SAFETY DESIGN IMPLEMENTATION ON FLEXIBLE MANUFACTURING
SYSTEM

By

MARVIN OWEN GOWTAWA
11112065

BACHELOR’S DEGREE
in

MECHANICAL ENGINEERING - MECHATRONICS CONCENTRATION
FACULTY OF ENGINEERING AND INFORMATION TECHNOLOGY

SW)

SWISS GERMAN UNIVERSITY
EduTown BSD City
Tangerang 15339
Indonesia

February 2017

Revision after the Thesis Defense on 237 January 2017



SAFETY DESIGN IMPLEMENTATION ON Page 2 of 89
FLEXIBLE MANUFACTURING SYSTEM

STATEMENT BY THE AUTHOR

| hereby declare that this submission is my own work and to the best of my
knowledge, it contains no material previously published or written by another person,
nor material which to a substantial extent has been accepted for the award of any
other degree or diploma at any educational institution, except where due

acknowledgement is made in the thesis.

Marvin Owen Gowtawa

Student Date

Approved by:

Benny Widjaja S.T., M.T.

Thesis Advisor Date

Dr. Ir. Gembong Baskoro. M.Sc.

Dean Date

James Students



SAFETY DESIGN IMPLEMENTATION ON Page 3 of 89
FLEXIBLE MANUFACTURING SYSTEM

ABSTRACT

SAFETY DESIGN IMPLEMENTATION ONFLEXIBLE MANUFACTURING
SYSTEM

By

Marvin Owen Gowtawa
Benny Widjaja S.T., M.T., Advisor

SWISS GERMAN UNIVERSITY

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

Marvin Owen Gowtawa



SAFETY DESIGN IMPLEMENTATION ON Page 4 of 89
FLEXIBLE MANUFACTURING SYSTEM

by Marvin O
All rights rese

SWISS GERMAN UNIVERSITY

Marvin Owen Gowtawa



SAFETY DESIGN IMPLEMENTATION ON Page 5 of 89
FLEXIBLE MANUFACTURING SYSTEM

DEDICATION

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

Marvin Owen Gowtawa



SAFETY DESIGN IMPLEMENTATION ON Page 6 of 89
FLEXIBLE MANUFACTURING SYSTEM

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

Marvin Owen Gowtawa



SAFETY DESIGN IMPLEMENTATION ON Page 7 of 89
FLEXIBLE MANUFACTURING SYSTEM

TABLE OF CONTENTS
STATEMENT ...ttt sttt s e e et e bestesresbeareenes 2
ABSTRACT .t b e bbbttt ettt bbb b n e 3
DEDICATION ..ottt et bbbttt e e bbbt benne s 5
ACKNOWLEDGEMENTS ......otiiiitt ettt sna s 6
LIST OF FIGURES ..ot 10
LIST OF TABLES ...ttt bbbt 12
CHAPTER 1 — INTRODUCTION .....oiiiiitiieieieiiee e aneas 13
1.1 BaCKQIOUNG.....cciiiiiicic et 13
1.2 TRESIS PUIPOSE ....vveueeieieteeiieeteesteesteaseesteeteaseesaeeste e e e sbaesae e testeeste e beateesteeeeansenns 14
1.3 Thesis problem ..... .Y ... e onennieceeceecencesseseeseeseesees nnans 14
1.4 TNESIS SCOPES ...ccveeererreesteeiresieeseeiteaeeseesteasesteesseseesseessesssesseesteessesseessesssessessees 14
1.5 TheSIS LIMITAION ..couiiieiiriiiieiieie ettt sttt nns 14
MRESISIOIGanization . .................... SE—— R ........................... . 15
CHAPTER 2 - LITERATURE REVIEW .....ooiiiiiiiiiiiiiisiinie e snesneas 16
2 T SiRrOUCTION . ..................... S ........................ S 16
2.2 Flexible Manufacturing SYStem (FIMS) .........cooiiiiienenineieeee st 16
2.3  SENSOT -................ N Y ... .............. e 16
2.3.1  Through Bam SENSOK ....cc.eciueieeiueieeireesteaeeissessesssesseesseseessaessesssesseessesessses 16
2R CAPACITIVE SENSOT ... e e 17
2:3:3 = I NALICHVE-SeAS0 Rt R s e e e e e 1574
BRI SOPEER Bensimy I . . R . NN NN RPE™ N N 18
Ly gy [t x 3] A F g YA WROYIR IR R IENIN 18
241 Communication INTErfaCe ........cooeiiiiiiiiiie s 19
2.5 CentroniCs INTEITACE. ........ccviiiiie i 19
2.6 SAFELY PrOCERUUIE. ..ottt 19
2.6.1  PREUMALIC SATELY ....cvieiiie et 20
2.6.1.1 ATTOWED QS TYPL....viiieie et 20
2.6.1.2 Maximum aCtuation POWET ..........eueruerueruerieriesieeeeeeee e 20
2.6.1.3 Gas VOIUME TIMIT ..o 20
2.6.1.4 Powered pneumatic PUMP .......covieiie et 20
2.6.1.5 Pressure Storage tank ..o 21
2.6.1.6 Pressure relief..... ..o 21
2.6.1.7 Tank ShUt-0fF VAIVES ......c.ooiiiii s 21
2.6.1.8 Pressure relief ValVES..........cocvoviiiieic e 21

Marvin Owen Gowtawa



SAFETY DESIGN IMPLEMENTATION ON Page 8 of 89
FLEXIBLE MANUFACTURING SYSTEM

2.6.1.9 PUIJE VAIVES ...ttt 22
2.6.2  EIECtrical SAfLY........oooiiiiiiiii e 22
2.6.2.1 PNOZ (Safety relay) ......cceiiiiiiiiiieieesese e 22
2.6.2.2 EMEIGENCY STOP ..eiiiiiiiiiii et 24
2.7 FAIISATE e 25
2.8 PneumatiC CYHNAEN .........ooviiiei e 25
2.9 PLC (Programmable Logic Controller)..........cccoeveiieiiieieie e 26
2.9.1  PLC LaANQUAGE ..ieiveieiiiee ettt ettt et et e e e e snan e nnae e nnne s 26
CHAPTER 3 — RESEARCH METHODS .......cocoiiiieieieie e 29
N o I o e ——— DU O PP P 29
3.2 Distribution SYStem DeSION........coeiiiiriiieieie et 29
3.2.1  Suction Cup... .. SRR ... ..........cccsesnsseeeeeeceaseserseeseeseeses nnan 34
32,2 REEU SWITCN Lttt sttt nns 34
3.2.3  Distribution I/O CONFIGUIAtIoN .......ccemeeeeeiiese st 35
3.3 Testing SYSIEM DESIGN .........ccvoiviiiiiiiintiaiaiee ettt nneas 36
3.4 Processing SYStEM DESION .......c.oiviiieeieseeiteaeeseessesaesae e sta e see e nnas 40
34.1 PlEHESSEHONNEEE. ......................... NS, ...................... A 42
3id:2 —~ Drill Station. . N SO .. ... .. .osiil e nanaees 42
3.4.3  CRECK STALION ......iiiiieieieiteste ettt eee e saesbesbesbesneeseeneeaesnesaesbesneaneanensens 43
SERARRRPICKSTation ................... N - ettt R ... 43
3.5  Programming SOTIWAIE..........ccoiiiiiiiiiiieee e 47
80 EndaraniE TR G . B BN B .. BN B AT B T B 48
=T 50fe I C (B S e I . SRR ... B N NN BN BN B N BB 49
ozl 21 (1 [0] o dpiommmipmlimriim r i o e o e ot bt o e oot e e 50
3.8.1  INtErlOCK DESIGN....oiuiieiiii ettt 50
3.9 SATELY ESION .. 50
CHAPTER 4 — RESULTS AND DISCUSSIONS .....ccooiiiieiee e 51
4.1 COMMUNICALION L..viiiiiiiiiie ittt sttt nbe e 51
4.1.1  Communication between Station...........cccveveieerierie i 51
4.1.2  Alarm NOLIFICAION........cciee e 53
4.1.3  CommuUuNICAtioON WITh USEI .......cceiiiiiieiiiiceeseee e 54
4.2 Station Physical Condition ..........cccooiiiiiiiiiiiie s 55
4.3 Program RESUIT .........coiiiiiiiieee s 56
4.4 DIStribULION RESUIL........oiiiiiei e 57
4.5 TeSUNG RESUIL ....c.vviiiie e 58

Marvin Owen Gowtawa



SAFETY DESIGN IMPLEMENTATION ON Page 9 of 89
FLEXIBLE MANUFACTURING SYSTEM

4.6 Processing RESUIL..........ccviiiiii e 60
CHAPTER 5 — CONCLUSIONS AND RECCOMENDATIONS..........ccccoveeviveenen. 64
T80 B 0 o 111 [ OSSR 64
5.2  RecOMMENTAtIONS .....c.ecveiiieiecie st 64
GLOSSARY ..ottt b et re et re e reeteeaeeras 65
REFERENGES ...ttt e e s e et e e e e e btee e e 66
APPENDICES ...ttt ettt ettt e e nreenne e 67
CURRICULUM VITAE ...ttt ettt 87

Marvin Owen Gowtawa



