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Currently, more people utilize motorized cars annually, particularly passenger and 

commercial vehicles. This affects the amount of traffic in urban areas and the demand for 

parking places. One of the initiatives taken by the auto industry to address this issue is the 

introduction of a two-passenger minicar. The chassis is an important part of a car which must 

have a strong construction to withstand the weight of the vehicle. The purpose of this research 

is to create a city car's chassis that can hold two passengers and then crash-test the finished 

product. In this research, a development method was used using SolidWorks software and the 

student version of ANSYS R2 2023 as software for creating chassis designs and crash test 

simulations. The study's findings indicate that the car frame's measurements are 2.46 meters 

in length, 1.33 meters in height, and 1.39 meters in width. The steel of the ASTM A36 type was 

utilized as the material in the computational study of the frame. The results show that 

increasing speed causes an increase in deformation, with the peak deformation at a speed of 

100 km/h. The maximum deformation occurs at 0.007 seconds with a value of 203.51 mm at the 

top pillar of the car. The deformation increases from 97.196 mm at 0.0035 s to 161.22 mm at 

0.0056 s. However, deformation occurs mainly in the front zone of the car frame and is not 

significant in the passenger zone. 

Keywords: Crash test; Car frame; Two passenger; City car; Finite element method 

1. Introduction 

The automotive industry has undergone 

transformative advancements in vehicle safety 

technology over the past several decades [1]–[3]. 

The evolution of safety features, from the airbags 

technology [4], structural design [5], [6], stability 

[7], braking systems [8], [9], collision avoidance 

technologies [10]–[12], to advanced materials 

[13]–[16], reflects the industry's commitment to 

enhancing occupant protection. However, despite 

these remarkable strides, two-passenger cars, 

with their unique design characteristics, present 

distinct safety challenges. Their smaller 

dimensions, reduced weight, and simpler 

structural frameworks compared to medium and 

large passenger vehicles can influence their crash 

performance, as smaller frames may be less 

effective at absorbing crash energy [17], [18]. 

Therefore, the goal of these innovations is to 

improve passenger safety and mitigate injury 

risks in crash scenarios.  

Recent advancements in car frame design have 

become central to efforts aimed at improving 

vehicle safety [19]–[21]. Designing a frame that 

combines both strength and resistance to 

deformation is critical for ensuring passenger 

safety during collisions [22], [23]. Lightweight 

design approaches, while beneficial for fuel 
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efficiency, may compromise structural integrity, 

potentially affecting the vehicle's ability to 

withstand impact forces. Therefore, achieving an 

optimal balance between frame strength and 

weight is especially crucial for two-passenger 

vehicles, which must effectively manage crash 

energy despite their compact size. 

Crash testing remains a fundamental method 

in the development of safer vehicles [24]–[27]. 

Rigorous crash tests, conducted under a variety of 

conditions, provide essential insights into a 

vehicle's safety performance and enable 

manufacturers to implement necessary design 

improvements. Comprehensive crash testing 

protocols must address a range of collision types, 

including frontal, side, and oblique impacts. 

Despite extensive research into crash testing for 

general passenger cars, there is a notable lack of 

specific studies focusing on two-passenger 

vehicles [28]–[30]. This gap underscores the need 

for targeted research to better understand the 

crash performance of two-passenger cars and to 

develop strategies for enhancing their safety. 

Two-passenger cars play a significant role in 

addressing daily mobility needs while offering 

optimal space utilization and fuel efficiency. The 

design of these vehicles must consider not only 

aesthetic factors but also critical safety aspects 

[31], [32]. Crash tests are pivotal for evaluating the 

performance and structural reliability of these car 

frames [33], [34]. While research on crash testing 

of passenger cars is extensive, studies specifically 

targeting two-passenger vehicles are limited. The 

absence of detailed data on how these vehicles 

respond to various crash scenarios poses a 

challenge, highlighting the necessity for focused 

research in this area. Furthermore, as automotive 

technology continues to evolve, recent design 

changes may not yet be fully represented in 

existing crash test data. Comparative analyses 

between two-passenger cars and their larger 

counterparts have also been insufficiently 

explored in the literature. 

This research seeks to address these gaps by 

designing and testing a two-passenger car frame 

to evaluate its safety performance in crash 

situations. By advancing the understanding of 

how two-passenger cars perform during crashes, 

this study aims to contribute valuable insights to 

the development of safer vehicle designs and 

more effective safety strategies. The findings will 

be beneficial for both automakers, in the 

development of new, safer products, and 

regulatory agencies, in formulating improved 

safety standards. As technology and safety 

regulations continue to progress, this research is 

expected to offer a foundation for future 

advancements in vehicle design and crash testing 

methodologies. Ultimately, this study aims to 

pave the way for the creation of safer, more 

efficient, and environmentally friendly vehicles, 

aligning with the ongoing evolution of 

automotive safety and performance standards. 

 

2. Methods 

The research method used in this research is a 

numerical method using the finite element method. 

The numerical computing simulation process uses 

the student version of ANSYS R2 2023 software. 

This research stage begins with needs analysis, 

design and improvement, testing, and results 

(Figure 1). In the needs analysis stage, identification 

and analysis of needs are carried out in designing 

the frame of a two-passenger city car. This process 

involves a thorough literature review of vehicle 

safety standards, traffic accident research, as well 

as user preferences regarding safety features. After 

the needs analysis is identified, the frame design 

and development stages are carried out. Using 

Solidworks software, the car frame structure was 

designed. In this design process, the development 

of the frame was also carried out so that the frame 

design was suitable for a capacity of two 

passengers. After an adequate design was 

obtained, the testing phase was carried out with 

ANSYS R2 2023 software. The two-passenger city 

car frame was tested using the finite element 

method in a collision simulation, where the 

structure's response to collision forces was 

monitored and evaluated. 

In this study, the method used for the crash test 

is the Frontal Crash Test in accordance with the 

standards set by the National Highway Traffic 

Safety Administration (NHTSA). The Frontal 

Crash Test aims to evaluate the safety 

performance of vehicles in frontal collisions, 

which are a common and often severe type of 

accident. The test process involves the vehicle 

being launched towards a fixed barrier or wall. 

while the material used for the car frame is A36 

steel. A36 steel is a type of carbon steel that is 

commonly used in various structural and 
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engineering applications due to its good 

mechanical properties and ease of processing. The 

properties data of A36 steel can be seen in Table 1. 

The type of mesh is used tetrahedral 

unstructured to model the frame structure of a 

two-passenger city car. Detailed meshing is 

applied to critical areas such as joints and sharp 

corners to ensure adequate resolution. Grid 

independence analysis is an important step in 

validating simulation results [35], [36]. This is 

done by varying the size of the mesh elements and 

ensuring that changes in the mesh size do not 

significantly affect the results. This process begins 

by creating several models with different element 

sizes, starting from Mesh A to Mesh E (Table 2). 

Based on the results of the independence grid 

analysis, the type of mesh chosen in this research 

is mesh D because it has the smallest error. In 

Figure 2 show that the deformation vs time 

between mesh D and previous research [37].  

 

 
Figure 1. Research stages 

 

Table 1. Properties of A36 steel material 

Properties A36 type-Steel 

Density (g/cm3) 7.80 

Poisson ratio 0.26 

Yield Strength (MPa) 250 

Ultimate Tensile Strength (MPa) 550 

Percentage Elongation  20 

 

Table 2. Independence grid analysis 

 

 
Figure 2. Deformation vs time between mesh D and previous research [37] 

No Type 
Number of 

Elements 
Internal Energy Error (%) 

Average 

deformation 
Error (%) 

1 Mesh A 4064 3797740 - 193.06 - 

2 Mesh B 5068 3673088 3.28 196.66 1.86 

3 Mesh C 6070 3604640 1.86 199.12 1.25 

4 Mesh D 7032 3628618 0.67 200.84 0.86 

5 Mesh E 8090 3050577 15.93 202.37 1.62 
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Furthermore, in this research, boundary 

conditions are a crucial factor in ensuring the 

accuracy of the simulation results. Boundary 

conditions in this research refer to the parameters 

or limits set for collision simulation or testing, 

which include various variables such as speed, 

barrier type, and collision mode. Setting 

the right boundary conditions is the basis for the 

simulation process in realistic crash testing and 

provides accurate data regarding the behavior of 

the car frame structure under certain conditions. 

The boundary conditions applied to the two-

passenger car frame and boundary walls in this 

study are illustrated in Figure 3 and explained in 

Table 3. As Table 3 explains, the car structure is 

given varying speeds, and the boundary walls are 

blocked from all sides. In Table 4 it can be seen that 

there are 4 crash test models used. Starting from 

speeds of 40 km/h, 64 km/h, 80 km/h and 100 

km/h. The crash test model used is frontal impact. 

 

3. Results and Discussion 

This research aims to create a chassis design for 

an electric car with a capacity of 2 passengers and 

carry out tests in the form of crash tests on the 

chassis that has been created. In designing, 

research was carried out using SolidWorks 

software. For numerical simulation of crash tests 

on the chassis, use the student version of ANSYS 

R2 2023. The results achieved in this research 

include the frame design of a city car with a 3-

dimensional model and crash test data on the 

chassis. The following describes the results that 

have been achieved. 

 

3.1. Chassis Design 

The dimensions of the car frame with a 

capacity of two passengers have a chassis length 

of 2.46 meters, height of 1.33 meters, and width of 

1.39 meters. Length, height, and width are the 

main dimensions that determine the overall size 

and proportions of the car frame structure. The 

length of the chassis determines the distance 

between the front and back of the car, while the 

height and width of the chassis affect the overall 

height and width of the vehicle. The material used 

in the numerical analysis of this car frame is 

ASTM A36-type steel. ASTM A36 steel is one of 

the most commonly used types of structural steel 

in the construction and automotive industries 

because it has good strength and adequate 

toughness. The choice of ASTM A36 steel in the 

frame of this two-passenger car is used to ensure 

the strength and reliability of the structure, as 

well as allow a design that is light but remains 

sturdy and resistant to the loads imposed when 

the car is moving. The design of the chassis is 

shown in Figure 4. 

 

Table 3. Details of boundary conditions 

Name Type Condition 

A Fixed Support Barrier Fix 

B Velocity X direction Front 

 

 
Figure 3. Bondary condition 
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Table 4. Crash test specifications for a car frame with a capacity of two passengers 

Test Number Weight of the entire vehicle Mode Speed 

Test 1 507.6 kg Frontal impact 40 km/h 

Test 2 507.6 kg Frontal impact 64 km/h 

Test 3 507.6 kg Frontal impact 80 km/h 

Test 4 507.6 kg Frontal impact 100 km/h 

 

 
Figure 4. Chassis design for a two-passenger car in 2D and 3D (dimensions in m) 

 

3.2. Crash Test on Chassis 

3.2.1. Crash Test at a Speed of 40 km/h 

This test was conducted in 1.7 × 10-2 seconds at 

a speed of 40 km/h. Figure 5 displays the contours 

of the collision impact results on the car structure 

before and after investigation at different time 

steps. Since the car frame has not yet struck the 

barrier wall, no deformation occurs at the zero 

seconds displayed in Figure 5a. The contour in 

Figure 5b exhibits some distortion at time 0.008 s. 

At this point, the highest deformation measured 

was 88.88 mm. With an increase in time of 0.013 s, 

the maximum deformation that occurs reaches 

148.85 mm Figure 5c. It can also be seen in Figure 

5c. This means that as time increases, the 

deformation locations become evenly distributed 

in all parts of the chassis. In Figure 5d, the 

maximum deformation reaches its maximum 

value of 201.47 mm at the final time step of 0.017 s. 

Table 5 tabulates these deformation values. 

For further information, in Figure 6 it can also 

be seen that the car chassis is experiencing local 

deformation. The maximum amount of 

deformation is 201.47 mm in the front zones of the 

chassis. The passenger roof frame zone has shifted 

slightly in shape and this deformation can be 

seen on the roof of the car frame. The energy 

balance graph is shown in Figure 7 which shows 

the energy transformation. The car's kinetic 

energy decreases after hitting a wall. The 

automotive frame's elastic and plastic 

deformation causes a rise in internal energy. 

 

3.2.2. Crash Test at a Speed of 64 km/h 

In Test 2, the vehicle was driven at 64 km/h 

with a stopping time of 1.1 × 10-2 seconds. The 

collision impact effects on the car chassis before 

and after various studies and time steps are 

depicted by the contours in Figure 8.  

 
Table 5. Deformation vs time at a speed of 40 km/h. 

Time (s) Maximum deformation (mm) 

0 0 

0.008 88.88 

0.013 148.85 

0.017 201.47 
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Figure 5. The car's chassis deformation: (a) 0 s; (b) 0.006 s; (c) 0.009 s; (d) 0.011 s. 

 

 
Figure 6. Deformation of the car chassis with time 0.017 s (top view) 

 

 
Figure 7. Energy transformation at a speed of 40 km/h 
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Figure 8. The car's chassis deformation: (a) 0 s; (b) 0.006 s; (c) 0.009 s; (d) 0.011 s. 

 

Figure 8a shows that deformation does not 

happen at zero seconds. Figure 8b illustrates the 

deformation that is observed as the time increases 

at 0.006 s. The chassis's front zone has a maximum 

deformation value of 106.82 mm. As seen in Figure 

8c, the highest value of deformation then rises to 

168.58 mm at 0.009 s. The car's top and lower 

chassis are shown to be detached from their 

mounts at 0.011 s, as seen in Figure 8d, and the 

greatest deformation reaches its highest point at 

203.45 mm. Table 6 provides a summary of the 

deformation values. 

Furthermore, in Figure 8 it can be seen that by 

increasing the speed from 40 km/hour to 64 

km/hour, the deformation value will increase. The 

maximum deformation that occurs at this speed is 

203.45 mm. Even so, deformation only occurred in 

the front bumper frame and upper frame. The 

passenger zone is not significantly affected by this 

(Figure 9). The material distributes some of the 

energy absorbed in the front zone to the car's 

chassis, without distorting the proportions of the 

passenger zone. The energy transition is depicted 

in Figure 10, which also provides the energy 

balance graph at 64 km/h. At a speed of 40 km/h, 

the energy transformation pattern is nearly 

identical to that observed at 64 km/h. A wall 

causes the car's kinetic energy to drop. The 

automotive frame's elastic and plastic 

deformation causes a rise in internal energy. 

Table 6. Deformation vs time at a speed of 64 km/h 

Time (s) Maximum deformation (mm) 

0 0 

0.006 106.82 

0.009 168.58 

0.011 203.45 

 

3.2.3. Crash Test at a Speed of 80 km/h 

In Test 3, the vehicle was driven at 80 km/h 

with an 8 × 10-3 second stop time. Figure 11 displays 

the contours of the collision impact results on the 

car structure before and after examination at 

different time steps. Since the car frame has not yet 

struck the barrier, no deformation is visible at the 

zero seconds depicted in Figure 11a. The contour in 

Figure 11b exhibits some distortion at 0.001 s. The 

front of the vehicle showed the most distortion. 

The deformation increases to 111.98 mm with a 

0.005 s time increase (Figure 11c). The highest 

deformation remains in the same place with 

increasing time. The maximal deformation 

reaches its maximum value of 186.61 mm at the 

final time step of 0.008 s (Figure 11d). Table 7 

tabulates these deformation values. 

The car frame exhibits local deformation at 80 

km/h, but it does not transfer to the passenger 

zone (Figure 12). The front zone close to the 

bumper frame has 186.61 mm of distortion. 

Energy balance graph Figure 13 shows the energy 

transformation. The car's kinetic energy decreases 
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Figure 9. Deformation of the car chassis with time 0.011 s (top view) 

 

 
Figure 10. Energy transformation at a speed of 64 km/h 

 

 
Figure 11. The car's chassis deformation: (a) 0 s; (b) 0.001 s; (c) 0.005 s; (d) 0.008 s. 
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Figure 12. Deformation of the car chassis with time 0.008 s (top view) 

 

 
Figure 13. Energy transformation at a speed of 80 km/h 

 
Table 7. Deformation vs time at a speed of 80 km/h 

Time (s) Maximum deformation (mm) 

0 0 

0.001 22.22 

0.005 111.98 

0.008 186.61 

 

after hitting a wall. The automotive frame's elastic 

and plastic deformation causes a rise in internal 

energy. The system's overall energy is preserved 

since it is isolated. The fact that the hourglass 

energy is likewise within allowable bounds shows 

that the numerical model is valid. 

 

3.2.4. Crash Test at a Speed of 100 km/h 

In Test 4, the vehicle was driven at 100 km/h 

and stopped in 7 × 10-3 seconds. Figure 14 shows 

contours representing the impact results on the 

car structure before and after investigation at 

different time stages. There is no discernible 

distortion in Figure 14a. The car frame deforms at 

0.0035 s, as shown in Figure 14b, with the front 

bumper frame of the vehicle experiencing the 

most deformation, measuring 97.196 mm, just like 

in the preceding instance. As seen in Figure 14c, the 

maximum deformation occurs at 0.0056 s and 

reaches 161.22 mm. At 0.0070 s a maximum 

deformation of 203.51 mm was recorded at the top 

pillar of the car (Figure 14d). Maximum 

deformation values are listed in Table 8. 

 
Table 8. Deformation vs time at a speed of 100 km/h 

Time (s) Maximum deformation (mm) 

0 0 

0.0035 97.196 

0.0056 161.22 

0.0070 203.51 
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Figure 14. The car's chassis deformation: (a) 0 s; (b) 0.0035 s; (c) 0.0056 s; (d) 0.007 s 

 

The car deforms more when traveling at 100 

km/h than when traveling at 80 km/h. The car's 

center experienced a shift in the greatest 

deformation measured, which was 203.51 mm, 

from the front zone. The roof frame of the vehicle 

exhibits a small distortion in the passenger zone 

(Figure 15). The extended contact time with the 

wall causes a variation in the deformation pattern 

as compared to a speed of 80 km/h. Meanwhile, 

Figure 16 shows the energy transformation at 

a speed of 100 km/hour. As shown in the Figure 16, 

the car's frame loses kinetic energy as it strikes the 

wall. In the meantime, the automobile frame's 

elastic and plastic deformation causes a rise in 

internal energy. The system's overall energy is 

preserved since it is isolated. The fact that the 

hourglass energy is likewise within allowable 

bounds shows that the numerical model is valid. 

 
4. Conclusion 

This study aims to design a city vehicle frame with 

a capacity of two passengers and test the 

durability of the frame in a crash test. Based on the 

results of the study, the dimensions of the vehicle 

frame are 2.46 meters long, 1.33 meters high, and 

1.39 meters wide. These dimensions determine the 

overall size and proportion of the vehicle frame

 

 
Figure 15. Deformation of the car chassis with time 0.007 s (top view) 
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Figure 16. Energy transformation at a speed of 100 km/h 

 

structure, where the length of the frame affects the 

distance between the front and rear of the vehicle, 

while the height and width affect the overall size 

of the vehicle. ASTM A36 steel material was 

selected in the numerical analysis of the vehicle 

frame because of its good strength and durability 

and is commonly used in the construction and 

automotive industries. Crash tests conducted at 

speeds of 40 km/h, 64 km/h, 80 km/h, and 100 

km/h showed that increasing speed causes 

increased deformation of the frame, with a 

maximum deformation reaching 203.51 mm at a 

speed of 100 km/h. However, this deformation 

only occurs in the front zone of the frame and does 

not have a significant impact on the passenger 

zone. The material can absorb some of the 

deformation, with most of the energy transferred 

to the vehicle structure, keeping the dimensions of 

the passenger zone relatively safe. Future research 

will focus on the interaction of lightweight 

materials with frame structures in crash 

situations, with an emphasis on a variety of 

innovative materials such as carbon composites 

and nanotechnology for stronger, lighter, and 

more environmentally friendly vehicle frame 

designs. 
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