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Abstract. This article is focused on the experimental drop testing of foam materials which are 

used in motorbike protectors. The EN 1621-1 standard, which describes the test methodology 

of motorcycle protectors, determines only one type of the drop test. Every protector is tested 

only once [4], however, there is a high probability of multiple hits to the same spot during 

motor rider fall. Every sample of the motorcycle protector was tested ten times with 60 

seconds pause, using methods described in this article. Three impact velocities 1 ms
–1

, 2 ms
–

1
 and 3 ms

–1 
were applied. The experiment showed that, in many cases of the impact, 

protectors are not destroyed. 

Introduction 

In the year 2014, there were 4570 motorcycle accidents in the European Union countries.  

A large amount of them were fatal [1, 2]. Many motorcycle riders consider the motorcycle 

protective clothing only as a protection against the bad weather conditions [3]. In our 

experiment, two types of foam materials were compared. First type of samples was cut out 

from the motorcycle protectors SAS-TEC SC-1/42 (Fig. 1, black color), second type of 

samples was cut out from motorcycle protectors SAS-TEC SLC 2 (Fig. 1, gray color). The 

size of black samples was 19.5 mm x 20.2 mm x 10.8 mm. The target area was 395.7 mm
2
. 

The size of gray samples was 19.2 mm x 20.8 mm x 13 mm. The target area was 40 mm
2
.  

Fig. 1: Experimental samples. 

Both types of protectors were classified according EN 1621-1 standard as class 2. In the 

protector verification test described by EN 1621-1 standard, the impactor falls with the weight 

of 5 kg from 1m height. The maximum ground reaction force must be equal or less than 
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20 kN [4].  In this article unstandardized test for motorcycle protectors was applied. 

Compared to the standard test, every sample was tested ten times. While the ground reaction 

forces were not compared but only acceleration and compression during impact was 

measured. A lot of motorbike protector manufacturers recommend change of all protectors 

after a motorbike fall [5].  

Experimental methodology 

The experiment was performed on the device developed by our institution. This machine was 

designed to simulate free fall and its functionality was verified by leaser sensors. Mass of 

impactor used in the experiment was 2.4 kg. Dimensions of rectangular shaped impactor were 

30 mm x 30 mm. By application equation    

𝑦 =
𝑣2

2𝑔
                                                                                                                                  (1) 

 

three impact heights (51 mm, 204.1 mm and 459.2 mm) were calculated from which the 

impactor was released. These three heights represented impact speeds 1 ms
–1

, 2 ms
–1

 and 3 

ms
–1

. The measuring apparatus is showed on figure 1. Measuring chain was composed from 

piezo-ceramic accelerometer KISTLER 8702B500 with range ±500 g and optical distance 

sensor optoNCDT2300-500 with rage ±50 mm. The first of sensors was connected to 

measuring card NI 9215 by coaxial cable, the second sensor was also connected by coaxial 

cable to measuring card NI 3234. Both cards were connected to NI eDAQ-9178 bus. The 

sampling frequency was set to 25.4 kHz.  Data acquisition was performed in Nation 

Instruments Signal Express environment and post processed in MATLAB software.  

 

 

 

Fig. 2: Measuring apparatus. 
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Experimental results 

Fig. 3 shows the maximal values of acceleration during the impact. In the first impact velocity 

1 ms
–1

,
 
the difference in the acceleration between black and gray samples was very small 

0.47 g ± 1.34 g (Fig. 3, the bar markers). The differences were increasing with rising impact 

velocity. At impact speed 2 ms
–1

, the difference between the black and gray samples was 

13.25 g ± 1.39 g (Fig. 3, the circular markers). The maximal difference 28.46 g ± 3.98 g was 

detected at the impact speed 3 ms
–1

 (Fig. 3, the square markers). The minimum acceleration 

19.45 g was measured on gray sample G1 in first impact at impact speed 1 ms
–1

. Also, the 

maximum acceleration 184.7 g was recorded on gray sample G3 during the tenth impact at 

speed 3 ms
–1

.  

Fig. 3: Results of accelerations from drop tests with different speed of impact. 

The maximal values of the compression during the impact was in the Fig. 4 showed. At the 

first impact velocity 1 ms
–1

,
 
the difference of the compression between black and gray 

samples was 0.26 mm ± 0.14 mm (Fig. 4, the bar markers). At impact speed 2 ms
–1

, the 

difference between the black and gray samples was 0.79 mm ± 0.11 mm (Fig. 4, the circular 

markers). The maximal difference 1.63 mm ± 0.51 mm was detected at the impact speed 3 

ms
–1

 (Fig. 4, the square markers). In contrast with accelerations, the minimum compression 

1.51 mm was measured on the black sample B1 at impact speed 1 ms
–1

 in the sixth and the 

eighth falls. The maximal compression 6.55 mm was measured on the gray sample G3. This 

value was measured during the fifth drop at impact speed 3 ms
–1

.
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Fig. 4: Results of compression from drop tests with different speed of impact. 

Conclusions 

All of experiments showed that protectors were not at first impact destroyed. During slow 

speed impact were increasing the acceleration and deformation of both samples on minimum. 

The effect of the increasing acceleration was on the maximum impact speed 3 ms
–1

 of both 

samples (B3, G3) measured. Unusual date of the G3 sample was found. This foam sample 

show significantly increasing acceleration but the deformation during the maximal impact 

speed  3 ms
–1 

was decreased.  
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