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ABSTRACT 

 

 

 

SAFETY DESIGN IMPLEMENTATION ONFLEXIBLE MANUFACTURING 

SYSTEM 

 

 

 

 

By 

 

Marvin Owen Gowtawa 

Benny Widjaja S.T., M.T., Advisor 
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This thesis project is about designing and implementing IEC safety standard in the 

FMS Festo distribution station, FMS Festo testing station, and FMS Festo processing 

station. Implementing the IEC standard is also including in the program, wiring and 

communication design. To archive that purpose, the thesis work will be developed 

using SIMATIC S7-300. The problem that should be considered, is how to established 

the communication system between each station and how to make safety program 

with alarm notification and E-Stop recovery, for the operator that using the FMS 

station. In the end, this thesis work is successfully achieved when the communication 

between station and the sequence process with alarm notification and E-stop recovery 

is fulfilling the IEC standard  

 

 

Keywords: FMS Festo Distribution station, FMS Festo Testing Station, FMS Festo 

Processing station, IEC standard 



SAFETY DESIGN IMPLEMENTATION ON      Page 4 of 89 

FLEXIBLE MANUFACTURING SYSTEM 

 

  Marvin Owen Gowtawa 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© Copyright 2017 

by Marvin Owen Gowtawa 

All rights reserved 



SAFETY DESIGN IMPLEMENTATION ON      Page 5 of 89 

FLEXIBLE MANUFACTURING SYSTEM 

 

  Marvin Owen Gowtawa 

 

 

DEDICATION 

 

I dedicate this thesis to my adviser, family and, friends who always support me. 

 

 



SAFETY DESIGN IMPLEMENTATION ON      Page 6 of 89 

FLEXIBLE MANUFACTURING SYSTEM 

 

  Marvin Owen Gowtawa 

 

 

ACKNOWLEDGEMENTS 

 

Firstly, the author wishes to thank God for the guidance and blessing that had helped 

in completing the thesis.  

Secondly, the thesis project cannot be finished without the guidance and teaching 

from Benny Widjaja S.T., M.T., and Cepi Mohamad Hanafi. Their advices, help me 

through the process of completing this thesis. 

 

Thirdly, the author would like to express gratitude to his family for their support 

 

Finally, the author would like to give special thanks to SGU who provided the flexible 

manufacturing system in SGU Automation Laboratory for the thesis project 

 

 

 



SAFETY DESIGN IMPLEMENTATION ON      Page 7 of 89 

FLEXIBLE MANUFACTURING SYSTEM 

 

  Marvin Owen Gowtawa 

 

TABLE OF CONTENTS 

STATEMENT ................................................................................................................ 2 

ABSTRACT .................................................................................................................. 3 

DEDICATION .............................................................................................................. 5 

ACKNOWLEDGEMENTS .......................................................................................... 6 

LIST OF FIGURES .................................................................................................... 10 

LIST OF TABLES ...................................................................................................... 12 

CHAPTER 1 – INTRODUCTION ............................................................................. 13 

1.1 Background ........................................................................................................ 13 

1.2 Thesis purpose ................................................................................................... 14 

1.3 Thesis problem .................................................................................................. 14 

1.4 Thesis Scopes .................................................................................................... 14 

1.5 Thesis Limitation ............................................................................................... 14 

Thesis Organization .................................................................................................... 15 

CHAPTER 2 - LITERATURE REVIEW ................................................................... 16 

2.1 Introduction ....................................................................................................... 16 

2.2 Flexible Manufacturing System (FMS) ............................................................. 16 

2.3 Sensor ................................................................................................................ 16 

2.3.1 Through Beam Sensor .................................................................................. 16 

2.3.2 Capacitive Sensor ......................................................................................... 17 

2.3.3 Inductive Sensor ........................................................................................... 17 

2.3.4 Optical Sensor ............................................................................................... 18 

2.4 Communication system ..................................................................................... 18 

2.4.1 Communication Interface ............................................................................. 19 

2.5 Centronics Interface ........................................................................................... 19 

2.6 Safety Procedure ................................................................................................ 19 

2.6.1 Pneumatic safety ........................................................................................... 20 

2.6.1.1 Allowed gas type ...................................................................................... 20 

2.6.1.2 Maximum actuation power ...................................................................... 20 

2.6.1.3 Gas volume limit ...................................................................................... 20 

2.6.1.4 Powered pneumatic pump ........................................................................ 20 

2.6.1.5 Pressure storage tank ................................................................................ 21 

2.6.1.6 Pressure relief ........................................................................................... 21 

2.6.1.7 Tank shut-off valves ................................................................................. 21 

2.6.1.8 Pressure relief valves................................................................................ 21 



SAFETY DESIGN IMPLEMENTATION ON      Page 8 of 89 

FLEXIBLE MANUFACTURING SYSTEM 

 

  Marvin Owen Gowtawa 

 

2.6.1.9 Purge valves ............................................................................................. 22 

2.6.2 Electrical safety ............................................................................................. 22 

2.6.2.1 PNOZ (Safety relay) ................................................................................ 22 

2.6.2.2 Emergency stop ........................................................................................ 24 

2.7 Fail safe ............................................................................................................. 25 

2.8 Pneumatic cylinder ............................................................................................ 25 

2.9 PLC (Programmable Logic Controller) ............................................................. 26 

2.9.1 PLC Language .............................................................................................. 26 

CHAPTER 3 – RESEARCH METHODS .................................................................. 29 

3.1 FMS Design ....................................................................................................... 29 

3.2 Distribution System Design ............................................................................... 29 

3.2.1 Suction Cup ................................................................................................... 34 

3.2.2 Reed Switch .................................................................................................. 34 

3.2.3 Distribution I/O configuration ...................................................................... 35 

3.3 Testing System Design ...................................................................................... 36 

3.4 Processing System Design ................................................................................. 40 

3.4.1 Place Station.................................................................................................. 42 

3.4.2 Drill Station ................................................................................................... 42 

3.4.3 Check Station ................................................................................................ 43 

3.4.4 Pick Station ................................................................................................... 43 

3.5 Programming Software ...................................................................................... 47 

3.6 Wonderware InTouch ......................................................................................... 48 

3.7 Safety Wiring Diagram ...................................................................................... 49 

3.8 Interlock ............................................................................................................. 50 

3.8.1 Interlock Design ............................................................................................ 50 

3.9 Safety design ..................................................................................................... 50 

CHAPTER 4 – RESULTS AND DISCUSSIONS ...................................................... 51 

4.1 Communication ................................................................................................. 51 

4.1.1 Communication between station ................................................................... 51 

4.1.2 Alarm notification ......................................................................................... 53 

4.1.3 Communication with user ............................................................................. 54 

4.2 Station Physical Condition ................................................................................ 55 

4.3 Program Result .................................................................................................. 56 

4.4 Distribution Result ............................................................................................. 57 

4.5 Testing Result .................................................................................................... 58 



SAFETY DESIGN IMPLEMENTATION ON      Page 9 of 89 

FLEXIBLE MANUFACTURING SYSTEM 

 

  Marvin Owen Gowtawa 

 

4.6 Processing Result ............................................................................................... 60 

CHAPTER 5 – CONCLUSIONS AND RECCOMENDATIONS .............................. 64 

5.1 Conclusions ....................................................................................................... 64 

5.2 Recommendations ............................................................................................. 64 

GLOSSARY ................................................................................................................ 65 

REFERENCES ........................................................................................................... 66 

APPENDICES ............................................................................................................ 67 

CURRICULUM VITAE ............................................................................................. 87 


