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Abstract - This study was aimed to evaluate the potentials of applying low-price natural latex for producing rubber sponges as 

an impact absorber in motorcycle helmets. Three types of commercial motorcycle helmet: shorty, open-face and full-face were 
used in this study. The rubber sponges of 1 cm and 1.6 cm thickness were produced and adhered to the comfort foam inside the 
helmets and were tested through two series of tests: impact tests and drop tests. For the impact tests, a 2-meter liftable hammer 
was dropped and stroked on the experimental helmets. The load response of specimens were recorded. The value of peak 
accelerations and Head Injury Criterion (HIC) were the main parameters focused in this study. It was found that the helmet 
with rubber sponges can lower peak load of helmet between 34 – 53 % for 1-cm thickness and between 40 – 64.7 % for 1.6 cm 
thickness. The rubber sponges can also reduce the value of HIC of commercial helmet, maximum by half for shorty. In 
addition, acceleration of helmet can be also reduced by applying rubber sponge to the comfort foam. It could be concluded, 

based on those parameters, that the rubber sponge layer adhered to comfort foam inside the helmet can improve the impact 
capacity of motorcycle helmets. Many criterions that are linked to severity of head and brain injured were reduced 
significantly. This implies that the rubber sponge is potentially to be used as impact absorber for motorcycle helmets. 
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I. INTRODUCTION 
 

Motorcycle helmet is the most important protection 

headgear for motorcycle riders because it is an 

equipment that helps to lower the severity of head and 

brain injured [1]. Wearing a protective helmet 

correctly can reduce the risk of death by 43% for the 

drivers and 58% for the passengers [2].  However, 

commercially available helmets need to meet at least a 

safety helmet standard of each country such as DOT 

Standard (Department of Transportation) [3], Snell 

Standard (Snell Memorial Foundation) [4], ECE 
Standard (Economic Commission for Europe) [5], etc. 

Before achieving the requiring standards, in general, 

all helmets and protective gear must surpass tests to be 

certified through different bodies depending on the 

country the product is sold such as impact-absorption 

test, penetration test, retention test, and peripheral 

vision test.  In Thailand, there are three main types of 

commercially available helmets widely used by 

motorcyclists, they are shorty, open face and full-face. 

In general, the components of motorcycle helmets are 

composed of two main parts which are the shell area 

and inner area. The shell area is made from 
thermoplastic which usually made from Polycarbonate 

or Acrylonitrile-Butadiene-Styrene (henceforth ABS), 

while the inner part is generally made from an 

Expanded Poly-Styrene material (henceforth EPS) [6]. 

In term of dynamic load capacity and energy 

absorption capacity, full-face helmet is the best 

protective headgear due to the materials used in 

making the outer shell and the thickness of the comfort 

foam inside the helmets [7]. According to the research 

of T. M. Rice et al. [8], it was found that helmets can 

reduce the risk of motorcycle accident neck injuries by 
37% and brain injuries by 60%. In addition, a study by 

A.L. DeMarco et al. [1] revealed that a high impact 
speed (0.9 to 10.1 m/s) can cause a peak linear 

acceleration of 500g. Moreover, it was also found that 

the thickness of the comfort foam inside the helmets 

directly affect on energy absorption capacity. The 

higher energy absorption capacity would be better for 

the motorcyclists. 

Over the past 5 years, Thailand becomes the world's 

largest producer and exporter of natural rubber. 

Natural rubber is high flexibility, therefore it is widely 

used as a cushioning material in form of rubber sponge 

or rubber foam. In the production process, natural 
rubber latex from rubber trees will be mixed with 

some chemical such as sulfur or other catalysts before 

forming at elevated pressure and temperature. This 

process is called valcarization or it is also known as the 

process of forming a visco-hyperelastic materials. The 

rubber with high adhesion will has higher tensile and 

flexibility and can be used in various applications such 

as mattresses, heel pads, cushioning and insulating 

materials, and etc. This research is aimed to study 

about using rubber sponge as an absorbing material in 

motorcycle helmets to reduce the risk of road traffic 

injuries and deaths as well as to offer were alternative 
use of the natural rubber. According to previous 

studies [9, 10, 11], there are many parameters 

affecting on the energy absorption capacity of helmets, 

types of helmet is one those. However, this study will 

focus on three available types of helmet in Thailand 

which are shorty, full-face and open-face types. The 

natural rubber is formed to be rubber sponge using 

Dunlop process. The sponge is adhered beneath the 

helmet comfort foam of helmet. The specimens were 

tested under impact, acceleration and head injury 

criterion value were investigated. 
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Types 

Outer Shell Inner Comfort Foam 

Material Modulus 

(GPa) 

Density 

(kg/m3) 

Thickness 

(mm) 

Material Modulus 

(MPa) 

Density 

(kg/m3) 

Thickness 

(mm) 

Shorty  ABS 2.98 1,120 4.40 EPS 25.33 100.07 27.48 

Open- face ABS 2.73 895 3.44 EPS 21.19 120.27 16.00 
Full-face 

Rubber 

sponge 

ABS 

- 

2.55 

- 

1,128 

- 

3.72 

- 

EPS 

Elastics 

21.26 

0.03 

110.07 

110.00 

30.00 

10 and 16 

EPS = Expanded-Poly-Styrene, ABS = Acrylonitrile-Butadiene-Styrene, ABS Plastic 

Table 1 Types and properties of the experimental helmets in this study

 

II. METHODOLOGY 

 

In this study, rubber sponges of 1 cm and 1.6 cm 

thickness were adhered to the comfort foam inside the 

experimental helmets. The helmets were tested 
through two series of tests: impact test for 

investigating the load on the helmets, and drop test 

for investigating the acceleration and the HIC values 

of the helmets. As this study solely concentrated on 

evaluating impact absorbing performance of the 

helmets with the additional rubber sponge layer, 

therefore, the helmets sleeves which were adhered 

inside the helmets were removed. The obtained data 

was analyzed to compare the differences of the load, 

acceleration, and HIC values between the 

commercially available helmets and the helmets with 

the rubber sponge layer.  

 

2.1 Helmets 

Three types of motorcycle helmets: shorty, open-face, 

and full-face were used in this study as they are 

widely used in Thailand. Typical helmet of those 

types are shown in Figure 1. The helmets were 

selected by considering the same materials used in the 

outer and inner area. In this study, the outer cap of the 

helmets was made from ABS plastic and the inside 

comfort foam was made of EPS foam. The thickness 

of the outer cap and the inner comfort foam were 
measured and as shown in Table 1. 

 

 
Figure 1 Three types of motorcycle helmet commercially used in 

Thailand and adopted to used in experiment 

2.2 Rubber Sponges Preparation 

In this study, Dunlop process was used in the 

production process of rubber sponge because of its 

low cost and uncomplicated. During the process, the 

latex was blended with some chemical agents and 
whipped until the foam is formed and slowly 

expanded to the required size.  

 

The production process of the rubber sponge was 

explained thoroughly as follows: prepare 60% 

concentrated latex as shown in Figure 2(A), put the 

latex in a mixer to produce foam as shown in Figure 

2(B); prepare the mixture of concentrated solutions: 

10% ammonium oleate, 50% sulfur,  50% ZDEC, 

50% ZMBT, 50% Wingstay L, 50% ZnO, 33% DPG, 

12.5 % SSF as shown in Figure 2(C); transfer the 

mixture into the mixer as shown in Figure 2(D); whip 
until the foam formed and expanded to the required 

size as shown in Figure 2(E); pour on a tray and heat 

in an oven for about 30 minutes at 100°C as shown in 

Figure 2(F); wash off and dry the rubber sponge as 

shown in Figure 2(H). 

 

After the entire process, the rubber sponge was in the 

density of 110 kg/m3 and Young’s modulus was at           

30 kPa. The rubber sponges of 1-cm and 1.6-cm 

thickness were adhered to the comfort foam inside the 

helmets as an additional impact energy absorbing 
material and covered the whole area of the comfort 

foam as shown in Figure 3. In this research, there is 

no reduction in the thickness of the foam inside the 

helmet in order to compare the differences between 

the commercially available helmets and the helmets 

with the addition of rubber sponge layer. 

 

 
Figure 2 Rubber sponge moulding procedure 
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Figure 3 The comparison of the components between the 

commercially available helmets (Left) and the experimental 

helmets (Right) 

 

  
Figure 4 Impact testing machine 

 

Figure 5 Absorption testing machine 

 

2.3 Impact testing set 

The impact testing set used in study was a 2-meter 

drop tower as shown in Figure 4(A). It was equipped 

with a 10-kilogram liftable hammer which is dropped 

in guided free fall to strike the surface of the helmets 

as shown in Figure 4(B). The drop height was 2 meters 

and the impact velocity was about 6.26 m/s. At the 

base of the platform, a load cell was equipped to 

record to the loading capacity of the experimental 
helmets up to 1,000 values per second. At the base of 

the platform, the experimental helmet was put on an 

artificial head which was placed on the load cell as 

shown in Figure 4(B). A high-speed camera, which the 

record rates was 1,000 frames per second, was 

installed to record the behavior of the experimental 

helmets after being stroked by the dropped hammer. 

To start the test, the hammer was released and freely 

drop before striking on the experimental helmets. The 

data was recorded through KYOWA DCS 100A 

program which can displayed graph showing the 
relation between load and time. The specimens were 

also tested for acceleration rate and further to calculate 

for HIC. This was carried out using Absorbing Testing 

Machine at Automotive Centre of Thailand 

Automotive Institute. The CE R22 Standard was 

adopted in this test and the experimental set up is 

shown in Figure 5(A). In the acceleration test, the 

experimental helmet was put on an artificial head 

equipped with three axis accelerometer (PCB model 

353b18) before being dropped on the flat platform as 

shown in the Figure 5(B). For the shorty helmet, it was 
dropped from a height of 1.84 meters, while open face 

and full face helmets were dropped from a height of 3 

meters.  

 

The acceleration rate was recorded by triaxial 

accelerometer. For the HIC value, it can be calculated 

from the relationship between time and linear 

acceleration as in the Equation 1.1. 

                                

   
2

1

2.5

2 1

2 1

1
t

t

HIC t t a t dt
t t

   
    

    

        

(1.1) 

 

a = Linear acceleration, t1, t2= Peak linear 

acceleration Time, t1 < t2 

 

III. RESULTS AND DISCUSSIONS 

 

3.1 Load response under impact 

The response of helmets to the impact can be 

observed by considering load-time relationship of 

specimens as shown in Figure 6 – 8 which show 

relationship between the load and time of shorty, 

open face and full-face helmets, respectively. From 

the characteristic of load-time curve in Figure 6 – 8, it 

may be concluded that by adhering the rubber sponge 

to the comfort foam can lower the value of peak load. 

The shorty, open-face, and full-face helmets with 

1-cm rubber sponge can reduce maximum load by 
53.53%, 34.77% and 41.56% respectively compared 

to commercial motorcycle helmets.  

 

For those of 1.6-cm rubber sponge, the maximum 

load can be reduced by 64.53%, 39.90% and 47.32% 

respectively. It is also interesting to investigate the 

delay time occurred during the tests. Longer delay 

time implies that the rubber sponge layer helps 

prolonging impact time and reduced the load on the 

helmets. As can be observed, the helmets with rubber 

sponge have higher delay time in every cases. 

 

 
Figure 6 The relationship between load and time of the 

experimental helmets of shorty helmet 
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Figure 7 The relationship between load and time of the 

experimental helmets of open-face helmet 

 

 
Figure 8 The relationship between load and time of the 

experimental helmets of full-face helmet 

 

 

3.2 Acceleration and HIC 

Table 2. show the experimental results of peak load, 
peak linear acceleration and HIC of specimens 

according to various standards, acceleration value is 

limited to certain value. For example acceleration of 

Snell standard is limited under 300 g with the height of 

3.06 m test while it is limited under 275 g with 3.0 

meter test for ECE standard. The specimens in this 

study were also tested for acceleration and the results 

are shown in Figure 9-11. According to Figure 9, the 

peak acceleration of the shorty helmets without the 

rubber sponge layer is 693.03 g, while those of the 

helmets with the 1-cm and 1.6-cm rubber sponge layer 

are 277.94 g. and 221.05 g. respectively. Regarding to 
the results of the open-face helmets, the peak 

acceleration of specimen without the rubber sponge 

layer is 322.03 g., while those of the helmets with the 

1-cm and 1.6-cm rubber sponge layer are 223.34 g. 

and 229.15 g. respectively as shown in Figure 10. 

While, the results of the full-face helmets, the peak 

acceleration of helmet without the rubber sponge layer 

is 305.07 g., while those of the helmets with the 1-cm 

and 1.6-cm rubber sponge layer are 259.46 g. and 

203.34 g. respectively as shown in Figure 11.  As the 

matter of fact, the peak acceleration of the helmets 
with the 1-cm and 1.6-cm rubber sponge layer is not 

significantly different. According to the result of this 

study, it could be noticed that the values of the peak 

acceleration in all of the tests of the helmets with 

rubber sponge layer are lower than 300 g which are 

complied to both Snell and ECE standards.  

Types of Helmets 
Thickness of 

sponge (cm) 
Peak Load (kN) Peak Linear Acc. (g) HIC 

1. Commercial Shorty 21.37 693.03 4,313 

2. Shorty- rubber 
1 

1.6 

9.93 277.94 2,109 

7.54 221.05 1,276 

3. Commercial Open face 17.54 322.03 2,679 

4. Open face- rubber 
1 

1.6 

11.44 223.34 1,745 

10.54 229.15 1,998 

5. Commercial Full face 16.84 305.07 2,083 

6. Full face- rubber 
1 

1.6 

9.84 259.46 1,805 

8.87 203.34 1,362 
Table 2 The summary of load, acceleration and HIC value in this study 

 

Head Injury Criteria (HIC) is one of the important 

index for the study about impact. HIC value means a 

value for the characteristics of skull-brain injury 

arising from the deceleration forces which result from 

a blunt perpendicular impact with the glazing. 

Generally, the acceptable HIC value should not exceed 

2,400. [8]. According to P. Cripton et.al. [10], the HIC 

value must not exceed 700 when the HIC integration 
time does not exceed 15 ms. The HIC value is 

normally varied as the peak of acceleration value. 

Value of HIC achieved from this study is shown in 

Figure 12. The results of the study revealed that the 

HIC values of the shorty and full-face helmets without 

the rubber sponge layer were 4,313.67 and 2,679, 

which was high enough to cause head injuries [12].  

According to Figure 12, the HIC value of the typical 

shorty helmet (4,313.67) is apparently higher than 

those with 1-cm and 1.6-cm rubber sponge layer 

(2,109.67 and 1,276.67). Considering the open-face 

helmet design, the HIC value of the typical helmet 
(2,679.67) is also higher than those with 1-cm and 

1.6-cm rubber sponge layer (1,745.00 and 1,998.00). 

Meanwhile, the HIC value of the typical full-face 

helmet (2,083.33) is slightly higher than those with 
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1-cm and 1.6-cm rubber sponge layer (1,808.00 and 

1,362.00). Therefore, it could be concluded that the 
rubber sponge can reduce the value of HIC more than 

half for shorty and between 25 – 35 % for open-face 

and between 13 – 34% for full-face.  

 

 
Figure 9 Acceleration and time relationship of specimens of 

shorty helmet 

 

 Figure 10 Acceleration and time relationship of specimens of 

open-face helmet 

 
Figure 11 Acceleration and time relationship of specimens of 

full-face helmet 

 

IV. CONCLUSION 

 

A number of tests was carried out in this study to 

investigate the possibility to enhance the impact 

capability of motorcycle helmets in Thailand. Three 

types of commercially helmets i.e. shorty, open-face 

and full-face, were adhered with 1.0 cm and 1.6 cm 

rubber sponge and tested under impact.  

 

According to the experimental result, it was revealed 

that the adding the rubber sponges to the helmets 
could reduce the maximum loads of the helmets 

regardless the thickness of the rubber sponges and the 

helmet design. Moreover, this research concludes that 

applying rubber sponges could lower the peak 

accelerations of the helmets significantly to a 

standard level, especially in the case of 

 

 
Figure 12 The summary of HIC values 

 

commercial shorty helmets which maximum 

acceleration value was 693.03 g. and exceeded the 

Snell and ECE helmet standards. In term of HIC value, 
the HIC value of the helmets with the additional 

absorbing layers was in an acceptable level and lower 

than those of the commercially available helmets 

which the HIC values were more than 2,000. 

However, commercial helmets need to pass various 

standard tests such as energy absorption test, tightness 

test, vision test, and etc. and should be studied more. 

Further studies or those who are interested in applying 

the results of this study could be pursue the study on 

analysing appropriate density of the rubber sponge for 

using as an absorbing material in helmets. 
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