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Introduction
As the bones of a car, the 
importance of the chassis is self-
evident. In order to improve the 
overall performance, the major 
project will be divided into several 
parts to analyze the chassis, 
including

- Dimensional measurement

- Draw three-dimensional models in        
Solidworks 2019

- Read literature references which 
are helpful for the design

- Undertake FEA to quantify 
improvement
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Project Aims
With a rapid development of 
computer technology and calculation 
methods, the FEA becomes more 
and more popular in automotive 
engineering. Based on physical 
tests, this project will find out how 
FEA simulations help to improve the 
chassis by:

- Lighter and lower CG

- Stronger

- Stiffer in bending and torsion

- Cheaper to manufacture

Methodology
The data of the FEA model was 
measured from the real chassis in 
workshop. Due to the limitations of 
computer performance, a simplified 
model was finally applied for the 
finite element analysis:

Results
The modal analysis showed that with 
the same cross-sectional area and 
external tube dimension, both square 
tube and round tube had a similar 
inherent frequency. The bigger tube 
external dimension and larger wall 
thickness had higher frequency.

For the displacement results, the 
smaller tube external dimension and 
wall thickness would lead to bigger 
displacement. In addition, round tube 
always had smaller deformation than 
square tube, which meant that round 
tube had bigger torsional stiffness. 
The result of twist angle also showed 
the same conclusion.

More than that, the displacement and 
twist angle results of physical test 
and finite element analysis had been 
compared, which showed the same 
variation trend.

Conclusions
During the project, in order to explore 
the best chassis tube size, different 
external dimensions, tube shapes 
and cross-sectional areas were tried 
separately. 

Based on this model, 5 other models 
with different tube sizes have been 
made then:

- Group 1: Square tubes, 30mm 
external diameter, 4mm thickness;

- Group 2: Square tubes, 36mm 
external diameter, 7mm thickness;

- Group 3: Square tubes, 36mm 
external diameter, 3.2mm thickness;

- Group 4: Round tubes, 30mm 
external diameter, 5.4mm thickness;

- Group 5: Round tubes, 36mm 
external diameter, 8.4mm thickness;

- Group 6: Round tubes, 36mm 
external diameter, 4.2mm thickness.

The FEA simulation included modal 
analysis, stress and displacement. 
Besides, twist angle was calculated 
by the deformation of tubes. Physical 
tests about displacement and twist 
angle were done on the real chassis 
as well, and they showed a high 
correlation to the FEA results. 

Take displacement as an example, due to the different 
structure and metal fatigue, the real chassis had a 
deformation much more than the FEA model. But both of 
the results had the maximum value at the 4th measuring 
point, which showed a strong correlation.

Here is the simplified model of the FEA simulation. It can 
be seen that the main structures have a high similarity as 
the original chassis .

The twist angle diagram showed that round tube with big 
wall thickness had the biggest torsional stiffness. 

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

Torsional Stiffness F D E C A B

Weight A C A B D B

Cost A B A C D C

The table below showed scores about torsional stiffness, 
weight and cost of each group. The letters A to F indicate 
different levels (from good to bad)

Considering that the cockpit requires 
higher torsional stiffness, the tube 
size of Group 6 will be applied to this 
area. For cost and impact energy 
absorption considerations, the tube 
size in Group 3 will be used for the 
front and rear parts of the final frame.
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