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ABSTRACT 

The idea of using asymmetric tooth profiles has gained popularity in practice of gearing design. Similarly 

to the symmetric basic rack gears, tooth action parameters are calculated during the first stage, while the unified 

generating basic rack for a pair of mating gears during the second stage. In certain cases the parameters of specific 

basic rack tooth profiles are set for each gear in a transmission. The gearings with asymmetric profiles display an 

advantage in having the increased pressure angle over the operating profiles (via the pressure angle reduction over 

the non-operating profiles) and a possibility of considerable increase in the face contact ratio. 

In this thesis, a comparative investigation of symmetric and asymmetric tooth profiles will be analyzed 

using finite element analysis ANSYS. The symmetric and asymmetric (different pressure angles) tooth profiles will 

be designed and modeled in 3D modeling software CATIA V5. Structural and fatigue analyses will be done on the 

designs with different materials (mild steel and EN 32 steel). 

Keywords:- Asymmetric Involute Spur Gear Critical Section, Tooth form factor, Stress concentration factor 

Critical Section thickness. 

1.1INTRODUCTION TO GEARS: 

A gear is a rotating machine part having cut teeth, or cogs, which mesh with another toothed part in order 

to transmit torque. Two or more gears working in tandem are called a transmission and can produce a mechanical 

advantage through a gear ratio and thus may be considered a simple machine. Geared devices can change the speed, 

magnitude, and direction of a power source. The most common situation is for a gear to mesh with another gear, 

however a gear can also mesh a non-rotating toothed part, called a rack, thereby producing translation instead of 

rotation. 

The gears in a transmission are analogous to the wheels in a pulley. An advantage of gears is that the teeth 

of a gear prevent slipping. 

When two gears of unequal number of teeth are combined a mechanical advantage is produced, with both 

the rotational speeds and the torques of the two gears differing in a simple relationship. 

In transmissions which offer multiple gear ratios, such as bicycles and cars, the term gear, as in first gear, 

refers to a gear ratio rather than an actual physical gear. The term is used to describe similar devices even when gear 

ratio is continuous rather than discrete, or when the device does not actually contain any gears, as in a continuously 

variable transmission. 

The earliest known reference to gears was circa 50 A.D. by Hero of Alexandria, but they can be traced back 

to the Greek mechanics of the Alexandrian school in the 3rd century BC and were greatly developed by the Greek 

polymath Archimedes (287-212 BC) 

LITERATURE REVIEW 

1 Effect of Pressure Angle on Bending Stress And Deformation of Asymmetric Spur Gear Using FEA 
A gear is a rotating machine part having cut teeth, which mesh with another toothed part in order to transmit torque. 

Gears may be spur, helical, bevel or worm in which spur gear is most common type of gear used in engineering 

applications. In the automobile and aerospace industries, higher strength, higher reliability and lighter weight gears 

are Necessary as lighter automotives continue to be in demand. This has lead to development of new designs, such 

as gears with asymmetric teeth. The geometry of these teeth is such that the drive side profile is not symmetric to the 

coast side profile and it is beneficial for special applications where the loading of the gear is unidirectional. In such 

an instance, the loading on the gear tooth is not symmetric, thus calling for asymmetric teeth. The coefficient of 
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asymmetry is dependent on pressure angle; therefore study of effect on pressure angle on asymmetric tooth is of 

great importance. This paper presents a study on effect of pressure angle on asymmetric involutes spur gear 
2. Theoretical and Finite Element Analysis of Load Carrying Capacity of Asymmetric Involutes Spur Gears 

The paper presents a method for investigating the bending stress at the critical section of “Asymmetric 

Involute spur Gear”. The method, ISO/TC60  has  been  used  to  theoretically  calculate  bending  stress  at  the  

critical section  of  this  Gear. The  determination  of  the  tooth  form  factor,  stress  concentration  factor,  critical  

section parameters  and  contact  ratio  has been  accomplished  for  each  set  of  gear.  The  gears  with  different  

pressure angle have been modeled by using “CATIA V5 R15”software.The results obtained by theoretical method 

have been verified by using “ANSYS 12.0 software” The  comparative  analysis  of  bending  stress  at  critical 

section has been carried out. 

3. Objective function to Optimize Bending Stress at Critical Section of Asymmetric Spur Gear 

Main objective of this paper is to optimize Bending stress at critical section, which is most important parameter in 

gear design. It must be low as low possible. Bending Stress optimize by all affected Parameters of asymmetric spur 

gear tooth at critical section of tooth. Objective function for bending stress at critical section has  been  developed  

minimize/optimize  bending  stress  at  critical  section  thickness  of  asymmetric  spur gear tooth. A  programme  

has  been  developed  in  SciLab  software  with  help  of  developed  objective  function  to optimize  the  bending  

stress  at  critical  section  of  an  asymmetric  spur  gear.  Result obtains from SciLab programme compared to 

ANSYS software and give comment on validation of developed objective function.  

4. Effect of pressure angle and back up ratio on asymmetric spur gear tooth bending stress 
Gearing is one of the most critical components in the mechanical power transmission system and inmost 

industrial rotating machinery.  It is  possible that  gears  will be  the most  effective means  of  transmitting  power  

in  future  machines  due  to  their  high  degree  of  reliability  and compactness. In 18th century saw an explosion in 

metal gearing. Gear design and manufacturing rapidly developed in the 19thcentury. Now a day, the gear design has 

become a highly complicated and comprehensive subject. An asymmetric spur gear tooth means that 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 asymmetric tooth shape reflects 

this functional difference. The main objective of the present work  is  to  estimate  the  stress  across  the  critical  

section  for  different  backup  ratios  and  the results obtained. Developed programme is used to create a finite 

element model for asymmetric spur gear tooth to study the effect of bending stress at the critical section for different 

back up ratios. To study the effect of above parameter ANSYS was used. The rim thickness and the pressure angle 

was varied and the location and magnitude of the maximum bending stresses were reported and results obtained and 

compared. 

3.2 Importance of asymmetric spur gear: 
 An increase in the load capacity (15 to 30%) is possible with asymmetric gears. 

 Weight and size reduction (10 to 20%) is possible with asymmetric gears. 

 A longer life. 

 Reduction in noise and vibrations (a finer pitch along with more teeth leads to higher contact ratio for a 

given center distance). 

3.3 Design considerations 
 The accuracy of the output of a gear depends upon the accuracy of its design and manufacturing. 

 Strength of the gear in order to avoid failure at starting torques or under dynamic loading during running 

conditions. 

 Gear teeth must have good wear characteristics. 

 Selection of material combination. 

 Proper alignment and compactness of drive. 

 Provision of adequate and proper lubrication arrangement. 

3.4 Proposed work 

 
It is proposed to carry out the static analysis and fatigue analysis of spur gear with varying pressure angles 

with finite element approach using ANSYS software. Comparisons are made between the theoretical design and 

those obtained with finite element approach. 
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4.1 Overview of CATIA 

 

 The CAD process is a subset of the design process. Similarly CAM process is a subset of the manufacturing 

process the implementation of the cad process on current system. Once conceptual design  materialize in the 

design’s mind, the definition of the geometric models starts via the user interface provided the relevant software. 

The choice of geometric models to the CAD is analogous to the choice of the mathematical model to the engineering 

analysis. It depends directly upon to the engineering analysis. It depends directly on the type of analysis to be 

performed, for example finite element analysis might require different models than kinematic analysis. A valid 

geometric model is created by the CAD/CAM system through its translator, which converts the designers input into 

proper data base format. In order to apply engineering analysis to a geometric analysis, interface algorithms are 

provided by the system to extract the required data from the model data base to perform the analysis. 

Design testing and evaluation and testing may require changing the geometry model before finishing it. 

When the final design is achieved the drafting and detailing of the models starts, followed by the documentations 

and production of final drawings. The core of the CAD tools is geometric modeling and graphic application aids 

such as color, grids, geometric modifiers and group, which facilitate structuring geometric models. Manipulation 

includes the transformation of the model in space, so it can be viewed properly. 
 Visualization is achieved via shaded images and animations procedure, which helps design 

conceptualization, communication and interference detection in some cases. The tools for design modeling and 

simulation are well diversified and are closely related to the available analysis package. Now CATIA V5 is the 

advanced version in use. 

CATIA V5 consists of many environments in which mechanical design is the most important. Which 

essentially consists of, 

 Part design 

 Assembly design  

 Drafting 

 Sheet metal design 

 Wire frame and surface design 

The design of each & every individual leaves in the assembly are designed by using above list of values in 

CATIA and assembled together as follows. 

 

INTRODUCTION TO ANSYS 

 

 The ANSYS computer program is a large scale multipurpose finite element program, which may be used 

for solving several classes of engineering analyses. The program in the solution, such as plasticity, large strain, 

hyper elasticity, creep, swelling, large deflections, contact stress, stiffening, temperature dependency, material 

anisotropy, and radiation. As ANSYS has been developed, other special capabilities, such as sub structuring, sub 

modeling, random vibration, kineto statics, kineto dynamics, free convection, fluid analysis, acoustics, magnetic, 

piezoelectric, couple field analysis and design optimization have been added to the program. These capabilities 

contribute further to make ANSYS a multipurpose analysis tool for various engineering disciplines. 

 

FINITEELEMENTANALYSISOFSPURGEARUSINGANSYSWORKBENCH 

CASE1: PRESSURE ANGLE-20
0 

 

The model of chassisissaved in IGES format which can be directly imported into ANSYS work bench. Themo del 

imported to ANSYS work bench. 
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And Boundary Conditions 

The meshing is done on the model with 15445 number of nodes and 25796 numbers of tetrahedral elements 

The spur gear model is loaded by static forces from the body and load. Forth is model, the maximum pressure of 

1.78 Mpa 

 

 

MATERIAL: STEEL 

Deformation 

 
Stress                                             Strain 

 

Fatigue analysis Life                                 Damage 

 

Safety factor                                                   Deformation 
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MATERIAL: EN31 STEEL 

Stress                                                                             Strain 

 

Fatigue analysis Life                                 Damage 

 

Safety factor 

CASE2: PRESSURE ANGLE-30
0 
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MATERIAL: STEEL 

Deformation 

 
Stress                                                              Strain 

 

Fatigue analysis  Life                            Damage 
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MATERIAL: EN31 STEEL 

Deformation 

 
Stress                                                Strain 

 

Fatigue analysis Life                                Damage 

 

Safety factor 

CASE3: PRESSURE ANGLE-35
0 

MATERIAL: STEEL 

Deformation 
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Stress                                                           Strain 

 

Fatigue analysis Life                            Damage 

    

Safety factor 

MATERIAL: EN31 STEEL 

Deformation 
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Stress                                                 Strain 

 

Fatigue analysis Life                     Damage 

 

Safety factor 

 
 Gear Manufacture of spur gears 

 

Most spur gears are manufactured with the help of cutting. Yet, there are many other methods like casting, rolling 

and forging. In the case of plastic spur gears, in addition to tooth cutting such as with metal gears, injection molding 

is used depending on the quantity of production. 

The steps of manufacture for metal spur gears generally involve cutting off round rod materials, turning blacks 

on lathe machines and tooth cutting screw +keyways and holes that can be added whenever required. This is 

generally the case when hardness and high accuracy are not required. After cutting of gears, grinding of tooth 

surface and shaving process is used often to enhance strength and accuracy. Gear grinding is done to enhance the 
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surface roughness and accuracy of gears. It will indicate the grinding process of gear tooth surfaces after tooth 

cutting and treatment by heat with a polishing stone that rotates at very high speeds and this is done on special tooth 

grinding machines. 

Manufacture of gears needs several processing operations in sequential stages depending upon the material and 

type of the gears and quality desired.  

 

Results tables 

Static analysis results 

 
Pressure angle(

0
) Material Deformation(mm) Stress(N/mm

2
) Strain 

Symmetricgear-

20
0 

Steel 0.0029163 13.464 6.917e-5 

EN31steel 0.0025556 12.389 6.0615e-5 

Asymmetricgear-

30
0 

Steel 0.0027233 12.929 6.2398e-5 

EN31steel 0.0025911 12.302 5.9369e-5 

Asymmetricgear-

35
0 

Steel 0.0025885 12.683 6.2998e-5 

EN31steel 0.0024268 11.89 5.906e-5 

 

Fatigue analysis results 

 
Pressure angle(

0
) Material Life Damage Safety factor 

Min Max 

Symmetricgear-20
0 Steel 1e9 108.84 0.32011 15 

EN31steel 1e9 85.598 0.34789 15 

Asymmetricgear-

30
0 

Steel 1e9 95.605 0.3335 15 

EN31steel 1e9 80.623 0.35036 15 

Asymmetricgear-

35
0 

Steel 1e9 89.505 0.33983 15 

EN31steel 1e9 71.754 0.36249 15 

 

CONCLUSION  

 

In this project symmetric & asymmetric gears is designed and modeled in 3D modeling software CATIA. 

In gears we used three different angles 20, 30&35 angles are modeled. Structural and Fatigue analysis is 

done on the Gears used two materials AISI 1050 Steel and EN31 steel,  

By observing the structural analysis results, the stress values are more asymmetric at 300 angle than that 

of asymmetric at 350 angle and symmetric at 20 angle. So as per structural analysis, using symmetric at 

350 angles is better. By comparing the materials, using EN 31 steel is better as the stresses are less than 

the allowable stress and weight of the symmetric gears is less than that of EN 31 steel. Since its density is 

less. 

So we are manufacturing of asymmetric gear at 35° pressure angle and using EN 31 steel is a better 

material.  
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