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Numerical and experimental approach of various sectioned new concept of the 

crash-boxes to determine the reliability and crashworthiness of the vehicles during 

frontal impacts 

ABSTRACT 

Overview on vehicle collisions shows us a perspective to evaluate the impact behavior of the vehicles 

and occupant safety. To decrease the deformations of the vehicle body and occupant injuries, many 

products have been developed already. The mentioned safety measures can be defined via active and 

passive security systems. This study is about, passive safety systems used naming “the crash-box” for 

vehicles during accidents, are investigated experimentally to reduce the shock effects of the frontal 

impacts. For crash-boxes square, circular or other standard closed sections are preferred regularly due 

to ease of the production. For this research, open section crash-boxes are studied. Up to the 

manufacturing restrictions one of the designs in four, is preferred. The new concept of crash-box is, 

assembling the specimens in front of the chassis and just behind front bumper, instead of using it like 

regular crash-boxes. Cross-section type of w shape, steel, sheet-metal crash-boxes are manufactured as 

a shock absorber unit. Height of 2.88m drop test setup was used for the experiments. Considering the 

limitations of the test setup, one eighth of a real accident scenario for a 1200kg vehicle can be processed 

with this experimental system. The impact tests are handled with 150kg drop weight and one crash-box 

unit as an accepted collision scale. To understand the most appropriate thickness for the absorbers is 

decided between 2mm, 1.5mm, 1mm and 0.8mm thick samples. Finally, 1mm thick St37 w shape cross-

sectional sheet metal crash-box is strong enough to absorb the impact energy of the frontal collisions. 
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INTRODUCTION 

Due to the advancement of vehicle technologies 

with the comfort and speed, accidents have also 

increased concerning the human factors. During 

collisions even sophisticated safety procedures, 

injuries and sometimes fatalities are inevitable. 

One of the most important problem of vehicles 

collision is frontal impact for decades [1-8]. 

Thus, manufacturers and establishments (Euro 

NCAP etc.) have been trying to facilitate rules 

and create different type of prevention systems. 

Recent studies indicate about features; inside the 

chassis and under the hood staying in front of the 

driver like protection bars to decrease the 

collision effects and prevent the passengers. This 

safety system defined as a crash-box [9-11]. 

Crash box is a system converting the kinetic 

energy caused by the collision, via deforming 

itself in plastic region of the material and 

absorbing the impact energy and shock waves of 

the accident and is expected to be collapsed with 

absorbing crash energy prior to the other body 

parts so that the damage of the main cabin frame 

is minimized, and passengers have saved their 

lives. Crash-box or thin walled safety structure is 

designed for absorbing approximately 50% of 

kinetic energy of vehicles during frontal impact 

collision [12-14]. Widely known cross section of 

energy absorbers is mainly utilized as a 

rectangular/square shape. Previous studies 

indicated to understand impact behavior of 

rectangular/shape under static or dynamic axial 

loading. The most significant design parameters 

for the crash-box can be described as energy 

absorption efficiency and light weight [15,16]. 

Shock absorbing capability advances gradually 

by using pre-notched crash-boxes; otherwise in 

non-notched samples observed deformation is 

materialized in an uncontrolled way. Yet, 

because of the additional manufacturing 

processes for the notching, it is increasing the 

costs of the production. Considering the 

effective, simple and economic way, non-

notched samples have been preferred for this 

study. 

Instead of regular shapes known as rectangular or 

circular cross sections [17,18], different 

geometries like W folded crash-boxes are 

selected for this research. W shaped design could 

make many fold ways [19-21], but up to the 

manufacturing ability and limitations, one of the 

designs are accepted. 

The manufactured specimens could not be 

carried out in the form of actual vehicle crash 

tests due to real collisions, laboratory conditions 

and material availability. Instead, the tests were 

accomplished using the drop test setup. The data 

obtained from the current test setup were 

analyzed and evaluated by the experimental 

approach. Considering the deformations of the 

different thicknesses of crash-boxes, 1mm thick 

specimen gain enough amount of the shock 

energy of the impact scenarios. 

MATERIAL AND TESTING 

Experimental study of the impact procedures is 

handled via drop test module at laboratory 
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facilities in Sakarya University, Turkey. While 

the real accidents are very difficult to simulate in 

the laboratory conditions, some parts of the 

collisions are partially imitable to actualize the 

daily life incidents. In this perspective frontal 

crash case will be evaluated with a drop test 

approximation. 

2.1. Experimental Setup 

The drop test module (Figure 1) is able hold 150 

kg and drop it from 2.88m height. Because of the 

sample height is 300mm, it can reach a crash-box 

contact maximum speed of 24.6024km/h 

measured by the speed sensor. 

The impact velocities were measured by the 

velocity sensor just before the contact of the 

crash-box and steel plate. To understand the 

absorbing capability, four distinct specimen 

thicknesses are selected considering previous 

studies for different cross sections [22]. Deciding 

which thickness is the most appropriate for the 

absorbers, 2mm, 1.5mm, 1mm and 0.8mm thick 

sheet metal boxes crashed respectively via drop 

test experiments. 

Up to the calculations, the experiments 

represents eight crash-box mounted in front of a 

1200kg vehicle, 4 by 4 symmetrically in a 

24.5km/h impact scenario. 

 

Figure 1. Drop Test Setup 

2.2. Material Properties 

When creating a description for the safety 

precautions of the accidents, companies usually 

try to facilitate economical methods to reduce the 

deformations and injuries of the occupants. 

Sometimes this way is enough, nevertheless 

unfortunately not enough for all. Protective 

systems should be developed and the system 

should not much expensive for the mass 

production. Regarding the automobile industry 

St-37 mild steel sheet-metal material was applied 

to the W shaped cross-sectional designs just 

because the St-37 material is financially suitable 

for the manufacturers. 
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Just because the regular shapes had been studied 

before for decades, different profiles were 

designed to demonstrate the behavior of the W 

shaped folded crash boxes. The designs can be 

seen in Figure 2. With the limitations of the 

manufacturer, the most convenient design 4 was 

selected as a crash-box during the frontal impact 

scenario of the vehicle. 

 

 

Figure 2. The designs of the W shaped crash 
boxes 

The dimensions and perimeter of the columns are 

designed up to the recent studies and appropriate 

space imagined between the chassis and the 

frontal bumper of the daily used vehicles. When 

the height is 304mm, width and depth are 260mm 

and 90mm respectively. The height and the 

perimeter of the samples are considered by the 

effects of the collisions during frontal impacts of 

the vehicles to absorb enough amount of the 

shock energy. And also the thicknesses are 

decided up to the availability of the sheet metal 

market as 0.8mm, 1mm, 1.5mm and 2mm. The 

dimensions of the design 4 is given in Figure 3. 

 

Figure 3. Dimensions of the W cross section 

2.3. Experiments 

The main idea in the impact shock absorbers like 

crash boxes is to deform enough to absorb 

sufficient amount of destructive energy. But if 

the specimens deform all the way in a large 

deformation scale, there will be no space to fold 

on itself and protect the vehicle anymore. Thus, 

initially the optimum thickness should be 

evaluated between very large deformations and 

not enough deformable behavior of the crash-

boxes. During the tests the folding mechanism 

usually starts from the bottom side, opposite of 

the initial contact region as a reaction attitude. 
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2mm thick specimen: Initially a little more 

buckling seen at the left side. Folding 

deformations are determined above from the 

right side of the column is 69mm, left side is 

79mm and the center is 75mm. After the impact 

test the average height became 279mm. This 

sample is so rigid and is not able to absorb 

harmful shock energy. The crash-box will 

transfer the shock wave directly to the vehicle. 

The impact deformation of the 2mm thick 

specimen can be seen on Figure 4. 

 

Figure 4. The impact deformation of the 2mm 
thick specimen 

1.5mm thick specimen: As seen in the Figure 5, 

buckling at left side is more than the right. After 

first fold reached to the bottom, second fold at 

right is 33mm above from the bottom, and for the 

left is 29mm above. Defined plastic deformation 

at right column is 14mm, at left 16mm and at 

middle 15mm. Right column decreased to 

247mm, and left decreased to 243mm. 1.5mm 

thick plate sample crash-box is not able to absorb 

enough energy because of rigidity. 

 

Figure 5. Drop test result for the 1.5mm thick 
specimen 

0.8mm thick specimen: After the impact tests 

for the 0.8mm thick specimens, large 

deformations were determined. Opposite of the 

2mm and 1.5mm thick samples, 0.8mm thick 

crash-boxes were not able to absorb enough 

energy considering that the all 0.8mm thick 

specimens deformed in an extra-large behavior. 

Two other specimens are behaved identically. 

 

 

Figure 6. Drop test result for the 0.8mm thick 
specimen 

Results up to this section shows that 2mm and 

1.5mm thick samples are acted rigidly and not 

sufficient folding mechanism is detected. On the 
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other hand, all of the three 0.8mm thick samples 

present extra-large deformation and this sample 

is not capable to withstand the impact forces. 

According to the results to gain optimum 

thickness for the crash-box should be between 

1.5mm and 0.8mm. Subsequently, 1mm thick 

easily obtainable St37 sheet metal is decided for 

the next experiment. 

1mm thick specimen: The samples 0.5mm 

thinner than the previous one, thence the 

deformation result and mechanism is different. 

The increase of number of the folding 

mechanism represents an acceptable folding 

process for an efficient impact absorbing 

capability, besides the crash-box is not indicating 

large-deformation which is favorable. To depict 

the correlation between the numbering of the 

samples and specimen numbering in the Figure 7 

subsequently the trial sample 

(W01_I1_S01_T01: specimen 1) which is not 

given, the specimen numbering starts from the 

number 2. After the first trial impact test, the 

second impact test (Figure 7-2) represents the 

gradually and acceptable folding deformation for 

absorbing enough energy. The results for the 2nd 

specimen shows that it absorbed the shock waves 

and energy during the deformation between 

304mm to199mm. The drop test for the 3rd 

sample is carried out, and the result of the test is 

depicted in Figure 7-3. The outcome for the 3rd 

specimen demonstrate that absorbing the impact 

energy during deformation, is starting from 

304mm to approximately 200mm. Impact test for 

the fourth specimen (Figure 7-4), the height of 

the crash-box decreased to, between 189mm 

to184mm. The second folding is not at the 

bottom like the 2nd and 3rd; it is on the top region 

of the crash-box. When the 5th specimen is 

examined in Figure 7-5, two folds were observed 

just above the lower surface. Just below the upper 

surface, folding starts in the two columns, but the 

plastic deformation of buckling in the right 

column is greater than in the left column. The 

result of 5th specimen was found to be 209mm 

on the right side from 300mm and 211mm on the 

left side. For the 6th and 7th (See Figure 7-6 and 

7) specimens, the folding behaviors are close to 

4th one. One fold at the bottom and the other fold 

at the top surface of the crash-box. Results of 6th 

specimen shows that the height decreased from 

300mm to 187mm on the right side and from 

300mm to 185mm on the left side. And the 7th 

specimen’s height decreased from 300mm to 

181mm on the right side and from 300mm to 

182mm on the left side. 

 
Figure 7. Drop test results of the 1mm thick specimen 

When the all experiments are considered, the 

results at Table 1 should be investigated.
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Table 1. Experimental results of the drop tests 

Specimens 

Velocit

y (m/s) 

Absorbed 

Energy 

(J) 

Mean 

Deformatio

n (mm) 

Deformation 

W01-I2-S01-T01 

(2mm thick) 
6,815 3072 25 

Not Enough 

(Rigid) 

W01-I1.5-S01-

T01 (1.5mm thick) 
6,821 3119 57 

Not Enough 

(Rigid) 

W01-I1-S01-T01 

(1mm thick-trial 

sample) 

6,79 3164 98 

Acceptable 

W01-I1-S01-T02 

(1mm thick) 
6,827 3202 101 

W01-I1-S01-T03 

(1mm thick) 
6,809 3189 99 

W01-I1-S01-T04 

(1mm thick) 
6,811 3204 111 

W01-I1-S01-T05 

(1mm thick) 
6,814 3173 91 

W01-I1-S01-T06 

(1mm thick) 
6,834 3209 115 

W01-I1-S01-T07 

(1mm thick) 
6,825 3226 118 

W01-I0,8-S01-

T01 (0.8mm thick) 
Error Error 245 

Large-Def. 
W01-I0,8-S01-

T01 (0.8mm thick) 
6,741 3343 256 

W01-I0,8-S01-

T01 (0.8mm thick) 
6,88 3447 230 

 

After comparing the results, 1mm thick St37 W 

shaped crash-box absorbers exhibit better results 

to eliminate the shock effects of the frontal 

collision scenario. For the further studies, 1.2mm 

thick samples will be added to the W shaped 

cross sections expanding with regular sections 

thickness of 1mm to compare the different shapes 

acts. After deciding the best shape and thickness 

the height optimization will take place for a 

superior crash-box design. To improve the 

experiments, accelerometer is going to be 

included while the numerical approximation of 

explicit dynamics procedures will be conducted 

with LS-DYNA software. 

 

CONCLUSION 

According to the experimental study of the 

frontal impact simulations via drop test setup is 

admissible to describe the direct collisions as 

expected. Although crash-box developments 

spread on spacious studies, there are still 

sufficient amount of undiscovered areas exist. To 

saturate some part of not defined areas of the 

impact absorbing field, this study has 

accomplished using not regular shapes. 

Instead of using standard cross-sections, w cross-

section open form crash-boxes are preferred to 

see the mechanical behavior of the new concept. 

And also for the further studies, the W shaped 

cross sections will be investigated via comparing 

with the standard cross sections. 

Thickness optimization of the crash-box has been 

processed by the experiments. The impact 

absorbing capability of the 2mm and 1.5mm 

thick crash boxes is not appropriate because of 

the rigid and not enough deformable behavior. 

When 0.8mm thick boxes are investigated the 

mechanical strength was found so week to absorb 

enough impact energy, considering all samples 

have large-deformations. 

According to the results to gain optimum 

thickness for the crash-box should be between 

1.5mm and 0.8mm. Hereby, 1mm thick easily 

obtainable St37 sheet metal is capable to absorb 
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enough impact energy by folding two times on 

itself while the rigid ones just fold once and the 

soft samples fold all the way. 

Finally, repeated 1mm thick specimen 

experiments, verify the absorbing ability during 

many drop tests. And also the results for the new 

design of crash-box concept are promising. 
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