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Abstract: In this paper the bending stress over the lower addendum of the spur gear, shear and contact 

stresses by using the software tools like pro-e and ANSYS are employed to design and analysis. Here in, we 

report the contact stress analysis of stainless steel spur gears by theoretical method using Hertz equations and 

by finite element analysis using FEA software ANSYS 15.0 workbench. The spur gear is sketched and modelled 

in ANSYS design modeller and the contact stress analysis is done in mechanical ANSYS multi-physics. The 

ANSYS software avoids tedious calculations presumably impending in the design procedure and uses ultimate 

numerical tool to approximate the solution of the partial differential equations associated with continuity, 

momentum and energy phases of a flow problem in a 3-D model. The designed 3-D model from Pro-E is 

inhibited in the ANSYS. This exquisite feature of ANSYS enables designer to optimize the design procedure in an 

iterative manner based on the final plots of post-processing phase. 

Keywords: Spur Gear, Contact stresses, Shear stress, Maximum principle stress, Hertz equation, Lewis Bend 
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1. INTRODUCTION 

Spur gears use no intermediate link or connector and transmit the motion by direct contact. The two 

bodies have either a rolling or a sliding motion along the tangent at the point. No motion is possible 

along the common normal as that will either break the contact or one body will tend to penetrate into 

the other. Spur gears or straight-cut gears are the simplest type of gear. Spur gears have been used 

since ancient times. Modern gears are a refinement of the wheel and axle. Gear wheels have 

projections called teeth that are designed to intersect the teeth of another gear. When gear teeth fit 

together or interlock in this manner they are said to be in Mesh. Gears in mesh are capable of 

transmitting force and motion alternately from one gear to another. The gear transmitting the force or 

motion is called the drive gear and the gear connected to the drive gear is called the driven gear. Gears 

are more vulnerable to scuffing when they are new and their tooth surfaces have not yet been smooth 

end by run-in. Therefore, scuffing is the most immediate failure mode that must be dealt with. The 

other failure modes become simply irrelevant on gear scuffs. In other words, any well designed and 

manufactured gear set has the hurdle of avoiding scuffing before other considerations come to play 

2. PROBLEM FORMULATION AND MODELLING 

The input parameters may vary place to place i.e. someone might give outer diameter and pitch 

diameter instead of module or Diametral pitch. All other necessary parameters like pitch circle 

diameter, root diameter, base circle diameter etc. are derived using standard set of gear formulas and 

the input parameters [1, 2, 3, 4].  These gears mesh together correctly only if fitted to parallel shafts.  

2.1. Analysis of Spur Gear using ANSYS 

The two dimensional models Fatigue or yielding of a gear tooth due to excessive bending stress is two 

important gear design considerations. When meshing the teeth in ANSYS, if ―Smart size is used the 

number of elements near the roots of the teeth are automatically are much greater than in other places. 

Three dimensional models in this section the tooth root stresses and the tooth deflection of one tooth 

of a spur gear is calculated using an ANSYS model. For the bending stress, the numerical result is 

compared with the values given by the draft proposal of the standards of AGMA.  
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3. THEORETICAL CALCULATIONS OF CONTACT AND SHEAR STRESS OF SPUR GEAR 

Calculating the Contact Stress and Shear stress of the Spur Gear with the equations which are derived 

from the respective theoretical calculations by which their values are dependent on the material 

properties of the respective materials 

3.1. Contact Stress Calculations using Hertz Equation 

To determine the contact stress[5, 6, 7] between a pair of teeth while transmitting power by treating 

the pair of teeth in contact as cylinders of radii equal to the radii of curvature of the mating involutes 

at the pitch point. 

σc   =       
𝐹(1+

𝑅1
𝑅2

)

𝑅1𝐵𝜋(
1−𝜇 1

2

𝐸1
+

1−𝜇 2
2

𝐸2
)
                                                                 (1) 

σc   = Maximum Value of Contact stress(N/mm
2
) 

F      = Force pressing the two cylinders together (N) 

B      = Face Width (mm) 

µ1     = Poisson’s ratio of the one Cylinder 

µ2     = Poisson’s ratio of the second cylinder 

E1     = Modulus of Elasticity of one cylinder (N/mm
2
) 

E2     = Modulus of Elasticity of Second cylinder (N/mm
2
)  

Whereas rp1 and rp2  are the pitch radii of the pinion and gear and Φ is the pressure angel. The stress 

correlations derived are and in equation (1) are based on a number of simplifying assumptions, such 

as pure bending of short beam and elliptic distribution of stresses at tooth contact. The elastic 

compression of two-dimensional bodies in contact cannot be calculated solely from the contact 

stresses given by Hertz theory. The pitting problems, design needs and safety requirements make far 

in depth and complicated study of this contact. The current project aims to arriving at these very 

solutions. Based on the obtained results, they came to the conclusion that the hardness of the gear 

tooth profile can be improved to resisting failure. 

3.1.1. Model Calculation of Contact Stress by HERTZ Equation 

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

1694.7725e3 (N-mm) = F * 31.75 

F = 53378.6614 N 

σc =  
𝐹(1+

𝑅1
𝑅2

)

𝑅1𝐵𝜋(
1−𝜇 1

2

𝐸1
+

1−𝜇 2
2

𝐸2
)
 

    = 
53378 .6614(1+

63.5

63.5
)

63.5∗25.4𝜋(
1−0.282

130∗103+
1−0.282

130∗103)
 

Contact stress from hertz equation is σc= 2090.5 MPa. 

3.2. Shear Stress using Lewis Bend Strength Equation 

The effect of the fillet, at the tooth pair, on the stress concentration is ignored. For the cantilever 

formed tooth, the maximum stress [8, 9] is found at the tooth root. The application of the standard 

bending stress equation (S=M/Z) leads to: 

S=
6 𝐹𝑡ℎ

𝑏𝑡2                                                                                       (2)                                                   

S = Bending stress in gear tooth                  

𝐹𝑡=Tangential tooth load 

ℎ=tooth depth 

𝑏=Face width 

𝑡=Tooth thickness 

The normal force is assumed to be uniformly distributed along the face width in equation (2). The 

factor t
2
/6h is a geometrical property of the size and shape of the tooth. It may be expressed as 

function of the circular pitch Pc by relation: 
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t
2
/6h = y*pc                                                                                                               (3)  

Where y is an abstract number known as Lewis form factor. 

The compressive stress due to the radial load, Fr can be shown equal to: 

Sc = 
𝐹𝑟

𝑏∗𝑡
                                                                                                                                               (4) 

Sc =
𝐹𝑡∗𝑡𝑎𝑛𝛷

𝑏∗ 
6∗ℎ∗𝑌

𝑃𝑑

                                                                                                                                           (5) 

But the tooth depth, h = 2.157/Pd 

Sc = 
𝐹𝑡∗𝑡𝑎𝑛𝛷

𝑏∗ 
6∗2.157∗𝑌

𝑃𝑑∗𝑃𝑑

           

Sc=
𝐹𝑡∗0.28∗𝑡𝑎𝑛𝛷 ∗𝑃𝑑

𝑏∗𝑌0.5                                                                                                                                   (6) 

Where Se is the elastic limit in tension. In the case of combined load the member will fail when its 

maximum shear stress at equation (6) exceeds the elastic limit in shear, in other words: 

For a pressure angle of 20, tanΦ = 0.364. 

Ss=
Ft∗0.28∗tan Φ∗Pd

b∗Y0.5  1 + 0.25Y0.5 + 0.32Y                                            (7)   

3.2.1. Model Calculation of Contact Stress by Lewis Bend Strength equation 

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

1694.7725e3 (N-mm) = F * 31.75 

Ft = 53378.6614 N 

Ss=
𝐹𝑡𝑃𝑑

2𝑏𝑌
 1 + 0.25𝑌0.5 + 0.32𝑌 

Ss=
53378 .6614∗0.157

2∗25.4∗0.3
 1 + 0.25(0.3)0.5 + 0.32(0.3) 

  = 8140.426 N/Mm
2  

4. STATIC STRUCTURAL ANALYSIS OF SPUR GEAR USING ANSYS 

Structural analysis is the determination of the effects of loads on physical structures and 

their components. The finite element method approximates a structure as an assembly of elements or 

components with various forms of connection between them and each element of which has an 

associated stiffness. The results or solutions which are obtained from the Static Structural analysis 

from the ANSYS [10, 11, 12, 13] to the respective materials which are taken into the consideration 

from which the resultant oriented from them are taken.      

   

Fig1. Total Deformation     Fig2. Directional Deformation 

https://en.wikipedia.org/wiki/Structural_load
https://en.wikipedia.org/wiki/Structure
https://en.wikipedia.org/wiki/Structural_engineering#Structural_elements
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                     Fig3. Equivalent stress           Fig4. Shear Stress 

 

   

                Fig5. Equivalent Elastic Strain                                     Fig6. Strain Energy 

 

   

                Fig7. Maximum Principle                      Fig 8.Contact tool Status 



Contact Stress and Shear Stress Analysis of Spur Gear Using ANSYS and Theoretical

 

International Journal of Modern Studies in Mechanical Engineering (IJMSME)          Page | 13 

   

                    Fig9. Frictional Stress               Fig10. Penetration 

The use of different materials in gear manufacturing provides a range of contact stresses and shear 

stress. This range of contact stresses and shear stress is useful in the selection of material in different 

applications. The use of different materials in gear manufacturing provides a range of contact stresses 

and the obtained values are tabulated in the table 1.  

Table1. Contact Stress and Shear Stress for different materials. 

Material Equivalent Stress Shear Stress 

Stainless Steel 2.4445e8 9708.5 

Structural Steel 2.4432e8 9374.9 

Copper Alloy 2.4258e8 10039.9 

Gray Cast Iron 2.3794e8 8476.6 

Aluminum Alloy 2.4158e8 10047.7 

5. RESULTS AND DISCUSSIONS 

The use of different materials in gear manufacturing provides a range of contact stresses. This range 

of contact stresses and deformation is useful in the selection of material in different applications. The 

values obtained by Hertz’s equation and ANSYS agree with each other with each other with a 

maximum error. 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 from ANSYS and Hertz equation are tabulated in the table 2. The 

Shear stresses from ANSYS and Lewis Bend Strength equation are tabulated in table 3. 

Table2. Contact stress results comparison 

 

Materials 

Contact Stress(MPa) 

ANSYS HERTZ Equation Values Error % 

Structural Steel 2443.2 2381.7 2.58 

Stainless Steel 2443.3 2308.6 5.83 

Gray cast iron 2379.4 2090.5 13.8 

Aluminum Alloy 2415.3 2048.9 17.9 

Copper Alloy 2425.3 2224.5 9.16 

Table3. Shear stress results Comparison 

 

Materials 

Contact Stress (MPa) 

ANSYS Lewis Bend Strength Error % 

Structural Steel 9374.9 8140.426 15 

Stainless Steel 9708.5 8140.426 19 

Gray cast iron 8476.6 8140.426 4.2 

Aluminum Alloy 10047.7 8140.426 23.4 

Copper Alloy 10039.9 8140.426 23 

Structural steel has high Young’s Modulus and Poisson’s Ratio which is responsible for its high 

contact stress. The values are compared to practical values and the two analysis validate each other. 
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Gray Cast Iron has high Compressive strength and Resistance to deformation which is responsible for 

its high Shear stress. The values are compared to practical values and the two analyses validate each 

other. The elasticity of those bodies modifies the contact between loaded tooth pairs and the 

transmission error variations. The developed numerical method allows one to optimize the static 

transmission error characteristics by introducing the suitable tooth modifications. 
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