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ABSTRACT

A gear is a rotating machine part having a cut tooth, which meshes with another toothed part in order to

transmit torque. Gears are mainly typed like spur gears, helical gears, double helical gears, bevel gears, crown

gears, hypoid gears, worm gears, rack and pinion, epi cyclic gears etc. There is a great need for efficient and

compact gear boxes in automotive and industrial applications to improve upon their power density while

reducing their dynamic vibration and noise deliveries. The less efficiency of gear box of a machine tool is a

serious problem as it increases maintenance cost and affects the reputation of a firm. Whenever a frequent

change in speed/torque at the output is required, we use multispeed multistage gearbox.

Keywords: Reduction Box, Bending stress, Contact stress, Gearbox design, Assembly Analysis, Spur gear, Gear

Design.

Figure 1. Open gearbox casing

I. INTRODUCTION

A gearbox can be simple or complex and is a machine
that is used to transfer rotational energy from a motor
to another device. They are generally used to increase
the torque while decreasing rotational speed, they do
not have any effect on the power developed by the
motor because as torque increases, rotational speed

decreases and vice versa [1].

A gearbox, also known as a gear case or gear head, is a

gear or a hydraulic system responsible for

transmitting mechanical power from a prime mover
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(an engine or electric motor) into some form of useful
output. A gearbox is a set of gears for transmitting
power from one rotating shaft to another. They are
used in a wide range of industrial, automotive and
home machinery application [1].

Gear heads are available in different sizes, capacities
and speed ratios. Their main function is to convert
the input provided by an electric motor into an
output of lower RPM and higher torque. Many
machines that are used today are made up of a power
source and a gearbox. Gearboxes are essential in
vehicles because without gearbox cars would have

very limited top speed. A gearbox can be used in
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many different applications such as, generation power

and construction [1].

Figure 2. CAD model of assembly

Necessity and functions:

The gear box is necessary in the transmission system
to maintain engine speed at the most economical
value under all conditions of vehicle movement. An
ideal gear box would provide an infinite range of gear
ratios, so that the engine speed should be kept at or
near that the maximum power is developed whatever
the speed of the vehicle.

To provide the high torque at the time of starting, hill
climbing, accelerating and pulling a load since high
tractive effort is needed. It permits engine crankshaft
to revolve at high speed, while the wheels turn at
slower speeds. Vehicle speed can be changed keeping

engine speed same with certain limit [1].
II. LITERATURE REVIEW

Spur Gear Tooth Stress Analysis and Stress Reduction:
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Gears are commonly used for transmitting power. The
repeated stressing on the fillets causes the fatigue
failure of gear tooth. The main objective of this study
is to add different shaped holes to reduce stress

concentration.

Figure 3. Stresses occurring on meshing of gears [2]

Observation: Stress relieving feature having a shape of
aero-fin is used in the path of stress flow which
helped to regulate stress flow by redistributing the
lines of force. This also yielded better results when
compared to elliptical and circular holes. In this study,
the best result is obtained by introducing aero-fin
hole at (38.7653, 65.4083, 0) and having scaling factor
of 0.6. The result displayed a stress reduction by 50.23%
and displacement reduction by 45.34%.

Figure 4. Extruded Spur gear [2]

Figure 5. Spur gear with aero-fin hole [2]

Stress Analysis Spur Gear Design by Using Ansys
Workbench:
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Spur gear have straight tooth and are parallel to the
axis of the wheel. s. A pair of spur gear tooth in action
is generally subjected to two types of cyclic stress:
contact stress and bending stress including bending
fatigue. Both stresses may not attain their maximum
values at the same point of contact fatigue. These
types of failure can be minimized by analysis of the
problem during the design stage and creating proper
tooth surface profile with proper manufacturing
methods. In this paper using ansys work bench
software, bending stress, contact stress and static load

on the tooth of spur gear drive is found.

Observation: The finite element method is most
widely for find a real model of the geared set using
the stress analysis in the pair of gears. contact stress
calculation and bending stress calculation is play
more significant role in the design of gears. Hertz
theory is the basis of contact stress calculation and
Lewis formula is use for calculating bending stress is a
pair of gear. As a result, based on this finding if the
contact stress minimization in the primary concern
and if the large power is to be transmitted then spur
gears with higher model is preferred. Hence we
conclude that analysis software can be used for other

analyzing purpose.

Design and Structural Analysis of Differential
Gearbox at Different Loads:

The main aim of this paper is to focus on the
mechanical design and analysis on assembly of gears
in gear box when they transmit power at different
speeds i.e-2500 rpm, 5000 rpm and 7500 rpm.
Analysis is also conducted by varying the materials
for gears, Cast Iron, Cast Steels and Aluminum Alloy.
Presently used materials for gears and gear shafts are
Cast Iron, Cast steel. It is made clear in this paper that
Aluminum is used for reducing the weight of the
product. The analysis is done in Cosmos software.

Modeling and assembly is done in Solid Works.

Tablel. Stress Strain Values at 2400RPM [4]

Alloy m Alloy
steel
Tangential 2093.8 | 292251 | 3243.08
Load(N)
Displacement( | 0.0061541 0.0241696 | 0.0100566
mm) 3
Stress(N/mm?) | 2.29414 3.19018 3.57544
Strain 1.0400e> | 4.1593e5 | 1.69558e7
Static load 56141.9 18143.3 37933.7
Displacement( | o 164088 | 0.150063 | 0.11763
mm)
Stress(N/mm?) | 63.5052 19.8068 41.8212
Strain 0.0002808 | 0.0002582 | 0.0001983
82 39 29

Table2. Stress Strain Values at 5000RPM [4]

. Ni Cr Aluminum .
Material Cast iron
Alloy steel | Alloy
Tangential
1818054 1595.22 1770.24
Load(N)
Displacem 0.0054886
0.0054118 | 0.0131944
ent(mm) 6
Stress(N/m
2.584 1.70369 2.01579
m?)
Strain 1.04958e5 | 2.2558e° 9.32532e6
Static load | 56141.9 18143.3 37933.7
Displacem
0.164853 0.150036 0.117614
ent(mm)
Stress(N/m
74.4963 22.6949 43.1949
m?)
. 0.0003094 | 0.0002747 | 0.0001998
Strain
15 74 26

Table3. Stress Strain Values at 6400RPM [4]

Material NiCr

Aluminu ‘Cast iron ‘

Material Ni Cr Aluminu | Cast iron
Alloy m Alloy
steel
Tangential 915.177 1276.18 1416.19
Load(N)
Displacement( | 0.0026894 | 0.0105555 | 0.0043909
mm) 9 1
Stress(N/mm?) | 1.03521 1.36296 1.61261
Strain 4.57869¢e6 | 1.80467e> | 7.46017¢¢
Static load 56141.9 18143.3 37933.7
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Displacement( | 0.164873 | 0.11763 0.117614

mm)

Stress(N/mm?) | 61.8853 19.3772 41.8212

Strain 0.0002902 | 0.0002565 | 0.0001983
05 67 29

Observation: Using Aluminum Alloy is safe for
differential gear. When comparing the stress values of

the three materials for all speeds 2400rpm, 5000rpm
and 6400 rpm, the values are less for Aluminum alloy
than Alloy Steel and Cast Iron. By observing the
frequency analysis, the vibrations are less for
Aluminum Alloy than other two materials since its
natural frequency is less. And also weight of the
Aluminum alloy reduces almost 3 times when
compared with Alloy Steel and Cast Iron since its
density is very less. Thereby mechanical efficiency
will be increased. By observing analysis results,

Aluminum Alloy is best material for Differential.

Finite Element Analysis and Fatigue Analysis of Spur
Gear under Random Loading:

The gear fitted in the gearbox Armored tracked
vehicle is vulnerable to considerable fatigue damage
over its life period due to the dynamic excitations
caused by the terrain undulations. Initially static
analysis of the model was carried out to validate the
model and the boundary conditions correctness.
Further Modal analysis is carried out to determine the

dynamic characteristics of the gear model.

Observation: Purpose of power transmission and
positioned of heavy mass to the desired angle with
high accuracy are subjected to fluctuating loads that
are random in nature. Therefore, it is analyzed for
random loading and also under constant amplitude
loading conditions for fatigue analysis and life of gear

has been obtained by finite element package ANSYS.

Gearbox Noise and Vibration Prediction and Control:
Solving the gear noise problem at the very source to
introduce an enclosure as a means to reduce radiated
noise, which seems to be easy but its effect on the

sound pressure level is small. The gearbox noise
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problem solution is focused on the improvement of
gear design; on the verification of its effect on the
radiated noise and the determination of the gears’
contribution to the truck’s or car’s overall noise levels
and on the analytical and/or numerical computer-
based tools needed to perform the signal processing
and diagnostics of geared axis systems. All of the
analytical methods are based on the time and
frequency domain approach. Special care is addressed
to the smoothness of the drive resulting from the
transmission error variation during a mesh cycle. This
paper will review the progress in technique of the
gear angular vibration analysis and its effect on gear
the This

presentation will include some examples of the use of

noise due to self-excited vibration.

such approaches in practical engineering problems.
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Graph 1. Experimental distribution function of
gearbox [6]
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Graph 2. The gearbox overall noise level of the HCR

gears in comparison with the LCR gears [6]

Observation: This paper reviews the research work on

reducing truck gearbox noise. Gear design

improvement is preferred to protection against noise
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by using a gearbox enclosure. This approach is more
effective than the additional cover. The measurement
methods and the effect of improving the gear design
focused on the problem of reducing gear noise are
described. Gearbox noise and vibration analysis is
based on the time and frequency methods. Gearbox
noise is tonal with a set of dominating frequency
components. The sum of the power contributions of
the tooth meshing harmonic components results in
the noise level of an individual gear pair. Averaging
the the
synchronized by and

acceleration signal in time domain,

revolutions tooth-pitch
rotations, results in an averaged tooth mesh response
serving to compare the effects of improving gear
design. Gear design and accuracy may be tested by

the transmission error measurement.

Optimization of Gearbox Efficiency:

Although mechanical gearboxes used as torque and
speed converters have already very high efficiency it
is not only a task in automotive applications to
further decrease gearbox power losses but also in
many industrial applications. Different methods are
discussed for power loss reduction in a gearbox. No
load losses can be reduced, especially at low
temperatures and part load conditions when using
low viscosity oils with a high viscosity index and low
oil immersion depth of the components. This in turn
influences the cooling properties in the gear and
bearing meshes. Bearing systems can be optimized
when using more efficient systems than cross loading
arrangements with high preload. Low loss gears can
contribute substantially to load dependent power loss
reduction in the gear mesh. Low friction oils are
available for further reduction of gear and bearing
mesh losses. All in all a reduction of the gearbox
losses in average of 50 % is technically feasible. The
challenge is substantial power loss reduction with
only minor impact on load carrying capacity,
component size and weight and noise generation.

Adequate compromises have to be proposed.
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locating four-point contact ball bearings

grossilocating taparoller bearings non-locating cylindrical roller bearings

original
alternative

6th gear at
50% nominal load
50% nominal speed

cross locating angular contact ball bearings

Figure 6. Alternative bearing design in a manual

transmission with final drive [8]
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Graph 3. Influence of design and operating

temperature on bearing losses [8]
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Graph 4. Calculated power loss with different

lubricant types for a wind turbine gearbox [8]
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Graph 5. Loss reduction with low loss gears and
reduced oil level, 2ndgear (acc. Kurth, 2009) [8]
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Observation: Dependent on the application and the
operating regimes a power loss reduction potential in
a gearbox of some 50% was proven to be possible. In
some applications only the simple change to a highly
efficient lubricant can save some 20% power loss. For
maximum  efficiency  optimization alternative
solutions have to be found for gear and bearing design
as well as lubricant type, viscosity and supply to the
components. The challenges of these new approaches
are adequate compromises between power loss
reduction on the one hand and load carrying capacity

and noise properties on the other hand.

Design of a Multispeed Multistage Gearbox:

Whenever a frequent change in speed/torque at the
output is required, we use multispeed multistage
gearbox. Aim of the paper is to design a 4 speed 2
stage gearbox using spur gears so as to make the
transmission highly efficient as well as to keep the
gearbox economically feasible. Cad plot for the same
was plotted and stress strain analysis for each was
done. The paper includes all the calculations and
verification of those at places to justify the success of

design.

Observation: The gearbox can be used efficiently for
very low to medium power applications. The gearbox
seems to be suitable for light load carrying
machineries or low rpm machineries. A successful
attempt to design this gearbox was made. Thus we
designed a gearbox which is satisfactory and meets

the various requirements which were specified.

III. MATHEMATICAL CALCULATIONS

Design of Spur gear:
For designing the gearbox for ATV, we are taking the
gear ratio of 12:1

And for the gears, we are taking module 2.5mm.

e Min. no. of teeth on pinion 1:TP: = 17
e No. of teeth on Gear 1:
TG1=TPix 3
=17*3

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

=51
Diameter of Pinion 1:
_DP1
Module (m) = / TP1

_DP1
25= /17
DP:1=17*25

=42.49mm

Diameter of Gear 1:
25-DG1/
DGi1=51*2.5
=127.5mm

Centre distance between Pinion 1 and Gear 1:

1-DG1/, ,DP1/
_1275/ , 4249/,

=85mm

Min. no. of teeth on pinion 2:

TP2=17
No. of teeth on Gear 2:
TG2=TP2x 4
=17*4
=68

Diameter of Pinion 2:
_DP2
Module (m) = /TPZ
_DP2
25="%4/15
DP2=17"25
=42.49mm

Diameter of Gear 2:
Module (m) = DGZ/TGZ
2.5=DG2/ o
DG1 = 68*2.5
=170mm

Centre distance between Pinion 2 and Gear 2:

L= DG2/2 + DPZ/2
- 170/2 + 42.49/2

=106.25mm

Addendum (A) = I"'m = 2.5mm
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e Dedendum (D) = 1.25*m = 3.125mm 1 25| 3 | 4 9.5 Optimum
e Tooth thickness (T) = 1.5708"m = 3.927mm
e Face width (B) = 10*m = 25mm

* Diameter of input shaft = 25.4mm Structural formula - 1; Z = 2(1) 2(2) & Structural
e Length of input shaft = 160mm

2 25| 35| 4 10

Diagram — 1 is optimum.
e Diameter of output shaft = 25.4mm

e Length of output shaft = 200mm

Speed Ray Diagram:
e Diameter of intermediate shaft = 25.4mm Hingiie st Intermediate Output
e Length of intermediate shaft = 107mm S
e Thickness of casing = 10mm \ N,=2965 rpm
e (learance between casing and gear = 7mm R N, =2637 rpm
N,=2310 rpm
> Design of Gearbox: N,= 1800 rpm

The gearbox will be of two stages therefore at first 3D Model of parts of Gearbox
stage there will be reduction of 3x and of 4x at second

stage.
Minimum speed of gearbox = 1800 RPM

Maximum speed of gearbox = 3600 RPM
No. of speed (Z) = 4 speeds

Structural formula:

Pi(x1) p2(x2)

Xi=1

Pi=2,3 1)2(1) 2(2)
Xo=P1 2)2(2) 2(1)

Figure 7.Gearbox Casing

Structure diagram:

1)2(1) 2(2) 2)2(2) (1)

Input  Intermediate Output Input  Intermediate Output
1 1 1 1
2 2 2 / 2
3 3 3 <\ )
4 4 4 4

Optimum Structural Formula:
Table 4 Figure 8. 25 balls Bearing

Structural Nodes Total | Result

Formulano. | 1 2 3 | Nodes

International Journal of Scientific Research in Science, Engineering and Technology (www.ijsrset.com) 1221
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Figure 9. 20 balls Bearing
Figure 14. Key
Figure 10. Gear 1 Figure 15. Shaft

Figure 11. Gear 2

P

Figure 12. Gear 3

Figure 16. Spacer

Figure 13. Gear 4

International Journal of Scientific Research in Science, Engineering and Technology (www.ijsrset.com) 1222



Patel Heel et al Int] S Res Sci. Engg. Tech. 2018 Mar-Apr;4(4) : 1215-1227

Figure 17. Isometric view of gearbox with closed

casing
FE Analysis

Material Data

Structural Steel (20MnCr5)

Ductility 047
Exponent
Cyclic Strength
Coefficient MPa 1000
Cyclic Strain
Hardening 0.2
Exponent
Young’s Modulus
MPa 2.e+005
Tsotropic Poisson’s Ratio 0.3
Bulk Modulus
Elastici .
asticity MPa 1.6667e+005
Shear Modulus
76923
MPa
Relative N 1000
Permeability
Compressive
Yield Strength 250
MPa
Strength
Parameters Tensile Yeild
250
Strength MPa
Tensile Yeild
Strength MPa 460
Zero-Thermal-
Strain Reference
22
Tempearture C

Table 5
Density 7.85e-009 tonne mm”"-3
Coefficient of Thermal 1.2e-005 CA-1
Expansion
Specific Heat 4.34e+008 MJ tonne”-1
Cr-1
Thermal Conductivity 6.05e-002 W mm~"-1 C-
1
Resistivity 1.7e-004 ohm mm
Material Properties
Structural Steel (20MnCr5)
Table 6
Strength
Coefficient MPa 920
Strain Life Strength L0.106
Parameters Exponent
Ductility
0.213
Coefficient

Meshing:

International Journal of Scientific Research in Science, Engineering and Technology (www.ijsrset.com)
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Sawing: The materials are cut to size.
Results: Turning: With a lathe, a cut work piece is shaped into
a gear blank.

. Gear Cutting: Gear cutting is done with a gear milling

Time: 1
1/2/2018 246 PM

machine.

bl Deburring: Burrs on the teeth have been removed
EE&:« with a deburring machine.
E%E;;‘ T e ey Black Oxide Finish: The black oxide finish is
- o somewhat effective in preventing rust.
Figure 18. Total Deformation > Casing of gearbox:
Table 6 A 46KG Aluminium block 6061 T6 was used to
Minimum 0.mm 1.025e-004 manufacture the casing of gearbox, casing was
MPa manufactured on VMC machine & after machining
Maximum 949.02 the total weight of casing was 4.5KG.
L. 2.4165 mm
Minimum B1 MPa
Occurs on Cover
Maximum
O/P Shaft Cover
Occurs on
Manufacturing of Gearbox:

» Production Process of Spur Gear:

Structural Steel (20MnCr5) was used to manufacture

gears. Raw materials bought from material suppliers

are kept in stock. Figure 23. Gearbox casing

> Key, Shaft, Spacer:
Key was manufactured on slotting machine while

shaft and spacer was manufactured by turning process

on lathe machine.

Figure 19.Turning Figure 20. gear cutting

> Heat treatment process:
Heat treatment process was carried out on gears and
input shaft with 55 HRC hardness test and 40 HRC

hardness test was done on output shaft.

Figure 21. Deburring  Figure 22. Black oxide finish > Step by Step installation of parts or Assembly of

Gearbox:

International Journal of Scientific Research in Science, Engineering and Technology (www.ijsrset.com) 1224
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Figure 26. Actual mounting of gearbox on vehicle

Engine used in vehicle: Briggs and Stratton 10hp
OHVIntek

Table 7. Engine specifications

Torque: 19.75
Nm

Displace: 305cc Height: 16.4 inch
Length: 12.3 inch | Weight: 58.20 lbs.
Bore: 2.28 inch Stroke: 2.40 inch
Max. Torque: 19.75 @
2800rpm

Width: 17 inch

> Application of Gearbox:
This gearbox was manufactured for All Terrain
Vehicle (ATV) Fuel: Gasoline

Max Power: 10hp

Spark plug: RC12YC
@3800 rpm

. Transmission type: CVT
No. of cylinders: ] .
. ] (continuous variable
Single cylinder

transmission)

International Journal of Scientific Research in Science, Engineering and Technology (www.ijsrset.com) 1225
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Table 5. Engine rpm, CVT relationship ratio and Axle

speed
Total
Engine |CVT . |Axle speed
. reduction
(rpm) Ratio . (rpm)
ratio
1800 2.157 25.4 56.32
23.15
2000 1.964 9 68.737
20.93
2200 1.775 ) 83.661
18.70
2400 1.586 5 102.143
16.46
2600 1.396 ) 125.716
14.23
2800 1.207 3 156.586
12.00
3000 1.018 ) 198.914
3200 0.829 9.776 | 260.55
3400 0.639 7.535 359.154
3600 0.450 5.306 | 540

IV. CONCLUSION

The gearbox for this vehicle has been designed
according to design constraints keeping in mind the
safety criteria of vehicle. The material Al T6 6061has
been chosen such that it keeps the weight of gearbox
to minimum and simultaneously provides strength for
continuous loading cycle. The gearbox will only have
forward transmission and there will no reverse
transmission. Gear box reduction is required is when
variable outputs in the same motor/application are

required, according to the circumstances.
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