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Abstract: This research aimed to study the use of rubber sponge pads as an impact absorber inside the 

comfort foam of motorcycle helmets to improve the impact absorption capacity. In addition, a user satisfaction 

survey was conducted to compare the users’ attitudes towards each type of experimental helmet. The specimens 

were divided into three types: non-reinforced helmets (MH1), inner reinforced helmets (MH2), and outer reinforced 

helmets (MH3) to evaluate the maximum impact load, acceleration value, Head Injury Criterion (HIC), and the 

wearers’ satisfaction. Two series of tests, the impact and drop tests, were carried out. The peak load, peak 

acceleration, and HIC were investigated. The experimental results indicated that the reinforced helmets (MH2 and 

MH3) had a lower maximum peak load than the typical helmets (MH1). In addition, the reinforced helmets helped 

reduce the peak acceleration and HIC significantly. In terms of wearers’ satisfaction, it was found that the 

respondents felt slightly uncomfortable when wearing a helmet that was reinforced with a rubber sponge. 

Keywords: helmet, peak load, acceleration, head injury criterion. 

加强型橡胶摩托车头盔壳的冲击能量吸收性能研究提高保护性摩托车头盔 

摘要：本研究旨在研究在摩托车头盔的舒适泡沫中使用橡胶海绵垫作为冲击吸收剂，以

提高冲击吸收能力。此外，还进行了用户满意度调查，以比较用户对每种实验头盔的态度。

将试件分为非加固头盔（MH1）、内加固头盔（MH2）和外加固头盔（MH3）三种类型，以

评估最大冲击载荷、加速度值、头部受伤标准（嗝）和满意度的佩戴者。进行了两个系列的

测试，冲击和跌落测试。研究了峰值负载、峰值加速度和嗝。实验结果表明，强化头盔（

MH2 和 MH3）的最大峰值载荷低于典型头盔（MH1）。此外，加固的头盔有助于显着降低

峰值加速度和嗝。在佩戴者的满意度方面，发现受访者在佩戴用橡胶海绵加固的头盔时感到

轻微不适。 

关键词: 头盔，峰值载荷，加速度，头部受伤标准. 
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1. Introduction 

Road safety is a critical development priority 

impacting health, wellbeing, and economic growth. 

Road traffic crashes and deaths are routine occurrences 

worldwide, especially in lower- and middle-income 

countries. At the macro level, a country loses the 

demographic dividend of human capital, placing an 

enormous economic burden on countries. According to 

the World Health Organization (WHO) report, 

approximately 1.3 million people die each year due to 

road traffic crashes [1], [2]. Motorcyclists, in particular, 

are the most vulnerable to injuries [3]. Head injuries 

are a significant concern for collision-involved 

motorcyclists due to their debilitating and potentially 

life-threatening nature [4], [5]. A motorcyclist can be 

protected from these injuries by wearing a helmet [6] to 

reduce injury risk by 40% [7]. As a result, improving 

head gear quality to prevent road traffic injury and 

deaths is crucial. 

In many countries, helmets need to meet the 

requirements of a mandatory or voluntary safety 

standard, such as DOT (Department of Transportation), 

Snell (Snell Memorial Foundation) standards, ECE 

(Economic Commission for Europe) standards, etc. The 

standards regard the drop test, which is to drop a 

simulated head wearing a helmet at the height of 3 

meters (V=7.67 m/s) to test the acceleration value. 

Acceleration and head injury criterion (HIC) values are 

based on certain standards and the appropriateness of 

requirements. For example, the ASTM and CPSC 

standards define acceleration and HIC not to exceed 

300 g (in some cases 275 g) [8], and the CEC standard 

states that the acceleration should not be more than 275 

g, for example [9]. 

Typically, a motorcycle helmet is composed of four 

basic components: the shell, the impact-absorbing liner, 

the comfort padding, and the chin strap [10]. The shell 

and the impact-absorbing liner play a key role in 

preventing head injuries. The shell, which is normally 

made of ABS plastics or carbon fiber, is a strong outer 

surface of the helmet, which distributes the impact over 

a large surface area and therefore lessens the force 

before it reaches the head. At the same time, the 

impact-absorbing liner, which is normally made of EPS 

foam, absorbs the shock as the helmet stops and the 

head tries to continue moving [11]. Previous studies 

attempted to increase the prevention rate by testing 

different properties of the impact-absorbing liner and 

applying other materials as the impact-absorbing liner 

[12]. 

This study attempted to improve motorcyclist safety 

by adjusting impact-absorbing liner material using 

rubber sponges. Thailand is the second-largest natural 

latex exporter [13], covering approximately 1,670,000 

hectares of the southern area [14]. Natural latex is 

mostly molded to make materials and equipment, such 

as tires, rubber pillows, etc. Natural latex is also used 

to create impact-resistant materials such as composite 

pipe [15], playground [16], reinforced concrete [17], 

etc. Another product processed from latex is rubber 

sponges, most of which are used to absorb impacts 

because they are highly flexible [18]. There are two 

methods for molding rubber sponges: the Talalay and 

the Dunlop processes. However, the Dunlop process is 

mainly used as simple and cost-effective [19]. 

According to Sakkampang and Chovalit [20], a rubber 

sponge was used to reinforce the inside of motorcycle 

helmets. It was found that the rubber sponge reinforced 

helmet could absorb shock, which led to a significant 

reduction in the impact load, acceleration, and head 

injury criterion (HIC). However, weight and 

comfortability should be considered. 

 

2. Methodology 
 

2.1. Helmet Selection 
This study used open-face helmets with a 60-cm 

diameter, as shown in Figure 1. The components of the 

helmets consisted of ABS plastic shell equipped with 

EPS inner liner. According to [20], the rubber sponges 

were added to the helmet without reducing the area or 

drilling into the foam, as shown in Figure 2(A). 

However, in this research, the researchers penetrated 

the inner area of the foam and replaced it with a rubber 

sponge similar to [21] and [2]. The design divided the 

foam penetration into two types: Type 1 penetrated the 

inner foam that touched the head, and Type 2 

penetrated the outer foam area that touched the helmet 

shell and added the rubber sponges, as shown in Figure 

2(B). The rubber sponge had the characteristics of 

being molded by the Dunlop process, according to the 

research of [20]. In this research, the characteristics of 

the rubber sponge reinforced helmets were divided into 

two types. Normal helmets without rubber sponge 

reinforcement (MH1), reduced foam reinforced inner 

helmets (MH2), reduced foam reinforced outer helmets 

(MH3). The first test was impact test performed at 

heights 1 (V = 4.42 m/s), 1.5 (V = 5.42 m/s) and 2 m 

(V = 6.26 m/s). The second test was to determine the 

acceleration and HIC values caused by the impact from 

the drop test method at a speed of 7.67 m/s. 

  
Fig. 1 The characteristics of the experimental helmets 
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(a) (b) 

Fig. 2 The Installation of Rubber Sponge Pads in the Experimental 

Helmets: (a) Inner reinforced helmets, (b) Outer reinforced helmets 
 

 

2.2. Rubber Sponge 

In the forming of rubber sponges, the simplest 

process for molding is called the Dunlop process [22]. 

The method uses chemicals to control the rubber 

sponge forming reaction (Figure 3), and this causes the 

rubber sponge to form air bubbles, after which it is 

stabilized with chemicals and heat. Each chemical has 

different properties; therefore, it must be used in an 

appropriate ratio. Table 1 shows the ratio of ingredients 

of chemicals used in rubber sponge molding. When the 

rubber sponge was obtained, the modulus properties of 

the rubber sponge were performed using the universal 

testing machine. It was found that the modulus of the 

rubber sponge was 38.26 kPa, while the density was 

100 kg/m
3
. 

 
Fig. 3 Dunlop process in this research 

 
Table 1 Mixture ratio of chemicals used in rubber sponge molding 

Chemical (%) Weight 

(g) 

Properties 

60% concentrate latex 803.52 Processed into a rubber 

sponge 

Ammonium oleate 20 48.87 Foaming agent 

50% Sulfur 24.24 Rubber stabilizer 

50% ZMBT 9.80 Rubber vulcanizing 

accelerator 

50% ZDET 10.0 Rubber vulcanizing 

accelerator 

40% wingstay L 12.19 Rubber deterioration 

33% DPG 16.76 Rubber vulcanizing 

accelerator 

50% zinc oxide 72.20 Stimulant 

20% SFF 10.85 Foaming agent 

 

2.3. Impact Test 
The impact tester used in this study was set as 

shown in Figure 4. The tower was 2.49 m high and 

equipped with a hammerhead that could be lifted to 

various heights. Before allowing it to free fall and 

impact the workpiece below, the load cell was installed 

at the bottom of the machine to record the reaction 

force data during the impact of the workpiece and the 

hammerhead at frequencies of up to 10,000 values per 

second. The hammerhead used in the test could shift 

weight up to 10 kg. In this study, a data-logging 

program called KYOWA DCS 100A was used. The 

maximum impact strength of 200 kN by the KYOWA 

Model LC-20TVwas converted to electrical signals by 

a data logger type PCD-300 Series 47 device. The form 

of the test platform was the same as in [23] and [24], 

both of which were composite impact testing. The 

simulated helmet-wearing head was placed at the base 

of the machine. A pulley was used to pull the 

hammerhead up to heights of 1 (V = 4.42 m/s), 1.5 (V 

= 5.42 m/s) and 2 m (V = 6.26 m/s) as required. The 

hammerhead was released to hit the specimens when 

the desired height was reached (Figure 3). During the 

hammerhead fall, the image was recorded by a high-

speed camera with a shutter speed of 1,250 frames per 

second, and then the load cell recorded the data and 

sent a signal to a computer to display the results. 

 

2.4. Drop Test 
The helmet impact acceleration test for the helmets 

reinforced with rubber sponge material was performed 

to determine the impact value and the relationship 

between time and acceleration, time, and the value of 

HIC. Figure 5 shows an impact absorption testing 

machine from the Laboratory of Thailand Automotive 

Institute, which can test the helmet according to the test 

model of the ECE 22.05 standard. The test method was 

used on a simulated helmet dropped vertically at the 

height of about 3.00 m to impact a flat test platform at 

a speed of 7 m/s. The acceleration results were then 

displayed on a computer screen. Equation 1 was used 

for the head injury calculation [2]. 

 
Fig. 4 Impact test setting 
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(a) 

 

 
(b) 

 

 
(c) 

Fig. 5 Impact absorption testing machine: (a) Testing the front 

shock absorption of the helmet; (b) Testing the impact absorption 

on the top of the helmet; (c) Testing the impact absorption on the 

back of the helmet 

 

The front, the top, and the back of the helmets were 

tested in this test. The first step was to prepare a full-

face motorcycle helmet by ensuring the impacted 

points were the same point for all specimens. The 

helmets were then put on a 3 kg simulated head by 

adjusting the simulated helmeted head to an impact at a 

35° angle for the frontal impact and 145° for the rear 

impact (Figure 5b) and below the helmet (Figure 5c). 

In this study, a simulated head with the helmets was 

exposed to impacts at a 35
o
 angle to the frontal area, 

90
o
 to the top area, and 145

o
 to the back area, which 

was relevant to the study in the bicycle helmet 

experiment [25] and the American football helmet [26]. 

The specimens were then raised to a height of 3 m. The 

helmets were released freely and fell to the ground. The 

computer calculated the effects of acceleration and 

head injury as numerical data. The test kits used by the 

Automotive Institute could record the HIC values from 

each test by automatically recording and displaying the 

results via a computer. 

                   (1) 

a = Linear acceleration, t1, t2= Peak Linear 

acceleration Time, t1 < t2 
 

2.5. Surveying Satisfaction with the Reinforced 

Helmets 

The satisfaction survey of latex sponge reinforced 

helmet wearers was conducted using a questionnaire. 

The number of test participants was 198 people who 

wore all the seven types of helmets and conducted a 

motorcycle driving test while wearing the helmets for 

30 minutes per sample, as shown in Figure 6. The 

questionnaire survey was then conducted. The 

questionnaire consisted of 2 parts: Part 1: General 

information of the experimental wearer, a 7-item 

multiple-choice question consisting of gender, age, 

occupation, education level, average monthly income, 

the main purpose of driving a motorcycle, and the 

frequency of wearing helmets on travel. 
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Fig. 6 Satisfaction survey of rubber sponge reinforced helmet 

wearers 
 

The Statistical Package for Social Science (SPSS) 

program was used to determine the frequency of the 

data for the analysis in this section. In Section Two, 5-

level Likert scale questions measured the satisfaction 

level on each type of helmet. The questionnaire was 

divided into four aspects: the feeling of safety while 

wearing the different types of helmets, the wearing 

suitability of the helmet characteristics, the helmet 

weight, and the helmet cooling while wearing. For the 

analysis of the wearer’s satisfaction level, the mean 

was used and divided into three levels: the mean 1.00-

2.33 meant low satisfaction, mean 2.34-3.66 meant 

moderate satisfaction level, and mean level 3.67–5.00 

meant a high level of satisfaction 

 

3. Results 
 

3.1. The Impact Test Results  

In impact testing, the experiment was repeated three 

times per case, and three types of helmet designs were 

tested at heights of 1, 1.5, and 2 meters: non-reinforced 

helmets (MH1), inner reinforced helmets (MH2), and 

outer reinforced helmets (MH3). The experiment 

results can be seen in Figure 7, which shows that the 

characteristics of the load-time relationship curves 

were similar to those of [27] and [28]. For the analysis 

of the effect of speed on the impact of various rubber 

sponge-reinforced helmets, it was found that the 

helmets with rubber sponge reinforced could withstand 

higher loads than non-reinforced helmets. From 

Figures 3 and 4, with the impact speed of 4.42 m/s, 

MH1 had the maximum load of 14.37 kN. Considering 

the MH2 and MH3, the maximum loads were 12.05 kN 

and 13.05 kN, respectively. In the case of the impact 

velocity of 5.42 m/s, MH1 had a high maximum load 

of 19.19 kN. Considering the MH2 and MH3, the 

maximum loads were kN 15.57 kN and 17.33 kN, 

respectively. In the case of the impact velocity of 6.26 

m/s, MH1 had a high maximum load of 23.57 kN. 

Considering the MH2 and MH3, the maximum loads 

were 19.95 kN and 21.28 kN, respectively. The 

behaviors from changing the speed of impact showed 

that the MH2 and MH3 helmets had better impact 

resistance than non-reinforced sponge (MH1) helmets 

at all heights. Both types of helmets could absorb 

impact well, with a lower maximum load value than a 

non-reinforced helmet by 18.18%. However, 

considering the three heights, it was found that the 

reduced foam thickness still had lower cushioning 

performance than reinforced helmets. Therefore, it can 

be concluded that reinforcing the inside of the helmet 

worked better than reducing the thickness of the outer 

foam. 

Considering Figure 7(A), which was tested at 1 m 

(V = 4.42 m/s), it is seen that MH1 had a higher 

maximum load than both MH 2 and MH 3 by 14.05 % 

and 9.18 %, respectively. The experiment found that 

the maximum load value of MH 3 was similar to MH1, 

so MH 2 provided the best impact performance. 

 
(a) 

 

 
(b) 
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(c) 

Fig. 7 The relationship between load and time at speeds of 4.42 m/s 

(a), 5.42 m/s (b), and 6.26 m/s (c) 

 

From Figure 7(B), at an impact velocity of 1.5 m (V 

= 5.42 m/s), it was found that the test results were 

consistent with that of 4.52 m/s. After adding a rubber 

sponge, it was found that at the height of 1.5 meters, 

the load was 25.11% higher than at 1 meter. As a 

result, it can be concluded that the higher the height, 

the higher the load. 

According to the change in height from higher 

speed impact, it was found that helmets with rubber 

sponge reinforcement would still be able to withstand 

lower loads than normal helmets. With the maximum 

load value, the difference between the height of 1 meter 

and 1.5 meters is quite significant. For example, in the 

case of MH3 helmets, at heights of 1 m and 1.5 m, the 

maximum load difference was 24.69%. 

It was found that the maximum load value for the 

three types of helmets increased with an increase in 

speed. It was also found that the reduced foam 

thickness to reinforce the outer sponge MH 3 was 

closer to that of the non-reinforced helmet than the 

MH2 helmet, similar to the experiment at 1 m impact 

(V= 4.42 m/s.) 

When the test results of helmets were at the height 

of 2 m (V = 6.26 m/s), it was found that the load values 

of all helmets increased with an increase in the impact 

speed. Figure 7(C) is a graph showing the relationship 

between load and time. In the case of testing at the 

height of 2 m, the results were consistent with those at 

heights 1 (V = 4.42 m/s) and 1.5 (V = 5.42 m/s). 

Table 2 shows that in the case of non-sponge 

reinforced (MH1) helmets, the maximum load was 

higher than all types of rubber sponge-reinforced 

helmets. The MH2 and MH3 rubber sponge reinforced 

helmets had a lower maximum load value than MH1 by 

15.35% and 9.71 %, respectively. It was found that 

helmets with rubber sponge reinforcement could still 

withstand the load well, with the maximum load value 

starting to have a load value closer to the non-

reinforced helmet. 

 

Table 2 Difference of maximum load on each impact height 

Height 

(m) 

Types of 

Helmets 

Peak 

Load 

(kN) 

% 

Differential 

S.D. 

 

1 

MH1 14.37  0.822 

MH2 12.05 16.14 0.735 

MH3 13.05 9.18 0.972 

 

1.5 

MH1 19.19  0.826 

MH2 15.57 18.18 0.793 

MH3 17.33 9.69 0.863 

 

2 

MH1 23.57  0.933 

MH2 19.95 15.35 0.725 

MH3 21.28 9.71 0.876 

 

From the results of the three types of height impact 

experiments, it was found that there was a difference 

when considering the form of reinforcement of a 

helmet in a reduced foam reinforced helmet (MH 2) 

and a reduced foam reinforced helmet (MH 3). 

Compatible at all impact heights, the percentage 

difference was about 5-9%. The difference can be 

analyzed based on whether the MH2 reinforced helmet 

was subject to the impact site where the force was 

transmitted through the shell and down to the sponge. 

Rubber sponges have flexibility and softness as 

properties. As a result, shock absorption may not be as 

good as it would be with foam. However, the case of 

the MH2 helmet showed that upon impact, the force 

transmitted from the helmet shell first descended to the 

foam, where the foam has stiffness and non-elastic 

properties like a sponge. When the force is distributed 

down to the foam, it is also transmitted to the other 

sponge layer, which has better shock-absorbing 

performance than the MH3 type. 

 
(a) 
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(b) 

 

 
(c) 

Fig. 8 Acceleration caused by impact area: The front of the head 

(A), the top of the head (B), and the back of the head (C) 

 

3.2. The Result of the Helmet Impact Acceleration 

Test  

The research results tended to be consistent with 

other studies of acceleration and traumatic brain injury 

experiments [29]. According to Figure 8(A), it was 

found that the peak acceleration of the MH1 helmet at 

the frontal area had the highest acceleration at 336.29g 

compared to MH2 and MH3 helmets, whose peak 

acceleration values were 242.85 g and 293.00 g, 

respectively. From the test, it can be analyzed that 

adding a rubber sponge to the helmet could reduce the 

maximum acceleration value. However, based on the 

ECE standard (Economic Commission for Europe), the 

value of the acceleration test must not exceed 275 g. 

The test revealed that the MH1 and MH3 helmets tests 

were higher than the ECE 22.05 standard because, in 

the test, the researchers removed the helmet’s padding 

to study the actual behavior of impact of the sponge-

reinforced helmets, thus causing the high acceleration 

value. MH 2 helmet could reduce the maximum 

acceleration and had an acceleration value that did not 

exceed the standard. It could reduce the maximum 

acceleration caused by an impact by 27.78% compared 

to MH1. In the case of MH3 helmets, this type had a 

similar acceleration value to MH2, with a difference of 

12.87%. 

According to Figure 8(B), it is seen that the peak 

acceleration of the MH1 helmet at the top area had the 

highest acceleration at 278.45 g compared to MH2 and 

MH3 helmets. Their peak acceleration values were 

239.43 g and 255.04 g, respectively. From the test, it 

can be concluded that adding a rubber sponge to the 

helmet could reduce both types of acceleration values, 

and under the ECE 22.05 standard, with only MH1 

helmets having slightly higher values than the standard. 

MH2 helmets could reduce acceleration the most. In 

the case of MH 3 helmets, the acceleration was similar 

to that of MH1, with a difference of 8.41 %. According 

to the comparative experiments between the front and 

the top areas of the helmets, it was found that the most 

vulnerable area was the frontal impact area. 

According to Figure 8(C), it is seen that the peak 

acceleration of the MH1 helmet at the top area had the 

highest acceleration at 360.68 g compared to MH2 and 

MH3 helmets whose peak acceleration values were 

340.32 g and 351.22 g, respectively, which were higher 

than the ECE 22.05 standard. Both MH2 and MH3 

reinforced sponge helmets reduced the maximum 

impact acceleration by 5.64% and 2.62%, respectively. 

      
Fig. 9 The maximum peak acceleration 

 

Figure 9 shows a graph of the maximum 

acceleration from impacts in the front, top and back 

cases. It can be concluded that adding a rubber sponge 

into the helmet could reduce the maximum acceleration 

value, but further improvements are required in the 

design of the rear area. Full face helmets are stronger 

and more impact-resistant to meet established 

standards. Another reason for the maximum 

acceleration caused by the impact on the back area to 

have been higher than normal was the shape of the 

helmets. A full face that the foam padding in the 

helmets does not cover much of the occipital area of 

the simulated head and the back point is the area near 

accelerometer so that the back area may have higher 

acceleration than other areas. 

Figure 9 also shows that the MH2 helmets had the 

opportunity to pass the standards, and if the area of 

impact on the back were improved to be more 
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protective, it would pass the ECE 22.05 standard, 

which must be further developed in the future. 

 

3.3. HIC Value 

In the study of the effects of head injuries, many 

factors have to be considered, for example, Head Injury 

(HIC), Impact Head Injury (HIP), Cranial Stress 

intracranial pressure, Primary shear stress of the brain 

cumulative stress damage (CSDM), and amplified 

damage (DDM) measurements, etc. [30]. In this study, 

HIC values were analyzed using an impact testing 

machine to calculate the results from a computer 

program at Thailand Automotive Institute. It can be 

seen in Figure 10 that the effects of the head injury 

(HIC) values of each helmet corresponding to the 

maximum acceleration values of the helmets was also 

high when considering the HIC at the front, top, and 

rear impact areas at 2,212, 2,553, and 3,130, 

respectively. 

 
Fig. 10 Head injury (HIC) values caused by head impact 

 

Considering the impact on the three- target areas, 

the MH2 and MH3 helmets had lower frontal and top 

direction impacts than those of MH1, which were 

within the ECE22.05 standard, which must not exceed 

2,400. Testing on the helmet back showed that the 

MH1 and MH3 helmets had higher HIC values than the 

standard; the MH2 helmets had a HIC of 2,375, which 

was still within the ECE22.05 standard. 

 
Table 3 Maximum acceleration head injury (HIC) values caused by 

head impact 

Helmet Type Peak 

Acc. (g) 

% 

Reduction 

Peak Acc. 

HIC % 

Reduction 

HIC 

 

Front 

MH1 336.29  2,212  

MH2 242.85 27.78 1,869 15.50 

MH3 293.00 12.87 2,052 7.23 

 

Top 

MH1 278.45  2,553  

MH2 239.43 14.01 2,099 17.78 

MH3 255.04 8.40 2,261 11.43 

 

Back 

MH1 360.68  3,130  

MH2 340.32 5.64 2,375 24.12 

MH3 351.22 2.62 3,279 4.76 

 

Table 3 demonstrates that the rubber sponge 

reinforcement of the MH2 helmet can reduce the 

acceleration value by up to 27.78% in the event of a 

frontal impact compared to MH1 helmets. The HIC 

value of a rubber sponge reinforced helmet can be 

reduced by up to 24.12% compared to an MH1 helmet 

in the event of a back impact. When all three types of 

helmets were considered, it was found that all forms of 

rubber sponge reinforcement had HIC values in the 

range of 1,800 – 3,200, which is lower than the 

specified benchmark in some cases. If the driver has an 

accident, it will injure the human head. The 

commercially marketed helmets sometimes have higher 

HIC values than the required standards, and the only 

helmets that pass the standard in all tests are MH2 

helmets. The non-reinforced helmets may sometimes 

have a higher HIC value than the specified standard. 

 

3.4. Reinforced Helmet Satisfaction  
The satisfaction survey was carried out on 198 

respondentswith129 male respondents and 69 female 

respondents, and the majority aged between 20-29 

years. Most of them were students self-employed. Most 

of the respondents’ education level was a bachelor’s 

degree. Most of the average monthly income was 

between 10,001 - 15,000 baht. The main objective of 

using a motorcycle was to commute to work or school. 

Most of them stated that the helmet was worn only 

occasionally during travel. 

According to the results of the questionnaire in 4 

aspects, it was found that the helmet safety satisfaction 

was on a moderate level whereby MH1 showed the 

highest average satisfaction (3.15), followed by MH3 

(3.05) and then MH2 (2.75). The interview revealed 

that the wearers trusted in commercial helmets more 

than the reinforced helmets because the commercial 

helmets passed the safety standard tests. 

In terms of the physical characteristics of the 

helmets, it was found that wearers’ satisfaction was at a 

moderate level in which MH1 showed the highest 

average satisfaction (3.38), followed by MH3 (3.25) 

and then MH2 (3.09). The interview revealed that the 

wearers felt uncomfortable when wearing the MH2 and 

MH3 because the reinforced helmets were quite heavy. 
 

Table 4 Helmet safety satisfaction  
Types of Helmets Satisfaction Level 

X̅ S.D. Level 

Aspect 1: The safety when wearing the helmets 

(MH1) Non-reinforced helmets 3.15 0.72 Moderate 

(MH2) Inner reinforced helmet 2.75 0.89 Moderate 

(MH3) Outer reinforced helmet 3.05 0.75 Moderate 

 
Table 5 The satisfaction with the physical characteristics of the 

helmets 

Types of Helmets Satisfaction Level 

X̅ S.D. Level 

Aspect 2: The physical characteristics of the 

helmets 

 

(MH1) Non-reinforced helmets 3.38 0.79 Moderate 

(MH2) Inner reinforced helmet 3.09 0.73 Moderate 

(MH3) Outer reinforced helmet 3.25 0.77 Moderate 
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Table 6 Helmet weight satisfaction  

Types of Helmets Satisfaction Level 

X̅ S.D. Level 

Aspect 3 The weight of the helmets  

(MH1) Non-reinforced helmets 3.43 0.69 Moderate 

(MH2) Inner reinforced helmet 3.01 0.77 Moderate 

(MH3) Outer reinforced helmet 3.25 1.59 Moderate 

 
Table 7 Helmet cooling satisfaction  

Types of Helmets Satisfaction Level 

X̅ S.D. Level 

Aspect 4 The cooling of the helmets  

(MH1) Non-reinforced helmets 3.24 0.56 Moderate 

(MH2) Inner reinforced helmet 3.06 0.72 Moderate 

(MH3) Outer reinforced helmet 3.21 2.23 Moderate 

 

In terms of the helmet weight, wearers’ satisfaction 

was found to be on a moderate level in which MH1 

showed the highest average satisfaction (3.43), 

followed by MH3 (3.25) and MH2 (3.01). 

According to the questionnaire results, although the 

non-reinforced helmets gained a higher satisfaction 

from the respondents, both non-reinforced helmets and 

reinforced helmets moderately satisfied the respondents 

in all aspects. Therefore, this indicated a probability of 

increasing the quality of the reinforced helmets in the 

future to serve the needs of the wearers. 

 

4. Conclusion 
The study explored impact testing of motorcycle 

helmets reinforced using rubber sponge as 

supplementary material in three patterns: non-

reinforced helmet (MH1), inner reinforced helmet 

(MH2), outer reinforced helmet (MH3). This study had 

aimed to provide more safety for motorcyclists and 

solve the problem of the rubber downturn in the 

country. The results obtained from the experiment can 

be summarized as follows: In terms of maximum load, 

MH1 had a higher maximum load than all types of 

rubber sponge reinforced helmets. The results of the 

Linear acceleration test showed that the rear side had 

the highest peak acceleration compared to the front and 

top side impacts. The MH1 had the highest acceleration 

value at 360.68 g. 

In contrast, the MH2 and MH3 helmets had peak 

accelerations of 340.32. g and 351.22 g, respectively, 

higher than the ECE 22.05 standard specified. In terms 

of wearers’ satisfaction, it was found that the level of 

satisfaction was moderate in all aspects. In terms of 

satisfaction with wearing a helmet with rubber sponge 

reinforcement, it was found that respondents felt 

slightly uncomfortable because it was a bit heavy, and 

the wearer was faced with the problem of the sponge 

smell. Finally, it was found that reduced-foam helmets 

could reduce weight compared to nonreduced foam 

helmets. However, future developers should consider 

some additional features of reinforced rubber helmets 

such as weight, smell, and comfort to be more 

commercial and popular. 
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