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ABSTRACT

DESIGNING AND DEVELOPING AN ASSEMBLY FIXTURE
USING ERGONOMIC APPROACH (CASE STUDY: CAR ENGINE ASSEMBLY)

By
Giorgio Sudibyo
Ir. Invanos Tertiana, MBA, Advisor

Ir. Triarti Saraswati, M. Eng., Co-Advisor

SWISS GERMAN UNIVERSITY

Competition of manufacturers with the aim of fulfilling market demand shows that
unique techniques and approach are being considered to optimize productivity. One of
such method involves the implementation and development of assembly fixture. This
specific assembly tool supports an assembly task by improving worker ergonomics
and generates a consistent level of accuracy to the work. The objective of this thesis is
to design and develop an assembly fixture. Subsequent to this, analyzing worker
posture in a car engine assembly from an ergonomic point of view will represent the
foundation of the objective. The process of developing the assembly fixture is
constructed using spiral model methodology, supported by RULA and OWAS method
to evaluate the ergonomic postures during car engine assembly process, specifically
piston and timing belt assembly. Result of this thesis are built on an observation to a
car engine assembly, where the elements associated with the assembly fixture are
measured, followed by a documentation on tasks sequence analyzed. The outcome is
that assembly fixture has proven to improve productivity by reducing posture stress
on the worker. Due to the strong finding concluded, an assembly fixture design is

proposed for a PC speaker assembly process to increase productivity.

(Keywords: Assembly Fixture, Ergonomics, Posture Assessment, RULA, OWAS, Car
Engine Assembly, PC Speaker, Piston, and Timing Belt.)

Giorgio Sudibyo



DESIGNING AND DEVELOPING AN ASSEMBLY FIXTURE Page 4 of 183
USING ERGONOMIC APPROACH (CASE STUDY: CAR ENGINE ASSEMBLY)

© Copyright 2016

SWISS GERMAN UNIVERSITY

Giorgio Sudibyo



DESIGNING AND DEVELOPING AN ASSEMBLY FIXTURE Page 5 of 183
USING ERGONOMIC APPROACH (CASE STUDY: CAR ENGINE ASSEMBLY)

DEDICATION

I dedicate this thesis for my family, lecturers, loved ones,

and the future of Indonesia

SWISS GERMAN UNIVERSITY

Giorgio Sudibyo



DESIGNING AND DEVELOPING AN ASSEMBLY FIXTURE Page 6 of 183
USING ERGONOMIC APPROACH (CASE STUDY: CAR ENGINE ASSEMBLY)

ACKNOWLEDGEMENTS

First and foremost, I would like to express my gratitude to God Almighty Allah SWT,
for all the blessing and miracles that drives me to overcome my fear and hesitation

throughout the journey of completing my thesis work.

Next, I would express my sincere appreciation to my thesis advisor Ir. Invanos
Teriana, MBA and Ir. Triarti Saraswati, M.Eng as my co-advisor for the continuous
support of the thesis, for the supporting critics, building motivations, and life lessons
that have guided the author. It is unimaginable to have a better people to advise me for

the study.

Deep appreciation will also not be forgotten to INFINITIGROUP for providing the
resources and knowledge required to perform the foundation of this thesis. Also a
very special gratitude is also given to my mother, Vera R. Widyawati Sudibyo and all
of my family members, for all the mental support and spiritual guidance for me not to

give up on my thesis.

Not to forget, the author wants to thank dearly beloved Shakira Ghassani for all the
support, care, advise, and patience that keeps the author going until the very end of
the thesis work. A very special thank you is also given to Alfie Aushaf, Aditya
Amanu, Wili Chandra, Pradipta Mahardhika, Renjana Wibisono, Anindita Widianto
and all of Industrial Engineering batch 2012 students for the assistance, support, and

sense of teamwork that taught the author that we are all in this 8" semester together.

Last but not least, I would like to thank all of batch 2012 Swiss German University
students for the four years that we have gone through together, and hopefully all of us

will achieve our dreams in our life.

Giorgio Sudibyo



DESIGNING AND DEVELOPING AN ASSEMBLY FIXTURE
USING ERGONOMIC APPROACH (CASE STUDY: CAR ENGINE ASSEMBLY)

Page 7 of 183

STATEMENT BY THE AUTHOR

ABSTRACT

DEDICATION

ACKNOWLEDGEMENTS

TABLE OF CONTENTS

LIST OF FIGURES

LIST OF TABLES

CHAPTER 1

1.1

12

3

1.4

1.5

1.6

1.7

1.8

CHAPTER 2

Background.............coocooiiiniininiinces

Problem Statement

e (] W IR SN el kW

Hypothesis .......ccooeeeiieniiniieieceeeeee,

Thesis SCOPE.....evvveeriieieniieiieeieeeeee,

Thesis Limitation.........eeeeeeeeeeeeieeeeeeeeeenens

Significance of Study

Thesis StruCture .....veeeeeeeeeeeeeeeeeeeeeeeeeeeeeees

TABLE OF CONTENTS

- INTRODUCTION

- LITERATURE REVIEW

Giorgio Sudibyo



DESIGNING AND DEVELOPING AN ASSEMBLY FIXTURE Page 8 of 183
USING ERGONOMIC APPROACH (CASE STUDY: CAR ENGINE ASSEMBLY)

2.1 ASSEMDLY FIXtUTC...cooiiiiiiiiieiiecie e 20
2.1.1  Types Of FIXTUIE ....coeiiieiiieiiecieee ettt 22
2.1.2  Assembly Fixture COMPONENLS .......c.eevueeriieniieeiieniieeieeniie et siee e 23
2.2 EIZONOMICS ...eeuiieniieeiieetie ettt et te ettt e st e stee et e et e eabeesateenbeesseeenseesseeenseennnes 25
2.3 Material HandIng........c.cooiiiiiiiiiieiee e 26
2.4 Human-Machine INteraction............ccccueeiuiiriieiiieniieiiesie et 28
2.5 ProduCtiVity .........c..co., . RRRRRERREGGGGNNY ... .. ....coeeeosererseesnnsnnsesnesnssersnnes 28
2.5.1 Human ProdUCHIVILY ......cccceciiiiiniiiiiiiiiiienteseec e 30
2.5.2 Using Material Handling to Improve Productivity ..........c...cccceceeeinennee 30
2.6 Car Engine ASSEMDBLY ........cooiiiiiiiiiiie ettt 31
CHAPTER 3 - RESEARCH METHODOLOGY ...ccccovtenirniiniiniiienienieenieeeenneenees 34
3.1 INITOAUCHION ..ottt ettt ettt sttt ettt seeeae e e sbeenees 34
G I P TCTEns] (W T aTrra ) g —— 34
B3 B /EhoEDIEDES . B B B N B RN NN W NN NN N BN R BN NN RN BN EN BN 36
3.4  Exploratory RESEarch .........ccccoiiiiiiiiiiiiiieiii et 38
3.4.1  Literature REVIEW ......cocouiiiiiiiiiieiieiie ettt 38
3.5 PLANNING ..ottt ettt et eneen 39
3.5.1  Direct OBSEIVALION ......cccuevuiiriieriirienieeieeiieete ettt 39
3.5.2 Defining Assembly Fixture Components and Capabilities..................... 40
3.5.3 Assembly Fixture Design Iustration .........ccccceceveeneeiienienenicncenennne. 41

Giorgio Sudibyo



DESIGNING AND DEVELOPING AN ASSEMBLY FIXTURE Page 9 of 183
USING ERGONOMIC APPROACH (CASE STUDY: CAR ENGINE ASSEMBLY)

3.5.4 Car Engine Assembly Process Analysis .......ccccceevveviieiienieniiienieeieene, 41
3.6 RISK ANALYSIS ...eiiiiiiiieiieie ettt ettt et e en 42
3.6.1 Rapid Upper Limb Assessment (RULA) ......cccocueriiviniiinienenienieeee, 44
3.6.2 Ovako Working Posture Assessment System (OWAS).......cccceeveeenennee. 46
3.7 ENZINEEIING . ....iiiutieiieeiieetie ettt ettt et ettt e et e st e et e sateebeesateenbeesseeenseenneeenne 48
3.8 Related Software USEd ........ccooiiiiieiieiiieie et 49
3.8.1  SOLAWOIKS. ...ttt 49
3.8.2 Human Jack Simulation ..............c..ccoiiiiiiiiiinie e 50
Bi8iSe. RedmiiEuu. . .................. S SN ......................... . 50
CHAPTER 4 —RESULTS AND DISCUSSIONS .....ccoceeiriniiieieineneee e 52
ol L LG UTE IS . .. e 52
4.2  EXploratory ReSCArch ......ccceoiiiiiieiiieeiiesie et esite et esiteeieesiteebeesinesneesneesneennees 53
e I o BT T o - S — 53
R 4 o 2L R YR AN s B BRI LR AW IR 55
4.3.1  DiIrect ODSEIVALION .....eecuvieiieiiiieiieeieeiie ettt stee e site et e saeesbeesaeeens 55
4.3.2 Defining Assembly Fixture Components and Capabilities..................... 57
4.3.3 Assembly Fixture Design [ustration ............ccecceevieeiienieeniienieeieee 58
4.3.4 Car Engine Assembly Process Analysis ........cccccevieriiieniiecieenieeiiienine 61
4.4 RISK ANALYSIS .o.uiieiiiiiiiiiiieeieeie ettt ettt ettt ettt et 62
4.4.1 Jack Simulation Environment Formulation ..........c..ccocceeeniininniniennne. 62

Giorgio Sudibyo



DESIGNING AND DEVELOPING AN ASSEMBLY FIXTURE Page 10 of 183
USING ERGONOMIC APPROACH (CASE STUDY: CAR ENGINE ASSEMBLY)

4.4.2  Task Simulation Procedure ..........c.ccoceeverviiniininiiinieniiieneceeeeeeneee 64
4.4.3 Ergonomic Evaluation Posture Analysis.........ccccceeeeeeiiieniieiiienieniienine 65
4.5 ENGINEETING....cueiiiiieiiieiieeieeiie ettt ettt e teestt e et e et e e bt e teeenbeesseesnseesseeenseennnes 69
4.5.1 Observe Product Components For Assembly Fixture Alternative.......... 70
4.5.2 Assembly Sequence Generation..........coccecueveerueeienieneenieneeneereeeeenneenne 71
4.5.3 Assembly Fixture Design For Alternative Product..........cccccoeevuveiiennen. 72
CHAPTER 5 - CONCLUSIONS AND RECCOMENDATIONS ........ccccoiiiirnene 74
5.1 Conclusion........ SRR ... .........cceescecsseneesseeereeseesseesssssases 74
5.2 Recommendation for Further Studies.....occieeiiinieniineniiiicccees 75
GLOSSARY .......... S S ................. DS, ...........................ccconmonen 77
REEER IS . R e 78
APPENDICES. ......................." S ... . ..................00ccs000 - 81
O I 0, A N S — 183

Giorgio Sudibyo



