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KRISADA PHAITHAI : CONSEQUENCE OF FAILURE ANALYSIS DEVELOPMENT
FOR RELIABILITY CENTERED MAINTENANCE. ADVISOR : DR. DUMRONGKIAT
RATANA-AMORNPIN, 65 PP.

This research proposes concepts for consequence of failure analysis (COFA)
for reliability centered maintenance (RCM) by developing 4 traditional classified
consequences and the conclusion of components failure which consists of 4 levels
of detection. The 4 traditional classified consequences are critical components,
potential critical components, economic components and run to failure (RTF)
components. While the conclusion of components failure which consists of 4 levels
of detection are distinguished no detection, visualized detection, device-oriented
detection and real-time detection. By combining these 2 criteria, we finally got 16
categories of consequences, called COFA+. Applying COFA+ is effective for classifying
the consequences of failure analysis to various categories. Moreover its results is
close to the realistic situation especially when the details of failure is high since it
enhanced deterioration details. This, COFA+ is a proactive and appropriate
maintenance operation.

A COFA+ table is also presented in this research for predetermination about
a logical requirement of RCM. Each cell of the matrix represents the type of
maintenance, maintenance tasks and a long-term maintenance plan. In conclusion,
after 6 months of COFA+ deployment, the failure rate was increased from 0.59% to

0.27% . Besides, cost was reduced 93,233 Baht per month.
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Field of Engineering of Technology Advisor’s Signature.......ccccoeoveeeeeinnnnen.
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Functions Functional | Failure Mode Each Failure |Based on the
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anufaudlasgrafuilumsldgunsaitug

3. ANAANAIATBINTTUTENBY

4. ANUAANAIAINUANNINYRIIER

92971 2 ¢ N T =11 §9 T = 22 SrsomiiFemimasiifiensrdeuuunsi (Constant

Failure Rate Region) i1z 118ns1n1sdndadlutnsiay iitusgfunanisldnu uiasiueg
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sniiuly azausgaislududiu suzerfudrfidiniszaud foraasyiliinns
HouanmmeludloTasuestudiu iy snsudfivanislénufiensagyinli idosudviiny
I8l aussauzveaadeseudtudiunalnsieg o1aandeuld uazsauiiedounnsas ma
aautinenaviemslwihveaidotan fenmazduananilwesdasnistadosludsils

LU

W 3: $ran T = 22 fa T = 00 Fanailifeniiriansdnmse (Wear-Out

Region) TuthananiiAidnsinisdadosglaléiintunuudy (Random) uivedianvandng
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AUNUNTUI5e5NY [7]

Falure & ;

Rate, A ‘: .

JUN 2.4 Fraaveensuingeing (ATwW) [7]

2.4 N1591A318HIONT5ATIU (Detection Methodology Analysis)
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arsiazlasuniseenuuutazitluusziiiunsadouiniesdnsiannelngs o LU ield
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2.4.1.3 MIIHASIZANTUNUDY
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VY9I NINAADULTINGINTUUATNI5039988Y (Predictive Testing & Inspection : PT & ) R
nMsnsIRdeUN sauaziieuas gl MunaninsyuuesgUnsaluazauduafiosnin
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2.4.3 Infrared Thermography : IRT

o v A o« ) ! v
LiJumsiJ‘quﬂmﬂhimemamaﬁmmwu Infrared 21AATD1YNTINAIYAINN

wansnsesaamngiiilesan IRT Wumnalavdeilddudaniosdnsdgadfyeginisszyan
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2.4.4 Ultrasonic Noise Detector

Ultrasonic Noise 1iufiugunsaliiannlugiuaniud 20 kHz-100 kHz uag
Heterodyne mmidgsdsagsilyiffufoRauansalduniuasunlasmesdyaiasuniy
Tagmsunsnoonunveades Usingn1s Colona Discharge  WaznsiinANAgedus 1wy
audislouuuondaunay LN tuNMITIANYeaY

v
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Ausdu 3 9 fasioludl
2451 WanSINFUNSANNTOVBILAIDIINT
2.4.5.2 WDNTINFDUANNUDIA1TNADAU

2.4.5.3 WansI9@aUNISNAEaNINYasasaeaatdualsuuau
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2.4.6 n3nIvaeuan undiningunsainanvedszuuAE1LIEANEYAIN

Aogunsailiihainseuudsingludweamesiniwasuseaninimaesssuy

Infhanainanuaunsan1singesne nsesiaaeuan nsliihdssenausmieinaiiagigg

[

J

De

2.4.6.1 |.R. Thermography

2.4.6.2 Insulation Power Factor Testing
2.4.6.3 Insulation Qil Analysis
2.4.6.4. Gas in Oil Analysis

2.4.6.5 Mega Ohm Meter

2.4.6.6 Hi-Potential Testing

2.4.6.7 Airborne Ultrasonic

2.4.6.8 Battery Impedance Test
2.4.6.9 Surge Test

2.4.6.10 Motor Current Signal
2.4.6.11 Very Low Frequency Testing
2.4.6.12 Circuit Breaker Timing Test

2.4.6.13 Circuit Breaker Contact Resistance
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M13719% 2.2 MsUszendldvmalulagn1sngiadu (8]

(%]
14
cC
o
@)
N 2|, -
Technology\Application 5 © 2 9} & & n on
+= (7] (%) £ < = > b} c
o) c b Q © © V2 [J] =
| 8| 8|35 ¢ S| 2| E|l 8
v (G} c o ] X S o a
o= — (7] w + %) w = e -
El S| 82| 2| 3| S| 22
S| e | 2| 5| 8| £ 5| 2| 2| 8| §
a L [a] (U] ac V) > I w ~ ~
Vibration Monitoring/Analysis ° ° ° °
Lubrication, Fuel and Analysis ° ° ° ° °
Wear Particle Analysis ° ° ° °
Bearing Temperature/Analysis ° ° ° °
Performance Monitoring o ° ° ° o °
Ultrasonic Noise Detection ° ° ° ° ° ° ° °
Ultrasonic Flow ° ° ° °
Infrared Themography ° ° ° ° ° ° ° ° ° °
Non-Detructive Testing (Thickness) ° ° )
Visual Inspection ° ° ° ° ° ° ° ] ° ° °
Insulation Resistance ° ° ° ° °
Motor Current Signature Analysis °
Motor Circuit Analysis ° ° °
Polarization Index ° ° °
Electrical Monitoring ° °

nsnsivaeuamdliindudsddgluniswisudoyaienisnsradeuuasidile
ATty nsWendeninumuniugs waliauna nisideNanInveRUI
AIM13199 2.2 Wesanaudadesnsliindudnnuiiulalivesdnnisiadesnaid

Alddea ingtasiuanulasniowag InInsausuu (8]

2.5 msAnaanUssinnmsungeinm

Gang Niu; Bo-Suk Yang; and Michael Pecht [9] n@13731 N15908U139811150KUS
oonld 2 Ussuanmdn fagudt 2.5 1éun

1. MsgeuUn3a Nty (Corrective Maintenance)

2. msgauvigudatdestu (Preventive Maintenance)
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2.5.1 Msgeutnjugunly
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q
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q 9
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2.5.2_mM3geuradisleiu
fio mythgednwifinsimualidssimsonuinasiiidimualy iean
anuazfuresnisiiansdades viensdenaninueaaiosing mstentizsinuign
wuseanilu 2 viln fie
2.5.2.1 mMssainwuszegial (Time Based Maintenance : TBM)

2.5.2.2 m3tseinwmuanin (Condition Based Maintenance : CBM)

AREVRESHIITY
AREVRESHIIY AU
WBaunle \Wedaanu
AU RERVRESHIITY
MINANTN RFGETTRRY

UM 2.5 Uszianmisingeasnu [9]

2.5.2.1 n157auU99UIYELIAN

Junstmuenisdeniigslagliiinigia wiensadulagfivsuen
W9F8Y 115999151901 59UUN398111 508198917 NTILNN3911971 FIUIUASTY TIUI

seaEyg (Alawms)
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2.5.2.2 N159auU139UANN
Junsdeutnunudnmaeasosdnsildainnisnsiaaeuanin
YIPUAIU LNDIATIEY LAZAIANISA] NISLEBNANINVDILATDIINTLNDLINITINIBEUNS

Uryssnwiesesdnsduliedagnies [9]
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Urgednwanuaninle
el ?

#3190

- Potential Critical
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lowsolal 2

S2YITEIAT
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JUN 2.6 M3tdonlusunsunisurzesne [6]

| a v
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Y

=

Wrlagafudsnisifendsziannisungesneyl deazaiusnesuielaainsiuaviden
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VIOUNUITUNITATIIABUANIN 010oU1 bividngriniuusnie aunsaungesneniy
szegnanldnieli dmeuinld Tivhnisinueszeznainsthgeinufmanzay dneudn
lsi asdrgennudt 2 Aerfutudu Potential Critical vl dmouiilelsfasandiannsa
AuAudadedlavseld alaliminisimuaszesiaainisiigsnwiaineuiildlimionis
oonuuUlmiviosousumiudes dond 3 dwnnlalledudau Potential Critical Aeidu
fudau Critical Tovdolsl dlaliuszidivergnisldnurestudiudugiiemuunununs
thgssnunsdsuiudiu dmeui llldliihnseenuuulnivieseusurnudss fudle

XY A A @ & . A - 2 . =
D9ANONNUTUFIUNLINRDUUILLUUTUAIUN Economic bazdudluuszenn Run to Failure %4

Wainn1sUnvesazlidinananinudntes [6]
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2.6 AYULATDIINT

-

Wusiindanasasvingn A 1399UseanSnalagsiuvaunsasdnsvaesieaiuly
srwazidundsiinvidesMiduesAusenavvesnuiinariu Fedrulug Judvidnuansniny
NIDUBATAINUUILTDNDVDILATBIINTUU

26.1 1NaLRAysERINeNsTates (Mean Time Between Failure : MTBF)

MTBF (Jusiifiuansdennuunietioveiniosing iunsfsaadenisiiu
wisesdnsliuuilslagldfinnsneadenazidunmsiuinaindeyaiigniesainiuseifdoya
Y9A3893NT MEN15TUANUTEI1IU Tnsundsdayanieg ves MTBF  launainusednnis

WULATEY N15TATR9 nsildsuaylva [10]

nanAwA3eIdns
MTBF = 2.1)

FIUIUASITLATDIINTIAVBY

2.6.2 9m51n115UnU84 (Failure Rate : FR (%))

v
% (9 a (%

Tnemalunisinanuungeiievesasesdnsaelddainiisondn dnsns
Tndosvos¥udruluvignniinisldiasesdnsinaluladgeiuazdanisdeyaveidnsinis
deomelududiunuaunisn 2.2 uaz 3.3 Auaninisiadasinmsdadeduguivesidusinis

YAVDIDININUIUTUIUIMAADU FR (%) 1130910 IUNNTIAVBITENINNTIN@YI194 FRN) [2]

1
FR(%) = —— X100 (2.2)
MTBF
1
FRIN) = —— (2.3)
MTBF

2.7 9NN IV9

Gino Dini [6] liinn1sAinwfian1sinauaunistenin§esseeend dnsuinsesdsey

9
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Inifaausuy Mmensuigssnwvuiiugiuanuinweie Wesnnsesusealiihsuwuuiug
51A18939R8n15IAATR AUk TiaunSeumunsidnuIInigaielviinaudule

o 9 Y =% v a o o & A A & a1 ad
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Fremdnms FMEA 91ntius whefiauuansdsiuauddey (Risk Priority Number : RPN)
unfuffvuaisnaissdnvidaesfuawaainnsidonuitdnsnisiatesanadlag
\3es MC1 anasanidu Sevas 5.68 1A3es MC2 anasAnidudesas 9.56 1a3es MC3 Anidu
Yovay 4.47 uazdnsanunieunsltauveaaiosdns ides MC1 iiududesas 80.28
\ses MC2 wiindufenay 79.54 1aes MC3 Wimdudesay 80.53 91n38nsAnidennns
tssdnwagiiuldinfianuuandiain 3l 7l uagdauniung ansudends Ald M
Selection Tree lnenduunugiinisindula wafivweg uialvsviag; uasdszasu ndendng 19
foyansadiniduiniosdionisidoniBnsdontiiesd1sdsann Bathtub Curve Jeyns aunm
nduumldnanlily nsasinmsnszasuindmszuasndeti 20 atufl 1 ua -y, 2553
Torauauurdmiunuitefonisimuamstigsinuandaaenisadituenaasliaenndos
fusnunzvestudluedosinstiimstissnvnugilefidmunly
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