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ABSTRACT 

This study will simulate the two segments crash box design due to frontal load direction. The parameter of two 
segments crash box design consists of: connection angle between segments (), connection length (p), segment thickness 
ratio (t1/t2), segment height ratio (h1/h2) and outer diameter (do). Deformation mode of crash box and energy absorbing due 
to frontal load is observed. Taguchi method was used as design optimization method. Taguchi matrix L18 was selected. 
Based on simulation results, energy absorbing on two segments crash box is a constant rise on beginning conditions, then it 
enhance with high slope of the curve on middle condition. This fact is correlated with the pattern of deformation that it 
occurs in the first segment on the beginning data, then it continued as deformation joining between first and second 
segment. From the observation of energy absorption capability in the frontal load simulation, it can be concluded that the 
optimum design is a model design with parameters:  = 45o, p = 10 mm, t1 / t2 = 2 mm / 3 mm, h1/h2 = 40 mm / 60 mm and 
do = 75 mm. 
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INTRODUCTION 

Crash box is one of the passive safety 
components used to absorb impact energy due to collisions 
result in deformation of the crash box itself. Investigation 
on the sectional of crash box design has been carried out to 
obtain a good performance with a high energy absorption, 
such as square [1], rectangular, hexagonal and octagonal 
cross-section tube [2]. The circular tube showed higher 
specific energy absorption compared to square and 
rectangle tube [3]. Deformation mode on circular crash 
box was divided as stable mode, stable mode with folds 
and unstable mode [4]. Deformation modes expected is 
stable modes that it will be able to reduce the buckling 
phenomena. 

The higher moment of inertia of the crash box 
cross section produces in high capability to absorb energy 
during collision. It is comparable with the crash box 
stiffness, where the higher stiffness can produce higher 
load resistant results in small deformation. Thus, the 
higher load acting on a crash box could resisted, the higher 
energy could be absorbed. Study on two segments crash 
box is still limited, where this design can possible to 
increase the allowable critical load and different materials 
in each segment can be used. The crash box designs using 
hybrid material of alumunium and steel have been 
developed in order to reduce crash box weight up to 17.5% 
[5]. However, the joining methods between segments that 
expected affecting its performance are required to be 
observed in details. In this study, the two segment crash 
box design is evaluated through energy absorption 
capability in the frontal load by using computer simulation 
with the connection angle between segments of crash box 
was observed. 
 
 

LITERATURE REVIEW 
Crash boxes are a thin walled structures mounted 

between automotive chassis and bumper (Figure-1) which 
are used as energy absorption during crash event. These 
elements are part of the crashworthy system used to reduce 
the severity of accidents due frontal crash. These 
structures play important role to absorb the impact energy 
of the frontal crash by plastic deformation to protect the 
occupants.  
 

 
 

Figure-1. Crash boxes positions mounted between 
automotive chassis and bumper [6]. 

 
Crash box is appropriate to be deformed by 

absorb impact energy before striking another vehicle parts 
such as frames and cabins to ensure the overall integrity of 
chassis, hence passenger safety. Crash box structures will 
exhibit plastic deformation during crushing by collapse 
and sequential folding process. The plastic deformation 
process must be controlled to absorb as much energy as 
possible thus the severity of injury could be minimized. 
There had been many studies on investigating the 
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behaviour of crash boxes to improve energy absorption 
under frontal crash. Steel and aluminium are the most 
common materials used in automotive due to its strength 
and the other hand for aluminium is lighter and corrosion 
resistant.  
 
METHODOLOGY 

The finite element method-based program 
ANSYS 14.5 Academic is used to simulate two segments 
crash box design with a length of 100 mm due to frontal 
load direction. The parameter of two segments crash box 
design consists of: connection angle between segments 
(), connection length (p), segment thickness ratio (t1/t2), 
segment height ratio (h1/h2) and outer diameter (do) as 
shown in Table-1 and Figure-2. The crash box model 
component were impactor, crash box, and fixed rigid base 
as shown in Figure-3. 
 
Table-1. The parameter of two segments crash box design. 
 

Factor Factor description 
Level 

1 
Level 

2 
Level 

3 

A 
Connection angle 

between segments () 
45 60 - 

B 
Connection length 

between segments (p) 
5 10 15 

C 
Segment thickness 

ratio (t1/t2) 
2/3 

2.5/ 
2.5 

3/2 

D 
Segment height ratio 

(h1/h2) 
40/60 50/50 60/40 

E Outside diameter (do) 50 75 100 

 

 
 

Figure-2. Design parameters in two segments crash box. 
 

 
 

Figure-3. Two segments crash box model. 
 

Deformation mode of crash box and energy 
absorbing due to frontal load simulation is observed. Crash 
box length of 100 mm is selected. Crash box material of 
Aluminium Alloy is used. The frontal load simulation was 
modelled as impactor with frontal axial load collides with 
crash box at velocity of 16 km/hour along load direction. 
The simulation starting from the initial condition with 
impactor, crash box, and base are in touch. Impactor and 
the fixed base are modelled as a rigid body, while crash 
box as an elastic body. 
 
RESULT AND DISCUSSIONS 

Deformation process occurred on two segments 
crash box with circular cross section is tends to axial mode 
(Figure-4). The deformation pattern of circular cross 
sectional of crash box is typically symmetry, its produce 
better energy absorption capability compared to square 
and rectangular cross section [3]. 
 

 
 

Figure-4. Deformation process in two segments crash 
box (thickness ratio t1/t2, 2 mm/3 mm). 
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Figure-5 shows the relation between absorbed 
energy - time curve for 18 design models. It can be seen 
that design model No. 4 has the highest energy absorbing. 
The pattern of energy absorbing on two segments crash 
box is a constant rise on beginning conditions, then it 
enhance with high slope of the curve on middle condition. 
This fact is become as characteristic of the two segments 
crash box design, the pattern of deformation occurs in the 
first segment on the beginning data, then a pattern 
deformation continued as deformation joining between 
first segment and second segment. The increasing energy 
absorbing in this stage is occurred due to increasing of 
critical load as the inertia at joining area was increased.  
 

 
 

Figure-5. Relation between absorbed energy and time 
function of overall models. 

 
In this study, Taguchi method was used as design 

optimization method. Taguchi matrix L18 was selected. 
Figure-6 denotes the main effects are plotted for a visual 
inspection of each factor for various level conditions at 
crash box toward energy absorbing capability. It can be 
seen that the segment height ratio (h1/h2) and the 
connection angle between segment () has a stronger 
influence on energy absorbing capability. Based on 
Taguchi analysis, it can be determined optimum setting of 
design parameter on two segments crash box, which is, 
design model of A1-B2-C2-D1-E2. Design model of A1-
B2-C2-D1-E2 is modeled to measure its capability to 
absorb impact energy. This result is compared with the 
highest observed value on L18 Taguchi matrix, which is 
design model No. 4. Table-2 shows the comparison energy 
absorbing between two design models, thus design model 
No. 4 is revealed as the optimum design.  
 

 
 

Figure-6. Contribution of the main factor of design 
parameters toward energy absorbing capability. 

 
Table-2. Optimum condition for two segments crash box. 

 

Factor Factor description 
Design 
No. 4 

Taguchi 

A 
Connection angle 

between segments () 
45 45 

B 
Connection length 

between segments (p) 
10 10 

C 
Segment thickness 

ratio (t1/t2) 
2/3 2.5/2.5 

D 
Segment height ratio 

(h1/h2) 
40/60 40/60 

E Outer diameter (do) 75 75 

 
As shown in the Figure-7, it can be conclude that 

the optimum model in this study has better energy 
absorbing capability. From deformation pattern has 
showed that two segments crash box absorbs low energy at 
the beginning of condition. Energy absorption start 
increased at the boundary area of the first and second 
segments as a result of increasing inertia where critical 
load has increased hence buckling phenomenon could be 
minimized.  

This study evaluate the deformation mode and 
energy absorbing capability on two segments crash box 
design with a length of 100 mm due to frontal load. It can 
be concluded that the optimum crash box design is model 
with the parameters as follow: connection angle between 
segments () = 45o, connection length between segments 
(p) = 10 mm, segments thickness ratio (t1/t2) = 2 mm / 3 
mm, segment height ratio (h1/h2) = 40 mm / 60 mm, outer 
diameter (do) = 75 mm. These observation results by using 
computer simulation can be considered as an optimum 
design. Therefore, in order to verify the optimum design 
obtained, a real crash test through experiment is required. 
The challenge on the next study is possible to use two 
different materials. 
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Figure-7. Relation between absorbed energy and time 
function for one and two segments crash box. 
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