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Abstract. To assure safe traffic is a goal of the vehicle manufacturers. The car body elements 

are usually made from high plasticity metals whiches can deform in the case of an accident. By 

this deformation way, the car body absorbs the collision energy. Aluminium foam is a special 

material that can absorb impact energy. The authors wanted to find a rapid and simple test 

method to investigate the dynamic load effect for the aluminium foam. The Charpy impact test 

is a suitable and standardized impact test to determine the absorbed energy of the material during 

the fracture. In this research, the aluminium foam was tested by the Charpy impact test and 

compared the results with literature data to evaluate the used impact test. 

1. Introduction  

High energy absorption is very important in the collision zone of vehicles, which protects the driver and 

passengers of the vehicle from harmful dynamic effects [1]. However, several aspects need to be 

considered in the energy absorption capacity of the collision zone increasing. A collision is a physical 

process in which two vehicles make contact with each other, the participants in the collision transfer 

energy to each other and deform depending on the kinetic energy of the vehicles. The collision time is 

very short and involves many processes. In the event of a vehicle collision, the kinetic energy is absorbed 

by the permanent deformation of the vehicle equipment. There is no significant difference between a 

vehicle collision with a stationary vehicle or colliding with an oncoming vehicle. In the case of the 

material selection, important aspects are the cost and weight.  

 

 
Figure 1. Open-cell aluminium foam [5] 
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    Steel production has developed significantly over the past decade, enabling the automotive industry 

to use high-strength steels and thin plates [2]. However, this is not enough to provide adequate protection 

in the event of a collision. The production and distribution of aluminium foams offer new opportunities. 

It can find different kinds of aluminium, like open cell and closed cell aluminium foams. Aluminium 

foam is a new kind of structural material with several great properties. On the base of the porosity, it 

can split the foams into two groups, like open-cell foams and closed cell foams. Open-cell aluminium 

foam is an aluminium foam with contiguous inner pores with a pore size of 0.5-1.0 mm (Fig.1.) [5]. Due 

to its porous structure, aluminium foam can be used as a noise-reducing material because of its excellent 

sound absorption, fire resistance, dust resistance, environmentally friendly and water-resistant. 

In the case of closed-cell aluminium foam, the pores are not connected; while in the case of an open 

cell, the pores are connected.  

 

 
Figure 2. Closed-cell aluminium foam 

 

    The porosity is usually 5-10 mm in size and has a density of 0.25-0.85 g/cm3. Its energy absorption 

depends on its density [5]. The picture of the used closed-cell aluminium foam can see in Fig. 2. and 

Fig.3. 

 

 
Figure 3. Closed-cell aluminium foam porosity sizes (example) 
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    Some of the closed-cell aluminium foam mechanical properties as a function of the density can see 

in Tab.1. [5]. 

 

Table 1. Some of the closed-cell aluminium foam mechanical properties [5] 

Density 

(g/cm³) 

Pressure strength 

(MPa) 

Bending strength 

(MPa) 

Energy absorption 

ability (kJ/m³) 

0.25~0.30 3.0~4.0 3.0~5.0 1000~2000 

0.30~0.40 4.0~7.0 5.0~9.0 2000~3000 

0.40~0.50 7.0~11.5 9.0~13.5 3000~5000 

 

    The energy absorption ability determination method is not defined in the referred literature. Several 

experimental results can find, that the energy absorption increases with the density increasing [6-8]. The 

energy absorption ability depends on the density but also depends on the porosity parameters, like porous 

sizes and the porous wall thickness [9-12].  

 

2. Materials and experiments 

The density of the used aluminium foam was calculated from the aluminium foam weight m=70,4023g, 

and volume V=8,7x8x2,57= 178,872cm3 (1): 

ρ=m/V= 0,394 (g/cm3)     (1) 

    The used aluminium foam energy absorption ability (from Tab.1.) is about the literature data 

3000kJ/m³ [5]. The Charpy impact test is suitable to determine the energy absorption of the materials.  

 

2.1. Modified Charpy test 

The used aluminium foam test sample size 10x25,7x55 mm, the used Charpy impact test machine was 

a (see Fig.4.) 4J impact energy tester. The mass of the hammer was m=1kg and its start position high 

was h=40 cm. The collision rate is determined by the next equations E kinetic energy (2), velocity of 

the hammer (3); 

 

 
Figure 4. The used Charpy impact tester 
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𝐸𝑐 = 𝑚𝑔ℎ =
𝑚𝑣2

2
= 4 J     (2) 

𝑣 = √2𝑔ℎ = √2 ∗ 9.807
𝑚

𝑠2 ∗ 0.4𝑚 = 2.8
𝑚

𝑠
     (3) 

 

    In the case of the metal foams, this process with the standard test sample (10x10x55 mm) can’t give 

useful results. It was made some tests with the standard size of the foam test sample, but the results were 

unmeasurable. These experimental results show that it can find a minimal thickness whiches is useful 

for the impact test. 

    It was modified the test samples size to earn valuable results. The amount of absorbed energy by the 

aluminium foam during fracture is determinable from the used hammer parameters and the test sample 

geometry. The modified test sample size was 10x25,7x55 mm. 

 

 
Figure 5. The modified test sample after the Charpy test 

 
    The base of the modified test sample design was the standard test sample sizes and the literature 

suggestion about the energy absorption ability results [9-12]. The Charpy test, was made on 5 equal 

geometry test sample. The used test samples did not fracture. The used test samples showed plastic 

deformation under the test load.  

 

Table 2. Charpy test results 

Test number Deformation deepth 

1 13,40 mm 

2 13,42 mm 

3 13,45 mm 

4 13,49 mm 

5 13,41 mm 

Average 13,434 mm 

 

The average deformation depth was 13,43mm and the average residual undeformed thickness was 

12,27mm (Fig.5.). The absorbed energy is calculated from the deformed volume of the foam. The 

deformed volume (V) was determined from the geometry of the deformation (Fig.6.) and the thickness 

(S=10 mm) of the tested sample (4). 
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Figure 6. The deformed area front view 

 

The deformed volume, where A is the penetration area (Fig.6.) and s is the test sample thickness: 

 

𝑉 = 𝐴 ∙s=695𝑚𝑚3     (4) 

 

    The maximal energy of the used Charpy is Ec=4J, because the hammer was stopped by the test sample. 

The energy absorption ability Ea (kJ/m3) of the tested aluminium foam can determine by equation (4): 

𝐸𝑎 =
𝐸𝑐

V
=

4𝐽

695 𝑚𝑚3 = 5755
𝑘𝐽

𝑚3
     (5) 

 

    The tests resulted absorbed energy Ea of the used aluminium foam calculated by the equation (5) is 

1,91 times bigger than the literature suggested results energy absorption ability for the used aluminium 

foam.  

 

3. Results and discussions 

    It was concluded that the aluminium foam deformation was limited under the impact load, only an 

average half of the foam thickness deformed. The test result of the standard Charpy test sample was 

unmeasurable because the test sample didn't show any deformation. The modified test sample showed 

high energy absorption and deformation in the limited thickness of the test sample. The tested aluminium 

foam density 0,394 (g/cm3) and the calculated energy absorption was 5755 kJ/m3. It can conclude that 

in the case of the used Charpy method can be useful for the determination of the metal foam energy 

absorption ability determination, but it needs to define a suitable geometry because the result depends 

on the thickness of the test sample. Also, it needs to define a correction coefficient because the density 

of the aluminium foam is not enough to determine the energy absorption ability, the porosity size and 

the wall thickness of the porous are also important. To determine a suitable equation for the energy 

absorption ability it needs to determine the suitable test sample and the correction coefficient as a 

function of the aluminium foam structure by several experimental tests. 
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