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Abstract— Spur gears are used to transmit motion and 

power from one shaft to another, especially in between two 

parallel shafts and also used to vary speed and torque.  The 

cost of replacement of spur gear is very high and also the 

system down time is one of the effect in which these gears 

are part of system.  When gear is subjected to load, high 

stresses developed at the root of the teeth, these high stresses 

increase the chances of fatigue failure at the root of teeth of 

spur gear.  The aim of this research paper is to reduce the 

root filet stress to increase fatigue life of spur gear.  This 

paper present the techniques to reduce root fillet stress in 

spur gear by introducing the stress relieving features in 

stress zone.  Three teeth of spur gear are taken for study. By 

using Lewis equation maximum principal stress is calculated 

by applying the load at tip of tooth. In the same way spur 

gear is analyzed in ANSYS software for the maximum 

principal stress.  In comparison it is found that both the 

results are above 900 closed.  The maximum principal stress 

at root fillet of spur gear is calculated in ANSYS is 10% less 

than theoretical result.  By considering the maximum 

principal stress in ANSYS as a base, further work is carried 

out in ANSYS. Circular stress relieving features are used at 

various locations in spur gear to reduce the maximum 

principal stress.  Reduction in principal stress increases 

fatigue life of spur gear. 
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I. INTRODUCTION 

Spur gears play a vital role in transmission system from 

ancient time to today’s high end technology world. 

Fatigue is a possible failure mode for a spur gear.  

It usually happens unexpectedly and can be very expensive 

in terms of both replacement costs and down time. Much 

effort has been put forth in the scientific and engineering 

communities to understand fatigue and design against it so 

from time to time, changes where done in the design, 

material and surface finish to increase the fatigue life of spur 

gears by different researchers.  The objective of this 

research is to reduce the root fillet stress of spur gear by 

introducing the stress relief features on a stressed area of 

gear. Therefore a systematic study is carried out to 

investigate the effect on the stress induced by introducing 

circular stress relief feature at different locations.  Further to 

find out the more beneficial location and parameter of the 

stress relieving feature on a stressed gear tooth.  This study 

hypothesized that systematic experimentation with stress 

reliving feature of different and same dimension and 

location would provide a fundamental understanding of their 

effects on stress in spur gears.  This work finds its 

application for where high load operating condition prevails 

along with requirement of high operating life and light in 

weight of spur gears. 

II. LITERATURE REVIEW 

Hebbal M.S., Math V.B., Sheeparamatti B.G. (2009) 

Studied on Reducing the Root Fillet Stress in Spur Gear 

Using Internal Stress Relieving Feature of Different Shapes 

and found that the maximum principal stress at root fillet is 

270 N/mm2 without any stress relieving features. Various 

cases are considered for analysis choosing different values 

of parameters viz. centre of ellipse, major and minor radius 

and orientation of major axis. Analysis reveals that the case 

with two elliptical holes shows the greater benefit in 

comparison with other cases. As the location of stress 

relieving feature approaches the high stress gradient zone up 

to a certain value, the results are found to be beneficial. In 

one of the most beneficial location maximum of 11% 

reduction in maximum principal stress is obtained in this 

analysis [1]. 

K.D. Dadhaniya, K.P. Hirpar, K.M. Vyas (2012) 

Studied the Effect of Pressure Angle on Bending Stress and 

Deformation of Asymmetric Spur Gear Using FEA, during 

this study it is found that asymmetric teeth with higher 

pressure angle on drive side have better performance than 

symmetric teeth with common pressure angle 20 degree for 

bending stress minimization. Bending stress is increased by 

24% with 35 degree pressure angle on drive side than 

symmetric gear with 20 degree pressure angle. Deformation 

is reduced by 20% with 35 degree pressure angle on drive 

side than symmetric gear with 20 degree pressure angle. As 

the pressure angle on drive side increases, the bending stress 

decreases and bending load capacity increases. Decision on 

maximum magnitude of drive side/coast side pressure angle 

is constraint by the safe contact ratio and tooth peaking 

effect [2]. 

Vivek Singh, Sandeep Chauhan, Ajay Kumar 

(2012) Studied on finite element analysis of a spur gear 

tooth using ANSYS and stress reduction by stress relief hole 

and find maximum principal stress at root fillet is 

136.716N/mm² without any stress relieving features. Here 

various cases are considered for analysis choosing different 

values of hole position and diameter. In this analysis reveals 

that the case with a circular hole having position of the hole 

is x=30, y=60 and diameter=3shows the greater benefit in 

comparison with other cases by reducing stress at root fillet 

to 133.36 N/mm². This paper also reveals for careful 

selection of more than one location for introducing stress 

relieving feature is more beneficial than choosing only one 

[3]. 

Dhavale A.S., Abhay Utpat (2013) Focused on  

Stress Relief Features at Root of Teeth of Spur Gear and 

seen the maximum principal stress at root fillet is 7.5 
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N/mm2 without any stress relieving features. Analysis 

shows that the case with two circular holes having 

parameters for 1st hole, x= 9.39 mm, y= 13.86 mm, and 2nd 

hole, x= 13.47 mm, y= 9.87 mm. shows the greater benefit 

in comparison with other cases. In this paper maximum 15% 

reduction in maximum principal stress is obtained [4]. 

Vijaykumar Chalwa, Nagesh Kamanna, Prasad 

Nayak (2013) Focused on Empirical relations to predict the 

probable percentage of reduction in root fillet stress in spur 

gear with circular stress relief feature.  In this paper the 

geometry of spur gear created in an ANSYS environment 

using APD Language because it eliminates the problem of 

geometric data loss and time required to transfer the data 

from one modeling environment to analysis environment. In 

analysis maximum percentage of reduction in root fillet 

stress in spur gear is obtained about 18.032% for the gear 

parameters no. of teeth, profile shift factor, tool tip radius 

and pressure angle [5]. 

III. ANALYSIS 

A. Analytical analysis of spur gear: 

The specifications of the gear that have been used for the 

analysis shown in Table 3.1 

GEAR PARAMETERS 

Outer_diameter 47.5 mm 

Number_of_Teeth 17 

Pitch_diameter 42.5 mm 

Pressure_angle 200 [In volute] 

Width 3.125 mm 

Module 2.5 mm 

Diametral_pitch 0.4 mm 

Base_diameter 39.937 mm 

Whole_depth 5.502 mm 

Root_diameter 36.496 mm 

Addendum 2.5 mm 

Dedendum 3.002 mm 

Circular_tooth_thickness 3.927 mm 

Power Transmitted  

Pinion (RPM)  

Transmission Ratio  

MATERIAL OF SPUR GEAR 

Steel 
Grade-1 Through 

Hardend 

Young’s modulus or 

modulus of elasticity (E) 
2.1E-05 

Poisson’s ratio (1/m or ) 0.3 

BHN 200 

Melting point 1510 0C 

Thermal conductivity 50.2 W/m 0C 

Coefficient of linear 

expansion at 20 0C 
11.1 (m/m/0C) 

Table 3.1: 

B. AGMA bending stress modified formula is given below, 

             Ft 

 =  Kv Ko Km Ks Kb              (1.1) 

           b m J= 

Where, 

 = Tooth bending stress in MPa 

Ft = Tangential load = 200 N 

b = Gear face width = 3.125 mm 

m = Standard module = 2.5 mm 

J = Spur gear geometry factor 

= 0.32404 (from table, for  = 200, a = m, b = 1.25m, rf = 

0.3mm) 

K’v = Velocity factor = [(50 + 200V) 0.5 / 50] = 2.26     

(for V= 20 m/s) 

Ko = Overload factor = 1.5 

Km = Load distribution factor = 1.3  

(for face width from 0-50mm) 

Kb = Rim thickness factor = 1.0 

Ks = Size factor = 1.0 

                  200 

 =   x 2.26 x 1.5 x 1.3 x 1.0 x1.0 

       3.125 x 2.5 x 0.32404 

= 348.164 MPa 

 = 348.164 MPa 

C. Analysis of spur gear using ANSYS 

In this section the spur gear is developed with that help of 

CAD Software CREO 3.0 and three teeth of the spur gear 

are used for analysis.  The steel spur gear is analyzed using 

computer aided engineering (CAE) software ‘ANSYS 15.0’, 

to see the various results from the static analysis with and 

without introduction of circular holes in the stressed zone. 

The analysis of spur gear tooth in ANSYS without stress 

relieving features shows maximum principal stress induced 

at root fillet is 343.229 MPa is shown in figure-3.1. 

 
Fig. 3.1: 

D. Spur gear stress analysis theoretically and in ANSYS 

15.0 without stress relieving features: 

Results in 
Deformation 

Maximum (mm) 

Equivalent Stress 

Max. (MPa.) 

Theoretically  348.164 

ANSYS 0.009466 343.229 

Table 3.2: Stress obtained without hole 

Analysis shows that the root fillet stress generated is 

343.229 MPa which is valid for further analysis as it is less 

than the numerically calculated value i.e. 348.164 MPa. In 

this paper six cases are used for the introduction of circular 

holes on spur gear tooth. 

Case-1: Circular single hole of diameter 0.5mm is 

placed vertically at different locations and the maximum 

von Mises stress 315.221 MPa is find out at the root fillet of 

spur gear tooth for hole location X=1.1mm, Y=17.8mm 

shown in figure-3.2. 
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Fig. 3.2: 

Case-2: Circular single hole of diameter 0.5mm is 

placed horizontally at different locations and the maximum 

von Mises stress 318.798 MPa is find out at the root fillet of 

spur gear tooth for hole location X=0.9mm, Y=17.0mm 

shown in figure-3.3. 

 
Fig. 3.3: 

E. Spur gear stress analysis in ANSYS 15.0 for 1- hole 

Sr. 

No. 

Cx            

(mm) 

Cy             

(mm) 

Dia. 

(mm) 

Total 

Deformation 

Max. (mm) 

Equivalent 

Stress 

Max. 

(N/mm2) 

1 1.1 17.5 0.5 0.007961 315.705 

2 1.1 17.6 0.5 0.008013 315.234 

3 1.1 17.7 0.5 0.00805 315.956 

4 1.1 17.8 0.5 0.008162 315.221 

5 0.9 17.0 0.5 0.008037 318.798 

6 1.0 17.0 0.5 0.00806 322.402 

7 0.9 17.1 0.5 0.00809 322.366 

8 1.0 17.1 0.5 0.008068 321.418 

Table 3.3: Stress relief features of same size at different 

locations for vertical shift (1- Hole) 

Case-3: Circular holes of same diameter 0.5mm 

and fixed center distance 1.2mm are placed vertically at 

different locations and the maximum von Mises stress 

349.542 MPa is find out at the root fillet of spur gear tooth 

for hole-1 location X=0.9mm, Y=17.5mm and for hole-2 

location X=0.9mm, Y=18.2mm shown in figure-3.4. 

 
Fig. 3.4: 

Case-4: Two circular holes of same diameter 

0.5mm and fixed center distance 1.2mm are placed 

horizontally at different locations and the maximum von 

Mises stress 320.286 MPa is find out at the root fillet of spur 

gear tooth for hole-1 location X=1.4mm, Y=17.0mm and for 

hole-2 location X=2.1mm, Y=17.0mm shown in figure-3.5. 

 
Fig. 3.5: 

F. Spur gear stress analysis in ANSYS 15.0 for two holes 

Sr

. 

N

o. 

Cx            

(m

m) 

Cy             

(m

m) 

Cx 

1            

(m

m) 

Cy 

1           

(m

m) 

Dia

.1    

(m

m) 

Dia

.2   

(m

m) 

Total 

Deform

ation 

Max. 

(mm) 

Equiva

lent 

Stress 

Max.    

(N/mm

2) 

1 0.9 
17.

5 
0.9 

18.

2 
0.5 0.5 0.00807 

349.54

2 

2 0.9 
17.

8 
0.9 

18.

5 
0.5 0.5 0.008 

351.15

1 

3 0.9 
17.

9 
0.9 

18.

6 
0.5 0.5 0.00814 351.45 

4 1.0 
18.

0 
1.0 

18.

7 
0.5 0.5 0.00795 

352.62

3 

5 1.1 
17.

0 
1.8 

17.

0 
0.5 0.5 

0.00820

5 

328.62

6 

6 1.2 
17.

0 
1.9 

17.

0 
0.5 0.5 0.00822 

327.73

4 

7 1.3 
17.

0 
2.0 

17.

0 
0.5 0.5 

0.00822

3 

327.01

5 

8 1.4 
17.

0 
2.1 

17.

0 
0.5 0.5 

0.00821

6 

320.28

6 

Table 3.4 Stress relief features of same size at different 

locations for Vertical shift (2-Hole) 

Case-5: One circular hole of different diameter 

from 0.4mm to 0.1mm in difference of 0.1mm is placed at 

the same location X=1.4, Y=18.0. In this case for hole 

diameter 0.1mm the maximum stress induced at the root 

fillet of spur gear tooth is calculated as 318.147 Mpa shown 

in figure-3.6. 

 
Fig. 3.6: 
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Case-6: One circular hole of different diameter 

from 0.4mm to 0.1mm in difference of 0.1mm is placed at 

the same location X=0.1, Y=17.5.  In this case for hole 

diameter 0.1mm the maximum stress induced at the root 

fillet of spur gear tooth is calculated as 312.056 Mpa shown 

in figure-3.7. 

 
Fig. 3.7: 

G. Spur gear stress analysis in ANSYS 15.0 for one hole at 

same location with different diameters 

Sr. 

No

. 

Cx            

(mm

) 

Cy             

(mm

) 

Dia. 

(mm

) 

Total 

Deformatio

n Max. 

(mm) 

Equivalen

t Stress 

Max. 

(N/mm2) 

1 1.4 18.0 0.1 0.007963 318.147 

2 1.4 18.0 0.2 0.008152 328.105 

3 1.4 18.0 0.3 0.008104 362.522 

4 1.4 18.0 0.4 0.008285 404.569 

5 0.1 17.5 0.1 0.007717 312.056 

6 0.1 17.5 0.2 0.00797 314.785 

7 0.1 17.5 0.3 0.007992 314.003 

8 0.1 17.5 0.4 0.008109 312.35 

Table 3.5: Stress relief features of different size at same 

location for vertical shift (1-Hole) 

IV. RESULT AND DISCUSSION 

It is seen that, by using AGMA bending stress modified 

formula the maximum principal stress without stress 

relieving features at the root fillet of spur gear is calculated 

as 348.164 MPa.  The same gear is analyzed in ANSYS 

15.0, without stress relieving features, shows the maximum 

principal stress induced at root fillet is 343.229MPa.  In 

comparison these two results are 98.58% closer.  Therefore 

the result obtained in ANSYS is considered as a base and 

further analysis is carried out in ANSYS 15.0 software. 

In this paper six cases are used for the placement of 

stress relieving features.  Stress relieving features of same 

and different sizes are used and shifted vertically and 

horizontally by keeping the centre distance same.  The X 

and Y-coordinates of the hole centre are measured from the 

centre of spur gear. The stress relieving features used are 

circular holes.  A force of 200N is applied at the tip of the 

spur gear tooth.  The position and magnitude of force is kept 

constant and the results are obtained for six cases. 

From the results calculated in six cases, it is 

observed that the reduction of stress at root fillet is depends 

upon the location and size of hole both. 

In first and second case, for vertical and horizontal 

shift of single circular hole of same diameter 0.5mm with 

different locations shows the minimum principal stress spur 

gear root fillet as 315.221MPa. for the position, X=1.1mm 

and Y=17.8mm. 

In third and forth case, for vertical and horizontal 

shift of two circular holes of same diameter 0.5mm with 

different locations shows the minimum principal stress at 

spur gear root fillet as 320.286MPa. for the position of hole-

1 as X=1.4mm and Y=17.mm and for hole-2 as X1=2.1mm 

and Y1=17.0mm. 

In fifth and sixth case, for vertical and horizontal 

shift of two circular holes of different diameters (from 

0.1mm to 0.4mm) with same location shows the minimum 

principal stress at spur gear root fillet as 312.056MPa. for 

the position, X=0.1mm and Y=17.5mm. 

Maximum principal stress developed at root fillet 

of spur gear tooth without stress relieving features is 

calculated as 343.229MPa. and with the introduction of 

circular hole minimum principal stress is calculated as 

312.056MPa. 

From these results it is observed that, stress at root fillet is 

reduced by 9.08%. 

 
Graph 4.1: Diameter of Hole Vs. Equivalent Stress Max. 

(1Hole) 

 
Graph 4.2 : Position of Hole Vs. Equivalent Stress Max. (1-

Hole) 

 
Graph 4.3: Diameter of Hole Vs. Equivalent Stress 

Max.(2Hole) 
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Graph 4.4:  Position of Hole Vs. Equivalent Stress Max. (2-

Hole) 

 
Graph 4.5: Diameter of Hole Vs. Equivalent Stress Max. 

(1Hole) 

 
Graph 4.6 : Position of Hole Vs. Equivalent Stress Max. (1-

Hole) 

V. CONCLUSION 

Single stress relieving features reduce the root fillet stress of 

spur gear tooth when it is introduce at a particular location. 

It is an iterative method and takes more time to find out this 

particular location for the stress reduction. 

The hole location and size of hole greatly 

influenced the stress redistribution.  Larger size of hole 

reduces stress in gear but at the same time gear become 

week.  By considering this, hole size should be minimum 

that should minimize root fillet stress and increase gear 

tooth strength both at the same time and up to a optimum 

level.  By using two holes of same diameter at different 

locations, stress at gear root fillet is minimized.  If two holes 

placed in stressed zone of spur gear tooth with the change in 

size and at different locations can give a optimum level of 

stress reduction. 
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