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ABSTRACT

DEVELOPMENT OF AUTOMATIC DETERGENT INJECTOR
ON LAUNDRY MACHINE SIMULATION

By

Fiansen Juniarsa
Leonard P. Rusli, M.Sc, Ph.D, Advisor
Dr. Rusman Rusyadi, M.Sc, Co-Advisor

SWISS GERMAN UNIVERSITY

This thesis studies the working principle of centrifugal pumps, peristaltic pumps, and
gear pumps in general which further designated as a detergent pumping device.
Experiments are conducted through several pumps which are compatible to be
designed in this purpose. The selected pump will be further developed to an automatic
laundry detergent injector by integrating the pumping system into a universal laundry
controller. A capability to deliver a constant volume of detergent efficiently is
mandatory for the automated injection system. The detergent pumping system is
designed with the reliability and constancy in pumping process.

Different laundry processes are generated inside the controller. By analyzing the
behavior of the controller 1/0 in each different process, the integration system can be
developed. The communication between the laundry controller and the pumping
system is associated by utilizing arduino mega controller. Final result of this study is
demonstrated through a laundry process simulation with a reliable and efficient

automatic detergent injector.

Keywords: peristaltic, integration, 1/0, simulation.

Fiansen Juniarsa



AUTOMATIC DETERGENT INJECTOR Page 4 of 108
ON LAUNDRY MACHINE SIMULATION

© Copyright
iansen Juniars

SWISS GERMAN UNIVERSITY

Fiansen Juniarsa



AUTOMATIC DETERGENT INJECTOR Page 5 of 108
ON LAUNDRY MACHINE SIMULATION

DEDICATION

I dedicate this work to Jesus Christ and my parents.

SWISS GERMAN UNIVERSITY

Fiansen Juniarsa



AUTOMATIC DETERGENT INJECTOR Page 6 of 108
ON LAUNDRY MACHINE SIMULATION

ACKNOWLEDGEMENTS

I would like to thank God firstly for his blessing throughout this thesis, secondly |
would like to thank to my father, my mother, my brother, and my sister who always

support and encourage me. | would not have made this far without them.

I would like to thank my advisor, Leonard P. Rusli, M.Sc, Ph.D. and my co-advisor,
Dr. Rusman Rusyadi, M.Sc, for their advice and guidance to achieve the thesis
objectives. | would like also to thank Mr. Freddy for his assistance and direction in

the workshop.

I wish to thank my colleagues and friends, especially Daniel Setiono, Stanley
Andrianto, Bagas Sinar Bintang, Rynaldi Maydrian Lauren, Michael Kevin, Richard
Adrian, and Immanuel Michael Budiman for their support throughout my thesis. | also
wish to thank all mechatronics 2013 fellow students for the unforgotten memories of

my college life

Thanks to Swiss German University for the opportunities to study mechatronics,

experiencing internship local and abroad, and for this final assignment.

Last but not least, | would like to give my special thanks to Putri Astari Dewi for her

encouragement and support whenever | fall during this work.

Fiansen Juniarsa



AUTOMATIC DETERGENT INJECTOR Page 7 of 108
ON LAUNDRY MACHINE SIMULATION

TABLE OF CONTENTS

Page

STATEMENT BY THE AUTHOR .....ccciiiiiiiieiiei e 2
ABSTRACT ...ttt r e 3
DEDICATION ...ttt e e e e e 5
ACKNOWLEDGEMENTS ... s 6
TABLE OF CONTENTS e g 21 LI i e e neeesneeseennnesaee e Sennsnis 7
LIST OF FIGURES ....... .S . .....................cc.coonnnenneensnnessensnnens 11
LIS T OF TABLES ... e it et e e n e st s te e e e s ee e sneesaeeanneas 14
CHAPTER 1 — INTRODUCTION ..........ooitiiiiiinneesresesseesnssreessessseesessnsessseesasesses 15
1.1 BACKOTOUN N .................. A .......................... 15
1.2 TheSiSIPTODICTENEEE.., ......................... WSS ...................... .. 16
1.3 Objectives ........ I TRTRRTIN ... ... . .cccsnessessnnsanss 16
PASTRESISTSCOPE .............. N £ 100 S et e 16
1.5 ThesiS LIMItAtION ....eeiiuiiiiiiie it 16
O™ W Signiii Caie S SSUNE B . NEN . BEELEN .. N N N RN A UM BN OB BN BN RY BN BN I
W S o SYSr® SIamiE GO0 T W e T L 1%
CHAPTER 2 - LITERATURE REVIEW .....cooiiiiiiiiiiiiee e 18
2.1 Peristaltic PUMP ...oocvviiiiii i 18
2.2 Centrifu@al PUMP ....voiiiiiiiiee et 21
2.2.1  The Generation of Centrifugal FOICe.........cccovvviiiiiieiii e 22
2.2.2  Conversion of Kinetic Energy to Pressure ENergy .........ccccceeveevvevnnenne. 22

2.3 GEAr PUMDP .. 23
2.4 Hall Effect FIOW S@NSOT .....uviiiiiiiiiiieiiie ettt 25
241 Hall ProDE .o 26

Fiansen Juniarsa



AUTOMATIC DETERGENT INJECTOR Page 8 of 108
ON LAUNDRY MACHINE SIMULATION

2.4.2  WOrKING PrINCIPI ...c.veiie e 26

2.5 S01N01d VAIVE ..ot 27
2.6 AC MACKINES .....vviiiiiieiiii ettt ettt e st e b e e s be e e be e e nnbe e e snneee s 30
2.6.1  Synchronous MacChingS ...........cccoveiiiieiicie e 31
2.6.2  Asynchronous Machines ( Induction Maching )..........cccocevveniieieninnnnn, 32
2.6.3  Single Phase Induction Maching............ccoocveviiiniinie e 34
2.6.4  Split Phase Induction Maching ..........ccccceiiiiriinneiie e 35
2.6.5  Capacitor Start and RUN Maching..........cccccvvvviiiiinie e 35

2.7 Water LeVel SENSOT ....iiviieiiieeiiieeiiee e st st e s e et e e e tae e neeens 36
2.8 Door Switch INterloCK ........cuviiiieeiie e 37
2.9 Laundry Machine Controller................c.coiiiiiiiiiiie e 38
CHAPTER 3.- METHOBOEOGY ............ S0 Lo e s 39
SANIGITOAUCTIONTN.. W ................... SSSS . ......................... 39
3.2  GenCraBVICThUREISEEE., ......................... ACSEE ................. 39
3.3 Design Concepts and Selection of CONCEPLS ......ccovveviiriiiiiiiiiiiiiiiiiiiciiens 40
3.3.1 Pumping Design and Selection ............cceceiieeieeiiiiiie e 43

3:3. Ll oo POLIStAM O PUMID it tsiam moss ot e oui o maiitsasts sl s s aiis et 43

3.3. 100 IGRBRLTORE IR RSN . SR N S S B Bew B N 45

o ARSI b v ©7 o251 40101 8 S Ve o et o Mo bl e e 46
3.3.1.4  Flow Meter Calibration ...........ccccoeeieiininiiiiiee e 47

3.4  Electrical System DeSIZN .......c.cociiiiiiiieiiiiiereieee e 48
341  Pumping SYStEM DESIGN ....oouviieeiiieieiiesie et 48
3.4.2  Laundry Machine Simulation COmMPONENTS ........c.ccerererenenineeeeiees 50
3.4.1.1  Laundry Machine Controller ..........cccooviriiiniininene e 50

3.4.1.2  S01en0id VaIVe ........cccoiiiiiiiiii e 52

3.4.1.3  Split Phase AC MOOF.........ccoieiiiiiiciie e 52

3414 Drain IMOUOF .....ocviiiiiiiiciecieee s 53

Fiansen Juniarsa



AUTOMATIC DETERGENT INJECTOR Page 9 of 108
ON LAUNDRY MACHINE SIMULATION

3.4.15  Selector Switch as a Function of Door Interlock...............cccccovnene. 54
3.41.6  Water LEVEl SENSON ......cveiiiiiiiiiiiieeeee e 54

3.5 Integration System DeSIZN.......cccciiiiiiiiiiiiiiieiiie i 55
3.5.1  Laundry Maching PrOCESS.......c.cciueiiiieiiierieeieseesesie e see e e enie e sneas 55
3.5.2  Integration Method............ccooiiiiiiiiicee e 57
3.5.3  Port ComMmUNICAION .......oiviiiiiiieiiiee e 57
3.5.4  Integration System by Cycle BENAVIOr .........c.ccceeviiieiieniiiesiee e 58
3.5.5  Integration Circuit SChEMALIC .......ccuevieiiiiiiie e 60
3.5.6  Arduino Program and SChematiC............cccuvvrinriiiiiiiiiiiiicccee 62
CHAPTER 4 — TESTING, RESULTS AND DISCUSSIONS ..o 64
4.1 Pump Testing and Desi@n .............cccooiiiiiiiiieiie e 64
4.1.1 Centrifugal PUmp Test .......... oo nesns 64
4.1.1.1  Windshield Washer Pump TeStiNg ......ccccovevveivveiieiieiieecie e 64

4.1 520D AR N ..................... . . ................. 65
4.1.1.3  Agquarium PUmpP TeStING.......cciverieiieieeie s 66

B.1.2  FIOW IMIBLEE ...ttt stttk ss et ane ettt st n et ab e bt st abenn e 67
4:1:3 - PeristaltiC PUPAD T-OSIS. ourisuriss mvetussmmesssnn s s vatisadms s s 69

. 1. 30 [ Gt EEL S S IR ... N O B B B O Bew B W . BN 70
R it 110 1 16 I ) et e et b ot eond e oot sl e ik e 76
4.1.3.3  Altitude LeVel TeST ... 81

4.1.4  PUuMPINg SEIECLION .....cuoiuiiiiiiiieie s 82

4.2 Electrical System Design Analysis .......ccoerviiiiiiirieiie e 83
4.3 Integration System Design ANalysiS .......cccovviiiiiiirienicniesee e 85
4.3.1  Method by Port Communication Result ............cccccevviieiieinicieee 85
4.3.2 Integration Method by Circuit Behavior Result............cccccoeeiveiieenne, 86
4.3.3  Arduino Logic and Code ANalySiS........ccceevveiieiieeiie e 87
CHAPTER 5 — CONCLUSIONS AND RECCOMENDATIONS .......cccoooiiiiiiiiieene 88

Fiansen Juniarsa



AUTOMATIC DETERGENT INJECTOR Page 10 of 108
ON LAUNDRY MACHINE SIMULATION

5.1 CONCIUSIONS ...ttt nn e s n e e nnn e e 88
5.2 RECOMMENAATIONS ...ttt 89
GLOSSARY ..ottt ne e 90
REFERENCES ...ttt 92
APPENDIX A — DATASHEET ..ottt 94
AT TIP 110 DAtaShEet ...ccvviiuiieiiiieiie ettt nnee s 94
A.20mMron MY?2 DatashEet .........cocuviiiiiiiiiiiiiiiciiee e 97
A3 Arduino DatashEet.........ocuii i 99
APPENDIX B — ARDUINO PROGRAM ......cooouiiiiiiiiiiieiie e 103
B.1 Integration Pumping Circuit Code ........cccvvviiieiiiiiiiieiiiie e 103
B.2 Flow Meter Calibration Code................coiuieiiiiiieiin e s 105
APPENDIX C — BILL OF MATERIALS ... e 107
CURRICULUM VITAE ... ..ottt a s s srnesneesneesneesnne s 108

Fiansen Juniarsa



