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1. Introduction

The automotive industry is undergoing a significant transformation driven by the urgent need to improve fuel
efficiency and reduce environmental impact. This shift has led to a growing interest in lightweight vehicle
structures that utilize materials such as aluminum alloys, high-strength steel, and composites to reduce overall
vehicle mass while maintaining structural performance [1, 2]. While these materials offer clear advantages in
terms of fuel economy and emission reduction, their crash performance particularly under medium and high-
speed impacts raises concerns about occupant safety and structural integrity [3].

Crashworthiness, which is defined as the capacity of the vehicle to offer protection to its occupants in
case of a crash, is a major design concern that becomes complicated with the introduction of lightweight
material. Contrary to traditional materials, such as steel, lightweight materials react a different way in case of
dynamic loads, which frequently leads to uncertainties in the deformation patterns and energy absorption
behaviors To address this, computational tools such as Finite Element Analysis (FEA) have become
indispensable in modern crash studies. These simulations allow engineers to model, test, and optimize vehicle
crash performance in a virtual environment, significantly reducing the cost and time associated with physical
crash testing [4].

This research applies ANSYS simulation software to carry out a numerical inquiry of the crash energy
arrangements of a low-weight sedan car during the front collision axial direction at two highways 45 km/h
(urban speed) and 90 km/h (highway speed). The lessons of this study will seek to determine the structural
weaknesses, evaluate material behavior and rendering design advice that will improve the energy absorption
and occupant protection without affecting the advantages of light-weighting of the cars [5]
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2. Material and Method

This section explaining on the research project conducted by using SolidWorks software to make lightweight
vehicle and wall geometric design. The primary goal is to analysis the crash energy distribution in lightweight
vehicle at medium (45km/hr) and high-speed (90km/hr) impacts. Ansys software was used to run the
simulation.

2.1 Material Selection

Material properties for geometry models are specified in ANSYS Workbench by determining the Engineering
Data and selecting the suitable materials. Material selection is critical for accurately depicting the physical
properties and behavior of objects during simulation. The wall is built of structural steel, while the vehicle is
made of aluminum alloy.

Table.Error! No text of specified style in document. 1 Dimension of lightweight vehicle

Length 4,150 mm
Width 1,620 mm
Height 1,510 mm
Wheelbase 2,455 mm
Weight 930 kg

Table Error! No text of specified style in document.2 Dimension of steel wall

Density 7850 kg/m?

Yield Strength 250 - 500 MPa

Elastic Modulus 200 GPa

Poisson’s Ratio 0.3

Height 20m

Width 4.0m (coverage of the vehicle’s
width during impact)

Thickness 0.05m

2.2 Geometry Model

These dimensions are the real-life dimensions which are taken out of company catalogues. With the vehicle, as in
the case of the car, the territory of the Competition Commission is limited to the location and parking of the
vehicle and not to the running of the car. Due to this, its focus is only on the body of the automobile (its model).
The dimensions of the vehicle are meant to make it as realistic as possible, so as to assure realism. derived on
real-life car sizes, including the Perodua Bezza 2024 model. The length and width of the wall is determined with
the condition that to cover the car body during the impact.
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Fig.1 Geometry model; (a) vehicle, (b) wall

2.3 Mesh
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The meshing process in the finite element simulations is critical in finite element models since it involves
breaking down the geometry into discrete elements permitting the approximation of the complex physical
systems at the time of impact. In the current case, more mesh density was specifically used in the front-end part
of the lightweight sedan model, specifically the crumple zone and the bumper to record the detailed deformation
as per the crash conditions. The refinement means that it is more precise in regions most energy is absorbed
during the frontal collision at 45km/h and 90km/h.
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Fig. 2 Final Mesh of wall and vehicle

2.4 Simulation

In the present project, the ANSYS workbench was applied to model the crash behavior of a lightweight vehicle in
medium (45 km/h) and high-velocity (90 km/h) frontal impact. It started with importation of a 3D model of a
lightweight sedan which was designed using SolidWorks to ANSYS. The material was given in terms of material
properties: car structure in aluminum alloys and rigid wall in steel to reflect the behavior as it happens in the
real world in the form of crash.

The rigid wall was fixed, and initial velocities (45 km/h and 90 km/h) of the vehicle body on the wall were
provided via the Explicit Dynamics module, therewith the boundary conditions implemented. The car was put in
motion towards the wall and pretended to be in frontal crash into it. The back or bottom of the wall was
supported by a fixed support that recreates an immovable barrier in the real world. In order to carry out the
simulation we employed an explicit solver. Time step used was chosen due to convergence needs, and output
control was setup so that enough data points would be stored (e.g. deformation, stress, strain). Analysis of crash
energy absorption patterns and structural performance was conducted by evaluating the overall deformation,
equivalent (von Mises) stress, and equivalent elastic strain with the help of post-processing.

2.5 Solution

In the current analysis, the ANSYS at 45 km/h and 90 km/h was used to simulate the collision of an aluminum
alloy lightweight sedan body with a rigid steel wall. The wall was stuck in its place all the way to depict an
immovable obstacle in the real world. The simulation involved total deformation of the front-end particularly
the crumple zone and the bumper and we followed the deformation on X- axis to examine the behavior of the
impact. Analysis of equivalent (von Mises) stress was also conducted in order to determine the propensity of the
material to yield or break under crash loads in order to determine the crashworthiness of the lighter weight
structure as well.Error! No text of specified style in document.

3. Results and Discussion

3.1 Simulation result at 45km/h

This visualization describes the general deformation of the lightweight sedan in case of its collision with a rigid
wall with the velocity of 45 km/h. Summarized deformation map shows that deformation of the vehicle
structure, in particular its front-end, is distorted after the impact and the view of the distribution and absorption
of energy during the crash event is clear.
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FigError! No text of specified style in document.. 3 Simulation impact at 45 km/h, (a).Profile of Deformation,
(b).Equivalent Stress, (c)Equivalent Elastic Strain
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Fig. 4 Simulation impact at 45km/h; (a). Total deformation vs time, (b). Total equivalent stress vs time, (c).Total

equivalent elastic strain vs time
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3.2 Simulation result at 90km/hr

The figure is presented to show overall deformation caused by the collision of the frontal part of the vehicle and
a rigid wall at 90 km/h speed. The simulation implies the initial velocity to the whole vehicle body of 90 km/h.
This graphical image of total deformation, equivalent stress, and directional displacement gives significant
information of how the lightweight car reacts to high-velocity impacts on the structure. The selected velocity
makes a huge impact on the level of deformation and its concentration, which can assist in recognizing the
importance of stress areas as well as the problem of possible structural characteristic weaknesses in the front-
end of the vehicle.

.00 2000 4.000(m)
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Fig. 5 Impact speed at 90km/h; (a). Deformation, (b). Equivalent Stress, (c). Equivalent Elastic Strain
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Fig. 6 Impact speed at 90km/h; (a). Total deformation vs time, (b). Total equivalent stress vs time, (c). Total
equivalent elastic strain vs time
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3.3 Analysis of deformation profile

In the 45 km/h speed, the car exhibited moderate and minimal deformation where the maximum was
approximately 129 mm. The body took the force of the crash fairly and in particular, at the front and the
passenger cabin remained viable. The deformation performed at the speed of 90 km/h was considerably worse
with its peak of approximately 265 mm. The front part of the car suffered severe damage and the area that got
impacted were crucial ones such as the firewall with increased risk to safety. To conclude, the car responded
well to mid-speed crashes, however, high-speed collisions greatly damaged it, which indicates that either better
material or a better design of lightweight cars is necessary.

3.4 Analysis of equivalent stress

When speed was at 45 km/h, there was a gradual increase in equivalent stress, with the highest value
approximated to be 2.18GPa. The stress was predominantly located on the front-end areas such as bumper and
crumple zone. This means that the building was able to withstand the force without any serious collapse. The
stress levels were considerably higher at the speed of 90 km/h with the highest being 13.17 GPa. Increased
stress transferred to further components of the vehicle including the firewall and A-pillars with the increased
likelihood of the material failure and severe structural damage. Altogether, the findings indicate that under the
crashes of moderate levels, the car can resist them well; however in case of high-speed impacts, extremely high
tensions appear, which cause possible cracks or even collapse in the main parts. This indicates the necessity to
have better material or reinforcement in high-risk areas.

3.5 Analysis of equivalent elastic strain

At the speed of 45 km/h the elastic strain was developed gradually and it approximately reached 0.0112
(unitless). This indicates that the material bent into non-hazardous elastic strains, i.e. the building was able to
restore its initial form without facing permanent deformation in most of the regions. With 90 km/h, the strain
became significantly higher with maximum strain of 0.0663 which implies that the material was severely
stretched. Such extent of strain implies that some elements of the vehicle could have been over stressed beyond
their elastic limit to result into plastic deformation or even possible failure. In short, the car demonstrated
recovery strain and control medium speed but under high speed, there was extreme stretching of the material
which may cause failure in the system. This brings out the importance of improved material choice and
reinforcement of the design at high-impact areas.

4. Conclusion

This study has been able to show why it is worthwhile to analyze crash energy distribution in lightweight
vehicles, especially when the category is said to be of medium and high-speed frontal impacts. It was identified
through rigorous simulation via ANSYS software that lightweight materials as made of aluminium alloys do
possess a far-reaching benefit into weight reduction of vehicles and of course improving fuel consumption, but
on the other hand, they carry a greater challenge to uphold structure integrity and the safety of its occupants in
event of high energy collision. The simulations revealed that at a medium speed of 45 km/h, the vehicle had a
good front-end structure in the absorption of a large amount of impact energy and therefore had negligible cabin
intrusion and acceptable levels of deformation. But there was a decrease in energy absorption capacity of the
structure at a faster velocity of 90 km/h and heavier concentration of stress and maximum deformation in
crucial points, such as firewall and A-pillar, which provided a possibility of reducing the occupant survival space.
These results highlight the importance of design reinforcements; hybrid material use or multi-layer crumple
zone and structural geometry optimization so that lightweight cars can be designed to have reasonably good
crashworthiness in many different speed conditions. Overall, the study can be helpful in achieving the right
balance between a lightweight design combined with safety and help car engineers and manufacturers to come
up with safer structures of vehicles that impact neither vehicle performance nor the protection of occupants.
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