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This paper investigates the design and performance analysis of a helical gear-
pinion system intended for a reducer gearbox, which operates at a pinion speed
of 1800 rpm and a power supply of 5 hp under moderate shock conditions for 8
to 10 hours daily. Using carbon steel (SAE 3150) for both parts, the study runs
mathematical modelling to assess critical parameters and then designs it through
SolidWorks integrated with GearTrax. Finite Element Analysis (FEA)
conducted in ANSYS assesses the mechanical behavior under load, revealing a
maximum deformation of 1.4672x102 mm, maximum directional deformation
(X-axis) of 1.2994x102 mm, maximum equivalent (von Mises) stress of 125.79
MPa, and maximum principal stress of 138.99 MPa, all within acceptable limits
for the material. The findings indicate that the gear-pinion system can operate
reliably without premature failure. This research contributes to understanding
gear design and performance, providing a foundation for future studies on
material optimization and real-world operational conditions.
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1. Introduction

Gear mechanisms are essential for effective power
transmission and precise motion control applications for
mechanical engineering. Gears are the most critical part of
many machines, from machinery in industrial applications to
automotive transmissions, because they allow mechanical
forces, or torque, to be transmitted between two possibly
misaligned axes. Designing a gear system is a challenging
configuration of multiple parameters, including load, speed,
material properties, and operating conditions [1,2]. For shock-
loaded applications, the correct design and development of
gears to accommodate these stresses and strains within their
working environment is vital [3,4].

Helical gears are designed and modelled based on the module,
pressure angle, Helix angle, etc. [3-6]. Contact stresses,
bending stresses, and tooth deformation can be assessed
through finite element analysis (FEA) to optimize gear speed
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and life [2-9]. Singh et al. [8] analyzed spur, bevel, and helical
gears with ANSYS, emphasizing total deformation and
equivalent stress, and found that helical gears exhibited the
least deformation and stress. A comparative study of bending
and contact stresses in helical gears using analytical as well as
Finite Element Analysis (FEA) was reported by Venkatesh &
Murthy [9] in their paper. This study concluded that the
number of teeth significantly affected the induced bending
stress. Gidado et al. [10] presented the design, modelling, and
analysis of helical gears based on bending strength using
AGMA and ANSYS.

The current paper aims to evaluate the performance and
durability of a helical gear-pinion system under specified
operating conditions. The total deformation, equivalent (von
Mises) stress, max principal stress, and directional
deformation were analyzed using the body's Finite Element
Analysis (FEA) results. Those indicators offered significant
insights into the performance of the gear-pinion system and
aided in identifying potential failure vulnerabilities.

2. Modeling of Gear
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2.1. Mathematical Computation

A helical gear-pinion mechanism is used in a reducer gearbox
to reduce 1800 rpm of pinion speed. The operation is with
moderate shock for 8 to 10 hr./day. The power supplied is 5
hp. Specification of gear and pinion:

Diametral pitch, P4= 8.8
Helix angle, ¥=30°
Face width, b =1.5 in.

Pressure angle, ®,=20°

Number of teeth in gear, N, =49
Number of teeth in pinion, Np
=24

We aim to ascertain whether the gear and pinion mechanism
will operate smoothly without premature failure if both are
made from carbon steel (SAE 3150). This practical problem is
analyzed using the equations and catalog provided in chapter
14 of the book Design of Machine Elements by V.M. Faires
[10].

Let, gear ratio = mg, Pitch diameter = Dy,

Now, Pitch Diameter, D=~ = 2 =277 in.

Pg
According to Equation (a), Page-357 [10],
Gear ratio, my= Mo _ 29 5 041
Np 24

According to Appendix Table 26 [10],
BHN=300+300=600 and Kg=233

Q _2mg _2X2041_ 1 3451
mg+l  2.041+1
According to Buckinghum’s limiting wear load equation,
_ bDyQKg

Wear load, E, = Cos?y [10]

1.5X2.727x1.3423x233
=> =

Ey C0s2(30°)

=1705.77 1b.=7589 N
2.2. Designing using SolidWorks

The gear was modelled using GearTrax and integrated with
SolidWorks 2021. The dimensions used are shown in Figure
1. GearTrax streamlined the process by automating gear
geometry and ensuring compliance with industry standards.
Figure 2 illustrates the assembly of the gear and pinion

3. FEM Package

The Finite Element Analysis (FEA) was carried out using
ANSYS, one of the several FEM packages. ANSYS is a
general-purpose  computer-aided engineering  software
application for mechanical finite element analysis (FEA) that

Gear Standard: PINION GEAR
Coarse Pitch Involute 20deg v‘) Number of Teeth
= &
Spur Gear Mods: Hand of Helix: Right Hand - |[Left Hand
Diametral Pitch: 8.79882 Pitch Diameter  |>2.7276in 5.5630in
Diametral Pitch Normal: 10.16000 Major Diameter  |»| 2.0245in 5.7658in
Module - 2.88675 Minor Diameter > 2.4816in 5.3229in
Meodule Normal 2.50000 Base Diameter: 2.5146in 5.1339in
NiA,
’:é”"ws 3‘.”" STy Addendum: 0.0934in 0.0984in
Circular Pitch: : n Dedendum: 0.1230in 0.1230in
Pressure Angle: >|22.796deg Add Mod Coef 0.0000 0.0000
Pressure Angle Normal: 20.000deg Addendum Mod:  |» 0.0000in 0.0000in
Helix Angle: 30.0000d
elix Angle 201 \hole Depth:  [>[02215n | [0:2215in
Coefficient Addendum: 1.00000 Fillet Radius > 0.0295in 0.0295in
Coefficient Clearance: 0.25000 Backlash: > 0.0000in 0.0000in
Coefficient Fillet 0.30000 Tooth Thickness:  |»|0.1785in 0.1785in
Units: Inches ~|  Space Width: > 0.1785in 0.1785in
Gear Ratio: 20417 Face Width: >1.5000in 1.5000in
Center Distance: >|4.1483in Rack Depth: Lo A
Visible: [=]

Figure 1. Input values in GearTrax 2021.
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Figure 2. Modelling assembly of gear and pinion with
SolidWorks.

combines solver, post-processing, and pre-processing modules
into a single graphical user interface [11]. The steps followed
in the analysis process using ANSYS is shown in Figure 3.

3.1. Engineering Data Selection
An illustration of the properties of SAE 3150, which was used
as material for both gear and pinion, is provided in Table 1.

3.2. Mesh Generation

Mesh was produced after choosing engineering data, as
illustrated in Figure 4. In this study, the determination of the
element order was delegated to the program, allowing it to
determine whether to generate models using linear elements
(without mid-side nodes) or quadratic elements (with mid-side
nodes). Solid elements are beneficial for solving problems
involving three-dimensional stress analysis [11].

3.2. Boundary Condition

The boundary condition is illustrated in Figure 5. The remote
point was positioned at the central location of the gear, and the
remote displacement was limited to rotation alone around the
z-axis. The inner face of the pinion was equipped with
frictionless support. The wear load calculated before (7589
Newtons) was applied around the contact point of the gears.
The stress concentration in the area was neglected

Figure 3. Flow Diagram of Simulation Process.
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Table 1. Properties of SAE 3150

Ultimate tensile strength 1041.1 MPa
Yield tensile strength 896.32 MPa
Compressive Yield Strength | 250 MPa
Shear Modulus 7.69x10!° Pa
Density 7850 kg/m?
Young Modulus 2x10'! Pa
Poisson’s Ratio 0.3

Thermal Conductivity 60 W/mK

4. Result and discussion

Figure 6 shows the result of total deformation, directional
deformation (X-axis), maximum principle stress, and
equivalent (von Mises) stress. The maximum, minimum, and
average values of corresponding parameters are shown in
Table 2. The average deformation was 9.4562x107 mm, which
provides an indication of the level of deformation under the
given loading conditions. The maximum principal stress
values ranged from -15.125 MPa to 138.99 MPa, with an
average of 1.096 MPa. The minimum value of the equivalent
(von Mises) was 0.0061708 MPa, the maximum stress was
125.79 MPa and the average stress was 2.2341 MPa. The
Finite Element Analysis (FEA) results demonstrated that the
helical gear-pinion system could function efficiently within
the specified parameters. Given the operational parameters,
the greatest observed deformation was 1.4672x10-2 mm,
which is considered low. Furthermore, the calculation of
equivalent (von Mises) stress showed a peak stress of 125.79
MPa, much lower than the yield strength of SAE 3150. This
shows that the material is capable of withstanding the applied
loads without yielding or deforming permanently. This result
is important because it shows that, in normal conditions, the

Figure 4. Representation of mesh generation in ANSYS.

gear-pinion system should operate without any problems or
premature failure.

5. Conclusions

This study exemplifies ways to analyze and design the helical
gear-pinion system using modern simulation tools. The results
of this study established a sound basis for further research and
practical applications concerning designing gear systems
under tough operating conditions. Although the results are
positive, it is important to consider several limitations. The
virtually idealized circumstances in which the Finite Element
Analysis (FEA) was performed may not be precisely
commensurate with the complexities of real-world operations.
It also does not consider the impact of lubrication, wear-in
effects between the gears or the effect of manufacturing
tolerances on operational performance.

Figure 5. Assigning boundary condition: (a) addition of remote point to the center of the gear, (b) addition of Remote Displacement, (c)

insertion of Frictionless Support, (d) insertion of Force.

Table 2. Maximum, minimum, and average value of calculated parameters

Total deformation Directional deformation (X-axis)

Minimum [mm] Maximum [mm] Average [mm] Minimum [mm] Maximum [mm] Average [mm]

1.6149x107 1.4672x1072 9.4562x103 -1.1142x1072 1.2994x1072 8.4174x107
Maximum principle stress Equivalent (von Mises) stress
Minimum [MPa] Maximum [MPa] Average [MPa] Minimum [MPa] | Maximum [MPa] | Average [MPa]
-15.125 138.99 1.096 6.1708x103 125.79 2.2341
https://doi.org/10.62275/josep.25.1000016

© JoSEP All Rights Reserved Gharamy et al.




International Conference on Recent Progresses in Science, Engineering and Technology (ICRPSET-2024), December 07-08, 2024

(a) [

‘Type: Total Deformasan.
Uit

Time: 0210583
121572082 227 804

0672 Max
aomn
aenm
ooz
Ll
ooomiE
oooae
0045166

QomoesT
00016149 Min

Figure 6. Representation of (a) total deformation, (b) directional deformation (X-axis), (c) maximum principle stress, (d) equivalent (von
Mises) stress.
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