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ABSTRACT 

 

ARTICLE INFO 

The chassis frame forms the backbone of a vehicle, for this paper study about the design 

and analysis of vehicle chassis frame. Traditionally, the most common material for 

manufacturing vehicle chassis has been steel, in various forms. In order to conserve 

natural resources and economize energy, weight reduction has been the main focus of 

automobile manufacturers in the present scenario. Weight reduction can be achieved 

primarily by the introduction of better material, design optimization and better 

manufacturing processes.  Over time, other materials have come into use, the majority 

of which have been is Steel & Aluminium. In this paper traditional materials are 

replaced with composite materials [carbon fibre reinforced plastics]. This presents the 

design principles and finite element analysis of chassis used in TATA ace vehicle. The 

chassis frame is one of the potential items for weight reduction in TATA ace vehicle. 

The introduction of composite materials was made it possible to reduce the weight of the 

chassis frame. This helps in achieving the vehicle with more fuel efficiency and 

improved riding qualities. For validation the design is done by applying the vertical 

loads acting on the horizontal C- Chanel Static. Structural and Modal Analysis is 

conducted by varying the layers and also by changing the reinforcement angles in the 

layers. Software’s used in this work PRO-E for modelling, ANSYS-12 for Analysis. 
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I. INTRODUCTION 

Automotive chassis is a skeletal frame on which various 

mechanical parts like engine, tires, axle assemblies, brakes, 

steering etc. are bolted. The chassis is considered to be the 

most significant component of an automobile. It is the most 

crucial element that gives strength and stability to the 

vehicle under different conditions. Automobile frames 

provide strength and flexibility to the automobile. The 

backbone of any automobile, it is the supporting frame to 

which the body of an engine, axle assemblies are affixed. 

Tie bars, that are essential parts of automotive frames, are 

fasteners that bind different auto parts together. Automotive 

frames are basically manufactured from steel. Aluminium is 

another raw material that has increasingly become popular 

for manufacturing these auto frames. In an automobile, front 

frame is a set of metal parts that forms the framework which 

also supports the front wheels. It provides strength needed 

for supporting vehicular components and payload placed 

upon it. Automotive chassis is considered to be one of the 

significant structures of an automobile. It is usually made of 

a steel frame, which holds the body and motor of an 

automotive vehicle. More precisely, automotive chassis or 

automobile chassis is a                                                                        

skeletal frame on which various mechanical parts like 

engine, tires, axle assemblies; brakes, steering etc are bolted. 

At the time of manufacturing, the body of a vehicle is 

flexibly molded according to the structure of chassis. 

Automobile chassis is usually made of light sheet metal or 

composite plastics. It provides strength needed for 

supporting vehicular components and payload placed upon 

it. Automotive chassis or automobile chassis helps keep an 

automobile rigid, stiff and unbending. Auto chassis ensures 
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low levels of noise, vibrations and harshness throughout the 

automobile. 

A. Ladder Frame 

This is the earliest kind of chassis. From the 

earliest cars until the early 60s, nearly all cars in the world 

used it as standard. Even in today, most SUVs still employ it. 

Its construction indicated by its name, looks like a ladder 

two longitudinal rails interconnected by several lateral and 

cross braces. The longitude members are the main stress 

members. They deal with the load and also the longitudinal 

forces caused by acceleration and braking. The lateral and 

cross members provide resistance to lateral forces and 

further increase tensional rigidity. 

B. Backbone Chassis frame:  
Backbone chassis has a rectangular tube like backbone, 

usually made up of glass fibre that is used for joining front 

and rear axle together. This type of automotive chassis or 

automobile chassis is strong and powerful enough to 

provide support smaller sports car. Backbone chassis is easy 

to make and cost effective. 

 

C. Monocoque Chassis frame:  
Monocoque Chassis is a one-piece structure that 

prescribes the overall shape of a vehicle. This type of 

automotive chassis is manufactured by welding floor pan 

and other pieces together. Since Monocoque chassis is cost 

effective and suitable for robotized production, most of the 

vehicles today make use of steel plated Monocoque chassis. 

 

II. SPECIFICATION OF THE PROBLEM 

The objective of the present work is to design and 

analyses, of steel chassis made. Carbon fibre reinforced 

plastic composite vehicle chassis was created in Pro-E. 

Model is imported in ANSYS 12.0 for analysis by applying 

normal load conditions. After analysis a comparison is made 

between exisisting conventional steel chassis and Carbon 

fibre reinforced plastic composite vehicle chassis viz., steel 

and Carbon fibre reinforced plastic in terms of deflections 

and stresses, to choose the best one. 

 

III. PHASES OF DESIGN 

The complete design process, from start to finish, is 

highly iterative in nature and is as outlined in the flow 

diagram shown below. The process begins with recognition 

of a need and a decision to do something about it. After 

much iteration, the process ends with the presentation of the 

plans for satisfying the need. The design of products and 

services is accomplished in this traditional way. Fig. 2b 

shows a flow diagram of iterative phases. 

 

 

VI. COMPOSITE MATERIALS 

A composite material is defined as a material composed of 

two or more constituents combined on a macroscopic scale 

by mechanical and chemical bonds. Composites are 

combinations of two materials in which one of the material 

is called the “matrix phase” is in the form of fibres, sheets, 

or particles and is embedded in the other material called the 

“reinforcing phase”. Another unique characteristic of many 

fibre reinforced composites is their high internal damping 

capacity. This leads to better vibration energy absorption 

within the material and results in reduced transmission of 

noise to neighbouring structures. Many composite materials 

offer a combination of strength and modulus that are either 

comparable to or better than any traditional metallic metals. 

Because of their low specific gravities, the strength to 

weight-ratio and modulus to weight-ratios of these 

composite materials are markedly superior to those of 

metallic materials. The fatigue strength weight ratios as well 

as fatigue damage tolerances of many composite laminates 

are excellent. For these reasons, fibre composite have 

emerged as a major class of structural material and are 

either used or being considered as substitutions for metal in 

many weight-critical components in aerospace, automotive 

and other industries. High damping capacity of composite 

materials can be beneficial in many automotive applications 

in which noise, vibration, and hardness is a critical issue for 

passenger comfort. 

 

V. STRUCTURAL ANALYSIS 

Static analysis calculates the effects of steady loading 

conditions on a structure, while ignoring inertia and 

damping effects, such as those caused by time varying loads. 

A static analysis, however, includes steady inertia loads and 

time-varying loads that can be approximated as static 

equivalent loads. 

 

A. Loads in a Structural Analysis 

Static analysis is used to determine the displacements, 

stresses, strains, and forces in structures or components 

caused by loads that do not induce significant inertia and 

damping effects. Steady loading and response conditions are 

assumed; that is, the loads and the structure's response are 

assumed to vary slowly with respect to time. The kinds of 

loading that can be applied in a static analysis include: 

• Externally applied forces and pressures 

• Steady-state inertial forces  

• Imposed (non-zero) displacements 
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• Temperatures (for thermal strain) 

Static Analysis 

Used to determine displacements, stresses, etc. 

under static loading conditions. Both linear and nonlinear 

static analyses. Nonlinear ties can include plasticity, stress 

stiffening, large deflection, large strain, hyper elasticity, 

contact surfaces, and creep. 

Modal Analysis 

Used to calculate the natural frequencies and mode 

shapes of a structure. Different mode extraction methods are 

available.  

Harmonic Analysis 

Used to determine the response of a structure to 

harmonically time-varying loads. 

Transient Dynamic Analysis 

Used to determine the response of a structure to 

arbitrarily time-varying loads. All nonlinear ties mentioned 

under Static Analysis above are allowed.  

Spectrum Analysis 

An extension of the modal analysis, used to 

calculate stresses and strains due to a response spectrum or a 

PSD input (random vibrations). 

Buckling Analysis 

Used to calculate the buckling loads and determine 

the buckling mode shape. Both linear ,buckling and 

nonlinear buckling analyses are possible. 

 

B. Material Properties 

 
Sl. 

No 

Properties Units Steel 

 

CFRP 

1 Young’s 

Modulus E11 

N /mm
2
 

2.068e
11

 1.34 e 
11

 

2 Density kg / m
3
 7830 1600 

3 Poisson Ratio - 0.3 0.3 

 
VI. STRUCTURAL AND MODAL ANALYSIS OF 

CHASSIS FRAME 

Solid modelling of ladder chassis frame is completely 

done in PRO/E. Then the meshing of the chassis frame is 

made using the 

 

Pro-E Model 

 

 
Fig.1 Modal of Chassis Frame without Damping 

 

 
Fig 2 Modal of Chassis Frame mesh view 

 

4.1 Steel  

 
Fig 3 Deformation of steel  

 

 
Fig 4 stress on steel  

4.2 carbon fibre reinforced plastics 

 

 
Fig 5 Deformation of composite  

 
Fig 6 stress on composite  

 
VII. RESULT 

5.1 Structural Analysis 

 Steel CFRP 

Deformation (mm) 26.503 13.252 

Stress (N /mm
2
)

 
5503.1 2751.6 

 

Deformation 

 The ladder frame of chassis with pressed steel 

properties in ANSYS has different values of 

deformation at various locations. The deformation 

has a maximum value of 26.503 mm.  

 When applying composite material (carbon fibre 

reinforced plastics) properties to ladder frame of 

chassis in ANSYS results in low deformation. The 

deformation of a composite chassis frame has a 

value of 5503.1 N /mm
2
.  
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Stress 

 The ladder frame of chassis with pressed steel 

properties in ANSYS has different values of 

stresses at various locations. The stresses have a 

maximum value of 26.503 mm.  

 When applying composite material (carbon fibre 

reinforced plastics) properties to ladder frame of 

chassis in ANSYS results in low stresses. The 

stresses of a composite chassis frame have a value 

of  2751.6 N /mm
2
. 

VIII. CONCLUSION 

In this work, modeled a chassis frame using Pro-E. 

Structural and modal analysis is done on the chassis frame 

using ANSYS. The analysis is done using two materials 

steel & Carbon fibre reinforced plastic. The pressed steel 

properties show more deformation due to its low torsional 

stiffness. Composite materials have high torsional stiffness 

per weight. This property of composite material is very 

useful for increasing the torsional stiffness of ladder chassis 

frame. The composite material such as “carbon fibre 

reinforced plastics” is more suitable for this purpose. The 

composite ladder chassis frame is analyzed in ANSYS 

shows less deformation & stress. It indicates that torsional 

stiffness of the composite ladder chassis frame is better than 

the conventional frame.  
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