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Abstract - The chassis frame structure serves as a critical
support system for various mechanical components in any
vehicle, making its analysis a key aspect for the automotive
industry. In trucks, the chassis acts as the structural backbone,
designed to safely withstand maximum loads under both static
and dynamic conditions. It must endure stresses, deformations,
fatigue failures, and potential welding cracks. This study
focuses on analyzing the stresses and deformations
experienced by the chassis frame through material
optimization. A 3D model of the chassis was created using UG-
NX, and static structural analysis was performed in ANSYS
MECHANICAL 2025 R1 for both the existing and optimized
materials. The results of the analysis have been compiled and
compared.
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Total deformation.

1. INTRODUCTION

The chassis is one of the most essential structural
components of an automobile, serving as the foundational
frame that supports the vehicle body and various mechanical
systems such as the engine, drivetrain, axles, wheels,
suspension, brakes, and steering mechanisms. It provides
the necessary structural integrity to support these
components along with the payload, ensuring the vehicle
remains rigid and stable under diverse loading conditions.
As aresult, the chassis significantly contributes to the overall
safety of the vehicle. Additionally, it helps in minimizing
noise, vibration, and harshness (NVH) across the entire
vehicle system.

A well-designed chassis must be rigid enough to endure
shocks, twists, vibrations, and various forms of mechanical
stress. Alongside strength, achieving sufficient bending and
torsional stiffness is critical to improving the vehicle’s
handling characteristics. Therefore, strength and stiffness
are two primary criteria in chassis design. Today’s
automotive industry faces challenges such as meeting
demands for enhanced performance, reduced weight,
increased componentlife, and cost-effectiveness within tight
development timelines. Given its importance, the truck
chassis is frequently targeted for refinement and
optimization.

Truck chassis are widely used across industries such as
logistics, agriculture, manufacturing, and more. It is
responsible for maintaining the structural integrity of the
vehicle while transferring vertical and lateral loads—caused
by motion and acceleration—through the wheels to the
ground. The chassis must be capable of supporting all
components and loads without failure. The body of the
vehicle, which houses mechanical systems and passengers, is
mounted on this structure.

The chassis frame is typically composed of side members
(or rails), which are the main load-bearing elements. These
rails are designed with a narrower front section to allow for
areduced turning radius and a wider midsection for optimal
support under the body. Truck and trailer frames often
utilize straight side members to enhance structural strength
and accommodate various body designs. Cross members
connect the side rails, providing resistance against frame
twisting and flexing. Their number and placement depend on
the intended application and vehicle design. Front cross
members support the radiator and engine front, while rear
cross members support fuel tanks and towing components.
Additional cross members may also support the rear engine
and drivetrain. For heavy-duty applications, gusset plates
are used to reinforce high-stress regions of the frame.

In such constructions, the vehicle body primarily serves
to hold cargo and absorb vibrations and shocks transmitted
through the frame. In some severe use cases, the body
structure might also bear some torsional stresses not
entirely managed by the frame.

To facilitate the design process, a 3D CAD model of the
chassis was created using UG-NX (Siemens NX) software.
This digital modelling approach enabled detailed
visualization of the design in three dimensions, helping to
minimize errors during fabrication. For structural
evaluation, ANSYS software was used to carry out the
analysis. The focus of this study is on the stress behaviour of
the chassis, with particular emphasis on material
optimization for the TATA 2518TC model. The analysis
concentrated on key parameters such as Von Mises stress,
maximum principal stress, and total deformation.

2. LITERATURE REVIEW

Mr. Akash Singh Patel and Mr. Atul Shrivastava (2016)
conducted a study titled “Modeling, Analysis & Optimization
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of TATA 2518 TC Truck Chassis Frame using CAE Tools”. In
their research, they evaluated various materials for the
chassis frame, including Structural Steel ST37, Grey Cast Iron,
AISI 4130 Steel Alloy, and ASTM A710 Steel, across different
cross-sectional profiles such as C-section, [-section, and Box-
section. The study involved a comparative analysis between
the conventional structural steel chassis and alternative alloy
steels, focusing on stress and deformation to determine the
most suitable material option [1].

Additionally, Patel et al. carried out a design optimization of
the TATA 2516TC chassis frame aimed at reducing its weight,
using Pro-Mechanica software. Initially, they calculated the
total assembly weight, maximum stress, strain, and
displacement for the existing chassis sections (C, I, and Box)
using ANSYS. They then modified the dimensions of the
original C-section and repeated the analysis. The results
showed that the original C-section performed better than the
other sections in terms of stress, displacement, strain, and
shear stress, though it was not the lightest. The modified C-
section offered a significant weight reduction compared to
the other configurations. Specifically, they achieved a weight
saving of approximately 105.50 kg per chassis assembly—
equivalent to an 11% reduction—which also implies a
potential cost saving of about 11%. Based on these findings,
the modified C-section was recommended as the optimized
chassis design [2].

A Problem Statement

After reviewing various research papers, it is observed
that common issues in chassis design include excessive
weight, high stress and strain levels, significant
deformation, and inefficiencies related to the cross-
sectional geometry of the chassis. Therefore, the objective
of our work is to design and analyze the chassis by
modifying its cross-sectional profile and evaluating the
resulting changes in stress, strain, and deformation
characteristics.

B. Vehicle Specification

Table 1
Vehicle Specification

Properties Values
Total length of chassis 9010 mm
Width of chassis 2440 mm
Wheel base 4880 mm
Front overhang 1260 mm
Rear overhang 2115 mm
Ground Clearance 250 mm
Capacity (GVW) 25 ton

Kerb Weight 5750 kg
Payload 19250 kg

1125 7 6175, 955 4285 2435 197258025 18
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C. Chassis Frame Material
1. Gray Cast Iron

The chemical composition of grey cast iron includes the
following elements in approximate proportions: Carbon (up
to 4%), Silicon (up to 3%), Manganese (around 0.8%), Sulfur
(approximately 0.07%), Phosphorus (up to 0.2%),
Molybdenum (up to 0.75%), Chromium (about 0.35%), and
Vanadium (around 0.15%).

2. AISI 4140 (Chromium-Molybdenum Alloy Steel)

AISI 4140 is a low alloy steel known for its high strength,
toughness, and wear resistance, making it ideal for use in
demanding applications such as automotive chassis, axles,
and crankshafts. Its typical chemical composition includes
Carbon in the range of 0.38% to 0.43%, Manganese from
0.75% to 1.00%, and Silicon between 0.15% and 0.30%. It
also contains Chromium (0.80% to 1.10%) and Molybdenum
(0.15% to 0.25%), which enhance its hardenability and
corrosion resistance. In addition, it has small amounts of
Phosphorus (up to 0.035%) and Sulfur (up to 0.040%). This
balanced composition provides AISI 4140 with excellent
mechanical properties suitable for high-stress structural
applications.

3. Structural Steel

Structural steel is widely used in construction and
manufacturing due to its excellent strength, ductility, and
weldability. The typical chemical composition of commonly
used structural steel grades (such as S275 or S355) includes
Carbon up to 0.25%, Manganese ranging from 1.0% to 1.6%,
and Silicon up to 0.05%. Small amounts of Phosphorus and
Sulfur are also present, each typically limited to 0.04% or less
to maintain good weldability and toughness. Some grades
may also include trace amounts of elements like Copper (up
to 0.55%), Nitrogen (up to 0.012%), and Aluminum (as a
deoxidizer). These steels are known for their high yield
strength, typically ranging from 275 MPa to 355 MPa, making
them suitable for heavy structural components such as
beams, columns, frames, and chassis structures in vehicles.

4. Aluminium Alloy

Aluminium alloys, particularly 6061-T6, are widely used in
the automotive and aerospace industries due to their
excellent strength-to-weight ratio, corrosion resistance, and
good weldability. The typical chemical composition of
Aluminium 6061-T6 includes Aluminium as the base element
(about 95.8% to 98.6%), with Magnesium ranging from 0.8%
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to 1.2% and Silicon from 0.4% to 0.8% to improve strength 5. 3D CAD Modelling
and hardness. It also contains small amounts of Iron (up to
0.7%), Copper (0.15% to 0.4%), Chromium (0.04% to
0.35%), Zinc (up to 0.25%), Titanium (up to 0.15%), and
residual elements. This alloy offers a good balance of

mechanical properties with a typical yield strength of around

240 MPa and ultimate tensile strength of approximately 290 First Type Cross Member Second type cross member
MPa. Due to its lightweight and durable nature, aluminium
alloy 6061-T6 is commonly used in structural applications,
including vehicle chassis frames and aerospace components.

Table 2

. . . Chassis Frame Side Member
Mechanical Properties of Material

6. Static Structural Analysis on AISI 4140

. AISI Gray Cast Structural ]
Material 4140 Iron Al Alloy Steel 1) Meshing
Density | 7.85E-06 | 0.000006999 | 0.00000277 | 0.00000785
Young's | 15500 89440 71000 210000
Modulus
Poisson’s 0.29 0.26 0.33 03
Ratio
Bulk 168650 62111 69608 179120
Modulus
Shear 82364 35492 26692 80484
Modulus
Tensile 3
Ultimate 1015 141.4 310 4225 2) Von-Mises stress result
Strength
Tensile
Yield 652.2 79.81 280 237.4
Strength

D. Calculation

The overall length of C-Section:

Channels with Height (H) = 285 mm, Width (B) = 65mm,
Thickness (t) = 7 mm

1) Basic calculation for chassis frame

Model No. = LPT 2518 TC (TATA)

Capacity of Truck = 25 ton (Kerb Weight+ Payload)
=25000 kg = 245250 N

Capacity of Truck with 1.25% = 245250 *1.25 N = 306562 N
Total Load acting on the Chassis =306562 N

285mm x 65mm x 7mm

The two beams are used in this chassis so the halfload acting. 7. Static Structural Analysis on Aluminium Alloy
1) Von-Mises stress result

Load acting on the single frame = Total load acting on the
chassis / 2

=306562 /2
=153281 N / Beam
2) Loading conditions

Load acting on Entire span of the beam is 153281 N. Length
of the Beam is 9010 mm.

Uniformly Distributed Load is 153281 /9010 =17.0 N/mm
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8. Static Structural Analysis on Gray Cast [ron
1) Von-Mises stress result

9. Static Structural Analysis on Structural Steel
1) Von-Mises stress result

3. Result Table

Table 3
Result
Parameter Structural (él;i’ Aluminum AISI
Steel Alloy 4140
Iron
. 730.5 796.45
Weight (kg) 796.45 kg kg 281.04 kg kg
Stress
(N/mm2) 170.28 170.12 170.33 170.32
(Max)
Deformation
14.606 26.514 41.226 13.852
(mm)

4. Conclusion

Based on the comparative analysis of different materials
used for the Tata LPT 2518 chassis frame—namely
Structural Steel, Grey Cast Iron, Aluminum Alloy, and AISI
4140—it is evident that AISI 4140 offers the best overall
performance. It exhibits the least deformation (13.852 mm)
while maintaining a high strength level (170.32 MPa),
making it the most suitable choice for high-load and
durability-critical applications. Structural Steel also
performs well, showing moderate deformation (14.606 mm)
and high strength, making it a reliable and cost-effective
option for general chassis design. In contrast, Grey Cast Iron
and Aluminum Alloy, though lighter in weight, demonstrate
significantly higher deformations of 26.514 mm and 41.226
mm respectively. This makes them less ideal for applications
where structural stiffness and dimensional stability are
critical. Aluminum Alloy, while offering substantial weight
savings, compromises on rigidity, limiting its effectiveness in
heavy-duty structural applications. Hence, AISI 4140 is
recommended as the optimal material choice for ensuring
strength, stiffness, and long-term performance of the chassis
frame.
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