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Abstract— This study presents the structural design and
analysis of a chassis for a compact electric vehicle using the Finite
Element Method (FEM). The chassis was modeled in Autodesk
Inventor and evaluated through static simulations in ANSYS under
Sfour scenarios: full load with all wheels on the ground, asymmetric
loading with one front wheel suspended, one rear wheel suspended,
and emergency braking. Results show that under full load, the
maximum displacement was 0.575 mm, indicating high stiffness.
The most critical deformation occurred with a suspended front
wheel, reaching 3.2336 mm, while emergency braking generated
the peak stress of 136.04 MPa, remaining well below the yield
strength of structural steel. These findings confirm that even under
extreme conditions, the chassis operates within the elastic range.
Material comparison revealed distinct behaviors. Structural steel
and Q345 exhibited similar stiffness and strength, limiting
displacement to 3.2336 mm under torsional load and maintaining
stresses of 136 MPa during braking. Aluminum, in contrast,
offered significant weight reduction but showed greater flexibility,
with displacements up to 9.84139 mm and stresses limited to 44.699
MPa, suggesting its viability only with geometric reinforcement.
Overall, the proposed chassis design meets safety and performance
requirements across all scenarios. The study also identifies
improvement opportunities through localized reinforcement and
geometric optimization—such as increasing thickness in high-
stress regions or replacing rectangular profiles with circular
sections without significantly increasing weight. These results
provide a foundation for future optimization and dynamic analysis,
supporting the development of lightweight, efficient, and
structurally robust electric vehicle platforms.
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I. INTRODUCTION

The structural design of a vehicle chassis represents a
central challenge in modern engineering, particularly in
applications requiring an optimal balance between stiffness,
mechanical strength, and weight efficiency. These factors are
crucial for improving performance, safety, and energy
efficiency in electric vehicles and lightweight transportation
platforms [14],[18]. In this context, the Finite Element Method
(FEM) has become an essential tool for predicting structural
behavior under static and dynamic loads prior to fabrication
[1],[16], enabling the identification of critical stress regions
and supporting more informed design decisions[19]. Several
studies have demonstrated that topological optimization,
dynamic analysis, and advanced structural evaluation can
significantly enhance the configuration and robustness of
chassis structures, contributing to more efficient use of
materials such as steel and fiber-reinforced composites

[9],[11],[12]. These advancements have also improved
understanding of vibration, fatigue behavior, and torsional
stiffness, which are key factors influencing chassis
performance under real operating conditions [15],[20].
Furthermore, research in industrial and agricultural vehicles
highlights the relevance of analyzing multiaxial loading,
impact conditions, and irregular terrain, all of which impose
complex demands on the structural system [3],[7]. The
integration of CAD modeling with FEM simulations has
enhanced the accuracy and efficiency of the chassis design
process, enabling the development of lighter structures
without compromising safety [2],[10]. Recent studies
emphasize that the combined optimization of geometry,
material, and structural performance leads to highly efficient
chassis capable of withstanding extreme loading scenarios
with reduced mass [9],[20]. Based on this context, the present
work conducts a structural assessment of a steel chassis
through linear static simulations under various load conditions
to evaluate stiffness, stress distribution, and opportunities for
design improvement.

II. METHODS

ESTABLISHMENT OF THE STRUCTURAL MODEL OF THE
CHASSIS

In this study, the structural chassis of a light four-wheeled
vehicle is analyzed to evaluate its mechanical behavior using
the finite element method [18]. Based on established design
criteria, the main dimensions of the model were defined as
shown in Table I: 2150 mm in length, 1450 mm in width, and
320 mm in height. The chassis consists of a welded tubular
structure constructed with 50 mm X 30 mm x 5 mm
rectangular profiles, configured in a spatial arrangement that
provides adequate torsional rigidity and bending strength.
During the geometric modeling process, reasonable
simplifications were applied to optimize the calculations and
reduce the complexity of the analysis. Details such as weld
points, fillets, mounting holes, and chamfers were not
considered; these were replaced by straight joints and flat
surfaces, maintaining the structural representativeness of the
model without compromising the accuracy of the results.
Following this procedure, the three-dimensional model of the
chassis was generated in the INVENTOR software, as shown
in Figure 1, resulting in a structure with an approximate
weight of 50 kg. The material selected for the chassis is
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structural steel, chosen for its high strength-to-weight ratio,
good machinability, and corrosion resistance [14]. The model
was also analyzed in ANSYS, where the mesh was generated
using solid tetrahedral elements. mesh convergence check was
performed to ensure that the numerical results were not
dependent on element size. The selected mesh provided a
balance between computational efficiency and accuracy.
Boundary conditions were defined by fixing the wheel contact
regions and applying distributed loads based on component
weights and inertial factors.

The chassis is considered to be subjected primarily to
loads from its own weight, the propulsion system, the
batteries, the suspension assembly, and the occupants. The
mass values corresponding to each of these components are
presented in Table II.

TABLE I

MAIN VEHICLE PARAMETERS
Chassis dimensions 2150 x 1450 x 320 mm
Dimensions of
rectangular tubes 30x30 x5 mm
Maximum battery life 300 km
Number of seats 2
Maximum speed 80 km/h

Fig. 1 General chassis structure.

TABLE I
PARAMETERS OF EACH COMPONENT

Name Component weights Amount
(kg)
Electric machine 40 1
Battery pack 30 3
Suspension 30 4
Passengers 70 2

III. RESULTS

ANALYSIS OF CHASSIS STRESSES AND DEFORMATIONS

A. Static analysis of the chassis under full load condition

Under a fully loaded condition with all four wheels in
contact with the ground, the main loads acting on the chassis
structure come from the weight of the frame itself, the weight
of mounted components such as the propulsion system,
batteries, and suspension, as well as the total weight of the
occupants. These loads were applied in a distributed manner
over the corresponding areas of the model. The deformation
diagram in Figure 2 shows that, under full load, the maximum
chassis displacement is approximately 0.5754 mm, located in
the rear of the structure, specifically in the beams supporting
the components. Towards the front and center of the frame,
the deformation gradually decreases, becoming negligible at
the ends. The obtained value is well below the allowable
deformation of the material; therefore, the structural rigidity of
the chassis meets the established requirements.

Based on the equivalent stress diagram shown in Figure 3,
a maximum value of approximately 45.099 MPa is reached,
which is significantly lower than the material's yield strength.
Therefore, the structural strength of the chassis is adequate,
and the structure can operate safely under the considered
loading conditions.

Fig. 2 Equivalent displacement diagram of the frame structure.
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A: condicion de 4 ruedas

Fig. 3 Equivalent stress diagram (Von Mises).

C. Static analysis of the chassis where one side of the front
wheel is suspended under full load

Under this condition, the structural behavior of the chassis was
simulated when one of the front wheels was suspended,
reproducing the effect of uneven terrain or a maneuver with
uneven support. The total system load was considered,
applying a dynamic factor of 1.3 to represent inertial effects.

The supports corresponding to the wheels in contact with
the ground were fixed, while the suspended wheel remained
free. The weight of the chassis and components was applied
by distributed forces over the upper part of the frame. As can
be seen in the strain distribution diagram in Figure 4, the
maximum strain under this condition is 3.2336 mm,
concentrated in the area opposite the raised wheel. According
to the stress distribution shown in Figure 5, when the car is
fully loaded and with one front wheel suspended, the
maximum stress is 93.666 MPa. Compared to the allowable
limits of the material, there is still a significant strength
margin, meeting the system requirements.

B: rueda delantera suspendida

= 3.2336 Max

Fig. 4 Equivalent displacement diagram of the frame structure.

a delantera suspendida

Tir

= 93.666 Max

Fig. 5 Equivalent stress diagram (Von Mises).

D. Static analysis of the chassis where one side of the rear
wheel is suspended under full load

This simulation evaluated the chassis response when a
rear wheel loses contact with the ground, generating an
asymmetric stress on the structure. The total load and support
conditions remained the same as in the previous case, adapting
the restraint according to the position of the raised wheel.

The application of the vehicle's own weight and external
loads was achieved through gravity and distributed forces on
the upper part of the frame. As can be seen in the strain
distribution diagram in Figure 6, the maximum strain under
this condition is 1.5483 mm, concentrated in the rear area of
the raised opposite wheel. According to the stress distribution
shown in Figure 7, when the vehicle is fully loaded and with
one rear wheel suspended, the maximum stress is 130.71 MPa.

The results showed increased deformation in the rear
section, with stress concentrations at the longitudinal member
joints. However, the values remained within acceptable limits,
confirming the structural stability of the chassis under rear
torsion conditions.

B: rueda suspendida

Time: 15

= 1.5483 Max

Fig. 6 Equivalent displacement diagram of the frame structure.
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Fig. 7 Equivalent stress diagram (Von Mises).

E.  Analysis of emergency braking under full load conditions

Under this condition, the chassis response to sudden
braking was evaluated, considering the total system load and a
dynamic factor of 1.5. A uniform deceleration was applied
along the vehicle's longitudinal axis to simulate the inertia
produced by braking. Supports were assigned to the wheel
contact areas, while loads were distributed over the main
structure. As can be seen in the strain distribution diagram in
Figure 8, the maximum strain under this condition is 0.86547
mm. According to the stress distribution shown in Figure 9,
when the vehicle is fully loaded, the maximum stress is 136.04
MPa.

The results showed that the highest stresses are
concentrated in the front of the chassis, where most of the
braking force is transmitted. Even so, the deformations
obtained remained within the elastic range, ensuring that the
frame can withstand emergency braking maneuvers without
compromising its structural integrity..

B: freno de emergencia

Deformation

1000.00 (mm)
e —

Fig. 8 Equivalent displacement diagram of the frame structure.

B: freno de emergencia
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Fig. 9 Equivalent stress diagram (Von Mises)

Table III summarizes the results obtained in the four
scenarios evaluated during the structural analysis of the
chassis. It includes the maximum deformation and equivalent
stress (Von Mises) values recorded for each simulated
condition, allowing for a comparison of the design's
performance under static, torsional, and dynamic loads.

TABLE III
STRESS AND STRAIN DATA FOR EACH WORKING CONDITION FOR STEEL
Working Four Emergen-
. wheels Suspended cy
conditions Suspended .
on the front wheel braking
rear wheel
ground
Maximum
displacement 0.57543 3.2336 1.5483 0.86547
(mm)
Maximum 45.099 93.666 130.71 136.04
stress (MPa)

The values show that the suspended wheel condition
generates the greatest deformation, while braking presents the
highest stress concentration. However, in neither case is the
material's elastic limit exceeded, confirming that the design
maintains an adequate margin of structural safety.

STRUCTURAL COMPARISON OF MATERIALS

For the comparison between structural steel, aluminum,
and Q345 steel, the same chassis geometry was maintained in
all cases in order to evaluate only the influence of the material
properties. All simulations were performed using a rectangular
tubular profile of 50 mm x 30 mm with a wall thickness of 5
mm, keeping the same overall chassis dimensions, boundary
conditions, loads, and mesh. Under this approach, the cross-
section, thickness, and profile type (rectangular tubular) were
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not modified. The difference between the analyzed cases is
reflected in the total weight of the structure, which is
approximately 50 kg for structural steel and Q345, while for
aluminum, due to its lower density, the chassis weight is
reduced to approximately 40 kg. The lower equivalent Von
Mises stress values obtained for aluminum are attributed to its
lower elastic modulus, which results in higher deformations
and a more uniform redistribution of internal forces, reducing
stress concentrations but leading to lower global stiffness.

TABLE IV

MAXIMUM EQUIVALENT DISPLACEMENTS OBTAINED FOR EACH MATERIAL IN
THE FOUR SIMULATED SCENARIOS

Working conditions Steel Aluminum Q345
Four wheels on the ground
(mm) 0.57543 1.75131 0.57543
Suspended front Wheel (mm) | 5 5334, 9.84139 3.23360
Suspended rear Wheel (mm) 1.54830 4.71222 1.54830
Emergency braking (mm) 0.86547 2.63404 0.85547

The results in Table IV show that steel and Q345 exhibit
virtually identical deformations, significantly lower than those
of aluminum, reflecting greater torsional stiffness and
structural stability. Aluminum, due to its lower modulus of
elasticity, shows greater displacements, although without
exceeding permissible limits, making it a viable alternative if
the geometric design is optimized or the profile thickness is
increased. Subsequently, equivalent stresses (Von Mises) are
analyzed, allowing for the evaluation of the material's
resistance to the same applied loads.

TABLE V

MAXIMUM EQUIVALENT STRESSES OBTAINED FOR EACH MATERIAL IN THE
FOUR SIMULATED SCENARIOS.

Working conditions Steel Aluminum Q345
Four wheels on the ground
(MPa) 45.099 14.818 45.06
Suspended front Wheel (MPa) 93.666 30776 93.63
Suspended rear Wheel (MPa) 130.710 42.948 130.68
Emergency braking (MPa) 136.040 44.699 134.01

Table V shows that, although aluminum experiences greater
deformation, it operates under lower stresses due to the
internal redistribution caused by its lower stiffness. Steel and
Q345, on the other hand, maintain stresses well below their
elastic limits, even under critical conditions such as a
suspended wheel or emergency braking, offering a greater
margin of structural safety. The results indicate that material
selection must balance the stiffness-weight-strength ratio.
Structural steel and Q345 steel excel when maximum
structural stability, resistance to dynamic loads, and torsional
stiffness are prioritized. Aluminum, while less stiff, offers a
significant weight advantage, which can improve energy
efficiency in electric vehicle applications, provided a
reinforced or optimized design is implemented.

IV. DISCUSSION AND IMPROVEMENT

The results of the structural analysis show that the chassis
performs adequately to the four evaluated conditions. Under
static load with all four wheels on the ground, stresses and
strains were low, indicating good overall stiffness. In cases
with one wheel suspended (front and rear), the structure
experienced greater deformations due to the asymmetric load,
although the values obtained remained within the material's
elastic range. Finally, under emergency braking, the greatest
stress concentration was observed in the front area, but
without exceeding the yield strength. Based on these results,
the possibility of improving torsional stiffness and stress
distribution is identified. One viable improvement consists of
reinforcing critical areas by increasing local thickness or by
using circular tubular profiles to replace rectangular sections
in areas subjected to torsion. Another option could be the use
of a different, more suitable material.

V. CONCLUSIONS

The structural analysis performed verified that the chassis
meets the established mechanical requirements for the four
evaluated conditions. In all cases, the obtained stresses and
deformations remained within the elastic range of the material,
confirming that the design presents an adequate safety margin
and stable behavior under real operating loads. The proposed
chassis exhibits a strong and reliable structural response under
the analyzed loading conditions.

The simulations showed that asymmetric loading
conditions represent the most critical structural scenario for
the chassis, particularly when one wheel loses contact with the
ground. Nevertheless, the maximum stress values obtained did
not exceed the yield strength of the material, demonstrating
adequate torsional rigidity and structural integrity.

The results also allow the identification of improvement
opportunities through localized geometric optimization.
Design modifications such as increasing the thickness in high-
stress regions or replacing rectangular tubular profiles with
circular sections could further enhance torsional strength
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without significantly increasing the overall weight of the
structure.
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