

COD (0.42) and negative correlation with sulphate (-0.46). The magnesium showed significant positive 

correlation with TDS (0.77), pH (0.57), TH (0.67), alkalinity (0.46), DO (0.61) and negative correlation with 

BOD (-0.56) and COD (-0.56). The alkalinity showed significant positive correlation with turbidity (0.48), pH 

(0.41), magnesium (0.46), chloride (0.59), phosphate (0.54) and negative correlation with nitrate (-0.43). The 

sulphate is positive correlation with DO (0.47) and significant negative correlation with calcium (-0.46), BOD (-

0.42) and COD (-0.45). The nitrate is significant negative correlation with alkalinity (-0.43), chloride (-0.60) 

and phosphate (- 0.62). The chloride is significant positive correlation with alkalinity (0.59) and DO (0.42) and 

negative correlation with nitrate (-0.60). The phosphate is  positive correlation with alkalinity (0.54) and 

negative correlation with nitrate (-0.62). The DO is significant positive correlation with pH (0.43), magnesium 

(0.61), sulphate (0.47), chloride (0.42) and negative correlation with BOD (-0.92) and COD (-0.94). The BOD is 

positive correlation with calcium (0.41) and COD (0.99) and significant negative correlation with pH (-0.42), 

magnesium (-0.56), sulphate (-0.42) and DO (-0.92). The COD is positive correlation with calcium (0.42) and 

BOD (0.99) and significant negative correlation with pH (-0.40), magnesium (-0.56), sulphate (-0.45) and DO (- 

0.94). Examples of the above mentioned pattern were compared with the pH, calcium, magnesium, alkalinity, 

sulphate, DO, BOD and COD were significantly correlated with a large set of variables. 

The correlation co-efficient that of BOD and COD are negative correlation with other water quality (physico- 

chemical) parameters namely turbidity, total dissolved solids, pH, total hardness, magnesium, sulphate, nitrate, 

chloride and dissolved oxygen might be due to different pollution loads from different origin. 

The physico-chemical properties showed significant correlations except few with the sulphate, nitrate, BOD 

and COD. There is a high positive correlation of 0.99 between BOD and COD. This implies that BOD is derived 

from COD. 

 

Principal Component Analysis 

The principal component analysis biplot graph executed on 15 variables for 12 sampling locations in order to 

identify quality of lake water were performed measured on physico-chemical parameters of Bellandur lake. 

Each observed variable contributes one unit of variable to the total variance in the data set. Any component 

that displays an eigenvalue greater than 1.0 is accounting for a greater amount of variance and is retained; the 

remaining factors have eigenvalues of less than unity [8]. Eigenvalues greater than one was taken as criterion 

for extraction of the principal components required to explain the variance in the data. The obtained factor 

loading values and variance calculated by the PCA are tabulated in table 2 and the figure 1 shows the scree plot 

of the eigenvalues of principal component. The first component accounted for one third of all the variance in 

the data (32%). Second component accounted for one fourth of all the variance in the data (23%). First two 

components (with eigenvalues of 4.86 and 3.39) accounted for 55% in the total varience where as first four 

components accounted for almost 79% and rest of the components accounted for 21%. The scree plot is a graph 
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of eigenvalues in decreasing order. The y-axis has shows the eigenvalue and the x- axis show their  principal 

component in order is as shown in figure 1. 

 
Figure 1. Scree-plot for the principal component analysis 

 

The PCA biplot analysis performed on the entire set of measured physico- chemical parameters [3,7] of 

Bellandur lake showed in figure 2. Biplot showed a projection of the initial variables in the factor space. 

Variables on right side showed positive correlation among themselves but negative correlation with the factors 

on left side [1]. The PCA axis 1 and 2 together 96.81% of variation in the physico- chemical parameters of the 

12 sampling sites are consistently different in their characteristics. The parameters DO, pH, TDS, magnesium, 

turbidity, total hardness, alkalinity, chloride, phosphate, electrical conductivity, BOD, COD and calcium which 

is positively associated with physico- chemical parameters. The gradient was negatively associated with 

sulphate and nitrate. 

 
Arrows represent variables 

◦ Symbols represent sampling sites 

Figure 2. Biplot of standardized PCA-analysis performed on entire set of physico- chemical parameters of 

Bellandur lake 
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TABLE 1. CORRELATION MATRIX OF THE 15 PHYSICO- CHEMICAL PARAMETERS OF BELLANDUR 

LAKE. 

 

 TU EC TDS pH TH Ca Mg ALK SO4 NO3 Cl PO4 DO BOD CO

D 

TU 1               

EC 0.27 1.00              

TDS 0.24 0.31 1.00             

pH 0.32 0.31 0.51 1.00            

TH 0.15 0.29 0.97 0.48 1.00           

Ca 0.30 0.43 0.13 -0.14 -

0.04 

1.00          

Mg 0.27 -

0.02 

0.77 0.57 0.67 -0.08 1.00         

ALK 0.48 0.16 0.37 0.41 0.28 0.16 0.46 1.00        

SO4 -0.33 -

0.29 

-

0.27 

-0.07 -

0.21 

-0.46 -0.07 -0.18 1.00       

NO3 0.33 0.17 0.05 -0.27 0.02 0.27 -0.08 -0.43 -0.08 1.00      

Cl 0.32 0.17 0.30 0.33 0.27 0.05 0.30 0.59 -0.05 -0.60 1.00     

PO4 -0.26 -

0.10 

0.29 -0.04 0.20 0.27 0.32 0.54 -0.27 -0.62 0.35 1.00    

DO 0.16 -

0.04 

0.38 0.43 0.37 -0.36 0.61 0.02 0.47 -0.06 0.42 -

0.22 

1.00   

BOD -0.24 0.02 -

0.24 

-0.42 -

0.23 

0.41 -0.56 0.06 -0.42 -0.04 -0.27 0.33 -

0.92 

1.00  

COD -0.14 -

0.02 

-

0.29 

-0.40 -

0.29 

0.42 -0.56 0.12 -0.45 -0.05 -0.23 0.32 -

0.94 

0.99 1.00 

 

TU = Turbidity;  EC = Electrical Conductivity; TDS = Total Dissolved Solids; TH= Total Hardness; Ca = Calcium; 

Mg = Magnesium; ALK = Alkalinity;  SO4   =   Sulphate;   NO3   =   Nitrate;   Cl   =   Chloride;   PO4   =   

Phosphate;   DO   =   Dissolved   Oxygen;   BOD   =   Biological   Oxygen   Demand;   COD = Chemical Oxygen 

Demand 
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TABLE 2. FACTOR LOADING VALUES AND VARIANCE. 

 

Parameter PC1 PC2 PC3 PC4 

Turbidity 0.166 0.144 0.352 0.485 

EC 0.083 0.200 0.340 0.158 

TDS 0.334 0.229 0.140 -0.382 

pH 0.326 0.083 0.027 0.093 

Total Hardness 0.317 0.178 0.114 -0.428 

Calcium -0.096 0.333 0.277 0.122 

Magnesium 0.387 0.088 -0.015 -0.231 

Alkalinity 0.191 0.355 -0.179 0.291 

Sulphate 0.048 -0.389 -0.219 0.060 

Nitrate -0.077 -0.132 0.588 -0.139 

Chloride 0.251 0.181 -0.246 0.407 

Phosphate 0.030 0.362 -0.399 -0.202 

DO 0.375 -0.262 -0.029 0.059 

BOD -0.345 0.314 -0.043 -0.123 

COD -0.346 0.322 -0.042 -0.031 

Eigenvalues 4.86 3.39 2.27 1.40 

Total Variance (%) 32 23 15 9 

Cumulative 

Variance (%) 

32 55 70 79 

  

IV. CONCLUSION 

 

In this study correlation matrix and principal component analysis were applied to analytical water quality data 

of physico-chemical parameters of Bellandur lake. The correlation coefficient indicates positive and negative 

correlation of physico-chemical parameters with each other. 

The correlation co-efficient of pH, calcium, magnesium, alkalinity, sulphate, DO, BOD and COD were 

significantly correlated with a large set of variables. The BOD and COD are significantly negative correlation 

with other physico-chemical parameters might be due to different pollution loads from different origin. There 

is a high positive correlation of 0.99 between BOD and COD. This implies that BOD is derived from COD. 

The PCA explains the variances of a large dataset on inter-correlated variables with a smaller set of 

independent variables. Biplot circle is useful in interpreting the meaning of the axis. The main object of the 

PCA to determine the hidden factors responsible for the data structure when whole set of data set was 

considered. The PCA biplot axis 1 and 2 together 96.81% of variation in the physico - chemical  parameters of 

the 12 sampling sites are consistently different in their characteristics. The parameters DO, pH, TDS, 

magnesium, turbidity, total hardness, alkalinity, chloride, phosphate, electrical conductivity, BOD, COD and 

calcium which is positively associated with physico- chemical parameters. The gradient was negatively 
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associated with sulphate and nitrate. The study indicated that the lake polluted which poses a great danger to 

aquatic life, people using it for domestic purposes and other activities. This might be due to improper disposal of 

sewage, surface runoff and wastewater from different activities. The water is thus not suitable for 

humanactivity without physico-chemical treatment. Hence, there is a urgent need for public awareness on  the 

state of lake water and proper treatment is require before discharge of sewage and effluent into the Bellandur 

lake and its catchment area. 
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ABSTRACT 

 

Waste water obtained from the industries generally known as Spent wash it contains lots of organic beneficial 

contents varied with its range values but without treatment if we discard the same contents to outer 

environment leads to many environmental defects may arise among that neighbouring lands defects and fresh 

water resources defects, but stimulated substantial changes in waste water treatment to achieve the objectives 

were based primarily on aesthetic and environmental concerns.The P3O4 contents present in the spent wash 

will also leads hazardous affects, after treatment the same spent wash will act as a benefited resource as “ 

PHOSPOROUS(III)TETRAXIDE” for soil to enhance germination and soil fertility.  

 

Index Terms— ETHONAL, Molasses, Spent wash, Anaerobic, Bio-methanation, Phosporous(3) tetraxide. 

 

I. INTRODUCTION 

 

Spent wash is a rich source of organic contents and nutrients like nitrogen,sulphur, phosporous, potassium and 

calcium, Industrial waste water even contains sufficient micronutrients like manganese, iron, zinc, 

copper,boron and molybdenurn etc.in spent wash nutrients are highly rich and  its acidity or alkalinity may 

also affect very largely so it may directly affects on the pH values as well as phosporous contents present in the 

spent wash. Waste water obtained from the industries generally known as Spent wash it contains lots of organic 

beneficial contents varied with its range values but without treatment if we discard the same contents to outer 

environment leads to many environmental defects may arise among that neighbouring lands defects and fresh 

water resources defects, but stimulated substantial changes in waste water treatment to achieve the objectives 

were based primarily on aesthetic and environmental concerns.The P3O4 contents present in the spent wash 

will also leads hazardous affects, after treatment the same spent wash will act as a benefited resource as 

“ PHOSPHOROUS(III)TETRAXIDE” for soil to enhance germination and soil fertility. 

It is used for Bio-Gas generation(biomethanation), the techniques now used by distilleries for the treatment of 

distillery waste are biomethanation followed by 2 types(stage) biological treatment and discharge in fresh water 
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outlets with neutralization and also reduction or optimization of Phosphorous values and for use on land for 

irrigation purposes or for compositing with or without concentration,biomethanation and incineration. Certain 

drawbacks are also there in this method. Much energy in the form of methane gas will also be looses by this 

Process. This is also of national Importance. This type of work is an initiation to neutralize the waste water 

followed by pH study of the gained products through continues process and for Biomethanation for high TDS 

spent wash. 

 

II. METHODOLOGY 

 

BPR System is very specific and -site and also depends on the waste water characteristics and the plant process 

design and working,  effluent phosporous concentrations may exceed 1.0 to 2.0 mg per liter, but effluent 

concentrations below 0.5 / 1.0 mg per liter have been shown for high TDS spent wash, Depending upon the 

availability “ fermentation reactors for producing volatile fatty acids (VFAs) used for phosphorous 

removal” .Biological Phosporous -Removal process are some what complex with many dependent interactions 

and comprehensive simulation methods(models) are very useful for evaluating biological Phosphorous and 

analysis. 

 

 
 

Table 

S.N P3O4 content in g/m3 Spent wash in ml/Soil in kg Result 

1  19.2 40ml/kg,  type-A soil It is observed that depending upon 

the soil type P3O4  is moderately 

available in all type. 

2  25.4 60ml/kg, type-B soil 

3.  24.5 30ml/kg, type-C soil 

4.  8.0 50ml/kg, type-D soil 
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III. RESULTS AND DISCUSSION 

 

Based upon the obtained data result is interpreted as, 

It is observed that depending upon the soil type,  P3O4  is moderately available in all soil type. So after proper 

treatment spent wash is not much toxic to  soil based on  the above mentioned data and spent wash added in 

milliliter to soil type in kilogram. So fertility does not effecting much as the spent wash sprinkled on soil outlets 

in the type of press mud. 

 

IV. CONCLUSION 

 

Waste water obtained from sugar industries as spent wash can be used in duel beneficial mode as a biogas 

generator and also as fertilizer to sprinkle upon  the mud especially for irrigation purposes so that enriches 

fertility and yield rate too. 
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ABSTRACT 

 

Distillery Waste water obtained from the industries commonly named as Spent leese or Spent wash it contains 

lots of organic  constituents but they varied with range of values but without treatment if we dispose the same 

constituents to outer space increases  many environmental causes, it may lead to that agricultural lands t0xifies 

and water resources  also affects, but substantial stimulated changes in Spent wash treatment to effectively 

achieve the objectives which based on environmental concerns primarily on aesthetic. The K2O contents 

present in the distillery spent wash will also leads toxic effects, after treatment the same waste water will act as 

a beneficiary resource as “ POTASSIUM OXIDE” for soil to enrich its germination capacity and also increases in 

soil fertility.  

 

Index Terms— Alcohol, Molasses, Spentwash, Anaerobic, Biomethanation, Potassium oxide. 

 

I. INTRODUCTION 

 

Distillery waste is a enrich source of Nutrients and organic biodegradable contents like N2,K,S,P,Ca etc.,Spent 

wash even contains much micro nutrients like Zn, Mn, B,Cu, Mb,Fe etc in this waste more than sufficient 

nutrients are available  and  its acidic or basic nature may also effect highly, so it may directly effects on the pH 

values as well as Potassium contents present in the industrial waste. Spent wash obtained from the distillery 

generally known as Distillery waste water and  it contains heavy organic matters vary with its high range 

values, before treatment if it discarded to the surrounding environment creates many environmental problems 

among the neighbouring lands and outer water sources, but substantial stimulated changes in distillery spent 

wash treatment need to achieve the objectives, which were based upon first aesthetic and environmental 

pollutants concerns.The K2O contents present in the distillery waste will also creates toxic affects, so after 

treatment the same waste water will act as a benefited resource as “ POTASH or Potassium oxide” for soil 

fertility.  
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Distillery Waste water obtained from the industries commonly named as Spent leese or Spent wash it contains 

lots of organic  constituents but they varied with range of values but without treatment if we dispose the same 

constituents to outer space increases  many environmental causes, it may lead to that agricultural lands t0xifies 

and water resources  also affects, but substantial stimulated changes in Spent wash treatment to effectively 

achieve the objectives which based on environmental concerns primarily on aesthetic.The K2O contents 

present in the distillery spent wash will also leads toxic effects, after treatment the same waste water will act as 

a beneficiary resource as “ POTASSIUM OXIDE” for soil to enrich its germination capacity and also increases in 

soil fertility.  

It is used for Biogas generation(Methanogenesis), and the method now used by industries for the treatment of 

Spent wash are Methanogenesis or biomethanation followed by 2 stage biological treatment and discharge in 

water resource outlets by  neutralization and also suppression or optimization of Potassium values and use on 

irrigation land for Agricultural purposes and also for compositing without or with concentration,Methanogenic 

and incineration. Certain setbacks are also there in this method. Vast energy in the form of CH4 gas will also be 

loses by this Method. This is also of national Prioritize task. So our work is an attempt and initiation to 

neutralize the SPent wash followed by pH study of the highly concentrated products through continues process 

and for Biomethanation for high TDS waste water. 

 

II. METHODOLOGY 

 

The Spent wash sample is collected from the Samson Distillery,Duggavathi, Davangere, Karnataka. In poly-

carbonyl container the spent wash is collected and it is sealed thoroughly stored in 2-4OC for further Analysis, 

And with Stander ed methods the chemical-physical parameters were identified. To check the soil quality soil 

sample was collected near the site at around 20-25 cm depth, air dried  powdered, added spent wash in 30, 40, 

50, 60 ml / kg depending upon the site sample and finally analyse d the K2O present in that, the following 

results were obtained and tabulated and graphical representation also noted.  

 

 Spent wash before treatment      Soil dried after addition of optimized bio methanated spent wash 
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Table 

 

S.N K2O content in g/m3 Spent wash in ml/Soil in kg Result 

1  50.26 40ml/kg,  type-a soil It is observed that depending upon 

the soil type K2O content is 

moderately available in all type 

soil. 

2  150.19 60ml/kg, type-b soil 

3.  99.1 30ml/kg, type-c soil 

4. 145.2 50ml/kg, type-d soil 
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III. RESULTS AND DISCUSSION 

 

Based upon the obtained data result is interpreted as, 

It is observed that depending upon the soil type,  K2O  is moderately available in all soil types. So after proper 

treatment Distillery spent wash is not much toxic to  soil, instead it is a beneficial product like fertilizer, based 

on  the above tabulated data and waste water added in ‘ml’ to soil type in ‘kg’. The soil fertility rate is increasing  

as the spent wash sprinkled on soil outlets as in the type of press mud. 

 

IV. CONCLUSION 

 

Spent wash or Waste water obtained from distillery industries  can be used as a beneficiary products like biogas 

production, steam utilization in boilers and also as fertilizer to sprinkle upon  the soil especially for irrigation/ 

agricultural purposes so that  it enriches the  fertility nature of soil and crops yield will also enhances. 

 

V. REFERENCES 

 

[1]. © July 2021 | IJIRT | Volume 8 Issue 2 | ISSN: 2349-6002 IJIRT 152268 INTERNATIONAL JOURNAL OF 

INNOVATIVE RESEARCH IN TECHNOLOGY 926 ph Study in Optimization of Bio-Methanation Process 

of High TDS Spent Wash Obtained from Distillery LALITHA D1 , DR. N S SATHISHA2 , DR B MANJU2 , 

DR. B M KIRAN3 

[2]. ISSN: 2454-132X Impact Factor: 6.078 (Volume 7, Issue 4 - V7I4-1261) Available online at: 

https://www.ijariit.com Characteristic study in optimization of Biomethanation process for high TDS spent 

wash from Distilleries Lalitha Devaraju lalithadevaraju@yahoo.co.in Government Engineering College, K. 

R. Pete, Krishnarajpete, Karnataka Dr. Manju B. hodchemistry@mitmysore.in Maharaja Institute of 

Technology, Mysore, Karnataka Dr. Sathisha N. S. sathish.env@gmail.com Government Engineering 

College, K. R. Pete, Krishnarajpete, Karnataka Dr. Kiran B. M. kirangowda.82@gmail.com 

Adichunchanagiri Institute of Technology, Chikmagalur, Karnataka 

[3]. Smt.Lalitha D, Dr.N S Sathisha,Dr B Manju, Dr. B M Kiran. Optimization of biomethanation process for 

high TDS spent wash from distilleries IJSRR Volume 10 (2018). 

[4]. DISTILLERY WASTE WATER TREATMENT AND DISPOSALBY Lt Col Mantha Nagaraj*,Dr Arvind 

Kumar 

[5]. MethanEmissionbyGutSymbiontsofTe1mites1 V.Gomathi, 1K.Ramasamy, M R.V.P.Red 

dy,1A.Ramalakshmiand1A.Ramanathan 



Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the 

terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use, 

distribution, and reproduction in any medium, provided the original work is properly cited 

 

 

International Conference on Recent Trends in Mechanical Engineering 

International Journal of Scientific Research in Science,  

Engineering and Technology 

Print ISSN: 2395-1990 | Online ISSN : 2394-4099 (www.ijsrset.com) 

 

 

 

 

  878 

 
Fabrication and Characterization of Hybrid Fibers Thermoplastic Blend 

Composites 
Lingesh B V1*, B M Rudresh2 

1Department of Mechanical Engineering, Bangalore Institute of Technology, Bangalore -560004, Karnataka, 

India 
2*Department of Mechanical Engineering, Government Engineering College, K R Pet -571426, Karnataka, India 

 

ABSTRACT 

 

Polymer matrix composites (PMCs) can be found in almost every aspect of modern life, from consumer 

electronics to a wide variety of automotive accessories. Polymer matrix composites are materials made up of 

fibres that are embedded in an organic polymer matrix. These fibers are introduced to enhance selected 

properties of the polymer matrix composites. In the present investigation the composites were prepared by 

using basalt and glass fibers as reinforcements. The composite materials are thermoplastic blend of Polyamide 

66 and polypropylene (Blend), glass fiber reinforced thermoplastic blend (Blend/SGF), basalt fiber reinforced 

thermoplastic blend (Blend/SBF) and hybrid fibers reinforced thermoplastic blend composites (BG hybrid). The 

composites and specimens were prepared by twin screw extrusion and injection molding technique. 

The mechanical properties of hybrid composites such as tensile, flexure and impact strength were investigated 

using ASTM standards. The findings of the experiments demonstrated that hybrid fibers significantly improved 

the mechanical behavior of thermoplastic (PA66/PP) blend. 

The BG hybrid composites exhibited 77.22 % increase in tensile strength, 109 % increase in flexural strength 

and 15.92 % reduction in elongation respectively. The hybrid fibers effect resulted in a significant increase in 

composite strength. The fibers and matrix synergistic effect contributed in improving mechanical behavior. 

Due to the brittle nature of the fibers, the impact strength of composites was lowered. Scanning electron 

microscopy (SEM) photos reveal the failure of composites due to fiber fracture, fiber pull out and fiber 

misalignment. 

Keywords: Hybrid, Blend, SGF, SBF, SEM 

 

I. INTRODUCTION 

 

Many of our modern technologies necessitate materials with peculiar qualities that traditional metal alloys, 

ceramics, and polymeric materials cannot provide. This is especially true for materials that are needed for 

aerospace, underwater and transportation applications. For example, aviation engineers are increasingly looking 

for low-density structural materials that are robust, stiff, abrasion and impact resistant, and corrosion resistant. 

http://www.ijsrset.com/


International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com  

Volume 9, Issue 9  - Published :  March 15, 2022    Page No : 878-887 

 

 

 

 
879 

This is a powerful combo of qualities. Strong materials are mostly thick; also, increasing strength or stiffness 

usually leads in a reduction in impact strength [1-4] 

The development of composite materials has expanded material property combinations and ranges, and it 

continues to do so. In general, any multiphase material that exhibits a considerable fraction of the properties of 

both component phases, resulting in a better  combination of properties, is deemed a  composite.  Better 

property combinations are fashioned by the appropriate combining of two or more separate elements, according 

to this principle of combined action. Many composites have property trade-offs as well. 

In designing composite materials, scientists and engineers have ingeniously combined various metals, ceramics 

and polymers to produce a new generation of extraordinary materials. The majority of composites were 

developed to improve a combination of mechanical properties like stiffness, toughness and ambient and high-

temperature strength. 

The most important composites in terms of technology are those in which the dispersed phase is in the shape of 

a fibre. High strength and/or stiffness on a weight basis are frequently design goals for fiber-reinforced 

composites [5-7]. Specific strength and specific modulus parameters are used to express these properties, which 

correspond to the ratios of tensile strength to specific gravity and modulus of elasticity to specific gravity 

respectively. Low-density fibre and matrix materials have been used to create fiber-reinforced composites with 

extremely high specific strengths and moduli. [8]. Composite material performance and properties depend on 

the properties of individual components, mixture proportions and their inter-facial compatibility. The 

composite materials primarily consist of two constituents, one of which is the reinforcement material that 

could be treated with chemicals for surface modification [9] in order to improve binding and handling 

properties. The second component is the matrix which serves to protect the reinforcement material from 

environmental and external damage by transfer of the load [10]. Dan-mallam et al studied mechanical 

properties of hybrid fibers (kenaf/polyethylene terephthalate) reinforced polyoxymethylene hybrid composite. 

The hybrid composite samples showed increases in the modulus and strength [11]. 

 

II. MATERIALS, COMPOSITION, PROCESSING AND TESTING OF COMPOSITES 

 

The materials used for the fabrication and development of composites are shown in the table 1. The 

compositions for the preparation of composites are selected as per the data shown in the table 2. 

TABLE I MATERIALS USED IN THE FABRICATION PROCESS 

Material Designation Size (µm) Density (g/cc) 

Polyamide 66 PA66 ---- 1.14 

Polypropylene PP ---- 0.9 

Short glass fibers SGF 10-20 2.54 

Short basalt fibers SBF 10-20 2.65 

 

TABLE II FORMULATIONS OF COMPOSITES 

Composition Mt. ID Wt.% 

PA66 PP SGF SBF 
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Blend (PA66/PP) Blend 80 20 -- -- 

Blend/glass fibers Blend/ SGF 80 20 10 -- 

Blend/basalt fibers Blend/SBF 80 20 -- 10 

Blend/glass/basalt fibers BG Hybrid 80 20 10 10 

  

A. Processing of fiber reinforced composites 

The processing and fabrication of composite is carried out through melt mix method using twin screw extrusion 

equipment. The injection molding process is used to prepare the specimens as per ASTM standards. The 

following diagram explains the details of production process of composites [12]. 

 
Fig. 1. Processing of composites 

 

B. Testing of fiber reinforced composites 

The mechanical properties such as tensile, flexural and impact test of fiber reinforced composites have been 

tested using universal testing machine (JJ Loyd) as per ASTM D638, D790 and D256 respectively [13]. 

 

III. RESULTS AND DISCUSSION 

 

A. Tensile behavior of fiber reinforced composites 

 
Fig. 2. Tensile behaviour of composites 

The effect of fiber loading on tensile behaviour of thermoplastic blend based hybrid composites is  shown in the 

figure 2. The tensile test of composites was carried out at room temperature as per ASTM D638 with a strain 

rate of 5 mm/min. 
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Fig. 3. Stress – Strain curve of composites 

 

It is observed from the figure 2, that the tensile behavior of BG hybrid composites is a function of hybridization 

effect of fibers. The tensile strength of 39 MPa has been exhibited by the blend PA66/PP. The reinforcement of 

10 wt. % SGF into the blend improved the tensile strength of  Blend/SGF composites to  65 MPa which  is 

observed that the effect of high modulus and good strength SGF improved the strength of BG hybrid 

composites. Further, the strength improvement is one of the contributions by the silane coupling agent which 

intensifies the bonding between the fibers and matrix. This behavior matches with the results of others work 

[16]. 

The effective mean length of fibers decreases during hybridization of fibers. The maximum interfacial shear 

strength is exhibited at fiber ends. The magnitude of shear stress has been found to be maximum at short basalt 

fiber ends because of high stiffness and good aspect ratio than short glass fibers. Therefore, as per stress transfer 

theory, the short basalt fiber ends exhibit the maximum shear stress. Hence, debonding starts at SBF ends 

which may be the initiation for development of cracks in composites. The strong network between SBF and 

SGF has been created and short glass fibers as an effect of hybridization, they act as crack arresters. This 

improves the strength of composites. Further, the 66.67% increase. This is due to the effect of high modulus 

SGF addition into the blend. The SGF has been coated with coupling agent silane which establishes the bond 

between the matrix and the surface of fibers. The geometry of fibers such as slenderness ratio, length, surface 

area and also the volume of fibers establishes the good compatibility between the thermoplastic matrix. The 

good stiffness and high specific strength of SGF, when reinforced into blend PA66/PP, the tensile strength of 

short glass fiber reinforced composites shoots to a very high level [14-15]. 

The slight increase in tensile strength over the blend has been observed by reinforcing 10 wt. % SBF into the 

blend. Blend/SBF composites exhibited the tensile strength of 41 MPa which is 5% increase over the blend. 

Basalt fiber is a low load carrying member but it can retain its strength at very high temperature. The basalt 

fibers are rich in potential fillers such as SiO2, Alumina, and Fe2O3. These fillers have improved the brittle 

nature of Blend/SBF composites and deteriorated the matrix – fiber interface bonding. This is the main reason, 

why there is no substantial increase in the strength of Blend/SBF filled composites. 
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The hybridization effect of SGF and SBF significantly improved the tensile strength of BG hybrid composites. 

The BG hybrid composites exhibited the tensile strength of 70.5 MPa which is 81%, 72 % and 8 % increase over 

tensile strength of blend, basalt fiber filled  and  glass  fiber  filled  composites.  It  has  been silane compounds 

established the network for improving the strength of BG hybrid composites. The profile of silane molecule is: 

R-(CH2)n-SiX3. This molecule creates bonding with fiber at one end while the other end establishes the bond 

with the matrix. Trihydroxysilane has been produced during the process of hydrolysis of silane compounds. 

Trihydroxysilane develops the covalent or hydrogen bond with hydroxyl groups on the surface of basalt fibers 

and glass fibers [17]. Hence, the hybridization effect of glass and basalt fibers improved the tensile strength of 

BG hybrid composites.The obtained results match with the work of researchers [15, 16]. 

The effect of fibers on percentage elongation of PA66/PP composites is depicted in figure 3. It is observed from 

the figure that the percentage elongation is a function of fiber reinforcement. Hybridization of fibers impaired 

the percentage elongation of hybrid composites. The blend PA66/PP had the least stress but highest strain. This 

is due to the ductile nature of PA66/PP blend. The ductile nature of blend improved the extension capacity of 

composites with less load carrying capacity. Similarly, the load bearing capacity of Blend/SGF composites is 

high due to strong and ductile nature of SGF fibers. But the load bearing capacity of SBF filled composites is 

slightly lesser and their elongation is also small when compared to Blend/SGF composites. But the hybridization 

effect of fibers decreased the elongation of composites by increasing the load bearing capacity. The BG hybrid 

composites exhibited the strain range from 0.01 to 0.015. The slight improvement in strain rate of BG 

composites is due to the presence of SGF in the BG hybrid composites. The effect of hybrid fibers improved the 

brittleness of composites and slight improvement in elongation has been exhibited by BG hybrid composites 

[14,15]. 

 

B. Flexural behavior of fiber reinforced composites 

 
Fig. 4. Flexural behavior of composites 
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Fig. 5. Stress – Strain curve of composites 

 

The flexural strength of the neat blend PA66/PP is 55 MPa. The reinforcement effect of 10 wt. % Blend/SBF 

composites exhibited the flexural strength of 84.7 MPa which is 54% increase over blend PA66/PP. This is the 

least value among the flexural strength of fiber filled composites. The degree of compatibility of SBFs with the 

matrix seemed to be poor. The filled compounds such as SiO2, Alumina and Fe2O3 are rich in basalt fibers. The 

hard nature of these filled compounds deteriorates the flexural strength of Blend/SBF composites. The hard 

nature of these compounds results in the loss of ductility of composites. This made the composites to receive 

less bending load during performance of composites. The brittle nature of SBF, made the composite material to 

become brittle and hence there is no much increase in flexural strength. SBF has been recommended as a fiber 

for composites because of their retention strength at very high temperatures. Hence, they are potential 

supporters for thermal applications. 

The addition of 10 wt. % SGF improved the flexural strength of Blend/SGF composites to 103.2 MPa which is 

87.6% increase over blend. This is purely attributed to the silane coupling agent which establishes the good 

bonding between the matrix and fibers. The high modulus, high stiffness and good specific strength of SGF 

enabled the Blend/SGF composites to resist the load during bending. During bending, outer fibers are in tension 

and inner fibers were in compression. The intensity of shear strength of SGF has been decided by the amount 

coupling agent sized on the surface of glass fibers. Further, the ductile nature of Blend/SGF composites found to 

exhibit the good ductility and deflection of these composites further increases to receive more load [14]. 

It is found from the figure that the flexural The individual fibers and their hybridization effect on flexural 

properties of PA66/PP blend based hybrid composites are shown in figure 4. It is found from the figure that the 

hybridization of fibers has greatly developed the flexural behavior of composites. The hybridization effect of 

fibers is quite greater than effect of individual fibers on flexural behavior of hybrid composites. strength of BG 

hybrid composites has been improved due to the effect of hybridization of fibers. The flexural strength of BG 

hybrid composites is 115 MPa which is 109% increase blend. Further, the load bearing capacity of composites 

has been improved due to high modulus and good strength glass fibers [14]. The stiffness and aspect ratio of SBF 

is more than SGF. Therefore, shear stress is maximum at SBF ends according to stress transfer theory [18]. The 
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ends of SBF are therefore subjected to debonding first. The micro cracks as a result of debonding starts as a 

source of defects. The hybrid effect of both SGF and SBF arrested the cracks development due to hybridization 

effect. Therefore, the hybridization effect improved the flexural strength of BG hybrid composites. The 

decrease in length of short fibers to a very low value is due to shearing stresses which developed during 

polymer processing. The improved interfacial adhesion is due to the compensation of critical length of fibers. 

Therefore, the hybridization effect has improved the flexural strength of hybrid fibers filled composites. 

It has been observed that the effect of fiber reinforcement decreased the percentage elongation due to 

deflection. The percentage deflection of blend PA66/PP exhibited the highest value due to absence of fibers. 

The blend exhibited the highest percentage deflection of 16.86. But the percentage of deflection due to bending 

of Blend/SGF composites was superior due to their higher modulus. But the effect of hybridization has reduced 

the percentage deflection. 

The S – S behavior of fiber filled and BG hybrid composites is shown in the figure 5. The load bearing capacity 

of BG hybrid composites have been improved due to hybridization of fibers. But the strain of corresponding 

composites has been slightly decreased because of their brittle nature. The Blend/SGF composites exhibited the 

better strain rate due to ductile nature of composites. The load bearing capacity of blend PA66/PP is low when 

compared to fiber reinforced composites experiencing highest strain. But the BG hybrid composites had the 

better strain rate and also strength due to high strength and high modulus glass fibers. 

 

C. Impact Behavior of fiber reinforced Composites 

 
Fig. 6. Impact strength & Hardness of composites 

The individual and hybrid fibers effect on hardness and impact strength of composites is shown in figure 6. It is 

found from the figure that the impact strength and hardness of hybrid composites is purely a function of 

composites composition. 

The blend exhibited the impact strength of 60 kJ/m2. The Blend/SGF composites exhibits the impact strength of 

65 kJ/m2, which is 8% more. Blend/SBF composites exhibited the impact strength of 38.5 kJ/m2 against the 

blend which is 35.8% decrease. The impact strength of 44 kJ/m2 has been exhibited by BG hybrid composites. 

But the effect of short glass fiber reinforcement influenced the impact strength of glass fiber reinforced 
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composites significantly. Among the composites studied, short glass fiber reinforced composites exhibited the 

highest impact strength. Basalt  fibers effect improved the brittle nature of Blend/SBF composites. Inclusion of 

SBF leads to the creation  of voids by introducing cracks. Hence, the impact strength reduces. 

Unique observation has been noticed as result of reinforcement of fibers on the hardness (shore D) of 

composites. The increase in hardness of SBF and SGF reinforced composites has been observed due to the 

addition of fibers. But hybridization effect of fibers has been found to decrease the hardness slightly below the 

value of Blend/SGF composites. This is due to the fact that the hybridization of fibers results in overlapping of 

fibers, creation of voids, debonding of fibers and poor interfacial bond strength. This may reduce the hardness 

of polymer composites. 

 

D. Fractography analysis of composites 

 
Fig. 7. SEM photographs of fractured surfaces of Blend 

Tensile (b) Flexure and (c) Impact test 

 
Fig. 8. SEM photographs of fractured surfaces of BG Hybrid Composites (a) Tensile (b) Flexure and (c) Impact 

test 

The SEM image of fractured surface of  tensile behavior of BG hybrid composites is depicted in the figure 8 (a). 

It has been revealed from the figure that the fiber pull out impressions are more along with the matrix 

deformation. The overlapping of fibers has been exhibited in the figure. The uneven surface is exhibited by the 

composites. The SEM image of flexural behavior of BG hybrid composites is shown in the figure 8 (b). It is 

observed from the figure that the fiber fracture is more common with matrix deformation. Fiber aggregates are 

collected at the surface which is clearly seen in the picture. The fiber pulled out impressions is clearly shown in 

the figure. The SEM image of impact fracture of BG hybrid composites is depicted in the figure 8 (c). It is 

exhibited by the figure that the fiber overlap and fiber pulled out mechanisms are common. The aggregates of 
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broken fibers are also seen in the figure. Further, the rough and brittle nature of composites has been witnessed 

by the SEM picture of BG hybrid composites. 

 

 

IV. CONCLUSION 

 

Following are the important facts drawn from the study. 

➢ The tensile and flexural characteristics of fiber reinforced composites have been significantly improved by 

the addition of individual fibers of SGF and SBF. But the impact behavior of composites is slightly 

impaired. 

➢ The effect of hybridization of fibers (Basalt and Glass) is very much effective in improving the tensile and 

flexural behavior of BG hybrid composites. But it has been found that the impact strength of hybrid 

composites found to be impaired due to the effect of hybrid fibers 
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ABSTRACT 

 

The purpose of the study was to investigate the effect of aerobic exercises on selected motor fitness variables 

among school level soccer . To achieve the purpose of this study, thirty college level football players were 

randomly selected as a subjects from shivamogga, Karnataka. boys age between 15 and 17 years. True 

randomized experimental group design has been employed with two groups, namely aerobic exercises group 

and control group with 15 subjects each. Group I participated the training for a period of six weeks and no 

training were given to the control group. Speed was measured by 40 yard dash, agility was measured by “T” 

agility run test and explosive strength was measured by standing broad jump. The two groups were statistically 

analyzed by using analysis of covariance (ANCOVA). The result of the study reveals that there was a significant 

improvement in the experimental groups on selected variables when compared to the control group after the 

completion of six weeks of aerobic exercises program. 

 

Keywords: Aerobic Training, School Boys, Motor fitness, Soccer. 

 

I. INTRODUCTION 

 

The word Aerobic literally means “with oxygen or in the presence of oxygen”. Aerobic exercises are any 

activity that uses large muscle groups can be maintained continuously for long period of time and is rhythmic 

in nature. Aerobic activity trains the heart, lungs and cardiovascular system to process and deliver oxygen 

more quickly and efficiently to every part of the body. As the heart muscle becomes stronger and more 

efficient (Wolach and Harold, 2000). Aerobic exercise is a moderate intensity workout that extends over a 

certain period of time and uses oxygen in this process. Well, in the present times, carrying out aerobics has 

become the most happening workout trend among the youth. Not only is performing aerobic exercise 

interesting, but also is very beneficial for health. There are various types of aerobic exercise. In general, 

aerobic exercise is one performed at a lowto moderate level of intensity over a long period of time (Gillette and 

Elseman,1987).Basic motor abilities and skills are of crucial importance in the early phases of the motor 

learning process (Ackerman, 1998). The basis of motor learning is a specific motor program, which is created 

by the motor cortex based on external and internal information. Fundamental movement skills are common 
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motor activities with specific observable patterns. Most skills used in sports and movement activities are their 

advanced versions. From a phylogenetic point of view, fundamental movement skills represent a cultural 

heritage enabling a purposeful and effective evaluation of human abilities and skills. The expansion of 

specialized motor skills is popular today, especially when it comes to sport-specific motor skills. Therefore, 

kinesiological scientific investigations are aimed at defining the quality and quantity of any knowledge on the 

performance level, primarily in the case of children and the young, while focusing primarily on the 

relationship between the process of motor learning and a learner's age (Carroll and Bandura, 1987). 

Performing aerobics helps in maintaining all round fitness and also turns out to be a delightful experience 

while playing soccer. In this modern era soccer is played worldwide with entertainment. Nowadays school 

girls are participating in sports and games not only for the sake of fitness but also for exposure. Aerobics is a 

activity which can be performed with interest. To find out whether the aerobic exercises training has a 

positive outcome on selected motor fitness variables the investigator formulated the study to find the solution. 

 

II. METHODOLOGY 

 

The purpose of the study was to investigate the effect of aerobic exercises on selected motor fitness variables 

among college soccer girls. To achieve the purpose of this study, thirty college level football players were 

randomly selected as a subjects fromShivamogga, boys age between 15and 17 years. The investigator selected 

the following variables for the present investigation. 

TABLE - I 

S.NO. VARIABLES TEST ITEMS UNITS 

1 Speed 40 Yard Dash In Seconds 

2 Agility “T” Agility Run In Seconds 

3 Explosive Strength Standing Broad Jump In Metres 

 

True randomized experimental group design has been employed with two groups, namely aerobic exercises 

group and control group with 15 subjects each. Group I participated the training for a period of six weeks and 

no training were given to the control group. The two groups were statistically analyzed by using analysis of 

covariance (ANCOVA). (Rothstein,1985). 

 

III. RESULTS AND DISCUSSION 

 

The detailed procedure of analysis of data and interpretation were given below, 

 

Table-II Summary of Descriptive Statistics on Selected Motor Fitness Variables among School Level Soccer 

Players (Boys) 

 

Sl.No 

 

Variables 

AEG CG 

Pre SD (±) Post SD (±) Adjusted 

Mean 

Pre SD (±) Post SD (±) Adjusted 

Mean 
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1 Speed 6.54 0.39 5.94 0.31 
5.94 

6.54 0.24 6.53 0.22 
6.53 

2 Agility 11.26 0.20 10.35 0.40 
10.35 

11.19 0.54 11.15 0.58 
11.16 

3 Explosive 

Strength 

1.67 0.11 1.77 0.04 1.76 1.64 0.10 1.65 0.09 1.65 

AEG – Aerobic Exercise Group 

CG    - Control Group 

The table II shows that the pre and post test means and standard deviation of two groups on selected motor 

fitness variables among school level soccer players (Boys) 

 

Table – III Analysis of Variance of Pre Test Scores on Selected Motor Fitness Variables among School Level 

Soccer Players (Boys) 

Sl. No Variables Source of Variance Sum of Squares Df Mean Squares F- Value 

1 Speed BG 0.000 1 0.000 
0.003 

WG 3.03 28 0.10 

2 Agility BG 0.03 1 0.03 
0.22 

WG 4.74 28 0.16 

3 Explosive Strength BG 0.006 1 0.006 
0.51 

WG 0.32 28 0.01 

* P < 0.05 Table F, df (1,28) (0.05) = 4.19 

In table III, the results of analysis of variance of pre test scores on speed (0.003), agility (0.22) and explosive 

power (0.51) were lesser than the table value of 4.19 indicating that it was not significant for the degrees of 

freedom (1,28) at 0.05 level of confidence indicating that the random sampling was successful. 

Table-IV Analysis of Variance of Post Test Scores on School Level Soccer Players (Boys) 

Selected Motor Fitness Variables among  

Sl. No Variables Source of Variance Sum of Squares Df Mean Squares F-Value 

1 Speed BG 2.58 1 2.58 
34.24* 

WG 2.11 28 0.07 

2 Agility BG 4.79 1 4.79 
18.72* 

WG 7.16 28 0.25 

3 Explosive Strength BG 0.11 1 0.11 
19.02* 

WG 0.16 28 0.006 

* P < 0.05 Table F, df (1,28) (0.05) = 4.19 

In table IV, the results of analysis of variance of post test scores on speed (34.24), agility (18.72) and explosive 

power (19.02) were greater than the table value of 4.19 indicating that it was not significant for the degrees of 

freedom (1,28) at 0.05 level of confidence. 
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Table-V Analysis of Covariance of Adjusted post test scores on Selected Motor Fitness Variables among School 

Level Soccer Players (Boys) 

Sl. 

No 

 

Variables 

Source of 

Variance 

Sum of Squares  

df 

Mean Squares  

F-Value 

1 Speed BG 2.59 1 2.59 
35.12* 

WG 1.99 27 0.07 

2 Agility BG 4.83 1 4.83 
18.32* 

WG 7.12 27 0.26 

3 Explosive Strength BG 0.09 1 0.09 
22.39* 

WG 0.10 27 0.004 

* P < 0.05 Table F, df (1,27) (0.05) = 4.21 

In table V, the results of analysis of covariance of adjusted post test scores on speed (35.12), agility (18.32) and 

explosive power (22.39) were greater than the table value of 4.21 indicating that it was not significant for the 

degrees of freedom (1,27) at 0.05 level of confidence. 

Figure-I Shows the Mean Values of Control Group on Selected Motor Fitness Variables among College Soccer 

Girls 

 
Figure-I Shows the Mean Values of Control Group on Selected Motor Fitness Variables among College Soccer 

Girls 

 

IV. CONCLUSIONS 

 

In the light of the study undertaken with certain limitations imposed by the experimental conditions, the 

following conclusions were drawn.The result of the study reveals that there was a significant improvement in 

the experimental groups on selected variables when compared to the control group after the completion of six 

weeks of aerobic exercises programme. This type of aerobic exercises can be incorporated in the training 

programme for college soccer girls. 
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ABSTRACT 

 

The present study investigated the effect of psychological skill training techniques such as progressive muscle 

relaxation on competitive anxiety. The three sub-scales of competitive anxiety were also examined; cognitive 

anxiety, somatic anxiety, and state self-confidence. The study consisted of 24 School level Foot Ball players 

from Mandya District Karnataka, their age ranged from 14 to 16 years. The competitive state anxiety inventory-

2 (CSAI-2) also developed by martens, vealey, and Burton (1990) were used. Subjects were randomly assigned 

to either a relaxation training experimental group, or a no relaxation training control group. Both the 

experimental groups were given training for 3 days a week and for 6 weeks in total. Paired t-test was used to 

test the effect of treatment groups individually between pre and post-test of all the groups on variables used in 

the present study. The result of the study reveals that there was significant difference in 0.05 levels of 

competitive anxiety among the School level Foot Ball players  Foot Ballplayers. 

Keywords: Relaxation Training, Competitive Anxiety. 

 

I. INTRODUCTION 

 

The present study is mainly concerned with foot ball players was participated in the high level competitions. 

Now days, the game foot ball is becoming as a professional sport rather than the competitive sport. So the 

competitiveness among the foot ball players is growing up day by day with different color. Reason for such 

competitiveness is arise naturally among the players, because of pressures such as equal competition, concern 

about fulfilling the expectation of their teachers, coaches, parents and peer group and personal needs. It leads 

to mental and physical stress. In high level stress, the player’s are unable to show their real effort in matches 

though they are having the needed physical and mental resources. Hence the physical education teachers and 

coaches are in need to study the means and methods needed to face such competitive pressures whereby they 

can equip their players to perform well. As far as means and methods for high performance in sports are 

concerned, they are varied with the nature and type of competition such as low level competition and high 

level competition. In high level competition, sport is demanding high level mental toughness. Mental 

toughness of player can be strengthened only through the implication of internal and external pressures 
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whereby they can easily face the competition pressures andto show their talents in time. Having this thirst, the 

investigator has impelled to study. 

 

II. PARTICIPANTS 

 

The purpose of the study was to find out the effect of progressive muscle relaxation training on competitive 

anxiety of male Inter-collegiate foot ball players. To achieve the purpose of the study twenty-four boys football 

players were selected from State level tournaments. Their age was ranged from 14 to 16 years. The purpose of 

the present study was explained to then clearly where by their consent to serve as samples were obtained. The 

present study is an experimental one and to test the effects of varied forms of intervening strategies, the care 

was taken in distributing the samples to each experimental group. For this, the selected samples (N=24) were 

divided into two equal groups. Group I was considered as progressive relaxation training group (PRTG) in 

which they underwent progressive muscle relaxation practices. Group II was considered as control group and 

they did not undergo any practices. Both the experimental groups were given training for 3 days a week and 

for 6 weeks in total. 

 

Selection of variables Anxiety Related 

• Cognitive anxiety. 

• Somatic anxiety. 

• Self-confidence. 

Tools Used in the Study Competitive Sport Anxiety 

Competitive state anxiety was assessed by using the competitive state anxiety inuestory-2 (CSAI-2, martens et 

al. 1990) which is a self-report, psychometric state anxiety inventory. Consisting or 27 items. The CSAI-2 

normally takes less than five minutes to complete and was administered ten minutes before competition and 

practice session. Before allowing subjects to begin completes the CSAI-2, instruction was explained, and 

researchers ensured that all instruction was completely understood. State anxiety was measured by the 

competition state anxiety inventory-2. (CSAI-2) matters et as 1990). The CSAI-2 asses two components of state 

anxiety, cognitive worry and somatic anxiety and related constricts self –confidence. The CSAI-2 contains 9 

items that reference each sub-scale. Thus, each sub- scale has range from 9 to 36. Higher scores on cognitive 

and somatic anxiety indicate higher level of anxiety whereas higher scores on self-confidence sub-scale 

correspond to higher level self-confidence (Martens et al 1990 and McKay et al.1997) 

 

Tester Competency and Reliability of Tests 

To ensure that the investigator was well versed with the techniques of conduction the tests, the investigator 

had a number of practice sessions in testing procedure, the reliability of the data was established through test 

and retest method. Tester reliability was established by t-test process whereby consistencies of results were 

obtained by product moment correlation. The data collected from a randomly selected sample of ten subjects 

in test was correlated with the data taken by the expert and coefficient of correlation thus obtained is 

presented in Table I. Since very high correlationsfrom.806 to .897 were obtained for the variables, the 
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competency of the tester to administer the test was accepted. The interclass correlation coefficient obtained 

from selected criterion variables were presented in Table.1 

Table I Intra-class correlation co-efficient values on selected criterion variables 

 

Sl. No CRITERION VARIABLES C0EFFICIENT OF CORRELATIONS 

1 Cognitive anxiety .897 

2 Somatic anxiety .860 

3 Self confidence .806 

 

III. TRAINING PROGRAMME 

 

Psychological Skills Training Provided to the Foot Ball Players 

Psychological skill training involved meeting with the football team to provide the psychological skills 

training. The psychological skill training sessions were conducted once a week. The sessions lasted between 30 

and 60 minutes and they were audio taped for foot ballplayers who were unable to attend. At the conclusion of 

a session, the foot ball players received a handout de- scribing the activities completed during that session. 

Additional copies of the handouts were available to foot ball players who were unable to attend. The meetings 

were not requiring. Rather, the foot ball players were free to choose whether or not to participate in the 

psychological skill training program. 

 

Progressive Relaxation Training 

The football players were comfortable with the breathing technique. This activity involved a programmatic 

relaxation technique called developed by Jacobson (1926, 1976). Jacobson’s technique, called progressive 

relaxation, involves the systematic tension and relaxation of muscle groups. A football player is asked to inhale 

and tense a specific muscle grou8p for approximately five seconds. The foot ball player then exhales and 

releases the tension from the specified muscle group, concentrating on the feelings of relaxation, this 

procedure is repeated for a number of muscle groups with each group begin tensed and relaxed three times. 

The muscles groups used with the  foot ball team are listed. 

 

The Muscle Groups Used In the Progressive Relaxation Exercise 

Muscle Group1: right hand and fingers (make a fist)  

Muscle Group2: right forearm 

Muscle Group3: right upper arm 

Muscle Group4: left hand and fingers (make a fist)  

Muscle Group5: left forearm 

Muscle Group6: left upper arm 

Muscle Group7: head and face  

Muscle Group8: shoulders 

Muscle Group9: chest 
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Muscle Group10: stomach and abdomen 

MuscleGroup11: right upper leg  

Muscle Group12: right lower leg  

Muscle Group13: right foot and toes  

Muscle Group14  :left upper leg 

Muscle Group15:left lower leg 

Muscle Group16  :left foot and toes. 

 

IV. STATISTICAL TECHNIQUES 

 

The following statistical techniques were used to find out the effect of progressive relaxation training on 

competitive anxiety of school level foot ball players. Paired t-test was used to test the effect of treatment 

groups individually between pre and post tests of all the groups on variables used on the present study. As one 

of the objectives of present study was to test the effects of progressive muscle relaxation training on 

competitive anxiety, the initial test means and final test means were tested treatment wise by using the paired 

sample t-test. The obtained ‘t’ ratio’s of progressive relaxation training were postulated in the following table 

II. 

Table II. Significance of mean gains/losses between pre and post test of progressive relaxation training (PRTG) 

on competitive anxiety of  foot ballplayers 

 

Variables Pre-test 

mean 
Post-test mean 

Mean diff. Standard 

error mean 
‘t’-ratio 

Cognitive anxiety 21.50 20.08 1.42 .148 9.53* 

Somatic anxiety 22.08 20.50 1.58 .148 10.60* 

Self confidence 21.25 22.75 -1.50 .151 9.95* 

*significance at 0.05 level 

 

Table  II indicates that the  obtained’ ratios  were 9.53  for  cognitive  anxiety,  10.65  for  somaticanxiety,9.95 

for self-confidence. The obtained’ ratios on competitive anxiety. When compared with the critical value of 

2.201 for degrees of freedom of 1,112 it was found that the mean gains and mean losses statistically significant. 

Resulting of these confirm that six-week practice of progressive relaxation training produced a significant 

improvement in cognitive anxiety (1.42; p<0.05), somatic anxiety (1.58; p<0.05), self-confidence (-1.50; 

p<0.05), statistically significant and explained its effect positively. 

 

V. CONCLUSIONS 

 

1. The purpose of the present study was to examine if progressive muscle relaxation decreased competitive 

anxiety, and if so, which of the three sub-scales: cognitive anxiety, somatic anxiety, and self-confidence 

were most affected by the training. The only statistically significant effects found between the 
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experimental group and the control group occurred on the cognitive anxiety, somatic anxiety and self-

confidence sub-scale of competitive anxiety. 

2. The competitive anxiety of the subjects was tested first producing no statistically significant effects 

between the experimental and control group. Although, previous research suggests that various relaxation 

training techniques, including progressive muscle relaxation, decrease full-scale competitive a –state 

anxiety (Bethany and Forrest, 1998), the results of the present study did not confirm these observations. 

3. The competitive state anxiety inventory (CSAI-2) (Martens, Veale, and Burton, 1990) produced no 

statistical significance for the overall a-state anxiety levels between the relaxation training experimental 

group (group 1) and the no training control group (group 2). However, the mean scores of trait and state 

for group I exhibited a greater decrease from competitive anxiety. 

4. The competitive state anxiety inventory (CSAI-2) (Martens, Vealey, and Burton, 1990) produced no 

statistical significance for the overall a-state anxiety levels between the relaxation training experimental 

group (group 1) and the no training control group (group 2). However, the mean scores of trait and state 

for group I exhibited a greater decrease from competitive anxiety 
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