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ABSTRACT  

Gear system is one of the most important components in any mechanical power transmission system. A gear pair 

in action is generally subjected to contact loading at the mating surface. In this paper, the stresses due to contact loading 

have been evaluated on the surface of gear tooth and along the gear tooth depth. The spur gear was considered for this 

study for two different loading conditions, torques of 150 Nm and 200 Nm. The involute profile of the spur gear was 

generated using an ANSYS APDL program prior to spur gear model development. The finite element analysis was carried 

out using ANSYS 15. The Finite Element Method (FEM) was comparatively an easy and accurate technique for analysing 

the nonlinear gear contact stresses. Frictional coefficients ranging from 0.0 until 0.3 were selected and the corresponding 

contact stresses were found to be directly proportional to the friction coefficients. A governing equation for the relationship 

between the dimensionless contact stress values and gear tooth depth ratios for varying friction coefficients was 

established.  The results showed that the maximum stress was located beneath the surface of the gear tooth in contact for 

low friction coefficient values,  < 0.23. The stress trend remains the same for  > 0.23 but the surface stress becomes 

greater than the stresses beneath the surface. Furthermore, the position of maximum stress along the depth of contact was 

unchanged regardless of the amount of torque applied and frictional coefficient values. 

 
Keywords: contact stress, spur gear, finite element method and frictional coefficient. 

 

INTRODUCTION  

Spur gears are the most recognized and common 

type of gears. They have their teeth parallel to the axis and 

are used exclusively to transmit rotary motion between 

two parallel shafts, while maintaining uniform speed and 

torque. Spur gears have the highest efficiency and 

excellent precision rating. The advantages of spur gear are 

the simplicity in design, cheaper cost to manufacture and 

maintain, and the absence of end thrust. The spur gears are 

used in a wide range of applications right from simple 

clocks, household gadgets, railways, aircrafts and others. 

Even though spur gears are a reliable component of 

mechanical power transfer, they sometimes develop 

problems that prevent them from performing the 

transmission efficiently. These problems are due to many 

factors such as improper method of maintenance, fatigue 

damage (wear, pitting and scuffing) and sometimes caused 

by defects introduced during the manufacturing of the 

gears itself. 

Case crushing is a common failure in which a 

crack (pits) appears on the contact surface of the gear and 

it is usually triggered by high contact stress. Friction is one 

of the factors that contribute to high contact stress. Besides 

causing loss to the applied load, frictional force also 

generates heat that may reduce the gear power as well as 

disturb its function. Hence, frictional contact stress 

analysis is required to understand the contact behaviour 

and its effects on gear phenomena. Investigation of the 

contact stresses is also important in designing of gears. 

Vijayarangan and Ganesan [1] worked on spur 

gear, under static loading conditions, to evaluate contact 

stresses. The method used in the evaluation of contact 

stress was 2D FEM and Lagrangian multiplier algorithm. 

The results of the work showed a 5% increase in the static 

contact stress when the friction coefficient was increased 

from 0 to 0.3. Patil et al. [2] conducted finite element 

analysis on spur gear pair to study the effect of coefficient 

of friction on gear contact stresses along the line of action. 

The FE model was validated by theoretical calculations 

and the FE results showed an increase in contact stresses 

with increasing coefficient of friction. They have also 

determined the change of the contact stresses along the 

line of contact of the spur gear pair. Farhan et al. [3] 

commented that the determination of stress and strain 

experimentally on spur gear teeth has many limitations 

and FEA is the most appropriate numerical method that 

solves the problem. Velex et al. [4] investigated 

experimentally and numerically the influence of friction 

on spur and helical gear tooth. They noticed that the tooth 

friction contributes more at low-medium speeds and are 

negligible at high speeds. The older literatures on gear 

drives showed the earlier approaches of contact analysis 

on  single gear tooth [4]–[7]. Meanwhile the recent studies 

on gear contact stress analysis employed various new 

approaches as reported in technical literature [8]–[14]. 

In this paper, the contact stresses have been 

evaluated on the surface of gear contact and along the gear 

tooth depth. The main objectives of this paper are, 

 

i) To determine the location and magnitude of the 

maximum stress due to contact loading. 

ii) To investigate the effect of varying friction coefficient 

on the stress distribution on the contacting surface and 

along the depth of contact. 

iii) To develop the relationship between the gear contact 

stress ratio with the tooth depth ratio of the gear. 
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METHODOLOGY 

Prior to analysing the contact stress, information 

regarding the gear needs to be obtained beforehand. The 

selection of gear type is important since different gears 

have different properties that have to be considered. For 

the current work, a pair of spur gear mesh was chosen with 

its specifications shown in Table-1. A 20 teeth spur gear 

pair was modelled using the APDL program and GUI 

parameters of ANSYS 15 software. Upon completion of 

the spur gear assembly modelling in ANSYS Mechanical, 

the spur gears were meshed with SOLID 186 element 

type. The appropriate boundary conditions are further 

applied as represented in Figure-1. The boundary 

conditions applied were the constraints, loads and contact 

conditions. The constraints applied were as follows, (i) the 

inner hub of the pinion segment was constrained only in 

the axial and tangential directions, (ii) the inner hub of the 

gear segment was constrained in all degrees of freedom, 

and (iii) the left and the right boundaries of the pinion and 

gear segment were only constrained radially. The contact 

loading was applied on the pinion tooth surface in the 

form of transmitted normal force (Ft) and the contact 

conditions were applied on the centre tooth of the pinion 

and gear segment, as shown in Figure-1. Frictional contact 

was used to show the effect of friction on the elements that 

are in contact. Friction coefficients in the range of 0.0 until 

0.3 were applied at the contact to observe the influence of 

friction coefficient on the contact stress.  

 

Table-1. Spur gear specifications 
 

S. No. Parameters Value 

1 Gear ratio 1:1 

2 Number of teeth, N 20 

3 Normal Module, m 4.5 

4 Pressure angle,  20 

5 Pitch Diameter, D 91.5 mm 

6 Centre Distance, C 91.5 mm 

7 Torque, T 150 Nm, 200 Nm 

8 Rotational Speed, n 1000 rpm 

9 Poisson Ratio, v 0.3 

10 Young’s Modulus, E 200 GPa 

11 Face Width, B 20 mm 

 

 
 

Figure-1. Meshed spur gear model along with 

boundary conditions. 

 

RESULTS AND DISCUSSIONS 

 

Validation of results 

The presented FE model which has been used to 

calculate the contact stress along the line of contact was 

validated with the AGMA calculations (Appendix A) 

which is based on Hertzian contact theory of two 

cylinders. The FE simulations were carried out to evaluate 

the von Mises contact stresses. The von Mises equivalent 

stress distributions on the gear pairs for both cases of 

torques are shown in Figure-2. The equivalent stress 

distribution at the characteristic points of the meshed gear 

pair can be observed. The FE results were further 

compared with the AGMA stress evaluation and the 

comparison is shown in Table-2. The comparison shows 

that the FE results are well within the allowable limits, 

hence validating the FE simulation results.  
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(a) 

 

 
(b) 

 

Figure-2. ANSYS von Mises contact stresses (a) 150 Nm, 

(b) 200 Nm. 

 

Table-2. Comparison of FE results with AGMA 

calculations. 
 

Torque, 

Nm 

Frictionless von Mises 

contact stress, MPa 
Percentage 

difference, 

% AGMA 
FEM 

(ANSYS) 

150 1035 1110 7.2 

200 1214 1150 5.3 

 

Stresses along the depth of gear tooth 

The FE simulations were extended to evaluate the 

stresses along the depth of the spur gear tooth for 10 

different cases, as listed in Table-3. The simulations were 

carried out for all cases and the stresses were extracted 

along the path defined along the gear depth. Figure-3 

shows the path which was defined to measure the stresses 

along the gear tooth depth. Figure 4 shows an example of 

stress distribution on the spur gear tooth for torque of 200 

Nm and for frictionless contact. Based on the results 

obtained from ANSYS simulation, as shown in Figure-4, 

one can observe that the maximum stress lies beneath the 

surface of the contact between the gear teeth. Similarly, 

stresses along the gear tooth depth were evaluated for all 

others cases of torque and friction coefficient. Later, the 

results of all the cases were summarised and plotted in 

dimensionless form. The dimensionless stress was 

obtained by dividing the stress with the average mid-tooth 

stress. The maximum stress changes with the amount of 

torque applied and varying friction coefficient. The 

dimensionless distance was obtained by dividing the 

distance along the depth of contact with the tooth 

thickness.  

The dimensionless plots, representing the ratio of 

contact stresses versus the ratio of depth to tooth 

thickness, are shown in Figure-5. The maximum value of 

the dimensionless stress lies at d/t = 0.0723. Regardless of 

the value of torque applied and frictional coefficient 

assigned, the position of maximum stress value remains 

the same. 

 

Table-3. Cases of spur gear study. 
 

Case No. Torque, Nm 
Coefficient of 

friction 

1 

150 Nm 

0.00 

2 0.10 

3 0.20 

4 0.23 

5 0.30 

6 

200 Nm 

0.00 

7 0.10 

8 0.20 

9 0.23 

10 0.30 
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Figure-3. The path considered along the gear depth for 

stress determination. 

 

 
 

Figure-4. An example of stress distribution on the gear 

due to contact loading (T = 200 Nm, µ = 0.00). 

 

 
(a) 

 

 
(b) 

 

Figure-5. Stress ratio along the depth of contact; (a) 150 

Nm, (b) 200 Nm. 

 

For frictionless cases, the stresses increased from 

the surface until the maximum stress due to contact 

loading is reached. The maximum stress lies beneath the 

surface of the gear tooth contact, which is at d/t = 0.0723. 

The stresses due to contact increases with increasing 

frictional coefficient values. Up to the value of µ = 0.23, 

the stress trend along the defined path is the same and the 

maximum stress due to contact is beneath the gear tooth 

surface. At µ = 0.23, the surface stress is equal to the 

maximum stress due to contact. However, for µ > 0.23, the 

surface stresses are greater than the stresses beneath the 

surface. The stress trend remains the same, but the surface 

stress becomes the maximum stress due to contact. In all 

cases, the stresses fall drastically towards the average 

mid–tooth stress value after the distance ratio (d/t) of 

0.0723 is reached.  

 

Governing equation for contact stress along the tooth 

depth 

The governing equation is derived from the 

curves plotted in the graph describing the relationship 

between the dimensionless contact stress and the 

dimensionless depth distance, i.e. from Figure-5. The 

governing equation is divided into two parts, as the stress 

pattern changes its trend at d/t = 0.0723. The two divided 

parts are, one part along the span of 0 < d/t < 0.0723 and 

the other part through the span of 0.0723 < d/t < 0.3. The 

governing equation for the dimensionless relationship 

between the stress due to contact and the depth is as shown 

below: 

For the first span, 0 < d/t < 0.0723, the equation 

takes the form, as shown in Equation 1. 

 �����−����ℎ =  [ . � + . ] 2 −[ . � + . ] + [ . � + . ]                  (1) 
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For the second span, 0.0723 < d/t < 0.3, the 

equation takes the form, as shown in Equation 2. 

 �����−����ℎ =  [ . � + . ] 2 − [ . � +. ] + [ . � + . ]                                    (2) 

 

The above established equations will be useful to 

evaluate the stresses along the depth of a gear tooth during 

contact loading. 

 

CONCLUSIONS  

The paper discusses a detailed description of 

FEM models of loaded involute spur gear pair for the 

evaluation of contact stresses along the depth of contact. 

This project is important as it shows that the maximum 

contact stress lies beneath the surface of contact. The main 

conclusions obtained from the present work can be 

summarized as follows: 

1. The maximum stress due to contact is not at the 

surface but at some distance below the contact surface 

for low friction coefficient values,  < 0.23. 

2. The maximum stress due to contact lies at the same 

point beneath the surface (d/t = 0.0723) for low 

friction coefficient values,  < 0.23 regardless of the 

value of torque applied and friction coefficient 

assigned. 

3. The stresses due to contact increases throughout the 

gear tooth depth with increasing frictional coefficient. 

The frictional effect is significant at the gear tooth 

surface and the effect diminishes beneath the surface.  

4. The governing equation for the dimensionless 

relationship between the contact stress and the 

distance has been developed. 
 

APPENDIX A 

The AGMA equation [15] for contact stress 

evaluation between two mating gears is given in Equation 

A1. 

 � = � √ ��  �0.95 ��  ��� .  ��                        (A.1) 

 

where, Cp is the elastic coefficient in terms of 

MPa
0.5

, Ft is the transmitted tangential force in Newton, b 

is the face width in mm, d is the pitch circle diameter in 

mm, I is the geometry factor, ψ is the helix angle, CR is 

the gear contact ratio, Kv is the dynamic factor, Ko is the 

overload factor, and Km is the load distribution factor. 
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