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Abstract: This study of race car is focusing in the development of chassis design which is important part that
influences the performance of race car. There is need to study about vehicle dynamics with the aim to develop a
great chassis. In this study include the utilization of steel grade which has incredibly properties in exceeding the
limit of chassis and provide a strength and stiffness component. Analysis is done through determination of force
acting on the chassis, thus discover the steel structure needed. A chassis which can absorb high energy impacts
whilst controlling the rate of deceleration will increase the likelihood of drivers surviving a impact without
injury. This project describes how a common model of the chassis was developed using catia v5 and Hyper Mesh
to allow both linear and non-linear Finite Element Analysis to be performed by LS-DYNA software. This is in
preparation for a future semi-monocoque design. Improvements for the testing procedures include a need for a
lighter and more accurate car swing setup, along with a more rigid torsional test.

Index Terms: Tubular Steel Frame, Chassis system, Buckling modulus, Young’s modulus, Poisson’s ratio,
Density, yield strength, Kinetic energy, Internal energy, Rigid wall force.

l. INTRODUCTION

Racing car is a highly competitive sport that relies on a massive technology input from car chassis constructors and
engine manufacturers in order to improve the success rate of a driver and team. The top teams have budgets that run
into several hundred millions of dollars, and there are large levels of expenditure on research and development (R&D)
in order to create innovative new technologies that attempt to improve a car’s lap time by mere tenths of a second. This
strategic approach certainly differs from the commercial road car side of the racing car manufacturers, where there is no
sponsorship and firms must weigh-up combinations of strategic approaches in order to capture market share from their
rivals and maintain profitability[1]. This is due to the properties of material that can be designed freely to hold the load
from any direction. Its light-weight property makes it possible to enlarge the performance of the car while maintaining
low weight. In the Formula SAE industry already widely used of steel, aluminium and composite materials and most of
the part has been already replace with it. Thus, aluminium and steel material is highly important and it is worthy to
study about it. University Teknikal Malaysia Melaka (UTeM) had developed a racing Car using a chassis made from
the stainless steel [1]. However, this race car does not apply to The SAE standard. The chassis system used now is
tubular type. Thus, in order to Increase it performances and abide to the SAE standard, the new development of chassis
is needed. The idea is to optimize the characteristics of chassis and hence, the Performance of the racing car by
changing its different material is SteelS355 and SteelS255.

Tubular steel space frames are possibly the most popular chassis design in Formula SAE. Part of the competition
process is the validation of your design to the design judges; the tubular space frame is easiest. As the design judges
have only a limited amount of time to inspect the vehicles, they need to see that the chassis performs as the team
claims. As tubular steel structures are common in motorsports, it is easy for judges (with or without motorsport
backgrounds) to visually access the design of a space frame [2]. having the correct chassis set up and many component
tuning options available, will allow for the system to achieve maximum potential. In a reality of racing, to optimize a
performance of vehicle to its limit for different track condition and event is a difficult and complex task. Vehicle
chassis has built with different types due to several purposes. Each type of vehicle chassis has its own advantages and
disadvantages to achieve its certain requirements and conditions. There are several types of chassis that are tubular,
monocoque, ladder and backbone. There are several considerations that must be taken to design a chassis. The chassis
should exhibit these characteristics such as offering driver protection in the case of an accident, high rigidity,
lightweight, inexpensive, allows easy access to internally mounted components and easy to manufacture. Load analysis
is done to calculate the strength of the chassis due to the load acting. This analysis is performed with analytically and
experimentally to get accurate result. The different loading conditions and requirements the vehicle chassis must be
discussed focusing on road inputs and load paths within the structure.

Page | 377



International Journal of Enhanced Research in Science Technology & Engineering, ISSN: 2319-7463
Vol. 3 Issue 7, July-2014, pp: (377-386), Impact Factor: 1.252, Available online at: www.erpublications.com

Figure 1: Race car Figure 2: Tubular Steel Space Frame
of race car

1.1 OBJECTIVE OF STUDY

The purpose of the study is to design a tubular or space frame chassis by using CATIA V5 software, to achieve the
impact analysis by the help of HYPERMESH and LS-DYNA software, and also the result are compared with different
material (SteelS355 and SteelS255).

1.2 PROBLEM STATEMENT

The current racing car use tubular or space frame chassis system built from stainless steel with diameter approximately
25 mm. The complexity of design and the arrangement of the components contribute a waste space which not makes
the car more compact. By using of stainless steel tubes has cause the overweight of the car and makes the car lose the
power. Analysis on the chassis has not been done during development which is essential to know the load distribution
and the strength of component during worst case scenario, it is impossible during troubleshooting and Optimization
process in the future. Therefore, this study will focus to reduce the problem occurred and make the Improvement of
design. SteelS355 and SteelS255. Will be used instead of stainless steel to solve the Overweight problem. As known
that SteelS355 and SteelS255 is a light weight material, good mechanical properties ,cost effective anti corrosion, good
energy absorption and quite hard for bending can be created to have a same strength as stainless steel. The analysis for
acted load in static and dynamic condition will be determined to protect the driver during the worst case Situation. All
the data will be documented for further study.

1.3 SCOPE OF STUDY
The scopes of study are to design a chassis by using a CATIAV5, to optimize the chassis by the help of load
distribution on the chassis to different material (SteelS355 and SteelS255).

» To enhance occupant survivability and reduce injuries in a competition vehicle.

» Toassist in reducing injury from front, rear and side impact events.

» To provide protection against major decelerations resulting from high speed front or rear end Collisions or
sideways excursions into immovable objects such as trees or rocks.

Il. METHODOLOGY

The chassis is a tabular design, which consists rectangular and hollow circular cross section being attached to
a chassis.

First the chassis is modelled using CATIA v5 with available dimensions. There was a significant advantage in
creating a model with the help of CATIA v5 that could be used for Impact Analysis.

Then the model was meshed using Hyper mesh. In order to reduce the complexity of the model, discrete
element approximations were used where possible.

By using Hyper mesh as the pre-processor the resulting model could be exported to LS-DYNA using the built-
in data interfaces.

The Impact Analysis required the common model to be modified by adding masses representing the wheels,
engine and driver.

That beam elements are not sufficiently accurate to represent the steel tubing of the chassis in non-linear
analysis: for this reason the beam elements were replaced by shell elements. Finally, a model of the impact-
absorbing aluminium alloy, two grades of steel was added to the crash model for use in frontal and side
impacts.

YV ¥V ¥V Y V V
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2.1 Design Consideration For Chassis

The chassis frame is to provide the vehicle strength and structural integrity. The function of the space frame is to
protect the driver (in case of serious impacts and rollover) and support front and rear suspension systems, engine, drive
train, steering system and other systems in the vehicle, and must be of adequate strength to protect the operator in the
event of a rollover or impact. The objective of the frame design is to satisfy these functions while meeting the SAE
regulations with special considerations given to safety of the occupants, ease of manufacturing, cost, quality, weight,
and aesthetics. Moreover care has been taken to ensure that there are minimum welds on the frame pipes and maximum
bends ensuring better strength and less cost of production of the vehicle. The chassis must be constructed of steel
tubing, with minimum dimensional and strength requirements dictated by SAE.

2.2 Material And Size Optimization Of Chassis
» According to rule book provided by SAE the minimum size of the steel tube should not be less than 25.4mm X
2.41mm. We have chosen SteelS355, Aluminium alloy 5082T6 and SteelS255 tubes with dimensions of 29.2
mm X 2.3 mm (front impact and side impact).

2.2.1 For Front Impact
» Baseline Steel 25.4mm outer diameter, inner diameter 20.59mm and 2.41mm wall thickness.
Buckling modulus = EI (Young’s Modulus*Moment of Inertia)

=/ 64 (dy-d;")
=n/ 64 (25.4°-20.59%
=11626 mm*

Hence BM = 11626 E

» Considering Steel 29.2 mm outer diameter, inner diameter 25.4mm and 2.3mm wall thickness.
Buckling modulus = EI (Young’s Modulus*Moment of Inertia)

=1/ 64 (dy-d;")
=1/ 64 (29.2*-25.4%
= 15254.56 mm*
Hence B M = 15254.56 E
In front impact therefore considering steels stiffer than the baseline steel.

2.2.2 For Side Impact
> Baseline Steel 25.4mm outer diameter, inner diameter 20.59mm and 2.41mm wall thickness.
Buckling modulus = EI (Young’s Modulus*Moment of Inertia)

=/ 64 (do -di")
=1/ 64 (25.4°-20.59%)
=11626 mm*

Hence BM =11626 E

» Considering Steel with 28.6 mm outer diameter, inner diameter 24.4mm and 2.5 mm wall thickness.
Buckling modulus = EI (Young’s Modulus*Moment of Inertia)

=n/64 (d,-di")
=7/64 (28.6"-24.4%
= 15254.56 mm*
Hence B M = 15254.56 E
In side impact therefore considering steels stiffer than the baseline steel.

2.3 Material Selection

The selection of material to construct a chassis. Availability is one of the factors which dominate the material selection
process. Working on this single aspect, list of different desirable and available materials was prepared. Steel and
aluminium alloys are always the choice of most of the designer. After reviewing mechanical properties, availability,
cost and other significant factors, following material was selected.

> Steel S355
> Steel S255
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Table 2.1: Material Properties

YOUNG’S YIELD
MATERIAL MODULUS PS"ASTSI%N D(E/'\'msr:;)v STRENGTH
(MPa) g (MPa)
Steel S355 195000 0.3 8*10-3 355
Steel 5255 200000 03 7.8%10-3 275

2.4 Impact Analysis Procedure

The crush zone is located in the front most part of the car, directly in front of the front bulkhead. The crush zone
functions to absorb the energy of the impact if a frontal collision occurs. Rules and regulations concerning the crush
zone are covered under the Formula SAE rules. This section not only contains information about the crush zone but
also the bulkhead. However, it must be said that the rules on the crush zone are very vague and no loads or deflection
criteria need to be meet [5]. Racing cars are designed to be driven near the limit of adhesion at all times and are
therefore prone to be involved in accidents, the most likely scenarios being a frontal or side impact. In order to validate
the overall performance of the vehicle, both of these scenarios were simulated using the non-linear finite element
analysis package, LS-DYNA. The competition rules have a comprehensive section covering safety parameters, which
specify the minimum requirements for a space frame chassis. Due to the composite Construction of the Leeds chassis,
energy absorbent structures are used to provide protection. These structures are the nosecone for frontal impacts and the
side pods for side impacts and are more than adequate when compared to the minimum requirements specified by the
rules.

Common hyper mesh model
Material data, Masses

Hyper mesh /
Impact model
Hyper mesh dyna
Data Interface
L SDYNA
Impact Model

Figure 3: Impact Analysis Procedures

111. DATA INPUT AND ANALYSIS
3.1 Geometric Model

CATIA V5 software tool is used for designing as well as Finite Element analyses (FEA). SAE rules are adopted
while designing. Firstly creating a model and checked it under different realistic conditions to suit chassis design. After
much iteration, CAD model is proposed as shown in Figure 4.

Figure 4: Geometric Model of Chassis of race car
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Whole of the chassis model was made up of round hollow cross section tubes. Tubes of two different sizes were used in
the design. Inner diameter of the tube is 25.4 mm; outer diameter of the tube is 29.2mm and thickness is 3.8mm.

3.2 HYPERMESH MODEL

The model was created using the drawing functions in Hyper Mesh as shown in figure 5. In order to reduce the
complexity of the model, discrete element approximations were used wherever it is possible. The material is
represented by shell elements (as shown in figure 6) and the tubing of the sub-frames is represented by beam elements.
Use was made of ‘collectors’ in Hyper Mesh in order to simplify material property specification and to allow easy
editing of the model at a later date. The various parts chassis were linked using rigid elements. Although both models
were based on the same geometry, there were several differences due to the requirements of the analyses.

Figure 5: Hyper Mesh Model

3.2.1 SHELL ELEMENT

Figure 6: Shell Element Model

The impact analysis required the common model to be modified by adding masses Representing the wheels, engine and
driver. Additionally it has been found from previous work that beam elements are not sufficiently accurate to represent

the steel tubing of the chassis in non-linear analysis: for this reason the beam elements were replaced by shell
elements.

3.3LS DYNA MODEL

LS DYNA Model is obtained by importing the Hyper mesh model in LS DYNA Software.The LS DYNA Model is
shown in figure 7.
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Figure 7: LS DYNA Model of chassis of a race car
The Ls dyna model having two beams they are: BEAM 1 & BEAM 2 as shown in figures 8 & 9.

3.3.1BEAM 1

Figure 8: Beam 1 of LS DYNA Model of chassis of a race car

3.3.2 BEAM 2

Figure 9: Beam 2 of LS DYNA Model of chassis of a race car

3.4 Fem Approach Adopted:
Based on 3D modelling & FEM analysis simulations using CATIA V5, HYPER MESH and LS DYNA, the following
FEM analysis approach scheme is adopted.
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1. Carry out the 3D solid modeling of the different configurations of chassis system using CATIA V5.

2. Since there are several geometries to be studied, all the preliminary FE analysis exercises are carried out using
tetrahedral elements (TET4 / TET 10 elements of Solid works as shown in figure 10).

3. Since it is a relative study for finding out the merits & demerits of each configuration, this approach is
considered effective.

4. After identifying the probable candidate chassis system based on relative performances, Import the 3D model
in Hyper mesh s/w for FE Modeling.

5. The same chassis of race car is then remodeled using hexahedral elements (CHEXA 8 of LS DYNA as shown
in figure 10).

6. Only CHEXA 8 FE model results are thus considered and compared.

& &

Figure 10: Showing TET4, TET10 and, HEX8 element shapes
IV. RESULT, OPTIMISATION AND DISCUSSION

—_——

4.1 OPTIMISATION FOR FRONT IMPACT

Figure 11: Optimisation for Front Impact
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Figure 12: Kinetic energy v/s Time Figure 13:Internal energy v/s Time
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Figure 14: Total energy v/s Time Figure 15: R W Force v/s Time

The above optimized global statics graph of front impact shows a plot (figure)for Kinetic energy vs. Time, Internal
energy vs. Time , Total energy vs. Time , Rigid wall force vs. Time for materials Steel S355, Aluminium 5082T6 and
Steel S255. In the graph, the kinetic energy, Internal energy, Total energy absorbed by aluminium material is the lowest
because of lower density and soft properties than the other two materials. Also in the graph, force applied on the rigid
wall of the aluminium material is decreased because this material having a low stiffness as compare to steel
material.(Steel S355) as shown in the figures 12,13,14 & 15.

The following material behaviour during side impact Analysis of different materials of chassis of car are tabulated in
table 4.1
Table 4.1: Summarised different Material Properties of front Impact for SteelS355, Aluminium 5082T6, SteelS255

Material SteelS355 Aluminium 5082T6 SteelS255
Young’s modulus 19500 MPa 7000 MPa 20000 MPa
Density 8e-006 kg/mm?® 2.7e-006 kg/mm?® 7.85e-006 kg/mm?
Maximi 96.56+3) 72e+3) 97e+3)
Kinetic energy
. M 62.56+3) 50e+3J 63e+3)
internal energy
M 97+3] 73e+3) 96+3J
Total energy
Rigid wall force 368 N 390 N 375N

4.2 OPTIMISATION FOR SIDE IMPACT SAFETY

Figure 16: Optimisation for Side Impact Safety
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Figure 19: Total energy v/s Time

Figure 18: Internal energy v/s Time
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Figure 20: R W Force v/s Time

Rigid Wall

The above optimized global statics graph of side impact shows a plot figure) for Kinetic energy vs. Time, Internal
energy vs. Time , Total energy vs. Time , Rigid wall force vs. Time for materials Steel S355, Aluminium 5082T6 and
Steel S255. In the graph, the kinetic energy, Internal energy, Total energy absorbed by aluminium material is the lowest
because of lower density and soft properties than the other two materials. Also in the graph, force applied on the rigid
of the aluminium material is decreased because this material having a low stiffness as compare to steel
material.(Steel S355) as shown in the figures 17,18,19 &20..

wall

The following material behaviour during side impact Analysis of different materials of chassis of car are tabulated in
table 4.2

Table 4.2: Summarised different Material Properties of Side Impact for SteelS355, Aluminium 5082T6, SteelS255

Material SteelS355 Aluminium 5082T6 SteelS255
Young’s modulus 19500 MPa 7000 MPa 20000 MPa
Density 8e-006 kg/mm? 2.7e-006 kg/mm? 7.85e-006 kg/mm?
Maximum 96.5¢-+3] 72¢+3] 97e+3]
Kinetic energy
_ Maximum 62.50+3) 50e+3] 63e+3]
internal energy
Maximum 97+3) 73e+3) 96+3)
Total energy
Rigid wall force 368 N 390 N 375N
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CONCLUSION

In this project the objective is to design and Analyse the chassis system of race car. The simulations performed by the
finite element methods reveal some very important Facts.

vV V VvV V
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9.

The design of the Chassis is to improve driver safety by optimizing the Chassis by adding and variation of
masses in Chassis using LS-DYNA software.

The design and position of the links between the energy absorbing structure and the car frame structure are
found to be essential to determine the impact worthiness of the vehicle in case of front impact and side impact.
In terms of internal energy, kinetic energy, total energy and rigid wall force, SteelS355 has better energy
absorbing capabilities than the other steel materials.

After comparison between these materials (SteelS355, SteelS255) we can conclude that SteelS355 is better for
design a Chassis to provide a driver safety in front and side impact than the other steel materials.
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