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ABSTRACT: The angular velocity of a differential is the average of the angular gears, which is a characteristic of a
specific kind of basic planetary gear train. During a turn, the outer drive wheel can rotate more quickly than the inner
drive wheel thanks to the differential gear mechanism. This thesis's primary goal is to concentrate on the mechanical
design and analysis of gearbox assembly when power is transmitted at various loads, such as 2000 N, 3000 N, and 4000
N. All of the differential's components are modelled and designed under static conditions in the current work to
minimize overstressing. Journal articles and the company handbook provide the necessary information. All parts'
detailed drawings are provided. Altering the gears' materials—2014 aluminium alloy, alloy steel, beryllium S-65, nickel
alloy, and titanium CP-TI—is another way to perform analysis.

KEYWORDS: Gear Box, FEA, Transmit Power, Aluminium Alloy, Alloy Steel, Beryllium S-65, Nickel Alloy,
Titanium CP-TI.

L. INTRODUCTION

Finite Element Analysis (FEA) software is used to simulate stress, deformation, and vibration in different materials
under operating loads in order to find materials that offer the best balance of strength, weight, and stiffness. This
improves performance, lowers costs, and allows for lighter designs without sacrificing durability. This process is
known as material optimization of a differential gearbox. A 3D CAD model is usually created, static and modal studies
are carried out, findings from various materials, such as cast iron, steel, or aluminium alloys, are compared, and the
FEA is validated using testing data. A differential is a specific kind of planetary gear train that is made so that the
average of the angular velocities of the sun and ring gears is equal to the angular velocity of its carrier. This mechanical
principle is widely used in a variety of industries, such as mechanical design, aerospace engineering, and automotive
systems. The differential gear arrangement is set up to maintain a fixed carrier train ratio of R = -1 in order to support
this averaging function. This ratio implies symmetric gear interactions since the sun and ring gears are of similar size

[1]-
II. LITERATURE SURVEY

By attempting to decrease weight, increase energy economy, and boost overall performance, this research aids in the
creation of more effective differential gearboxes. Manganese Chromium alloy steel (17Mn1Cr95) showed favourable
structural behaviour under stress testing among the materials evaluated. At all evaluated rotational speeds—2400 rpm,
1600 rpm, and 1000 rpm—the analysis showed that this alloy had substantially lower values of stress, strain, and
deformation than both Carbon Steel and Nickel Chromium Alloy. According to these findings, manganese chromium
alloy can be utilized in differential gears with confidence and without worrying about structural failure [2]. In every
mechanical system, the gearbox is essential. To extend the life of the internal gears and bearings, the gearbox housing's
vibrations must be kept to a minimum. There is a lot of room for development in this area, according to earlier
research. The most widely used technique for determining the morphologies of vibration modes is finite element
analysis (FEA). The main tool used for virtual prototyping is ANSYS software. Additionally, researchers have
compared the outcomes of various simulation tools, and some have used specialized equipment to perform physical
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testing. Furthermore, a lot of research uses FFT analysers to verify the simulation results. Overall, the simulated
results and experimental observations show a significant correlation [3].

According to R. Karthick, V. Mohan Kumar, and associates, tippers are essential to logistics, and modern infrastructure
and enterprises rely significantly on vehicles for the movement of commodities. The differential is an essential part of
these cars since it transfers torque from the engine to the back wheels, particularly when there is a lot of load on them.
Specifically, Ashok Leyland tippers use a twin rear axle and dual differential system. Despite being built to support
large loads, this configuration may fail under severe stress. The current study attempts to improve the differential
system's performance and longevity in order to overcome these issues. It concentrates specifically on the design and
study of the rear axle differential's crown wheel and pinion, which are composed of G-45 forged steel. The goal is to
use CATIA VS5 software to create an accurate geometric model of these components. The geometry is then refined and
a detailed finite element mesh is produced using HyperMesh 12. To assess deformation and stress fluctuations in the
differential assembly, ABAQUS software is used for the finite element analysis. This analytical method aids in
predicting probable failure points and evaluating strength characteristics. In the end, this study encourages design
optimization to guarantee the differential's long-term dependability and performance under challenging operating
circumstances [4].

III. METHODOLOGY

The number of teeth, gear ratio, stress, and strain (deformation) were the design variables used to optimize the optimal
material for the differential gear box mechanism. Differential gearbox failure brought on by certain material qualities
not being present at a given load. The pinion served as the basis for the design process. As a result, the tooth of the gear
was determined by the ratio of the tooth of the pinion to the gear. The design width factor, which ranges from 20 to 40
according to recommendations, was taken into account while determining the face width in the beginning. Solid Works
was used to finish the modeling. Solid Works is a mechanical design automation program that utilizes the well-known
graphical user interface of Microsoft Windows.

3.1 Modeling

Solid Works was used to finish the modeling. Solid Works is a mechanical design automation program that utilizes the
well-known graphical user interface of Microsoft Windows. Mechanical designers may quickly sketch ideas,
experiment with features and proportions, and create models and detailed drawings with this simple-to-learn
application.

3.2 SOLID WORKS

A feature-based, parametric solid modeling design tool, Solid Works Mechanical Design Automation software benefits
from an intuitive Windows TM graphical user interface. In order to capture design intent, we can generate completely
associated 3-D solid models with or without the usage of automatic or user-defined relations.

3.3 Meshing & Simulation

A design analysis tool that is completely integrated with FEM packages is called Ansys Simulation. For linear and
nonlinear static, frequency, buckling, thermal, fatigue, pressure vessel, drop test, linear and nonlinear dynamic, and
optimization investigations, Ansys Simulation offers simulation solutions.

3.4 Analysis Report by Ansys software
Material-2014 alloy

Load-2000N

Deformation
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IV. RESULT & DISCUSSION

4.1 Graphs between Software Result & Analytical Result Graph for load VS Deflection
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Fig. 4.1 Graph load VS Deflection

Figure 4.1 above illustrates that, under specified loading conditions, the deflection in the 2014 aluminum alloy is
greater than that of other materials taken into consideration. Because of its potential to sustain loads, the Beryllium S-
65 alloy exhibits less deflection than other materials under consideration. The alloy steel next to the beryllium S-65
alloy in 2014 AL alloy > Titanium > Alloy Steel > Beryllium S65 also exhibits deflection.
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Figure 4.2: Stress vs. Load Graph

As seen in Figure 4.2 above, the stress generated is greater than that of other specified materials when loading
parameters are taken into account. Compared to the other materials included in the investigation, titanium experiences
less stress. The alloy steel is under a moderate amount of tension.
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Fig. 4.3 Graph load VS Deflection Formed

In above figure the alloy steel shows less deviation between software result (simulation) and analytical result
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Load | 2000 N | Relative | 3000 N | Relative | 4000 N | Relative
Mater
Stress Stress Stress
Alloy Steel 541.7 -1.49 811.07 -1.6 1080.7 -1.74
2014 Al 492.03 -10.53 656.4 -20.43 989.7 -18.29
alloy
Beryllium 603.2 9.68 904.5 9.65 1206.0 9.65
S-65
Nickel 508.2 -7.59 756.7 -8.27 1009.1 -8.6
Alloy
Titanium 474.7 -13.68 712.1 -13.64 949.5 -13.67

Table No. 22 % error with respect to analytically calculated stress values

* The percentage error with regard to analytically determined stress values is displayed in the above table.

* Alloy steel has a lower percentage of error under all specified loading circumstances.

* Alloy steel is more appropriate since the maximum and minimum deviations are +5% with analytically estimated
stress permitted.

V. CONCLUSION

The current study effectively illustrates how Finite Element Analysis (FEA) may be used to optimize a differential
gearbox mechanism's structural performance and material choice. It is clear by examining stress distribution,
deformation, and weight-to-strength ratio that material optimization greatly improves the gearbox system's longevity
and efficiency. Using software findings, analytical results, and a graphical method, it can be seen that titanium and
alloy steel have lower stress levels than the other two. Compared to 2014 alloy metal and alloy steel, titanium has lower
stress values. However, titanium is more expensive than the other two materials. The alloy steel exhibits lower values
of stress and deformation. It is heavier than titanium.

A thorough understanding of the mechanical behaviour of many materials under simulated real-world situations has
been made possible by the application of FEA. High strength-to-weight ratio materials among those under evaluation
demonstrated encouraging outcomes in terms of lowering total weight while preserving or raising performance
requirements. This research helps with cost reduction, improved fuel efficiency (in automotive applications), and
assistance in addition to demonstrating the usefulness of simulation technologies like FEA in mechanical design.
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