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Abstract— The automobile industries R&D team are 

continuously working on design optimization to improve the 

performance of the components, to reduce the cost of the 

product, improves its accessibility etc. without compromising 

in the safety, strength and its desired performance. The major 

sub systems of automobiles are Body in White (BIW), 

Chassis, power train, Seating assembly, Suspension systems, 

Hood, Doors and closures. For the commercial pickup trucks, 

the chassis are the main system on which body, closures, 

power train, suspension system and braking system etc. are 

mounted. In our project work we considered chassis system 

for the strength assessment. Under the light of performance 

assessment and weight optimization, the current thesis is 

concentrated on strength evaluation and weight optimization 

of chassis system. From the analysis it is clear that, baseline 

design doesn’t meet the design specifications for one 

durability load case and does meet for rest all load cases and 

also indicates that there is a scope for weight optimization to 

reduce the weight. Design iteration is carried out to make the 

design pass for all durability load cases and also weight 

reduction of ~ 6% is achieved with the design iteration model. 
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I. INTRODUCTION 

Chassis is the main subsystem of the vehicle. A vehicle 

without body is called chassis. The other sub systems of 

vehicle like engines, steering system, transmission system, 

suspension system, braking system and wheels etc. is 

mounted on the chassis. Chassis is main unit for all the sub 

systems including body in white. Chassis is also called as 

carrying unit.  The chassis are designed to support the weight 

of the body and absorb all the loads are generated from 

engines, steering system, passenger’s weight and road profile 

etc. 

 The chassis is mainly consists of long side members, 

cross members and gusset plates. The long side members are 

heaviest part and are shaped to support the body and other sub 

systems weight. The cross members are fixed to side 

members to prevent twisting, lateral bending of the chassis. 

 The gusset plates are the additional reinforcement 

for the cross and side members. The general requirements of 

chassis are, it should be light, should have minimum number 

of components, should withstand vibrations, easy to 

manufacture and should have long fatigue life. 

 
Fig. 1: Chassis 

The various loads are acting the frame during the vehicle 

operations are, 

 Short duration load – loads due to pot holes, broken 

patches etc. 

 Momentary duration load – load during taking a curve. 

 Impact loads – load due to the collision of the vehicle. 

 Static load- load due to chassis parts 

 Inertia load – load during brake applications 

 Over load –beyond design capacity. 

 The material selection is the most important task in 

the design of chassis system. The overall weight reduction 

leads to better fuel economy and better performance. The 

conventional chassis material is steel. The advancement in the 

material technology makes use of aluminium for the chassis 

due to its high strength to weight ratio for the same strength 

criteria. The aluminium is about 3 times lighter than steel per 

unit volume. Also the yield and ultimate strength of alloys is 

much better than steel material. Due to cost effectiveness not 

all cars are made from aluminium. The aluminium chassis are 

more costly compare to steel. 

II. METHODOLOGY 

The FE model is generated using meshing software 

Hypermesh V14.0. The 2D shell mesh is used for FE 

modelling of all jeep components. The spot weld connection 

between panels is modelled as DCOUP-HEXA-DCOUP 

element configuration. The connections between the plates 

are modelled using KINCOUP elements. The bolts between 

two hinges are modelled using KINCOUP-BEAM-

KINCOUP configuration. The hinge pin rotation is modelled 

using BEAM element with Pin flag option for beam element. 

1) Assumptions Made in FE Analysis 

The following assumptions we made to perform the static 

structural analysis. 

1) The each passenger weight is considered as ~ 75 Kg, 

hence total passengers weight is 300 Kg (4 members). 

2) Low stiffness material such as rubbers, seals is not 

modelled in FE model. 

3) Suspension system (i.e wheels, lower control arm, 

springs) are not considered for the analysis (because our 

area of interest in chassis and body). 

4) The appropriate element size and element types are 

considered as per the automotive standards). 

5) The components which are not adding stiffness to the 

structure such as glass rail seals, suspension systems are 

not considered in the analysis. 

The following load cases were analysed for jeep model, 

1) Vehicle towing load 

2) Vehicle static strength due to abusing load 

III. STRENGTH ANALYSIS OF JEEP CHASSIS 

The nonlinear static analysis is carried out on jeep to evaluate 

the structural strength for durability load cases. The material 
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and contact non linearity effects are considered in this 

analysis. 

A. Base Line Model Analysis 

1) Towing Load 

The vehicle towing load analysis is carried out on full vehicle 

to evaluate the stresses and displacement induced in the 

chassis and bumper region during towing operations. The 

towing load of 11345 N is applied at bumper region. 

 
Fig. 2: Displacement Contour 

 The maximum displacement in the jeep assembly is 

6.56 mm. The induced displacement is more than the 

acceptance value of 6.0 mm and hence design does not meet 

the target values for towing load case. 

 
Fig. 3: Von-Misses Stress Contour 

The maximum von-Mises stress induced in the model is 61 

MPa in chassis at suspension mounting bracket is shown in 

figure xx. The stresses induced in the jeep components is 

below the yield strength of the respective materials and hence 

design does meet the stress criteria. 

2) Abuse Load Analysis 

The abuse load analysis is carried on jeep to find the stresses 

and displacement induced in the body and chassis for the 

abusive loads. The abusive load of 90762 N is applied at 

suspension mount in vertical (Y) and fore aft (X) directions. 

 
Fig. 4: Displacement Contour 

The maximum displacement induced in the model is 6.81 mm 

at hood region. 

 
Fig. 5: Von-Misses Stress Contour 

 From the results, it is observed that the jeep 

assembly design is satisfying the design requirements for all 

durability load cases except the towing load cases. Also 

observed that, the maximum stress is observed at the body 

floor panel rear seat mounting regions. Since the stress is 

meeting the stress criteria, there is a scope for design 

optimization to reduce the weight of the jeep assembly. Under 

the light of design optimization, topography and gauge 

thickness change design iteration is carried out to reduce the 

weight of the jeep vehicle. 

3) Iteration Model Analysis 

The design iteration is carried out on body floor panel, chassis 

and front bumper to reduce the overall weight of the vehicle 

and to improve the performance of the jeep vehicle. 

 The topography optimization i.e beads are added at 

the body floor panel of dimensions 50*10 mm and the added 

beads on floor panel is shown in figure xx. 

 
Fig. 6: Beads Are Added At Rear Seat Mount Region 

 The towing load does not meet the displacement 

criteria, to reduce the displacement at bumper free end due to 

towing loads, two guests of thickness 4mm is added as 

reinforcement in the C channel is shown in figure xx. The 

same changes are implemented at all 4 locations ie. Front and 

read both left and right sides. 

 
Fig. 7: Gussets Were Added At Bumper Region 
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4) Towing Load 

 
Fig. 8: Displacement Contour 

The maximum displacement in the jeep assembly is 5.83 mm. 

The induced displacement is less than the acceptance value of 

6.0 mm and hence design changes does meets the target 

values for towing load case. 

 
Fig. 9: Von-Misses Stress Contour 

 The maximum von-Mises stress induced in the 

model is 48.45 MPa in chassis at suspension mounting 

bracket is shown in figure xx. The stresses induced in the jeep 

components is below the yield strength of the respective 

materials and hence design does meet the stress criteria. 

5) Abuse Load Analysis 

 
Fig. 10: Displacement Contour 

The maximum displacement in the vehicle is 7.06mm. 

 
Fig. 11: Von-Misses Stress Contour 

 The maximum stress observed in the full vehicle is 

240 MPa in body at beads fillet and is less than the yield 

strength of 244 MPa. Hence the design changes made on body 

floor panel is satisfying the stress requirements. 

B. Summary 

The stresses and displacement induced in the model for all 

design iterations are listed in table 2. 

Load Case No Load Cases 

Body Chassis 

von-Misses Stress (MPa) von-Misses Stress (MPa) 

Baseline Iteration Baseline Iteration 

1 Towing Load 61.00 48.45 50.55 48.25 

2 Abuse Load 129.23 142.42 213.42 240.41 

Table 1: Stress Comparison between Baseline & Iteration Model 

Load Case 

No 
Load Cases 

Displacement in Vehicle 

(mm) 

Displacement in Body 

(mm) 

Displacement in Chassis 

(mm) 

Baseline Iteration Baseline Iteration Baseline Iteration 

1 
Towing 

Load 
6.50 5.83 5.56 4.94 5.56 5.83 

2 Abuse Load 6.81 7.06 4.60 6.34 5.04 5.97 

Table 2: Displacement Comparison between Baseline and Iteration model

 
Fig. 12:  Von-Misses Stress for Towing Load Case 

 
 

Fig. 13:  Von-Misses Stress for Abuse Load Case 
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 The figure 13 shows von-Misses stress induced in 

the chassis, body, hood and door components. The maximum 

displacement in the baseline model is more than the target 

value of 6.0mm, design doesn’t meet the target value and 

hence design optimization is carried out to reduce the 

displacement values. The maximum displacement in the 

iteration model does meet the target value. The induced stress 

in the components is below the yield limit of the respective 

material for both designs. 

IV. CONCLUSION & FUTURE SCOPE 

A. Conclusion 

The following conclusions are made from the FE analysis 

results 

1) The baseline design doesn’t meet the displacement 

criteria for towing load. 

2) The stresses induced in the chassis, body, hood and door 

components are well below the yield strength of the 

respective material. 

3) From base line results, it is clear that there is a scope for 

weight optimization to improve the overall performance 

of the vehicle. 

4) Iteration design does meet the target for towing load 

case. 

5) The total weight of jeep assembly is reduced by 100 kg; 

from 1573 kg to 1473 kg, ~ by 6%. 

6) The displacement in the iteration model increased by 

~10% compare to base line design. 

7) The von-Misses stress in the iteration model is increased 

by ~8% compare to base line design. 

B. Scope of Future Work 

1) The Dynamic Analysis should be carried out for iteration 

model to evaluate the dynamic behavior of the jeep full 

vehicle. 

2) The detailed closure analysis like door, hood and tailgate 

should be carried out. 
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