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AC induction motor is generally used in most manufacturing plants, Its breakdown
can cause the manufacturing to a halted, To prevent it from breakdown, monitoring its
status seems inevitable. Vibration analysis is one of the techniques that can be used to detect
motor malfunction. However, this technique relies heavily on human’s experience, which is
scarce in Thailand. Furthermore, human experts may not available when needed. Hence,
there is a need for the development of an expert system called ESMVD (an Expert System
for AC induction Motor Vibration Diagnosis) for'diagnosis the failure of AC induction
motor from the monitored vibration signal. The range of induction motor in this study is 10-
1000 kW | |

The knowledge base related vibration analysis is collected from various available sources,
.e.g. literature, manual, human experts, Internet. The backward chaining is used as the
searching strategy in ESMVD. After testing with the real data, it is clear that ESMVD can

- give satisfactory results. It can tell the possible source of vibration signal, both on time
domain and frequency domain. Moreover, it can show status of motor and gives
recommendations for further action to be taken. However, the limitation of the ESMVD is
that it does not cover all the possible source of vibration signal. That.-is vibration on AC
induction motor from- its load sideis excluded; To implement the ESMVD in particular
manufacturing plant, further enhancement in knowledge base has to be done to increase

diagnosis range to cover the load side.

- i a - - =
;nn)m._,,ﬁ:mi:ﬁuqanmmnd-mmmhmlummgﬂaeﬂguam 4 Lo
AL REL S TIOR3 o awiletnerv1sdfifEnw %W

P i ' " | '
Un13finm 1923 alsievesrn1gmiSneian




vi

Acknowledgments

1 would like to express my profound and sincerely thanks to Assistant
Professor Dr. Parames Chutima, my advisor. Without his kind guidance and
encourage, constructional advice, incisive criticisms throughout the period of this
thesis study, my exploration for the methodologies to develop an expert system for

AC induction motor vibration diagnosis would not be so successful.

My special gratitude also render to Associate Professor Dr. Tatchiai Sumitra
and Professor Dr. Sirichan Thongprasett who serve on the Examination Committee

for their kind suggestions towards the entire course of studies.

Sincere appreciation is extended to Mr. Theerachai Patanakijpairoj for his
invaluable suggestion and many sources used in my study. I also thank Mr. Khemanut
Thengtrong for his data and notebook. Without his his kind cooperation, my work
would not be completed conveniently. Besides, I really appreciate to Mr. Chira

Archayuthakam for his great encouragement throughout this thesis study.

Finally, my special thanks should be given to my beloved parents for their
love, encouragement and supports from the beginning of my project up to its

accomplishment.



Table of Contents

ADSITACE (TRAL 1.ecvivereiarrenrerssencestsssmmassisosssnsssssinsassssssnssoressssssossatneasarsansssasssains
AbStract (ENRLSH) ....cceoveruierercecamseemesisissnstsssesssess sassssssesmssemsassanessesssssssssasssane
ACKNOWIEAZEMENLS ....civersmsnmsnisinirensisiesisisiesrsarssssspsassssassisssassisniaistssssnsisaiasass
Table Of CONLEILS ..ivveeierieersssiineeriesnosmestesisaeesssssssnssasoniasessessessassssssesstssesssssses
LSt OF FIGUEES 1v1veriveriserenessseuescasersnstonsessssmssssssssssanesssssnescessssasssrsssssssisisensasss
LiSt Of TADIES .....coeriiriiereisiensistrmssemmenmssessmsesmissestssssessasiosnsssnsnssnssarsssrsesassnnsssais
Chapter 1 INtrodUCtion .......cccceienenisvssscnssisisisnsnsiesissssmsvesssssrsssssssassssssasensasaessens
1.1 Background ...
1.2 Statement of Problem ......ccomireesecrimiaiieraniienienissnniane.
1.3 ODJECHIVE .ovvviiiiiiiviionicoinirinsrsastossannssnssssssissasassossssssssasssassas
1.4 Scope of Research .......oivimmmsmsmsnnnncnnniiniissinismeonssnnenesine,

1.5  Expected Benefits of Research ...,

1.6  Procedures and Methodology of Research...........ccocuvveninienee

1.7  Organization 0f REPOrt .....cmmiiiniviinnciinincnniiciiaennninens
Chapter 2 AC Induction Motor and Vibration Signal.........c..cocccivninnninnn.
2.1 Introduction tO MOtOT....cuiiiiiccrmrsrserisnsermessssasrrsreressecssnoanassan

2.1.1 Structure of AC Induction Motor .......cocereivniicnneianine

2.1.2 Rotating Magnetic Field .......ccvvviniincinnnivisninnicaronns

2.1.3 Mechanical Force and Slip Frequency ........ccccvvnresnne.

2.1.4 failure parts 0f MOLOL ....cccevieiiinnnnnicnivnnrsenieniarenes

2.2 VIBIBUON coveeiiiicrerressscsiansssesnssse s e ssnessessesssnsssasssansnsssess

2.2,1 Vibration momitoring ......ccricemssiisnineserssssaessarassnens

2.2.2 Vibration analysis .....cc.cccecveerirmnreninressererrsesssecnsarsrvans

2.2.3 Source of VIbration ..........ccveoniininnriniscnnnscorerenencnsrennes

Pages

iv

vi
vii
xi

xiv



Table of Contents (continued)

2.2.4 Measuring Vibration Signal .........ccecvevnrernirenccsiscninens 20

2.2.4.1 Equipment for vibration analysis ..........c....... 21

2.2.4.2 Points t0 MEASULING ....covieesenrisrsissrsasssnsssnsnssans 23
2.2.5 AMPHtUde ...t 24

2.2.6 FTEQUENCY wveversrssessessseasmsssssssnusssesssensasssmnsssssssssnsssnsssnses 24

2.2.7 Spectrum analysis by Fast Fourier Transform ............. 25

2.2.8 Vibration SEVEIILY ......ccomieririnissncrsiasransenssssssssesssssisses 26

2.2.9 Other Techniques for analysis .........ccccemerrernsnesesnsorescss 28

2.2.9.1 Oil analySis ...cccormvirerisnncsniensssnissssnsassassasassssss 28

2.3 DIBZNOSIS ovrsivesusersnesssinsvesimsssnsessssssnsassssssssissarmsessensasassrssasss 29
2.3.1 High level of reasoning diagnosis ........ocsusesesisrsinnens 29

2.3.2 Diagnosis from eXperience ......iireressnseressssssissiserssnases 29

2.3.3 Combination SIAtELY ......ocereriricsissssnntnssrasmsanereeseasssens 30

2.4  Literature Survey and Internet SOurces........ccovmnieiescriinnaniasns 31
Chapter 3 Overview of EXpert SYstem ......ocoueeercecniiiinninesimnninisnisninnien 38
3.1 Introduction to Expert SYStem ......cocoiiiiminnninnnennsnnionmanesas 38
3.2  Architecture of Expert SYsStem ....ocvverevicinnnininicnaneneniiarnns 39
33  Knowledge ACQUISItION ....cocveivinieerncemenen st 4]
3.4  Knowledge Representation.......ceiisiineeerenmasnrinsisnsssorsssnirasnns 41
3.4.1Structure OBJECES...c.cviimriiricmssieniasrmresrusmesiiasesssernornones 43

3.5 Inference Srategies ..c..unmiimeiiverienniessnnseiranssnersasiossasases 44
3.5.]1 Backward Chaining......c..ceereseesersssiesisiverirsessssssaissessanse 44

3.5.2 Forward Chaining..........eceereemesecssnsisnsissiserssessassisnsanas 46

3.5.3 Forward Chaining and Backward Chaining...........c..... 48

3.5.4 Mixed Mode Chaining.......cc.ceceeceninvminsrissnsnssnssnnienenss 48

3.6  Developing Tools Selection ........coevrrnveivenivnrnirisissssiorunnenses 49
3.7 The Level5 ObBJECt ...vcrinrncinsrisscniississimisriinssessssasaesanes 49
3.8  Basic Steps in Developing an Expert System........cccecvrreranne 50
3.9 Literature SUIVEY .....ccccmiiiisrinemtnisrinisiossissninsesssssassnarsnassnes 53

viil



Table of Contents (continued)

Chapter 4 Procedures
4.1  System DeSiBn ...ccvviiireimisinnienscssneneasesenseas 64
4.1.1 Existing Approach......ciecicnvoniennnin, 64
4.2 Design Procequres.......ciermemsrisnaimssisinnemnessssssennneseans 67
43  Knowledge AcqQuiSition ....ccvevesvienisiciisnnsesinisnisssssnneninsisssses 68
4.3.1 INterVIEWINg . vourersisisiressessstesasnsnisramsmsnsnsessesnsnsserereansssns 68
4.3.1.1 Expected Result from Interviewing............... 69
4.3.1.2 Interviewing Procedures.......ccuvrinserevsnsnronns 70
4.3,1.3 Steps of Approaching.........cccccurinnrercsinsnsanees 73
4.3.2 Related Literatires. .....cocerirereictrmssionssisiresnsissseansessenes 74
4,3.3 Related Manual Documents..........ccocvmieniearesnnniisieisens 75
4.,3.4 Internet SOUICES. . ..ccovrrsreeseiesnmesssiessissesninsissssssssesssssans 77
4.3.5 Other Training SOUICE.......ccovceiersiniisiessinsnsnssssisiseesinis 80
44  Knowledge Representation. ... i iccnireiinniiinnssisssssinnninns 81
4.5  ESMVD SHUCIUIE w.ovueceeierinrenieserereensecssossiamsanssssssssesenssanssss 85
4.6  An Example of Backward Chaining Searching Algorithm..... 97
Chapter 5 Validation
5.1  Methodology and Objective .......ccocvvmriiiinmssnreriscsisnensnnnnes 102
5.1.1 Validation Procedures..........curmneerniormmeecsersasssriosenns 105
5.2 Validation Process for Overall Value.........coceunerscareiresinensins 106
5.2.1 Anexample of overall value .........coeevrverrrnereieninneens 106
52,2 ESMVDIY'S OUIPUL ...ovriiiiteriisnremmisisertiesinnossarsrissionssians 107
5.2.3 Comparison between ESMVD’s output and actual data 110
5.2.4 Others Overall Cases.........ccvvmrriinnisnnnnisssssssessennsns 111
5.2.5 Comparison of the result......cccvcenrrernrcnsirinnrcrarennes 112
5.3  Validation Process for Spectrum Analysis.........o.cccrerverennnnes 117
5.3.1 An example of spectrum in validation process.......... 117
5.3.2 Another cases for validation process.......c.cceerreeraenns 121

5.3.3 Conclusion for spectrum validation.........ccvernienneanen 123

ix



Table of Contents (continued)

5.4  Conclusion for Validation.........c.cerrreereercrerersmnresiesieansssessons 125

Chapter 6 Conclusion and Recommendations

6.1  CONCIUSION ....oiviriinercnrinnsnississssisnsasianassssssnssnesasstsssssnsansasinens 126

6.2  Recommendations ........ooeocimimieniimeniemssisessssmsasansssise 128
RETCIEIICES. c.ecvvreeriirererssrssnassinmasite sonens ssasssesstsssssnnsessssnnsaters snossanssssseasassens eererens 129
Appendices

Appendix A Rule bases for Overall Value........cocueremrmrinicniirnannes 133

Appendix B Rule bases for Vibration Spectrum.........cccereoneereneccienne 151

Appendix C  Failure Symptom in Knowledge Base............covvvverennee 167

Appendix D Vibration Terminology.........ccuarermssnrecsnenisennsnenesenss 175



List of Figures

Page

Figure 1.1 Process of vibration signal in maintenance wotk. ......couuunvrecscerss 5
Figure 2.1 Stator of AC induction MotOr .......cccvvuserimsrsesssssissnssmsnssssiseasisnnnns 13
Figure 2.2 picture of vibration analyzer .........ccicemisminninmn. 21
Figure 2.3 measuring points on horizontally mounted machine ........ccooecec... 23
Figure 2.4 measuring points on vertically mounted machine ............ccoessunes 24
Figure 3.1 Basic architecture of an expert SyStem. . ...evceccarensrssssisssisensssiones 40
Figure 3.2 Process of Backward Chaining.......cc.covvinencessiarsecsoncnsiseenissssne. 44
Figure 3.3 Process of Forward Chaiing...........coverieissessssrinnnsisssssnnnanssissns 46
Figure 4.1 Step of vibration signal collection and diagnosis...........ecrsrseerene, 65
Figure 4.2 Design Procedures of the ESMVD.......oovvvmicnss 67
Figure 4.3 Steps of INtErVIEWINE.......ccevunrvessrianiissisimsiinisnssssinnsiissssssnensssisssas 70
Figure 4.4 an example of interactive conversation between

human expert and INEIVIEWET.......ccoieniiiisnisinennnnen. 72
Figure 4.5 Steps of Approaching in Spectrum Analysis.....c.covininniinisreinaee 73
Figure 4.6 Spectrum of bearing lubricant deficiency..........ccoevinvcvrcerireniunnee. 79
Figure 4.7 Spectrum afier greased........c..cooivviminminniiniiiin s i i . 80
Figure 4.8 Object Structure in the LevelS Object.........vmvviininiiiiinninn 81
Figure 4.9 An example of the object structure...........ccocereivrnriinennnnninrerncene. 82
Figure 4.10 rules for misalignment Symptom........coevviiieninrmniinnseneeanen. 83
Figure 4.11 Rule for misalignment with confident factor 100.........cceeenennen. 83

Figure 4.11 Rule for misalignment with confident factor 85..........ccoceeerrvninene. g4



List of Figures (continued)

Figure 4.13 Ruie for misalignment with confident factor 70........cceeveesceninen 84
Figure 4.14 Three main panels of the ESMVD.....ccconienearniiinnnnninininnn, 86
Figure 4.15 Introduction display of ESMVD....cccvvviniicsiissimnnnnssnininn. 87
Figure 4.16 Measurement display of ESMVD....c.cicciiimemsimnnnnisnisissiinenne. 88
Figure 4.17 Inquiry display of ESMVD on time domaif......c.cevevserensissrsesnsee 89
Figure 4.18 Error message of ESMVD ..., 89
Figure 4.19 Velocity inquiry display........couusmmmmmimmiscrensmerinnnisiscnssnssns 90

Figure 4.20 Machine SIS .....co.ceovrsicisisssismserssss s isssssssessassssesssssssesssssssss 91

Figure 4.21 Recommendation for the machine........ocivnnnimnincnnnnncces 92

Figure 4.22 Machine data SCIE N......oiuorrremrreecrerssesimssiiimiinieesinininnsennnnesesses 93
Figure 4.23 Dominant Failure Frequencies..........cuu i 94
Figure 4.241nteractive display in spectrum analysis.........cooeniierseniincnns 95

Figure 4.25 Conclusion screen of SPeCtitMl.....covsesisesssrsesmsssssssssesernonsisssseass 96
Figure 4.26 Agenda list of the ESMVD........c.cnniininimminniniininii 97
Figure 4.27 Interactive SCrECIL ...t s 98

Figure 4.28 Rule number 310 of the ESMVD.......iiivinecnnniiiicnnicnnns 99

Figure 4.29 Interactive SCIEEM......cmmmerriiminretissisminenssenasi sty 100
Figure 4.30 Conclusion SCreeN.....iirivitieiistimenesissassstens s st 101
Figure 5.1 Validation Form for the ESMVD.........cooivcnmincniimnninmonn, 103
Figure 5.2 Data for Validation..........cciiiiimnenmiimee i, 104
Figure 5.3 Validation Procedutes.........ccovieeinieivnnnncsnsnnciccinennnen, 105
Figure 5.4 The inquiry display.......ccummminmsienienconiino. 108

Figure 5.5 Machine Status.......cccoicnmsnmnmemsinsmei st 109

xil



Xiii

List of Figures (continued)

Figure 5.6 ESMVD’s recommendationS... e 110
Figure 5.7 High 1X running speed........coonecicimvimimienmieniinmmeninssn, 117
Figure 5.8 Interactive display in Spectrum Analysis .....coimimiissnisniencnes 118
Figure 5.9 Series of qUEStION....couvmimseisrrerasses bu.ecseunsssrasnrsrssraasassasenspastassasees 119
Figure 5.10 Conclusion from ESMVD..........cccciiimmmcimommsmsii. 120
Figure 5.11 Spectrum after balancing shafl.....c.....ccimnnninininiennnn. 121
Figure 5.12 bearing outer race defect.......ovvmeiemivniiiininiiiriciine 122

Figure 5.13 Flaw on the outer race of the bearing.........cuvenccsiiiinaicccrsnnnnes 122



List of Tables

Page
Table 2.1 Vibration severity from table Bl of [SO 10816.........cecvcevervmrnianniae 27
Table 4.1 Vibration Diagnostic Table for Horizontal Shaft..............cccencunnean. 76
Table 4.2 Vibration Diagnostic Table for Overhung Shaft...........cccccvienricnnnas 77
Table 4.3 Vibration Diagnostic Tabie for Vertical Shaft.......cocecurrvriiinineinnnns 77
Table 5.1 Overall Data for Validation pProCess.......usmicesesnmivisessiesnsseersians 1066
Table 5.2 Historical Record of Overall Value........oocevummisenscicsnsnsieseecsesnnnns 111
Table 5.3 Present Overall Value. ...o.covveieriieciinniiiminniisiesii. 112

Table 5.4 Comparison between the ESMVD’s output and historical records... 113

Table 5.5 comparison between the ESMVD’s output and present data ........... 114



	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Table of Contents

