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Abstract:  The gears while transmitting the power generates high stresses at the mating positions over the teeth as they amend the 

rate of rotation of machine shaft. The axis of rotation for High speed machinery is the optimal medium for low energy loss and 

high accuracy. Toothed Spur gears are used to transmit the power with high velocity ratio. Various methods are used to find out 

contact stresses such as Hertz contact stresses, Lewis bending Equation, AGMA Equation. Most of the research work attempted 

on mathematical contact stress analysis and Compared with finite element analysis. The purpose of this paper is to find out the lite 

contact stress analysis of spur gear by analytical and Finite Element Method. Hertzian equation values are compared with the 

Finite Element Analysis (FEA) results. For FEA majorly Hypermesh, Abaqus and Ansys tool used. Authors have used various 

approaches and means to conclude their objective of finding out the contact stress and optimization using FEA. This review paper 

explores theoretical, numerical and analytical method for the spur gear analysis and compare the Hertz equation value with Finite 

Element Method value for validation purpose. 
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I. INTRODUCTION 

Gears are the most common means of transmitting power in the modern mechanical engineering world. They vary from a 

tiny size used in watches to the large gears used in lifting mechanisms and speed reducers. They form vital elements of main and 

ancillary mechanisms in many machines such as automobiles, tractors, metal cutting machine tools etc. Toothed gears are used to 

change the speed and power ratio as well as direction between input and output. The objective of the work is to begin the process 

of evaluating the potential benefits of asymmetric involute gear teeth and optimized root-- fillet geometry for industrial and 

automobile applications. This involves not only quantifying performance improvements achieved by these concepts, but 

evaluating the practicality of manufacturing gears with asymmetric teeth and optimized root-- fillet geometry for industrial, 

automobile and aerospace applications. There has been a lot of research activity on spur gears with asymmetric teeth. New gear 

designs are needed because of the increasing performance requirements, such as high load capacity, high endurance, low cost, 

long life and high speed. In some applications, gears experience only unidirectional loading. In this instance, the geometry of the 

drive side does not have to be symmetric to the coast side. This allows for the design of gears with asymmetric teeth. These gears 

provide flexibility to designers due to their non-Standard design. If they are correctly designed, they can make important 

contributions to the improvement of designs of gears. An asymmetric spur gear drive means that larger and smaller pressure 

angles are applied for the driving and coast sides. The two profiles of a gear tooth are functionally different for most gear drives. 

The workload on one side of profile is significantly higher than the other gears. The design intent of asymmetric gear teeth is to 

improve performance of the primary drive profiles at the expense of the performance for the opposite coast profiles. In many 

cases the coast profiles are more lightly loaded and are loaded only for a relatively short duration. Asymmetric tooth profiles 

make it possible to simultaneously increase the contact ratio and operating pressure angle in the primary drive direction beyond 

the conventional gears’ limits. The main advantage of asymmetric gears is contact stress reduction on the drive flanks, resulting in 

reduced gear weight and higher torque density. The items addressed in this article include analysis, design, manufacture and test 

of gear test specimens with asymmetric teeth. 

 

         A primary requirement of gears is the constant angular velocities or proportionality of position transmission. Precision 

instruments require positioning fidelity. High-speed and/or high-power gear trains also require transmission at constant angular 

velocities in order to avoid severe dynamic problems. Constant velocity (i.e. constant ratio) motion transmission is defined as 

conjugate action of the gear tooth profiles. A common normal to the tooth profiles at their point of contact must, in all positions of 

the contacting teeth, pass through a fixed point on the line-of- centers called the pitch point any two curves or profiles engaging 

each other and satisfying the law of gearing are conjugate curves. 

         Dhavale A.S et.al.study deals with minimizing the stress in root fillet region of the gear tooth. Inserting stress relief features 

(holes) of different diameter at different locations (Beside root fillet) & varying number of holes. A maximum of 15% reduction 

in maximum principal stress is obtained. As the Number of holes & hole diameter increases the maximum principal stress 

decreases but after a certain extent the strength of the gear reduces. Rubén d. Chacón et.al. study deals with the stresses in the 

contact zone among a couple of spur gears using the FEM & results are evaluated by comparing the Hertz contact theory for 

curved elements in two dimensions with the theory provided by the AGMA for SG. The contact pressure and stress state are 

highest for higher points on the involute and lower were a single pair of teeth assumes the full load transmitted, and minimal for 

the contact at the pitch point. The contact stresses obtained by FEM and the theory of Ali Raad Hassan et.al. Study deals with 

Contact stress analysis between two spur gear teeth was considered in different contact positions, representing a pair of mating 

gears during rotation. He considered steel (C45) material The maximum stress result obtained from AGMA stress calculation 
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method was 587MPa while the maximum contact stress obtained from the finite element contact analysis was 595MPa (case five) 

under the same conditions, it is clear that the agreement is good. The results shows a high value of contact stress in the beginning 

of the contact, and then it starts to reduce until it reaches the location of single tooth contact, here it increased to the maximum 

value of the contact, but exactly after exceeding this single contact region it was reduced. At the end of the contact, the stress 

increased suddenly to a high value almost close to the maximum value, at this stage a sliding was occurred in the contact region at 

the maximum stress points.Vivek karaveer et.al.study deals with stress analysis of mating teeth of spur gear to find maximum 

contact stress in the gear teeth. The results obtained from Finite Element Analysis (FEA) are compared with theoretical Hertzian 

equation values. For the analysis, steel and grey cast iron are used as the materials of spur gear Also deformation for steel and 

grey cast iron is obtained as efficiency of the gear depends on its deformation. The results show that the difference between 

maximum contact stresses obtained from Hertz equation and Finite Element Analysis is very less and it is acceptable. The 

deformation patterns of steel and grey cast iron gears depict that the difference in their deformation is negligible. 

 

II MATERIAL PROPERTY 

In this, grey cast iron is used as the spur gear materials. The material properties of grey cast iron are given in Table1. 

 

Table 1 Material Property of Grey Cast Iron 

Material Property Symbol Value Unit 

Density ρ 7100 Kg/m3 

Poisson Ratio ϑ 0.26 - 

Young’s Modulus 
E 165e3 MPa 

Tensile Yield Syt 250 MPa 

Tensile Ultimate Sut 350 MPa 

III.MODELING OF SPUR GEAR 

In this study, maximum contact stress is determined, during the transmission of torque of 5936.5 N-mm by grey cast iron spur 

gear, using finite element analysis. The spur gear is sketched and modeled in the ANSYS Design Modeler. The dimensions of the 

gears are given in Table 2. 

 

Table 2 Dimensions of Spur Gear: 

 

 

Dimension Symbol 

Value 

(For Spur 

Gear) 

Value 

(For Pinion 

Gear) 

 

Unit 

Number of Teeth Z 100 56  

Pitch Circle Diameter D 160 87.8 mm 

Pressure Angle ϕ 14.5 14.5 degree 

Addendum Radius RA 80.95 46.2 mm 

Dedendum Radius RD 77.5 42.5 mm 

 

IV. Theoretical Calculation of Contact Stresses by Analytical Method (Hertz Equation) 

Hertz equation is used to determine the contact stresses in the mating teeth of gear. Hertzian equation for contact stress in the 

teeth of mating gears is given by, 

  σc               ………(1) 

 

Where, σc is the contact stress in mating teeth of spur gear, F is the force, and R1,R2 are pitch radii of two mating gears, B is the 

face width of gears, ϕ is the pressure angle, ϑ1,ϑ2 are the Poisson ratios and E1, E2 are the moduli of elasticity of two gears in 

mesh.  

 

Allowable maximum stress is given by, 

                        σc=                  ………………(2) 

 Here FOS is the factor of safety which can be taken from the ANSYS results or other tables. Equation (2) gives the allowable 

maximum contact stress in the mating gears. In this paper, factor of safety is taken from ANSYS results. But minimum factor of 

http://www.ijcrt.org/


www.ijcrt.org                                          © 2018 IJCRT | Volume 6, Issue 2 April 2018 | ISSN: 2320-2882 

IJCRT1892977 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 858 
 

 

safety from the ANSYS results is preferred in order to get accurate allowable maximum contact stress at the point of contact of 

gear teeth. 

The relation between Power and RPM is: 

 

P =  

 T = Si 

We have, 

Power, P= 1 HP= 746 Watt 

N = RPM of driver (1200 RPM) 

 = 3.14 

Therefore, 

Torque T = 5936.48 N-mm. 

Now, Torque is given by,  

Torque = Force (F) * Shaft Radius (Rs)  

5936.48 (N-mm) = * 22.2 (mm) 

Force, F=267.40 N 

By using Hertz Equation, 

σc  

 

          σc  

 

          σc =238.38MPa 

Allowable maximum stress is given by, 

                        σa =  

Here, Factor of Safety (FOS) is selected as 1 for Grey Cast Iron (Vivek Karaveer et al 2013) 

                  σa =  

                  σa =238.38MPa 

 

V. FINITE ELEMENT ANALYSIS:  

 

5.1 Geometry 

 

Fig.1 Assembly of Spur Gear 

5.2 Contact 

Bonded type contact is defined between the faces of gear & pinion. 
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Fig.2 Surface Contact between Two Gears 

5.3 Meshing 

The assembly is meshed with tetrahedron higher order elements with 1207498 nodes & 492052 elements. 

  
 

Fig.3 Meshing 

 

5.4 Boundary Conditions 

The shaft mounting region of the gear is fixed & shaft mounting region of the pinion is defined with frictionless support which is 

free to rotate. The moment of 5936.5 N-mm is applied at the shaft mounting region of pinion in clockwise direction w.r.t x axis as 

shown in the fig below. 

 
 

Fig. 4 Boundary Condition 

 

VI. RESULTS AND DISCUSSION  

6.1 Equivalent Stress 

The maximum equivalent stress is found to be 32.289 MPa at the contact region & minimum at other than contact region 
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Fig.5 Equivalent Stress 

6.2 Total Deformation 

The Maximum total deformation is found to be 0.0028517 mm at the tooth region of the pinion & minimum at the fixed region of 

the gear. 

 
Fig.6 Total Deformation 

6.3 Contact Pressure 

The averaged maximum pressure at the contact region is found to be 238.38 M Pa. 

 

 
 

Fig.7 Contact Pressure 

Comparison of maximum contact stresses, for grey cast iron, obtained from Hertz equation and ANSYS 14.5 is given in Table 3. 

Table 3 Comparison of maximum contact stress obtained from Hertz equation and ANSYS 14.5 

Gear σa(Hertz) 

(MPa) 

σa(ANSYS) 

(MPa) 

Difference 

(%) 

Grey CI 228.4 238.38 4.01 

 

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 14.5. It was found that the results from both Hertz equation and finite 

element analysis are comparable. 
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