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ABSTRACT

Motorcycle accidents are well-known for causing serious injuries and even death.
Wearing the right motorcycle helmet can save lives and lessen the risk of traumatic
brain injuries, concussions, and other ailments. Because a motorbike does not have
the protection of an enclosed car, it is more likely that the rider may suffer serious,
life-threatening injuries or death. As a result, numerous nations have passed
regulations requiring all motorcycle riders to wear authorised helmets. Therefore, the
primary goal of this research was to use a widely available motorcycle helmet to
replicate numerical impact testing. Existing material data from an open literature
study was used to determine the mechanical characteristics of the helmet's shell. The
material data were modified to meet the conditioning of each rigidity test, drop test,
and the kind of motorcycle helmet utilized in this research was selected. All
computational impact testing was carried out with the help of the Simsolid and
Solidworks finite element software and suitable helmet’s shell material models. The
findings show that virtual testing methods may correctly simulate the top, side and
rear motorcycle drop test for the impact analysis, indicating that virtual testing
methods may be used in the helmet design process for motorcycle helmets and other
helmet configurations.



ABSTRAK

Kemalangan motosikal motosikal terkenal kerana menyebabkan kecederaan parah
dan juga kematian. Memakai topi keledar motosikal yang betul dapat menyelamatkan
nyawa dan mengurangkan risiko kecederaan otak traumatik, gegaran, dan penyakit
lain. Oleh kerana motosikal tidak mempunyai perlindungan kereta tertutup,
kemungkinan besar penunggang mungkin mengalami kecederaan serius, mengancam
nyawa atau kematian adalah tinggi. Akibatnya, banyak negara telah meluluskan
peraturan yang memerlukan semua penunggang motosikal memakai topi keledar
yang sah. Oleh sebab itu, Matlamat utama penyelidikan ini adalah untuk
menggunakan topi keledar motosikal yang tersedia secara meluas untuk meniru ujian
kesan berangka. Data bahan sedia ada daripada kajian literatur terbuka digunakan
untuk menentukan ciri mekanikal cangkerang topi keledar. Data bahan telah diubah
suai untuk memenuhi pengkondisian setiap ujian ketegaran, ujian jatuh, dan jenis topi
keledar motosikal yang digunakan dalam penyelidikan ini dipilih. Semua ujian impak
pengiraan telah dijalankan dengan bantuan perisian unsur terhingga Simsolid dan
Solidworks dan model bahan cangkerang topi keledar yang sesuai. Penemuan
menunjukkan bahawa kaedah ujian maya boleh mensimulasikan ujian jatuh motosikal
atas, sisi dan belakang dengan betul untuk analisis impak, menunjukkan bahawa
kaedah ujian maya boleh digunakan dalam proses reka bentuk topi keledar untuk topi
keledar motosikal dan konfigurasi topi keledar lain.
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CHAPTER 1

INTRODUCTION

1.1 Overview introduction of Impact Analysis of Motorcycle Helmet using Finite

Element Method

Generally, a helmet is used by people to decrease the chance of serious head trauma or
even death by reducing the impact of a force and hard collision to the head during unwanted
accidents occur. Nearly 900 people die each year from head injuries, and more than 50,000
more are seriously wounded as a result of not wearing a helmet. In the year 2020 alone,
motorcycle usage in Malaysia has been drastically increased due to the Movement Control
Order (MCO) where the movement of citizens around Malaysia is restricted because of the
pandemic of Covid-19 and the increases in delivery services around the country (Nawawi M.
H., 2021). As stated by the Director of Traffic Investigation and Enforcement Department,
Datuk Azisman Alias, 3118 people died due to motorcycle accidents, and 67.3 percent of the
total death accidents in Malaysia are caused by motorcycle accidents (Nawawi M. H., 2021).
Therefore, this analysis is to investigate whether affordable open face helmet available in the
market will perform much better if different material is applied to it. Figure 1-1 below shows

the severity of motorcycle crashes.



Figure 1-1: Grabfood rider died due to motorcycle accidents in Selangor
(MYKMU.NET, 2021)

1.2 Analysis Background for Motorcycle Helmets

This finite element analysis is about to determine the strength and stability of the
motorcycle helmets using the Finite Element Method via Simsolid and Solidworks. The type
of helmet is picked by finding the most sought-after helmets which are accessible in the
market in Malaysia. Then, different types of material used to fabricate a motorcycle helmet is
applied to it. A velocity impact simulating impact force is applied to the helmet on each of its
sides to simulate actual accidents and their effect on the helmet with different types of
material. Then, the desired data will be collected and determine whether the material helmet

used during this analysis is suitable or not.

1.3 Objective
The objectives of the analysis are as follows:
i.  To set up an open face helmet CAD model as a standard for the present finite
element modelling.
ii.  To apply velocity impact at a different angle of the motorcycle helmet to simulate
its effect on an actual accidents.

iii.  To assess the structural of the motorcycle helmet shell with different material



applied to it to predict which material is more suitable in making a helmet.

1.4 Aim

The aims of the analysis are as follows:

i.  To apply different material with different properties to the motorcycle helmet.
ii.  To compare the selected material applied to the motorcycle helmet to assess

which material is more adequate in fabricating a strong helmet.

1.5 Scope
The scope of the analysis are as follows:

i.  The motorcycle helmet chosen in this analysis is the MS88 open-face helmet
which is available in the Malaysian market.
ii.  Testing the top, side, and rear of the motorcycle helmet by applying force to
simulate a force and drop test that could be generated during the accidents.
ii. Investigate the structural analysis and compare each of motorcycle helmet data

with the different material.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

The subject of motorcycle helmets has spawned a substantial quantity of literature,
which includes a variety of studies and experiments designed to explain the functioning and
efficacy of motorcycle helmets in dissipating impact energy and reducing head damage
during an accident. Analysis of motorcycle helmet during an impact mostly involves around
the study of motorcycle helmet which is available in the market to withstand impact due to

crash.

This chapter begins with the introduction of a protective helmet, to give an overview of
the structure, design, and materials of the motorcycle helmet. The distinct categories of a
motorcycle helmet are presented in order to justify which type of helmet to be analyzed. A
review of the helmet literature and material is then presented to explain how the helmet
effectively protects the users. The scientific findings are categorized into numerical
modelling and experimental approaches to tackle and analyze the motorcycle helmet

effectiveness.

2.2 Origins of protective helmet

Helmets have been used to shield the wearer's head from assault rifles and other
piercing weapons since ancient times. The major role of helmets, however, was to decrease

the number of brain injuries, particularly during conflict or conflict. For example, the helmet



illustrated in Figure 2-1 is known as the Ancient Greek Corinthian bronze helmet. By
following the growth of civilization, we can see how the materials and construction methods
of the helmets have improved throughout time. Following the changing demands for head
protection, various types of helmets were invented and varied to defend against a variety of

head injuries and impacts.

Figure 2-1: Ancient Corinthian bronze helmet — 5 century B.C.

(Fernandes and Alves de Sousa, 2013)

In the early 19" century amid the widespread conception and design of the motorcycle,
the necessity of protection for motorcycle helmets during accidents or collisions arose.
Motorcycle helmets are initially little more than leather bonnets worn with goggles and first
used in racing. These hats were evolved from older aviators, with the primary purpose of
providing some kind of comfort and practically little kind of protection for the wearer's head.

As a result, the issue of not having a crash helmet remained, as seen in Figure 2-2.



