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Abstract
The automotive chassis is considered as the backbone of the 
vehicle system. The chassis is a major component in a vehicle 
system. This work involves static and dynamics analysis to 
determine key characteristics of different chassis systems. The 
static characteristics include identifying the stress distribution 
and deformations possible at different locations of the chassis. A 
Comparison is made for static characteristics of chassis system 
by changing thicknesses and evaluated the effective thickness 
(which will produce less stresses) for the frame is identified using 
ANSYS 14.5. Further, found the dynamic characteristics of chassis 
system such as the natural frequencies and mode shapes of chassis 
system. A comparative study made for chassis system made among 
three different materials such as structural steel, carbon epoxy 
and E-glass epoxy and results indicates the carbon epoxy exhibits 
better resistance to deformation and dynamic loading.  
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I. Introduction
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.  
Automobile chassis is usually made of light sheet metal or 
composite plastics. Automotive chassis or automobile chassis 
helps keep an automobile rigid, stiff and unbending, ensures low 
levels of noise, vibrations throughout the automobile. Karaoglu 
and Kuralay (2002) performed stress analysis on a truck chassis 
with riveted joints. They tried to reduces stresses by varying side 
member thickness, connection plate thickness and connection 
plate length. It was concluded that by increasing the side member 
thickness stresses could be reduced.
Rahman et al. (2008) presented stress analysis of heavy duty 
truck chassis by using ABAQUS finite element package. It was 
concluded that critical point of stresses were observed at the 
opening of chassis which were in contact with the bolt. Chinnaraj 
et al. (2008) performed the experimental analysis on a heavy truck 
chassis system. A quasi-static numerical simulation was performed 
with ANSYS finite element package and results were compared 
with experimental values.
Ingole and Bhope (2011) designed a modified form of tractor 
trailer chassis system for good transport in rural as well as urban 
areas. The induced stresses in the modified design were less when 
compared with existing design and modified design reduces the 
weight of the chassis. Muhammad Nor et al. (2012) performed 
stress analysis on an actual low loader structure with I-beam 
section. Maximum stresses and deformations occurred in the 
structure were evaluated using CATIA software and the results 
were compared with the analytical results. It was observed a very 
good agreement between both results.
Main objective is to conduct analysis of chassis system in ANSYS 
by considering three different sidebar thicknesses and also taking 
different materials into consideration. This work is done to measure 

the maximum stress and deformations developed in the chassis 
system and to compare the effectiveness of the each chassis system 
under various working conditions. As of now there is no complete 
analysis (i.e. static, dynamic and harmonic analysis) done on the 
chassis system to know the effect of static, dynamic, momentary 
and impact on the chassis system. Hence in this work we made an 
attempt to know the allowable stresses and maximum deformation 
at different locations under the various loading condition and 
comparative study made to among the various chassis systems.

II. Modelling
The chassis system 3D modelling is done by using Solidworks 
software and imported to ANSYS 14.5 and meshing is 
performed.

Fig. 1: Chassis Model Developed with Boundary Conditions

A. Various Loads Acting on the Chassis System 
Static loading. 1. 
Dynamic loading 2. 
Harmonic loading.3. 

The survival of the system without failure and weight of the 
structure are the important aspects for the chassis structure. 
To meet these requirements, it is essential to perform the static 
analysis under various thickness of the chassis frame. The various 
thicknesses are 4 mm, 5 mm and 6 mm, respectively. The static 
analysis is performed for Von-Mises stresses and deformation on 
various thicknesses and are shown in fig. 2 and 3.

Fig. 2: Von-Mises Stresses of 5 mm Thickness Crossbar
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Fig. 3: Deformations of 5 mm Thickness Crossbar

Table 1: Comparison of Von-Mises Stresses and Deformations 
Under Various Thicknesses
Thickness
in mm

Deformation
in mm

Von-Mises stress 
(minimum) Pa

Von-Mises Stress 
(maximum) Pa

4 8.016 47167 156.07 x106
5 6.852 49915 130.29 x106
6 5.052 52191 79.048 x106

Analytical method in finding bending stresses

Fig. 4: C-section Considered for Chassis Frame

Maximum bending moment calculated form the bending moment 
diagram is 1.23 x107 N-mm. To find out bending stresses induced 
we use the following equation [7] as we found out the bending 
moment.

     (1)

Where,  = Bending stress.

M = Calculated bending moment = 1.2252 x107 N-mm
y   = Extreme layer distance from the neutral axis 105 mm
I   = Moment of inertia around the neutral axis.

  (2)

H = 198 mm, B = 76 mm.
h and b values are varying from 4 mm, 5 mm and 6 mm. 

Table 2: Comparison of Von-Mises Stresses Analytically and 
Ansys Under Various Thicknesses

Applied load 
in N

Thicknesses
in mm

Stress developed N/
mm2 (Analytical)

Stress developed N/
mm2 (ANSYS)

117720 6 75.58096 79.048

117720 5 118.955 130.29

117720 4 146.34 156.09

As the stresses induced and deformations are comparatively 
moderate for 5mm thickness side bar C-cross section chassis we 
are considering a chassis with 5mm thickness.

III. Results and Discussion
Now a days many automotive and aerospace components are made 
of composite materials due to their high strength and low weight 
characteristics. Table 3 shows the specifications of chassis frame 
considered for the analysis

A. Static Stress Analysis of Various Materials
In this paper the chassis made of two different composite materials 
such as carbon and E-glass epoxy are considered for static analysis. 
Fig. 5 shows the von-Mises stresses on carbon epoxy crossbar. Fig. 
6 shows the deformation of carbon epoxy crossbar. Fig. 7 shows 
the von-Mises stresses on E-glass epoxy crossbar. Fig. 8 shows 
the deformation of E-glass epoxy crossbar. Table 4 indicates the 
comparison of von-Mises stresses and deformations of various 
materials. 

Table 3: Specifications of Chassis System Considered for 
Analysis
Type C channel ladder chassis
Dimensions of side cross beam 210 mm x 76mm x 5mm
Front overhang 935 mm
Rear overhang 1650 mm
Wheel base 3800 mm
Total length 6355 mm
Width 1700 mm
Capacity of the truck 78400 N
Weight of body and engine 19620 N
Net load 117720 N
Young’s modulus and density 200 MPa  and 7850 kg/ m3

Fig. 5: Von-Mises Stresses of Carbon Epoxy Crossbar
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Fig. 6: Deformations of Carbon Epoxy Crossbar

Fig. 7: Von-Mises Stresses of E-glass Crossbar

Fig. 8: Deformations of E-glass Crossbar

Table 4: Comparision of Stresses and Deformations Induced in 
Various Materials
Materials Stress induced N/ mm2 Deformation mm
Structural steel 130.29 6.852
Carbon Epoxy  127.52 8.402
E glass Epoxy 125.34 28.8046

Fig. 9: Von-Mises Stresses Induced in Carbon Epoxy Crossbar 
Under Dynamic Loading Condition

B. Dynamic Stress Analysis by Employing Hinges At Front 
and Rear Overhang
Dynamic stress analysis is performed on Carbon and E-glass 
epoxy crossbars and results are presented in fig. 9 to 12. Material 
properties of carbon and E-glass epoxy composite materials are 
considered form reference [11].

Fig. 10: Deformations of Carbon Epoxy Crossbar Under Dynamic 
Loading Condition

Fig. 11: Von-Mises Stresses Induced in E-glass Epoxy Crossbar 
Under Dynamic Loading Condition

Fig. 12: Deformations of E-glass Epoxy Crossbar Under Dynamic 
Loading Condition

C. Harmonic Analysis by Employing Hinges at Front and 
Rear Overhang
Harmonic analysis of carbon epoxy crossbar is presented in fig. 
13 and 14.

Fig. 13: Von-Mises Stresses of Carbon Epoxy Crossbar Under 
Harmonic Loading

Fig. 14: Deformations of Carbon Epoxy Crossbar During Harmonic 
Analysis
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IV. Conclusions
From the static analysis on chassis by varying the sidebar 1. 
thickness it is found that 5mm thickness sidebar chassis 
deforms less compared to 6mm and 4mm and also reduced 
vehicle weight with reduced stresses induced.
From the dynamic analysis of chassis system made of three 2. 
different materials it is observed that the E-glass epoxy material 
develops less stress and higher deformations compared with 
rest of two.
The chassis made of carbon epoxy material induces stresses 3. 
and deformations are in between the maximum and minimum 
values. This indicates reliability of material. 
Dynamic analysis proves that carbon epoxy material chassis 4. 
is the optimized system as its deformation is less than other 
two materials.
Harmonic analysis is done by considering cantilever end 5. 
support for chassis and found first mode shape
Hence it can be concluded that the more reliable and efficient 6. 
chassis material would be the carbon epoxy as the stresses 
induced and deformation is comparatively less.

V. Codes and Standards
The following standard have been used through the paper to 
conduct various analysis in ANSYS 14.5

ASTM A1031 / A1031M (Structural steel)• 
ASTM D3532 / D3532M (Carbon epoxy)• 
ASTM D578 / D578M (E glass epoxy)• 
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