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Gears are currently the world’s most prevalent and widely used mechanical parts. The surface
Accepted: 27.03.2021 stresses of the spur gear are one of the most significant causes of gear failure in a gear system.

This study examined a spur gear pair's contact stresses to determine the maximum pressure on the
gear teeth. The Lewis equation is used to compute the maximum allowable stress for Gear, and
contact stresses are estimated using the Hertz contact stress equation. These results are compared
with Finite Element Analysis (software-based results). Different Gear materials such as copper,
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*Corresponding Cast Iron (Gray), and aluminum are tested and studied here. The spur gears are designed in Gear
Author: Trax software and then imported and meshed in SolidWorks and Ansys software separately, and
Email: after that, simulation is performed on the gears in both softwares. The results confirmed that
sl we o contact stress computed using the analytical approach (Hertz equation) is equable to the FEA

results of SolidWorks and Ansys, having a low percentage error value.
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Introduction

Power transfer among shafts can be carried out in various methods, including cogs or gears and elastic
components such as chain systems and belts. The frictional force transmits the circumferential force in belt and
friction wheel drives. Gears are the oldest, most sufficient, powerful, and stab among many methods of transferring
mechanical power between two shafts. Gears are how the planet's common and widely used automatic device. Gears
are crucial for the heavy equipment of industrial buildings, household appliances, electronic parts, ships, industrial
equipment, instruments, clocks, and microdevices [1].

Multiple types of gear are available for industrial use; such as Spur gear, Helical Gear, Bevel Gear, Worm gears,
and Rack and pinion, but among all these types, Spur gears are most commonly used due to their simplest design
and ease of manufacturing. There is a need for gears with greater load-carrying capacity and expanded fatigue life.
To obtain this, analyzers in the gear domain have been working on the evolution of advanced materials, advanced
heat analysis processes, designing of the gear with steady teeth, and the process of gear construction to trap the issue
of the collapse of gears [2]. Gear design requires considering and analyzing two closely related factors: the
geometric-kinematic and strength properties factors. Both problems are extremely complex and interconnected, but
they must be resolved concurrently to ensure the effectiveness of assembled drive gear systems [3]. However, the
shape or needs of gear are only a small part of the overall system design process. Gear transmission is recognized as
the industry's challenging aspect of Stress Analysis [4].

The bigger of the two gears in the pair is known as the gear, while the smaller is known as the pinion. If a pinion
is employed as a driver, it induces step down, which increases torque and decreases tangential velocity. Gear reacts
as a driver; it boosts the drive, gives an increase in velocity, and correspondingly decreases in torque. These gears
change the turning speed and move the turning movement to the other axis [5]. Gearboxes are the most frequently
used transportation structure, which provides velocity and torque from a rolling force origin to another machine.
Different gears are manufactured to meet different utilization objectives, such as automobile differential gear [6].
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Gears may collapse in many distinct methods. Different kinds of failure are impact crack, wear, and stress
fracture; there has been increasing focus on the surface stress and shear stress on gears, which lead to crack
development [7]. The finite element process can give statistics on contact and bending stresses in gears, besides
transportation inaccuracy, which can be extinct simply in SolidWorks and Ansys software. Previously, gear
inspection was accomplished by an analysis approach that required complex calculations. Now with FEA's
utilization, the gear tooth's bending stresses can be computed for a given loading in Computer-Aided software like
SolidWorks and Ansys [8].

This study used SolidWorks and Ansys software to model and analyze the spur gear set stress analysis. The
theoretical technique is used to compute the stress study of the spur gear using the Hertz stress equation. Both
software is used for stress analysis to better predicts the failure stress against every material. The result values
obtained from SolidWorks and Ansys are compared to the Hertz contact stress calculation result, and the relative
error is calculated.

Methodology

Gears Specifications

Two Spur gears are used for stress calculations which are designed on gear Trax software and analyzed using
SolidWorks and Ansys separately. The specifications of the gears are shown in Tablel.

Table 1: Specification of the Gears

Gear Parameters Pinion Gear
Number of Teeth 25 50
Pitch Diameter(mm) 100 200
Base Diameter(mm) 93.696 187.939
Face Width(mm) 20 20
Tooth Thickness(mm) 6.283 6.283
Pressure Angle 207 207
Circular Pitch(mm) 12.56 12.56

Maximum Allowable Stress for Gear

To get satisfactory results, strength of spur gears and the load bearing capacity of toothed gears is being evaluated
by the Lewis equation [5]. Lewis equation is shown as Equation (1).

F=brysp +o, (1)

The constant “y”is known as the Lewis form factor. It does not dependent on tooth size butrely only on the total
number of teeth which a gear set have. “g, "is the Maximum allowable stress for the gear and “p.” is the Circular

Pitch of the gear and “F” is the tangential load on the gear, and “b” denotes face width of the gear.

The highest value of contact stress of the spur gear is estimated using finite element analysis during the transfer
of 300N.m torque with Copper, Cast Iron (Gray), and Aluminum materials. Tangential load is determined using
Equation (2).

T=Fxr (2)
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T=300Nm.

F=222-6000N
OS5

maximum allowable stress = g, =203.14MPa

The ultimate tensile strength of materials is comparedwith maximum allowable Stress (calculated above) for
gear as shown in Table2, which verified that all materials are within safe limits.

Table 2: Maximum Allowable Stress for Gear

Ultimate
Material tensile Design | Poisson’s | Young’s
strength(MPa) ratio modulus
(GPa)

Copper 210 >203.14 Safe 0.326 119

Aluminum 310 >203.14 Safe 0.211 100

Cast 295 >203.14 Safe 0.3 717

Iron(Gray)

Hertz Contact Stress Equation

Pitting is a surface stress failure due to repeated higher surface stress. Pitting is a typical occurrence on the
operational faces of gear teeth, and the root cause is heavy loading, which raises contact stresses over critical limits.
This study clearly expresses contact stress using a finite element model. Target and contact components are
employed along both ends of the contact pattern formed by this pair of teeth's surfaces [9].
Hertz's theory of contact primarily concerns non-adhesive touch in which no tension force is permitted to develop
inside the contact region. To solve Hertzian contact stress problems, the following steps should be followed:

e The strains are minor and remain inside the elastic region.

e Each body may be regarded as an elastic half-space, meaning that the contact region is substantially less

than the body's typical radius.
e The layers are non-conforming and constant.
e The bodies make no frictional touch [10].

Power is transferred among gears at the point of contact in the working teethes. The stresses are calculated using
Hertz's theory. Equation (3) is the mathematical form Hertz equation.

| F(1 +%L)
O = | -

JRLX Lx JT(L_T'TL-F LE”

(3)

)siﬂﬁ

“a.” is the Maximum Value of Contact stress for the gear. “F” is Force pressing the two cylinders (gears) together.
“L”is the Face Width of the gear. “u;” and “u,” are the Poisson's ratio of the pinion and the gearconsequently. “E;”
and “E,” are the Elasticity of pinion and gear respectively.
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Table 3: Hertz contact stress for Gear

Material Hertz Stress (MPa)
Copper 457.06
Cast Iron(Gray) 353.8
Aluminum 405.22

Using equation (3) contact stress is theoretically determined. The Hertz stress values of Copper, Cast Iron
(Gray), and Aluminum are shown in Table 3.

Results and discussion

This research used static structural analysis in SolidWorks and Ansys separately. The gear geometry is imported
from gear Trax software in SolidWorks and in Ansys as well. Three different materials are selected. Fixed support is
given to the gear, and frictionless support is provided to the pinion with a clockwise moment of 300 Nm. After
applying the fine mesh, the results of Von mises stresses are carried out. Fig.1 shows the stress Analysis of Gear
with copper material in SolidWorks, presenting the maximum stress value as 4.262 x 10 N/m% Similarly, Gear
stress analysis with Aluminum and Cast-iron materials are represented in Fig.2 and Fig.3, respectively. Likewise,
Fig.4 displays the result of Gear stress Analysis with Copper material performed in Ansys. Fig.5 and Fig.6 show the
same results by using Aluminum and Cast-iron materials, respectively.
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Fig.1. Stress Analysis of Gear having copper material in Solid- : 2 : : o
= X woiks £ CoPP Fig.2. Stress Analysis of Gear having Aluminum material in

Solid-works
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Fig.3. Stress Analysis of Gear having Cast iron material

) ] ) o Fig.6. Stress Analysis of Gear having Cast iron material m Ansys
Fig.5. Stress Analysis of Gear having Aluminum material in

Ansys

Copper depicted the highest surface stress value while Aluminum represented the least surface stress value for
both the software. A comparison of SolidWorks stress and Ansys stress results compared to hertz stress is shown in
Fig. 7. It is very important to note that the stress values of SolidWorks and Ansys are very close and comparable.
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Fig7: Comparison of SolidWorks and Ansys stress with respect to Hertz stress for all 3 materials

Fig. 8 show the comparison of the percentage error of theoretical value and the results obtained from both
software for all three materials used here.Maximum error is found for Aluminium which is 11.64% while minimum
value is observed for cast iron having a value 0.97%.
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Fig 8: Comparison of % error of theoretical values with SolidWorks and Ansys stress results for all 3 materials

Fig.9 describes the relationship between the number of nodes and Von misses stress for copper material. As the
number of nodes increases from 1391320 to 1391420 the value of stress also increases from 4.06x10° to
4.28x10%nd correspondingly the value of error also reduces.
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Fig 9: Von mises stress of copper vs Nodes

Fig.10 describes the relationship between the number of nodes and Von misses stress for Aluminum material. As the
number of nodes increases from 370000 to 450000 the value of stress also increases from 3.5x10° to 3.68x10°,
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Fig 10: Von mises stress of Aluminum vs Nodes

Fig.11 describes the relationship between the number of nodes and VVon misses stress for Cast Iron material. As the
number of nodes increases from 1088780 to 1088820 the value of stress also increases from 3.84x10° to 4.0x108.
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Fig 11: Von mises stress of Cast Iron vs Nodes

The overall result describes that as the number of nodes in the Analysis increases, the accuracy of the results of
stresses also increases.

Conclusion

In this study, SolidWorks and Ansys software are used to investigate the performance of the Spur gear pair by
comparing these simulation results with the theoretical one. The main goal of the current research was gear stress
analysis and checking the reliability of software-based results. The variation between the theoretical stress values of
the spur gear drive and the software results is minimal. As, the mesh size in finite element analysis decreases,
correspondingly, the accuracy of the result increases. Noticeably, the stress in the Copper material is higher than in
Aluminum and Cast Iron (Gray). The value of surface stresses is important in selecting materials for many
applications as gears fail mainly due to these types of stresses.
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