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Abstract

Given the increasing demand for electric vehicles, optimizing their structural design is a key engineering challenge.
In this research, with the aim of achieving an optimal design for the body structure of an L6e class electric vehicle,
the Multi-Objective Particle Swarm Optimization (MOPSO) algorithm has been utilized. In this optimization
problem, the main objective is to increase the torsional and bending stiffness of the vehicle's body structure. The
dimensions of the structural beams were considered as design variables. Since the complete body structure model in
Catia was not suitable for optimization due to the multiplicity of design variables, especially in connections, a
simplified model was first created in Abaqus software. This model was constructed using beam elements and rigid
connections to facilitate the optimization process. To validate the reliability of the simplified model, torsion and
bending tests were performed on both the simplified Abaqus model and the complete Catia model, showing that the
difference in stiffness was less than 4%. This result fully confirmed the reliability of the simplified model for use in
the optimization process. Finally, Abaqus scripting capability allowed for the parameterization of profile dimensions,
which enabled the automatic link of the model to the MOPSO optimization code in MATLAB and the generation of
new structures. The results of this research showed that by utilizing MOPSO multi-objective optimization, a
significant simultaneous increase in the torsional stiffness (32.10%) and bending stiffness (33.79%) of the structure
could be achieved, compared to the initial model before optimization.

Keywords: Multi-Objective Particle Swarm Optimization, Simplified model, Torsional stiffness, Bending stiffness.

1. Introduction

Due to environmental concerns, four-wheeled electric
vehicles have been welcomed as a green and efficient
alternative to fossil fuel-powered cars [1]. The stiffness
of the vehicle body, as a fundamental characteristic,
directly impacts handling and occupant comfort [2].
Full finite element modeling is not suitable for early-
stage design and optimization due to the multiplicity of
design variables; hence the use of simplified models is
common [3].

In previous research, simplified models were
utilized by replacing structural members with beam
elements [4, 5] and modeling joints with thin elastic
layers [6]. Furthermore, multi objective optimization
algorithms like MOPSO [7, 8] and NSGA-II [9] have
been employed to optimize vehicle structures.

In this study, with the aim of simultaneously
increasing the torsional and bending stiffness of an L6e-
class electric vehicle body, the Multi-Objective Particle
Swarm Optimization (MOPSO) algorithm was used.
First, a simplified model of the body was created with
beam elements in Abaqus software and validated by

comparing its results with a full Catia model, showing
a stiffness difference of less than 4%. The main
innovation of this research lies in creating an automated
optimization loop that connects the Abaqus model to
the MOPSO code in MATLAB via scripting. The
results showed that this approach could increase the
torsional and bending stiffness by 32.10% and 33.79%,
respectively, which demonstrates the effectiveness of
this method.

2. Methodology

The EQ10 is a four-wheeled electric vehicle in the L6e
class. It's being developed in the Vehicle Optimal
Design and Simulation Lab at the Iran University of
Science and Technology, as shown in Figure 1.

To evaluate the performance of the body structure,
a full finite element model was created in CATIA and
then meshed in Hypermesh. Through mesh
convergence studies, an optimal element size of 10 mm
was determined. The number of elements and nodes for
this mesh size are presented in Table 1.
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Figure 1. (a) EQ10 vehicle (b) EQ10 body
structure

Table 1. The number of elements and nodes of
the model with optimal mesh.

Mesh size (mm) Number of Number of
elements nodes
10 82670 84822

RBE?2 elements were used to simulate the behavior
of  connections  between different  structural
components. After creating the geometric model in
CATIA, the torsional and bending loads were applied
in Abaqus.

In the torsional test, a torque of 3000 Nm was
applied to the front suspension system, while in the
bending test, a force of 2000 N was applied to the
vehicle's rocker panels. The displacement of the body
structure along the Z-axis after these two tests is shown
in Figure 2.
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Figure 2. Z-axis displacement (in mm) for the (A)
torsional and (B) bending tests.

To eliminate local effects at the load application and
support points, correction formulas (1) to (4) for
bending and (5) to (8) for torsion were used. After
correcting the displacements and angles, the bending
stiffness was calculated as 6030.253 N/mm, and the
torsional stiffness was 5358.128 Nm/degree.
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To accelerate the optimization process, a simplified
model of the structure was fully created in Abaqus. This
model was then validated by comparing its bending and
torsional stiffnesses with the full model's results,
showing an acceptable difference of 2.78% and 2.12%,
respectively.

3. Results and Discussion

In this study, the multi-objective optimization of the
EQ10 vehicle's body structure was investigated using
the MOPSO algorithm. The goal was to simultaneously
maximize both torsional and bending stiffness. The
dimensions of the cross-sections of 10 unique beams—
including width, height, and thickness—were
considered as 30 design variables. A specific range of
variation was defined for each variable: width and
height from 30 to 60 mm, and thickness from 1 to 2 mm.
The MOPSO algorithm successfully generated a
diverse set of optimal designs, each of which lies on a
point of the Pareto front. This set is called the Pareto
front, where improving one objective comes at the cost
of decreasing another. In this study, 14 optimal
solutions were identified and are shown in Figure 3.
To select the best design, three representative
designs were chosen: Design A (highest torsional
stiffness), Design B (highest bending stiffness), and
Design C (the optimal design using the TOPSIS
method). In the TOPSIS method, due to the greater
importance of torsional stiffness for vehicle stability, a
weight of 0.9 was assigned to it, and a weight of 0.1
was assigned to bending stiffness. The exact
dimensions of each design are provided in Table 2.
The final optimization results showed that the
torsional stiffness of the structure increased by up to
32.10% and its bending stiffness increased by up to
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33.79% compared to the initial pre-optimization model.

Table 1. The number of elements and nodes of
the model with optimal mesh.

Design variables Plan A,C Plan B
1 16 18
wi 56 42
h 45 58
2 17 14
w2 52 44
h2 48 50
3 14 18
w3 39 43
h3 51 49
4 15 17
w4 47 52
ha 51 50
5 13 16
W5 43 47
hs 58 60
6 16 15
W6 52 46
h6 57 56
17 18 16
w7 48 59
h7 51 43
8 14 1.9
w8 53 44
hg 50 56
9 17 18
w9 55 54
ho 46 48
110 18 15
w10 43 52
h10 57 59

Egﬁﬁgﬁ' 7251252 7219.563
Eﬁggzg 8216.835 8250.132

4. Conclusions

This study presents an efficient method for the multi-
objective optimization of the EQ10 electric vehicle's
body structure. By using a simplified model, the
computational load was significantly reduced, and the
validation of this model with the full model confirmed
its accuracy.

The use of the MOPSO algorithm led to a notable
and simultaneous improvement in both the torsional
and bending stiffness of the structure. This approach
paves the way for designing the next generation of
electric vehicles with lighter and more robust frames,
which can significantly help increase their range and
safety.
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