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ABSTRAK

Pada era globalisasi ini, inovasi peralatan tangan amatlah penting kerana
permintaan produk industri pembuatan semakin meningkat. Peralatan tangan perlu direka
dengan menerapkan asas ergonomik untuk memastikan pengguna dapat menggunakan
peralatan tersebut dengan usaha yang minimum, tetapi boleh menghasilkan keluaran yang
maksimum. Dalam industri pembuatan, pencanai tangan merupakan peralatan yang
digunakan untuk melaksanakan operasi pemesinan am. Walau bagaimanapun, ramai
pengguna menghadapi masalah berkaitan dengan rekabentuk mesin pencanai sedia ada
seperti tidak dapat mengenggamnya dengan kemas, saiznya yang besar dan berat,
rekabentuk pemegang yang tidak ergonomik, dan terdedah kepada postur pergelangan
tangan yang tidak neutral semasa menggunakannya. Hal ini akan mempengaruhi tahap
keselesaan dan produktiviti pengguna. Oleh itu, objektif kajian ini adalah untuk mereka
bentuk dan membangunkan satu prototaip pemegang pencanai tangan yang dapat
meningkatkan keselesaan dan produktiviti pengguna semasa proses mencanai. Untuk
mencapai objektif ini, keperluan pengguna telah diutamakan dan diubah suai kepada
parameter melalui House of Quality (HoQ). Sementara itu, kaedah saringan telah
digunakan untuk memilih konsep pemegang pencanai tangan yang terbaik dan telah dilakar
dengan menggunakan perisian SOLIDWORKS. Pemegang pengisar tangan yang selesa
telah dihasilkan dengan menggunakan paip PVC. Rekabentuk pemegang pencanai tangan
sedia ada dan rekabentuk pemegang pencanai tangan yang dihasilkan melalui kajian ini
telah dibandingkan untuk menilai keberkesanannya. Analisa kos telah dilakukan
menggunakan kaedah anggaran Return on Investment (ROI). Keputusan kajian ini
menggambarkan prototaip pemegang pencanai tangan telah dicipta berjaya meningkatkan

tahap keselesaan dan produktiviti pengguna.



ABSTRACT

In the world of globalization, the innovation of hand tools is important due to the
increasing of demand in competitive manufacturing environment. Hand tools should be
designed ergonomically to ensure users could use the tools with minimum effort to
perform maximum operation. In manufacturing industry, a hand grinder is the common
tool that used in various fabrication tasks. However, many users faced difficulties such as
unable to grip the hand grinder firmly, larger size or weight of hand grinder, inappropriate
design of support handle and faced awkward posture in the wrist when overexposure to the
existing design of hand grinder handle. It would influence the subjective comfort and work
productivity of the user. Therefore, the aim of study is to design and fabricate a high
fidelity prototype of hand grinder handle for the improvement of subjective comfort and
work productivity during grinding process. In order to achieve the objective, users
requirements were translated and modified to technical parameters through House of
Quality (HoQ). Meanwhile, concept screening method was applied to select the best
concept of hand grinder handle and then sketched with SOLIDWORKS software. A high
fidelity prototype of hand grinder handle was fabricated by using the PVC pipe. The
existing grinder handle design and proposed handle design developed by this study were
compared to evaluate the effectiveness. In order to meet the entrepreneurial requirement,
the profitability of the proposed hand grinder was evaluated using Return on Investment
(ROI). The result of this study illustrated that a high fidelity prototype of hand grinder

handle was able to improve comfort level and work productivity of users.
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CHAPTER 1
INTRODUCTION

This chapter presents the background of study, problem statements, objectives, scope,
and significant of the study. The background of study is concentrated on the design of hand
grinder handle and the work-related injuries due to hand grinder. The problem statements
demonstrate the problems that faced from the users in current situation. In the objectives, the
target of this study is to design and fabricate a high fidelity prototype of hand grinder handle
whereas the scope of study highlights the focus and limitations of the study. At the end of this
chapter, significant of study highlights the importance of the study.

1.1  Background of Study

In the world of globalization, the innovation of hand tools is important due to the
increasing of demand in competitive manufacturing environment. Hand tools are instruments
that have ergonomically designed with unique structure, characteristic and function to ease
human work. It is useful in the surface finishing of products such as removing the rough
surface or changing the product shape. Due to the simple operation of hand tools, many users
can perform their task easily although they have a limited knowledge on that particular hand

tool. Hand tools are actually designed ergonomically from time to time to improve the

1



performance and efficiency of the tool. This is to ensure human could use the tools with
minimum effort to perform maximum operation. There are various types of hand tools in the
industry, such as hand grinders, hammers, cutters, clamps, saws and hand drills. In

manufacturing industry, hand grinder is one of the common tools used in simple tasks.

Hand grinder is a handheld tool that used in the grinding, polishing and cutting
processes. It can be either powered by electric motor, petrol engine and compressed air, or
used by the battery supplied. During operation, the motor drives at a high speed to turn on the
geared head at the right angle. The geared head is fixed with an abrasive disc which can be
replaced by a new disc when it is worn after extensive grinding operation. Figure 1.1 shows a
hand grinder that normally use for Faculty of Manufacturing Engineering (FKP) in Universiti
Teknikal Malaysia Melaka (UTeM). Basically, a hand grinder has 4 main components such as
support handle, long arm handle, spindle lock and motor. The hand grinder is designed with a
side handle to provide support. Users with right hand or left hand dominant also can use the
hand grinder smoothly due to the design of both sides support handle. Although the hand

grinder is a multi-purpose tool, it had been reported with various imperfections in recent year.

Figure 1.1: Main components of hand grinder

According to Social Security Organization (SOCSO) of Malaysia, there are 39 cases of
accidents associated with electrical hand tools in 2014. Besides, during 1988 to 1992, Swedish

2



Labour Market Insurances reported that 2830 victims of occupational use of vibrating hand-
hold tools suffered from permanent medical disabilities (Greenslade & Larsson, 1997). The
researchers also declared that the number of permanent debilitate injures in one year caused by
these tools is more than half compared to other injuries. Recently, the Occupational Safety and
Health Administration of United States Department (OSHA 2017) reported one worker burned
in the hand and head when using a hand grinder. This is due to ignition of magnesium chips

that produced by the hand grinder.

Apart from the various imperfections of hand grinder, subjective comfort and work
productivity will also affected when overexposure to hand grinder. When user exposures to the
hand grinder at a long time, their hands will start with a vibration effect and they will feel
uncomfortable. At this time, the rough motion will disturb the effectiveness of the user. There
was a user make a lamentation about reduction of motion freedom during grinding process
(McDowell et al., 2016). This is due to the poor position for the support handle of hand
grinder. Therefore, this user was unable to perform well in the grinding process and lead to the

reduction of work productivity.

Moreover, many workers who overexposure to hand grinder would easily experience
the work-related injuries. The work-related injuries such as Carpal Tunnel Syndrome (CTS)
and Raynaud“s syndrome (RS) may cause by various factors. These factors could be
contributed by human lifestyle, working procedural, working environmental, physiological
and socio-economic (Pelmear et al., 1992). Handle design becomes one of the elements that
contributed to injuries of CTS. In a previous study, it stated that handle change are being
brought due to the sanitation and the increase of motion-related disease such as CTS (Cochran

et al., 1985). Figure 1.2 shows a hand that contributed to CTS when holding a handle



Carpal Tunnel Syndrome o

Figure 1.2: Hand with CTS when holding a handle (Master Garden Products, 2014)

Based on the overall considerations, redesign of hand grinder handle is compulsory to
achieve future improvement of this hand tool. Many researchers and studies were performed to
reduce the exposure of vibration in hand grinding process. However, the effects of handle
design parameters such as handle size and shape on Malaysia users remain unexplored.
Additionally, the existing hand grinder was designed and manufactured by foreign countries
such as Japan and Germany; hence, the anthropometric data applied in the handle design were

based on their populations.

To the best of author knowledge, a very few ergonomics studies been conducted to
design the handle of hand grinder which considering Malaysian anthropometric data and
strength. Therefore the aim of this study is to design and fabricate a handle of hand grinder to

increase the comfort level and work productivity in grinding process.



1.2 Problem Statements

Muscle fatigue is a condition where an individual is short-term reduction in the
capacity to do physical activity (Enoka & Duchateau, 2008). It may be caused by repetitive
prolonged use of poor and incompatible design of the product especially the hand tools design.
When using the current design of hand grinder handle, workers faced some difficulties such as
unable to grip the hand grinder firmly, larger size or weight of hand grinder, inappropriate

design of support handle and awkward posture in the wrist.

a) Unable to grip the hand grinder firmly

The existing design of hand grinder handle is not suitable to be used by female users
due to their small palm hand. Most of the female users unable to grip the hand grinder
firmly because the design of whole hand grinder is mainly focus to the male users.
Figure 1.3 shows a female user unable to grip the hand grinder handle firmly.
Eventually, this situation will jeopardize female users from injuries caused by sliding
down of hand grinder. Therefore, the female users have high risk to face the accident

when using the hand grinder.

Figure 1.3: Hand grinder unable to grip firmly by female“s hand

b) Larger size or weight of hand grinder

Hand grinder is considered as a large and heavy hand tool compare to other hand tool.

Due to both characteristics of hand grinder, it can slightly affect the users® performance.



