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Abstract— Gear is one of the most critical components in 

mechanical power transmission system and most industrial 

rotating machinery. This project mainly focuses on the failure 

analysis of a starter gear pinion using ANSYS. The 

preliminary effort is done by collecting failed gear 

components and by reverse Engineering. All the gear 

parameter was taken using profile projector and gear tooth 

vernier caliper. With basic dimension redesign of the same 

gear and pinion is made using conventional procedure, with 

available basic dimension such as module, pitch circle 

diameter involute 2D profile is drawn and convert into 3D 

model using same software and stress analysis is done using 

ANSYS-17Version. With available data of stress the 

possibility of changing the profile is tested on existing 

involute tooth  by changing form factor and center distance if 

not, profile is drawn using S-shaped transition curve using T-

Bezier function. The same curve is modeled using Pro-E and 

then analyzed using ANSYS and check subsequently weather 

any reduction in stress was taken place. 
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I. INTRODUCTION 

Gear tooth plays a very significant role in Engineering 

science and the manufacturing of automobile, as a 

fundamental part. It is a rotating machine part having cut 

teeth, or cogs, which mesh with another toothed part to 

transmit torque. Geared devices can change the speed, torque, 

and direction of a power source the gears in a transmission 

are analogous to the wheels in a crossed, belt pulley system. 

An advantage of gears is that the teeth of a gear prevent 

slippage. 

When two gears mesh, if one gear is bigger than the 

other, a mechanical advantage is produced, with the rotational 

speeds, and the torques, of the two gears differing in 

proportion to their diameters. 

In transmissions with multiple gear ratios—such as 

bicycles, motorcycles, and cars—the term "gear" as in "first 

gear" refers to a gear ratio rather than an actual physical gear. 

The term describes similar devices, even when the gear ratio 

is continuous rather than discrete, or when the device does not 

actually contain gears, as in a continuously variable 

transmission. Spur gear is a simplest type of gear having teeth 

cut parallel to the axis of shaft on which the gear is mounted. 

Spur gear is used to transmit the power between the parallel 

shafts. The spur gear has 98-99% operating efficiency 

(T.shoba Rani et al 2013). They are usually employed to 

achieve constant drive ratio. Bending stress, Surface contact 

stress calculation is the basic of stress analysis (sushil kumar 

Tiwari et al 2012).Theoretically for the calculation of contact 

stress at the surface of mating teeth, Hertz equation is used 

and for determining bending stress at the root of meshing 

gears, Lewis formula is used. 

A. The main focus of this paper is 

To analysis the stresses developed during a mating of spur 

gears in the starter motor. 

It focuses on the failure analysis of a starter gear pinion using 

ANSYS, done by collecting failed gear components. 

By reverse Engineering, all the gear parameter was taken 

using profile projector and gear tooth vernier caliper. With 

basic dimension redesign of the same gear and pinion is made 

using conventional procedure. 

Contact stress analysis is done to find the root cause of failure 

of pinion possibility of changing profile tooth Bezier curve to 

reduce the stress  know whether in involute profile of spur 

gear produced is suitable or not When compare with the old 

gear profile. 

B. Material Properties of Alloy Steel 

Material property Unit Steel 

Density Kg/m3 7850 

Poisson ratio - 0.3 

Young’s modulus Mpa 2e5 

Tensile yield Mpa 250 

Tensile ultimate Mpa 460 

Table 1: Material properties of alloy steel 

Where σc is the contact stress in mating teeth of spur 

gear, F is the force R1 are R2 are pitch radius of two mating 

gears B if face width of gears, ϕ is the pressure angle , v1,v2 

are the passion ratios and E1,E2 are the modulus of elasticity 

of two gears in mesh. 

C. Dimensions of Spur Gear 

Dimension Unit Symbol Valve 

Number of  

teeth 
- 

Z1 

Z2 

11 

45 

Pitch circle  

diameter 
mm 

Dp 

DG 

22 

90 

Pressure  

angle 
Degree   20˚ 

Addendum  

radius 
mm 

RP 

RG 

13 

47 

Dedendum  

radius 
mm 

Rp 

RG 

11 

42.5 

Module mm M 2 

Shaft radius mm Rs 5.5 

Table 2: Dimensions of spur gear 

D. Theoretical calculation of contact stress by analytical 

Method (Hertz equation)  

Hertz equation is used to determine contact stress in the 

mating teeth of gear hertz equation for contact stress in the 

teeth of mating gears is given by 
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E. Modeling parts creating for spur gear (convention 

methods) 

1) Design Procedure 

To creating model for convention method use measure the 

valve of old design spur gear pinion collecting parameters 

create the modeling which use of Pro-E software. 

Pro-E creates the model of Pinion and gears in 

assembly of parts. Create the model convert the IGES format.   

 
Fig. 1: Mapping 

2) Mapping 

 
Fig. 2: Old design spur gear 

 
Fig. 3: New Design Spur Gear 

F. Finite Element Analysis  

Finite element method is the easy techniques as compared to 

the theoretical methods to find outs the stress developed in a 

mate of gear. Therefore FEM is widely used for the stress 

analysis of mating gears. In this paper, finite element analysis 

is carried out in ANSYS workbench 12.1 to determine the 

maximum contact stress for pinion and gear wheel. Also the 

deformation is found out for both the gears. 

1) Meshing 

 
Fig. 4: Meshing 

Fine meshing is done to get the accurate results of contact 

stress. Boundary condition is found in fixed support is applied 

on the inner rim of pinion gear to allow its tangential rotation 

but restrict from radial translation. Moment of 1694.77 N-m 

is applied on the inner rim of gear wheel in clock wise 

direction as a driving torque 

 
Fig. 5: Meshing 

The theoretically calculated values using hertz 

equation for contact stress are applied to the gear assembly in 

ANSYS. The analysis yielded the following results. The 

stress distribution results are as follows. 

Loads Theoretical Valve ANSYS Value 

Static Load 12.06Mpa 9.5303Mpa 

Table 1: Stress distribution results 

II. CONCLUSION 

Here the theoretical maximum contact stress is calculated by 

Hertz equation. Also the finite element analysis of spur gear 

is done to determine the maximum contact stress by ANSYS 

v12.1.It was found that the results from both Hertz equation 

and finite element analysis are comparable.so involute tooth 

is suitable. 
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