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ABSTRAK 

 

 

 

Kotak kemalangan adalah salah satu daripada bahagian-bahagian automotif yang paling 

penting untuk penyerapan tenaga kemalangan yang dilengkapi di bahagian hadapan kereta. 

Dalam kes kemalangan yang melibatkan bahagian hadapan kereta, ia dijangka akan runtuh 

dengan menyerap tenaga kemalangan sebelum bahagian-bahagian badan yang lain supaya 

kerosakan bingkai kabin utama dapat dikurangkan dan penumpang boleh diselamatkan. 

Dalam laporan ini, kotak kemalangan geometri dikaji untuk penyerapan tenaga dan ia 

dimodelkan berbentuk segi empat tepat dalam perisian SolidWorks. Komponen untuk ujian 

kemalangan adalah ‘impactor’, kotak kemalangan, dan sokongan tetap. ‘Impactor’ 

dimodelkan sebagai satu badan tegar, manakala bahan untuk sokongan tetap dan kotak 

kemalangan adalah terdiri daripada bahan pengerasan bilinear isotropik dan dimodelkan 

sebagai tingkah laku kekukuhan yang berbadan fleksibel. Kotak kemalangan kereta dengan 

impak kelajuan dikaji dengan menjalankan analisis unsur terhingga dan disimulasikan 

dengan menggunakan modul Explicit Dynamics dalam perisian ANSYS. Tujuannya adalah 

untuk menganalisis tingkah laku perubahan bentuk dan penyerapan tenaga kemalangan 

untuk kesesuaian prestasi kemalangan yang terbaik. Kotak kemalangan yang berketinggian 

100 mm dengan kelajuan kemalangan hadapan 720 km/h dikira dengan menyamakan tenaga 

kinetik geometri dimodelkan dengan tenaga kinetik daripada eksperimen kemalangan yang 

sebenar yang berkelajuan 64 km/h. Bahan yang digunakan untuk kotak kemalangan adalah 

daripada aloi aluminum NL. Keputusan menunjukkan perbandingan perubahan struktur 

bentuk dan analisis tenaga yang diserap semasa perlanggaran. Dengan mengubah parameter 

geometri kotak kemalangan itu yang merupakan kawasan keratan rentas, kotak kemalangan 

yang berbeza dicadangkan dan disimulasikan untuk penyerapan tenaga maksimum 

disamping untuk mendapatkan perlindungan yang maksimum kepada penumpang dengan 

mengurangkan daya impak. 
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ABSTRACT 

 

 

 

Crash box equipped at the front end of a car, is one of the most important automotive parts 

for crash energy absorption. In the case of frontal crash accident, it is expected to be 

collapsed with absorbing crash energy prior to other body parts so that the damage of the 

main cabin frame is minimized and passengers may be saved. In this report, crash box 

geometry is studied for the energy absorption and a rectangular crash box is modelled in 

SolidWorks software. The crash test components were impactor, crash box, and fixed 

support. Impactor is modelled as a rigid body, while fixed support and crash box material as 

bilinear isotropic hardening and are modelled as flexible body of its stiffness behavior. An 

automobile crash box with a velocity impact is studied by conducting finite element analysis 

and is simulated using Explicit Dynamics module in ANSYS software. The purpose is to 

analyze the deformation behavior and crash energy absorption for the best crashworthiness 

performance. Crash box height of 100 mm and frontal crash velocity of 720 km/h is 

computed by equalizing the kinetic energy of the modelled geometry with the kinetic energy 

of a real-time crash experiment which the velocity is 64 km/h. Crash box material of 

Aluminum Alloy NL is used. The results present a comparison of structures deformation and 

analyze of energy absorbed values during the impact. By varying the geometry parameter of 

the crash box which is cross-sectional area, different crash box models are proposed and 

simulated for the maximum energy absorption thereby to obtain the maximum protection to 

the passenger by reducing the impact force. 
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CHAPTER 1 
INTRODUCTION 

 

 

 

This chapter provides the general ideas of the project, which provides five main 

sections, started with the background of the study and continued with the problem statement. 

Besides, the significance of this study will be briefly explained throughout this chapter. 

Furthermore, the objectives and the scopes of this project are also stated in this chapter. This 

chapter will end with the explanation of the report organization. 

 

 

1.1 Background of the Study 

 

Safety is the main worry toward passengers and drivers. Everyone expect riding or 

driving in cars are safe because they relied on a vehicle to get sufficient protection during 

the accident. There are many safety elements in a car to protect the occupants, for example, 

airbags, crash box, seat belts and others. But, vehicle frontal protection system is the first 

part that comes to mind during crash occur (Deep et al., 2015).  

Nowadays, there are many cars that are equipped with the crash box which is 

mounted between a bumper and front frame of the car. Usually, this crash box mainly 

purposes to protect the vehicle against damage and occupants against injury by absorbing 

the collision energy. It is expected to be collided before the other body parts, thereby 

reducing the impact to the passenger. With a specific end goal to reduce the repair costs and 

improved occupants safety, a crash box which is an energy absorbing device is typically 

installed. Their effectiveness in preventing injury under such impact loads is called 

crashworthiness. The crashworthiness of a vehicle depends on the impact force that is 

transferred to it and the capacity of the structural parts to absorb energy. Besides that, it is to 

reduce the damage caused in those cases involving excessive dynamic forces and also 

defined as the ability of a component or restraint system to withstand forces below a certain 
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level (Mahdi et al., 2006). In addition, surviving a crash is all about kinetic energy because, 

at the point when occupants’ body is moving, it has a specific amount of kinetic energy. 

When occupants reach a total stop after the crash, they will have zero kinetic energy. The 

kinetic energy is likely to be removed as slowly and uniformly as possible to minimize the 

risk of injury. (Gangadhar et al., 2014). 

Other than that, crash box deals with main of impact energy absorption by 

experiencing cyclic plastic deformation before the energy is completely transmitted to 

occupant cabin. Generally, plastic deformations widely used for energy absorption and many 

energy absorbing devices are mainly dependent on more than one energy absorbing 

mechanism (Ashutosh, 2016). Thus, the impact performance of the crash box can be 

enhanced by improving their shapes. 

In this project, a crash box is designed to reduce the collision impact and an 

optimization will be made to increase its performance. Other than that, the goal is to improve 

the energy absorbing capacity of the vehicle frontal protection system during crash occur. 

The crash box will be made in the rectangular shape and from aluminum material. The areas 

of works study are design and analysis and only focusing on the analysis process. Therefore, 

a crash box is modeled using SolidWorks software and data will be analyzed with the explicit 

dynamic in ANSYS software. As a result, the new and better performance of crash box can 

be established. 
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1.2 Problem Statements 

 

The main risks of injury for car occupants emerge from the way vehicles interact 

with the roadside and with each other. The most frequent category of the crash is a car to car 

collisions. For both seriously and fatally injured occupants, frontal impacts are the most 

critical crash type followed by side impacts.  There are countless types of obstacles that crash 

box endure during the frontal impact. The head is the body area most frequently involved in 

the life-threatening injury, followed in importance by the abdomen and then the chest. 

However, the leg and neck are important body part among the disabling injuries (Hobbs, 

2001). The factors of seriousness injury include the contact with the interior of the car and 

the occupants. Then, the increased severity of an injury is caused by the collision of the 

object or vehicle into the passenger. 

In order to reduce the vehicle crash impact that will prevent injury and fatality, a lot 

of researches have been made to increase the crash box’s crashworthiness. The crash box is 

designed to assist the absorption of collision that will reduce the transmission of the impact 

energy to vehicle body hence reducing the impact on occupants. By improving the 

dimensions of the crash box, the effectiveness can be maximized. 

The purpose of this project will be to analyze the data and to obtain the optimum 

design of the rectangular aluminum crash box subjected to high-velocity impact loads. In 

order to achieve the required crashworthiness of the vehicle, a crash box is one of the parts 

that should be optimally designed. By using the rectangular design of crash box in this 

project, the high performance of energy absorption device can be proposed. Furthermore, 

this project is focused on the design analysis of rectangular aluminum crash box that will 

support by the simulations using explicit dynamic in ANSYS software.  
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1.3 Objectives 

 

The objectives of this project of design and analysis of rectangular aluminum crash box are 

listed as: 

a) To perform a work study on the crash box 

b) To design a rectangular aluminum crash box for frontal accident protection by using 

SolidWorks software 

c) To analyze data (energy absorption, deformation, and kinetic energy) of  a rectangular 

aluminum crash box for frontal accident protection by using Explicit Dynamic in 

ANSYS software 

d) To optimize the crash box design and recommend for future improvement 

 

 

1.4 Scopes 

 
Basically, the project will be focused on the design and analysis of rectangular aluminum 

crash box for frontal accident protection that used in a vehicle. To ensure the objective is 

achieved, some of the important element must be considered. There are design the crash box 

by using SolidWorks software and analyze it by using Explicit Dynamic in ANSYS software.  
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1.5 Significance of Study 

 

This project focuses on the applicability and importance of crash box in a vehicle to 

ensure the safety of the passenger. Besides that, the project is carried out for a rectangular 

crash box model and analyzed the crash behavior of rectangular shape that is made of the 

particularly selected material which is aluminum. Then, this project also highlights the 

performance of crash box in the vehicle crashworthiness applications, also its effect on 

energy absorbing capacity by depending on the behavior of the crash box at the peak velocity 

and its geometry parameter which is the cross-sectional area. Thus, the optimization of the 

crash box will increase the performance in the crashworthiness. 

By preparing this project, it is also important to predict the energy absorption and 

maximum impact load in the crash box shell structures. The maximum impact load and the 

energy absorption rely on upon numerous parameters including force, geometry, impact 

energy, boundary condition, the porosity of the material, and history of plastic deformation 

during metalworking. Furthermore, this project would be important to enhance the 

knowledge and analysis about the crash box by the support of relevant information and data 

which can improve decisions in the automotive industry. 

 

  



6 
 

1.6 Organization of Report 

 

This section explained about the organization of report based on the chapter which 

is chapter 1 cover the background of the study, problem statement, objectives, scopes, 

significance of the study and organization of the report. Chapter 2 Literature review, Chapter 

3 Methodology, Chapter 4 Result and Discussion and lastly Chapter 5 covers the Conclusion 

and Recommendation of the project report. 

Firstly, the report begins by discussing the background of the study, problem 

statement, objectives, scopes, significance of the study and organization of the report. 

Initially, the background of the study will explain the performance of the energy absorbing 

capacity of the crash box. Besides that, the discussion of using rectangular aluminum as the 

shape of the crash box for frontal accident protection system will also be covered. 

Furthermore, several explanations about the problem that occurs that lead to the project will 

be clearly stated. Besides that, this chapter will also state the objectives and scopes of the 

project. Then, the significant of the study in this chapter will highlight the importance of 

study that needs to be conducted and followed by the organization of the report. 

Chapter 2 reviews the previous study or project that has been done from the source 

which is about the history of the crash box, the general shapes of the crash box and the 

method of designing the crash box. This chapter will begin with the definition of the crash 

box and its system, followed by the crash box design will discuss through this chapter. The 

general shapes of the crash box such as rectangular, circular, square and ellipse will also be 

described. The material of designing a crash box will also be highlighted in this chapter. 

Chapter 3 described the methodology and the process flow of this research study. 

This chapter explains an introduction to the crash box design, process, and method used for 

the entire project. Furthermore, the process flow diagrams of designing will be depicted in 

this chapter. The 2D and 3D design models will be constructed through SolidWorks software 

and simulation of the design model will be obtained. Then, the simulation analysis for the 

model will determine the stress, strain, and displacement. Next, the process flows diagram 

of explicit dynamic analysis of the crash box model will be clearly shown through ANSYS 

finite element analysis software. The input such as the velocity is chosen as the parameter 

condition to analyze the design model in a dynamic condition. 




