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Abstract 
Gearing is one of the most critical components in      
mechanical power transmission systems. Transmission 
error is considered to be one of the main contributors to 
noise and vibration in a gear set. Transmission error in 
the gear leads to backlash, undercut and interference. 
These defects can be eliminated by increasing the pres-
sure angle. Backlash and interference can be avoided by 
Increase addendum of mating gear; another way of in-
creasing the load capacity of transmissions is to modify 
the involute geometry. This has been a standard practice 
in sophisticated gear design for many years. The nomen-
clature describing these types of gear modifications can 
be quite confusing with reference to addendum modifi-
cation or profile shift, etc. 
  

An additional alteration that is very rarely used 
is to make the gears asymmetric with different pressure 
angles for each side of the tooth. This is because two 
profiles of a gear tooth are functionally different for 
most of the gear drives. The workload on one side of 
profile is significantly higher than the other side of the 
gear. An asymmetric spur gear drive means that larger 
and smaller pressure angles are applied for the driving 
and coast sides. 
 

The main objective of this paper is to generate 
asymmetric spur gear tooth profile for different pressure 
angles on drive and coast sides and estimate the critical 
section using C- programming. Bending stress analysis 
has been performed using finite element analysis using 
ANSYS software .Comparison of bending stress analy-
sis has been performed for symmetric and asymmetric 
spur gear tooth at critical section.  

Keywords: Asymmetric spur gear tooth, pressure angle, 
critical section, FEM. 

1 Introduction  

Sufficiency in bending load carrying capacity is a     
serious problem, as regards the carburized or surface 
quality improved gears with very high surface fatigue 

strength, such as plastic and sintered gears. There are 
several ways to solve the problem such as heat       
treatments, improving tooth fillet surface quality, and 
using a larger radius of cutter’s tip corner [1] 

Another way of increasing the load capacity of 
transmissions is to modify the involute geometry. This 
has been a standard practice in sophisticated gear design 
for many years. The nomenclature describing these 
types of gear modifications can be quite confusing with 
reference to addendum modification profile shift, etc. 
An additional alteration that is very rarely used is to 
make the gears asymmetric with different pressure    
angles for each side of the tooth [2] 

The aim of asymmetric tooth is to improve the          
performance of gears such as increasing the load capaci-
ty or reducing noise and vibration. Application of 
asymmetric tooth side surfaces is able to increase the 
load capacity and durability for the drive tooth side [3] 
 

The tooth form has left–right symmetry in the 
involute cylindrical gear, and the same performance can 
be    obtained at forward and backward rotation. Howev-
er, both the forward and backward rotations are not al-
ways expected in the practically used gear units for 
power transmission [1] 

Therefore, two sides of the gear tooth are func-
tionally different for most gears. Even if one side (drive 
side) is significantly loaded for longer periods, the oppo-
site side (coast side) is unloaded or slightly loaded for 
short   duration only [2, 3]. 

In the literature, there are two different applica-
tions for involute gears with asymmetric teeth. The dif-
ference between them is the selection of pressure angles 
for the drive side and coast side. Since the load capacity 
of the involute gear mainly depends on the pressure an-
gle, the determination of pressure angles is very impor-
tant. 

In this study, asymmetric gears with greater 
drive side pressure angle than coast side pressure angle 
are taken into consideration. The purpose of this study is 
to     determine critical section thickness and bending 
stress distribution for symmetric and asymmetric spur 
gear drives. Hence, a computer program is used to gen-
erate gear tooth profile, estimate bending stress and crit-
ical section, which is different from previous studies, 
which considers pressure angle on the drive side, coast 
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side, module, backup ratio, profile shift, tooth number 
and  contact ratio. 

2 Asymmetric spur gear teeth 
 
The two profiles (sides) of a gear tooth are functionally 
different for many gears. The workload on one profile is 
significantly higher and is applied for longer periods of 
time than for the opposite one. The design of the asym-
metric tooth shape reflects this functional difference. 
 

 
 

Fig. 1: Asymmetric spur gear. 
 

 
Fig. 2: Asymmetric spur gear with different base circles. 
 

20/20, Degrees 20/25, Degrees 

 
20/30, Degrees 20/35, Degrees 

 
Fig. 3: Tooth forms in different pressure angle combina-
tions 

The design intent of asymmetric gear teeth is to 
improve the performance of the primary contacting pro-
file. The opposite profile is typically unloaded or lightly 
loaded during relatively short work periods. The degree 
of asymmetry and drive profile selection for these gears 
depends on the application. 
  

The difference between symmetric and asym-
metric tooth is defined by two involutes of two different 
base circles Dbd and Dbc. The common base tooth thick-
ness does not exist in the asymmetric tooth. The circular 
distance (tooth thickness) Sp between involute profiles is 

defined at some reference circle diameter Dp that should 
be bigger than the largest base diameter. 
 

Asymmetric gears simultaneously allow an in-
crease in the transverse contact ratio and operating pres-
sure angle beyond the conventional gear limits. Asym-
metric gear profiles also make it possible to manage 
tooth stiffness and load sharing while keeping a desira-
ble pressure angle and contact ratio on the drive profiles 
by changing the coast side profiles. This provides higher 
load capacity and lower noise and vibration levels com-
pared with conventional symmetric gears. 

Tooth forms in different pressure angle combi-
nations on coast (right side) and drive side (right side) as 
shown in fig.3. 

3 Profile generation and Estimation 
of critical section using C-programme 
 
Critical section is one of the important gear tooth      
parameter which is to be evaluated for bending stress 
calculations. There are many methods for the determina-
tion of the critical section parameter for nonstandard, 
external gear teeth, considering tool offsets, center dis-
tance modifications and backlash.  

                Table-1: Gear tooth parameters 

Sl.No. Description Value 
1 Pressure angle, Coast side 200 fixed
2 Pressure angle, Drive side 200-350

increment by 10

3 Profile shift factor 0,0 
4 Number of teeth 25 and 47 
5 Module 4 mm 
6 Back up ratio 1.2 

 
In this paper we generate key points for profile genera-
tion and estimate the critical section using gear tooth 
parameters given in table-1.Results obtained will have 
good agreement with the published one. 
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Fig. 4: Different gear tooth parameters used to estimate 
critical section 
 

Using above equations and by suitable input 
gear data, the values of RHPSTC, load angle, critical 
section thickness and distance from critical section to 
intersection of the tooth centerline and the line of action 
for load at HPSTC can be obtained as shown in fig.4. 
 

 
 
Fig. 5: Programme I/O data for gear tooth profile gener-
ation. 
 

 
 
Fig. 6: Gear profile output from C-programme 
 
Table-2: Comparison of critical section thickness for 
different pressure angle on drive side. 
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Drive 
side 
Pressure 
Angle  
 

Critical Section   
Thickness,C-rogramme 
 
 

Critical Sec-
tion thick-
ness[Ref-4] 

20 3.9126 3.8572 
21 3.9456 3.8949 
22 3.9802 3.9333 
23 4.0152 3.9726 
24 4.051 4.0128 
25 4.0926 4.0539 
26 4.1248 4.096 
27 4.1509 4.1391 
28 4.2029 4.1834 
29 4.2445 4.2289 
30 4.3154 4.2756 
31 4.3258 4.3236 
32 4.3695 4.3731 
33 4.4137 4.4242 

 
Fig. 7: Comparison of critical section. 

 Table-2 and fig.6: shows the comparison of criti-
cal section thickness developed by C-programme and 
Ref [4].  The results obtained are matches with the pub-
lished one hence, for further studies in this paper          
C- programme o/p will be used.  

4 Finite element analysis procedure 
 
As a major part of present investigation a series of finite 
element analyses has been carried out for different sets 
of symmetric and asymmetric spur gears listed in table.1, 
subjected to a load at highest point of single tooth of 
contact (HPSTC).Gears are used to transmit a power of 
18KW at 1600 rpm. Key points for involute spur gears 
were generated using “C “programme and same can be 
used for generating model for ANSYS as shown in fig.7.  

A finite element problem is treated as plane 
stress with thickness problem and a plane 182, 8-noded 
quadrilateral element are used to discritized the gear 
tooth domain.  

 
 

Fig. 8: Gear tooth system considered for finite element 
analysis with proper boundary conditions 
 

The first investigation involved a two–
dimensional plane stress analysis for 4 mm module and 
200 pressure angle on both sides of the gears with 25 
teeth and zero profile shifts. The gear tooth is considered 
to be a cantilever and it is constrained at the rim, an 
element supports the two degree of freedom and all the 
degrees of freedom are fixed. The gear tooth is loaded at 
HPSTC. The above meshed model, which is subjected to 
the boundary conditions and loading were statically ana-
lyzed and software performs the mathematical calcula-
tions and results are obtained in the post processing 
stage. 

Similar analyses were carried out for different 
pressure angles on drive side. In the post- processor 
stage accepts the results and generates the contour plots 
for bending stress at the critical section, Vonmoises 
stress and displacements.  

5 Bending stress calculation 

The stress that takes a very important part in tooth root 
crack organization is considered to be maximum tensile 
stress at the root section which is to be determined 
from the following equation for both symmetric and 
asymmetric spur gear tooth. Stress results obtained from 
these equations are very nearer to the finite element re-
sults obtained from the ANSYS software. 

 

 

 

 

6 Results and discussions 
 
The results mainly consist of bending stress at critical 
section and displacements at the centre line of the gear 
tooth for different pressure angles. 
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20-20 20-21 20-22 

20-23 20-24 20-25 

20-26 20-27 20-28 

20-29 20-30  Bending stress 
 
Fig. 9: Bending stress contour for different pressure   
 

Above figure shows that the distribution of 
bending stress for different pressure angles on drive side,       
distribution pattern is same for all pressure angles. 
 

 
 
Fig. 10: Critical section thickness for different pressure 

 
The fact that as the pressure angle increases, 

with increase in the tooth thickness at the critical sec-
tion, and hence fillet region becomes stronger on drive 
side. 

 

 
 

Fig. 11: Load at RHPSTC for different pressure angles. 
 

As the pressure angle increases radius at high-
est point for single tooth of contact increase, which in-
crease the moment on the gear drive. 

 
 
Fig. 12: Tooth thickness at the tip for different pressure 
angles. 

It is evident from the figure that as the pressure 
angle increases tooth thickness at the tip reduces.  
 

 
 
Fig. 13: Gear tooth profile for 200/450 pressure angle 
 

 
 
Fig. 14: Gear tooth deflection at the gear centre line 
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Further increase in the pressure angle on the 
drive side gear tooth becomes pointed and deflection at 
the gear tooth tip increases (Fig. 13) and there is a 
chance of tooth breakage, and stress at the critical sec-
tion shifts from gear tooth root to the tip. Hence pressure 
angle on the drive side is preferred up to 350. 

 

 
 
Fig. 15: Bending stress at the critical section for differ-
ent pressure angles on drive side. 
 

It was found that the bending stress at the criti-
cal section reduces drastically with increases in the pres-
sure angle on the drive side for certain limit.  

 
7  Conclusions 
 
From the above results following conclusions can be 
drawn: 

 
• The limiting number of teeth to avoid the under-

cutting is lowered. That is to say if the pressure 
angle is increased, pinions with comparatively 
lesser number of teeth can be generated without 
undercutting 

• The shape of the tooth becomes more pointed or 
peaked 

• Tooth flank becomes more curved 
• The relative sliding velocity is reduced  
• Wear is less 
• Tooth load carrying capacity increases 
 

Acknowledgment 

We thank the management, Principals and Heads of the 
Department of Mechanical Engineering,                       
Sri Jayachamarajendra College of Engineering, Mysore 
and Basaveshwar Engineering College, Bagalkot, for 
providing us an opportunity and encouraging to present 
this research paper.  

References 

 
 
[1]. Deng, G., and Tsutomu, “Enhancement of Bending 

Load Carrying Capacity of Gears using an Asym-
metric Involute Tooth,” The JSME International 
Conference on Motion and Transmissions, Fukuoka, 
Japan, 513–517. 

 
[2]. Kleiss, R. E., Kapelevich, A. L., and Kleiss, N. J., 

Jr., “New Opportunities with Molded Gears,” AG-
MA Fall Technical Meeting, Detroit, 3–5. 2001, 

 
[3]. Kapelevich, A. L., 2000, “Geometry and Design of 

Involute Spur Gears with Asymmetric Teeth,” Mech. 
Mach. Theory, 35, pp. 117–130. 

 
[4]. Kadir Cavdar,Fatih Karpat,Fatih C. Babalik. “Com-

puter Aided Analysis of Bending Strength of Invo-
lute Spur Gears with Asymmetric Profile” Journal 
of Mechanical Design, 2005 May 2005, Vol. 127 
  

[5]. Litvin, Faydor,Lian, Qiming; Kapelevich,Alexander 
“Asymmetric Modified Spur Gear Drives: Reduc-
tion of Noise, Localization of Contact, Simulation 
of Meshing and Stress Analysis” Computer Me-
thods in Applied Mechanics And Engineering Vol. 
188, Issue: 1-3, July 21, 2000.  

 
[6]. Alexander L. Kapelevich And Thomas M. McNa-

mara “Direct Gear Design for Optimal Gear Per-
formance” SME's Gear Processing And Manufac-
turing Clinic, Held in Conjunction with AGMA's 
GEAR EXPO '03 October 6, 2003 

 
[7]. Brauer, Jesper “A General Finite Element Model of 

Involute Gears” Finite elements in Analysis and De-
sign Vol.40,Issue 13-14 August, 2004  

 
[8]. Yang, Shyue-Cheng “Mathematical Model of a Hel-

ical Gear with Asymmetric Involute Teeth and its 
Analysis” The International Journal of Advanced 
Manufacturing Technology, Vol. 26, Issue: 5-6, 
September 2005.  

 
[9]. Senthilvelan, S, Gnanamoorthy, R “Effect of Gear 

Tooth Fillet Radius on the Performance of Injection 
Molded Nylon 6/6 Gears” Materials and Design, 
Vol. 27, Issue: 8, 2006.  

 
[10]. Fatih Karpat, Stephen Ekwaro- “Probabilistic 

Analysis of MEMS Asymmetric Gear Tooth “Jour-
nal of Mechanical Design, April 2008, Vol. 130 

 

 
 
 


