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ABSTRACT

This thesis presents an improvement of inspection maintenance actions to
reduce common cause failures of k-out-of-n redundant structures for increasing the
reliability and availability of a combined cycle power plant. Based on failure modes
and effects analysis (FMEA) as well as fault tree analysis (FTA) of the studied power
plant, two improved maintenance schemes in 2003 and 1oo2 architectures are
proposed. In order to obtain common-cause avoidance, both proposed maintenance
schemes are based on the methods to reduce common stress, to apply diversity,
and to ruggedize the design for high strength. The first scheme improves the repair
procedures of EG4-RLK transformer isolated amplifiers connected in 2003 voting
configuration, which are employed in the gas-turbine air-purge system. The latter
improves the replacement procedures of Hall-effect sensors utilized in the generator
excitation that uses redundant programmable logic controllers (PLCs) in 1002 voting
configuration. In addition, the FTA-based reliability modeling of two interested voting
configurations is performed to verify the effectiveness of the proposed maintenance
improvement. From the results of Fuel-Switch-Over (FSWO) and Fuel-Switch-Back
(FSWB) tests for the gas turbine in B.E. 2559 - 2560 show that the improved

maintenance tasks can increase the pass rate from 55% to 75%.
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Anandaymnisveaauseuy (Trip) Uooass drnsulselningidne wuinadalud wa. 2556-
2558 wadgalunsmageulumsidsudomdwonaiosiiialiieiatwiuieiiuesidude
110 [1] Lﬁaqmmﬂmiv‘hmuﬁumqﬂmaiﬁﬂmwmmLLazsffumausLuﬂﬁmuau Felainsdnen
Aeafugunsaiilonainauiawainsanvesssuy Excitation daduszuundnlunszuiunis
naa i Tunsfnwlsdinisieseiameuasinunaiuaumad (Failure Modes and Effects

Analysis: FMEA) wagn15itasizsinuliiuiemnuiianses (Fault Tree Analysis: FTA) unldidu



wsesdlolunsiiasendymniniu weanauranain lun1sinuvesasesdnsiazaunsal
wagvibissuuiianudeteuntu Inen1suiulumsungesnwvennIesinsuazgunsal

1.2 Anugananenazinguszasnvasingdnug

1.2.1 Wedsuusinsinseinwvesgunsallulsslihlvlianudniennniu lnensanaiiy
auwaTINAUYeseeAUsEnau k-out-of-n Tulpssasisyaszuudises

1.2.2 weanunsauseliugusuvasuinsvihanuresasasdnsiazaunsallagldnisinsen
A1 aElNUAAUAUYAY

1.2.3 \ieainsuuinassieananuiansaswadgunial lagldnisiiasienauliivieninuiia
N384

1.2.4 weiwugunsaingradunszualianunsaiaulaay laen1sfinwiwaznisusuls
MINNULTBATULRIATIITUNTEUAKUUERRA (Hall Effect Sensor) NidA1uly wazdl
ANANULIUENGININVBLAY

1.3 yuafAantdlunisusulenisunsednennidiaus

msUulsinsthssnvinuuenaaeuitiauslivguives FMEA Tunmsiasizsianing
uaylnunnuduivaenaiosdnsuaraunal uduisnsnieianmnsothuldnunusnugey
thgsdnwuedosdnsliiiussavsnimanntu Tasn1ssausiuadivensdosin suazgunsaifivhann
AANAINAUTEUUNYATINY N135eulynnvednsviinuiianan nsdumanuveslamnl uas
nsagUuumImsuilaiensuiusauileannsifataymen venainidslinisiinmevideds
FTA Tumsiinsgimauunfiuiasavestlym wetielinuihseinviedesinsuazgunsal &
miﬁmLLazmﬁLﬂiﬂzﬁmamqmmﬂsﬁu Tnefinsiinnesiludsdnvesiymareliuenfiudgmi
douaguiodshifniu Fuduninfiuanuindefiovessruuaniu mamdndesnuduman
Sfuiamnsaanlduiuussnmsthgednvissuundy 3 33 fe

1. M3aAANUAUYDIRUNTAITINAY (Reduce Common Stress: RS)

2. msihgunsalinldedraainuans (Apply Diversity: AD)

3, msaaﬂquszuuvﬁaqﬂﬂsaiﬁﬁﬂszﬁw%mwgﬂ (Ruggedize the Design for High

Strength: HS)



1.4 YBUWIAVDIINYITNUS

NI uN15USUUTINITUN T NBILUUATIIEDU LiloanAuaLmaITINAUTeY
L3 ¥ o Y o = g dl g

aerUsenaulu kout-of-n 1AssaiaveynsruUd1ses lvinsAnwikasysulsunsesdnsuas
aunsallulsdlih 2 guuuy sUsuu? 1 lumsuiudgeguuuunsdennuuln nsusudsanig
FaukazN1InIIvdeUNauIsadanalaliogUnsaluuriaulunssuiunisndnase launs
autiunisivaunsel 2 willa A Air  Purge  Valve  uwazni1savenedayaynnigy EG4-RLK
(Transformer Isolated Amplifier) lugUuuun1sas@Ansviuvesgunsaiann 2 lu 3 (2003)
aruluguuunluguuuuit 2 1Wunsusudaansfsusueesuuugeadvasgunininsiadunseua
= 1 dll o A v Ha ° o a =
dluszuunsgiuuasnasoniilialui lneszuunseauiiinisdsenasoanIuAulnssned
annsalusunsulalusdiuunisasinisinnuesgunsalann 1 lu 2 (1oo2) M181489nad#
n1siuRanaInvasgUnsaliIniige Fulin1silasuisueasnsisdunseiawuugeas taglavin
msvaaestuies Lab uazaauiasedaduannedilssifuniowdnlni Wefianuwanis
AU 2 JULUU waMvualiunUAsIaaeutlesnm lagsuiuud 1 Avualidinis
NAguU Air Purge Valve Uizﬁ]"Mﬂ"ﬁJu Wenunadadandnaniunisuily wag Transformer
solated Amplifier ¥n939974 Shutdown §ULUUT 2 MuualviinsmaaeuwULesATIITY

N3ZUaNNY Shutdown lenufafiunsisuuasaaoud
1.5 518AZ28AVIIIMNLITNUS

Tunuideiilunisusulynasesdnsuas aunsaiivinauRanaislulssiuimdanuiou
571 NilnansynunensEuIuNSHaRlNTN eanANANmaITINAUYRIeIAUSE DUl k-out-of-

n lassaisveyasyuudises lnelisiuazidenvaing inusaall

unil 1 nandsnnuduinwasaneddglunsiinedinuslaefnn ity iifinansenu
sonisuanlnindundn Anuyoneuazinguszasruasnsang Wunisussyndld FMEA uas
FTA snuAtymifianuhanfuiviligunsalinuianatn Tagveulvnvesinuidsidunis
TJ%J‘UU%:QLﬂ%laﬂ5ﬂ’§LLazE}Uﬂ’§ﬂﬂuIi\‘11Wﬂ’l 2 guiuy Imagmwuﬁ 1 lunsusulssguuuunisgen
wuulval nMsUsuURnIstesLarMImTdeufiaansniaralfidegunsaiturinulunssuiuns
HAR939 Iaensaniiunisivgunsal 2 ¥ila Ae Air Purge Valve Uag Transformer Isolated
Amplifier luguuuu?l 2 1unsufuussmaasuesuse suuuseaduesgunsaingadunszia
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U =

Idluszuunseduvaansoanuilalnii lneszuunseAuiiin1sd1509A309AUANTINTINET
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aunsaluswnsule



P ad v 2 a = = a

Nl 2 Nufinentes Beesuneiwanisinwivesnssuiunsnannseualuivedssli
nFaruTauTInlagiIN1sUTUUTLAEINUNYINUYeIRUN TalLaLLATEIIN SNV URANAA
UV ASEUUNEAYINNU ANaNTENUADANINAMUNTBUNTITIU WaTAUUILYRNDVBITTUES
FrefdalnivesUseng Nilddmansenuieanuingetelunsiiuesoiwazelananves
15alnii lnenmssiunudeyavesgunsnliuazinsesdnsiviuianain Mdadululsaliidaust
W.A. 2550 - 2558 WuIThuga Y w.e. 2556 - 2558 Lsalnlidiadnuaumaslunisiiuesedann
n1sden1svesmstiiihendauislseinalneunniign aan 2 nsdl Ae nsdlfl 1 n1sdenslv
Waguwaindwesasaanuialnirvdadsiufine wagnitliil 2 AnuianainvesgunInives
szuundaliin ivimdifsgliiansewanssliiu Rotor @3 Generator 138031 Excitation
System N@AANTVINUEANG1AVBAATRIINTHAEAUNTAL @13150LENg Ul N1TIATIERaImE
uarlvupANuauaINAnTuiuATesINs (FMEA) Weruyngunsainiinaliinudumad lngh
38115 FMEA 1JudSmsundaymeeralussuu (Systematic Method) fidumeulunisiasieins
anvaLiaseveadym (Root Cause) Anudlunisiialayyainanvawmaitu wazlonianay

L S Ao v & Y v oA 9 v o Y

wualayyinatusiunaliadutunoundaaulang FMEA ssgauiuninstiiiiuisnudnyuey
YaIANLdee viseannaztiludaudennenondauiinfy (Potential Failure Mode) 8u
1891131NNNTBBNIUY NISHEAR Y1TON1TUINTT ANTUIRLAATIEINANTENUVBIAILLEL LT

] a X 2 Y & A o ! aa ) a = Ql'
A1IMI1ENAYY (Effects Analysis) LLazqmmamwauﬂﬂqmimaﬁf]mﬂumimmm’]maamw
AIAI198ARTU (Problems  Prevention) kan1sas1auuuinges ieandernnainvratgunsol
maurunmauld (FTA) 1Wuisnslesgitgmandiuuuasiugamavestdam FTA azsilud
Hrglunisuanstymiluszuundudou 1Uuisnsildsiunuauianainnie 9 alduannnli
a = [ ! A a v [y a v ¢ <
Andann easuanaludiuyesssuuingatesiuauianan nadnsves FTA asduwnunin
fsusammuan1salninliszuuinmnudenain aunsaldiduionalsilduaninisinauves
szuunmgldmnuAanainng o wasduenasidanudnduluniswaniseazidenanuiey

WALNITIATIEALUTZUY

5UUd1589 (Redundant ~ System) lun1se8nLUUIEULBAAAME U9
Aana1nvetgunsal Llunsiiaaunienldau wazmiunudeievesssuu laegunsal

anunsavirnuwnunulalunsaingllasndslasuanuidsnne

12 (% (%
a |

55UV k-out-of-n MuNeie HiiTudIu k FIudau (210 n Fudiu) @amnsavheuls ssuuiay
maulaiud Tassasds k-out-of-n ﬁamiﬁmumﬁﬂﬁmﬁﬂqmﬁﬁaqﬁﬁﬁ@ﬁq@ Tuszuuay
HANAIREAAINNTTY svuudsoanaiarldsunansenuundmnmsianseu msvwideu n3e
Hadomedudawinden Wy anwenia dygrasuniumaindnlii wazanmaudeu T

anun13aiase  gunsalaesi wseuNnINllusEUL kout-of-n ®1RUMATLBIINANY



Fenfu Vinlvieraniidefiefvhldlummguivesssuumaniensanas sUiuy kout-ofn 1y
sUuuuilFFumssensuetenarsesyavinnudses Tussuunistestuanuiianaialunns
v fegluaniuzvssanufionain sUuuuivszneudedutsenou n dilifies k mavhau
e udisavesszuy

ALRANEIATIY (Comnmon Cause Failure: CCF) umillduansaniufinnainsiuiu
vosgUnsal damvszneu vieszuuiiininnimileyn fevhadunihifeunierausuiu
Wy syuuisdeifidaurhnudises annsadumgliiAaansianatavats 9 suuuuludiu
syuudseamantiy datudiulsrneurietudiufindronasiuunsdiunie svusludiussuy
ﬁﬁawsgﬂmaﬂswumﬂmmﬁmwmmLmdwﬁiul,aa%ﬁmﬁ’u Lﬁaamﬂlumﬁamﬁ’jﬂmﬂmgqUﬂsai

wanuazgunsaldrseazgninnsluaninwindesiieiuvielugiieiu

wAtiAN15UTUUTegURUUNM Yo tavnsidguaunsaiiiaanaAiaaumalsin (Common
Cause Failure) fiudl 3 38 fa 1. M3anAUAUYaRUNIAlsINAY 2. nMsihgunsaluldee

VIAINTANY 3. N1TRONHUUTTUUNTRRUNTANIIUTSEANSA NG

LHLUNIIRTIAaR LAz Fesnwnlselih msiruanut1sesnwiananailes (Manual)
voaednsdnsuazgunani Tneld Software lunisiarigasmnmmngaulunisinudigeinm
\3etloaiiu 15091 Preventive Maintenance (PM) uazifuipdesiiolunisudsdenniesdnvio
gunsailFsUAMMABMY 15nd1 Corrective Maintenance (CM) waglilusunsuifuiaiailo
lun1sAumezlvd  (Spare  Part) lusugeunazaiuuizesny  nmsdanisninddunsnds

(Inventory Management)

LHUITUNNTATI9d0ULAETN393N11LAT0aNT NIAIMUAIIUATIRABULALTITa Y
\w30edns Faduedesdnmdniifinuddlunszuiunisannseualndi Tnefinnsanaindalug
MSLALLASes (Number of Operating Hours) 938fiuduinvensiiaman1sel (Number of
Events Taking Place During the Operation) 11 N15i3uiAuTauA30IdnT (Starts) NINEALAY
wdeadnsuwuuriufivila (Trips) war n1sUanlnanesnainszuu Load Rejections udu lng
Wua3asilefiiSendt ODC (Operating Data Counter Linear + Elliptical) n15AuAKLANS
2980y (Inspection Plan) Tumsthgadnwieadesinsvdn fiflanuddnlunszuiuniuae
nszualnivedseluiinimundu A-inspection %38 B-Inspection 138n11 Minor Overhaul
%39 Visual Inspection way C-Inspection 158n191 Major Overhaul %3@ Hot-Gas-Path

Inspection

uni 3 MsuTulzImstsesnviuuaTsaeuidlaue MsUTulsuasesdnsuazgunsal
Tulsslviihuiadu 2 Uuuu eeguuuud 1 0unmsusulsegduuunsdenvesgunsel 2 4ila fe



Air Purge Valve wag Transformer Isolated Amplifier gULLUUﬁ 2 msﬂ%’wqﬂmaﬂmﬂ?{au
iwuesuUUeead (Hall Effect Sensor) wagunsalnsiadunszuavesiadosmuaudanssnsd
anusalusunauld (PLO) Taevia 2 guuuuldAnwmdnnsvineu Bnsudle unuautigene
Y99 Air Purge Valve waznisnvensdeyeyiaigu EGA-RLK uag PLC Excitation wazld FMEA 1Ju
naflelunisieseiauiasfuiifinaliafesinsudegunsaivaulsidnsa aandurnig
USuugsgunsalusiazyiin viinisnaaeundinnuiuuss nudeya dndnldeuluaniizase i
NadNETlFIUTsUTBUFULUUNUI T3 ILU UL

undl 4 uuuiiassmnuBeiielny FTA veamadiafiiiiaus JULUUA 1 MsUuUgeay
Sumavesszuundnlii veandesiudaliiedefeiuiedeinsadudomads  n1sadhs
WUUTa09U8952UU FSWORFSWB 1a83s FTA a1unsasuunidu Electrical System Failure,
Control& Instrument System Failure, Mechanical System Failure, Operation Failure Husu
E‘ULL‘U‘U'ﬁI 2 N3U5UUTINIanANARNAIYe9UNIalvaITsURAA AN N19a59uUUTNa0I04
AMURANAINTINTZUU Excitation  1neAd FTA aunsadiwunidu Excitation  Transformer,
Thyristor, PLC Excitation, Conduction Monitoring Sensor, Excitation Control, Air condition
Jusu nsihdeyaneadaiieeiiamnnissitazaianihagduiigunsalaziauiawainun
Suunlunsagideoves FTA aunsofiastevssdunudenirsdlusuianld uonainduanuisa
fvuamsnauslunsivdsugunsalifleannisiauiinnaiave sszuy Msfvuaszeziiatiy
nsd1seserlng (Spare  Part) anmnandsslunisuiauaaueziadises annisiiverlnaild
$udu uazsuyulunisdrseseyinanddlalda

U 5 asunan1saiiiueu 21nnsAnwInudndl 3 nsaiinld Air Purge Valve uag

Transformer Isolated Amplifier ¥nauRanann

1. Ball valve Juafiu 91nn15 Condensate T35UUv8A Air Purge Valve ﬁaﬂﬁg\‘iagﬂu
Hatuflszivildhitandeifisuiundissnmdu vildeidans Condensate Fefitudnluly
peRil

2. madenld¥an (Material) lwnganfunislien andymidwuindnsdsuusiu
(Gasket) ﬁLﬂui’a@ Graphite + PTFE I@aqmmﬁﬁuaaﬁ’aﬂﬁmmmmmm%’ausum 2 il
uansnsy Sanfilu Graphite anansavusiogamgianuiould 1,078 ssrwaidea wag FTFE
annsanusegamnglinudeuld 260 ssrnwaldea villziu PTFE avate iiadutosing

(Gap) fivii Flange



3. Transformer Isolated Amplifier 1d8 gunsaldlugidudiannsetndidleldnudusses
a1y gunsalwanlidu part 69 9 Ul Electronics Cards flagyinauianaln 39018ve9
gunsaiddnvseindiindengnisldiuussuna 25,000 9alus vioUszanu 3 Y

91nNsUTUUTIgULUUNMSouvasgUnTel 2 %ﬁmiugmwuﬁ 1 fi® Air Purge Valve uag
Transformer Isolated Amplifier TuzUuuy 2003 TNHATEINMIVIAFBUNTASUTBLIA DY
frg vt msthgeinwihiauetieifindnswaduitlunsaduidemads 91n 55% 1ud we.
2559 18u 75% ud w.A. 2560 nISAMUANITNIA#EU Air Purge Valve niu a1u130anAdy
odlumsvhauiiemaiavesndtsiifuaiesnd ewminnmeasuneutelimuymuas
ansaunlulaviuviaed annsgaderdsuanmshauiianainvesgunsalauinlissuungn
1159197 (Shutdown)  wazidunisiinauundefio (Reliability)  wosszuulsiiulselniia
aansanevaueImsdInsanmsiiidendnuiasemealneld (EGAT) uazdmiusuuuud 2
msﬂ%’wqamuﬂ%uqﬂnszﬁmmLﬂ%ﬂﬂ%@yL%amiﬂzﬁamﬁaiﬂ'sl,mulé’ TusUwuy 1oo2 %
dumnnideessruuiuduiuuslasimadusrezna 2 U Smavesnsfulsasuees
P3ITTUNTLUANUUBBAE Haud W.a. 2559-2561 Selainunruduviaivesgunsaivae sl
Furseaannszualnih
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2.1 a1

v ! '
av A = a

TusAdeililumsAnwmnsguaunsudnnszualnihveslseduiensusuinluegsiend

TMAwAnReAN 1,468 MW Iagvin1susudsuneatunisinauvesgunsaliazin3esdnsi

a [

MINUEANIA IUYIIATTUUNGATINIIY  BINANTENURBANINAIUNTRUNITITNY  wazady
Ydefe  veesruvaIIendslniivesUsswme Maldidemansenunanlinudtdeiolunis
a d' % [ aa v L4 dl' % d' o a

wuasee wazsglandnvaalsadnil anafifdeyavesguninivariaIesdnsiviiuianain
(Equipment Failure) aansathuninsizilasld FMEA wag FTA Wwaseadlelunisimsiei

1 [~4 n‘n:{'al Y o () <@ o £ [y} 1 o

Az luvesgUnsaindnalivinnuladdnsa wazarunsatunldusuusluaugautng
WUULAY 71158037 Inspection Plan %30 IP lagdl 3 35 fle 1. N15anAuLAUYasUnTalsIail
(Reduce Common Stress: RS) 2. n1sungunsalunldagnavainuaie (Apply Diversity: AD) 3.
NN3PONWUUTTUUYIRRUNTAINNUTEANEAMES (Ruggedize the Design for High Strength: HS)

\easANunWeiioressEuy anmNiaNaInsINTesgUNIal wazann1sgadeseldvanves
159l

2.2 M15ATIzRAMLdLalveslss Wi idunsaifnen

¢ ¢l \ a PP ° v

31NNSANwINENITUNTINANITENUABNTEUIUNITHANNTE WA TN Nllnavilviniglseluil
godesglaannnisuielndin (Energy Payment) wazAImuniaunIsiiiunIes (Availability
Payment) I1ngn1557uU5utayavesunsalnazinsodnsivinudanatn Aiedululssldi
AIweT WA, 2550 - 2558 [1]warnwuintueaa U w.a. 2556 - 2558 Tsaludniimnuduadlunis
a A ) | a ' a N A A
PuAseeaINNsdINTsveInsiniindhendauvisdsemalnesnniign 90 2 nsdl Ao NN 1 NS
A9n15hAs UL BINAIRAT N Ea LW dafuR1e Tnen1sUasulotnadanL I oL nas

v Y 6V a « dy a o 1% 9; v a a 1 . al 1 1

nanmeiesTTu@ Wudendsdisesiisuniufiea 159011 Fuel Switch Over 13ungas 11
FSWO 1azn15iUasudimnadsdnsosmieuisiumeandutJuiomwaandnaie Aesssuu@n1uwmu
158031 Fuel Switch Back t38ngio ¢ 31 FSWB



Fuel Gas

Fuel Oil

OR

Air intake

AND

Gas turbine

Generator

—

|

Heat Recovery

Steam Generator

(HRSG)

|

Switchyard
Grid

Steam turbine

Generator

—

JUT 2.1 udenlnesunsu Fuel Oil and Fuel Gas vaua3asfndalnihuiafsiufing

wazNIai 2 AnuRAnaIAvesgUnsalvasssuuNaalni fvimhiaielnianssuansaliiu

Rotor U84 Generator 138711 Excitation System

9NN 1 Foganisvin FSWORFSWB vedlsaluidin Tutiast wa. 2550 - 2558 §1uaun1s
damsanmslinihdendaussusemealng sauau 50 ASs Ussaveadnsa 33 ase lausea

nad5e 17 Asa

A9 2.1 Uoyan13v1 FSWORFSWB yaapspsrilalnieiafetule @ w.e. 2550-2558)

LS 09 ITU AN Srnumsdansedy) | vhaoudisaesa) Maudsa%)
wihed 11 14 7 50.00%
whed 12 13 6 46.15%
wihed 21 11 8 72.73%
wihed 22 12 12 100%

593 50 33 66%




N5 LENIUTEIRNI5H1 FSWO&FSWB

60
50
50
40
30 50.00%
46.15%

20 14 13 1 . 12 12
* Iz la Em HE
. s I O

Unit 11 Unit 12 Unit 21 Unit 22 Total

I DI# FSWORFSWB ~ BEEE Success == 9%Success

%

120.00%

100.00%

80.00%

60.00%

40.00%

20.00%

0.00%

10

g‘l.l‘ﬁ 2.2 nsluseianisdanisues Fuel Switch Over and Fuel Switch Back (FSWOR&FSWB)

LANKIIAWNANTTINURANAYRIRUNTA] NiNavinls
Roulvurasn13yin FSWORFSWB ¢4l

nruaANUAIMTIIURaUnfAvasgunsal

Electrical latching module
Positioner IP Bypass Control valve
Operated

Adjust proximity switch

SEV Combustor

I/P converter malfunction
Solenoid valve

EV Pilot contorl valve

Flame off from lean combusion

Air purge valve

UM 2.3 N9 IN15UANKABIQUN T URAUNARINNSYIT FSWORFSWB

o

[y

N

w

H

(6]

[¢)]
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VBUAN

NI 2 ANURANAInvedgUnIalvassEuUNEnlndi Excitation System nafifves

'
a

Y

gunsaliauiianatn aunsadwunlanunsem 2.2

A15199 2.2 a'lLWJﬂ’J’]ﬂJﬁmwmmaﬂqﬂﬂia}uaﬁwu Excitation System

Twweul | wneavautey svagunIal ANYULAUNANAN

8 Lweu WO-1834233 21-22MKB40 w3esUSunsuaad Ul du

2560 nIzuans (Rectifier) Yl 1
WNaviuRanain lag
gUNINTINTUNTEUA
(Conduction Monitoring
Sensor) Melulsvinau

1 Qmmﬁuﬁ WO-1815929 21-11CUA NISUIOURANAA Lﬂja\ﬁﬂﬂ

2560 Linswasldnudunauy
DUAAING

25 uAY WO-1806587 21-11CUA nlowUasividnsuleau

2559 YDITEUULENAINLAZUAAIN
imauseu (Heater) (e

3 fanmu 2559 | WO-1787646 | 21-12MKB43CPO01 | uaiunses (Filter) @nusnain
NalUS90U (> max1 alarm)

20 AUENEUY WO-1785450 21-28CUA gUnInlnTINTUNTEUA

2559 (Conduction Monitoring
Sensor) Melulsvingu

3 @A WO-1774396 21-12MKB43CP001 | taunsos (Filter) @andsnann

2559 RaLUS90U (> max1 alarm)

9 ﬁq‘mau WO-1763697 21-18MKB30 3¥UU Excitation Circuit

2559 Breaker $i{gyunlaianunsa
“Closed” lunausn ol
15 Reset ManeASs

23 Qmmﬁuﬁ WO-1736773 21-12MKB43CP001 | wHunsas (Filter) @nysnann

2559

MaUSI01U (> max1 alarm)




A1519% 2.2 (519)

12

Twweud | wneavute svgunInl ANYULAUNANAN
16 5uAY WO-1721761 21-12MKB43CP001 | WHunsas (Filter) andsn
2558 INNILLUTINU (> max]
alarm)

2 AUg8U WO-1698548 21-11MKB40 Yauannaliaiunsasiuan

2558 ¢ iilesnndsnuslyl
TaLau

23 9AAu WO-1696733 21-28MKB30 \3asUTunszuaaduli iy

2558 NIzWeanse (Rectifier) sqﬂﬁ
4 \AaynauRanain lny
gunsalngIaTUNTELA
(Conduction Monitoring
Sensor) ngluldvinau

17 s WO-1694973 21-12MKB40 PLC Excitation ¥afl 2 ngn

2558 #197u91n CPU Cards

12 n3ngAu WO-1687072 21-12MKBA3CP0O01 | Waiunsas (Filter) anusn

2558 NNILUTIU (> maxl
alarm)

13 figuieu WO-1680208 21-21MKBA3CP001 | uHunsas (Filter) @nusn

2558 PMNNUTIOU (> maxl
alarm)

8 WuN1AN WO-1671060 21-28MKBA43CP001 | Waunsad (Filter) anusn

2558 INNIUUTI0U (> maxl
alarm)

3 NUANUS WO-1651045 | 21-18MKBA3AH001 | hin$aannandaves Slip

2558 ring air moistener

13 unsAY WO-1647314 21-18MKB43CP001 | taunsas (Filter) andsn

2558 NNIUTIAIU (> maxl

alarm)




13

A1519% 2.2 (519)

Tuiweud | vunelavnugeu svagunInl ANYULAUNANAN
13 un31Au WO-1647314 21-18MKBA43CP0O01 | Ueiunses (Filter) anusnannes
2558 wUs987U (> max1 alarm)
21 n3NHIAY WO-1606337 21-21/22CUA GT21&22 PLC ¥8338UU
2557 Excitation #gAn15¥i1a1u

999N srUUUSUDINALEY
ANuSouNeluiaaily PLC

AT
23 fiuney - 21-11CUA WEMTHART 11 vgnyinany
2557 (Tripped) WWasa1Aszuy PLC

Excitation Laivi19ums 2 yn
(ANLATBIUSUBINALAY)

30 Sunay . 21-12CUA PLC Excitation 4ail 1 1ga
2556 #191u37n CPU Cards

15 NUANTUS - 21-21CUA FDUANINITINIUTRINT
2555 aLmas (Thyristor) 1&e

2 quATUS z 21-28CUA PLC Excitation 47l 1 %gn
2554 197U 970 CPU Cards

8 fiugneu 3 21-18CUA idesUSunsuaad Ul Iy
2552 NIZUANTY (Rectifier) qu‘/“i 1

auiianain lnggunsel
1nsesa(Conduction

Monitoring Sensor)livinanu

N9URANaIn MSegUnTalinURAUNRAYeITEUY Excitation  NidlnavinlvinszuIung
Han i meavinau (Trip) waztudyaaudasiou (Alarm) n1sviuiaUnfvesgunsaiung
YRANTNARBNITINTUNENUDITLUU Excitation lawA Diff Filter Brush Gear, Transformer

Failure, Universal Operation Panel Dudu
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Type of Failure

12 43% 50%
T 10 : 35%
£ 3%
E 8 30%
3 3 i
g 2 5%
5 0 0%
2
E &

z &°
&
&

60

0’(‘

Type of Failure

JUN 2.4 nswinswanuasesgunsalminuRaUnAvesssuy Excitation

2.3 AIFAATIAEUNALA INUAAIINAUNAIUBENANTENUNAATUAULATDIINS

(Failure Modes and Effects Analysis for Machine)
2.3.1 FMEA fazls

FMEA ge3191n#131 Failure Mode and Effect Analysis 3sdnazudalildainumuned
dlaldieutadn ' mslinseiensfiiaundasnansenuiinnuan” (4] TnefiiSns FMEA
Fuignsuidamegnaduszuu (Systematic Method) wns1¥3195m15 FMEA  aedidumenluy
s AT IzRtenfiuaTsvesaning (Root Cause) Arsitumsifnvesaivamaity waglena
fagnumoamuatuslidfutuneuiidaiau fafufiinssiasdasinudunouisagld
uadwsiideans lutlagtuiinanequidnldimanms FMEA  Tldlun1sU3uussiBnisiney

Ol N1TODALUU NISNEAR  LazN1TUINIS L‘fluéfu

FMEA  faslunistiiiiudedemn (dentification) wagnstestulgmiteniiezifatu
(Potential Problems) Ingengangrernisiinaund (Failure Modes) fiasiintuluszuuanuy
Fuinfisanuasindensesiaduduney efnwuumsunisaneanitsduiioy
Aedamilidesas Inefidamviserudssiinainasinduiu 9199 amn lfnanedsg Ui
2.5
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Wnsguvesingauliaiaue SUNSIBINNIST Y

) A4 A o a wa i
AULUTNUYDILATDINDIA LLNU‘U{]‘UGNWUINW

AULEEY RISK

oA A = o
AHUUNYBDODVBDILAIBDIVNT

UgymueanssuiunIsuae

'
[y A

AnANUHENazdemLRulY

Bnsvihaulaleunsgiu

JUN 2.5 amnvesmnadeslunisvie

wann1s FMEA [4] legniaunlaeniissnueiniaeiuniamisvedansgoisni (aun
nasveINIA nowin3oasAnts NASA) faudnmssudl 60 (szwing a.e. 1960 - 1970) 9ntulé
finsUsegndiinig FMEA TUSsuidminansosuiduinvesansgeninuazaadlan léun Ford
GM wag Chrysler M’%@ﬁi’éﬁ’ﬂﬁuﬁdw BIG THREE (Big 3) Inandudarmunfiddyaesssuu Qs -
9000 warlutlgouiisms FMEA Aldnasunfudoruuaiugiutesgpainnssseiuousi

Y a

ANAnsaguaYNAY YNEve vve wluddnandudiuusenaunieg deslfufnnn aneldssuy

e

Ayo o 1

AN TS - 16949 ﬁLﬂu%i*’\]ﬂﬂuaﬁJ’NLLW'ilﬁaﬂﬂ

9 Y

FMEA azgjutiuiinsdlviiiudgaudnvazvesninudenis vieauaiinziilugaiy
= PN a dy . T Y ~ a A
\donnefienaaziinTu (Potential Failure Mode) duLLBIN131NNTBBAWUY NTWAR ¥38NNT
UINT ANUUTRLAUATIZINANTENUVDIANUEWENAIAINAATY (Effects Analysis) Lag
aavnefiiainludnismizlesiunsiianinudemeininiiazindu (Problems Prevention)

FMEA annsoutsoants 3 Ussnnesil
1. Design FMEA (DFMEA) flamsusudsaniseaniuulagisnis FMEA
2. Process FMEA (PFMEA) fian1susulsamsndnlag3snis FMEA

3. Service FMEA (SFMEA) Aan13Usud§en1susn1slagds FMEA

2.3.2 ANANAANVDY FMEA

ALY (Failure) MU8D9 NARSUINTZUIUNSHANNTDNISUSNSR LA IUTaYN9U
Tamuntnainnuuald 81n1sNRAUNR (Failure Mode) Bun8de @N13N158I13881N15ND193Y
AeliAnAMudsefinuu (Failure) Bo1n1sinunfdulngudiazilunaanvuzniinienin

(Physical Characteristics) laun aanuseu naulul n1staden n1337 seed Wudu a@wnse
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Funaldlaonslivssamduia Wy e ($2 Adlou se8512) ¥ (M3dw) nsduda (@
fou) wazmshnaufinund (naulvs) ren1swanil (symptoms)  Tailésumsudluazdena
nsgnURatudLmTesruUBuY vilAnmsdatomtedemeldluiian wu fdsosudldndulugd
(Failure Mode) sanunanninessuddiiinsslsein uilildlafiazisnsudlunsivaninuay
fanddamsoluantymionssduisudntesuazamnsouilald Aaznarefulymiisuuss
wazuAllild (Failure) Wy envvgnuineumsaesiA3osusuannelug vewnauszutenIy
Soulsivhanu [4] Feannsouandldeguil 2.6 uag 2.7

a & ] = I \
nauwiulIaINATaIUs by, WX
=
(Failure Mode) ANUdemeunly
ninliuazyasn
TaiwAle WAl . .
> ANnudemegliiunn
ADLLNS ALY DSOS LAe]
(Failure)

|

wHllnen1sasuvintu

WAZLARAINLEYEUN

5UNl 2.6 NsdaneeINsNEaUnGetllgnmsanaudenngvessasus

A A o ' a & a Y] va o a a al Y] .
w30dnfeg1e AeniinaumiunuaIednslagueInsauiaunfvetaTedng (Failure
Mode) wsilailaudalrrundnaudizesnwingu wazdinsdeglmasosdnsiauliaunsensly
VganuInnaIvanAIasInswenin wagliawisavihuselula (Breakdown)
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ANSEUVDIATDINNG Wi la

v

(Failure Mode)

whlalanauagin
laduffla ANuLEseInty
M niluazya
INAYBLASBITNTIN - .
ANuLEsgliun
(Failure)

\ 4

utlulneasgoulngiazosdng

(Overhaul) uazyaAIAALEENIEIIN

dl g a a tﬁ' o 1 = dl L2
E‘U‘VI 2.7 ﬂ’ﬁﬁﬂLﬂ@]’e)']ﬂ’]iﬁ\lﬂ‘ﬂﬂﬁlLW’EJ‘L!’]‘LUE:]ﬂ’ﬁaWﬂ’l']iJLﬁEJM’]EJ?JENLﬂS@Q%ﬂi

N0 2 nsdlaznuimngldsnsudiesninanumunueiesinsiusidunisudle
fauslutuneuves Failure  Mode Auflananmnuesnisiinernsinund miudenie
(Failure) flenvaziinnnamniazanseiuamsunssadly fagnndalnegiiin " devdosidosn (e
unidedne’ dregsiifeaiu FMEA ﬁwmsmmﬁuﬁ’uaaﬂhqm Tu waganusadnlaladie e Ade

nsld FMEA  Ausoewd Tnefiusnaunsnoulea (Console) vossnsudawiiduaaniiou
onsfiRaunAfasintuluvasduisaous wu ruTngdyaalnguusendniinisUayses
(Wseglauszauily) liadn vie Unngduanailuiguauninifudadsty (Safety Belt) fnngdu
FAuaraduda %awé’ﬂmaLmufjﬁﬁamﬂ%ﬁwmmh\lﬁﬂmwLﬁWﬁLﬁ@ﬁ@ﬁﬂﬁﬁﬁﬂUﬂa
(Failure Mode) filiinTuudauas ghduTannsadunnldegnesiney senisues (Visual) Wiy

YU Ay Y a a a

IﬂEJING]ENI“ULW@UF]@”I?W‘UU%E]U LN@N%U%?U?‘QQZNNG\U?]GW]LﬂﬂsﬂULLa”Vﬂﬂ’]'ﬁLLmsULaEJﬂE]LW]?]”

Y Y
A & <

90n30 WU WaYszgvnuIuUnatinuiely viemadudadsieseuioy Faduitifulaléinme

aunsadesiugifmnvseaudenienia (Failure) o19vzindula

NANSENUINNAIUENIY (Effect) BU18D9 NANLAATULLDIINAULEENY LAYEINE

lngnserionansiae NseUIUNITHER kar NMIUINIsiunan lneniluuaidnazdnain "wansenud
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a [y v

WAnduanandundn dae199snunsdanilsnunsulinveudaluiwy drenda theusznau e

Y
= 4

a 1 14 [ 4
U3Ing Wi@LLNLLWm%QWN Wusu

N5IAIIEN (Analysis) wanefe nsrimetesdunisiinanudemedulusuinn FMEA
Juisansiazihunldlunsaliinswauindndaeilv naassnsyuiunsuanlvs vise Nansel

Aa v Y A Y a
muﬂm%mawaﬁmiﬂummLW}WLL‘VI%Q

2.3.3 Yumsumsiaszvavglymlagnannis FMEA

1 Amueanu (tem) wn3esdnswsegunsal iWumsszumneay W 1,2,3,..,n 1Judu

[y

d' [ A ¢ & a &a a o a4 & [ o a ¢
ﬂULﬂiEN‘\]ﬂi‘lﬁi@@ﬂﬂimuumﬁLﬂ@ﬂ?immﬂﬂﬂmﬁ]WU’JUﬂﬂiﬂ LUUQWU’JUﬂ’]iLﬂ@L%G}ﬂ’]im

)

=

[ea)
el

2 Mnunsede (Name) vaun3aadnsusegunsal Wumsszydeniusienisniesdng

wgunsaindnisameldewn3asdnslinuansdnluesedng 13aRenssuIUNITWEN

3 53YINALATEIINS (Code) vaamsasdnsusogunsal WunsseyMiavIfavesa3nsdng
lunsalfirsesdnsvsogunsaiuy 9 d9uiunin Jesiuanuduaulumsmaniguasiiniens
Wil

4 szyilaidunsvinaiu (Function) Wunisssyilsidunsyiauvesasesdnsifielinsiu

Tagusvasanisina seuudesiu uasnanvzfsdudlownsasdnshiaiuisaviuldaniuuns

5 fmualnue (Mode) Lunnsszulnuanisinuueunasesdng 1wy 1&wen1sUn s

1M&lide Taszuulruaidu “Fail to Close” (Wudu

6 fmunaws (Cause) VoATITNT ViseaUNIalMAnRAUNA (Fail) 1Wun1sszyave

Youn3osinvisegunsal unsvsnfiunaswesdym edesiunisiias

7 nssryNanszny (Effect) MARTUINNNIS Failure T0uA3839n5 vsoaunsal 1lunis

auEHavegNITAnTY Hadlansenusiaszuutng WU 1n3093n5 A ngavina usiu

8 marimun (Criticality) Wun1sszyntiniinistesiuesesdnsnsoaunsal Weinings

auniinsesnuuuld wu Safe, Dangerous tWumuy

¢ =

8.1 anuvasade (Safe) lunisszynihiveueinniiedesiumnuideneves

9

w3ednIvisegunsal lnemsdslvissuutiunganisinauilodidayaadunnidiun

g q
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A v Y

8.2 dumse (Dangerous) Wunsseyninvesevinmietdesiuguiiinuieadu

Y
g a ¥

w3ednIvisegunsaliy 9 lnenisddlvissuuiunganisvihnudieddyandunmainu

A q

9 ANIAIUIUTITATIANURANANR (Failure Rate) LHUNITAIUIIMISNTIAIURANAT
vasgUnIalvlinuy 9 Weaiusaiveyanneinsallunisnninuluanugenise sy
aglvanoungunIniiuagyhauianain

10 N1332y3suAlY (Remedy) WWun1sszyisnisniinisdenuvaaiasdnsniegunsaiiy 9
lagn1siuagy n1sUSuRs 1sen1sUsuUsssuURNieanlyIN1sNURANEIAT8dLATRIINS

WsegUnIaitu

A15199 2.3 E‘ULLU‘USU’PJW]’]T]\T FMEA

ltem 1 2 3

Name Machine A Machine B Machine C
Code 1TIXXANXXX 12XXAAXXX 21IXXAHXXX
Function Function A Function B Function C
Mode Fail to Open Fail to Close Fail to Close
Cause Root Cause 1 Root Cause 2 Root Cause 3
Effect Trip Alarm Trip
Criticality Safe Safe Dangerous
Failure Rate X XXXXE-06 XXXXXE-07 X XXXXE-05
Remedy Activity 1,2,..n Activity 1,2,.n Activity 1,2,..n

2.4 msaas1ziaulduiennuransas Fault Tree Analysis (FTA)

wnunwsuliivieneann3 Fault Tree Analysis (FTA) [2] tJuismsinsgilgmann
auuuasluganmsvesdym FTA sufusvaglunisuansdamilusyuufidudou \Huisnnsild
FIVTIANUEANAINFE ﬁLﬂuaWLm’LﬁLﬁm{]mm Fazuanadudiuressyuuiiieitostuaiy
Aawanm wadnsves FTA azfuununmiisiusiumsmsaiivilissuuiAnauiianaia FTA
vnfinsdnvhegnagndes anunsaldifuenansiiliansnsihauvesssuuneldmnuianain

J S Aa o & a A o a
AN waztuwenansniauandulunisuanssgasldsnanilyeiunasN1SIATIERluTEUU
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Tupausuiusiiunsuanidym lnsazdesdinnudilalunisirnuvesszuunaziin
srUUvuegsls anduAumymyiunefiagiientu waaihlui@euusunin FTA 99na1uu
GGIMIGRN

[y ¢

2.4.1 AMUNUIYVDIAUANYAIAIN 9

v

1 5Unau (Circle) dyanwalfunuyeavmanIsaiiinaINANNUNNI BT o blduy sl

Yoaiules (Basic Fault Event) Lifesdinsizvisielusn wwnnisalegseAusgn 1w ang
Idyaaldvirnuilssnamudsuanmuesldan

o

% v L3

2 sUawmdsnuuenyuniaguines (Diamond) dydnualveamsnisaliiduani
biAnmgnsalieglusuniangnda wu wnnisal 3 uaz o Wuamgyilidamenisal n
win1salaglignieseiseludn envavliliveyaiiemelunsinsgivalsiunsaimgnisaiuy

Y A

Lufinuddty egdlsfinmudinseiaslassinseineludndnideyaiianiu fregramnnisnl

wuull wu JutRalilagudyaadoust

3 JUAWABNALAN (Rectangle) dnydnvalfuvuvesmansaliiunasinvgnisaivie
a1vnrne Negldveenmanu (Gate) veulu wnnisalnegludnwazdazdasinmsins ey

solUiaue

4 wousnn (And Gate) wnuliiiudnmenisainilsiiiadu (Rena-Effect or Output)
Junalosnainnamanisel (input)  Mifgrtesilauedldvemamiiuresmsnisaliu 1w
wANsed A aziiadulanesilanvngnainmvansel B, B, ....kag B, TuiaTuniouiy waudnm

o v ° ° ¢ Y Ay a X =% oqua =1
Uldmeudaudman wnnisalezlstnanses (Must) Redudsinliinnaull

5 99340 (Or Gate) Tounvsnsaivilanasiintuiianvguiarnmanisallamanisel
wilsild egndosniannnisel lineumaumnanisaleslstneiionafintuudviliiiamsnisel
il

1%
o

6 nIugasiny (Transfer Gate) lgunudyanualnaniasInsinTIzvd

7 Budlninm (Inhibit Gate) wiun1siiawmgnsaliiiunanssnu (Effect) u 9 93

¥ '
IS %

Antulddeletmanisalfiluideuly (Condition) wietednfin (Restriction) MAvusgfnriu

FryanualiliAnvuunmeniuaiumaniseiidusiaime (nput)



A1999 2.4 ey

[

nwal T8 wavAumnevesloayivis Fault Tree Analysis (FTA) [2]

s a é’ a
WgnsainAnTulneUng

Foyantal i) ANNLNY
AND Gate: winnsalazinulailiosnin
AMAVANEA1IN AMNTDINANT TR DEYNGA
OR Gate: winnsalaziindulaiilosann
awmnlaainmile awglaanvilaedavngey
Basic Event: winnsalgeeintulanuuni

Famnedsanmgiiiuladaaulag
Lifawimsiaseiniamg
skl

Fault Tree Event:
wiRN13alte

WnNsalgeedmaliLAg
winnseleliies

Undeveloped Event:
¢ ala & 1 M v
winsaliiaszviselille

wianTsalgaenlinewinng

a L3 J = 1
Anseimanmasioly Wesinl
Nfyaatiuayy

External Event:
WiRNITalNIEUeN

winsalniguenvsedade

& A o Y a
mevenmluannaiviiliine
WANI50IR197)

21
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2.4.2 aa3n AND

Juasdniuanungnisaliordnn omgnisaiidunsvanuaiianduass dliuwsnisal
Sunaudazmgnsaldudaseronu arutiaziamgnisal A wasiugnisal B azuanaless
aunsi (2.1)

P(A N B)=P(A) * P(B) (2.1)

$208197 2.1

PINUHUAN FTA sanansluguil 2.8 Wadimuiiasiinaaulanainluss uununnes
#1999 Jadu 0.05 wazANUIAziAnAURanaIatuszuun1saeluivaniandu 0.0001 94

PIANAURANAIATINVBISEUU [1]

szuuglsiuianane

Q.'
URALARDT

NANATA szuudnglinanianain

gﬂﬁ 2.8 UHUAIN FTA 995zuuanglnii

ﬁ]ﬁﬂallﬂ']ﬁﬁl (2.1) 2z lAANANURANAINTINTBITEUU = 0.05 * 0.0001 = 0.000005
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2.4.3 aa3n OR

Juasdniuansngnisaliendne amgnisaiidunaladunaniafinnduase
winnsaldunausazanIsaludasesieiy nasinveIruinIninmnNITal A uag WnnI3ol
B azuandlanaaunisi (2.2)

P(A U B)=P(A) + P(B) (2.2)

WA LIANTRNIANNFURUSTY HEIINVBIANUUILAAMANITAL A Uag RNl B Y

wansladaaunisi (2.3)
P(A U B)=P(A) + P(B) - P(A N B) (2.3)

$2881990 2.2

RNURUNN FTA dauandluguil 29 Wunsuanspnuniouldanurseninuinnainsiu
vasgUnsninsinaesdinsetiiuiu PLC wazazlilusunsunsivaeundunsouldaulagnis
Wisuiigueegulaaingunsaivivaes dflAuansnsiuiu 2% AazuansininanuRanainly

gunsalnsdn dbigunsalnisindiiianuiianaady 0.01 swneImLRaNaInr8IsEUY (2]

AUNANAINTIU

gunsalen

gunsalsm

BINNANAIR ADIRANAR

JUN 2.9 ununn FTA anunsedldauvesgunsalnisia
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fnnsiinanuranatngUnsaliusnlillafidulunstesiuanuianainlugunsaliiiaes

[

At n1saivivaesdeliiudassroiu nsmarrnuRanansaagldaunisn 2.3

ANUNANAINTIN = 0.01 + 0.01 - 0.01 * 0.01 = 0.0199

'
1Y o LY

Wiaauazantunisitlulguiussvuigudaukazlaons1ANURANAIAAREINNSObINNS

Uszanualagldaunisd 2.2 @il
ANUNANAINTIN = 0.01 + 0.01 = 0.02

NN ANNISUTTUIULTAIAILANNLAZDUYINAU 0.0001

2.5 53UUA1999 (Redundant System)

seuud1999 [3] LﬁumsaamwmzumﬁaammmL'?iaﬂumiﬁwmﬁﬂwmmmaqqﬂﬂﬁzﬁ W
mil,ﬁmmmw%am wazAUALL LT eTe (Availability and Reliability) w945¥UU Q‘Umaﬂ
anunsoveuunuiuldlunsaifislagndsldsuanudenis Wy ssuu PLC Excitation 713 2
YN (2 Channel) agiF8ndn 2 x 100% luan1iglunisieuass PLC Excitation ag
F9uiies 1 Channel @udn Channel 9% Standby sndislaganilslandounussuuasds

Ldvgavinau (Trip) agdliieanisudasiau (Alarm) luf DCS winliu

2.5.1 52UU k-out-of-n

= v as | Y s N ° P & ° Yo a =
MUNERIRTTUAIY k BUFIW (A0 n FuaI) @1u15avinnulassuunazyinaulaviud [4] %9

Tnsuillagnesnwuudmsunisinnuvassyuusialul 1

o aesTuiil 4 iadesud axdsmsaninsaviimsdulstiiaiessudndsinanuls
ogjoeation 2 LA3eseus 138091 2 - out - of - 4

® 3J3UU Power Generating 7l 3 Generators  azansavhUlFaTs

Generator 9¢19t08 1 #¥NU 138091 1 - out - of - 3
Tas9a$s kout-ofn  AemsimuaIyavinaudsesfiddniign luszuumiuiianaia
gnamnssy agslsfiony svuudiseananiiagldsunansenuunaaiannnstangou maduiiou
viotlifameinudunnden Wy anmernia duanasumumasivaniviin wazaninay
You Tuanunisaiads gunsalaesia viemnnindildlussuy kout-ofn e1adumaiileanin
avadieaty ilimnuindefefvilslummauivesssuumanionnanas fafu 13esvas
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AsARNAIATILAY (Common Cause Failure: CCF) agdadldsunsfiansanlunisldonds
arindefioguietedmundunuvaendy [11-12] gaUssasdvasunauiliioiaus
wellalunisanauaumasuiu CCF lun1simunal k-out-of-n Inenagnsnisusuusanis
U395 UUATIa0UveIUnsalsURuUNTANALATIaT19ssuLdsasvadlsalnihausou
suilutsemelng eduneliindunsdlinuidiodns uuudaesnianindedie CCF feovloanys
lagzunsu (FTA) Msmvuadgunsalguiuunisasisiuegiig

sULUY k-out-of-n (uguuuildFunssensueganiwnsvesyaitaudises Tussuy
nstiestunnufianarnlunisite fegluaniusvesnnuiianatn Uuvuiusznoudae
drudseneu n Feilidtes k mavhanifiennudiiavesszuy

2.5.2 Usyn1 Common Cause Failure

AIUAANAIATIY (Common Cause Failure: CCF) [3] tdumnlduansArauranain
Jufuvesgunsal @uuseney v3essUURNINNIMLNER Feihaulunihnierturieyinenu
! 1Y ! A o Ao o o <) Y a
i wusyyuilsdeniidiuviiaudises (Redundant  System) anunsalumgliinaiy
Aanataviany 9 sukvuludiussuudiseamaniiu Auudiuuseneuvsedudiunadiuadaiu
UedunsarianualudiuszuudnsesargnuansenuanaNEanatamailuafe i
Wesnnlumsiadsdiulvngjounsalndnuazaunsaldisesazgninasluaninuindeuifigdiunie
Tudideniu diold A iWuanuiianaindunsievesgunsaindnuazaivinudises diu AP 1y

AURANANNSUATIBTINVDIQUNTAING 2 dau waz B 1Tududsermnuianainsiy dsiuazla

ADC = B x A.D (2.4)

ADN = (1-B) x AD (2.5)

[

APC AB IMTIAINURANANNDURNSIETIY

b

Y a

APN @9 9n1AURANAIRaUNSI8UNR

[y

D A a (%
A A BATIAIMUNANATINDURNTIY

B A9 AIAIURANAINGIY
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v '
f A& a 1 A v

A1 p dmsugunsnivetudiuiindeunuludall

a0

e gunsalFinfslunsEuIUNTTHER AeiA1 B agUsEa 5-10%

o pUnsifiituduBiinnsedind asdien B ogusram 1-5%

msUfulssmsthsssnuuuunsaaeutdunidunagnénsdnnisaudumardmiunns
anAmEssLazNansEnUTesALdLWarlusEUL [6] Redestunsdiunsdumdeunnses
MsnTaEuANLdLvmidoueylugnsaiuiessuuuuiiugiuiidivun  TegUsvasduesnis
n3rdeuTikuRonsAunuALd Tt zands uigslilfiAntuvonisnmadey
uanusdinfiidsasindu [7-8] mnszuvegluaniuzvesnudumaiunsduvioiday
s wdBudunistigsnwndudilunudiig 4 Wunudounioasudiulsznevduiman
wnAnmsnseaeuiiuusglovieganndmiunsssyanuduivadiiinainmsidesanmyio
mademedielissuudamudndedewndu [9-10] uenandunvieudises Sunumddylu
mafiumuidefiovesszuy

2.6 WHUSIUN1IATIVEBUNAL U F95nE1vaaL5a b
2.6.1 MIMuuUANUUITENE

suthsssnwedsalwihdnsivusaingdie (Manual) vesedesinsuazgunsal lagld
Tusunsu Maximo U Software  #a3uil 2.10  Tun1sdarndasaammgaulunisiu
thsssnwdatestu Preventive Maintenance (PM) usiagin3esdnsuazgunsaiasiinisivun
A (Interval) TumsthlUuFORnu W W, 1M, 3M, 6M, 1Y, 5Y 1Hufu uazssazdenves
suthgenufiunnsiaiy feanansaseyifu Job Task fagudl 2.11 uananiudsanansold
TUsunsu Maximo tHula3esiielunsudstengunsainieindosinsilésuamnudone AiGeniy
Corrective Maintenance (CM) faguf 2.12 uagldlusunsuduedosiielunsdumezlna
(Spare Part) Tuaugasuazauingesny N15IAN1SNSNGAUAIAGS (Inventory Management)

1Y

mgﬂﬁ 2.13
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/D Welcome to MAXIMO Pr %\
&< > C I@'hiuaanﬁu | 192.168.200.

Tivoli.

Welcome to MAXIMO Production for GULF Gi

user name
R
| mobils login | forg

U 2.10 Tusunsalusuihgssnwvestsslyifi (Program Maximo)

Job Plans

[ | Job Pian

pewe ] Responsini Sech
Tenpe =" taonance ] o ity |3 b o el W I
Duration [_0:45 LT (| Seclionlead [ATY _______ |#
Classification. J# Flow Controlled? || e, 2
Class Description |2 Suspend Flow Control? [ ] Virk Group 2
Ll g s Fowacton [T — s ouner Sroup ’
Flow Action Assist? D Owiner r
 Job Plan Tasks % =2 ? =
Seguence * Task * Description Nested Job Plan Duration Mefter
b LT [0 s vk Pemitis done comeety G\ e JI&7 =g | )] [ood [ Pl
» 20 General visual inspection for physical sign to damage =] o 0:00 4
» 30 Visual check motor is clean and verify that stator and 1 5] el 0:00 F
» 40 Visual check any oil leakage of the bearing.coupling o (5] Fel 0:00 F
New Row
[T | materals | Semices | Taos
Planned Labor 3 (=2 7 =
Task Craft Skill Level Labor Quantity Hours Rate Line Cost
y [ s jweT - N O [ [P S ol 17 Tl Tes oom 00000 3

5U# 2.11 Wsunsu Maximo dw3Ud1u Preventive Maintenance
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_ Lt | WorkOder | Plans Related Records ~ Aciuals Safely Plan  Log Faiure Reporting i N
Work Order [GPGW0- 1864405 site |GPG Aiachments 4
iselinoid suction pump not acfive \ Class WORKORDER Inherit Status Changes? E
Asset” 21-18QUL234P001 |#  [Samp Pump [E] Staus SFNSH__ | Acoepts Chiges? 7]
Locafion [21-10-18QUL |# 6P Hotwell Sampling System E] Status Date [1ONBATITNT | kT [
Parent WO & GLAccount 1-5211000033401 |9 Unes Fon Cantt [
Classficalion |# Work Type™ [EM I
Class Descrigion I Faiure Ciass* ER Pl Suspend Flow Coir? 7]
Note (ol Problem Gode* [4B_COND_ |2 Fowsdin [ |7
4 Responsible Section” |ME Pl Fiou Acton Assist? 7]

Failure Detail =
Problem/Detal | Solenoid sucion pump not active 4

(Cause/Nature of Defect ‘Found fuse: control 250 VAC, 100 mA was fail

J

Remedy Taken ‘Check solenoid coil and replace fuse.

4

o Rectify ‘ )
/|
Workflow Assignment  * 0 £ 4=
Assigned Person i Person Role . Decripon - S
GPG-WO-1864405 has been sent to MNT
TAK GF_WR_REQ Section Lead for acceptance
e e
Job Plan ’ AssetUp? [ AssetiLocation Pririty
M 2 Warranties Exst? [ WO Priority E
Safety Plan 7 SL Appled? [ ] Priorty Justication E]
Contract L ChameloSloes? 7] Risk Assessment

gﬂﬁ 2.12 1Usunsy Maximo @1nsuanu Corrective Maintenance

Inventory

‘ ¥/ Find: e i | Jj| YO

& Lisl_ Inventory L Reorder Defails +  Rolaling Assels | Where Used .

Htem (135911 |#  Relay AuxRelay , "ONROIN" Typs
Storeraom [21-A \#  [BPG - Inventory Store(Spare Par)
Stock Category |STK # b Wi v
Lot Type [NOLOT !i.;ﬁq/_} .
P g

Current Balance 2.@
Quanfity Currently Reserved M]ﬂ

Expired Quantity in Stock 0.0
Quaniity Available 2.0 2 Years Ago
Quanity in Holding Location m 3Years Ago
Inventory Costs  * #h
Condition Code Description Condition Rafe + Standard Cost

b F \ [ [ 1og

JUN 2.13 WWsunsu Maximo dwisuiduasesfielunisdumeslua (Spare Part)
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2.6.2 LHUUNTIATIVEBULALUIFIINYILATOINS

YBNINNITU Preventive  Maintenance way Corrective  Maintenance  @1%5U9U

a wva

thyadnnfiRidunuuszduds Insdmunnusnaseutaziissinvieiesdns  dadu
wdeadnsndnfidanudidnlunszuunisudanseualiih lnefinnsanandalusnisifiundos
(Number of Operating Hours) $31fU311U0IN54AMANTSa! (Number of Events Taking
Place During the Operation) FUNTEURLYeLAT0IENT (Starts) miwqmaum‘%aﬁﬂmw

o

wudiviule (Trips) way nsUanluaneenainsyuu Load Rejections 1udu Inan1uia3esiion

a J

1581371 ODC (Operating Data Counter Linear + Elliptical) ﬁ'\‘igﬂ‘ﬁ 2.14 Tu ODC

U 2.14 ODC ia3psilatiglun1snaununuizesnyvesiaiuing

MsfMUALNUNITATIadeY  (Inspection  Plan) lumstigssnuiaiosdnsndn 7l
Aanudfglunssuaumsnannseialinveslselnihmvundu Adnspection %38 B-Inspection
1389171 Minor Overhaul #3® Visual Inspection uag C-Inspection 138131 Major Overhaul
%39 Hot-Gas-Path Inspection Iﬂ&lsﬁuagﬁu Equivalent Operating Hours (EOH) vauiA3e3dns
urazUselnn lelA Gas Turbine, Steam Turbine, Generator, Water Steam Cycle, Heat

Recovery Steam Generator (HRSG) Hudu

31n3U 2.15 N13MNUAAITINISATIaeUYedlselnfn (Inspection Scheduling Plant)
anunsaiuuaknulunIsnsvgeunsigesny Ly 4 dw dsil

1. Gas Turbine

2. HRSG, WSC, E, 1&C and BOP
3. Generator
il

Steam Turbine
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Inspection Scheduling PLANT

Power Plant System Inspection Types - Overview

Plant and Generator Plant, ST and Generator Plant, ST and Generator
Minor Inspection Medium Inspection Major inspection

e GT Medium inspection o GT Major inspection

O
o
g
.

+© P> >
+0 B E O

A A
0 o

GTEoHx1w00 12 24 36

: 1@ @B @

JUN 2.15 Mm3sfmuauEunsnsIvaauvedlssliii

91AN1IRUINgUVBNAIBITNINAN warthuAruelunisenisasiadeunudaluenis
WiULA38Y (EOH) 1nelin1smvuawkun1snSINEaY Al

i EOH =12.000 #alase

1. Gas Turbine Muuaidu GT Medium Inspection fe anwugnsasiageuilunisly
Boroscope #333apUANAEENI8T8LU Blade ¥B3YA Rotor ¥ad Gas Turbine uiiae
Stage

2. HRSG, WSC, Electrical, I1&C and BOP Avuaidu Minor inspection AD aNYUENNT
AT19d0UYD4 HRSG LJun13ns19aeuniaiin Corrosion vawioniglu HRSG d@audunis
nyaaeUInMaln Aamiduauiu (nsulation Resistance) vadlwiin suiidesingas
Shutdown

3. Generator MmuaLdu Minor Inspection Ao dnwarnsnTIvaoUIAVAI druiildsy
ALEI IR

4. Steam Turbine luifiunulunisnsivaeu
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i EOH =48.000 #las

1. Gas Turbine fuualu GT Major Inspection fie anwugn1snsIaaaulaeila Upper
head casing U3 Gas Turbine \fioun Rotor 1npTiadeunieuen nsmsivaeuly Blade
Tmen3vi PT Test (Wudu
2. HRSG, WSC, Electrical, 1&C and BOP Anuady Major Inspection TAgkeNNIg
nsvasousiu feil
2.1 HRSG 1l Main Hold silensiaaeuie nageau Hydra Static Test
2.2 WSC and BOP a539@@Un19n1gan ?iquama%uasﬂyulﬂ Overhaul
2.3 Electrical A579d0UNNIENIM NadeUTleidunIsiuTe Relay Protection ey
gunsafluaulnlii (Switchyard) nageuiladdunisianuseawesinusnines Tu
MV Switchgear uag LV Switchgear nad@oumngiowdaglnii, nageUTAtuNTTY
Relay Protection %84 Generator& Transformer §593@9USeUU Excitation,
Conduction Monitoring Sensor Hudu

2.4 Instrument& Control (I&0) 1uUmnsI9@aukay Overhaul Valve, Calibrate Valve,
Transducer, Transmitter, #539@8U%3 Lances Tuviae vl (Combustion
Chamber) SMunagaUN15veuaes Valve Wudu

3. Generator Muaifu Medium Inspection Ae 1unsilia Casing Lileuvugudvuna
Wi lunsiadeuanain (Winding), Slot Wedge %84 Generator nN15¢533&@@U Slip
Ring, WUTI01U, A1UOY Spring U899aILUTINIU WasuwUseau Wudy

4. Steam Turbine fuuAdu Major Inspection &nvgN15MsI9daUTl High Pressure

Turbine, Intermediate Pressure Turbine Wkay Low Pressure Turbine WHudu

gﬂﬁ 2.16 vouu Lyl (Combustion Chamber)
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A15PSIRDUNIRUNY (Gas Turbine)

NSANUALNUTUNNTRTIA@UNIAUAIY (Gas Turbine)  AZAUUARILTILLINTTLAULATDS
(Operating Hours) 4agduIuNTEUAY (Start) Aaguil 2.17 Wunsiansan dadl

71 6,000 EOH 801 A-Inspection

1 12,000 EOH 138171 B-Inspection

1
2
3. 9 18,000 EOH 13811 A-Inspection
q

=

#i 24,000 EOH 38031 C-Inspection

Envelope for Inspection Intervals
Corrected § s

\N.lnspe::tion
24,000 EOH
-~ A-Inspgection

" ~.18,00p EOH

[}

-

_ B-Inspection
= -.12.000 EOH

-Inspection
00 EOH
g

-

g Y

b

1

10000 15000 20000 25000

Corrected GT Operating Hours

JUN 2.17 Asmlauduiusves EOH Tunisivunukuaugauyigs

A Inspection for Gas Turbine (Visual Inspection)

n13m329a8ulu Blade ¢1835 Boroscope wazni1snsiaaeuluiasmilng Combustion
Chamber

- MINTIADUIN lances Lag plugs

B Inspection for Gas Turbine (Extended Visual Inspection)

n13ns19deulu Blade A1875 Boroscope harn1snsiadouluiasunlng Combustion
Chamber

- MINIA@UYN Lances Wag Plugs

- NIRNTIABUIEUU Hydraulic Auxiliary
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C Inspection for Gas Turbine (Hot Gas Path Inspection)

- 1Un Casing 999 Gas Turbine

- 90 Rotor Lﬁamswaamwiaz Stage, L‘d?ﬂlw Hot Gas Path Parts

- mwmaaauqﬂmaﬁﬁﬁﬁm’iu Gas Turbine m539@aulu Blade msy9@@UBaLMN LM,
wWaewlu Blade s Manual fvun waztheglwaiideulusi Reconditioning

- NIRNTIABUIEUU Hydraulic Auxiliary

gﬂﬁ 2.18 38N Rotor Lilems19a0u Blade wsiay Stage

N30 UNuletn

B-Inspection
syeEan: 2 dUan

B-Inspections L{Juﬂ’ﬁ’ﬁx‘lLLNULLagﬂWSM‘i’]QﬁE]UGl’]ﬂJi’]EJﬂ'ﬁéhuﬁN Fatl

N13M379dUVBDY LP Last-Stage Blades

- msendeufiansarindsdnuseneuves turbine Tngld3s Boroscope
- a79aeUgNUU Bearing

- anadrgaaudnaiwesdess

- ATIATANNTILLIYDLNAN (Alignment Shaft Line)

- vnaeugunInl Safety

- N1IATIVABUVBITEUUAIUAN Turbine wazumasdnglyl

- N1IRTIABUVDY Steam Valves

- ATINERUNIAIULUULAZSEUUYINAINT oY
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31]17; 2.19 n158n Casing U89 LP Last-Stage Blades

C-Inspection
S28881: 3-4 dUan

Junsenaaeuiinseuaguuasislsslii Ussneussnuswielil
- msesiedeuLasMsaIRganaNalusynInefivinlugae B-nspection
- 1Un Casing l®111n1901572980U Blade

i ﬁ]i’JT\]L%ﬂﬂ’]’i’JNLLU’J“UENLWﬁ’]

Inspection recommendations for ALSTOM steam turbines

Time windows for the inspections:

Main components
HP turbine G - Inspection
IP turbine C - Inspection
LP turbine C - Inspection
IP/LP turbine C - Inspection
Single-casing turbines C - Inspection
Bearing/bearing pedestal [ B-Insp’ [ B-linsp [B-Tnsp. [ B-Insp
Steam valves  B-Insp | B-Insp " B:insp. 'B-lnsp
] 10'000h 25'000h 50'000h 75'000h 100°000h
EOH = Equivalent Operating Hours EOH

[ Medium inspection / B - inspection
Major inspection / C - inspection

JUN 2.20 uwunsnsIaaeuUngesnwvesiaiuleun

9307 2.20 Junistvuanisasivaeugunsalvdne vesieiuleun (Steam Turbine)

TaekUanN1sRs1dauly 2 Usenn ae
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Medium Inspection (B-Inspection) Lﬂuﬂﬁmwaauqﬂﬂiaﬁ%’ﬂm EOH ﬁ24,000
T leun Steam Valves, Bearing / Bearing Pedestal Hudy

Major Inspection (C-inspection) \Junnsmsaaaougunsaifidalus EOH # 45,000
Flua nsnTvaevanfiunisnsiaaey IP/LP Turbine way Single Casing Turbine
FLFLINNITATIAOULUY Medium Inspection



uni 3

n15U5uU3aN15UN 595w UUASIERUNUNLEUD

3.1 nNa1un

Tugmavnssudszinnlssliinnszuiunislunmsndanssualnih Ussnausae gunsallnii
(Electrical Device) gunsaiiA3asilainuazAlumu (Instrument and Control Device) 1A38393N3
N15uEM (Mechanical Device) wagzgAiununIadewiuAsas (Operator) NANTENUINNITHEN
nszualirAvinanulddnsa Inadeaiuaiosainvessyuvdsdneidelninvesuseine uag
seldndnvedlsdlni lusmAdeilidunisuiulpssuundanssualnihvesniasdidalnivia
v 22 d' R.ldy a v A 23 a ‘g a ] A ’oj v a
Aaiuieg NldRendwanae A9s5sue@ (Natural  Gas) Lazidoindsdnsesie Urtiudga
(Diesel) InsnisihunIaandaliihiusgiunisdinisveanisinidendawisUssmelne du
nan lsalnideafinunionlunisifuiasoinasniian waghosaansadunsaswanlniilagly
& a ) =1 a o v 9] = 3 Y] ~ Y
Wemndanan vseidamasdsesld msasianuveieovesseuy Wuteniaiauddanisy
wanfinrsanlunisideniuasosealsslnil n1sfinwinansenuainnisinnuesgunsaii
MuRanaIn (Failure) MsogUnsaliin1syuEANa19393 (Common Cause Failure) auvi
Tisguushaulddnsa laeld FMEA uwag FTA lweSesiielumsitasivvinnnutiaziduves

s Y o 1o & o a o aq o [ =) aa A
gunsaindnalivihaulidnsa wagnisaifiuuiulisnisungeinw laedl 3 35 Ao 1. n1san
ANULAUYRIRUNIalTIUNU (Reduce Common Stress: RS) 2. mstgunsaluildegravainvany
(Apply Diversity: AD) 3. N1598NkUUTFUUNTORUNTNINNUSEAVTAINEY (Ruggedize the Design
for High Strength: HS) {ada319AIIUULTDTDVDITTUY AAAIURANAINTINYDIRUNTA! Lazan
msaydeselavnanvedlsalili lnensusulsaesesdnsuavaunsallulselndh 2 suuuu Tng
sUBUUT 1 n1sUFudsesusuunsgeuwuulygd nsUSuUsamsteNkarnIsnTIvEeuiaIune
[ v oA 4 3 o a a [ a Y [ a A .
Tanalaegunsaltwinaulunssuiunisndnase lnensanliunisivaunsal 2 vila Ao Air
Purge Valve wag Transformer Isolated Amplifier sUuuu# 2 n1susudsalaenisiasuaunsal
ATIVTUNITLUAVDAATDIAIUANTNNTINETAUsalUsUNTULA (PLC Excitation)
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3.2 nsUSuUTaNsEuaUtn3esnY

3.2.1 ununsnsIvFeuiauwtii

MnmsAnwuTIswssuUREIliih  Jusgiunagninistissinyinansisaeuny
anwlaimuanainsiudunsdumdeiianaialunisnsioaey & 90 9 wiafionsivaey
arudumafiAetuluszuy srumsinmegluaniugresnnudumaininiusiiunis
thgsinwiangay 19y nstesummsesdsuteiianain sUAl 3.1 uansuuiAvesdiunns
yhaumstissnumsesIaeuieuntii

A\ '7'5/?'&)‘»//,
= @m’lﬂ’%ﬁ?}
5
<
A5 \Ds
=
s

JUN 3.1 wIARvBIA1RUNTYINIUAISUNTS YNSRI TIRAR UNB Ut
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M5 3.1 Uag 3.2 WNUNSUITSNYINTINEBULUY Inspection Plan dwsugunsailniin (PLC)
wazgunsalmuAuLazgUnsalaTediioTa audnu

M13199 3.1 unuNIRTIvaeUgUnalliin

Lﬂﬁauqﬂniajmwﬁ'uns:u,a (Conduction Monitoring Sensor)
a10u y
YUNDUNITANTUNT
Ununasangll (24 VDC) N8l PLC 4o 2 wdidauvasdnelnlv
1.
\iie Reset PLC ya# 2 uaidaaddl Alarm Anseg
2. Wasugunsnins93unsewa (Conduct Monitoring Sensor)
3. | immsneaeveunsalnsandunsvia lnednenseualn AC lugunsel
11 Laptop siaitnfiu PLC 4afl 2 Witevimstadesiaadly PLC
a. ¢
uaz 1/0 w13 Run PLC Juan
yinnsnaaey PLC gail 1 uagyadl 2 Ingn1sidannisvinaueed PLC
5.
wingyaaduiuluu
6. | gouszuulusnAliaunsaldnulanag

ni s L I
M1919N 3.2 LLNuﬂqﬁmiﬁﬂﬁaUQUﬂﬁm@'JUﬂﬂJLLa&'ﬁq‘Uﬂ'ﬁMLﬂiaﬂua'}@

\Waeu Air Purge Valve Tnl
A10U b
YUADUNITANUUNNS
1. Uanaewagaan Proximity Switch Sensor (Close & Open)
2. Uam Coupling 521379 Actuator and Air Purge Valve
3. 09n Actuator U9 Air Purge Valve
q, nem Air Purge Valve wagusinu
5. Andauazidiousa Air Puree Valve dlny uazUzifulngl
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A1519% 3.2 (519)

wWawu Air Purge Valve Tws
aeu ,,
YUNDUNITANTUNNS
6. AnfauazLaune Actuator 989 Air Purge Valve
7. MNSIPeUABTENINT Actuator Wag Air Purge Valve
8. ANAILALITONAD Proximity Switch Sensor (Close & Open)
NAABUNTTVINIUVDY Air Purge Valve lnanis Stoke Test Aunig
9. |
NELAULATDY

3.2.2 N1SUANLABNAINRANAINTINAY (Common-Cause Avoidance)

) o o ¢ i & - 3 = ! =
AN vuE A UeLMANTAIANUURY  dLnAABN1TNd0383AUTENOUNS01INNTY (1138
szuuger) lasunansenuainanug Miliiedusiuiu anauudeiovesyuulussuuyn
drsesegnaun nandnidesruiinnainsiuiuaunsadangulu 3 Ussnnisng (8]

1. MIanAMNAUYDRUNTAITINAY (Reduce Common Stress: RS) 1laseUUd150N1

memnuazszuuliihgnuenesn dleniatssnvziounlinyiuainuesensudwindauily

2. msthgunsalunldegranainvane (Apply Diversity: AD) Aa1uvainnansidunuiIAnds
1A5UNN59NLUUNLANANNULIIAEAUTUNNTAINUASEUUAITDY dnSulIAat R UsEanSan

29AUTENOUILADINDUAUDIAIIULANFIIANULAS A2 LU

3. N130RNKUUTEUUNIRRUNTAINAIUSEANEAMEY (Ruggedize the Design for High
Strength: HS) AN URTDISLUUNAATAIIAIUALLIAIVEIBIAUTENBY FLANTNTIAIURANAIA

AU
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3.2.3 WNUATIEDUNULEUD

\leflazanmnuiianainsiufuresssduszneusyuudisesvesgunsailuiii Tuszuu (PLC
Excitation) uazgunsnimuauuazgunsalindesilo®n (Ar Purge Valve Way Transformer
Isolated Amplifier) wsunsnsavaeuamiazulilumsed 3.1 uazasnadt 3.2 mudidu finns
Usudgslaeld 3 F3nstudiugiu (RS, AD, HS) vesmsndnidesnufianainsauiulutuneunis
douuuuaziUABY  JUT 3.2 uanaunfnueddiununsuuuhsssnwiasiaaey JU 3.3
wARINTUT U UTENIINSA USRS hwINsnsaeurasdiuniouniin (feuusulse)
uazdumeuM IRty (rasUIuUge) ‘\']3Lﬁulﬁ"j’lmﬁﬂ'l’:}ﬁmﬂ’\ﬂ'liﬁl’i?"\]ﬂE]‘ULLUUSLWJ‘SHL{JH

JUABDUNITINUNATUD 3 A5 AMTUNNSTBINUANLRANAIASINAU

-
S

Repair

Replacement

S @

Reduce Stress or Apply
High strength Diversity

5UN 3.2 LAATRIA1RUUNTUTUUTIUN 3SR IRdeY
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=

DN R OO

= Elecgtrical
Equipment

HS

RS

= C&I Device

AD

n. NeuUFuUTe

Electrical
Equipment

= C&| Device

AD

. Ma9nUTuUTe

5U7 3.3 msilseuiiguduneunsnsisaeumsiisesnuneunsuulsasvaaliulse

3.3 n13UsuleAudumalvassruukanlwiivansasitialnisiaiei
AwLladinSHaULbaLWES

Tuannzunilunmsiiuedostudaliiiadafwufevedssliingiinnisine 19demas
Arasssurmidudemaman adgyginisvielwiidunsinidendeuisuszsmalng g
TsslWiiazdastinnsnaaeunisiasudemasannfiesssund udemdaiufiva 3unin
Fuel Switch Over (FSWO) wazanunsawasuanidemanisiufioa Wudemwdsinesssusd
138A71 Fuel Switch Back (FSWB) Iaeludeyqyn Power Purchase Agreement (PPA) iz‘tﬂﬁﬁmi
VREBUTIAY 3 ASsde 1 mhvousdesrlalihsdateuing mnldaunsasdunisanud
mslwidesdnuisUssmelnedanng Tsslidhazdeadorusududuuiuiigadoiisutu
seldrnmaiueies wasedosrudaluihazngavham (Trip) senannszuy Tatnsana1usy

Mnnsafldanusaaufiunisniunissesesannsinidiendaurisusendlng azfarsuivu
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NUFIUVDIMUIBNITHEN Fausiazrmiienisndadsenoulise 2 wseanniialnihvliadeiuing
(Gas Turbine) waz 1 wesosinlinlniwdindsiuloun Steam Turbine

winmananlutuneaun1svil FSWO uay FSWB

1. dedumsneasuszuuredsiluiininaunsafiasnevausinsidsunlameaiemaman
Wunsdignidy  mnideimdsiesssunflifissedentsndnnszualii aunsoldidomds
dsestaduddusiwalunsuannseualiiiunuld

2. ieiunsneaeunnundedlunsnaanssualifirwesisdii fiaunsadsundantomas
wasdsundadlnanlavulunaiiimvun

3. easeanusiulalriussuulniivesUsema aansadulsdniihfindnnssualniige
Fomadldna 2 Uszam

4. Lﬁaﬂﬁﬁammé@mms%amaazu’hﬂmlﬂﬂqﬁumﬁﬂﬁqc’hawammwimmlm findiis
Aerfunisiiueiedegldidomadises (3 adie 1 n3earidnluiieiafewiufe)

3.3.1 319AZ1DYAVINNTZUIUNS

nTwsuNIsNaUNaziin1siasudamanduldawmdsdises FSWO

1. N13M529d@UNB Discharge tank, N13913298@0U Suction& Discharge valve 194 Fuel oil
& NOx Water forwarding pump au3u#l 3.4 1aisisnanifesegludumiadn

;J‘U‘ﬁ 3.4 Suction &Discharge Valve 984 Fuel Oil ke NOx Water Forwarding Pump

2. MIATAUNTS Priming Line 983 Fuel Oil Wag NOx Water Forwarding Pump lagn1s
WA Pump u&dn Vent fisumia Filter 7 Combine Pump Block

3. NINTIVAOUYAAIUAN UANIIATINADUAIINNTBNYDIMBIMRITUAZ UL (Combine Pump
Block) Aeunl 3.5 weawmesszuieanuiouneluiuiiveseawesuasly (Compartment) N3



a3

naeusrvudasiudafdouavaunsaldull (Fire Protection) lawn Fire FM200, Smoke

Detector WUy

>

JUN 3.5 waimesuasUudmiugemndsssuudisos@iea)
5 = & a o & a o
3.3.2 Junaulumsiasuamaaduyainadsd1sas FSWO

1. dleyelsslnilasunisdanisainnisiniidhesdnuielssmnalne (EGAT) Tnaidinnsda
11515 1510 GPG-C1 (GPG #e Fevaslsalniih dau C1 fa Block 1) AndunisiUdsudomas

211 Primary Fuel t8u Secondary Fuel (2138031 EGAT Dispatch Instruction; DI)

A18814 Receive DI 9/2016 for FSWO Gas to Oil IT = 13:00, RT = 14:10 A2 1URU1Y N4
EGAT danslilsslwiasudoumndsann Primary Fuel Wiu Secondary Fuel Butaan 13:00 (IT
- 13:00) wazdouUdsudu Secondary Fuel Tuiian 14:10 (RT = 14:10) 81983 DI 9/2016
2. N1 “OFF” AGC n15 “OFF” AGC aeidun1s Manual Load MW &aiiunis “ON”
AGC asBunsdatu-asivan (MW) 9rnnstwihvhendawisszinalng (EGAT) NAUGAIUAY
SAINTNVNNTIS LTS
fi79819 Off AGC Set Block Load 220 MW for FSWO aMunung “OFF” AGC i load 220 MW
3. yinsAanidenlyiug Fuel Oil System Check \fiensiadouan UzYeIINgy neunIs

4 & A o &
WURBULTBLNGY AU

3.1 Fuel Oil Main Shut Off Valve (MBN31AA001) Status “CLOSE”
3.2 Fuel Oil Trip Shut Off Valve (MBN40OAAOO1) Status “CLOSE”
3.3 Fuel Oil Shut Off Valve SEV (MBN42AA010) Status “CLOSE”

3.4 NOx-Water Main Shut Off Valve (MBU31AA001) Status “CLOSE”

3.5 NOx-Water Trip Shut Off Valve (MBU40AA001) Status “CLOSE”



aq

4. nn1s “OFF” Interface

5. Manual “Decrease” Load aunseiis SEV Combustor “OFF” a1niauyiinns Uncoupling
Steam Header lagm1sdsUannda HP STMI11  (11LBA50AA001) uag HP  STMI2
(12LBA50AA001)

6. \ilaUnduds Steam vzlnasennie Bypass Valve unu g Steam 2zlnavin Cold
Reheat U Hot Reheat (lUiingaivnfives Steam vivlildlwinunntu 91niuazludl IP HRSG

W& Bypass a3 Condenser
7. am Load aaunfl 20 MW iieliwide Fuel Gas Pilot Operate Only
8. 1ntupanidenit Fuel Oil

9. Motor Combine Pump Block %1914 finewnesioad Pump 2 fsia (Coupling) 8¢ Al
U 2 Uszian Ae NOX Water Pump wag Fuel Oil Pump

9.1 TusNTUN1IYUN EV Combustor fian 1ngadivesniudaimnads wagi1dd
vosuazduUalniundiuwasdndrluly BV Combustor Inelu Combustor asdin1slgurlunis
angauunil wazan NOX Naziinulunsidiwamdsussianiaduy ndniiuieugamasin

Gas \JulyaInas Oil 9 100% Wa7 wazvinnistuluanvas Gas Turbine

9.2 Suflaosii aunszits Temp After Turbine(TAT) > 935°C SEV Combustor “ON”

1132999 BLNAIEZI AR A Ua T wazuwdnldTu SEV Combustor

10. i1 Condition Y84 Steam e Coupling Steam Iﬂﬂ@ Pressure U89 Steam (Pressure
doslisnsiuuiniAiu 2 bar) vn Pressure §asnsfiueg 1-2 bar A9dl Control valve (Steam
Turbine Main Control Valve) ¥nthfiuSuly Pressure siviafu Waranungilve Steam
(gauniifwinaiulsifiu + 50°C)

11. \ile Condition Steam I 1115 Coupling Steam Header wagifislvan (MW Load)
aunsdan1svesnisinindherdauiasanelng (EGAT)

12, Wedulnanlamuiiinus Tasbun1s “ON” Interface

13. #39980U MW Load Export to EGAT, Buluaanasaintudu MW Load Export to EGAT
71 30 Wit MWaarlunisaniuns s 100 widl WWuszeznailuniswdswdomasain Primary

Fuel tJu Secondary Fuel 31131 70 w1l wagszeziianduluan 30 w1

3.3.2.1 WAUNTNLAAIA IR UTUNDUNITINIUVDY Fuel Switch Over (FSWO)



EGAT Dispatch
Instruction (FSWO)

A

Select "Fuel oil system check"

'

Select "Fuel oil button" Command "ON"

A 4

1.Fuel oil main shut off valve (MBN31AA001) "CLOSED"
2.Fuel oil trip shut off valve (MBN40OAA001) "CLOSED"
3.Fuel oil shut off valve (MBN42AA010) "CLOSED"
4.NOx-water main shut off valve (MBU31AA001) "CLOSED"
5.NOx-water main shut off valve (MBU31AA001) "CLOSED"

A 4

1.Fuel oil forwarding pump (EGC10AP001) "ON"
2.NOx-water forwarding system (GHC31EA100) "ON"

1

SEV Switch off at load approx. 20 MW.

\ 4

EV Combustor is switched back from premix operation to
pilot operation on gas
(Including nitrogen inerting and purging)

v

1.NOx-water main shut off valve(MBU31AA001) "OPEN"
2.NOx-water pump (MBU32AP001) "ON"

v

o]

Ul 3.6 unuamAFUTURBUNYIIUYBS Fuel Switch Over (FSWO)

a5



1.Water purging of the EV oil lances "PURGING"
2.Water purging of the SEV oil lances "PURGING"

'

Fuel oil booster pump (MBN32AP001) "ON"

v

1.Fuel oil main shut off valve (MBN31AA001) "OPEN"
2.NOx-water trip shut off valve (MBU40AAO0O01) "OPEN"

v

Fuel oil fuel switch over start up sequence "ACTIVE"

v

1.Fuel oil trip shut off valve (MBN40OAAO0O01) "OPEN"
2.Fuel oil sector valve EV "OPEN"
3.Burner valve EV "CLOSE"

A 4

Burner valve EV "OPEN"

!

1.Fuel gas trip shut-off valve pilot (MBP43AA003) “CLOSE”
2.Fuel gas trip shut-off valve premix (MBP41AA001) “CLOSE”
3.Fuel gas trip shut-off valve SEV (MBP42AA001) “CLOSE”
4.Fuel gas control valve pilot (MBP43AA002) “CLOSE”
5.Fuel gas control valve premix (MBP41AA002) “CLOSE”
6.Fuel gas control valve SEV (MBP42AA002) “CLOSE”

'

1.Pilot lances are purged with nitrogen “ON”
2.Air purge pilot “ON”

v

1.Fuel gas main shut off valve EV (MBP31AA001) “CLOSE”

2.Fuel gas main shut off valve SEV (MBP32AA001) “CLOSE”
3.Fuel gas relief valve EV (MBP31AA002) “OPEN”
4.Fuel gas relief valve SEV (MBP32AA002) “OPEN”

v

Gas supply system “OFF”

!

Cw

U 3.7 unuamaFUTURBuN1IaILYRs Fuel Switch Over (FSWO) (sie)

a6



a7

3.3.3 Junaulunisidsuiamanduiluliawasan FSWB

1. donmalsslniilasunisdansannisiniidendnuislsemelne  (EGAT) Tneil
msdensli Tssladih GPG-C1 diunisiudswdiowmdsain Secondary Fuel 18 Primary Fuel

29814 Receive DI 10/2016 FSWB Oil to Gas. IT= 14:50, RT = 16:00
2. “OFF” Interface

3, Manual “Decrease” Load aunszis SEV Combustor “OFF” ﬁ]'m‘li'uﬁ’]mi
Uncoupling Steam Header Tnen138sUnnd3 HP STM11 (11LBASOAAQOL) @z HP STM12
(12LBA50AA001)

4. Gﬂ’]ﬂﬁ?ﬂﬂamﬁaﬂ Fuel Gas 5UUY84 Gas Compressor 141U

5. wdniUasudondsn Ol Wwdeds Gas 7 100 % udy SEV 9z “ON”
At Operator Aeniumstulvan

6. \ile Condition Steam ¢ waztulvan (MW Load) &3 fingsinis Coupling

Steam Header
7. aulluns “ON” Interface
8. M3719edU MW Load Export to EGAT
9. “ON” AGC Remote

Tananlunsaiunis Ussunas 70 Ui



3.3.3.1 WNUNINBLAAIAIAUTUNBUNISYINGIUYBY Fuel Switch Back (FSWRB)

EGAT Dispatch Instruction
(FSWB)

A

1.Fuel gas main shut off valve EV (MBP31AA001) “CLOSE”
2.Fuel gas main shut off valve SEV (MBP32AA001) “CLOSE”
3.Fuel gas trip shut-off valve pilot (MBP43AA003) “CLOSE”
4.Fuel gas trip shut-off valve premix (MBP41AA001) “CLOSE”
5.Fuel gas trip shut-off valve SEV (MBP42AA001) “CLOSE”

A 4

L Select “Fuel gas button” Command "ON"

v

Select “Fuel gas fuel switch over start-up
sequence “START”

'

GT start de-loading

V}

Gas compressor auto start

v

1.Fuel gas main shut off valve EV (MBP31AA001) “OPEN”

2.Fuel gas main shut off valve SEV (MBP32AA001) “OPEN”
3.Fuel gas relief valve EV (MBP31AA002) “CLOSE”
4.Fuel gas relief valve SEV (MBP32AA002) “CLOSE”

l

SEV Switch off at load approx. 20 MW.

VL

Online water purge of the SEV lances

!

Pilot lances are purged with nitrogen

A

Gas pilot on GT load approx. 18 MW

!

[~ ]

U 3.8 unuamaFUTUReUNYIeUYBS Fuel Switch Back (FSWB)




1.Burner valves EV “CLOSE”
2.Fuel oil trip shut off valve (MBN40OAA001) “CLOSE”
3.Fuel oil vent valve (MBN41AA060) “CLOSE”
4.Fuel oil drain valve (MBN50AA001) “CLOSE”

v

Water puring of the EV oil lances

l

Fuel oil booster pump (MBN32AP001) “OFF”

!

NOx-water pump (MBU32AA001) “OFF”

v

1.Fuel oil main shut off valve (MBN31AA001) “CLOSE”
2.NOx-water main shut off valve (MBU31AA001) “CLOSE”

A

1.Fuel oil forwarding system “OFF”
2.NOx-water forwarding system “OFF”

v

Switch over sequence pilot gas to premix gas is initiated

v

Gas pilot "OFF"

A4

SEV flame "ON"

=

U 3.9 unuamaFUTuReUN1YIeUYBS Fuel Switch Back (FSWB) (sie)

a9



3.3.4 nN15%1 Fuel Switch Over (FSWO&FSWB) azdigasriantunis Operate 2 ®uy

1. Yleen1ansindndenandinis G9aziinisnaaau 3 asase 1 unit Tu 1 3

Fuel Switching Cycle (nifﬁﬂ?‘lﬁl. dIMms)

MW T34(2GTs)
363(1GT)
T34{2GTs) T34 2GTs)
365(1GT) 365(1GT)
| : DX :
=S 5= Time
I'l <70 min. 2 = 30 min. I3 < 70 min.

Fuel Switching Cycle

"aisl Transient Period

5UT 3.10 Fuel Switching Cycle (n3dinvn. &n13)

2. laglsalviiluduenndeu #10190191NMSHOULAIVBNAFBUNHININYBULAT

Fuel Switching Cycle (n581153 1W¥hvenaaew)

MW

734(2GTs) T34(2GTs) 734(2GTs)
365(1GT) 365(1GT) 365(1GT)

:385 to 220 (2GTsI 385 10 220 (2GTs):

...aaen fLaoaem

P=8 S=p p
Time
Il <70 min. [2 =30 min. T3 < 70 min.

Fuel Switching Cycle

Transient Period = 1.5 * Switching Cycle Time

gﬂﬁ 3.11 Fuel Switching Cycle (nsallselwiihvennaau)



3.3.5 NN5IATIZNVDUNNIDILATHANTENU

deyaiilauinsenaigds FMEA Insuenusias Unit

[

&
NU

AT 3.3 FMEA 91nmansal FSWORFSWB vasisviufnemuned 11

51

o w

MU 1 2 3 4
%aqﬂﬂizﬁ Air Purge EV vuzilvasues | fsiufeuanean | Air Pure Pilot
uay Pilot Failure AU 140 1ATLUUN Valve 1sii@n

wisn1sal | Alarm. MW Flame EV off (21/03/2013)
(18/11/2012) | Air Purge Premix | tduniswieu
Valve ldgnansa | @nignisvinau
Uala 100% Aoufiaziinng
(03/02/2013) Wasudemas
INNIYFITUVIA
Dudomdnisiu
ALa
(14/03/2013)
Shd 11IMBH71AA021 | 11IMBH71AA011 | 11MBM11CR0O0O1 11MBH71AA022
\Seedns
flafduns | mstheen@au | mstheenday | WHunisesedeu | nsihesndiau
e | sanlagly paningly gumgiinviesn | oonleeld
lulpsiau Purge | lulnsiau Purge | lwiimdsandnig | lulesiau Purge
oulinaUdeu | doufinsdey | eadewdsine | Aeufiniaivdeuy
\Toinds Tounas lgnition Torch Founas
uans | ndwesnsila | 11aidesn1sila | Flame Aa9nns MNaIRBIN1sUn
11974 “ON”
aunYes | Guide Bushing | vieawfisneluds | EV Pilot Control | nihduraves
NS | vesANNEEY | 118auan Valve Tsimafi Ball ldiSau 1im
HANaNn osndaugou PNNIAANTOU
1UINTENU Y99I
HANTENU | SEUUMEAYINNY | S8UUMEATINNIU | S8UUNEAYINAIU | S8UUNEAYINAIY
AMIngR | vieanisvinauy NeANIYINeU NeANTYINU NeANTYINU




A1519% 3.3 (510)

52

GRIZY 1 2 3 4
¥ogunsal | Air Purge EV vurfivasvestafy | Aafufeuansen | Air Purge Pilot
GE Pilot Failure | %140 MW INTLUVIN Valve 14ilUn
ms;miai Alarm. Air Purge Premix Flame EV off (21/03/2013)

(18/11/2012) | Valve ldanunsaldn | WHunsidey
15 100% A4N1MENIYNeU
(03/02/2013) feufiaedinig
Wasudenas
NAYFIINYIRA
Fuidemaaigy
Ala
(14/03/2013)
031 6.34196E-06 5.43596E-06 7.09039E-07 5.43596E-06
AR
Wae
MTTF 18 21 N/A 21
mswdle | drndaludend | Wasuieanduadia | 1. vhansiiu 111 Ball 31
Shop 84 Tusiannidia PA: Temp After Lapping o
AU PolyAmide Turbine (TAT1) L‘IJ?{EJ‘LJGQG] Soft
Juwuu PTFE: ielsiviins Part Tyl
PolyTetraFluoro WAy Step 7
Ethylene qmmﬁqaﬁﬁu
wielsanunsany 2. U5um1 Delay
goungldaeiy time Tun1s:Un
N2 Purge Valve
3. yInsusuAn
PID
gogde | 0.748 a1uum 0.760 A1UUM 1165 dwum | 1.165 auum




A1519% 3.3 (s10)

53

d1nu 5 6 7
¥ogunsal | Air Purge Pilot sgwhaAsudemaiy Shut Off Valve NOx
way Valve Ll dfufwatufufneaneen | Water SEV lsidn
wgn1sad | (08/09/2013) MNTEVVAN Pressure SEV | (20/04/2015)
Combustor Increment
Gradient > Max3
(14/09/2014)
e 11MBH71AA021 11MBX00EW123 XHO3 11MBU42AA050
1A3839n3
flafduns | n1stheandiausen | Pressure SEV Combustor | Safety Shutoff Valve
9 Inglglulasiau
Purge Aauiin1g
Wb deunas
Inuans | 11aweanisin L56UTl SEV Combustor g4 | 1é@asiaansiln
Y191U
amnvas | 1. Ball fisesrin 1. wud1 Command luns | ledueedndude
MY | NIOU &9 wuzihliUanou
Rawae | 2. gulusinnaall | 2. A1 Load Set Point Ueg
atlal N1 Load 934189310 SEV
Burner Valve Wavinly SEV
Burner Valve Un
NANENU | STuungavingu sEUUMgAYU JTUUNEAYINgIU
ANFINGR | neansvinau NYANIIYINL NeANTYINU




A1519% 3.3 (510)

54

ANRU

5

6

7

YoauUnsal way

3

Air Purge Pilot

\ - & a &
seruUasUEBLaLUY

Shut Off Valve NOx

wansed | Valve liln ihifufleadefufaan | Water SEV 1aldn
(08/09/2013) 29NANTLTUVINN (20/04/2015)
Pressure SEV Combustor
Increment Gradient >
Max3 (14/09/2014)
JNTIAIUNA 1.63079E-05 6.20409E-07 1.26839E-05
nam
MTTF 7 N/A 9
nsuily Wasweslwamdu | 1. ane Set Point Mass \Wasw Solenoid

VDINHER NAFDY
N5 WUA-Unuadinan
(Stork Test Valve)

Flow SEV Total (NOx
Water and Fuel Oil)

2. dlewiusiehuiee
(Step SEV Burner Valve
will opening), Lﬁa SEV
Burner Valve 1 A15 Key
Load Set Point #14 Load
39

Valve Tl

1.150 aUUN

0.775 a1UUM

3.052 81UUm




A5197l 3.4 FMEA nnwnn1sal FSWORFSWB wesisufinamiied 12

55

BRI 1 2 3 4
¥ogunsal | IP Drum filvan 27 MW | wudidl Flange | vnizfilvianues
WAy HRSG12 Level | WUIISEV Flow AUy 28 MW
WAN1Td | High >MAX2 Combustor 1 Transmitter Tylanansawia
dawalifeiule | “ON” 983 Combine | Wanldiiesnin
i Tripped (04/10/2011) Pump Block § | GT Load Limit
(21/08/2011) ity Active.
(10/02/2013) (24/03/2013)
9d 12HAD30FL901 - 12MBN32CF001 | 12MBU42AA001
\A3nedng
flafdunis | Monitoring noarlnddiy | Wuwewestu | Wuaedn
9U svutily P | SEV Hudidadiviuay | lnozunsalunis
Drum lufatety | muaulvan (u
fineg nstu-advan
YDINIAUAY
nuAnIg mﬂssﬁuﬁf’jﬁqq F99n15 “ON” FOINITHAU Fosnstulvan
MU 170 NOLADS
aunnues | IP bypass 1l wuiisusail | 1. aednves
n15%19u | Control Valve Flange Flow "TAT1 _ACT SEV_
Hawanm | lliUandeann Transmitter FO ON" uag
1g3u1ds m TAT1_CMD_SEV_
Operator 34 FO_ON" lai
UsAulnen1sila MBUAUDY
1évinlily 2. Proximity
A3150AIVAY Switch U84 NOx
JEAUVDY IP Water Control
Drum 1@ Valve 1&g
HANTENU | SEUUMEAVINTY | SSUUNEAYIIU | SEUUNERYINAIY | SEuuvenyineu
AR | MEANSION | Mean1svinay neANIYneu | wean1svineu




An519% 3.4 (s10)

o w

MU 1 2 3 4
Fogunsal | IP Drum filyiam 27 MW | Uil Flange | wauziilyamuasiiaviufing
WAy HRSG12 Level | Wui1SEV Flow 28 MW Talanansaudiy
LWJﬂ’l'iﬂf! High >MAX2 | Combustor lai | Transmitter anldiilesnn GT
daalinaiy | “ON” 999 Combine | Load Limit Active.
v Tripped | (04/10/2011) | Pump Block §1 | (24/03/2013)
(21/08/2011) 1
(10/02/2013)
o[k 7.61035E-06 9.92654E-07 N/A 2.3297E-06
AR
Wan
MTTF 15 N/A N/A N/A
nsualy | wden lainutuiin WaswUsfud | 1. asavdevasinuay
ATIFOUNUI | NsuAlY %1 Flange Simulate tilanaaau
/P Converter Flow 2. USuma proximity
Malfunction Transmitter Switch ¥839 NOx Water
NS Control Valve
Wabw I/P
Converter
Tnal
goyvdte 4.10 MB 1.156 MB 0.812 MB 1.165 MB




A1519% 3.4 (s10)

57

a9y 5 6 7
%aqﬂﬂsaj Air Purge EV Pilot | IP Drum level low %29 | Air Purge Pilot SOV 211821
{GH Valve liiidn Lﬂﬁaul,%al,wéqmﬂ Gas W& ue Feedback 10931817
winnnsal | (19/10/2014) Huthiufioa laidsludi DCS
(29/03/2015) (02/05/2015)
9d 12MBH71AA021 12MBN40AA002 12MBH71AA021
\A30edns
flafduns | mstieandiau muqmzﬁuﬁﬂu Drum | MUANNISINUYEY Air
| eenlagld Purge Valve
lulnsiau Purge
Aoufinmsdey
Honas
uan1s | Aeen1sida s¥AUUed Drum Miund | dsdauguesnailids DCS
Y1191U
wnnves | Mduves Air Positioner IP Bypass Transformer Isolated
N15Y19U | Purge Valve Control valve T Amplifier luldsaniuzvas
Ranann | Andn MOUALBIADNNTEINTT 1é1Usa DCSlumauziinnga
Unan
HANENU | SeUUveminnuy | SsUUvieniinau JTUUNYAYTINIU
ANYINA | NeANISYINau NeANIYINU neANIYINU
057 3.80518E-05 4.22797E-06 3.80518E-05
AN
el
MTTF 3 27 3
Mty | Wasuituves Ui Positioner 84 IP | wWasy Transformer Isolated
Air Purge Valve Bypass Control Valve Amplifier Wag Proximity
270 6% LU 3% Sensor
QQJJL?{EJ 0.775 MB 2.85 MB 3.00 MB
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M54 3.5 FMEA 91nmnn1sal FSWORFSWB vesiaiufinamiiei 21

aala) 1 2 3
Fogunsal uaz | Flame EV TRIP Flame EVTRP | winAuwesinusninesves
L‘Vi(ﬂmiaj Active Alarm Active Alarm 1oLmas Combine Pump
(09/03/2014) (16/03/2014) Block aivinanu
(17/05/2015)
sWaedesdns | N/A N/A 21MBN01AU001
fladdunts | vieswnlndldam BV | vesnlnsfaiu eV | Wugunsnifianouves
WU wawes Aflusssuseium
nan
NANISVNNIY | 793R “ON” A99A1T “ON” ADINIILAULDLADT
@R UeINTT | Flame off mﬂqmw{]ﬁlﬁmﬁ%ms (TAT Electrical Latching Module
MURANaIn | HPT Average temperature drop during | U8slInAULgeINALUTALNDS
Pilot increasing and Premix decreasing) | vasueLnos Combine Pump
Block L&e
HANTENU SYUUNEAYINY SEUUNEAYINGIU
AMEINgR | eAn1syineu NeANIYNU
IRTIAURA 1.4825E-06 N/A
WA
MTTE N/A
nsuly USusts Temperature Control 989 \Wasy Electrical Latching
EV Fuel Demand Module
goderuTu 1.12 MB 0.84 MB

FMEA 210901388 FSWORFSWB vesfisiuingniien 22 Lifinn1salin3esdns vwie
gunsalvihnuiianain Tselnihauisadiunisniunisdainisvaanisiniiiendauisdseme

Inglannass
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3.3.6 nsUSuUgamsunEuauUineineYas Air Purge Valve

a o

NnadRmsvhnuiianainveaaiesinsvidegunsalnuiimnein Air Purge Valve idudu
gy iumu‘i%’aﬂfﬁaﬁﬂmaﬂ%’uﬂqasswmaq Air Purge Valve 1undn iileanilyvvesiaiesdns
vidogunsalifunsifiuanuindedevesszuy uazannisgaderuivannmsvhanuiianainues
insesdnsvFogunsaflunlsdlii

SO VLV
PROPANE

FUEL
PILOT &

TRP SOV FUGAS

PREMIX

‘ TRP SOV FUEL MAIN SOV
SUSRS T | éas eV FUEL GAS

1 3
l=l

TRP SOV FUEL MAIN SOV
M coonsel | [ ]|

3UN 3.12 vdenlaezunsunisvineuves Air Purge Valve Tudiuwes Fuel Gas 91n1t1ae DCS

U 3.13 fumisn1sinda Air Purge Valve Tulsdluliin
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gﬂ‘ﬁ 3.14 dnwalzved Actuator and Air Purge Valve ﬁi‘i’ﬂuiwu Gas

NANNI5M191UYB4 Air Purce Valve

v

inwilunis Purge emAneunaziimsidsudomas (Hresssummduiniudioa wse
usuAwalluiesssumid) uayyiwin?l Purge ®1n1AYae Ignition Speed 1 900 rpm.(#
A ITRUYRIaRUAY 3,000 SaU/UN)

v

PNNSANIUUNIUBY Air Purge Valve mmsmwmﬂu 2 @ el

1. Jayman Ball Valve (Juadu sihlinaadndn

2. Ugyn1an Transformer Isolated Amplifier

ndaymdsumiingnn  vinsAne3snistunistieshwiieannmsvitauiianainves

¢ A v = oA A Ak el' o &
Q‘Uﬂim LW@IVﬁgUUNﬂ’NQJUWL%@ﬂaﬂﬂU IWEJLLEJﬂW’]lI{]QJJﬁ']WW‘UﬂQU

1. Jayman Ball Valve Wuady vilinaidndn

JUN 3.15 duvtisued Ball Ailasupudenig
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Drw-Pos | Order- | Designation Qty
Pos
999 | Ball valve FKT9DN 2" 1
998 [ Spare parts set, Pos. 33, 35, 37, 62 1
1 1 Body 1 1
2 2 Body 2 1
3 3 Stud 7
4 4 Hexagon nut 7
7 7 Stop disk 1
8 8 Stud 5
12 12 Snap ring 1
13 13 Hexagon nut 5
21 21 Ball 1
2 22 Stem 1
L] 24 |Pn 2
2 29 | Belleville washer 4
kil H Sealing ring 2
3 3 Sealing ring 1
36 35 Sealing ring 1
37 37 | Sealing ring 1
4 38 38 Bushing 2
4 44 Druckring 2
45 45 Sealing fing 2
60 60 Stuffing box 1
61 61 Gland adjustment 1
62 62 Sealing ring 5
| 83 63 | Stud 2
! ! B4 B4 | Hexagon nut 2
1 29302 B3 2 4 333[TrEEn 89 89 | Thustring 1

3.16 autalunndnves Air Purge Valve d@umuvindusieazidenvesngds

€an
(=%
=2

n1sunly GEnsiAunaunIsUsuUsY)
PNADRANIVIURANG AU Air Purge Valve TS UNUgoNAINS18nISAIUETT
1. Lapping ball and seat, replace bushing and sealing ring (Material: Graphite+PTFE)
2. Replace new ball valve
3. Replace soft part new OEM valve (Material: Graphite)
4. Take out ball valve to furnishing and lubricant
5. Replace the new ball valve “ARGUS” (Include replace gasket, Material: THERMa PURE)

aal ! . 1% ! d' 1 1 o = dl'
1NIDNULBU Air Purge Valve ANNANIVNNAUIGNULDUUINNYYIUANYN LLaSLLfﬂ‘ULW@

antaymnisihanuRanainvesal wilgmnisandavesaindadet

Y
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A15USUUSINUYaUUN5I5 AN

Mndaveamsfindnuendr (Air Purge Valve) Svamguaninaneniuduluginds
yrlsdlaliiléfinistvmunliings Manual Drain Valve ifleumiiiogluszuusonuaziims
naaeuNsila-Uaves Air Purge Valve lngfanuilumsmaaeunn 9 Ju uazidewuiymnig
Antprasndinudmadiedoniizadilunsvdeunazuily wonfunadeumsvhag Javi
Titsandgniiaifadals

- |
e
‘
|
]
MBH70AA002 |
meu714401 0| T hiBATIA

MBH7IAAO0I4

gﬂﬁ 3.17 NMSNe@U Air purge valve

2. Jgyu1a1n Transformer Isolated Amplifier

gﬂﬁ 3.18 Transformer Isolated Amplifier
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91NM5YN91UY8e Transformer Isolated Amplifier mugﬂﬁ 3.19 1ilo Solenoid Valve
Ie¥udnyanaiain DCS aylumununIsiaIues Air Purge Valve 71 Actuator a¥dl Proximity
Sensor (@ Inductive Sensor) vhutfinsiadunisiadeusivesinunds Wensaduldavds
Joyaluds Transformer Isolated Amplifier A9xdl Feedback denduluds DCS usignszuulaiviu
Feedback vomdiluvaizindwhnuluudr (ndrdauds us Feedback Saansndlnet)
Faluanniznsvinau Air Purge Valve dasadioldfusssummifudomas dassuuuasin Air
Purge Valve lu'%?&qﬁﬂﬁm%'aqﬁ’qﬁuﬁ”wwq@ms‘v‘i’mu (Tripped)

D: 22V D: logic1
D: 0.6mA N: OV " N: logicO
NG.Imd Digital .
Input
F: 22V F: logic1
4 N: 0V N: logicO
Inductive sensor Isolated Card
Command
0-1
Digital
Feedback Output
0-24
Volt

Instrument air pressure 0 — 7 bar )
N - Solenoid valve

s

gﬂﬁ 3.19 Loop 9940151191984 Transformer Isolated Amplifier

n1sunty A8nsiAufeunTUsuYT)

1. il® Transformer Isolated Amplifier 1o vinn1siUasulagldezlva (Spare Part) 970
Store
2. ¥INSVeAaUNISIUA-UAY9931a7 LarddnAnISaivingI1uvad Transformer Isolated

Amplifier

N5USUUTIUT TN §5NWN

1nUgym1vas Transformer Isolated Amplifier fana1INUINTINITUITINW UGN A
faudgsiuseuveg wn Card 1@y @0138n1591191U08918198 R SUN 59U danali

wsBafwiuMangnIinau 3935n1sUTuUTIU RSN wINInsIvaey fl

1. yihmsfineiaznsivdeugunsaiiidiuieideddunsvininuuesd



2. WanuI1 Transformer
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lsolated  Amplifier @3 slauaunnisaulidnfnwiinau

UsAvginsesdmsuldlunisnaaey Transformer Isolated Amplifier lusgninuasomennis

W&# (Major Overhaul) Ineffideadudensvesussnliauwuzdl uazsunagou augun 3.20

%

3
Li]

unsn  AASIRASTY

[ R T asTIM

Faunlt Checking
Fault cHl = 0.00 ¥
Fault cH2 = 0,00 W
Fault cH3 = 0.00 ¥
Fault cHd = 22,68 ¥

Fault Check

meter Check

Ufi 3.20 iSesiielunisneaeu Transformer Isolated Ampilifier

3
yuzRs

@
Bl . ] ] o I wanmdluid -
Swom o N I oA
£ % =] ﬂJ b 7
i

Arial
[y
& ot | B 1 @i | o ¢ | Wpiomnepdie T RENG TR o BB

adtuadn ] WUUENET medaun Ay 1 Ansas VAR msuly
L P10 & P

(W % B TAc [ b | & [ D0\ [ @ [ J JRRCIW [ v (W [ b [P [0 [ Rl FE
1 Time Index Sensor  Fault! Faul2 Faultd Faultd Output! Output2 Outputd Qutputd Currentl Current2 Currentd Cu )
2 170508 100 D 0 0 0 D mE me wnmw b Dey D | A b [elE
3 17:06:08 200 D 0 0 0 0 By o»e 2B 2B 06 06 06 ECEE control

1 170509 300 D 0 0 0 0 n»n 2B 2% 2B 06 061 06 r ol

5| 1060 10 D00 0 0 mEk 2n BN 2N 08 08 06 PLX'DHQE e oo

6 17:0609 500 D 0 0 0 0 23 »H 2B 24 061 06t 061 || Settings w

7 17:0609 600 D 0 0 0 0 2% w4 2% BB 06 082 06 | pm[s ] s

8 17:06:09 7.00 D 0 0 0 | onH e 2B DB 06 061 06

9 170609 800 ) 0 0 0 v ma am mn mn s s s || bl e o] M
| 170s 2,00 D 0 0 0 0 n% 2B 2W/ 2N 06 06 06 Clar Columns
07060 1000 D 0 0 0 I n% w4 2B 2B 06 08 06 =

2 17060 11.00 0 0 0 0 0 24 »4 2N 2N 06 08 06 oo EIR]E]

B 7060 1200 D 0 0 0 0 n® 2k 2B 2B 06 06 06

170609 12.00 D 0 0 0 0 omH o 2B 2B 2B 06 06 06

B A6 1400 D 0 0 0 0 onn 2B 2B DB 06 08 06
B 17060 1500 D 0 0 0 I B w4 wH 2B 06 06 061 |

7 A6 16.00 D 0 0 0 1 m® w4 2B 2B 06 061 061 06

B 17060 17.00 D 0 0 0 0 2% 24 2B 2B 06 08 06 06

9 17060 18.00 D 0 0 0 0 n® »¥ 2N 2B 06 06 06 06
A ) 19.00 D 0 0 0 I »n »® 2B 2B 06 08 06 06
oA 170EN 2000 D 0 0 0 I\ »n »® 2B 2B 06 0k 06 06
2 70N 2100 D 0 0 0 0 W% w4 2B 2B 06 06 061 06
Pl ) 200 D 0 0 0 0 m% w4 wH 2B 06 061 061 06
A 7060 2.0 D 0 0 0 0 24 pe 2B BB 06 08 06 06
B MT0RN 2400 D 0 0 0 0\ nm® »B o2H 2B 06 061 061 06
% 1061 2500 D 0 0 0 0| nB BB 2B BB 06 061 06 06
PR L 200 D 0 0 0 0\ ®»B w4 WB 2B 06 06 061 06
B MT0RN 2700 D 0 0 0 0 ®% »® 2B 2B 06 061 06 06
2 70EN 2800 D 0 0 0 o ny 2w 04 24 06 08 061 06
0 106 2900 D 0 0 0 | n»n »B LW 2 06 06 06 06 ~
M 4> M| Simple Data ” Simple Data with Plots . Interactive Bar Graph . #J 4] il | ]
wéa | |FEEm 0% (= 0 )

gﬂ‘ff’i 3.21 #adnmmegeuluguwuu Excel File



65

3.4 n3alN 2 MsUSuUgIMsanAURaNaInYaIgUNsalvaIsEUUNAA WA

3.4.1 S19AZLYAVBINTTUIUNIT

Tunszuaunisvesdnnseudlniin Excitation Juszuuiifinnuddyifuegisnnmniie
mmﬁmwmmﬁuaaqﬂﬂizﬁauv‘l’ﬂﬁiswwqmﬁﬂmuﬁasﬁmaaiamilﬁum%ﬂmmq ﬁyugmmaﬁmi
nannszualnill Excitation  vimdiiiilunisanglinszuansadnluss Rotor wileliminLduunss
wlwandnfuunainues Stator adunssulndhdildarnedestudaluiy Avalunisiieu
YB93EUU Excitation @wnsaiansanlaain Capability Curve of Generator mmg‘d‘ﬁ 3.22 A5
Wame Limit 989n159197U984 Excitation %"’qLwiazm%qﬁ’nﬁmlv%ﬁ'mﬁgﬂLLUUé’ﬂwmzﬂé’wﬁ’uﬁa
WAU Y 158011 Active Power (Py) Wazinu X 138071 Reactive Power (P, 1aeszuy Excitation

AFnwTuduluy Static Excitation

Practical static /
stability limit

Theoreticdl statie - | <)/ <[] %
stability limit y w{ u; e

Py : Active power
l,. : Active curent

Limit of stator current

Maximum turbine

power
o AsS
<9
$E Limit of rotor current

)
f\\ < A | E y P : Reactive power
1 i 0 05 1 p‘u.l .. Reactive current

R
" underexcited"” I " overexcited"

Leading Power Faclor (PF<0Q) :=Lagging Power Factor (PF>0)
|

5Ufl 3.22 Capability Curve voaizesiidalvlihaiindsiufing
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@

Generator
circuit breaker

iy i Excitation

S transformer

W Wl

n (%,
Automatic
voltage regulator

AVR —-y Rectifier

gﬂﬁ 3.23 lpaznNsuVe9sE UL Static Excitation

58U Static Excitation wuuilasfadsegfuitlivapiluiu Rotor vasedasdudaluih ns
muAunszuanagll Field Coil a1y Rectifier silafianuisaniuasld (SCR-Semiconductor
Controlled Rectifier %50 Thyristor) Wnu wagldunasane (Power Source) 210 Station Service
%30 Generator Bus W1 Step Down Transformer anussnuassnlilunigauiu Rectifier au
IEEE Standard 421-1972

Local Control AVR / FCR N"1 TTM211 ;
- Panel =
3
5]
2| B
3
=
3 : o

AVR / FCR N2 Valid

ld ’ > J 4
o )
o
5 Uc signal T
é TTM211

g‘ﬂ‘ﬁ 3.24 ¥UU Excitation LUy Redundancy

N3UT 3.24 53UV Excitation Control fimslsshiinldauluiiagiugnesnuuuidunuy
5¥UUd1909 (Redundancy) Usznousie  PLC Excitation 2 Channel, Automatic Voltage
Regulator(AVR) 2 4 , Rectifier 2 49 M3¥auagian 1 9a uazdsos 1 9 (Standby) iile

\Aim Fault 7 Channel ‘ﬁﬁ’muagj azaduldlddn Channel wuudmluslf (Automatic Mode)
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PWR331 | QPU360 | MDLG6AS | MDLG45 | MDL240

16 digital
Cenlrcl | 16 digital | 16 digital |  cuput
Processing|  inputs inputs relay
o Unit 24Vde | 24Vee 24

Power

{Zord | (4thynstor
thyristor | radifiers)
rediifiers)
Serial port

RS485

l_’ To AVR controller

E— | FE— K| FE K| E <

5UM 3.25 M3vUTeIYA Rectifier

ANTIAIUANTTUY Excitation Uuﬁugmﬁum Automatic Voltage Regulator (AVR) G?J!QMUQZJ
N1591191UV09 Thyristor Bridges Wag Field Current gaaasestndaliih e Thyristor Bridges
thnszuaaziignsalnsadunssua (Conduction Monitoring Sensor) 903Ul 3.25 131
Suco Module vmthiflunisde 24 vDC U8 Digital Input Cards (MDL645) a1ntfu Digital
Output Relay azdstoyanaluda AVR

PNMIFNYITeYaTaNTINURananvesgUnsainuilagdlnginngunsalngiadu

nszid (Conduction Monitoring Sensor) @1N5auaNLASlARINAITIIR AT

M19197 3.6 adifimuinnaInveIgUnIningITuNSTLA

T wau U S9Aa 38N13 GRINT)
\A303dns

08/04/2560 | 22CUA | 9@ Rectifier 1 liinFousinau gunIalnTIRTunsealyl
au

23/08/2558 |  28CUA | ST 28 Rectifier 4 laingauviianu | gunsalnsiadunseuwaly
v

02/01/2558 | 28CUA | ST 28 Rectifier 2 linfouviau | aunsalnmiadunseualyl
ey
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A1519% 3.6 (519)

T wieu U e FI8N13 GU)
\3eedng
23/06/2557 11CUA Gas Turbine Unit 11 Yanaan S¥UU Excitation lalvinau
NTEUY Wi 2 Channel Tng ch.1

gunsalnTIRTunseualyl
Y9 Uy ch.2 PLC ven

au

19/05/2557 | 28CUA | ST 28 Rectifier 4 linFouviu | gunsalnsiadunseualyl
V9

11/11/2555 | 12CUA | GT12 Rectifier 2 linSauyinery | gunsnlnsandunseuall
v

08/05/2554 | 28CUA | ST 28 Rectifier 1 lunSousinam | aunsalnsiadunseualyl
v

25/02/2556 | 28CUA | ST 28 Rectifier 1 linfouvie | aunsalnsiadunseualyl
Vnau

08/09/2552 |  18CUA | ST 18 Rectifier 1 linsouvinau | aunsalnsiadunseualyl
iy

23/12/2550 18CUA | ST 18 Rectifier 4 lan$ouvieu | argludonainsig

= 1 '3 % [} gj Y o Q{' 1 v
NMIANYIMUIUNTAINTIATUNSERaaInTaUTuRsliviunnssualnariuaunsalls 4
AU MUAITIN 3.5

M1319% 3.7 N15UTUFY Dip Switch vasgunsaingadunsea

FIAEIVER 1 | dumdaaivgd 2 nszud (Ampere)
Ua Un 80
1Un Un 160
Un Wa 230
1Un Wa 320
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NFUN 326 UangUNIINTIUNTEUA Uagsuniavesaindves Dip Switch Fagn
Uusaiunian  (OFF) Mauansitguniainsaadunseuaditiasyinnudiedinssualyaniug
80 A.

UM 3.26 suiaa4 Dip Switch vesgunIninTIndunseua

3.4.2 NM5ATIZHUVOUNNIDIUATHANTENU

M1319% 3.8 WAN1TAlAMURANAIAYRIATBIINIYTRRUNTAdlUSEUU Excitation

78015 ANWYY
FONTTUIUNS Gas Turbine and Steam Turbine Excitation
%aqﬂmaﬁ PLC Excitation

fandunisvineu | auaumsdnelinssuanssli Field Coil

T CPU stop running and conduct monitoring module fail

GRINEE) PLC Channel 2 gavina1uLilesain CPU cards Ldguaz PLC Channel 1
Lvihauiiosangunsaingaadunsewa (Conduction Monitoring

Sensor) L&e

NANSENU LAS9NIRUNITUaNDBNIINTTUU
AMYINGM neANsvIeLYeIgUnsal (Safe)
FIUIUATI 2 A59 (U 2557 = 2 AS9) ORIIAURANATA = 1.29722E-06 and

1.48250E-06 sadlals

I gunIalaewi 1002




M13199 3.9 drutuneulunisunlulersesding wegunsalinauranain

[y

ANau

Wagugunsainsiadunseua (Conduction Monitoring Sensor)

wazida PLC ¢ne Laptop

¥
LYY

fAuTunsA by

Wl

gunsal

nannNmang

Yawnasanglnnaelituszuu PLC
wad Wadunilug (§9a9d Alarm Ang

0g)

11 Laptop 1siatd1Au
Communication Port U89 PLC &2
Y Fault 989 10& PLC , Upload

Program tUg3 PLC Tol

Wasugunsalnsiadunseudlv

VAAOUNITVINNUYBIQUNTINTITY

nsgwd (Inject AC current)

NAAUNTTLIIUVEY PLC 13 2 90

PRUTTUUUSUDINAL LRI d@INI
Tgulane 2 é7 (Hosananusoudl

HARBN1TVEAYINaTUYBY PLC)
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lun1sufudsessuy Excitation tioanilamnisvafianansuesgunsailalfiAnd ) wa
LiliAnmamsainmshauiiananvesgunsairelieariu WILIUNTIANUHANAINTINVDY
gunsal (Common Cause Failure) awvibilssluiineanisvie (Trip) 3aldvinisfineinis
¥9UYBITEUY Excitation kazmiumudeyanmmhauiianaiavesniosdnsuazgunsal Sawui
nsvnuURanaIavessruLdlnginan  “gunsalnsiadunseua  (Conduction  Monitoring
Sensor)” WagsEUU PLC MNEIAU LagaInn1sANeISEUUNUINSEUL Excitation 9enenyinaIuf
soidlogunsalfimshauRananaselios mﬂmiﬁwmuﬁmwmmaaLﬂ%ﬁﬂﬁﬁaqﬂmaimﬂﬂ%ﬂ
usniidarnsey 19 1ilen Excitation Channel 1 AnvhauRANan Wya Excitation Channel
2 ARevhanRanaint awiiliadostaiufevganisyeuiufl Sendn Loss of Excitation

S5UT 3.27 wansddudunisyieiuues Excitation System (Double Automatic Channel)

Y



Automatic channel of
> ACTIVE REGULATOR

Fault in automatic channel

NOK
tandby regulator

OK?
OK

Changeover to automatic channel

Fault still
present?

Yes

Changeover to manual channel of

Fault still
present?

Yes

OK

Previous regulator

l NOK

Tripping

i

Changeover to manual channel of .
ACTIVE REGULATOR

of STANDBY REGULATOR ¢

STANDBY REGULATOR v

Fault still

present?

Yes

Tripping

;51]17; 3.27 @1AUTUNTY1N191UY8Y Excitation System (Double Automatic Channel)

72
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IS a v

Ingludniilanniiunsusuygeseuy Excitation Wiean Common Cause Failure @43 2 35 Al

3.4.3 n15UsuU39aUnIalngiadunszua (Conduction Monitoring Sensor)

n15USuUgesPUU Static  Excitation  srensitdsugunsalnsiadunsewaliiisulag

(Improvement of Static Excitation System by New Type of Current Monitoring)

JUPOY

6 o ¥

1. aamqﬂnsaﬁmw%’msma (Conduction Monitoring Sensor) mmamqﬂﬂsmmﬁ BN
53 34lWIA92995 AuA 24 VDC

;J‘I.J‘ﬁ 3.28 Conduction Monitoring Sensor

2. A5IIRAIAIINAIUNIUYRS Hall Effect Sensor lugunsalnsiadunssua Wiguiudin
\Ju Original Equipment Manufacturer (OEM) wagns23inAIAud U uves Hall Effect
Sensor (High Accuracy) LNOR31980UNTUDY Hall Effect Sensor Lazn158A995U04

Resulator

NUELe “OEM” €119 Original Equipment Manufacturer #i188ia N155UNHAATUAT
Ifiugviesng 9 muwuuignAivun

2.1 Conduction Monitoring Sensor (FfiRaund lidtnseua)
Terminal :1-2 = 15.14 kQ

Terminal :2-3 = 14.01 kQ
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Terminal :3-1 = 1.139 kQ

5U# 3.29 N1305391RAIANATUNIUYEA Hall Effect Sensor (FaiRaUN)

2.2 Conduction Monitoring Sensor (OEM)

Terminal :1-2 = 14.16 kQ
Terminal :2-3 = 1298 kQ
Terminal :3-1 = 1.184 kQ

gﬂﬁ 3.30 N139TIINAIAINAIUNIUYEL Hall Effect Sensor (OEM)

2.3 Hall Effect Sensor (High Accuracy)

Terminal :1-2 = 13.33 kQ
Terminal :2-3 = 12.20 kQ
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Terminal :3-1 = 1.135 kQ

g‘lh’?i 3.31 N1IATIVIAANAINNAIUNIUYBY Hall Effect Sensor (High Accuracy)

3. DOM Hall Effect Sensor kazyinAuaza1n Oxide fag Solvent

ES

‘_uzr"ﬁ’jju;ml

5U# 3.32 diuvesauniaingiadunsenaiinen Hall Effect Sensor aan
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4. fiads Hall Effect Sensor lmgvosdudu ssa95A waswdu ssa95A1 #simnaila

(Sensitivity) AinI13AT Error Woenin@aa wazdl % Null Drift @anansLAs

= CIRCUIT BLOCK DIAGRAM

Vs (+)
evsoR— BHELTE ___ QUTPUT (O)
FEATURES S
® Small size (.160 x .118")
® Low power consumption - typically V= (=)
7 mAat5VDC
® Single current sinking or current
sourcing linear output
® Built-in thin-film resistors - laser
trimmed for precise sensitivity and
temperature compensation
® Rail-to-rail operation provides more
useable signal for higher accuracy
® Operating temperature range of -40
to +150°C
e Responds to either positive or
negative gauss
® Quad Hall sensing element for stable
output
55495 SPECIFICATIONS, V; = 5.0V, T, = -40 to +125°C (unless otherwise noted)
Catalog Listings S55495A* SS495A1* SS495A2*
Standard High Accuracy Basic
Supply Voltage (VDC) 4510105 4.5t010.5 4510105
Supply Current @ 25°C (mA) Typ. 7.0 7.0 7.0
Max. 8.7 8.7 8.7
Qutput Type (Sink or Source) Ratiometric Ratiometric Ratiometric
Qutput Current (mA)
Typ. Source Vs=4.5V 1.5 1.5 1.5
Min. Source —7 = e WSSV L JlobOX s L= —7 10 | F 4 10
Min. Sink FEN Ko \NAVSHEY . Shlee. | PEOS A~/ ol 06 O | & 8 0.6
Min. Sink Vs=>5.0V 1.0 1.0 1.0
Magnetic Range Typ. —670to +670 Gauss (-67 to +§7 mT)
Min. —600to +600 Gauss (-60 to +60 mT)
Qutput Voltage Span Typ. 0.21o (Vs-0.2) . 02t0(vs-0.2) 0.2t0 (Vs -0.2)
Min. 0.4to (Vs-0.4) 0.4 to(Vs-0.4) 0.4to (Vs-0.4)
Null {Output @ 0 Gauss, V) 2.50 + 0.075 250 + 0.075 2.50 + 0.100
Sensitivity (mV/G) 3125 £ 0125 3.125 = 0.094 3125 = 0.156
Linearity, % of Span Typ. -1.0% —1.0% -1.0%
Maux. -1.5% -1.5% -1.5%
Temperature Error
|_Null Drift (%/°C) +0.06% =0.04% +0.07%
Sensitivity Drift (%/°C) =25°C Max. —0.01%+0.05% —0.01%+0.05% —0.02%+0.06% |
<25°C Max. —0.00%+0.06% —0.00%+0.06% —0.01%+0.07% [

gﬂﬁ 3.33 1335la¢ Specification Y83 Hall Effect Sensor
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New Hall
Effect Sensor

3UN 3.34 msiSguiiigu Hall Effect Sensor iMgURUAIAMAENEIRINFAARAT

5. ¥MANUAZDIAMKIBIANNTATNARIE Solvent A1nTuYiAMNELInese Contact Cleaner
(KONTAKT 60) waztadautnedidnnsatindaie PLASTIK 70 tiataeiunisiin Oxide

U 3.35 nsldansinfiouurididnnseindudaindeuduau
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6. YNSVAADURUNITAINTINTUNTEUAMELATEY SVERKER 760 Taansinensuualiiniy
gUNIAINTIITUNTEUANUTUN 3.36 (ANTTlAAIsENTT 80 A)

JUN 3.36 LWunsneaevaUnsainyInTunszkanaanIniUden Hall Effect Sensor

7. Aanagunsaingiadunseid (Conduction Monitoring) N&uM Excitation System A3y
waznegeulagMIRenszkalniiugUnsain s adunseuanugun 337 WaTATINEOUNNT
iuassndigunsaliinnszig waz PLC (A1Wlaasminga 80 A)

JUT 3.37 MsvadeuaUnsainsaadunseia tnenadoussuudse
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3.4.4 nsmruaukulun1magaugunsalilia Plant shutdown

WHUY Inspection Fanilsalnfiveandaliil Wasninmalsanindunudaiouly
MIMYARLATDIINTNERATINTAANIN NAdDU kazt1395n 10U vedaTadnsudazssinn 39
lofinsivuanaulunisnsvdeugUnIninsadunseua  WoanAuRanaInlun1sNUTes

¢ % v 1 Ao a o &
Q‘Uﬂﬁm FAUANIDYNNANANLUUNTT AU

n1sAunMegeugUnsalngI9dunseua (Conduction Monitoring Sensor)

Tnensnageumsiinszuavedgunsalnmadunszua uazllonuindauinndt 100 A feg

o a Qll LY 1 Y o a g a gj i
anfiunsiuasusaluiiny LLa'NﬂLUUﬂqiﬂflﬂﬁ@U%W@ﬂﬂiﬂmqmg‘U‘ﬂ 3.38

Excitation System Unit 21

INMSNAaBURLLUNSTUREUN Rectifier 1 91 ltem 6 way Rectifier 2 71 Item 2,3 wae 6

GT21 Excitation
Measurement conduction monitoring sensor

Rectifier 1 Rectifier 2
Item Name | Address | Current (A) Item Name | Address | Current (A)
1 ued Al 68.8 il u74 A7 84
2 uel A2 87.6 2 u71 A8 >100
3 Ue6 A3 225 3 U76 B1 >100
4 Ue3 Ad 83.5 4 U73 B2 86
5 Ue2 A5 40.68 5 u72 B3 71.3
6 U65 A6 >100 6 U75 B4 >100
GT21 Excitation
Measurement conduction monitoring sensor
Rectifier 1 Rectifier 2
Item Name | Address | Current (A) Item Name | Address | Current (A)
1 ued Al 68.8 1 U74 A7 84
2 U6l A2 87.6 2 u71 A8 74.3
3 U66 A3 22.5 3 U76 B1 93
4 uUe3 A4 83.5 4 u73 B2 86
5 uUe2 A5 40.68 5 u72 B3 71.3
6 Ues Ab 96 6 uvs B4 22.9

9
Y]

UM 3.38 N15MAaRURUNIAINTIITUNTELEYDY Excitation System Unit 21
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Excitation System Unit 21

INNSNAEBURLIUNSIURYUN Rectifier 1 91 Item 2,6 wag Rectifier 2 71 Item 1 @ Item 5

131 Spare part TunswWaeu

GT22 Excitation
Measurement conduction menitoring sensor
Rectifier 1 Rectifier 2
Item Name Address | Current (A) Item MName Address | Current (A)
1 Ued Al 94 1 u7a AT =100
2 Uel A2 =100 2 U7l AB 93
3 &6 A3 76 3 u7e Bl a3
4 ue3 Ad 78 4 u73 B2 [X]
5 g2 AS 44 5 U7z B3 =100
6 UG5S AB Burn 6 u7s B4 85
GT22 Excitation
Weasurement conduction monitoring sensor
Rectifier 1 Rectifier 2
Item Name Address | Current (A) Item Name Address | Current (A)
1 Ugd Al 94 1 u7a AT 80
2 UGl A2 78 2 U7l A8 93
3 Ue6 A3 76 3 U76 Bl a3
4 Ue3 A4 78 4 uU73 B2 68
5 62 AS 44 5 72 B3 =100
6 65 Ab 65 6 u7s B4 85

5U# 3.39 MsnaaeugUnsainsiadunselave Excitation System Unit 22



Excitation System Unit 28

NMImAaaudl Rectifier 183 lalldadunsiasugunsalingadunssia Wesw1nnisnsiadu

nszuavesgunsalogluinaeinif (lslifiu 100 A) @ Rectifier 4 anilunsideun 7 ltem 2 way

Rectifier 2 llaaiunisivasuy e nludl Spare Part

5T28 Excitation
Measurement conduction menitoring sensor
Rectifier 1

Item Mame | Address | Current (A)
1 Uli4 Al 20
2 U1l A2 76
3 Ule A3 80
4 Uiz Ad 95
5 U12 AS ‘ 62
[ U1s AB 35

5T28 Excitation
Measurement conduction monitoring sensor
Rectifier 3

Item MName Address | Current (A)
1 Usg B5 74
2 U3l BG 78
3 U3e6 BY 54
4 EE B8 68
5 U32 Al 45
b U35 A2 55

Rectifier 2
Item Name Address | Current (A)
1 uz4 AT 85
2 u21 AR 100
3 U26 Bl =100
4 uz23 B2 86
] 22 B3 33
6 u2s B4 60
Rectifier 4
Item Name Address | Current (A)
1 uaa A3 73
2 U4l Ad 95
3 U46 AS 6a8
4 u43 A 80
5 42 AT 65
b 45 AB 70

5UN 3.40 n1snedauUgUnsalinTIadunselaves Excitation System Unit 28
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LUUDNA89IATNUNTDD LAY FTA Yaunadanuitaus

4.1 M3UTUUTIAMNANMAIVBITEUUREALWRN YauasasnllalWiwdiafeiy
ANwlain1SHaULYaLWAY

ANSESILUVINABIVDITZUU FSWORFSWB 1ae3s FTA
aa3n AND

Juasiniuanuuanisalomwineg lamanisaindunavianueiiannduade dlimsnisel
dunmuaazianisaldudasieiy Anuuizinmenisal A uasiinnisal B asuanalaes
aun1sh (4.1)

P(AN B) = P(A) x P(B) (4.1)

aa3n OR
Wuaedniiuanaunnisalie1dne wiemanisalndunaladunanidafianduass d1ld
wnnsalunausAazmanIsalluBaseseiy nasINTeIrNNInAMNANITAl A uaz WnnITel

B 9zuanslasisannisn (4.2)

P(AUB) =P(A) + P(B) 4.2)
WADUANTIIANUENTUSAY NATINVDIANNUIIUAMMANITAL A Uag 19N150l B Fziandla
AeELNISN (4.3)

P(AUB) =P(A) + P(B) —P(ANB) (4.3)

INTIAIUANNAILUUAIN (Constant Failure Rate Model)

[

fa @ a s 1 v Y U I3 a s o =
aunsaididnnseling (8] wWu Adumiu dufuusealii  waznsuBawmesai awidns
ANUFINEATINADAYI01ENTIYY IWunglute 1 TllAseana 10,000 43lu4) Tnew

h(t) =2

g9 2 Juminan
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wuuaesiindmisazduegiumanszasanuianduuuuidnluuuudes (Exponential)
Tnglanzegebsmuduivarlunszuiunsanudumal uuudy Jadenirilsituanuindede
wuudnluuuudea ewnanmnmsalduvidemmnsaimduldlsogisanysal Jetnazidunsdl
Tutsegmisléauresgunsaididnnseindluga mirevioszuu dwmiufuusdunuudeiios t
fispylterdunnumnuiuemsasdusuudnluuudes eueldelul

ft)=de*,t>0 (4.4)

[

Handuazauuaziaiduanadetinisseydsinamuaauaall

F(t) = [ f(Ddt =1 — e~ (4.5)
way

R(t) = e—foth(t)dt

R(t) = e (4.6)
Tned
Fo fo puldindede
R@) Ao anundeds

LY

A A9 9ASIAUAUMAIAN

ANTAIUIAIAT MTTF [8] wuud1gq Aednaianudsmeluudazassniuiinlaainnig
NARBINIONITNAARY dAN15nTEA1ekUUUNG (Normal - Distribution)  azaunsanmlaainans

1%

apolUll

Stz () (ng),

No

MTTF = 4.7)
Tned

x; A9 ANNAIVBILAAYYIINIAINTNAFDULUIUN |

ny Ao FuuBudmdslugisansmaaeulutum |
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No A® FIUIUTUAIUNAFDUTIINRUA

wAdan t seananudsmelunsazdisandiandusiulsgu (Random variable) uay
wnumeHeiduAuruILtuANUazidu (Probability Density Function: PDF) agw MTTF

lpanans
E(®) = [ tf(Ddt (4.8)
MTTF = E(t) = [ " R(t)dt (4.9)
MTTF =1/2 (4.10)

N138519HUUTIAB9E AR TINTUFIY  FTA SEUUNIASURANTENUINANEANGIATINAY
(Common Cause Failure: CCF) usguunidsgunsainsesasaunsalnsouinninty fleniaves
NIAAAIURANAIALLBIRINANNMALINY AITVINIURANAIATINAY  A1UT0aUA1T0R V09

- 1 a £% v o < 4" [ o a ¥ [y o
sruuIMusaaNianatnata  fatu CCF  iluntidlupnuinandniifgidesnuszuudises
(Redundancy System) tllaaananinvsemgnisaianavinligunsalvanedidumainioy o fiu
szuvdseshnuldnidodnnisiuanudumarndudassuidle CCF 1AnTu s2uUd1599019

=~ v Ado % Y & =t S =i ¢
g demihnaadmuneld sUwuuiudilunislunaesusvunnieunazaianisalnanssny
A TNy JULUUiLUdRTanudumaivesusazdulsznouluamenill (esAuszneu
aostudull) uazuni (asAausznounileialaiviag) Yadeguniseninua (8 ) Jadegnldiite
wusdnsanudumalidudnannialy A< uasund (Base) dadiu A aunnsdeluil:

APC =B x AP 4.11)
Sk
APV = (1-p)x AP (4.12)

AP mngfednsInNUauImaY

HANTENUYBINITANYINITNNURANAINIINAUNNTINAUYDY  PLCs  A8N1SAINUAAT
gUNIAITULUUNTTASNA 1002 UagINdIAIUANMIENTITIIMUAATRUNTAITULUUNITAINR 2003
Huguuuumsld FTA fauandugud 4.1 waz 4.2 audidu FTA ansaldiduedestelunns
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Ansziauiandudaiing anuhsdugnimuelianuisduaufianaieiiugiu
wazgnsainsedu enudedield AW Wi Tveseuditlurasiinnuliindede FO)
Huit Tamesaruduman RE) gniwmalidu “anuihandugunsnifiesUssavarudnsaly
¥ TANIUIU 7

Fs(1002)

5UN 4.2 FTA M37nulianaInaInanvinsiniuredssuudIsednuu 2003

Tuvauedl A1) gnAmualndu “pnuuivzduiigunsalazdumailutianaiildeu t7 ns

Y

Usziliunanmsiiasigivesanuliundede A wseanuunieie AW dmsuszuugunsal

Vauafildaisasliaunsadeuliuaznisuanuasauiiaziduresadiuiuysdurzionndu

Joyaunu n1suanseanmlivesmudnielod miuszuu k-out-of-n Usenaumigeddlsznay

€

a

= LY R a
Nndlouiuuazidudaszaunsananilay

R(y, = () ReY (= RO (4.13)
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= I~
gusneudu

(Z) - k!(nni 01 (4.14)

WU (14) aslu (13) nTuUnzduveemudnsad nsun1snsentndeni1351uAuYed 1002
Wag 2003 @nansaivunAunseyll

R(t)1002 = 2R(t) — R(0) (4.15)
R(8)2003 = 3R2 (t) — 2R3(1) (4.16)

dmSUN1TATIERAIANL TR R  KaTENIIANNANNEITOITEUU  BIAUTENDY
e sz liaansagdenusulivaznisuanuasauiszsduvesiaiududsduazion
[ ¥ [ = & v 1 A < ! a o Ay 11 A 4
Judeyandn llesainilenduanuuneioludiuiaiuvesilenduiliunetiolinasinnis
Uszllludanauninye i unImlasaianuianansuiuvesguluusyuud15ed 1oo2 uay

2003 lugun 4.1 wag 4.2 mudiu @ansaideulalag

Ryiom) = Qe 7047 (4.17)

Rypoos) = (327 1- 237ty (647 (4.18)

dayavesngnisaiundewdu FTA Tnedwunduszuvveinsianundng Tulsslndn
lAun Electrical System Failure, Control& Instrument System Failure, Mechanical System
Failure, Operation Failure Jusu n1sirdeyavvadffineiamsnisaliazaiuiiasdud
gunsalagyauiiana1nundwunluliaginteves FTA awisaiazeelselivaugouyigely
auAnld wenIINUuaIINTaMMuANITRUlunsAsugUnsalliteann SYIURANA1ATDS
JYUU MIMuuATzezatun1sdIseteszlvg (Spare Part) anauidsslunisviauaauezlva
° I3 aM 1o & ¥ o 1o 15 ¥
d1509 annsivesluanlidnlu wazsunulunisdrseseslnandalildany
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4.1.1.1 WM saininansgnusen1sinaulnna1nveeszuy FSWORFSWB

FSWO and FSWB

System Failure

I |

Electrical System Control& Instrument Mechanical System ) )
= Operation Failure
Failure System Failure Failure

U 4.3 FTA 9835500 FSWO & FSWB

4.1.1.2 wan1saindnansenusensinuiinnainvessyuuliin

Electrical System Failure

[ |

lgnition transformer Control and Power
Combine pump block
fail supply failure

Transmission

Nt~ 4

JUN 4.4 FTA Ailliasionsvianuranainvasszuuli

NJUN 4.4 BFUEwmaNsaiidnansenuseseuulni Tudiuves ignition Transformer

Fail, Control and Power Supply Failure tag External Fault f9il
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lgnition Transformer Fail

A = Ignition Torch Fail

B = Short Circuit from Water
Control and Power Supply Failure

C = Electrical Latching Fail

D = Relay Bad Contact

E = Magnetic Contactor Bad Contact

External fault = Transmission line fault

Combine pump block

Belt drive motor Cooling air fan Nox water transfer

system failure system

el

sﬂw 4.5 FTA vosszuuluindiuwes Belt Drive Motor System

NJUN 4.5 eBurewmansalniinansynudeszuuliin ludiuves Belt Drive  Motor

System, Cooling Air Fan Failure ay NOx Water Transfer System @44l



Belt Drive Motor System
A = Command and Feedback DCS Signal Fault
B = Circuit Breaker Failure
C = Loss of Power Supply
D = Rotor of Belt Drive Motor Lock
Cooling Air Fan Failure
A = Motor Failure
B = Mechanical Fail
C = Control Circuit Failure
D = Loss of Power Supply
NOx Water Transfer System
A = Motor Failure
B = Mechanical Fail
C = Control Circuit Failure

D = Loss of Power Supply

89
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4.1.1.3 win3alNdnansenusie NSO uRANaIaveITsUUAIUANLALIATEla I

- Air Purge EV and SEV Line Gas

\ Control& Instrument System Failure

|

Air purge EV and SEV N2 purge EV and SEV
K i NOx water valves Fuel gas valves Fuel oil valves
line gas line gas
Failure for start up Wrong position
or FWSO fault

A A
aYoyaioie. < Olejcle

g‘d‘ﬁ 4.6 FTA maaszwmmmmzLﬂéaqaﬁaﬁ’miumusuaa Air Purge EV and SEV Line Gas

1N3UN 4.6 BFUIUWMANTUNIANANTENURBITUUAIUANKAZLATOIND TN UAINYDY Alr

Purge EV and SEV Line Gas Tngil 2 dnvaisitiinasioszuu feil
Failure for Startup or FSWO

A = Guide Bushing Valve Damage

B = Instrument Air Tube Broken

C = Ball Valve Stuck

D = EV Pilot Control Valve Swing

E = Actuator can’t move
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Wrong Position Fault
A = Command and Feedback DCS Signal Fault
B = Proximity Switch or Cards Fail
C = Sensor Loose Out from Position
D = Terminal Connection Loose
E = Valve Active Slow

- N2 Purge EV and SEV Line Gas

Control&Instrument System Failure

Air purge EV and SEV N2 purge EV and SEV |
: NOx water valves Fuel gas valves Fuel oil valves
line gas line gas
Failure for start up Wrong position
or FWSO fault

) A

OO0 T—er D O

Uil 4.7 FTA veaszuumunsuaziadesiioTaludiuves N2 Purge EV and SEV Line Gas

saa 1

A a d' IS L% !
"U']ﬂg‘lh/] a.7 @ﬁ‘UWEJL'ViG!ﬂ'ﬁﬂJ‘VIlINﬁﬂiS‘V]'UG]'E]ig‘U‘Uﬂ']UQlILLa%Lﬂi@ﬁN@'ﬂﬂiuaﬁuﬂ@ﬂ N2

1%
1 v

Purge EV and SEV Line Gas lngil 2 dnwaziiinasoszuy ¢l



Failure for Startup or FSWO
A = Loss of Power Supply
B = Ball Valve Stuck
C = Actuator or Gear Stuck
D = Actuator Electronics Board Fail
Wrong Position Fault
A = Command and Feedback DCS Signal Fault
B = Proximity Switch or Cards Fail
C = Sensor Loose Out from Position

D = Terminal Connection Loose

- NOx Water Valves
Control&Instrument System Failure
Air purge EV and SEV N2 purge EV and SEV
NOx water valves Fuel gas valves Fuel cil valves
line gas line gas
| 1
Failure for start up Wrong position
or FWSO fault

A A
oYoxe DO OO

JUN 4.8 FTA vasszuumuasLaziasesilodnludiuves NOx Water Valves
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1N3UN 4.8 afuewmgMTalniinanTenuiesruumUANLAziATaslaInludIured NOX

Water Valves Tngil 2 Snuvasdifinasossuu sl
Failure for Startup or FSWO
A = Oil Leak from Hydraulic Actuator
B = Solenoid Valve Damage
C = Valve Stuck
Wrong Position Fault
A = Command and Feedback DCS Signal Fault
B = Proximity Switch or Cards Fail
C = Sensor Loose Out from Position
D = Terminal Connection Loose

- Fuel Gas Valves

Control&Instrument System Failure

Air purge EV and SEV N2 purge EV and SEV

NOx water valves
line gas line gas

Fuel gas valves

Fuel oil valves

Failure for start up

or FWSO

A

Wrang position
fault

A

oJore oloxclo

5UN 4.9 FTA vasszuumuasLaziasesiodnludiuves Fuel Gas Valves
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1NN 4.9 aunBwmansalndnansenusesruumuANkaziasoadaludIuves Fuel

Gas Valves lngdl 2 anuwasNilnanaseuy fall

Failure for Startup or FSWO

A = Oil Leak from Hydraulic Actuator

B = Solenoid Valve Damage

C = Valve Stuck

Wrong Position Fault

A = Command and Feedback DCS Signal Fault

B = Proximity Switch or Cards Fail

C = Sensor Loose Out from Position

D = Terminal Connection Loose

- Fuel Oil Valves

Control&Instrument System Failure

Air purge EV and SEV
line gas

N2 purge EV and SEV

line gas

NOx water valves

Fuel gas valves

Fuel oil valves

Failure for start up

or FWSO

i

Wrong position

fault

A

OO OO

UM 4.10 FTA 99935UUmUANLaziATailainludiuves Fuel Oil Valves
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1N3UTN 4.10 afuemansalndnansenuseszuuAIUANLasiAsosllelnludIuYes Fuel

[

Oil Valves Tnedl 2 Snwasdiiinasoszuu sl
Failure for Startup or FSWO
A = Oil Leak from Hydraulic Actuator
B = Solenoid Valve Damage
C = Valve Stuck
Wrong Position Fault
A = Command and Feedback DCS Signal Fault
B = Proximity Switch or Cards Fail
C = Sensor Loose Out from Position

D = Terminal Connection Loose

4.1.1.4 meazﬁﬁﬁmamwwiamiﬁﬁmuﬁmwa’]maﬁzuuLfﬁmﬂa

Mechanical Systerm Failure

Pipe corrosion Rubber joint

Bolt flange flange gasket Belt drive

expired

loosen fail expired

5UN 4.11 FTA 9995 UUNIHARDNTYIURANAIAYDITEUULATEINA
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n3U7 4.11 eSuemanisaliiinansenudessuuinIainaludiuves Pipe Corrosion lng

= 1 U -ﬂy
USRI BIETUU AU
A = Pipe Leak

B = Strainer Clogged

LAZANTSTEINANTENUARIYUULATOINAlUEIUTBY Rubber Joint Expired, Bolt Flange

Loosen, Flange Gasket Fail, Belt Drive Expired

4.1.1.5 wamsaiifinansenusion1sviuiananludnenisniuanEdIuna

Operation Failure

Communicati

on fail

Attention to

the work

Ul 4.12 FTA vaafimunuszuvdrunarswedlsalaii (Central Control Room)

1N3UT 4.12 FUIBwANSandikansEnUsiaRAIuANdIuNans Inelinasoseuy

1. Human Error
2. Communication Fail
3. Attention to the Work

4. Rack-in CB Wrong Position

[

N

i
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4.2 n135U5UUTIN158AAURANE1A YRR UNTAlVRITEUUNER LW

ANSESILUUINABIVDIAUNANAINTINTLUU Excitation 19835 FTA

Undeyaveananisaiuidewdu FTA Iaeduundunisinauresssuy Excitation lawn
Excitation Transformer, Thyristor, PLC Excitation, Conduction Monitoring Sensor,
Excitation Control, Air condition Lusiu ﬂ’]'ﬁﬁn%’agamaaaﬁmsLﬁml,mmiail,t,am’;mm%
Huiigunsalagiauiiawamnduunlunsiagideves FTA annsadiumennsainisinauny

A & a ° a
WarugUnINauazyngIURANGIn

Excitation Failure

\

It 2\ L

= Conduction Y / \\
PLC Excitation o Excitation Control { Excitation { Cooling Air\
Monitoring Sensor -Transfcurmer-l | Fan |

3\ )\ /L h o« N__/

! ) !
{

HAH T,L

) — /' | / 1\[
o g\ °/ W

7N
lITI

NS
Ty
/—"\

A)
L 'y

e

gﬂﬁ 4.13 FTA ¥94 Excitation System Failure

mn’gﬂﬁ 4.13 a%m‘am@miaiﬁﬁwammwiaﬁwu Excitation
PLC Excitation
A = CPU 374 Failure
B = PLC Stop

C = Power Supply 24 VDC Failure



Conduction Monitoring Sensor
D = Dip Switch
E = Terminal Loosen
F = Cable Short to Ground
Excitation Control
G = Thyristor Fault
H = Relay Command “ON”

| = Self Lock Relay

Excitation Transformer Fail

Cooling Air Fan Fail

98
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#3UNaN1539Y

5.1 d@5Unan1saiuanu

PBetioveansimund k-out-of-n nRaTes FMEA anansaasulumsneil 3.8
LAY 3.9 §R5IANUANMAIVBIFULUY 1002 Uay 2003 1AT9aT19gUnTalsUluunITaeuf
dmSUVRINTNNUAAIYDIYATEUUANTEY Aa 1.48254E-06 Way 1.90258E-05 failure per
hour mad1dy Taeldsheudumavanil aitusnmaudumanluaunis (1-2) wae
lertumnanindedely (7)-68) mauanuaauudnlnuuTsadviy 1002 uay 2003 2y
wanslugud 5.1 uag 5.2 mudidu Fstadiui(dimnufinnaIngan) LanINansENUves
Common Cause #iviliAamila fe 0.0, 0.05 wag 0.1 AgifiudNsLINLIRUBLEAILLY
FoaresnistmuagunsaizuLuunsaaAneilil CCFs (the Beta Factor of 0.0) 1t

oA A A o = oA A ° ! °
ﬂ’J’]iJqusﬁaﬂaijQ?i{ﬂ AUYNUY CCFs anANUUILYDNDUDINITAINUAAIISUUEIIDY

Reliability vs Time
“] e LR st ERRTET D R ......... FEvTTE—. . B o .

—4—Beta=0.10|:
+—Beta=0.05 |:
—%—Beta=0.00 |:

0.595

pogl- - ......... ......... ......... ......... ....... ......... .........
50_985_ ........ .......... ......... ......... .......... ......... ....... ......... .........
poglk---- ......... ......... ......... .......... ......... ......... .........

0a7sk e ......... el - 8 ......... .......... ......... ......... o .........

0.7 i 1 i i I i I i i
] 1000 2000 3000 4000 5000 G000 7OOO 8000 9000

Tirmelhour)

5UM 5.1 Menduanuinienovessyuudsediuy 1loo2
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Reliability vs Time

Vi e e e e IR NIRRT T R U :
' ; : : i | —#—Beta=010]:
099 k... P Bas e B IR Beta=0.05 |
: : : 5 D | —%—Beta=000|:
oggk. SR RS SR o N — — :
D97 Fovrerredonnn .......... ......... P ...... PP ......... ..........
DOE bR
E,D_QE_ ........ ......... .......... ......... .......... ....... .........

pog k- .......... ......... ......... .......... ......... ......... ......... .......

nozko. ......... R ......... ......... ......... R

.o _ ......... .......... ......... ......... .......... ......... ......... ..........

0ol b g ......... .......... SRR ......... Y ......... .........
09 L i | i | L i 1 i
il 1000 2000 3000 4000 5000 GOOO 7000 8000 S000
Time (hour)

sUN 5.2 flanduninuiniefiavesssuud1seduy 2003

INFUN 5.1 Uae 5.2 wansiesienideiiaevesanulidetedmiunisiaim

Wil (t=12 o) uanslumsied 5.1

A15199 5.1 AU WIBDUBITEUUNT CCF

Time 1002 Configuration 2003 Configuration
(month) p B

t 0.10 0.05 0.00 0.10 0.05 0.00

1 0.9989 0.9994 0.9999 | 0.9981 0.9988 0.9994
2 0.9975 0.9986 0.9996 | 0.9954 0.9966  0.9977
3 0.9961 0.9976 0.9990 | 0.9918 0.9934 0.9950
a4 0.9944  0.9964 0.9983 | 0.9874 0.9894 0.9914
5 0.9926 0.9950 0.9974 | 0.9823 0.9846 0.9868
6 0.9907 0.9935 0.9963 | 09765 0.9790 0.9815
7 0.9886 0.9918 0.9950 | 0.9702 0.9728 0.9754
8 0.9863 0.9899 0.9935| 0.9632 0.9659 0.9686
9 0.9840 0.9879 0.9918 | 0.9557 0.9585 0.9611
10 0.9814 0.9857 0.9900 | 0.9477 0.9505 0.9531
11 0.9788 0.9834 0.9880 | 0.9393 0.9420 0.9445
12 0.9760 0.9810 0.9859 | 0.9304 0.9330 0.9354
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ALIANBUNSIHEMNEVBIFULUY k-out-of-n

TunsilAddadeudn(@mnuRanaIngIn) 0.05 NISEINLITLUULDN LT 8aUD
Handudmiuaudaeia 1002 wae 2003 NMIINUAAIRUNTAIFULUUNTANR kandby

JUN 5.3 Uag 5.4 MU 7 TTF (V3eananuaumal) 461 2, 4, 6 uay 8 U

(1R=]

0.8

0.7
0.6
=05
0.4
0.3
0.2

0.1

g i i : ; ; i .
1] 1 2 3 4 A = 7
Tirme(hour) «nt

JUN 5.3 MeitunnudyefavedssuudIseawuy 2003 (4 =0.05)

Reliability vs Time
14 ] . : 3

(1E=]

0.8

0.7
0.6
= A
0.4
0.3
0.2

0.1

Tirmelhour)

w 10°

5UN 5.4 Msifunnuiieisvedssuudseawuy 1002 (5 =0.05)
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Wiguifiguaueiiaveguluy k-out-of-n

WIguieuauueiiesenIneguluy 1002 kae 2003 N1sAmUarIgUNsalsuLuy
nsasui dmsuladeiudn 0.05 uag 0.1 szuansluguf 5.5 wag 5.6 audwiu 1 TTF (130
VaIANNALMAD) DA 2, 4, 6 waz 8 U uiulaInsEuudIsewuy 1oo2 TuLdedeves

FLUUGININTLUUENTOUUY 2003

MNew Beta =0.05

=
w
T

Reliahility
e L = =T =]
(o) (W3] E=N (A} o =~ oo
T T T T T T T

=
N |
T

ttf =2 ttf =4 ttf =6 ttf =8
Wission time (7 year)

5UN 5.5 Wiguiguanuiwieiiesening 1oo2 wag 2003 (B =0.05)

Mew Beta =01

o
w
T

Reliahility
e L = =T =]
(o) (5] E=N (B} o =~ oo
T T T T T T T

=
=
T

ttf =2 ttf =4 ttf =58 ttf =8
Wissian time (7 year)

5UN 5.6 Wiguiiguanudiielosening 1oo2 uag 2003 (£=0.1)
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INMIFNYIaENTIATIETLNEINVRITULUUN 1 MsUTulsssyuundnlnihveanses

a

Ala i vdefsiuiesiinueiosmelisindsiesssunaluomaman wagiioinas
] I3 & a o o a ¢ v Y  ad ' caa
e luiendsdnses nd1nn1TIns1eiteyanieds FMEA  wuitgunsalidl
nansznuviiszuulunmsvhauiianaindiulvgidugunsaldiman Air Purge Valve Fald
yatiufinwuieaiu Air Purge Valve lundn 9ndoyanithuniiasizmilu FMEA udiunun
Aasendaymiiiomanvniieisneani lnozunsy (Fault Tree Analysis) @slayvindn 9
294 Air Purge Valve 1127n015AnTAY092187 hay Feedback 909218781350 Transformer
lsolated  Amplifier #8391nN15ANBINUIE 3 ATEANLA Air Purge Valve vauRanain

o

&
PNU

1. Ball valve tuailu 91015 Condensate @s5UUr83 Air Purge Valve fifinsseagly

1 ' v
v A I

Jaquilsyiuisnandiomeuiunaivsenndu vibidieiinn1s Condensate Fsdiundnly

Tudinan

[

2. madenldtan Material) laimangantunisldeu mndaminuidinisude
Ugifiu (Gasket) 7Uu’an Graphite + PTFE Insgaumgiivesiagiannsanuainusounes 2
yiatiuanisiu Yagiifu Graphite annsovusegamginamiould 1,078 esrmiwalded
uay FTFE anunsanusieanmgiiniuiould 260 ssrwaidea vinliuziiu PTFE avane i

Hureeing (Gap) finth Flange

3. Transformer Isolated Amplifier 1d8 gunsaldulugiludidnnsedndilieldvuduy

6 1 dyd' @ I b < o a =
FTYLLINTUTU QUﬂ‘ﬁﬂJWiﬁTLWILUu part 199 U Electronics Cards NZNNMNIUNANAIN 93

=

angvesgUnIaidiannsedinddndergnisldauuszana 25,000 Flus wieuszanm 3 U [4]

ndamisanannlanurunugenyisesne Air Purge Valve n9 3 U waviile
Lsalnfmeaauszuy (Reserve shutdown) fviualidinisnaaey Air Purge Valve yniu wa
INANSNAFDULITANNITAATAVDIINE INNKNAVDINITNAABUNSARULTBLNAIVDINIRUNY
1 o [ d' ) 1 a' [ o = [ dy a al
nu31 NsUseshwimiauedieiudnsmadusalunisaduidends 310 55% Tul w.e.

2559 17U 75% Tut) w.e. 2560
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6]’15'1\1‘17; 5.2 Han1svegdayu FSWORFSWB ’mﬂﬂ?igﬁﬂ"li‘\]’]ﬂﬂ?ﬂ?\lﬂ’]ﬂu’]ﬁma@ U el 2558

NILNITHER Fuiinaaey NANSNAFDY G GRAARG
whewoslul | 22 fuiaw 2558 B
wiefl 11 20 w1y 2558 Tairiny Shut Off Valve NOX Water SEV
(11MBU42AA050) malfunction.
5 n5ngAL 2558 AR
27 AuE8U 2558 Al
wiaweslud | 29 duiaw 2558 Taiu IP DRUM 12 LEVEL low" cause
Wied 12 of IP BYP CV slow action.
1 WaEn1AN 2558 Talu Air purge valve EV Pilot 12
MBH71AA021 not close.
13 Auengu 2558 ARt IP Drum level low.
wawmeslul | 1 nuaWus 2558 ki
vl 21 17 wownAy 2558 el Fuel oil combine pump block
failure
22 panAy 2558 Taikinu Can’t FSWO in-process unload
fuel cil.D14
15 WeAIN1EW 2558 MU
wienoslul 1 flunpu 2558 BN
wihed 22 23 @Ay 2558 WU
8 WeAINBU 2558 U

Andullesidudnadisa 54.17% wazAaduasidusnalidisa 42.86%
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6]’15'1\1‘17; 5.3 wan1svegdayu FSWORFSWB ’mﬂﬂ?igﬁﬂ"li‘\]’]ﬂﬂ?ﬂ?\lﬂ’]ﬂu’]ﬁma@ U W.fl. 2559

NUILNITHER Fuitnaaey NANSNAFDY GUVGRARG

wiaweslul | 1 wquniay 2559 WU

e 11 5 N5N91AL 2559 Taiu FV Burner Valve not close.
22 fanAu 2559 g

wiawmestutl | 21 nuaius 2559 HAU

ihed 12 8 NeNIAY 2559 Talu Pressure SEV combustor

increment Gradient >Max3.

30 fa1Aw 2559 K1Y

whaweslul | 27 fluay 2559 Taiu Half Block trip from Fuel oil

wihed 21 SOV not open.

wiaweslud | 10 unsiAy 2559 WU

el 22 | 29 wgunia 2559 Taieiu Half block CMB Pump not

operate.

Andulesidudnadisa 55.56% wasAadulasidusnalidnsa 44.44%

mswﬁ 5.4 panisnegau FSWOFSWB mﬂmié"qmif\nﬂmﬂw%ril'mmam U n.A. 2560

WNENISHER Sufinaaou HANSNAFDU anvnHaUNf
wiamesluy 5 funAw 2560 MU

Vit 11

wiaweslud | 11 Ay 2560 AU

wied 12

wiawmesluld | 28 weunAu 2560 Y]

Wi 21

wiaweslud | 14 weuaau 2560 Talnu SEV CV Fluctuate cannot
el 22 increase load.

Anduluesidudnadisa 75% wazAnduasidudnaladisa 25%
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A19afl 5.5 agUnanIsvAdey FSWORFSWEB faust T .. 2558 — 2560

, - U w.A. 2558 U w.A. 2559 U w.A. 2560
PUILATHEAR , - : - , »

By | leu | e | ldeu | e | ladeinu
whawmaslul il 11 3 1 2 1 1 -
wiamaslul nilen 12 - 3 2 1 1 -
whawmaslul il 21 2 2 - 1 1 -
whawmaslul nilen 22 3 - 1 1 - 1
NASIUNITNAFOU 8 6 5 4 3 1

911997 5.2 - 5.4 WuIMIAMUANIIMAGeY Air Purge Valve Wniu anunsnan
anudedlumainuianaiavesdisiiduniesnd esnnismaseudeutisliny
Tymuazanunsoudloldviunia aanisayideAsuannsinuiianainvesgunsalauii
sz uUngAN15M19IU (Shutdown) wagidunsifinennindodie (Reliability) v8338UU
Tdulsslai anunsoneuaussmsdanisainmsiiiidnendauisussmalneld EGAT) waz
mﬂmiﬂ%’wqﬂugmwuﬁ 2 mﬂmmﬂmwawmmanqﬂﬂiaiLﬂ%aQQaU@uL%qmiﬂzﬁmmm
LUsunsula (PLCs) gunsnimsaadunseuavesivsanas (Conduction monitoring Sensor)
Y94 Excitation System wiuinivhaisnaaeuidndesuuannsgiusi fagud 5.7 uaygud
58 awdiU MndeyaiiviimInaaeunuInIegeUisyUvaTEmiedeveadeya
innimsnaaedlusies LAB uazainn15U§uuss Hall Effect Sensor thetiiuanutiniedie
(Reliability) ¥9932UY Excitation amip1319d 5.6 uazaamaindrgunsalatnssussimedy
msaeduniliiunalsdliin panisei 5.7 waetisananudsinisiiauaauoglvaiile

gunIaldnniandn (Obsolete)

Current (Amp.) Lab Test

32.00 Max =31.82A
el

31.50 ] ~— &

31.00 f

30.50

3000 __o” 4 Min = 29.85 A

o s.D. = 0.709

28.50
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Number of Test(Time)

UM 5.7 nsmivesdudsauuninsgiuannisveasdluvios LAB
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Current (Amp.) Field Test

2120 Max = 51.13A

51.10 MH
51,00 V/\
50.90 \/

50.80 Min =50.78A

S.D. =0.097

50.60

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Number of Test(Time)

5UN 5.8 N51IYsd T80 uuNINTIIUIINATTNARDUNTEUUNTINIUAT

M1379% 5.6 N15USHUWIEUNITINNTELERINNMSUSUUSE Hall Effect Sensor fiu OEM

ltem Description Current Conduct (Ia)
1 CONDUCTION MONITORING SENSOR 75.06 A.
(New spare part)
2 CONDUCTION MONITORING SENSOR 53.35 A.
(Replaced new Hall Effect Sensor)

M19199 5.7 nsilSeuiiigusaaunsalainnsuiulssarnsiidinnasUseme

ltem Description Price Quantity Total Price
(Baht) (Baht)
1 | CONDUCTION MONITORING 107,157.44 14 1,500,204.13

SENSOR (SUCO MOODUL)
Delivery Time 12 Weeks

2 | Hall Effect Sensor "HONEYWELL" 141.07 14 1,974.98
Model: SS495A1

nNsAmuaLLlun1InTIEeugUnIalnsIadunsELa aunsnanAuLdedlunis
auianainvesgunsal wazannisagidearusuainanuliniey (Availability)  ves

T59bnln Farnseuu Excitation  hdanunsavinaulaniuund Tseluiiazdsssneaiusu
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Uz 8 auuvdie 1 whensuandentdannnisel nsnsiaaeuaunsalliniousgiaue
Jadudsddyegannlunisiueseweadlsdlii Famavesn1susuuse Hall Effect Sensor

Y839UNTANTIVTUNTZUNE AIUA WA, 2559-2561  delinumnuauiiaivesgunsaluasd

TsalnAAuASosannsewaliin

5.2 UaLauaLUL

N9 09LANNTATIFVHANTENUNNATULDUATBIINTAIETT FMEA  AdsinnsTuin

Toyavasgunsallinsaungu fail

1. Yu hou U

4. SVaupaATeIaNs
5. aNvaLITveIM s nuRanaInvegunsal nsesruULLY
6. NI lUnsTsNITUTUUR

lefifyaasudumuinisieseinansenuiifndureaiosinadieds FMEA Toya
fimmauslunudenigs Aagiiuszansnmanntu uarlumsadauuusiaeivessuuiia
WuUU FSWORFSWB uag Excitation System aastinannisiiasiziuazyszdivanudulula
flgunsaiudeszuutuagyhauiianain feagdeliannsoananugaudenszuaunisnde

(Breakdown) 19 waztlunisifiumnuinieiie (Reliability) vesszuuluniswanlniuiniy
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Inspection Maintenance Improvement for Reducing Common Cause
Failures of k-out-of-n Configurations: A Case Study of Power Plant

Yutthana Yuchomboon and Teerawat Thepmanee

Abstract— This paper presents an improvement of
inspection maintenance actions to reduce common cause
failures of Fk-out-of-n redundant structures. Improving
maintenance tasks for the programmable logic controllers with
1002 voting configuration and the control valves with 2003
voting configuration in a thermal power plant is described as
an illustrative case study. The proposed improvement is based
on common-cause avoidance in replacement and repair
procedures. Performances of the proposed technique are
verified through reliability modeling of two interested voting
configurations. The suggested maintenance improvement can
increase the system reliability for redundancy as needed to
maintain critical functions.

I. INTRODUCTION

Reliability-centered maintenance (RCM) is a systematic
approach for defining applicable and effective strategies of
failure management to ensure safe and cost-effective
operations of a system in a specific operating environment.
Inspection maintenance is one of failure management
strategies for minimizing the risk and impact of failure in
systems [1]. It involves fault-finding actions to determine
hidden failures in the equipment or system on a scheduled
basis. The purpose of planned inspections is to discover
oncoming failures that have already occurred but have not yet
surfaced or to detect partial failures that are about to happen
[2-3]. If the system is in the state of partial or oncoming
failure, then initiate corrective maintenance work such as the
repair or replacement of failed components. The inspection
concept is very useful for identifying failures caused by
degradation or deterioration to make the system to be more
reliable [4-5]. In addition, redundancy plays an important role
in increasing the reliability of systems. The k-out-of-n
structure is the most important redundant configuration in
fault-tolerant industrial systems. However, these redundant
systems are sometimes affected by corrosion, contamination,
or environmental factors such as weather, electromagnetic
interference, and thermal condition, in real situations. Two or
more components used in the k-out-of-n systems may fail due
to the same cause, thus the theoretically achievable reliability
of these systems may be decreased. Therefore, the subject of
common cause failures (CCFs) is required to be considered in
applications with high reliability or safety requirements [6-7].

The aim of this paper is to propose a technique to reduce
CCFs in the k-out-of-n configurations maintained by
inspection maintenance strategy. An improvement of
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inspection maintenance tasks for two voting redundant
structures of a thermal power plant in Thailand is described
as an illustrative case study. The CCF reliability models with
fault tree diagrams of studied voting configurations are also
included.

II. FAILURE ANALYSIS OF STUDIED POWER PLANT

A. Recorded Failures

The interested thermal power plant began its operations in
August 2006. Unfortunately, several unscheduled plant
shutdowns were occurred after commissioning and start up.
The studied power plant needs to pay liquidated damages to
the contracting party for a failure to delivery power at the
rate of about 1-3 million Bath per downtime. A failure
occurs when a system, a unit, a module, or a component fails
to perform its purposed function. In order to prevent future
system failures, the causes of failure should be studied.
Figure 1 shows the levels of a power generation system of
the interested power plant for failure analysis purpose. The
analyzed power generation system is built from 2 identical
gas turbine units (no. 11 and no.12). Both units are built
from 3 groups of major equipment; process (or mechanical)
equipment, electrical equipment, and control & instrument
equipment. The equipment is built from modules (or
devices), where some high-reliability modules or devices are
configured in k-out-of-n voting scheme. From results of
failure investigation and analysis, there are 20 failure events
occurred in the studied power generation system during
2007-2015. It is found that 82 percent of turbine generator
trips  were caused by the failures of control and
instrumentation devices, while 28 percent were caused by
the CCFs of voting redundant structures. In addition, 50
percent of turbine generator trips occurred in the gas turbine
unit 11. Figure 2 shows the frequency distribution of the
Time To Failure (TTF), which is the time between the
starting instant of time of a system and the failure instant of
time, for the analyzed system.

Power Generation
System

Gas Turbine Unit 11

Control & Instrument

Process Equipment Electrical Equipment

Equipment
” - ~ ~.
e S~ S
U Equibment ; Module 1 , Device 1
i__F:l?l_j_u_]T?_n_t___l koutofn ~Modulen g dulen
Figure 1. Levels of the studied power generation system
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Figure 2. Frequency distribution of TTF for the analyzed system

B. Failure Modes and Effects Analysis

There are two types of failures; random failure and
systematic failures. Both failures have attributes that
important to the system safety and reliability analysis. These
failure data are needed to help determine how to prevent
future failures of both types. A Failure Modes and Effects
Analysis (FMEA) is a systematic method designed for
evaluating the system to identify where and how it might fail
and to assess the relative impact of different failures [1]. It is
a “bottom up” technique that starts with a detailed list of all
components within the analyzed system. A whole system can
be analyzed one component at a time via a hierarchical
structure. At the component level, FMEA is performed to
provide module-level failure modes, which are the ways in
which something might fail. These failure modes from
various modules can be used in the FMEA of equipment
subunit. The results of that analysis will provide unit-level
failure mode, which can be used at the system level. In order
to take actions to reduce failures in the gas turbine unit 11,
the high-priority equipment like electrical equipment and
control & instrument equipment are focused. Tables I and II
show the FMEA documents associated with the electrical
equipment (programmable logic controller: PLC) and the
control & instrument equipment (valve), respectively.

TABLEIL  FMEA OF ELECTRICAL EQUIPMENT

Item Description

Process Name Gas turbine and steam excitation

Device Name PLC excitation

Function DC current control for supplying field coil
Failure of the PLC CPU

Mode
Failure of conduct monitoring module
Excitation fault to affect the conduct monitoring
module and the CPU of Channel 1 to be failed,

Cause
and to cause the standby CPU of Channel 2
failure to take action

Effect Gas turbine trip (fail trip)

Criticality Safe

2 failure events occurred in 2014

Failure rate = 1.48254E-06

Time to Fail

Remark loo2 voting configuration

TABLE II. FMEA OF CONTROL & INSTRUMENT EQUIPMENT

Item Description

Gas turbine

Air purge valve (MBH71AA021)

Process Name

Device Name

Function Purging combustor

Mode Fail-to-open

Cause Valve passing (need a valve replacement)
Effect Gas turbine trip (fail trip)

Criticality Safe

3 failure events occurred in 2012, 2013, and 2015
Failure rate = 1.90258E-05

Time to Fail

Remark

2003 voting configuration

The k-out-of-n scheme is a widely accepted form of
redundancy in fault-tolerant systems to maintain their
functionality in the presence of faults. This scheme consists
of n components of which only k need to be functioning for
system success. From Tables I and II, the redundant hardware
configurations of the PLC module and control valve are
based on 1002 (1 out of 2) and 2003 (2 out of 3) structures,
respectively.

C. Common-Cause Modeling with Fault Tree Diagram

Systems affected by CCFs are systems in which two or
more devices have the potential of occurring due to the same
cause. The CCF can negate the advantages of fault tolerant
systems. Thus the CCF is one of the major concerns
associated with redundancy, since a condition or an event can
cause multiple devices to fail simultancously. Redundancy
works well when dealing with independent failures, but when
CCF occurs, redundancy could lose its intended function.

The beta model is one of several models available to
predict the effects of common-cause susceptibility. This
model divides the failure rate of each component into
common-cause (two or more components fail) and normal
(one component fails). A factional multiplication factor
known as the beta (/) factor is employed to divide the failure
rate into the common cause portion, A°C and the normal
(independent) portion, A”N. The following equations are
used:

AP =Bx A° (1)
and

APN=(1=pyx A° )

where A” denotes the failure rate. From (1), if = 0, then
there is no common cause failure.

Effects of the studied common cause for the PLCs with
loo2 voting configuration and the control valves with 2003
voting configuration are modeled using fault tree diagrams
as illustrated in Figures 3 and 4, respectively. The fault tree
can be used as a quantitative probability analysis tool.
Probabilities are assigned to basic faults and trigger events.
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Figure 3. Fault tree diagram showing common cause of 1002 redundancy

Figure 4. Fault tree diagram showing common cause of 2003 redundancy

Reliability, R(7), is

unreliability F(z) is a measure of failure. R(?) is defined as

a measure of success whereas
“the probability that a device will be successful during the
operating time interval, 7, while F(t) is defined as “the
probability that a device will fail during the operating time
interval, 7’. The analytical evaluation of the unreliability
F(¢), or reliability R(f) for the system, all the devices used
are supposed to be not repairable, and the probability
distributions of time to failure random variables are assumed
to be exponential. Since any device must be either successful

or failed, then

F=1—e ™™ =1-R(@t) 3)

where A = Failure rate (failures per hours)
¢t = Time interval (hours)

When the failure rate of a component is known, the
probability of failure for a given time interval can be
calculated by multiplying the failure rate by the time

interval. The generic expression of reliability for a k-out-of-n

system composed of identical and independent components

can be expressed by

n

RO = Y (1) RO = RO @

i=k

The number of combinations can be written as

n !
D7 —m ®

Substituting (5) into (4), then the probalities of success for
realizing combination of 1002 and 2003 configuraitons can
be stated as

R(D1002 = 2R(0) — R(2) (6)
R(1)2003 = 3R (1) — 2R(2) (7

For analytical evaluation of the reliability R(f) and the
failure rate of the system, all components are supposed to be
not repairable, and the probability distributions of time to
failure random variables are assumed to be exponential.
Since the reliability function is one’s complement of the
unreliability function, then the results from the qualitative
evaluation of the fault tree diagrams showing common cause
of 1002 and 2003 redundant schemes in Figures 3 and 4,
respectively, can be given by

DN DN DC
Rsi1002) =Qet e (et (8

_ (2,-2PN 34PNy - 2PC
RS(2003) = (3e 2e N(e !

) ©)

III. PROPOSED IMPROVEMENT OF MAINTENANCE TASKS

A. Previous Inspection Plans

Maintenance tasks for the studied power generation system
are based on the condition-based inspection maintenance
strategy by scheduling fault-finding actions for inspection at
specific points in time to detect failures occurred in the
system. If the studied system is in the state of failures, then
performs the corrective maintenance actions like failure
repair or replacement. Figure 5 shows a concept of the
previous inspection maintenance workflow.

Tables III and IV give the assigned inspection plans (IPs)
for the electrical equipment (PLC) and the control &
instrument device (control valve), respectively.

B. Common-Cause Avoidance

The key feature of common-cause event is that two or
more components (or subsystems) are affected by a single,
shared cause. It drastically reduces the system reliability in
redundant systems. The common-cause defense rules can be
grouped into categories that result in three basic methods [8].
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Inspection

Assessment

Repair or
Replacement

TN

NP

Figure 5. Concept of previous inspection maintenance workflow

e Reduce common stress (RS): when redundant unit
are physically and electrically separated, there is less
likelihood of their being subjected to a common
environmental stress.

e  Apply diversity (AD): diversity is a concept in which
differently designed units are wired together in a
redundant configuration. For this concept to be
effective, the redundant components must respond
differently to a common stress.

e Ruggedize the design for high strength (HS): the
system features that lower the component failure rate
will also lower common-cause failure rate.

C. Improved Inspection Plans

In order to reduce the CCFs of the redundant hardware
configurations of the electrical equipment (PLC) and the
control & instrument device (control valve), the inspection
plans as summarized in Tables IIT and IV, respectively, are
improved by using three basic methods (RS, AD, and HS) of

TABLE III.  INSPECTION PLAN FOR ELECTRICAL EQUIPMENT

Replace new conduct monitoring module (sensor) and re-

Item | load program from Laptop to PLC

Scope of Inspection

Power switch off to reset the PLC Ch. 2, it's still fault alarm

pending active.

Connect the Laptop for reading fault and also re-load the set

file to PLC, then the system will reboot to be normal

Replace the conduct monitoring module

Test all functions of the conduct monitoring module

Switching test each PLC channel

Sl B I g

Repair the air condition of both no.1 and 2

Inspection

Assessment

Repair or
Replacement

New o New or

/ / Previous Previous

__Method Method
-

RN

%

Apply
Diversity
| mfﬁ; E d Remain
{# e ! ' the CCF
A -

Figure 6. Concept of improved inspection maintenance workflow

Previous
Method

Z /\
o
A £ N =

|

5

High strength

common-cause avoidance in repair and replacement
procedures. Figure 6 shows a concept of the improved
inspection maintenance workflow. Figure 7 displays the
comparison between the inspection maintenance actions of
the previous workflow (before improvement) and the
improved workflow (after improvement).

TABLE IV. INSPECTION PLAN FOR CONTROL & INSTRUMENT EQUIPMENT

Replace the new air purge valve.
Item

Scope of Inspection

Disconnect and remove the proximity switch sensor (Close &
Open).

Un-coupling between actuator and air purge valve.

—

Disconnect and remove actuator of air purge valve.

Disconnect and remove the old air purge valve and old gasket.

Install and connect the new air purge valve and new gasket.

Install and connect the actuator of air purge valve.

N | | R

Coupling between actuator and air purge valve.

Install and connect the proximity switch sensor (Close &

open).

9. Stoke test the air purge valve with control room.
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Figure 7. Comparison between inspection maintenace procedures of
previous workflow improved workflow

It is seen that the new inspection maintenance actions of the
improved workflow include three methods of the common-
cause defense rules for reducing the CCFs.

IV. NUMERICAL ILLUSTRATION

A. Reliability of k-out-of-n Configurations

From the FMEA results as summarized in Tables I and
I1, the failure rates of the 1002 and 2003 voting structures
for the redundant hardware configurations are 1.48254E-06
and 1.90258E-05 failure per hour, respectively. Using these
failure rates, the failure rate functions in Egs. (1)-(2), and the
reliability functions in (8)-(9), the exponential distributions
for the 1002 and 2003 configurations are shown in Figures 8
and 9, respectively, where the beta factors showing effects
of common-cause susceptibility are 0.0, 0.05, and 0.1. It is
evident that the exponential distributions of both voting
configurations with no CCFs (the beta factor of 0.0) provide
the highest reliability. Otherwise, the CCFs reduce the
reliability of the redundant configurations.

From Figures. 8§ and 9, the numerical results of
reliability analysis for one-year mission time (¢ = 12 months)
are shown in Table V. It seen that the proposed technique
can increase the reliability of both 1002 and 2003 voting
configurations.

B. Time to Failure of k-out-of-n Configurations

In the case of the beta factor of 0.05, the exponential
distributions of the reliability function for the 1002 and 2003
voting configurations are illustrated in Figures 10 and 11,
respectively, where the TTF (or Failure Time) values are 2,
4, 6, and 8 years.

Reliability vs Time

bt s g e e FETT e
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Figure 8. Reliabitiy function of 1002 redundancy

Reliability vs Time
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Figure 9. Reliabitiy function of 2003 redundancy

C. Reliability Comparisons of k-out-of-n Configurations

The reliability comparisons between the 1002 and 2003
voting configurations for the beta factors of 0.05 and 0.1 are
shown in Figures 12 and 13, respectively, where the TTF (or
Failure Time) values are 2, 4, 6, and 8 years. It can be seen
that the loo2 redundancy provides the higher system
reliability than the 2003 redundancy.

TABLE V. RELIABILITY OF THE SYSTEM WITH CCF

Time 1002 Configuration 2003 Configuration
(month)

4 0.10 0.05 0.00 0.10 0.05 0.00

1 0.9989  0.9994  0.9999 | 0.9981 0.9988  0.9994
2 0.9975  0.9986  0.9996 | 0.9954 0.9966 0.9977
3 0.9961  0.9976  0.9990 | 0.9918 0.9934  0.9950
4 0.9944  0.9964 0.9983 | 09874 0.9894 0.9914
5 0.9926  0.9950 0.9974 | 0.9823 0.9846  0.9868
6 0.9907  0.9935 0.9963 | 0.9765 0.9790 0.9815
7 0.9886  0.9918 0.9950 | 0.9702 0.9728 0.9754
8 0.9863  0.9899 0.9935 | 0.9632 0.9659  0.9686
9 0.9840  0.9879 0.9918 | 0.9557 0.9585 0.9611
10 0.9814 0.9857 0.9900 | 0.9477 0.9505 0.9531
11 0.9788  0.9834  0.9880 | 0.9393 0.9420  0.9445
12 0.9760  0.9810 0.9859 | 0.9304 0.9330 0.9354

85



Reliability vs Time

0 i ; i i i i ;
0 1 2 3 4 =3 B 7
Time(hour) « 104

Figure 10. Reliabitiy function of 1002 redundancy (f = 0.05)

Reliability vs Time
A s ne e - s L LA T I LR RRRRaEE: o

Time(hour) ) 104

Figure 11. Reliabitiy function of 2003 redundancy (= 0.05)

V. CONCLUSION

The technique based on common-cause avoidance to
improve the procedures in inspection maintenance strategy
for common cause failure reduction in the wvoting
configurations has been proposed. The improvement of
inspection plans for the PLCs with 1002 voting
configuration and the control valves with 2003 voting
configuration in the thermal power plant has been described.
Numerical results verify that the system reliability can be
increased by the proposed improvement. However, the
effectiveness of the proposed technique depends on properly
planned and scheduled inspection maintenance actions,
which are capable of minimizing the life-cycle costs and
maximizing throughput and profit.
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Figure 12. Reliabitiy comparison between 1002 and 2003 (= 0.05)
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Figure 13. Reliabitiy comparison between 1002 and 2003 (= 0.1)
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