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ABSTRACT 

 

Advancement in technology has led to development of many materials with better qualities in order to develop 

products of greater value. This has led to a search for better materials to satisfy the ever growing demands of 

product requirement. One of this material is titanium alloys which is  widely used in the aerospace and aircraft 

industry are due to their ability to maintain their high strength at elevated temperature, and high resistance for 

corrosion. They are also being used increasingly in chemical process, automotive, biomedical and nuclear 

industry .[1,2]Titanium and its alloy are considered as important engineering materials for industrial applications 

because of good strength to weight ratio, superior corrosion resistance and high temperature applicability. They also 

has outstanding resistance to corrosion in most natural and much industrial process environment. When machining 

titanium alloy with conventional machines, the tool wear rate progress rapidly. Some type of tool material including 

cemented carbide, ceramics are highly reactive with titanium alloy at high temperature. As these materials are 

harder and comparatively have higher strength when compare to other materials therefore conventional machining 

process are not suitable for machining these hard materials and to get complicated profiles is very difficult hence  

Non-conventional machining process is suitable to machine these materials, one such process is EDM-(Electric 

discharge machining).[3] Metal removal rate (MRR), Surface roughness (SR) are the two most important parameters 

which can be measured and varied using EDM process. The surface roughness of the machined surfaces was 

measured with surface roughness measuring instrument SURFTRONIC 3+. The present paper deals with machining 

of metal Al-Ti Alloy .In which MRR modelling has been carried out using axi-symmetric model of MMC during 

EDM machining.A FEA model of single spark EDM was developed to calculate the temperature distribution. 

Further, single spark model was extended to multi-discharge machining material removal was calculated by 

calculating the number of pulses and experiments were conducted using CNC Sinking Electrical Discharge Machine 

(CHMER Thai van Make) validation of model has been done by comparing experimental results with analytical 

results and good agreement was found out. 
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I. INTRODUCTION 

 

The evolution of the concept of designing materials for 

a particular application rather than choosing from 

available materials paved the way for tremendous 

development in materials technology, since 1950. In this 

process several alloys have been developed for various 

applications. Alloy materials are a result of the 

continuous attempts to develop new engineering 

materials with low weight to strength ratios and 

improved properties. Among them Titanium alloys are 

metals that contain a mixture ofalloys have very high 

tensile strengthweight, have extraordinary corrosion 

resistance.[4,5]It is one of the fastest growing materials 

used in aerospace applications. The prime rationale for 

designers to chose titanium in their designs is its relative 

low massfor a given strength level and its relative 

resistance to high temperature. It has long been used in 

aircraft engine front sections and will continue to be 

used there for the foreseeable future.In fact, due to its 

properties, titanium alloys are becomingmore prevalent 

than ever before in structural and landinggear 
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components.One drawback of these alloys is their poor 

machinability when machined using conventional 

method which makes the way to unconventional 

machining .One of this type of machining is 

EDM( Electric Dischrge Machinign) .In this machining 

Al-Ti Alloy material has been used as a work piece for 

present experimentation study, copper material has been 

used as electrode and kerosene as the dielectric in the 

EDM process. Various current and voltage alterations 

have been applied and machining has been done. A 

model was generated in FEA (using ANSYS software) 

using QUAD 4 NODE element, PLANE 55 an axis 

symmetric model has been generated and a part of it has 

been taken and a refined mesh has been made on it 

based on convergence criteria and analysis has been 

performed for the metal rate removal and temperature 

distribution.[6] Firstly a transient thermal analysis was 

carried out by using heat flux as the time varying input 

to estimate the temperature variation and metal removal 

rate. The nonlinear material properties are fed for the 

heat transfer solution. After the application of heat flux, 

node to node distance is found out till the melting 

temperature of the material and the radius is measured 

and the metal removal rate is found out and later the 

predicted results obtained from the model have been 

verified with the experimental results and very good co-

efficient of correlation has been found between 

predicted and experimental results. 

 

II. METHODS AND MATERIAL 

 

A. Numerical Analysis 

 

Plasma channel incident on the work piece surface 

causes the temperature to rise in the work piece. The 

distribution of plasma channel can be assumed as 

uniform disk source or Gaussian heat distribution, for 

EDM. Gaussian distribution of heat flux is more 

realistic and accurate than disc heat source. Fig.1 shows 

the schematic diagram of thermal model with the 

applied boundary conditions.[7] 

 

The work piece domain is considered to be 

axisymmetric about z axis. Therefore taking this 

advantage, analysis is done only for one small half 

(ABCD) of the work piece. The work piece domain 

considered for analysis is shown in Fig. It is clearly 

evident from Fig.1 that the maximum heat input will be 

at point A. On the top surface, the heat transferred to 

the work piece is shown by Gaussian heat flux 

distribution. Heat flux is applied on boundary 1 up to 

spark radius R, beyond R convection takes place due to 

dielectric fluids. As 2 & 3 are far from the spark 

location no heat transfer conditions have been assumed 

for them. For boundary 4, as it is axis of symmetry the 

heat transfer is zero.[8] 

 

The flux is calculated by 

 

Q(r) = 
       

   
   {    (

 

 
)
 
} 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Axisymmetric Model for the EDM process 

Simulation 

 

B. Modeling Procedure 

 

EDM is a complicated process that required a powerful 

tool to stimulate the process. In present analysis the 

simulation has been done on ANSYS. In present 

analysis a axi- symmetric model of dimension    35μm ~ 

30μm been created and element selected for analysis is 

quad 4 node 55. 

 

Fig.3 shows the temperature distribution, during the 

spark on time the temperature rises in the work piece 

and temperature rise is sufficient enough to melt the 

matrix due to its low melting temperature but the 

reinforcement remains in solid form due to its very high 

melting temperature. After the melting of Al-Ti Alloy 

no binding exists between t, therefore reinforcement 

evacuates the crater without getting melted.  Therefore 

from the nodal temperature distribution figure 

thedistance between the nodes is found out and the 

extreme node is selected till the melting temperature of 

the material that is Al-Ti Alloy From the Fig.2 it is clear 

that the shape of molten material is semi sphere. The 

molten crater can be assumed to be hemispherical in 

nature with a radius r which forms due to a single spark. 
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Hence MRR volume for single spark is 

 

MRR(1) = 
 

 
    

 

R- Radius of crater is range of temperature more than 

melting point of the work piece calculated from ansys 

solved temperature distribution model.[9,10] 

For multi spark analysis we need to calcite the NOP- 

number of pluses 

                             NOP = 
     

        
 

 

MRR for multi spark is calculated as follows 

 

MRR – NOP x MRR(1) 

 

The structural analysis is carried out and deformed & 

un-deformed shaped is seen in the fig 3 and it is 

observed that the work piece is having very less 

deformation and can sustain the given heat flux applied 

on it.[11,12] 

 

 

 

 

 

 

 

 

 

 

       

 

 

Figure 2. Nodal temperature distribution 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Deformed & Un-deformed shape 

 

Table I. Analysis Result 

 

CURRENT 

(A) 

VOLTAGE(V) MRR(mm
3
/min) 

5 240 12.32 

8 240 16.74 

10 240 45.63 

16 240 64.72 

22 240 93.14 

36 240 132.09 

 

C. Experimental Procedure 

 

Experiments were performed with discharge current as 

variables. The discharge currents selected for this study 

were 5, 10, 15, 22, 25, 30 amperes to find Metal 

Removal Rate (MRR), Surface finish. The metal 

removal rate, were calculated by measuring weight 

difference of work piece before and after machining. At 

every current value the machining was carried out for 

time duration of 10 min. The metal removal rate were 

measured by using the following formula[13,14] 

 

min)(

)(1000

intimeMachining

WW
MRR

w

fwiw







mm
3
/min 

 

Where Wiw= Weight of the work piece before 

machining and Wfw = weight of the work piece after 

machining. w  = density (grams/cm
3
) 

 

TABLE II Experimental Values 

 

CURRENT 

(A) 

VOLTAGE(V

) 

MRR(mm
3
/mi

n) 

5 240 11.35 

8 240 17.08 

10 240 49.73 

16 240 73.47 

22 240 102.69 

36 240 147.56 
 

 

 

The surface roughness of the machined surfaces was 

measured with surface roughness measuring instrument 

SURFTRONIC 3+[15], presented in Fig 4. The Ra 

values were measured to quantify surface finish. 
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As the discharge current increase the surface roughness 

valve also increase and it is plotted in the graph as 

shown below fig.4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Variation of surface roughness with 

discharge current for Al-Ti Alloy 

 

III. RESULTS AND DISCUSSION 
 

Results have been obtained for the single spark and 

considering Al-Ti Alloy as work piece material. 

Temperature distribution in the work piece has been 

carried out and it is clearly evident that the maximum 

temperature occurs at the top surface on the center line 

of the work piece, where the intensity of heat flux is 

maximum according to Gaussian distribution of heat 

flux. After the application of heat flux, it is evident from 

the FEA model that the temperature distribution during 

the spark, in the work piece is sufficient enough to melt 

the material due to its low melting temperature 

Model Validation  

 

Model validation has been done by comparing the 

predicted MRR with the experimental results Fig.5 

shows the comparison between theoretical MRR and 

experimental values. 

 

There were some deviations in the model when 

compared to the experimental data, this could possibly 

be due to some simplifying assumptions taken in the 

present numerical model like100 percentage  flushing 

efficiency, no ignition delays, no deposition of recast 

layer, etc.[15,16] In practice, the melted material is not 

fully flushed from the crater, a considerable amount of 

melted material again solidifies in the crater and forms 

the recast layer. The ideal conditions for machining are 

not realized due to improper flushing of debris and 

arcing into the inter-electrode gap during the machining 

with high energy discharges thus, reducing the actual 

MRR. The MRR is mainly influenced by spark gap, lift, 

sensitivity and dielectric fluid. In present analysis 

dielectric fluid is not playing an important role. It is 

coming into picture only for convection, but in actual it 

is a very important factor to be considered while 

machining. The material removal is mainly caused by 

melting and vaporization of material. Molten metal is 

taken away by the dielectric fluid, but at the same time 

the molten metal are under very high pressure due to 

plasma channel. Adhesive property of molten metal also 

caused problem in material removal. However, it is very 

difficult to model and incorporate all these effects in the 

analytical model. 

 

 
Figure 5. Variation of metal removal rate with 

discharge current for Al-Ti Alloy 

 

IV. CONCLUSION 

 
a) In the present investigation, an axisymmetric 

thermal model is developed to predict the material 

removal rate in Al-Ti Alloy 

b) In the present investigation, an axisymmetric 

thermal model is developed to predict the material 

removal rate in Al-Ti Alloy 

c) The important features of this process such as 

individual material properties, shape and size of 

heat source (Gaussian heat distribution), percentage 

of heat input to the work piece, pulse on/off time are 

taken into account in the development of the model.  
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d) FEA based model has been developed to analyze 

the temperature distribution and its effect on 

material removal rate.  

e) To validate the model, the predicted theoretical 

MRR is compared with the experimentally 

determined MRR values.  

f) A very good agreement between experimental and 

theoretical results has been obtained. 
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