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I. INTRODUCTION 

 
Automotive industry is one of the major industries 

around the globe [1]. Chassis is a central part of 

automotive vehicle and it carry the load of 

components such as engine, gearbox, clutch, fuel 

tank etc. These loads include the weight of each 

component. Therefore, chassis should be rigid 

enough to absorb the shock, twist, vibration and 

other stresses. Bending and torsional stresses are the 

main design consideration for the chassis apart from 

this it has better handling characteristics [2]. 

Therefore, the chassis must provide the strength 

needed for supporting the components to keep the 

ride safe. Chassis is the skeleton of vehicle, and it is 

the load carrying structure, so it has to be designed 

[3]. 

 

One of the major challenges is of designing of the 

chassis. Design of chassis is begins with analysis of 

load cases [1]. There are four loads acting on chassis 

to be consider namely: (1) bending loads (2) torsion 

loading (3) combine bending and torsion loading (4) 

lateral loading (5) inertia forces when vehicle 

accelerates and deaccelerates. These loads are 

important considerations in design of chassis 

because of ride safety and comfort of passengers. 

The magnitude of stress arises from these loads can 

be used to predict the performance of chassis.  

Automotive chassis is made of a steel frame, 

aluminum or composite [4].Due to recent  

 

 

 

 

 

 

 

 

Advancement in composites, lightweight composites 

material like carbon fiber, epoxy glasses etc. are 

used. As they are light in weight and better strength 

as compared to conventional steel used in chassis 

frame [2]. In conventional frame, two long side 

members and 5 to 6 cross members joined together 

by riveted joints. In integral frame all units of vehicle 

are attached to body which are mostly used in light 

commercial vehicles and in semi-integral frame half 

part is fixed to engine and suspension system [5]. 

Various section of cross-members is used in chassis 

for instance I and C-section are used mostly for 

cross-members as they provide better resistance 

towards bending and torsional loading. 

 

Many researchers have done optimization related 

works. There is always a new challenge in designing 

of a new product such as load sustainability, 

occupied minimum space, light weight and off 

course cost is low. In such cases it is difficult to 

predict the optimize design. Many design engineers 

use optimization methods to get the optimized 

design [6]. 
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Nowadays automotive engineers are more interested 

in reducing the weight of chassis without 

compromising its performance. Apart from this many 

scholars have done the optimization of chassis. For 

instance, Cavazzuti et. al. [7] optimized the design of 

chassis. Sobieski et al. [8] have done the optimsation 

of chassis using bending and torsion loading as a 

constraint. Sklad [9] addressed the optimsation of 

chassis towards light weight. Sethupathi et al. [10] 

have done the optimsation of FSAE chassis using 

FEA. 

 

Yasar and Bircan [11] studied the effect of design 

parameters on chassis of car. Design was analyzed by 

using FEA tools with three materials namely 

aluminum alloy, magnesium alloy and carbon fiber. 

Further, design optimization was carried out by using 

Taguchi methodology. Paramar and Morabiya [12] 

analyzed the stress distribution of truck frame. 

Results indicate that stress intensity is minimum in “I” 

section than “C” section. 

 

Accordingly, in this study design analysis and shape 

optimization of ladder chassis frame is analyzed. 

Static analysis will be performed on ladder chassis 

frame to find out the stress, strain and displacement 

in a ladder chassis due to acting loads. SolidWorks 

software will be used for the modelling of ladder 

chassis frame and ANSYS will be used for the static 

analysis of ladder chassis fame. Coming to shape 

optimization, the cross-section of cross-members will 

be changed accordingly C, T & I and tested for the 

same. 

II.RESEARCH METHOD 
 

Research methodology regarding the completion of 

present work is completed in four steps which are as 

follows: 

Step 1: Theoretical analysis 

In this step, ladder frame is considered as 

overhanging beam with roller supports associated 

with front and rear wheels. Total load acting on 

chassis is calculated by sum of weight of the engine 

and body. The total load acting on chassis is 

considered as uniformly distributed load (UDL). With 

the theoretical concept, shear forces, reaction forces 

and bending moment are calculated. 

 

Step 2: Creating 3D model 

The three-dimensional model of the chassis is 

created in SOLIDWORKS and then imported to 

ANSYS 16 for FEM analysis. 

Step 3: Finite element analysis 

It involved three steps- pre-processing, solution and 

post-processing. In pre-processing, geometric 

domain of the problem defines, element type to be 

used, material properties, boundary conditions and 

loading. The next step is the solution. In this step, the 

governing algebraic equations in matrix form and the 

unknown values of the primary field variable(s) are 

assembled. The computed results are then used by 

back substitution to determine additional, derived 

variables, such as reaction forces, element stresses, 

and heat flow. 

 

In post-processing, the analysis and evaluation of the 

result are conducted. Examples of operations that 

can be accomplished include sort element stresses in 

order of magnitude, check equilibrium, calculate 

factors of safety, plot deformed structural shape, 

animate dynamic model behavior, and produce 

color-coded temperature plots [17]. 

 

Step 4: Shape optimization technique 

Coming to the shape optimization technique. It will 

be done only of the transverse members. 

 Change the cross-section (C, T & I) 

 

III.GEOMETRY OF CHASSIS 

 
The geometry of chassis is adopted from Jembere et 

al. (2021). Further, SOLIDWORKS 2016 is used for 3D 

modelling of chassis. 

 

Table 1: Shows the specification of existing Truck 

chassis 

 

 
 

1. Chassis Material 

To achieve light weight construction, chassis is built 

with carbon steel and aluminum alloys [17]. However, 

in this study advance high speed steel and carbon 
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fiber is selected for analysis and optimization of 

chassis. 

 

2. Finite Element Analysis Of Chassis 

The CAD model of ladder chassis which is designed 

in SOLIDWORKS 2016 software is used to perform 

FEA. The CAD model is simplified for further steps by 

removing the fillets and holes which are unnecessary. 

Thus, the computational time required for solving 

the model is slightly decreased. 

 

3. Model Description 

The chassis CAD model which is simplified is 

imported into ANSYS to carry out the FEA. Once the 

model is imported, it must be set-up for solving. This 

includes meshing, assigning material properties, 

boundary conditions, and loading conditions. 

Imported CAD model consists of two longitudinal 

rails and 7 cross-members. As discussed before in 

Design Methodology, cross-members are the 

supporting members for the components to be 

mounted on to the chassis and to provide stiffness. 

Chassis should have flexibility for better movement 

on uneven roads. Initially, the torsion stiffness 

analysis has been conducted. So, for resisting the 

torsion, 7 tubular cross-members are placed. These 

tubular cross-members have resistance to the torsion 

movement.  

 

A stamped pressed cross-member is placed at the 

bottom of the front end. This would provide support 

formounting any component. Instead of the tubular 

cross-member, usually, manufacturers use the 

channel sectioned cross-member for the rear end. 

Thus, a channel cross-member is placed at the rear 

end. These channel crossmember have resistance to 

bending movement. It is easier to modify the channel 

section cross-member rather than the tubular section 

cross-member [19]. 

 

Meshing 

Meshing is an operation where the FE-model is 

divided into small, structured elements. The meshing 

of chassis is done effectively because the quality of 

the mesh is directly proportional to the final result of 

FEA. Quality parameters like warpage, aspect ratio 

and skew ratio are maintained to obtain accurate 

mesh. When one of the dimensions i.e., when the 

thickness is relatively smaller than the other two 

dimensions like length and width then, shell mesh 

can beused. A mid surface is generated to the entire 

model. This generated midsurface is extracted, and 

thickness is assigned to the surface. This would help 

to decrease the number of elements and keeps the 

mesh in good quality [19].„Auto Mesh‟ tool in ANSYS 

is used for generating the mesh. The element size of 

the mesh is given as 10mm. 

 

IV. FEM RESULTS 

 
FEM analysis has been performed on CAD model of 

C-section chassis frame with I, Tsection of cross-

members and results are discussed based on stress, 

strain and deformation. 

 

1. Deformation 

Static structural analysis has been performed on 

ladder chassis frame in advance high-strength steel 

with different shapes of cross members. The contour 

plots of deformation are shown in Fig. 1-3. 

 

 
 

Fig. 1: Deformation plots of ladder chassis in advance 

high-strength steel with C-section. 

 

 
 

Fig. 2: Deformation plots of ladder chassis in advance 

high-strength steel with I-section. 
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In fig. 1, it is observed that max. deformation is 

0.0218 mm in case of ladder chassis with C-section 

but when the shape of cross-member is changed 

from C- section to I-section, deformation is increased 

to 0.0238 mm as shown in fig. 2. 

 

 
 

Fig. 3: Deformation plots of ladder chassis in advance 

high-strength steel with T-section. 

 

In fig. 3, it is observed that max. deformation is 0.122 

mm in case of ladder chassis with T-section but when 

the shape of cross-member is changed from T- 

section to box-section, deformation is decreased to 

0.0239 mm as shown in fig. 4. Therefore, it is 

concluded that max. deformation is found in ladder 

chassis withT-section and min. deformation is found 

in ladder chassis with C-section. Static structural 

analysis has been performed on ladder chassis frame 

in carbon epoxy composite material with different 

shapes of cross members.  

 

 
 

Fig. 4: Deformation plots of ladder chassis in CFRP 

with C-section. 

 

In fig. 4, it is observed that max. deformation is 28.92 

mm in case of ladder chassis with C-section but 

when the shape of cross-member is changed from C- 

section to I-section, deformation is increased to 

86.62 mm as shown in fig. 5. 

 

 
Fig. 5: Deformation plots of ladder chassis in CFRP 

with I-section 

 
 

Fig. 6: Deformation plots of ladder chassis in CFRP 

with T-section 

 

In fig. 6, it is observed that max. deformation is 

108.34 mm in case of ladder chassis with T-section. 

Therefore, it is concluded that max. deformation is 

found in ladder chassis with T-section and min. 

deformation is found in ladder chassis with C-

section. 

2. Stress 

Static structural analysis has been performed on 

ladder chassis frame in advance high-strength steel 
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with different shapes of cross members. The contour 

plots of stress are shown in Fig. 7-9. 

 

 
Fig. 7: Stress plots of ladder chassis in advance high-

strength steel with C-section. 

 

 
 

Fig. 8: Stress plots of ladder chassis in advance high-

strength steel with I-section. 

 

 
 

Fig. 9: Stress plots of ladder chassis in advance high-

strength steel with T-section. 

In case of ladder chassis with C-section stress 

obtained as 133.49 MPa, in case of ladder chassis 

with I-section stress obtained as 1282 MPa, in case of 

ladder chassis with T-section stress obtained as 

593.15 MPa.  

 

 
 

Fig. 10: Stress plots of ladder chassis in CFRPwithC-

section 

 

 
 

Fig. 11: Stress plots of ladder chassis in CFRP with I-

section. 

 

 
 

Fig. 12: Stress plots of ladder chassis in CFRPwith I-

section. 
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Fig. 13: Stress plots of design modification in rear 

end. 

 

V.CONCLUSION 
 

In this study, design analysis and shape optimization 

of ladder chassis frame is performed. Static analysis 

is performed on ladder chassis frame to find out the 

stress, strain and displacement in a ladder chassis 

due to acting loads. SolidWorks software is used for 

the modelling of ladder chassis frame and ANSYS is 

used for the static analysis of ladder chassis fame. 

Coming to shape optimization, the cross-section of 

cross-members will be changed accordingly C, T & I 

and tested for the same. Advance high-speed steel 

and CFRP is considered and tested for performance. 

Following conclusion are summarized as follows: 

1.Deformation is minimum in ladder chassis with C- 

section and maximum in ladder chassis with T- 

section. 

1. Stress is maximum in ladder chassis with T- section 

and minimum in in ladder chassis with C- section. 

2. So with regard to different cross-section of cross-

member in ladder chassis, C- section is suitable for 

trucks. 

3. By modifying design in rear end, stress achieved is 

50.79 MPa. 
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