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ABSTRACT 

 

 

 

Industry today has more challenging to compete not only in local but international 

also. Engineer must responsible to guiding the organization to achieve the mission. 

Manufacturing design engineer must know how to reduce time, cost and high quality 

of part, not only focus just in design. This report focus about jig and fixture press 

rivet clutch, purposed the project is to design and fabricate the jig and fixture for 

assemble the clutch used at motorcycle engine. The report consist introduction of jig 

and fixture, problem statement which is come from production line at Hicom 

Yamaha. Based on problem, jig and fixture with multifunction can be design. This 

report also consist the important definition of jig and fixture, type of jigs and fixtures 

and in addition this report consider the previous research in jig and fixture field as 

reference in design and develop this jig and fixture. To achieve the objectives, 

element in jig and fixture also consider in report. Other than that, materials also 

discuss in this report to fabricate the jig and fixture, choosing right material can be 

improved the jig and fixture strength and repeatability in work. Method and planning 

in chapter 3 include the process planning how to achieve the goal of project. Starting 

with indentifying the characteristics of the product and clutch working concept, then 

got to sketching and design with the end of fabricate the jig and fixture. Parameter of 

part, machine and processes involve to making a jig and fixture. Other than that 

function of each part also account in this report. Result and analysis the data from 

experimental conduct at Hicom Yamaha included in report. For that, the result and 

analysis using COSMOSXpress to analysis the design, Cp and Cpk concept used to 

decide the jig and fixture is capable or un-capable to run the future process assemble 

the clutch, all that describe in chapter 5. The last chapter for this thesis is discussion 

the result and conclusion for the overall this thesis with recommendations for the 

future work. 
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ABSTRAK 

 

 

 

Didalam dunia penuh mencabar ini tugas seseorang jurutera terutama rekabentuk 

bukan sekadar merekabentuk produk baru adalah menjadi tanggungjawab bagi 

seseorang jurutera memikirkan kaedah terbaik bagi menjimatkan kos dan masa 

operasi bagi menjadikan sesebuah organisasi mantap dan mampu berdaya saing. 

Buku laporan kajian bertajuk Jig and Fixture Press Rivet Clutch ini adalah bertujuan 

untuk merekabentuk dan membangunkan produk pada enjin motosikal iaitu klac. 

Buku laporan ni menceritakan tentang permasalahan yang dihadapi semasa 

menjalankan operasi merivet klac iaitu memakan masa bagi menukar Jig and fixture 

apabila berlakunya pertukaran model. Projek ini memfokuskan kepada situasi yang 

sebenar dikilang. Laporan ini juga mengandungi definasi-definasi yang penting 

didalam Jig and Fixture, selain dari itu laporan ini juga mengaitkan kajian-kajian 

yang telah dijalankan oleh pengkaji terdahulu didalam bidang Jig and Fixture ini. 

Bagi merialisasikan projek merekabentuk ini, elemen-elemen penting berkaitan Jig 

and Fixture juga diambil kira. Bahan merupakan elemen yang penting bagi 

merekabentuk Jig and Fixture Press Rivet Clutch ini juga tidak ketinggalan dari buku 

laporan ini. Perancangan yang disusun bagi mencapai sasaran yang ditetapkan 

terkandung didalam bab 3, bermula dengan mengenalpasti sifat-sifat produk dan 

konsep klac tersebut beroperasi dan diakhiri dengan menghasilkan produk. Selain 

dari itu buku laporan ini juga mengandungi maklumat berkaitan Clutch dan 

parameter mesin yang diperlukan. Mesin yang digunakan bagi menjalakan proses-

proses pemesinan yang berkaitan yang bertujuan membangunkan projek ini turut 

dinyatakan. Bagi melengkapkan buku laporan ini analisis menggunakan 

COSMOSExpress bagi mengetahui status produk setelah diberikan daya tertentu dan 

juga perbincangan tentang data-data yang diperolehi menggunakan kaedah Cp dan 

Cpk setelah menjalankan ujikaji. Seterusnya kesimpulan dan juga cadangan turut 

disertakan bagi tujuan penambahbaikan projek ini. 



iii 
 

 

 

 

DEDICATION 

 

 

 

Specially dedicated to my beloved father Abdul Ghani Bin Yaacob and my mom 

Raja Sah Binti Raja Salleh who are very concern, understanding, patient, and 

supporting. Thanks for everything to my supervisor Tajul Ariffin Bin Abdullah for 

his constructive guidance, encouragement and patient in fulfilling our aspiration in 

completing this project, to my sister, my younger brother and all my friends.  I also 

would like to say thanks for everything. The work and success will never be achieved 

without all of you. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iv 
 

 

 

 

ACKNOWLEDGEMENTS 

 

 

 

Alhamdulliah, I would like to express my thankfulness to Allah S.w.t because has 

given me all the strength that I need in fulfilling and completing my Projek Sarjana 

Muda and selamat is upon to the Prophet Muhammad S.a.w. I would like to thank my 

supervisor Encik Tajul Ariffin for his constructive guidance encouragement and 

patient in fulfilling our aspiration in completing this project and also to my entire 

lecturers and technicians for their advice and motivation to development this project. 

I am especially thanks to my friends for their generosity in sharing information 

regarding to design and development of jig & fixture for press rivet clutch used in 

motorcycle engine. 

 

Last but not least, I would like to thanks all my friends in UTeM who gave me 

supports ideas and information about the project. My especially thanks also goes to 

my parents for their support thought the course completing my project. 

 

 

 

 

 

 



 

v 

 

 TABLE OF CONTENTS 

 

 

Abstract          i 

Abstrak          ii 

Dedication          iii 

Acknowledgement         iv 

Table of Content         v 

List of Tables          x 

List of figures          xi 

List abbreviations                   xiv 

 

1. INTRODUCTION        1 

1.1 Background         1 

1.2 Objective of Research        2 

1.3 Scope of Study        2 

1.4 Problem Statement        2 

1.5 Important of the Project       3 

1.6 Stages of the Report        3 

1.7 Summary         5 

 

2. LITERATURE REVIEW       6 

2.1 Introduction         6 

2.2 Jig and Fixture        6 

2.2.1 Jigs          7 

2.2.2 Fixtures         8 

2.3 Classes of Jigs and Fixtures       9 

2.4 Design Consideration        10 

2.4.1 General Consideration (Workpiece)      12 

2.4.2 Process Consideration (Operation)      12 

2.4.3 Machine Consideration (Equipment)      12 

2.4.4 Personnel         13 

2.5 Ability of Jigs and Fixtures       13 



 

vi 

 

2.6 Advantages of Jigs and Fixtures      15 

2.7 Type of Jigs         16 

2.7.1 Plate Jigs         16 

2.7.2 Channel Jigs         16 

2.7.3 Sandwich Jigs         17 

2.7.4 Template Jigs         17 

2.7.5 Box Jigs         18 

2.7.6 Angle-Plate Jigs        18 

2.7.7 Leaf Jigs         19 

2.7.8 Pumps Jigs         20 

2.7.9 Multistation Jigs        20 

2.7.10 Indexing Jigs         21 

2.7.11 Diameter Jigs         22 

2.8 Elements of Fixtures        22 

2.8.1 Locators         22 

2.8.1.1 Principle of Locators        23 

2.8.1.2 Type of locators        23 

2.8.1.3 Type of Locating        24 

2.8.2 Clamps         26 

2.8.2.1 Principle of Clamps        26 

2.8.2.2 Basic Rules of Clamping       27 

2.8.2.3 Type of Clamps        27 

2.8.2.3.1 Screw Clamps        27 

2.8.2.3.2 Cam-Action Clamp        28 

2.8.2.3.3 Toggle Clamp        28 

2.8.2.3.4 Swing Clamp        29 

2.8.2.4 Clamping Forces        29 

2.8.2.5 Clamping Accessories        30 

2.8.3 Supporting         30 

2.8.4 Fixture Body         30 

2.9 Fixture Design Fundamental       31 

2.9.1 Fixture Planning        34 

2.9.2 Fixture Layout         34 

2.9.3 Fixture Elements Design       34 



 

vii 

 

2.9.4 Tool Body         35 

2.10 Fixture design Criteria       35 

2.11 Material for Jigs and Fixtures       37 

2.12 Summary         40 

 

3. METHODOLOGY        41 

3.1 Introduction         41 

3.2 Process Flow Chart        42 

3.2 Implementation of Project       43 

 

4. PARAMETER OF CLUTCH, PRESS MACHINE AND  

    FABRICATION PROCESS INVOLVE      45 

4.1 Introduction         45 

4.2 Parameter of Clutch        45 

4.2.1 Standard Measurement for Clutch Part     46 

4.2.2 Model 135RXZ        47 

4.2.3 Model 135LC         48 

4.2.4 Model 125Z         49 

4.2.5 Model Lagenda 110        50 

4.3 Parameter Hydraulic Machine Press      51 

4.4 Design Jig and Fixture       53 

4.4.1 Sketching          53 

4.4.2 Product Structure Tree       55 

4.4.3 Function of each Components      56 

4.5 Process Involve in Fabrication Jig and Fixture Press Clutch   61 

4.5.1 Process to Making Base        61 

4.5.2 Process to Making Top Die Plate      63 

4.5.3 Process to Making Locating Pin      64 

4.5.4 Process to Making Lower Die      64 

4.5.5 Process to Making Lower Pad      65 

4.5.6 Process to Making Stand Lower Control     66 

4.5.7 Process to Making Center Bush      67 

4.5.8 Process to Making Center Bush 2      68 

4.5.9 Process to Making Toggle Top Die      69 



 

viii 

 

4.5.10 Process to Making Plate Side Holder      70 

4.5.11 Process to Making Shaft Plate Side Holder     71 

4.5.12 Process to Making Stand Upper Control     72 

4.5.13 Process to Making Puncher       73 

4.6 Machines Involve to Fabricate Jig and Fixture    74 

4.6.1 Conventional Milling Machine      74 

4.6.2 Lathe Machine        75 

4.6.3 Drilling Machine        76 

4.6.4 Bandsaw Machine        77 

4.6.5 CNC Milling Machine (3-axis)      77 

4.6.6 CNC Milling Machine (5-axis)      78 

4.7  Tools Equipment used in Fabrication      79 

 

5. RESULT AND ANALYSIS       81 

5.1 Introduction         81 

5.2 Fabrication Result        81 

5.3 Running Test Jig and Fixture at Hicom Yamaha    83 

5.3.1 Leveling Upper Die Assembly and Lower Die Assembly   83 

5.3.2 Leveling Puncher and Lower Die      85 

5.3.3 Clutch Part Calibration after Press Operation     87 

5.4 Design Analysis using COSMOSXpress     96 

5.4.1 Stand Lower Control 500psi Pressure Apply     97 

5.4.2 Stand Lower Control 1000psi Pressure Apply             100 

5.4.3 Stand Upper Control 1000psi Pressure Apply             103 

5.4.4 Stand Upper Control 2000psi Pressure Apply             106 

 

6. DISCUSSION                 109 

 

7. CONCLUSION AND RECOMMENDATION             111 

7.1 Summary                 111 

7.2 Conclusion                 111 

7.3 Recommendation                112 

 



 

ix 

 

REFERENCES                 113 

 

APPENDIX A: TECHNICAL DRAWING JIG AND FIXTURE PRESS RIVET 

APPENDIX B: DMG & HAAS CNC MILLING MACHINE CODING  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

x 

 

LIST OF TABLES 

 

 

2.1 Knowledge Group for Machining Fixture     37 

 

4.1 Clutch Parameter (135RXZ)       47 

4.2 Clutch Parameter (135LC)       48 

4.3 Clutch Parameter (125Z)       49 

4.4 Clutch Parameter (Lagenda 110)      50 

4.5 Specification Hydraulic Press Machine     51 

4.6 Function of Each Part Component Jig and Fixture Press Rivet  56 

4.7 Base Fabrication Process       62 

4.8 Top Die Plate Fabrication Process      63 

4.9 Locating Pin Fabrication Process      64 

4.10 Lower die Fabrication Process      65 

4.11 Lower Pad Fabrication Process      66 

4.12 Stand Lower Control Fabrication Process     66 

4.13 Center Bush Fabrication Process      67 

4.14 Center Bush 2 Fabrication Process      68 

4.15 Toggle Top Die Fabrication Process      69 

4.16 Plate Side Holder Fabrication Process     70 

4.17 Shaft Plate Side Holder Fabrication Process     71 

4.18 Stand Upper Control Fabrication Process     72 

4.19 Puncher Fabrication Process       73 

 

5.1 Result Diameter Head Rivet Calibration for 1S8 Model   89 

5.2 Result Height Head Rivet Calibration for 1S8 Model   91 

5.3 Result Diameter Tail Rivet Calibration for 1S8 Model   93 

5.4 Result Height Tail Rivet Measurement for 1S8 Model   95 

 

 

 

 



 

xi 

 

LIST OF FIGURES 

 

 

2.1 Guiding Drill with Bushing Support      8 

2.2 Fixturing within the MOSES Concept     9 

2.3 Classification Jigs and Fixtures      10 

2.4 Product Data Structure       11 

2.5 Manufacturing Data Structure      11 

2.6 Plate Jig         16 

2.7 Channel Jig         17 

2.8 Sandwich Jigs         17 

2.9 Template Jig         18 

2.10 Box Jig         18 

2.11 Angle Plate Jig 90°        19 

2.12 Various Angle Plate Jig       19 

2.13 Leaf Jig         19 

2.14 Pump Jig         20 

2.15 Multistation Jig        21 

2.16 Indexing Jig         21 

2.17 Diameter Jigs         22 

2.18 Plane Location        24 

2.19 Concentric Location        25 

2.20 Radial Location        25 

2.21 Combination Location       26 

2.22 Screw Clamp         27 

2.23 Cam-Action Clamp        28 

2.24 Toggle Clamp         29 

2.25 Swing Clamp         29 

2.26 Clamping Force        30 

2.27 The Basic Elements of the Fixture design Process    31 

2.28 The Flow Chart of Fixture Classical Design     33 

2.29 Various Aspects of Fixture Design      33 

 



 

xii 

 

3.1 Process Flow Chart of the Project Implementation    42 

 

4.1 Standard Measurement for Clutch      46 

4.2 RXZ Clutch         47 

4.3 135LC Clutch         48 

4.4 125Z Clutch         49 

4.5 Lagenda 110 Clutch        50 

4.6 Hydraulic Press Machine       51 

4.7 Detail Drawing HYP2000 Press Machine     52 

4.8 Sketching for the Jig and Fixture Press Rivet     53 

4.9 Previous Jig and Fixture Press Rivet      54 

4.10 Final Design for the Jig and Fixture Press Rivet    54 

4.11 Product Tree Structure for Jig and Fixture Press Rivet   55 

4.12 Conventional Milling Machine      74 

4.13 Conventional Lathe Machine       75 

4.14 Drilling Machine        76 

4.15 Band Saw Machine        77 

4.16 HAAS CNC Milling Machine (3-axis)     78 

4.17 DMG CNC Milling Machine (5-axis)     79 

 

5.1 Upper Die Assembly        81 

5.2 Lower Die Assembly        82 

5.3 Full Assembly Jig and Fixture Press Rivet     82 

5.4 Experiment Conduct the Leveling Test Operation    83 

5.5 Result for Leveling Test after Operation Using Red Paste   84 

5.6 Leveling Experiments Conduct Puncher Lower Die     85 

5.7 Result after Press Operation for Lower Die     86 

5.8 Result after Press Operation for Puncher     86 

5.9 Calibration Diameter Head Rivet      88 

5.10 Calibration Height Head Rivet      88 

5.11 Calibration Diameter Tail Rivet      88 

5.12 Calibration Height Tail Rivet       88 

5.13 Stress Result 500psi by COSMOSXpress Analysis    98 

5.14 Displacement Result 500psi by COSMOSXpress Analysis   98 



 

xiii 

 

5.15 Deformation Result 500psi by COSMOSXpress Analysis   99 

5.16 Stress Result 1000psi by COSMOSXpress Analysis              101 

5.17 Displacement Result 1000psi by COSMOSXpress Analysis                        101 

5.18 Deformation Result 1000psi by COSMOSXpress Analysis                         102 

5.19 Stress Result 1000psi by COSMOSXpress Analysis                                    104 

5.20 Displacement Result 1000psi by COSMOSXpress Analysis                        104 

5.21 Deformation Result 1000psi by COSMOSXpress Analysis                         105 

5.22 Stress Result 2000psi by COSMOSXpress Analysis                                    107 

5.23 Displacement Result 2000psi by COSMOSXpress Analysis                       107 

5.24 Deformation Result 2000psi by COSMOSXpress Analysis                         108 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

xiv 

 

LIST ABBREVIATIONS 

 

 

PSM  - Projek Sarjana Muda 

UTeM  - Universiti Teknikal Malaysia Melaka 

FKP  - Fakulti Kejuruteraan Pembuatan 

WTO  - World Trade Organization 

CAD  - Computer Aided Design 

HSS  - High Speed Steels 

OHNS  - Oil Hardening Non-Shrinking 

CNC  - Computer Numerical Control 

CATIA - Integrated Systems 

RC  - Rockwell (to measure material Hardness) 

MOSES - Model Oriented Simultaneous Engineering 

FR  - Functional Requirement 

PCD  - Pitch Center Diameter 

ANSI  - American National Standard Institute  

JIS  - Japan International Standard 

AISI  - American Iron and Steel Institute 

EDM  - Electric Discharge Machine 

Cp  - Capability Index 

CpK  - Capability Process 



1 

 

 

 

 

CHAPTER 1 

INTRODUCTION 

 

 

 

1.1 Background 

 

Over the past century, manufacturing sectors play an important role to the economic 

development of a country. Nowadays new machine tools, high-performance cutting 

tools, and modern manufacturing processes enable today industries to produce parts 

faster and better than ever before. Although workholding methods have also 

advanced considerably, the basic principles of clamping and locating are still the 

same in design Anon (03 August 2008a). In recent years, owing to the World Trade 

Organization (WTO) agreements and business globalization, a new era of global 

trade has emerged. Industries today have to compete not only with local and regional 

rivals but also with competitors from all over the world Bahram and Vedaraman 

(2006). As like to compete and counterbalance using jigs and fixtures an important to 

produce the good parts, low cost and high quality.  

 

Jigs and Fixtures are devices that used to facilitate production work in industry 

especially that involve in machine. A simple concept to understand, jigs as a guide 

tools and a fixtures is a holding the workpiece Wharton et al. (1954). These devices 

are provided with attachments for guiding, setting and supporting. The perfect jigs 

and fixtures can work repeatability and interchangeability to produce the same parts 

in production. In manufacturing industry, jigs and fixtures are most important device 

that can assist the workers in their production process become easier. 
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1.2 Objective of the Research 

 

The main objective of this research is to design and develop jig and fixture with 

multifunction for rivet clutch to be used in motorcycle engine assembly. Among the 

other objectives want to achieve are follows: 

 

i. To identify current jigs and fixtures limitation and design technology 

availability 

 

ii. Carried out data collection based on need motorcycle engine assembly used 

to clutch rivet at machine press at Hicom Yamaha. 

 

iii. To design and fabricate a jig and fixture press rivet based on data collection. 

 

iv. To validity the performance of jig and fixture at Hicom Yamaha.  

 

 

1.3 Scope of Study 

 

Scope of assumption for this research is to design and produce jig press rivet clutch 

with multifunction. These jigs and fixture are used at main assembly line to assemble 

the engine motorcycle components. The jig and fixture design based on data clutch 

motorcycle specification, the data from machine press also accounts to realize this 

study. All the data collected based on references from Hicom Yamaha. 

 

 

1.4 Problem Statement 

 

The description of common jig and fixture in use today suggests that jig and fixture 

are currently designed for a specific task on specific part geometry. There is only 

limited flexibility in using the same jig and fixture for different part shapes and sizes. 

In order to comply with the needs of smaller batch sizes of the future jig and fixture 

should also be redesigned with a view to make them flexible and versatile to increase 

productivity. The goal of the jig and fixture design today is to provide user some 
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guidance so that these guides can be used for a wide variety of part sizes, shapes, 

materials and weights. In this research, a subset of this problem has been addressed 

the jig and fixture press rivet for clutch motorcycle engine assembly. 

 

Use a different jig and fixture for different model can give effect to production when 

assemble the clutch at motorcycle engine, which is takes a longer time when 

changing the jig and fixture. Based on the problem has it, a study is carried out to 

develop a jig and fixture can be used for all motorcycle models in general to 

assemble clutch, however special focus is given for Yamaha motorcycle models. 

Therefore the design this jig and fixture can be increase a production and save cost 

when jig and fixture established at assembly line production. 

 

 

1.5 Important of the Project 

 

This project is important in order to generate design that can be improved a jig and 

fixture design assembly. Moreover the design also can reduce the time to assemble 

clutch rivet and increase production. In addition it also can encourage others to get 

some idea and knowledge to develop jig and fixture for press base on this research. 

Study of suitable jig and fixture used for press rivet operation to get the best design 

and can implement at real environment.  

 

 

1.6 Stages of the report 

 

Chapter 1: Introduction 

This chapter includes of background of problem, definition of terms, problem 

statement, objectives, scope and importance of the project. All that an entire 

element becomes as an initial step before go through this research.  

 

Chapter 2: Literature Review 

Chapter two in this report discuss about literature review related with jig and 

fixture such as definitions of jig and fixture, type of jig and fixture, design 
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consideration, advantages and principles of jig and fixture and material used in 

jig and fixture. 

 

Chapter 3: Methodology 

In chapter three consist of process flow chart that describes what have been done 

to complete this project. This chapter also explain the way to achieve jig and 

fixture press rivet clutch objectives. 

 

Chapter 4: Parameter of Clutch, Machine and Fabrication Process 

This chapter includes the clutch data comparison, parameter each clutch, 

parameter of machine press, design project, process involve to produce the jig 

and fixture, function of each part and machine used to complete the jig and 

fixture. 

 

Chapter 5: Result and Analysis 

This chapter contains the result and analysis of the project after fabrication 

complete. Experiment conduct to get a data of this project comes out from Hicom 

Yamaha Manufacturing Malaysia. 

 

Chapter 6: Discussion 

This chapter discusses the result and analysis to complete this project. Discussion 

has also details about the project have a potential to approach at the real situation. 

 

Chapter 7: Conclusion 

This chapter contains summary of main findings and brief recommendation for 

further study. 
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