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Article Info Abstract

Page Number: 131 - 140 The aim of this paper is to simulate the impact (crash/collision) of a car at
Publication Issue: different speeds by Abaqus and ANSY'S software, and the obtained results
Vol 72 No. 1 (2023) were analyzed to developan appropriate analytical relationship. To ensure

the accuracy and reliability of the results ofthe present paper, 5 car models
were analyzed in 5 modes. At the beginning, the geometric model includes
the body and the chassis of a Camaro car was modeled by Abaqus
software along with spring and damper constraints. The body and chassis
were designed and assembled in SolidWorks software. After importing the
model into the Abaqus software, some errors were encountered due to the
use of the standard intermediary format, which was repaired and fixed for
proper meshing. Finally, things like tension, deformation, energy, etc.
were compared and an analytical relationship between energy and impact
speed was developed for the car body by MATLAB software. In the
second mode, a Peugeot 206 car was analyzed by ANSYS software. In this
section, by using models designed for the Peugeot 206 car, converting the
CAD models into importable models in ANSY Ssoftware, and designing a
solid (rigid) wall for impacting the car to it, the required models were
analyzed. Also, in this mode, the things like reliability coefficient values
based on Mohr-Coulomb theory, von Mises stress by the analyzed car,
maximum equivalent stress, and plastic strain in the analyzed car were
investigated. Then the relevant diagrams were analyzed. In the third mode,
an Audi TT car was examined. Here, Inventor software was used to design
the geometric model (unlike before). After modeling the designs in
Inventor software, the model was analyzed with Abaqus software. In the
fourth mode, a Sedan car was modeled as 3D in CATIA software and its
impact to a solid wall was modeled in ANSYS software. In the fifth mode,
a BMW 20 series car was tested, whose initial model including body and
chassis were prepared in the generative shape design of CATIA. CATIA
V5-6R2016 Associative Interface software was used to call the model in
Abaqus software.
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1. Introduction

An impact testing is destructive that is usually performed to ensure compliance with safety design
standards in a variety of transportation systems and their components. The automotive industry is
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one of the most progressive industries. Currently, large manufacturers produce the largest number
of cars in this industry. While in the beginning, cars were produced for hundreds of years based on
the technology used to produce chariots. Henry Ford was one of the first people to establish the
automotive manufacturing process as an industry. In this method, the chassis of the car moved on a
rail-like track and various parts were installed on it. The second reason for the change in the car
production technology was that the chariots had a wooden frame while the cars has a steel chassis,
which indicated the need for a change in the production process. Since political issues such as
pollution and recycling must be considered in car production, so research on the safety and
environment of cars is done on a permanent basis. The aim of the present paper is to study the
impact of a car to a solid wall to investigate what changes can be made to the chassis design to
improve production economically and safely [1].According to the 1IHS (Insurance Institute for
Highway Safety), there are six test models to evaluate the quality in the manufacturing of car
chassis. They are (i) moderate overlap frontal test (ii) small overlap frontal crash tests for the
driver's side (iii) small overlap frontal crash test for the passenger side (iv) side impact crash test for
the driver's side (v) side impact crash test for the passenger side (vi) evaluation of rear impact
crashworthiness on head restraints and seats (vii) evaluation of roof strength. Also, this organization
has designed and implemented tests for testing car lights and child seats. In the following, the tests
related to the car body are reviewed [2].Now, modern cars are delivered to buyers with a series of
safety features(options) to protect car occupants and pedestrians in the event of an accident.
Furthermore, a series of systems have been installed on cars to prevent accidents. These two
different safety systems in cars are called "Active Safety” and "Passive Safety".Active safety means
systems and equipment that help the driver to control the car and thus avoid accidents [3].Human
error is the biggest cause of accidents and these systems try to eliminate (or at least reduce it). For
example, ABS brakes prevent the wheels from locking and make the car's handling possible when
braking. Traction Control System (TCS) prevents tire slip under acceleration and Electronic
Stability Control (ESC) keeps the car under control.While passive safety refers to systems that
protect the car driver and passengers during an accident. Airbags, seat belts, laminated windshields,
and headrests are among the passive safety features of cars [4].Several factors are scored to
prioritize car safety. To estimate the safety of the structure, engineers measure the amount of dents
in sensitive parts of the body (both inside and outside the cabin) after the accident. The amount of
dent shows accurately the strength of the chassis and body of the car to absorb the
impact.According to the toughness law, when the absorption ability of the body is greater, the
amount of dent will also be greater [5,6].This is very desirable because the impact is absorbed by
the body and is not transmitted to the occupants. Of course, the amount of dent should be
reasonable and not be excessive. Sensors are installed in the head, neck, chest, legs, and arms of the
artificial passengers inside the car to measure impact intensity and force. These measurements help
predict the amount of damage in an accident in real conditions.The headrest placed on the top of the
seat plays a very important role in preventing neck injuries of the passengers. After the test, the
results obtained from the sensors determine whether the headrest has done its job well or not.
According to the things mentioned above, the goal of the present paper is the simulation of car
impact at different speeds by Abaqus and ANSYS software, study the results, and provide an
appropriate analytical relationship

Vol. 72 No. 1 (2023) 132

http://philstat.org.ph



Mathematical Statistician and Engineering Applications
ISSN: 2094-0343
2326-9865

2. Results (findings)
2.1 3D design

First, the car body and chassis were modeled. The body of a Chevrolet Camaro car with a suitable
chassis was modeled in SolidWorks software.

Figure 1. The body of the model and chassis in SolidWorks software

Inventor software has been used for this purpose. In the first step, the car shell was designed. The
routed shell is shown in the figure below.

= DOERAR"

Figure 2 The skin designed in Inventor software

The shell of the car or in other words its body should be as simple but complete as possible so that

it does not cause numerical problems in the solution also does not create difficulty in meshing the
body.

In the second step, a simple chassis for the car is designed and modeled in wire form. The reason
for modeling in the form of wire will be explained later.
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Figure 3 Chassis designed in Inventor software

Part module

At the beginning of entering Abaqus, it is necessary that the models designed for the problem are
entered into the software. In Abaqus, in the Part module, models can be called from Part>import. It
should be noted that the models are called 3D and deformable.

Figure 4 Body imported into Abacus

After entering the chassis and body, a wall must be designed in the software for the car to hit it. To
create a wall from Part>create and select 3D and Discrete rigid options, a rigid wall will be created
as follows.

Figure 5 Solid wall in Abacus
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Because the car body is defined as a shell, it should also be defined as a shell in order not to cause
problems in solving the rigid 3D wall. For this, you can proceed from Shape>shell>shell from solid.
After removing the 3D cells from the wall, the word removed cells will be inserted under the name
of the wall in the software. Next, a reference point on the solid wall is selected for future solution
purposes, as shown in the figure below.

property

Now, in this section, the properties of the analyte can be entered. For this example, aluminum is
used for the body and chassis for simplicity, and its properties are entered as follows.

ame: Material-1 Material Behaviors

Pescription: Density

Material Behaviaors Plastic

Elastic
Plastic General Mechanical Thermal Electrical/Magnetic  Other
Elastic
General Mechanical Thermal Electrical/Magnetic  Other Type: | |lsotropic e
Density [ Use ternperature-dependent data
N : s Mumber of field variables: 0's
Distribution: | Uniform d
[ Use temperature-dependent data Moduli time scale (for viscoelasticity): | Long-term o
Mumber of field variables: 0 D No compression
Mo tensi
Data [] Mo tension
Data
Mass
Density Young's Poisson’s
1 2.5E-09 Modulus Ratio
1 TOODOD 0.3
i i & Edit Secti X
Material Behaviors w Edit Section
Density Mame shell
Elastic

Type:  Shell / Continuurn Shell, Homogeneous

Section integration: @ () Before analysis

Basic  Advanced

General Mechanical Thermal Electrical/Magnetic  Other Thickness
Plastic Shell thickness: (@) Value: g
[1 Use scale stress value: (O Element distribution: &
. : fx)
Hardening: | Isetropic e (O Nodal distribution:
[] Use strain-rate-dependent data 5
Material: | Material-1 v e
[] Use temperature-dependent data
Mumber of field variables: e Thickness integration rule: ® Simpson () Gauss
Data Thickness integration points: | 53
Yield Plastic Optigns: %
Stress Strain
1 260 0
2 370 0.2 0K Cancel
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4 Edit Beam Section X 5 Edit Profile %

Mame: Section-1 Name: Profile-2

Type Beam Shape: Box

Section integration: @ lllllllllllllllllllllllll s () Before analysis 42 Width (o) [
Beam Shape Vo Height (b]: |40

|
Profile name: | Profile-1 W @' TJ T : Thickness: | Uniform
+ ta {

‘_

Profile shape: Box h -Ri-— Rt -4-» 1 Thickness: |3

Basic  Stiffness  Fluid Inertia

l—
I
[~V T N T

L
Material name: | Material-1 M L@

Section Poisson's ratio: |0
0K Cancel

Temperature variation:

() Linear by gradients

(0 Interpolated from temperature points

Figure 6 Section implementation in the model

By entering the properties of the material, different sections are defined for the material in the
sections section. For this example, a shell section has been used for the body and two profile section
models for the chassis, which are shown in the figure below.

Now, in the section assignment section, the created sections are assigned to the body and chassis.
After assigning the section, the color of the model changes to green.

Figure 7 Change the color to green after implementing the section in the model

So far, the chassis and the body of the car are completely separate from the analytical point of view,
but in reality the body is connected to the chassis. To create this connection virtually in the model,
coupling adverb is used. Using this adverb, different points of the chassis can be coupled to the car
body. In other words, connected. The form of the problem after implementing the coupling is as
follows.
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Figure 8 You are the problem after implementing the coupling constraints
Result

After completing the solution, you can compare the shape of the car before and after the collision.
Below are some photos for comparison. The blue shapes show the color before the collision.

Figure 10 Audi TT car image before the collision can be seen in the Results section
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Figure 12Audi TT collision from above in different time steps
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Figure 13 Audi TT collision from above in different time steps

If we want to check the speed graph of an element on the hood at the time of the accident, we get
the following figure, where the horizontal axis is time and the vertical axis is speed in mm/s.
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Figure 14 Velocity diagram of an element on the hood at the time of the accident
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Discussion and conclusion

In the analysis, it can be seen that the hood of the car does not get hit when the car hits the wall.
The reason is one of the following reasons. The non-ideal thickness of the car body (5 mm) ¢ The
material of the shield is considered to be aluminum, but in reality the shield is plastic, so it shows a
lot of resistance. ¢ The chassis is very high, and the location of the chassis in the model is such that
all the energy has been absorbed by the chassis before the deformation and hitting the hood, which
is not desirable at all. Because a strong impact is transmitted to the passengers. ¢ The chassis is not
coupled to the hood.

According to the results, most of the energy was transferred from the head of the chassisto the
cabin, and the front points played a vital role in the accident. Hence, the bumpers must be placedat
the head of the chassis. In the first few seconds, the speed decreased with a high acceleration, which
is very dangerous for the occupants. By changing the type of materials used in the front of the
car,this can be reduced.
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