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ABSTRACT

This study is to design a durian peeler machine that followed the ergonomic 
criteria.The problem statement for this study is peeling durian can lead to MSD problem. 
Based on the problem statement, the objective of this study is to design a durian peeler with 
an ergonomics approach using Solidworks software.  For the methodology, the design will 
be based on two sources of data which are data gathered from the literature review and data 
gathered from the survey conducted. Survey is conducted for those people that has an 
experienced in handling hand held tools. The data obtain from the survey will be used as a 
guideline to modified the previous designed which is based on literature review. For the 
result, a final design of durian peeler which is based on the literature review and the survey 
conducted would be drafted in Solidworks software. The justification for the designed is 
made to ensure the design achieve its objective. For the conclusion, theoretically the 
designed can be considered as ergonomics product.
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ABSTRAK

Kajian in adalah mengenai mereka bentuk sebuah mesin pengopek durian yang 
memenuhi ciri-ciri ergonomik. Permasalahan yang timbul untuk kajian ini adalah, kaedah 
mengopek durian secara manual meningkatan potensi “MSD”. Berdasarkan daripada 
permasalahan yang dibangkitkan, objektif kajian ini telah ditetapkan iaitu mereka bentuk 
sebuah mesin pengopek durian yang menenuhi ciri-ciri ergonomik. Kaedah yang digunakan 
dalam kajian ini adalah dengan mereka bentuk mesin berdasarkan dua sumber data iaitu 
data dikumpul dari hasil pembacaan mengenai ergonomik dan juga data yang diperoleh 
daripada hasil soal selidik yang dibuat. Soal sedidik yang dibuat diberi kepada pekerja yang 
mempunyai pengalaman menggunakan peralatan tangan. Data yang diperoleh akan 
digunakan sebagai panduan untuk memodifikasi mesin yang direka berdasarkan hasil 
pembacaan mengenai ergonomik. Hasil daripada kajian ini adalah, sebuah mesin pengopek 
durian yang bercirikan ergonomik telah dilukis di dalam perisian Solidworks. Justifikasi 
bagi mesin telah dibuat bagi memastikan mesin mencapai objektif kajian ini. 
Kesimpulannya, secara teori, mesin ini adalah sebuah mesin yang memenuhi ciri-ciri 
ergonomik.
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CHAPTER 1

INTRODUCTION

1.1 INTRODUCTION

Malaysia is a country that is rich with natural resources in areas such as 

agriculture. For example, Malaysia is one of the top exporters of palm oil and natural 

rubber, together with tobacco, sawn logs and sawn timber, pineapple and paper dominate 

the growth of the sector. Besides that, Malaysia is also well-known for its fruits taste. 

There are plenty of delicious fruit can be found in Malaysia such as durian, rambutan, 

mango, mangosteen, watermelon, papaya, and many more 

Durian is the fruit of several trees species belongs to genus Durio and the 

malvaceae families which is edible by human being, (Missouri Botanical Garden).

Durian can grow as long as 30 centimeters and 15 centimeters in diameter and weigh

around 1 to 3 kilograms (Brown and Michael J, 1997).Physically, durian fruit is armed 

with sharp thorn that have high possibility to cause injury to human being. For durian 

tree, it can grow up to 25 meters to 50 meters depending on the species. Durian leaves

are evergreen, elliptic to oblong and 10 centimeters to 18 centimeters long.

Peeling durian is not an easy process. There are several problems that need to be 

encountered during peeling durian process. First problem is durian has a parabolic shape 

whilst tends to rotating. Because of that, durians need to be hold tightly to avoid it 

rotates while peeling. Second problem is durian is armed with sharp thorns that are fully 

capable of drawing blood. The potentially high risks of hand injury due to sharp thorns 
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are always present. And the last problem that needs to be encountered is high force need 

to be applied while peeling durian.

Common method of peeling durian using is using bare hand and a sharp knife. 

As common method to peel durian is not very appropriate due to its high risk of causing

injury, many of people start to develop a new technique to peel durian. One of the 

examples is a groups of lecturers from Pusat Latihan Teknologi Tinggi (ADTEC) Batu 

Pahat developed an automatic durian peeler using pneumatic system named “Durian 

Peeler Machine” (Malaysia patent pending PI20062275). Another example of durian 

peeler was designed by the student from Pusat Latihan Teknologi Tinggi (ADTEC) Batu 

Pahat named “Durian Peeler” (patent pending 20062275). 

Although there are many studies have been done to design a durian peeler 

machine, there are still no durian peelers that used ergonomics approach as their core for 

designing. Most of the designer were focusing on how to minimize the probability of

getting hurt and shortens time of operation to peel a durian. An ergonomics study should 

be put into consideration as it will result bad effect to the operator of the machine for a 

long term.

Thus, this study is to design and develop durian peeler using ergonomics 

approach. Generally, ergonomics is a field of study that seeks to design tools, equipment 

and task to optimize the interface between human and system (Dan Macleod, 1998).

This interface can be simple as that between human and a work table such as height of 

table, sharp edge on table and also foot rest if any (Dan Macleod, 1998). 

1.2 OBJECTIVES

The objective of this study 

I. To design durian peeler with ergonomics approach using Solidworks.
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1.3 SCOPE OF THE STUDY 

Without yet considering unforeseeable problem that might crop up later, these 

are the exclusions and the thing known but not attempt to solve:

1. The developed durian peeler is only a prototype and is not readily functional as a 

commercial product.

1.4 PROJECT ASSUMPTION

This thesis is based on certain assumptions:

1. All anthropometry data are taken from Thailand anthropometry (Juruwan 

Klamklaya et al, 2006) 

2. For the set up questionnaire, respondents are answering the questionnaire based 

on their daily working routine.

3. Dimension for typical durian size is 30 cm in length and 15 cm in diameters 

based on Malaysian Agricultural Research and Development Institute (MARDI).

4. Average durian weight is 1 to 3 kg (MARDI).

5. Machine is only for Small and Medium Enterprise (SME).

6. This machine is only used by the operator aged 18-25. This is due to the 

anthropometry data that are used for this study is only vary between aged 18-25.

1.5 PROJECT BACKGROUND 

This project is to solve the musculoskeletal problem among the worker who 

manually peels the durian. Currently, there are very little studies have been done for 

such function. We are going to design a durian peeler that will do this by adapting the 

ergonomics criteria. In doing this, we are going to tackle some of the problems 

associated with the musculoskeletal disorders. Other problems are not tackled in the 

duration of this project.



4

1.6 THESIS ORGANIZATION

There are 5 chapters is this thesis and was organized as follow. For each chapter, 

there are sub-topics in it.

In chapter 1, the introduction consists of describing durian in a scientific way, 

problem in peeling durian, the studies, the purpose of this study. In addition, this section 

also includes the objectives of the study, the scope of study, the project assumption and 

the project background.

Chapter 2 is to gather useful information from journal, book and article that are 

related to ergonomics study. All of the information gathered from this chapter will be 

reviewed to design the durian peeler.

Chapter 3 is about methodology of the research design. This includes a

methodology to complete this study such as questionnaire design, and other particular 

procedure used to complete this study. Justification on each of question is also noted in 

this chapter.

Chapter 4 is about analysis of collected data from the questionnaire. Each of the 

questions will be analyzed and the result will be used for designing a durian peeler. In 

this chapter also the comparison between previous designs will be discussed.

Chapter 5 will discuss about the achievement of the study and also 

recommendation regarding the project for the benefits in the future task.



CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

The purpose of this chapter is to gather useful information from journal, book 

and article that are related to ergonomics study. Generally, this chapter has been divided 

into several sections. First section of this literature review will cover the history of 

ergonomics. Second section will discuss about principle of ergonomics that were taken 

into considerations for this study. Third section will cover on the previous studies on 

ergonomics design. In addition, this section also discusses about the previous durian 

peeler design. Fourth section will discuss about designing a survey. Fifth section will 

discuss about anthropometry data used. Besides that, CAD software will be discussed in 

general. All of the information gather from this chapter will be reviewed to design the 

durian peeler. The sources for the literature review are library books, journal from 

established databases such as Science Direct and Scopus, article and also newspaper 

article.

2.2 ERGONOMICS

This section will discuss about ergonomics including its definition and the 

history of ergonomics development. 
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2.2.1 Ergonomics: Definition 

The word “ergonomics” is derived from the Greek Word “ergon” that means 

work and “nomos” that means law. In the United States, the term ergonomics is also 

known as “human factor”. A direct definition of ergonomics would be that ergonomics 

aims to design appliance, technical system and task in a way that can improve human 

safety, health and comfort without sacrifice the performance and efficiency for that 

particular design.

The formal definition for ergonomics (or human factor) is the field of study that 

seeks to design tools, equipment, and task to optimize the interface between human and 

system (Dan Macleod, 2006). Example of the interface is between human and table 

(sharp edge on table, height of table and also foot rest for the table (Dan Macleod, 2006).

Ergonomics emphasizes on equipment design and workspace design and the 

relevant subjects are anatomy, physiology, industrial medicine, design, architecture and 

illumination engineering.

2.2.2 Ergonomics: History

The term ergonomics was invented by Murell in 1949. Ergonomics started to 

develop and recognize during the Second World War when for the first time human 

sciences were systematically applied in a co-ordinate manner. At that time, physiologist, 

psychologist, medical doctor, work scientist, anthropologist and engineer together

address the problem arising from the operation of complex military equipment. The 

result of this inter-disciplinary approach appeared so promising that the cooperation was 

pursued after the war in industry. In Europe and the United States, the interests in this 

approach grow rapidly. This lead to the foundation in England of the first ever national 

ergonomics society in 1949 and starting from that, term “ergonomics” was adopted. 

After that in 1961, International Ergonomics Association (IEA) was created. At that time 

IEA was represent ergonomics society which are active at 40 countries or region, with 
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total membership approaching 15000 people (Jan Dul and Bernard Weerdmeester, 

2001).

After certain years, modern ergonomics was introduced. Modern ergonomics 

differ from conventional ergonomics as modern ergonomics only contributed to design 

and evaluation of work system and product. For conventional ergonomics, engineer 

designed a whole machine or product. Table 2.1 show the contribution of modern 

ergonomics in system design and management.

Table 2.1 Contribution of modern ergonomics in system design and management

(Jan Dul and Bernard Weerdmeester, 2001)

CONTRIBUTION OF MODERN ERGONOMICS IN SYSTEM DESIGN AND 

MANAGEMENT

1. A standard format for describing human-machine systems

2. Identification, classification, and resolution of design issues involving the human 

component

3. Task and human-machine interaction analysis

4. Specification of system design and human behavior. Implementation of controls

5. Identification of core trend in human and biological science and their 

implications for system design and management

6. Generation of new concepts for the design and analysis of human-machine 

systems

7. Evaluation of the sociotechnical implication of design option
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2.3 ERGONOMICS PRINCIPLES

This section will briefly discuss about the ergonomics principle that were taken 

into consideration for this study. Ergonomics principle are summarize for the field of 

ergonomics. There are 10 ergonomics principle will be discussed in this section (Dan 

Mac Leod, 2006).

1. Work in neutral posture

Work in neutral posture is important as working in awkward position 

increases fatigue and physically stress in the body. It also reduces strength and 

dexterity, thereby making task became more difficult to complete. There are 

several things need to be focused in neutral postures which are:

 Maintain the natural curve of the spine 

 Keep neck aligned with body 

 Keep elbow in and shoulder relax

2. Reduce excessive force

Reduce excessive force is also important in ergonomics. Excessive force 

can result to creating fatigue, overload muscle and cause injury. There are 

several ways that can be used in order to reduce force:

 Use levers

 Use conveyors

 Improve in grip design 

 Change method

 Using body position to best advantage 

 Fixtures and backstop
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 Use Tool and machine

3. Keep everything in easy reach

In order to design a machine that user-friendly, machine part that 

frequently use need to be in reach envelope. Noted that, rich envelope is semi 

circle that arms make as it reach. Figure 2.1 show the illustration about reach 

envelope. There are 2 semi circle lines denoted by M and O in the figure. Capital

M is represent by maximum reach envelope that can be achieved and capital O is 

represent optimum reach that can be achieved without neglecting ergonomics 

rules.

M = Maximum Reach

O = Optimum Reach

Figure 2.1 Reach envelopes (Bridger, 1995)

4. Work at proper high

Working at wrong high will lead to poor posture and related fatigue, 

discomfort, and potential damage to soft tissue. Generally, work is best done at 

about elbow height.  However, working high is depending on the nature of work. 

For example, heavier work requiring upper body strength and it should position 

slightly lower than elbow height. For works that require high focus, working 

position should be higher than elbow position. Since people vary in height, the 

best solution for working height is by design a machine or workstation that can 
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ABSTRACT



This study is to design a durian peeler machine that followed the ergonomic criteria.The problem statement for this study is peeling durian can lead to MSD problem. Based on the problem statement, the objective of this study is to design a durian peeler with an ergonomics approach using Solidworks software.  For the methodology, the design will be based on two sources of data which are data gathered from the literature review and data gathered from the survey conducted. Survey is conducted for those people that has an experienced in handling hand held tools. The data obtain from the survey will be used as a guideline to modified the previous designed which is based on literature review. For the result, a final design of durian peeler which is based on the literature review and the survey conducted would be drafted in Solidworks software. The justification for the designed is made to ensure the design achieve its objective. For the conclusion, theoretically the designed can be considered as ergonomics product.









































ABSTRAK



Kajian in adalah mengenai mereka bentuk sebuah mesin pengopek durian yang memenuhi ciri-ciri ergonomik. Permasalahan yang timbul untuk kajian ini adalah, kaedah mengopek durian secara manual meningkatan potensi “MSD”. Berdasarkan daripada permasalahan yang dibangkitkan, objektif kajian ini telah ditetapkan iaitu mereka bentuk sebuah mesin pengopek durian yang menenuhi ciri-ciri ergonomik. Kaedah yang digunakan dalam kajian ini adalah dengan mereka bentuk mesin berdasarkan dua sumber data iaitu data dikumpul dari hasil pembacaan mengenai ergonomik dan juga data yang diperoleh daripada hasil soal selidik yang dibuat. Soal sedidik yang dibuat diberi kepada pekerja yang mempunyai pengalaman menggunakan peralatan tangan. Data yang diperoleh akan digunakan sebagai panduan untuk memodifikasi mesin yang direka berdasarkan hasil pembacaan mengenai ergonomik. Hasil daripada kajian ini adalah, sebuah mesin pengopek durian yang bercirikan ergonomik telah dilukis di dalam perisian Solidworks. Justifikasi bagi mesin telah dibuat bagi memastikan mesin mencapai objektif kajian ini. Kesimpulannya, secara teori, mesin ini adalah sebuah mesin yang memenuhi ciri-ciri ergonomik.
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CHAPTER 1





INTRODUCTION





1.1 INTRODUCTION



Malaysia is a country that is rich with natural resources in areas such as agriculture. For example, Malaysia is one of the top exporters of palm oil and natural rubber, together with tobacco, sawn logs and sawn timber, pineapple and paper dominate the growth of the sector. Besides that, Malaysia is also well-known for its fruits taste. There are plenty of delicious fruit can be found in Malaysia such as durian, rambutan, mango, mangosteen, watermelon, papaya, and many more 



Durian is the fruit of several trees species belongs to genus Durio and the malvaceae families which is edible by human being, (Missouri Botanical Garden). Durian can grow as long as 30 centimeters and 15 centimeters in diameter and weigh around 1 to 3 kilograms (Brown and Michael J, 1997).Physically, durian fruit is armed with sharp thorn that have high possibility to cause injury to human being.  For durian tree, it can grow up to 25 meters to 50 meters depending on the species.  Durian leaves are evergreen, elliptic to oblong and 10 centimeters to 18 centimeters long. 



Peeling durian is not an easy process. There are several problems that need to be encountered during peeling durian process. First problem is durian has a parabolic shape whilst tends to rotating. Because of that, durians need to be hold tightly to avoid it rotates while peeling. Second problem is durian is armed with sharp thorns that are fully capable of drawing blood. The potentially high risks of hand injury due to sharp thorns are always present. And the last problem that needs to be encountered is high force need to be applied while peeling durian.

Common method of peeling durian using is using bare hand and a sharp knife. As common method to peel durian is not very appropriate due to its high risk of causing injury, many of people start to develop a new technique to peel durian. One of the examples is a groups of lecturers from Pusat Latihan Teknologi Tinggi (ADTEC) Batu Pahat developed an automatic durian peeler using pneumatic system named “Durian Peeler Machine” (Malaysia patent pending PI20062275). Another example of durian peeler was designed by the student from Pusat Latihan Teknologi Tinggi (ADTEC) Batu Pahat named “Durian Peeler” (patent pending 20062275). 



Although there are many studies have been done to design a durian peeler machine, there are still no durian peelers that used ergonomics approach as their core for designing. Most of the designer were focusing on how to minimize the probability of getting hurt and shortens time of operation to peel a durian. An ergonomics study should be put into consideration as it will result bad effect to the operator of the machine for a long term.



Thus, this study is to design and develop durian peeler using ergonomics approach. Generally, ergonomics is a field of study that seeks to design tools, equipment and task to optimize the interface between human and system (Dan Macleod, 1998). This interface can be simple as that between human and a work table such as height of table, sharp edge on table and also foot rest if any (Dan Macleod, 1998). 



1.2 OBJECTIVES



The objective of this study 

I. To design durian peeler with ergonomics approach using Solidworks.







1.3 SCOPE OF THE STUDY 



Without yet considering unforeseeable problem that might crop up later, these are the exclusions and the thing known but not attempt to solve:



1. The developed durian peeler is only a prototype and is not readily functional as a commercial product.



1.4 PROJECT ASSUMPTION

This thesis is based on certain assumptions:

1. All anthropometry data are taken from Thailand anthropometry (Juruwan Klamklaya et al, 2006) 

2. For the set up questionnaire, respondents are answering the questionnaire based on their daily working routine. 

3. Dimension for typical durian size is 30 cm in length and 15 cm in diameters based on Malaysian Agricultural Research and Development Institute (MARDI).

4. Average durian weight is 1 to 3 kg (MARDI). 

5. Machine is only for Small and Medium Enterprise (SME).

6. This machine is only used by the operator aged 18-25. This is due to the anthropometry data that are used for this study is only vary between aged 18-25.



1.5 PROJECT BACKGROUND 



This project is to solve the musculoskeletal problem among the worker who manually peels the durian. Currently, there are very little studies have been done for such function. We are going to design a durian peeler that will do this by adapting the ergonomics criteria. In doing this, we are going to tackle some of the problems associated with the musculoskeletal disorders. Other problems are not tackled in the duration of this project.



1.6 THESIS ORGANIZATION



There are 5 chapters is this thesis and was organized as follow. For each chapter, there are sub-topics in it.



	In chapter 1, the introduction consists of describing durian in a scientific way, problem in peeling durian, the studies, the purpose of this study. In addition, this section also includes the objectives of the study, the scope of study, the project assumption and the project background. 



	Chapter 2 is to gather useful information from journal, book and article that are related to ergonomics study. All of the information gathered from this chapter will be reviewed to design the durian peeler. 



	Chapter 3 is about methodology of the research design. This includes a methodology to complete this study such as questionnaire design, and other particular procedure used to complete this study. Justification on each of question is also noted in this chapter.



Chapter 4 is about analysis of collected data from the questionnaire. Each of the questions will be analyzed and the result will be used for designing a durian peeler. In this chapter also the comparison between previous designs will be discussed.



	Chapter 5 will discuss about the achievement of the study and also recommendation regarding the project for the benefits in the future task.
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CHAPTER 2





LITERATURE REVIEW





2.1	INTRODUCTION



	The purpose of this chapter is to gather useful information from journal, book and article that are related to ergonomics study. Generally, this chapter has been divided into several sections. First section of this literature review will cover the history of ergonomics. Second section will discuss about principle of ergonomics that were taken into considerations for this study. Third section will cover on the previous studies on ergonomics design. In addition, this section also discusses about the previous durian peeler design. Fourth section will discuss about designing a survey. Fifth section will discuss about anthropometry data used. Besides that, CAD software will be discussed in general. All of the information gather from this chapter will be reviewed to design the durian peeler. The sources for the literature review are library books, journal from established databases such as Science Direct and Scopus, article and also newspaper article.



2.2	ERGONOMICS



	This section will discuss about ergonomics including its definition and the history of ergonomics development.  



2.2.1	Ergonomics: Definition 



	The word “ergonomics” is derived from the Greek Word “ergon” that means work and “nomos” that means law. In the United States, the term ergonomics is also known as “human factor”. A direct definition of ergonomics would be that ergonomics aims to design appliance, technical system and task in a way that can improve human safety, health and comfort without sacrifice the performance and efficiency for that particular design.



	The formal definition for ergonomics (or human factor) is the field of study that seeks to design tools, equipment, and task to optimize the interface between human and system (Dan Macleod, 2006). Example of the interface is between human and table (sharp edge on table, height of table and also foot rest for the table (Dan Macleod, 2006).



	Ergonomics emphasizes on equipment design and workspace design and the relevant subjects are anatomy, physiology, industrial medicine, design, architecture and illumination engineering.



2.2.2	Ergonomics: History



The term ergonomics was invented by Murell in 1949. Ergonomics started to develop and recognize during the Second World War when for the first time human sciences were systematically applied in a co-ordinate manner. At that time, physiologist, psychologist, medical doctor, work scientist, anthropologist and engineer together address the problem arising from the operation of complex military equipment. The result of this inter-disciplinary approach appeared so promising that the cooperation was pursued after the war in industry. In Europe and the United States, the interests in this approach grow rapidly. This lead to the foundation in England of the first ever national ergonomics society in 1949 and starting from that, term “ergonomics” was adopted. After that in 1961, International Ergonomics Association (IEA) was created. At that time IEA was represent ergonomics society which are active at 40 countries or region, with total membership approaching 15000 people (Jan Dul and Bernard Weerdmeester, 2001).



After certain years, modern ergonomics was introduced. Modern ergonomics differ from conventional ergonomics as modern ergonomics only contributed to design and evaluation of work system and product. For conventional ergonomics, engineer designed a whole machine or product. Table 2.1 show the contribution of modern ergonomics in system design and management.



Table 2.1 Contribution of modern ergonomics in system design and management (Jan Dul and Bernard Weerdmeester, 2001)



		CONTRIBUTION OF MODERN ERGONOMICS IN SYSTEM DESIGN AND MANAGEMENT



		1. A standard format for describing human-machine systems

2. Identification, classification, and resolution of design issues involving the human component

3. Task and human-machine interaction analysis

4. Specification of system design and human behavior. Implementation of controls

5. Identification of core trend in human and biological science and their implications for system design and management

6. Generation of new concepts for the design and analysis of human-machine systems

7. Evaluation of the sociotechnical implication of design option

















2.3	ERGONOMICS PRINCIPLES



	This section will briefly discuss about the ergonomics principle that were taken into consideration for this study. Ergonomics principle are summarize for the field of ergonomics. There are 10 ergonomics principle will be discussed in this section (Dan Mac Leod, 2006).



1. Work in neutral posture



Work in neutral posture is important as working in awkward position increases fatigue and physically stress in the body. It also reduces strength and dexterity, thereby making task became more difficult to complete. There are several things need to be focused in neutral postures which are:



· Maintain the natural curve of the spine 

· Keep neck aligned with body 

· Keep elbow in and shoulder relax



2. Reduce excessive force



Reduce excessive force is also important in ergonomics. Excessive force can result to creating fatigue, overload muscle and cause injury. There are several ways that can be used in order to reduce force:



· Use levers

· Use conveyors

· Improve in grip design 

· Change method

· Using body position to best advantage 

· Fixtures and backstop

· Use Tool and machine



3. Keep everything in easy reach



In order to design a machine that user-friendly, machine part that frequently use need to be in reach envelope. Noted that, rich envelope is semi circle that arms make as it reach. Figure 2.1 show the illustration about reach envelope. There are 2 semi circle lines denoted by M and O in the figure. Capital M is represent by maximum reach envelope that can be achieved and capital O is represent optimum reach that can be achieved without neglecting ergonomics rules.



[image: ]

		M = Maximum Reach



		O = Optimum Reach







Figure 2.1 Reach envelopes (Bridger, 1995)



4. Work at proper high



Working at wrong high will lead to poor posture and related fatigue, discomfort, and potential damage to soft tissue. Generally, work is best done at about elbow height.  However, working high is depending on the nature of work. For example, heavier work requiring upper body strength and it should position slightly lower than elbow height. For works that require high focus, working position should be higher than elbow position. Since people vary in height, the best solution for working height is by design a machine or workstation that can be adjust in height. By doing this, machine or workstation will became more user-friendly and ergonomics.



5. Reduce excessive motion



Number of motion is relatively affected on efficiency and wear and tear on the body. It is important to planned motion in order to reduce excessive force. Excessive force can result injury to sensitive tissue and also joints. Solution for reducing motion is by rearrange layout and organization. Besides that, individual work method also can reduce motion. This is because, if two persons doing the same task, it very common to see that one person will do the task efficiently and the other inefficiently. Repetitions in motion also consider as excessive motion. One of way to overcome this problem is by allow machine or tools to do the repetitions movement. This is possible by redesign that particular machine or tools so it can do the repetitive work. Another possible solution for reducing repetitions in motion is by using mechanical mechanism such as gearing or rack-and-pinion. Figure 2.2 shows the example of tool redesign for screwdriver. There are two pictures in figure 2.2 which are conventional screwdriver and redesigned screwdriver. Conventional screwdriver force user to bend their wrist and will cause excessive motion when us it. This is due to angle of wrist that not perpendicular to the tools holder. Redesigned screwdriver allows user’s wrist to be perpendicular to the screwdriver holder. This will result of less motion will be applied while using this tool. Besides of redesigning tool to reduce excessive motion, we also can use motion saving mechanism. Figure 2.3 shows the example of motion saving-mechanism. Instead of using crank to rotate gear, we can use stick with same size of teeth with gear to rotate it.   





[image: D:\MY PSM\MY PSM\thesis\Pic On thesis\Tools redesign.jpg]



Figure 2.2 Example of tools redesign (Bridger, 1995)





[image: D:\MY PSM\MY PSM\thesis\Pic On thesis\Motion saving.jpg]



Figure 2.3 Example of using motion-saving mechanism (Bridger, 1995)



6. Minimize fatigue and static load



Fatigue and static load is another challenge in designing. These problems will cause lost production, poor quality accident and wear-and-tear injury to body. Theoretically, fatigue can result from heavy activities (for period of time). Due to fatigue, human will start to sweat and burn calories (metabolic load). Fatigue can be reducing by:

· Spread peak load over more time 

· Take frequent, short rest brake 

· Rotate with less demanding task 

· Add staffing

Static load can result from holding the same position for period of time. If a person suffered from static load, their muscle will tire and begin to hurt. For long term, this problem will lead to serious damage to that particular tissue or muscle. Static load can be reducing by:



· Arm rest to support outstretch arms

· Fixture, straps or hook to hold item

· Shelves or rails on which support a load



7. Minimize pressure point



Pressure point can lead to uncomfortable feeling and can cause restrain in nerve function as well as blood flow. There are four common pressure points which are while gripping, working using table, standing and also while sitting. Pressure point for gripping can be reduced by changing the shape, contour, size and also provide padding for hand grip. Figure 2.4 shows two picture of the same hand held tools. Figure 2.4(a) shows hand held tools that is not provided by padding for hand grip and figure 2.4(b) shows hand held that is equiped by padding for hand grip. By providing padding for hand held tools, pressure point can be minimized. 



[image: D:\MY PSM\MY PSM\thesis\Pic On thesis\Provide grip.jpg]

(a)                                       (b)



Figure 2.4 Provide padding for hand grip (Bridger, 1995)

 

Working using table also can create pressure point, several solution for that problem are:



· Padding the edge

· Rounding the edge

· Providing arm rest

· Redesign the task

· Changing layout to avoid leaning



Standing for a long time on hard surface can lead to tissue damage and also fatigue. Pressure point while standing can be reduces by using anti-fatigue mats and wearing proper shoe (cushion insoles). Figure 2.5 shows the using of anti-fatigue maps to minimize pressure point. Anti-fatigue maps were placed on floor which operator standing to perform their task.
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Figure 2.5 Provide cushioning for feet (Bridger, 1995)

 











8. Provide clearance



Clearance is important in design as it can create bumping hazards or force people to work in controlled posture. Good design should have enough work space and easy access to everything that is needed. Workspace clearance can be improved by:

· Reorganize equipment, shelves, etc.

· Increase size of opening 

· Eliminate obstruction 

9. Move, exercise, and stretch



All of the above ergonomic principle should not conclude that the best ergonomics design is work by pushing button only. Healthy life requires body activities. However, in working movement or exertion were often too much. To reduce effect of too much movement or exertion, warm-ups body is a one way. Another way is by allow for alternate posture. 



10. Maintain a comfortable environment



For the last ergonomics principle is by maintaining a comfortable environment. Comfortable environment related with lighting, working temperature, surrounding air, level of noise and other factor that contributed to uncomfortable feeling.















2.4	PREVIOUS STUDIES ON ERGONOMICS DESIGN 



Table 2.2 shows the previous finding on ergonomics studies. This table consists of 7 topics which are designing work surface, designing work station, design and selection guide of hand held tools, basic posture, maximum height for control for standing position, adjustable workstation and crank design. Information gathered from this section will be used to design a preliminary design for durian peeler.



Table 2.2 Finding on ergonomics design



		No

		Topic

		Journal/book

		Author

		Year

		Findings



		1

		Designing work surface

		Introduction to Ergonomics

		R.S. Bridger

		1995

		People are varying in height. The workstation should be designed with the consideration of height and also type of work.



		2

		Designing workstation

		Ergonomics in Manufacturing

		Waldemar Kaewowski and Gavriel Salvendy

		1998

		Height of the working surface should maintain a definite relationship with the operator elbow height, depending on the type of work

The maximum reach can be considered as the boundary on the work surface in front of an operator that he/she can reach without flexing his own/her torso

The minimum lateral clearance at waist level is determined by adding 5 cm on both side or 10 cm to hip breadth(standing position)

 (
Table 2.2 
Finding on 
e
rgonomics 
d
esign continue
)



		3

		Design and selection guide for hand held tools

		Ergonomics in Manufacturing

		Waldemar Kaewowski and Gavriel Salvendy

		1998

		Principles of hand tools designed:

· Should effective perform the function of which it was intended

· Properly proportional with operator body dimension 

· Suitable adjusted to the strength and work capacity of the operator

· Not cause premature fatigue

· Inexpensive and easy to maintain

For grip material, Konz(1990) recommended to use the compressible grip material that dampens vibration and allows better distribution of pressure across the palm/grip contact area 

 (
Table 2.2 
Finding on 
e
rgonomics 
d
esign continue
)Wu(1975) and Mital(1991) indicated that grip material should not absorb liquid and not permit conduction of heat or electricity

Sharp indentation or grooves should be avoided

For grip shape, grip shape should maximize the area contact between the palm and the grip to provide better pressure distribution and reduce change of forming pressure ridges or pressure concentration point

Handle diameter should be 41 to 86 mm for power grip

Grip length should be at least 102 mm



		4

		Basic Posture

		Ergonomics for beginner

		Jan Dul and Bernard Weerdmeester

		2001

		Activities where considerable force has to be exerted or where the work place has to be frequently changed should be carried out in standing position

Guideline for  work carried in standing position

· Alternate standing with sitting and walking 

·  (
Table 2.2 
Finding on 
e
rgonomics 
d
esign continue
)Work height depend on the task 

· Height of the work table must be adjustable

· Avoid using platform

· Provide sufficient room for legs and feet



		5

		Maximum height for control : standing position

		Kodak’s Ergonomics Design for People at Work

		Eastman Kodak Company

		2004

		Any control manipulations that required not a light effort, control should be located below the shoulder height but higher than knuckle height



		6

		Adjustable workstation

		Kodak’s Ergonomics Design for People at Work

		Eastman Kodak Company

		2004

		Adjustable workplace is needed as people vary in size and strength.

Most of workplace require attention more than one anthropometry data



		7

		Crank design

		Kodak’s Ergonomics Design for People at Work

		Eastman Kodak Company

		2004

		Crank design must be suitable to force applied









Table 2.3 Recommended work surface height for standing workers (Bridger, 1995)



		RECOMMENDED WORK SURFACE HEIGHTS FOR STANDING WORKERS(in cm)



		Task Requirement

		Male

		Female



		Precision work

Light assembly work

Heavy work

		109-119

99-109

85-101

		103-113

87-98

78-94







2.4.1	Previous Durian Peeler Design.

 

	There are many of durian peeler machines have been developed nowadays. However, many of these durian peelers were not ready to be commercialized and only be used for personal purpose only. This section only discusses about durian peeler that isready to be commercialized. Table 2.4 shows the previous design on durian peeler.



Table 2.4 Previous design of Durian Peeler



		Year

		Title

		Designer

		About Design



		2006 

		Durian peeler (Patern Pending PI20062275) 

		A group of student from ADTEC 

		Design peeler that operate using feet 



		2006 

		Automatic Durian Peeler (Patern Panding 20062275) 

		A group of lecture from ADTEC 

		Design a peeler using pneumatics powers. 















2.5	DESIGN SURVEYS



	One of the methods to collect data for this study is by conducting a survey. This section will relate on how to design a proper survey that will lead to a better information gather. This section will focus more on the questionnaire as it will be used for this study.



2.5.1	Definition of Surveys 



	Based on Martyn Denscombe (2007), the word ‘surveys’ can be defined as ‘to view comprehensive and in detail’. In other word, surveys also can be defined as specifically to the act of ‘obtaining data for mapping’. As the summary, a survey is a research strategy that can be used in order to obtain useful information.  



2.5.2	Type of Surveys 



	Surveys came in a wide variety of form depending on researcher aim and discipline background. Most common type of surveys that been widely used are (Martyn Denscombe, 2007):



I. Postal Questionnaire 

Involve sending ‘self-completion’ questionnaire through post. This generally involves a large-scale mailing covering wide geographical area. Usually there is no any personal contact between the researcher and the respondent.



II. Internet Surveys

Provides a fast and cheap alternative to other type of survey when it come to collecting survey data (Couper, 2000). Survey can be conducted via 3 ways which is an email questionnaire, questionnaire sent with an email as attachment and a web-based questionnaire 



III. Face-to-face Interviews 

Face-to-face survey involves direct contact between the researcher and the respondent. This contact can be made through researcher approach such as go to the factory and called operator for an interview.



IV. Telephone Interviews

Involve of contacting the respondent via telephone. However this method is rarely used for researcher as it  was felt that contacting people by phone led to a biased sample.



2.5.3	Stage of a Survey



	Generally, there are five stages of a survey which are survey design and preliminary planning, pretesting, final survey design and planning, data collection and lastly data coding, data-file construction, analysis and final report (Czaja and Johnny Blair, 2005).



	First stage of a survey consists of several steps. First step is to decide the goals of the research and determine how best to accomplish them within the available time and resources. Next step is to decide the respondent. It is important to choose the right respondent as it will affect the data from the surveys. After that, start designing a questionnaire. This step consists of deciding type of question that need to be asked (behavior, attitude or knowledge question) and also type of demographic information we need. Time and money available should be put in consideration in designing a survey.



	Second stage of a survey is pretesting. Start with drafting the questionnaire. Question for the questionnaire can be borrowed from other researcher. After finish drafting the questionnaire, pretesting should be done. Important of this pretesting is to know the level of understanding of the respondent for each question in the questionnaire.



	Third stage of a survey is a final survey design and planning. The pretest result should be used to improve the questionnaire.



	Fourth stage of a survey is data collection. During this stage, researcher needs to monitor the result of the sampling and data collection activities and begin coding data file preparation.



	Fifth stage of a survey is data analysis and final report. Data gathered from th questionnaire need to be analyzed and change into useable information.



2.5.4	Designing Questionnaire



This section will be a guideline in designing questionnaire for this study. There are several things need to be focus on designing a questionnaire (Sharon L. Loh, 1999) which are:



I. Decide what is the purpose of the questionnaire 

II. Test the questionnaire before taking the survey

III. Keep the question simple and clear 

IV. Use specific question instead of using general question

V. Relate question with concept of interest 

VI. Decide whether to use open or closed question

VII. Avoid question that prompt or motivate respondent to answer according to your answer

VIII. Used force-choice, rather than agree/disagree question

IX. Ask only one question in each question 

X. Pay attention to question order-effect









2.6	ANTHROPOMETRY DATA



Due to the limited source on Malaysian anthropometry data, anthropometry data of the southern Thai population is used in this study. This research is done by Jaruwan Klamklay, Angoon Sungkhapong, Nantakrit Yodpijit and Patrick E. Patterson on 2006.
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Figure 2.6 Anthropometry data of the male southern Thai population, aged 18–25 years (n= 100) (Source: Jaruwan et al., 2006)
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Figure 2.7 Anthropometry data of the female southern Thai population, aged 18–25 years (n= 100) (Source: Jaruwan et al., 2006)







2.7	CAD SOFTWARE	



CAD is an acronym for Computer Aided Design which means the usage of computer technology to aid in the design and any particularly drafting of a part or product, including entire buildings .Drafting can be done in two dimensional (2D) or three dimensional (3D). There are plenty of CAD software available in the market. Each of that has its own advantages and disadvantages. For this section, two CADs software will be discussed and compared. CAD software that will be discussed is SolidWorks and AutoCAD. 



2.7.1	SolidWorks



SolidWorks is a parasolid-based solid modeler, and utilizes a parametric feature-based approach to create models and assemblies. SolidWorks was developed by Solid Work Cooperation and now a subsidiary of Dassault Systèmes, S. A. (Vélizy, France).Core product for this software includes tools for 3D modeling, assembly, drawing, sheetmetal, weldments, and freeform surfacing. By using SolidWork, 2D drawing can be easily converted to 3D drawing and vice versa. SolidWork also support numerous of extension file such as IGS file, DWG file etc.  



2.7.2	AutoCAD



Same with SolidWork software AutoCAD is CAD software application for 2D and 3D design and drafting. This software was developed and distribute by Autodesk Inc. AutoCAD. AutoCAD is basic CAD software and easy to use for those with limited experience in using CAD software. By using this software, 3D drawing were quite dificult to archieve.









2.7.3	Comparison for CAD Software



Each of the CAD software has its own advantage and disadvantages. Table 2.5 shows the comparison for the selected CAD software. The comparison will be based on certain criteria which are availability of the software, function of the software, supported import and export file type and knowledge on that particular software.



Table 2.5 Comparison for the selected CAD software



		CAD software

		Benefits

		Disadvantages



		









SolidWorks

		Can easily convert 3D to 2D and vice versa.

Can easily modify the drawing.

Can create simulation on design (how its work).

Support IGS file which is file that export to finite Element Analysis software.

Support assembling drawing which means, design can be draw separately for each part.

		High performance computer needs to run this software.

Previous version of SolidWorks file not compatible with newer version of SolidWorks file. 



		







AutoCAD

		

Medium performance computer need to used this software.

Drawing can be easily modified.

AutoCAD functionality to specific fields such as AutoCAD Architecture and AutoCAD Electrical.

		

Difficult to draw in 3D.

Whole must be drawn in as it not support assembling drawing function.

Not support IGS file type.

Not support simulation function.





2.8	CONCLUSION



Ergonomics design is related to the principle of ergonomics. To design an ergonomics tools, principle of ergonomics need to be followed. Besides relying on literature review to get data for ergonomics design, conducting a survey is also a proper way to get the data. Next chapter will discuss on the methodology of this project.
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CHAPTER 3





METHODOLOGY





3.1	 INTRODUCTION



In general, this chapter is about method used in order to collect data for completing this study. Explanations for this chapter will be based on several elements that contains in flow chart of the study.



3.2	FlOW CHART OF THE STUDY



Figure 3.1 shows overall flow chart of the study. Number place besides element indicate that the element that will be discussed further in this chapter.
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Figure 3.1 Flow chart of the study







3.3	LITERATURE REVIEW 



Literature review is one of the methods to collect data for this study. Literature review is only being done on reliable sources such as journal from established databases such as Science Direct and Scopus, book from library and also articles. There are four steps in doing a literature review which is scanning, marking, reading and review. Scanning is also can be defined as surveying. Second step is marking the important or useful topic and information found on step 1. Third step is further reading on that particular topic or content. At this step, understand the reading is a main objective that needs to be achieved. Last but not least is to review back the reading. This step required skill to extract data from the readings and explain it using own word. 



3.4	DESIGNING A QUESTIONNAIRE



Besides depends only on literature review, second method that was used to collect data for this study is by conducting a survey. Based on section 2.5 in chapter 2, the questionnaire has been decided as a medium for a survey based on several factors which are: 



I. It is inexpensive

II. Less time taken

III. Simplest ways to conduct survey but effective



3.4.1	Questionnaire



Questionnaire designed for this study consists of four sections which represented by section A, section B, section C and section D. There are 25 questions in this questionnaire. Section A contains of general information of respondent such as age and gender. For section B, the questions were emphasize on working style of the respondent. Section C is about working posture involve for the respondent and for the last section, section D will focus on respondent working tool accessories. Table 3.1 shows overall layout for the questionnaire.



Table 3.1 Layout for questionnaire



		Section

		Variable

		Items



		A

		Correspondent detail

		4



		B

		Working Style

		6



		C

		Working Posture

		7



		D

		Working Accessories 

		8







3.4.2	Justification of the Questionnaire



The entire question asked in the questionnaire has it own purpose to this study. Table 3.2 shows the justification for the question that has been divided according to its section.



Table 3.2 Justification of the questionnaire



		Section

		No of question

		Items 

		Justification



		





A

		1

		Respondent age

		To know the age of the respondent



		

		2

		Respondent gender

		To know the gender of the respondent



		

		3

		Respondent working hour

		To know the average working hour per day of the respondent



		

		4

		Respondent year in current position

		To know the working year  (
Table 3.2 
Justification of the 
q
uestionnaire continue
)for current position of the respondent



		







B

		1

		The type of work are repetitive	

		To know respondent type of work



		

		2

		Break is needed after each working session

		To know if the respondent needs break after each working session



		

		

		

		



		

		4

		Lifting is required when doing work

		To know if respondent work required lifting action



		

		5

		Stretching is required after some period of time of working

		To know if the respondents need to do stretching after some period of work



		

		6

		Respondent work duties

		To know the respondent’s working task



		











C

		1

		Your working position giving you back pain

		To know if current working position give pain in back of the respondent



		

		2

		The upper body is feeling stress due to the work

		To know if the current working position gives upper body stress to the respondent



		

		3

		Your working position is the same throughout the working period

		To know if the working position changing throughout working period



		

		4

		Sitting position is the best position when doing work

		To know the best working position for the respondent



		

		5

		The body needs to be bend when doing work

		To know if the respondent’s work required bending posture



		

		 (
Table 3.2 
Justification of the 
q
uestionnaire continue
)6

		All the force are being concentrated to the hand when doing work 

		To know if the respondents experience concentrated force on hand during working period



		

		7

		The upper arms need to be close to the body and not extended outward



		To know the position of arm for the respondent during working period



		

















D

		1

		The tools need to be adjusted to your hand.

		To know the current tools fit to the respondent or not



		

		2

		The tools handle/spindle is not large enough for you to hold

		To know if the tool handle/spindle fits to the respondent or not 



		

		3

		The handle/ spindle needs to be wrap with soft material for gripping comfort

		To know the best handle/spindle design for the respondent



		

		6

		The tools is discomfort			

		To know the respondent feeling about their working tool 



		

		7

		The material position needs to be adjusted to fit your height

		To know if the material position needs to be adjusted to fit respondent 







3.5	DISTRIBUTE, COLLECT AND ANALYZE QUESTIONNAIRE



After finished designing a questionnaire, the next process is to distribute, collect and analyze the questionnaire. Each of the process will discuss in this section.









3.5.1	Distribute and Collect the Questionnaire



For this study, 50 respondents will be selected to be participate in this survey. Since there is no worker that peeling durian using machine, respondents will be choose among workers that use hand held tool in their work. Respondents will be given 30 minutes to complete the questionnaire.



3.5.2	Analyze the Questionnaire



Questionnaire that has been completed by the respondent will be analyzed using statistical software. For this study, Microsoft Excel software was used to analyze the data from the questionnaire. Based on the respondent answer, pie chart will be build for each of the question. Information gather from questionnaire will be utilized for designing a durian peeler.  



3.6	DESIGN A DURIAN PEELER



Designing a durian peeler is the main objective for this study. There are three stage of designing a durian peeler. Each stage uses a different information source. First stage of designing a durian peeler is by using information gather from the literature review. This design is focused on theory for ergonomics design. Example of theory for ergonomics that are used are the previous finding on ergonomics design and principle of ergonomics.



Second stage of designing the peeler is by using the information gathered from the survey. This design considers more practical as it is based on the worker experience in handling hand held tools.



The final stage of designing durian peeler is by combining two preliminary designs which are design that based on the literature review and design that is based on the questionnaire becoming final design for this study. The purpose of this combination is to ensure that the design is following ergonomics principle without sacrificed operator’s comfort.



The design will be drafteds using CAD software which is Solidworks. This software is used among other CAD software based on comparison in table 2.5 on chapter 2. 



3.7	JUSTIFICATION OF DESIGN



The design that is already completed will be justified. This justification is based on the ergonomics aspect. The purpose of this justification is to make sure the design followed the ergonomic principles.



3.8	CONCLUSION



The methodology of this study has been discussed in this chapter. In addition, the justification for questionnaire and method used also been discussed. Chapter 4 will be discussed on the result obtain from the questionnaire and also from the analysis using Finite Element Technique. 
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CHAPTER 4





RESULT AND DISCUSSION





4.1	INTRODUCTION

This chapter will be focused on analyzing the questionnaire and compare between previous and new design. Data obtain from the distributed questionnaire will be used to modify the machine part if necessary. The descriptive statistics of the respondent were analyzed using Microsoft Excel software since it is the simplest software to analyze the questionnaire.



4.2	RESPONDENT RATE 



Due to money and time constrains, only 50 sets of questionnaires were distributed among the respondents that have an experience in handing hand held machine or equipment. Table 4.1 shows the questionnaire respond rate.



















Table 4.1 Questionnaire response rate



		Variable

		Actual Data N* = 50



		Numbers of questionnaire distributed

		50



		Numbers of returned questionnaire

Complete questionnaire

		42

39



		Incomplete questionnaire

		3



		Not returned 

Analysis Purpose 

		8

39



		Rate for usable questionnaire

		78%







From the questionnaire, 78% of the respondents have successfully completed their questionnaire. This percentage was higher than the value suggests by B.M Blatter and P.M bongers (2002) which is 25% of respond rate.



4.3	DESCRIPTIVE STATISTIC FOR SECTION A-RESPONDENTS PROFILE



This section provides information about the detail of respondent’s profile and discussed the whole frequencies and percentage from the questionnaires. Table 4.2 shows the details generated from Microsoft Excel software.



Table 4.2 Correspondent’s Details 



		Demographic

		Category

		Frequency

		Percentage (%)



		



Age

		<20

		0

		0



		

		21-29

		16

		41



		

		30-39

		14

		36



		

		40-49

		9

		23



		

		50>

		0

		0



		Gender

		Male

		29

		76



		

		 (
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)Female

		10

		24



		

Hours worked per day

		<3

		16

		36



		

		4-6

		21

		41



		

		7-9

		2

		5



		

		>9

		0

		0



		



Years in current position

		<1

		5

		12



		

		2-4

		17

		44



		

		4-6

		17

		44



		

		7-9

		0

		0



		

		>10

		0

		0







4.3.1	Correspondent’s Age



This question is to determine the respondent’s age. From figure 4.1, 41% respondents were at age 21-29 years old, followed by 36% respondents were at age 30-39 and 23% respondents were at age40-49 years old.  Many of the respondents were at age between 21-39 years old. This is due the commonly age for a machine operator is between that range. Analysis on this question is generated using Microsoft Excel software.



















Figure 4.1 Correspondent ages 



4.3.2	Correspondent Gender



This question is to determine the respondent’s gender.  Figure 4.2 shows the respondent’s gender in pie chart form. 74% of respondent’s are male while the remaining 26% are female. As the questionnaire was designed to be answered by people that has an experience in handling hand held machine, the percentage of male respondents were extremely higher compared to female respondents. This is due to the common gender for machine operators are mostly male. Analysis on this question is generated using Microsoft Excel software.

 

Figure 4.2 Correspondent’s gender



4.3.3	Working Hours per Day



This question is to determine the respondent’s hours worked per day. From figure 4.3, 54% respondent work between 4-6 hours per day, 41% respondent work less than 3 hours per day and 5% work between 7-9 hours per day. Analysis of this question is generated using Microsoft Excel software.



Figure 4.3 Working hours per day 

4.3.4	Working Experience at Current Position



This question is to determine the respondent’s working experience at current position. Figure 4.4 shows respondent’s working experience at current position. 44 % respondents work at current position between 4-6 years, 43% respondent’s work at current position between 2-4 years and 13% respondent’s work at current position less than 1 year. Since 83% of respondent’s have 2-6 years of experience in handling hand held machine, thus the data obtained from questionnaire becoming more reliable as respondents have a much better experience in handling hand held tools compare to respondents that has less than 1 year of working experience.





Figure 4.4 Working experience at current position 



4.4	DESCRIPTIVE STATISTIC FOR SECTION B– WORKING STYLE



This section provides information about the detail of respondent’s working style and discussed the whole frequencies and percentage from the questionnaires. Table 4.3 shows the details generated from Microsoft Excel software.



Table 4.3 Respondent’s working style



		No of Question

		Strongly  disagree

		Disagree

		Unsure

		Agree

		Strongly disagree



		

		N

		%

		N

		%

		N

		%

		N

		%

		N

		%



		1

		0

		0

		0

		0

		11

		28

		25

		64

		3

		8



		2

		0

		0

		0

		0

		0

		0

		31

		79

		8

		21



		3

		0

		0

		28

		72

		11

		28

		0

		0

		0

		0



		4

		7

		18

		8

		20

		3

		8

		21

		54

		0

		0



		5

		0

		0

		0

		0

		5

		13

		31

		79

		3

		8







4.4.1 Repetitive Work among Respondents



This question is to determine either the respondent work is repetitive or not. From figure 4.5, 92% of respondent agree that their work is a repetitive work. The remaining 8% of the respondent are unsure either their work is repetitive or not. 







Figure 4.5 Repetitive works among respondents







4.4.2	Break Time Required



This question is to determine either the respondents need a short break time for each working session. Based on the pie chart shown in figure 4.6, 100% of respondents agree that short break is required for each of working session. 







Figure 4.6 Break time required



4.4.3	Moving is required



This question is to determine either the respondents work required them to move for a long time or not. Figure 4.7 shows 78% respondents disagree if their work needs them to move for along time. The rest 28% respondents are unsure. 





Figure 4.7 Moving is required



4.4.4	Lifting is required



This question is to determine either the respondent’s work required them to move for a long time or not. Figure 4.7 shows 38% respondents disagree if their work needs them to perform lifting. While 54% agree that their work required them to perform lifting and 8% of respondents were unsure.











Figure 4.8 Lifting is required



4.4.5	Stretching is required



This question is to determine either the respondents need to do stretching after some period of time or not. From figure 4.8, 87% of respondents agree that stretching is required after same period of time while 8% of respondents were unsure.







Figure 4.9 Stretching is required 

4.4.6	Discussion on data obtained from section B questionnaire



This section will discuss on the data obtained from section B in the questionnaire. Table 4.4 shows the findings for each question in section B. The findings will be used as a guideline to modify the previous design for machine.



Table 4.4 Findings on section B questionnaire



		Data

		Findings 

		Machine Overview

		Machine Modification



		82% of respondents agree that their work is a repetitive work.

		Repetitive work can lead to MSD problem. For the designed Durian Peeler Machine, it should focus on reducing the possible repitive task.

		The previous designed; the blade was controlled by using crank. As the blade need to be lowered and upwards each time of peeling durian process, it will contribute to repetitive work. 

		The crank that controlled the movement of the blade was replaced by a pneumatic system.



		100% of respondent agree that short break time is required for each working session.

		As the respondents agree that break is required for each working session, the designed machine should minimize the usage of human energy to reduce fatigue. So that operator does need to  (
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		The previous machine required operator to manually control the table height without any specific mechanism. It will consume a lot of energy as the table is heavy.

		Instead of controlled the table height without any specific mechanism; a new lifting table mechanism is introduced. The usage of crank helps to minimize the operator energy consumption.



		78% respondents disagree if their work needs them to move for along time. The rest 28% respondents are unsure. 



		Static condition for a long period of time can cause tissue damage and also fatigue. The designed machine should consider the operator position. 

		The previous machine does not have any features that can reduce percentage of tissue damage for an operator position.

		Machine is now equipped with the cushioning for feet by placing a mat on the operator position.



		54% of respondents agree that their work required them to perform lifting. 

		Lifting can cause back pain is not done in correct manner. The position of things that need to be lifted should be considered.

		Previous design is equipped with the adjustable table height. Operator does not need to bend their body to lift the peeled durian.

		No modification. 



		87% of respondent agree that stretching is required after some period of time. 

		Stretching is important as it helps to loose up muscle after doing a work in a long time.

		Previous design provides a sufficient space for the operator to stretch. 

		No modification.

















4.5	DESCRIPTIVE STATISTIC FOR SECTION C – WORKING PRESSURE



This section provides information about the detail of respondent’s working posture and discussed the whole frequencies and percentage from the questionnaires. Table 4.5 shows the details generated from Microsoft Excel software.



Table 4.5 Respondent’s working posture



		No of Question

		Strongly  Disagree

		Disagree

		Unsure

		Agree

		Strongly Agree



		

		N

		%

		N

		%

		N

		%

		N

		%

		N

		%



		1

		9

		20

		21

		54

		2

		5

		5

		13

		3

		8



		2

		7

		18

		9

		23

		0

		0

		14

		36

		9

		23



		3

		5

		13

		6

		15

		2

		5

		26

		67

		0

		0



		4

		8

		20

		24

		62

		7

		18

		0

		0

		0

		0



		5

		0

		0

		14

		36

		2

		5

		15

		38

		8

		21



		6

		2

		5

		3

		8

		2

		5

		19

		49

		13

		38



		7

		0

		0

		4

		10

		9

		23

		14

		36

		12

		31







4.5.1	Working Position causes Back Pain



This question is to determine either the respondent working position can cause back pain. From figure 4.10, 74% of respondents disagree that current working postion leads to back pain. 21% were agreed and the remaining 5% were unsure. 







Figure 4.10 Working position causes back pain



4.5.2	Pain in Upper Body



This question is to determine either the respondent experienced pain in upper body. From figure 4.11, 41% of respondents disagree that current working position causes pain in upper body while 51% were agree.







Figure 4.11 Pains in upper body 

4.5.3	Same Working Position for the Whole Day



This question is to determine either the respondents working position is the same for the whole day. From figure 4.12, 28% of respondents disagree that their working positions is the same for the whole day but 67% respondents were agree with the statement while the remaining 5% were unsure.





Figure 4.12 Same working positions for the whole day



4.5.4	Sitting is the Best Working Position



This question is to determine the respondent’s best working position. From figure 4.13, 82% of respondents disagree that their best working position is sitting and the rest 18% were unsure.













Figure 4.13 Sitting is the best working position



4.5.5	Body Needs to Bend while Working



This question is to determine either the respondent’s body needs to bend while working or not. From figure 4.14, 36% of the respondents disagree that their body needs to bend while working and 59% of respondents agree. 5% of respondents were unsure.







Figure 4.14 Body needs to bend while working 

4.5.6	Force Concentrate on Hand 



This question is to determine either the respondent experienced concentrate force on their hand or not. From figure 4.15, 13% of respondents disagree that the forces concentrate on their hand. 82% of respondents were agree and the remaining 8% were unsure about the concentration force that their experienced.







Figure 4.15 Force concentrate on hand



4.5.7	Upper Arm Need to be Close to the Body



This question is to determine either respondent’s upper arm need to be closed to the body while working or not. Figure 4.16 shows that 33% of respondents disagree with the statement while remaining 67% of respondents agree with the statement.





Figure 4.16 Upper arm need to be close to the body



4.5.8	Discussion on Data Obtained from Section C Questionnaire



This section will discuss on the data obtained from section C in the questionnaire. Table 4.6 shows the findings for each question in section C. Apart of using the data gathers as a guide line to modify the previous machine, this section also provides a data to create a standard operating procedure (SOP).



















Table 4.6 Findings on section C questionnaire



		Data

		Findings 

		Machine Overview

		Solution



		From section 4.4.1, 74% agree that their current working position does not giving them a back pain. This question actually related to section 4.4.4 in section C which is 82 % of respondent agree that sitting is not the suitable working position for them.    

		From section 4.4.4, we can conclude that, respondent’s current working position is standing and from section 4.4.1, we can conclude that standing position does not give them a back pain.

		Previous design needs operator to standing while operating the machine.

		Operators need to maintain the neutral posture while working.



		From section 4.4.2, 51% respondent experience stress at upper body. This question is related to section 4.4.3 in which is a 67% respondent agrees that their working position same throughout the working period.

		Performing a same task for a period of time can cause muscle to experience stress. This is due to the effect of too much movement or exertion.

		Operator working position is same throughout the working period.

		To reduce the effect of too much movement or exertion, operator needs to warm up their body before starting to work.



		59% respondents agree that their body needs to bend while working.

		Bending position can cause operator not working in a neutral posture. This will lead to uncomfortable feeling on the body. Operators’ reach envelope needs to  (
Table 4.6 
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)be considered while placing the controller. 

		All the controllers are in the operators’ reach envelope.

		Operators need to standing in the stand area provided while working.



		87% respondents agree that their experience concentrated force on their hand.

		Concentrated force is also known as a pressure point. It can cause restrain in nerve function as well as blood flow. Designed crank should minimize the pressure point.

		Padding is used at the crank to minimize the pressure point.

		Operator is encourages to wear a suitable glove while operating the machine.



		67% respondents agree that their upper arms need to be close to the body and not extended outward.

		Extending upper arm can lead to fatigue. Machine controller need to be lower than upper arm to avoid the upper arm to extend.

		All the machines’ controlled place lower than upper arm level.

		Only operators that have height range between 160-175 can operate the machine.







4.6	DESCRIPTIVE STATISTIC FOR SECTION D–WORKING ACCESSORIES



This section provides information about the detail of repondent’s working accessories demand and discussed the whole frequencies and percentage from the questionnaires. Table 4.7 shows the details generated from Microsoft Excel software.

















Table 4.7 Respondent’s preferred working accessories



		No of Question

		Strongly  disagree

		Disagree

		Unsure

		Agree

		Strongly agree



		

		N

		%

		N

		%

		N

		%

		N

		%

		N

		%



		1

		0

		0

		0

		0

		6

		15

		25

		64

		8

		21



		2

		0

		0

		1

		3

		1

		3

		13

		33

		24

		61



		3

		0

		0

		6

		15

		6

		15

		17

		44

		10

		26



		4

		0

		0

		0

		0

		0

		0

		16

		41

		23

		59







4.6.1	Require an Adjustable Hand Held Tool



This question is to determine either respondent require an adjustable hand held tool or not. Figure 4.17 shows that 85% of respondents required an adjustable hand held tool while remaining 15% of respondents were unsure.







Figure 4.17 Require an adjustable hand held tool 



4.6.2	Require Wrapped Tool Handle



This question is to determine either respondent require a wrapped tool handle or not. Figure 4.18 shows that 94% of respondents required a wrapped tool handle while 3% of respondents were disagree and remaining 3% were unsure.







Figure 4.18 Require wrapped tool handle 



4.6.3	Working Materials or Tools Place in Reach Envelope 



This question is to determine either respondent require working material and tools place in reach envelope. 70% of the respondents were agreed, 15% were disagree and the remaining 15% were unsure.





Figure 4.19 Working materials or tools place in reach envelope



4.6.4	Adjustable Tool and Material Height



This question is to determine either respondent require an adjustable tool and material height or not. Figure 4.20 show that 100% of respondents require an adjustable tool and material height.







Figure 4.20 Adjustable tool and material height 

4.6.5	Discussion on data obtained from section D questionnaire



This section will discuss on the data obtained from section D in the questionnaire. Table 4.8 shows the findings for each question in section D. The findings will be used as a guideline to modify the previous design for the machine.



Table 4.8 Findings on section D questionnaire



		Data

		Findings 

		Machine Overview

		Solution



		85% of respondents agree that hand held tool needs to be adjustable.

		Hand held tool needs to be adjustable as it can affect operator’s hand. Designed machine need to consider dimension for the operator’s hand

		Hand held tool (diameter and span) for the previous machine is designed based on the anthropometry data.

		A set of difference thickness of tool handle wrapped are provided to the operator. The wrapper can be changed according to operator hand size.



		91% of respondents agree that tool handle needs to be wrapped.

		Pressure point can be minimized by wrap the tool handle. Designed machine should wrapped the tool handle with the suitable material.

		Previous machine tool handle is wrapped with the suitable material.

		No modification is made.



		66% of respondent agree that working material needs to be place in respondents’  (
Table 4.8 
Findings on section D questionnaire
 continue
)envelope reach.

		Placing a working material in operator’s envelope reach is important to avoid the operator to bend their body.

		All the working material are placed in reach envelope for the previous designed machine.

		No modification is made.



		100% agree that they require an adjustable tool and material height.

		Working in correct height important as it can lead to working in wrong posture that can cause discomfort. Designed machine should consider the proper working height.

		Previous designed machine is equipped with adjustable table to ensure the material are place in right height.

		No modification is made.







4.7	NEW DESIGN BASED ON LITERATURE REVIEW AND QUESTIONNAIRE



Data obtain from the questionnaire will be used as a guideline to modify the previous design. Figure 4.21 shows the front view of a new designed machine. There are some modifications done at an old designed machine to make sure the machine fulfill ergonomics criteria without sacrificing user’s comfort. Table 4.8 show the major dimension for the machine. The detail dimension will be attached on the appendix.

[image: Front view.JPG]



Figure 4.21 The front view of the new designed machine



Table 4.9 Major dimension for the machine



		Parameters

		Dimension (m)



		Total Height

		2.29



		Width

		0.48



		Working table height

		1.19-1.29



		Grip diameter

		0.05



		Grip length

		0.11









4.8	JUSTIFICATION OF THE DESIGN  



This section provides the specific reason of the designed machine. For the working position, the machine need operator to operate it in standing position. This is because activities where considerable force has to be exerted or where the work place has to be frequently changed should be carried out in standing position based on Ergonomics for Beginner, 1998. Table 4.10 shows the summary of the justification part for the machine. The justification is based on the dimension of the machine parts. Figure 4.22 shows part for the machine where (a) overview machine, (b) clearance for machine, (c) crank, (d) controller, (e) peeler blade.



Table 4.10 Summary of justification parts for the machine



		Machine Part

		Justification



		

[image: Front view.JPG]

(a)

		Adjust able work place 

· Adjustable workplace is needed as people vary in size and strength based on Kodak Ergonomics Design for People at Work, 2004

· Height of the working surface should maintain a definite relationship with the operator elbow height, depending on the type of work based Ergonomics in Manufacturing, 1998

· Elbow height 105.19 cm(female) and 119.54 cm (male) based on the anthropometry data of the southern Thai population





		 (
Table 4.10
 Summary of justification parts for the machine
 continue
)

[image: lateral clearance.JPG]

(b)

		

Lateral clearance 



· The minimum lateral clearance at waist level are determined by adding 5 cm on both side or 10 cm to hip breadth(standing position) based on Ergonomics in Manufacturing, 1998



· Hip breadth = 32.91 cm (female) based on the anthropometry data of the southern Thai population



		

[image: ]

(c)

		

For grip shape, grip shape should maximize the area contact between the palm and the grip to provide better pressure distribution and reduce change of forming pressure ridges or pressure concentration point. Handle diameter should be 41 to 86 mm for power grip. Grip length should be at least 102 mm. Based on Ergonomics in Manufacturing, 2004



		



 (
Table 4.10
 Summary of justification parts for the machine
 continue
)

(d)

		

Control Manipulation

· Any control manipulations that required not a light effort, control should be located below the shoulder height but higher than knuckle height based on Kodak’s Ergonomics Design for People at Work, 2004



· Height for shoulder 149.44cm (male) , 139.19cm(female) and height for knuckle 79.23cm(male), 73.00cm(female) based on the anthropometry data of the southern Thai population
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(e)

		

The usage of the pneumatic system to control the movement of peeler blade. This will reduce the chances of doing of repetitive work. Calculation for pnuematic system design attached in appendix.







Figure 4.22 Part for the machine



4.9	Comparison between Previous and New Design



After conducting a survey, the data from the survey is used to modify the machine. Figure 4.21 shows the designed machine where figure 4.21(a) shows the old design and 4.21(b) show the new design. Table 4.11 shows the other comparison between the previous and new design. Figure 4.23 shows the old and the new design machine part where (a) previous designed table, (b) new designed table, (c) previous peeler controller, (d) new peeler controller, (e) old designed crank and (f) new designed crank.



		[image: front.JPG]

(a)

		[image: ]

(b)





Figure 4.23 The designed machine

















Table 4.11 Comparison between old and new design



		Previous Design

		New Design



		Working table



		

[image: Adjustable features.JPG]

(a)

User needs to manually adjust the table height 

		

[image: Lifting Mechanism.JPG]

(b)

Specific mechanism is introduced where users only need to rotate the crank for adjusting the working table height



		Peeler blade controller



		

[image: Handle design.JPG]

(c)

User need to rotate the crank to control the peeler blade

		

[image: ]

(d)

The usage of pneumatics system to control the movement of peeler blade



		Crank designed
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(e)

Design crank doesn’t  wrap by soft material

		

[image: ]

(f)

The usage of wrapper on the crank to increase the comfort and also to adjust the diameter of crank







Figure 4.24 The old and new design machine



4.10	MACHINE MANUAL



Generally, a machine can be divided into three main sections which are peeler, working table and controller. Figure 4.24 show the three main sections for the machine. To use the machine, the operator needs to place a durian in upside position on the working table. The height for working table can be adjusted by rotating crank place at the controller section based on operator demand. After that, press the start button placed on the controller section to lowering the peeler. The peeler will move lower and higher automatically. Manually remove the opened durian from the table and repeat the step for other durian.



		





(a)

		









(b)
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(c)







Figure 4.25 Three main sections for the machine



4.11	CONCLUSION



Questionnaire has been analyzed in this chapter. The data obtain from the questionnaire is used as a guideline to modify the previous design. The justification and the comparison between the previous machine is also been discussed in this chapter. The next chapter will be on the overall conclusion of this study.
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CHAPTER 5





CONCLUSION





5.1	INTRODUCTION



Generally this chapter concludes the study. Besides that, the objective is also be reviewed in this chapter to determine if it is achieved or not. The contribution of this study, the limitation are also been discussed in this chapter. 

	

5.2	CONTRIBUTION OF THE STUDY



The main contribution of this study is the designation of the durian peeler machine that does not neglecting the ergonomic principles and also sacrificing customers comfort. This can be achieve since the previous design has modified based on the data gathered from the survey.



The other contribution of this study is the specific literature review on the ergonomics design on hand. This study can be used as a guideline to design another type of hand held tools













5.3	LIMITATIONS



There are several limitions while compeleting this study. The first limitation is the usage of the antrophometry data from other country which is Thailand. This is due to the limited source on the Malaysian data. Since Thailand is the most nearest antrophometry data with Malaysian data, the antrophometry data from Thailand is used.



The second limitation is on the ergonomics software. Since these is no available ergonomics software, the analysis on the product which is based on ergonomics view can’t be done.



The third limitation is on the fabrication process. Since there a facilities problem occur in the middle of the project, the fabrication seems to be impossible to carry out.



The last limitation is on the getting validation via ergonomics experts. The purpose of the validation is to verify the study contents. Since there is no fabrication is made, the validation becomes impossible. However, based on the theorytical view, the study contents is relevent.

	

5.4	RECOMMENDATIONS



For the improvement of the study, there are several matters can be done:

I. Ergonomics questionnaires need to be validate via ergonomics expert to get a better result.

II. Fabrication is important to ergonomics design as it can give a real experience when people use it.

III. Instead of focusing on design mechanism, ergonomics raw material also need to be studied. 

IV. Increase the number of respondents to get a better data. 

V. Using ergonomics software to analysis the design.

	

5.6	CONCLUSION



The objective for this study is to design a durian peeler with an ergonomics approachs using Solidworks. Based on chapter 4, this objective has been achieved since the preliminary design has been designed and redesigned to meet the ergonomics principles and also the customers. The designation of the machine is based on the literature review and the data from a conducted survey. Thus, the conclusion is based on the literature review, the designed is ergonomics.
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APPENDIX A





CASE STUDY QUESTIONNAIRE

		DESIGN AND DEVELOPMENT OF DURIAN PEELER: AN ERGONOMICS APPROACH 



















Introduction:

This questionnaire was design to study about your working method while using hand held tool. Your answer will be analyzed and the data extract from the questionnaire will be used as a reference for us to design a durian peeler that considering an ergonomic factors. Because you’re the one who giving us a correct picture of how your experience you hand held tools, I request you to be honest and sincerely while answering the entire question.



Your response will be kept strictly confidential. Only members of the research have access to the information your give.



Instruction:

This questionnaire consist of 4 sections which is Section A for correspondent detail, Section B for working style, Section C for working posture and last but not least Section D for working accessories. This questionnaire is to be answered by operator that using hand held tools. 



Your answer should base on your daily working routine. Thank your very much for your cooperation.



		SECTION A : CORRESPONDENT DETAILS





In this section we want to know about your general information. Please sincerely tick to the column below representing the most appropriate response for you in respect of the following items 

1. Your Age (years)

<20		__

21-29		__

30-39		__

40-49		__

50>		__



2. Your Gender

Male		__

Female		__



3. Hours worked per day

<3		__

4-6		__

7-9		__

>9		__



4. Years in current position

<1 		__

2-4		__

4-6		__

7-9		__

>10		__

















		SECTION B : WORKING STYLE





This section will provide us information about your working style. Please circle the most appropriate response number for each question according to the scale below

		1

		2

		3

		4

		5



		Strongly disagree

		Disagree

		Unsure

		Agree

		Strongly agree







1. The type of work are repetitive				1	2	3	4	5

2. Break is needed after each working session		1	2	3	4	5

3. Your jobs requires you to move around for a long 	1	2	3	4	5

period of time

4. Lifting is required when doing work			1	2	3	4	5

5. Stretching is required after some period of time of 	1	2	3	4	5

Working





		SECTION C : WORKING POSTURE





In this section we want to know about your body posture while working that is your body movement. Please circle the most appropriate response number for each question according to the scale below

		1

		2

		3

		4

		5



		Strongly disagree

		Disagree

		Unsure

		Agree

		Strongly agree







1. Your working position giving you back pain.		1	2	3	4	5

2. The upper body is feeling stress due to the work		1	2	3	4	5

3. Your working position is the same throughout the 	1	2	3	4	5

working period.

4. Sitting position is the best position when doing work	1	2	3	4	5

5. The body needs to be bend when doing work		1	2	3	4	5

6. All the force are being concentrated to the hand when	1	2	3	4	5

doing work.

7. The upper arms need to be close to the body and not 	1	2	3	4	5

extended outward











		SECTION D : WORKING ACCESSORIES





In this section we want to know about the tools that you use during working. Please circle the most appropriate response number for each question according to the scale below

		1

		2

		3

		4

		5



		Strongly disagree

		Disagree

		Unsure

		Agree

		Strongly agree







1. The tools need to be adjusted to your hand.		1	2	3	4	5

2. The handle/ spindle needs to be wrap with soft		1	2	3	4	5

material for gripping comfort

3. The working material or tools is always position		1	2	3	4	5

in your reach.			

4. The tools and material position needs to adjusted to	1	2	3	4	5

 fit your height.



























We sincerely appreciate your time and cooperation. Please check to make sure that you have not skipped any questions. Thanks you.
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APPENDIX B

Pneumatics System Analysis 

For the movement of penetrate the durian, pneumatics cylinder was used. This is to avoid the repitive movement done by the operator while peeling the durian. Beside that pnematics system cylinder also promised a safer and easy way to peeling the durian.



Cylinder Movement 

For this system, one cylinder was used. The cylinder is denoted by “A”. Figure show the movement of the cylinder where, when the start button is pressed, cylinder A will extend and when the press button is released, cylinder A will retreat. In the analysis, cylinder A movement will denoter as a punching movement 



		A+

		A-







Figure shows the movement of the cylinder.



Description of the system

Table show the detail of the pneumatics system that was used to design the peeling mechanism.

		Description

		Components



		Type of Cylinder

		Single acting with spring return



		Tyoe of control valve

		3/2 way valve



		Method to start

		Push button (3/2 way with spring)



		Method to stop

		Push Button (release start button)













Analysis on the System

The purpose of analyzing the system is to know the important parameter that we need before designing the pneumatics system. There are 5 parameter that need to be define before designing the system. The parameters were:

· Piston diameter

· Piston rod diameter

· Pump capacity 

· Reservoir size

· Working pressure

· Horse power required

Assumption for the System

To begin the analysis, there are a few parameters need to be assume. The assumption is based on the machine requirement. Table show the parameters that been assume.

		Parameters

		Assumption



		Force Required

		15000N



		Cylinder Effeciency

		95%



		Area ratio

		2



		Max system pressure for pump

		160bar



		Speed of Cylinder Movement

		300 cm/min





 

Calculating the Required Piston Diameter

By using formula from section 2.11 the piston diamer can be calculated.

Max system pressure for pump is 160bar = 1600n/cm2

Piston diameter (dp)



	=3.54cm

	=35.4mm ≈ 40mm

Claculating the Required Piston Rod Diameter

By using formula from section 2.11 the piston rod diameter can be calculated

Assume area ratio,  = 2





   = 1256.63 mm2





1256.63-Ast = 628.32

Ast = 628.31



= 28.28 mm≈ 36 mm



Calculating the Required Pump Capacity

By using formula from section 2.11 the pump capacity can be calculated

Capacity (cm3/min) = area of cylinder (cm2) x speed of movement (cm/min)

Punching (assume speed of movement =300 cm/min)














Calculating the Required Reservoir Size







Calculating the Working Pressure

Working Pressure






Calculating Horse Power





Summary 

Table show the summary of the calculation

		Parameters

		Value



		Piston diameter

		40mm



		Piston rod diameter

		36 mm



		Pump capacity

		



		Reservoir size

		50L



		Working Pressure

		



		Horse power required

		1.262hp
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