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ABSTRACT---This study focuses on 3D prototyping for
the material analysis and modeling of a rocker arm
mechanism. The objective is to evaluate and compare the
performance of traditional and newly proposed
materials—Graphite, Inconel 718, and Silicon Carbide—
using static structural and thermal analysis. Finite
element simulations were conducted to assess stress,
strain, deformation, temperature distribution, and heat
flux. The results aim to identify materials with enhanced
mechanical and thermal properties, contributing to
improved durability and efficiency of the rocker arm
mechanism.

KEYWORDS- Design, Analysis, Rocker arm, SOLID
WORKS, ANSYS.

INTRODUCTION

The rocker arm is a critical component in internal combustion
engines, responsible for transferring motion between the
camshaft and the engine valves. Its performance directly
influences engine efficiency, durability, and overall
mechanical reliability. Traditionally made from steel or
aluminum alloys, rocker arms are subjected to high
mechanical stresses and thermal loads during engine
operation. As engineering demands grow, there is a need to
explore advanced materials that offer better performance,
longevity, and heat resistance.

This project aims to analyze and model a rocker arm
mechanism using modern 3D prototyping and simulation
tools. The study involves selecting and testing alternative
materials—Graphite, Inconel 718, and Silicon Carbide—
against conventional options. Using SolidWorks for 3D
modeling and ANSYS for static structural and thermal
analysis, the research evaluates key parameters such as stress,
strain, deformation, temperature distribution, and heat flux.
The goal is to identify materials that provide superior
mechanical and thermal characteristics, thereby improving
the overall functionality of the rocker arm mechanism.
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LITERATURE SURVEY

In 2023, Eliska Posmykova and team from the Technical
University of Ostrava published a study in MM Science
Journal on topological optimization of a rocker arm using
Altair Inspire. They used AISI 316L stainless steel and
created two design variants for Selective Laser Melting
(SLM). The first, without shape control, offered maximum
weight reduction but was difficult to manufacture. The
second, with shape control, balanced weight savings with
better manufacturability. The study highlighted the need to
balance optimal design and practical production, showing the
potential of combining topological optimization with
additive  manufacturing for lighter, more efficient
components.

In 2021, V. Ponmuthu Selvan and Dr. P. Amuthakkannan
from PSR Engineering College published a study in IJSART
focusing on the structural analysis of a rocker arm. Using
CATIA for 3D modeling and ANSYS for simulation, they
compared aluminum, carbon steel, and High Modulus
Carbon Fiber (HMCF). The analysis evaluated stress,
deformation, and strain under extreme loads. Results showed
that carbon steel offered the best strength and durability,
reducing stress and extending component life. The study
emphasized the role of material selection in preventing
fatigue failure and improving overall rocker arm
performance, especially near critical stress areas like the
fulcrum pin.

In 2020, Shridhar Jeur and R. R. Arakerimath published a
study in IJREAM on optimizing and analyzing a 4-cylinder
engine rocker arm using CATIA and ANSYS. They tested
three materials—Structural Steel, Carbon Steel ENG, and
HMCF UD—to enhance strength while reducing weight.
After optimization, Structural Steel showed the best
performance with a 17.65% strength increase and 1.38%
weight reduction. While HMCF UD had the lowest weight, it
lacked sufficient safety for high-load use. The study
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highlighted Structural Steel as the most balanced choice,
demonstrating the value of CAD and FEA tools in optimizing
automotive components for strength, durability, and
efficiency.

In June 2019, Shridhar Jeur and Prof. R. R. Arakerimath
published a paper in IRJET on the comparative analysis and
3D printing of a rocker arm for a 4-cylinder engine. Using
CATIA V5 and ANSYS, they analyzed Structural Steel,
Carbon Steel EN6, and High Modulus Carbon Fiber (HMCF
UD). HMCF UD matched Structural Steel in stress (145.09
MPa) and deformation (0.015 mm) but had a significantly
lower weight. After optimization, the weight of the HMCF
UD rocker arm dropped slightly, confirming it as the best
material due to its high strength-to-weight ratio. The study
supported HMCF UD as an ideal material for lightweight,
high-performance rocker arms.

In February 2018, R. Karthick and colleagues from
Prathyusha Engineering College published a study in IJCRT
on the design and analysis of a four-wheeler rocker arm.
Using CATIA and ANSYS Workbench 16.1, they evaluated
Aluminium Alloy 6061, HDPE, and S-Glass Fibre for
structural performance. Aluminium Alloy 6061 showed the
highest fatigue stress resistance, making it most suitable for
high-speed engine applications. The study also reviewed
different rocker arm types and highlighted the role of
historical design innovations like Miller’s MID-LIFT
geometry. The research emphasized how material selection
and simulation enhance rocker arm durability and efficiency.

In May 2017, P. Prasad from GIITS Engineering College
published a paper in the International Journal of Advanced
Technology and Innovative Research on the design and
analysis of a two-wheeler rocker arm. Using CREO
Parametric for modeling and ANSYS for structural, modal,
and fatigue analysis, the study compared Carbon Steel,
HMCF UD, and Aluminum Alloy 7075. Carbon Steel
exhibited the least stress and deformation, the highest safety
factor, and the longest fatigue life. The research concluded
that Carbon Steel is the most suitable material for two-
wheeler rocker arms, while suggesting that future use of
composites could further enhance performance.

METHODOLOGY

1. Analyse Design calculations of the rocker arm.

2.Creating of 3-D Model by using any Modelling
(CAD) Software.

3. ANSYS Analysis.

4. Comparison of Ansys results

PROBLEM DEFINITION

The existing rocker arm materials may not offer optimal
performance under high thermal and mechanical loads. This
project aims to analyse and model alternative materials to
enhance strength, durability, and heat resistance using 3D
prototyping and simulation techniques.

OBJECTIVE

1. Todesign a 3D CAD model of a rocker arm using
SolidWorks  with  accurate geometry and
dimensions.

2. To select suitable alternative materials (Graphite,
Inconel 718, and Silicon Carbide) based on
mechanical and thermal properties.

3. To perform static structural and thermal analysis
using ANSYS for both existing and proposed
materials.

4. To compare simulation results such as stress,
strain, deformation, temperature, and heat flux for
each material.

5. To identify the most efficient material for the

rocker arm that enhances strength, thermal
stability, and overall performance.
MATERIALS AND PROPERTIES
TABLE 1- Properties of materials
GRAPHITE | INCONEL718 | SILICON
CARBIDE
DENSITY 2200 KG- | 8190 KG-m*-3 | 4.84E-06
m-3
KG-m*-3
YOUNG’S 15E+10Pa | 8.27E+08Pa 137E+11
MODULUS Pa
POISSON’S 0.2 0.284 0.37
RATIO
THERMAL 24 Wm- | 0.111Wm- 0.207
CONDUCTIVITY | 1C~-1 1cr-1
Wn-1C-
1

MODELING

The rocker arm was modeled using SolidWorks based on
standard automotive dimensions, incorporating key features
like pivot points and mounting surfaces. The model was
exported to ANSYS Workbench for finite element analysis,
where meshing and boundary conditions were applied to
simulate real-world engine conditions and assess material
performance.

Figure 1- 3D model of rocker arm
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ANSYS RESULTS AND DISCUSSION

Static structural & Thermal Analysis- GRAPHITE

The modeling phase of the project began with the creation of e o _ e o o

a detailed 3D model of the rocker arm using SolidWorks. Ansys
The model was designed based on standard dimensions and —
incorporated all critical features such as pivot points, contact
surfaces, and mounting holes to closely represent the actual
component used in an internal combustion engine. This
accurate model served as the base for the simulation phase
and was later exported to ANSYS Workbench in a suitable
format for further analysis.

In ANSYS, the first step involved defining the boundary
conditions to replicate real-world operating environments.
Before any analysis could be done, the model had to undergo
meshing, which is the process of dividing the component into
smaller, equal parts to enable finite element analysis. This
division allows the software to solve complex equations at
each point, improving accuracy. For this project, coarse
mesh settings were used with triangular and cubic element
types, resulting in a total of 6427 nodes and 2133 elements.
The mesh quality was adequate for balancing simulation
accuracy and computational efficiency.

Following the meshing process, both static structural
analysis and thermal analysis were performed. In the static
structural analysis, the rocker arm was tested under
simulated engine loads to determine the stress distribution,
total deformation, and equivalent strain in each material.
These results helped evaluate how each material would
respond mechanically to real-world forces, ensuring it can
withstand operational stresses without failure.

The thermal analysis was carried out to assess the heat-
handling capabilities of each material under high-
temperature conditions. Using the same boundary conditions,
the model was tested for temperature distribution and heat
flux to determine how efficiently heat is absorbed,
transferred, and dissipated. This is especially important for
components like rocker arms that operate near the
combustion chamber. The results from both analyses allowed
for a comprehensive comparison of the existing and proposed
materials, helping to identify the most suitable material based
on mechanical strength and thermal stability.

Figure 6- Thermal analysis temperature
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Figure 2- meshing

Details of meshing

Mesh type- Coarse
Element type- Triangular, Cubic.

Nodes- 6427
Elements- 2133

Figure 7- Thermal analysis heat flux
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Static structural & Thermal Analysis- INCONEL718 Static structural & Thermal Analysis- SILICON CARBIDE
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Figure 15-Static Structural analysis deformation

Figure 16- Thermal analysis temperature
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Figure 12- Thermal analysis heat flux Figure 17- Thermal analysis heat flux
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Result Data for Structural analysis of rocker arm
¥ 5. IRJET June 2019, Volume 06, Issue 6

Table2- Results for structural analysis (Comparative Analysis And 3D Printing of Rocker
Arm Of 4 Cylinder Engine with Minimum Weight).

S.NOMATERIALDEFORMATION|STRESS|STRAIN 6. IJERT August 2021, Volume 10, Issue 8 (Design
and Optimization of Rocker Arm Using FEA).

GRAPHITE 0.0030645  |2.1184e90.049366

! 7. WNPREMS - July 2024, Volume 4, Issue
INCONEL 0.055051 4.7217e9 0.87709 7(Designing and Analysing a Rocker Arm Using
2 Powder Metallurgy Forging).
SILICON
3 | CARBIDE 0.00034204 |1.0615e90.005434 8. ISART March 2021, Volume 07, Issue 3 (Design

and Analysis of Rocker ARM).

Result Data for Thermal analysis of rocker arm

Table3-Results for thermal analysis

HEAT
S.NO | MATERIAL | TEMPERAURE FLUX
1 GRAPHITE 623.77 4.7978e6
2 INCONEL 4947.5 1.869e7
SILICON
3 CARBIDE 2866.5 1.7783e7

CONCLUSION

Static structural and thermal analyses were conducted on the
rocker arm using Graphite, Inconel 718, and Silicon Carbide.
Silicon Carbide showed the least deformation and stress,
indicating superior mechanical strength, while Inconel 718
exhibited the highest deformation and stress, showing lower
rigidity. In thermal analysis, Graphite had the lowest
temperature rise due to high thermal conductivity, while
Inconel 718 showed poor heat dissipation. Overall, Silicon
Carbide proved to be the best material, offering a strong
balance of mechanical stability and thermal resistance,
making it ideal for high-performance rocker arm applications.
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