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ABSTRACT

In order to ensure that operations of a power plant run smoothly, reliability
of its utility systems should be concerned. This thesis aims to present a method to
evaluate the reliability of four utility systems of a combined cycle power plant,
which are gas compressor protection, gas turbine fire protection, boiler drum level
control of heat recovery steam generator (HRSG) equipped with intermediate
pressure, and boiler protection of HRSG. The proposed technique is based on fault
tree analysis (FTA) for analyzing success and failure probability functions as well as
for modeling reliability and unreliability equations. Moreover, both reliability and
unreliability models, obtained from the proposed method, of all studied cases are
displayed in line graphs by using the Euler Math Toolbox for ease of evaluation. The
evaluation results can be help the power plant staffs not only to understand the real
limitations in terms of reliability and unreliability of the studied utility systems but

also to crate improvement plan for reliability enhancement in future.
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2.1 NanI

unilagnanfmguifiisadestunuide deldun nouinszuruniswdaliliives
Tsslridndsnuanudousin  nisfianuileidunisinaussssuululsdnih ngugnig
Aeszimudumanvuunugiduliitaznisuszendlinguivesimnssuauiiede
Sfumslianzirdummuuusugidulidemeauindefiovesszuy

2.2 aszuaun1suanininivaslseliiinassnuaudousay

wdsnulnihduidudanidadeddglunisiauiainueiyreslsema 2 nada
Hagtuesmsldlwihvessemalnefuunltunsldlniunnnitluefnunndsisuanasa 4
lé’dﬂﬂawuLQ%mﬁuaqLﬂwgﬁﬂuﬂizLwﬂlwsﬁumiﬁuﬁﬁu Fedstuansliiiiunnuddyes
wdanulait uasiesusesnsldndanulniiinnntuiy Sndusedlsduiiiovhniig
nanndsulnilifsaneseninudesnisvesnisldndanulnilulssme Jalsalud
nannnateUsean wiu ssliinasnuanudou Tsslwihimaseuanudousau Tssluin
waath Tsslulindan Hudu  Tuideiiazeenandmdnnisvenssuruntsnannsyluin
oIl ss N nEIIUAINTOUT M

T5alndsauauseusan (Combine Cycle Power Plant) tiunisdimaluladues
fafufne (Gas Turbine) waziaiuler (Steam Turbine) wvhausaufu Inendnnsie
Serufngazierneafinuualua3esdaeinie (Compressor) Brannanfudemaing
595u%R (Natural Gas) fi1uiATesdAf% (Gas Compressor) waziulvsilusfoasnlngl
(Combustor) Vl¥iAnRnfedouiimuamiugs Safnesouiiintuasirluduiaiufig
Tneiimanfsiuietuassedriumavenaiosiuialuilh (Generator) fedeudiriuain
msfuRauAT (Exhaust Gas) axignmniogfiuszanm 500-600 °c Tnsfnesautdazgniily
wanasumudeuuinnaeduled)  (Steam) ﬁﬁmmﬁ’uqﬁm%ﬁ%ﬁmiaﬁ’] (Heat
Recovery Steam Generator)1@5’11’7fﬁm’mﬁug&ﬁ%gﬂﬁﬁlﬂﬁuﬁﬂﬁulaﬁﬂﬂﬁlﬁLwa’lﬁuaﬂ
foiulevaeserdrfumanedosudalaih dafudemanfoiufsuwasiaiulotvyuagii
Tnanveuaiesiudaliihmumudehlifnnssualnihiedostudaluih ledwmdwnd
%’Uﬁ’qﬁuiaﬂfwzgﬂu,aﬂLU?{aumm%auﬁ’uﬁméaLﬁu (Cooling Water) uazpiuwunaneiu
th¥eu (Hot Waten) Bnafdluiaiesmuuiiu (Condenser) r¥euluiniosmuiiiuazgn
duiulufursssidaleddnedeclae Juveundssniunty (Condensate Pump) uaz Ju
youndosiuialot (Boiler Feed Pump) duthwmaeidufitnunsuaniasuanudoutule
ihishuanmsduiaiuledniuasiionmniady dwdaduguvniaeslnadiguendeby



(Cooling Tower) teangauuniiadlinauingumiuvinay wdhnduldidaTasnIukiy
Wisnaniasuanuioudnaislneduresenasidu (Circulating Water Pump)

Gas Compressor

LP Steam

IP Steam
=

Fuel Gas =

Steam Turbine

Condenser

Transformer
Transmission line

HRSG Boiler Feed Pump
Feed Water System

Cooling Tower System

UM 2.1 nszviumsuanlnihvedlsslnihndsnuainudousiy

2.2.1 NIAUNY

EE:>: % e To HRSG
[ —) [ g

| 5 "

mmm——| £

5UN 2.2 NSEUIUNTYIINURRsisiuiY

(%
=1

wanmsinauvesiaiuing fisadl
2171 (AN A1eusnIzgnaningfiufiglagruszuunseseInia (nlet Air System)

wiataanulalawdauanUasudnluyinanudsmngknn3a98n 91N wasonneLA3a9on
91N1F1 DINANIHUATBIEARIN AR EANNAULA TR A UULas U dvB M g



an1ildnefiny (Gas Station) awiluunasdnefiesssu@ (Natural Gas)dngiisufing
lnefinwsssuvinazgnantiaiiiuauiilgaulaginiadnainie (Gas Compressor) %

Y
[y

aada 2 L3 dy a !

SITUVANANNAUEREgNAIUANUSINALAENEIRIUANLTBINES (Fuel Control valve) fiau
wingvioaw v

9INIANNIULATRITNDINALAE 195 TTUYIRAzgnRANTuNRUIT gLk Ly
(Combustor)  wagzazgnin1ndnisluesrndazifinfiiefeundauduganadilunyu
Tuie (Blades) TuiivimihfiuUaandanuanuseuiioanunainvosntbngd undundsiuna
dmSunyuwavesiaiufineg wazfireeunignirluduiviuiwavgnirlduaniuisuniny
Fouluasesnilalousialy

Walinuseansninlunisyinaueesnsiunigdslissuugeeasy (Auxiliary  System)
ail

& a N D = a - v
JEUUWOINEY (Fuel system) LitawiiuAnuniieislunisiuniasvadlsaluin feiu

23 ¥ & a = A a P 6V a <
iwgnesnwuuliilszuurendedadl 2 wila Ae Awsssuv A (Natural  Gas) LUussuy
Wamdawan uaz Wdufiea (Diesel oil) 1uszUUWBNEIE1503 LazlndInuALToImES
V‘imﬁwﬁmumﬂ?mm%améadawﬁwﬁﬁaqLmlwﬁ

syUUnaeAY (Lube oil system) shwthidsinifundoaulusmaedu uuls (Bearing)
LﬂuaﬂﬂimiaﬂiUL‘W’d’WNLLu’JLLﬂ‘LlLLauLL‘L!’Jiﬂ:LI uay wan (Shaft) iielvinnsuuvesisiufing
sy thifundedufiiunssuauntsdedutiuaginandudigiussguihifundedu (Lube
Oil  Reservoir) wagazgnaudndnszurunsuaeausnasilaglutdurasdu (Lube oil

¥

pump)
sruusiuauiugs (Control Ol viwrhndnidiundausugs deuwdngyamdu

v
C 3 IS

lglasdn (Hydraulic Actuator) l#k yashdumuaumdndamasazeinie tasthiiuazgn
dwiuaniuisiuenudugs (Control Oit Pump)

sevuliostumdslng (Fire Fighting System) Litetlasfumnindslndinnglusioaiasiy
fine (Turbine compartment) F9gUnsaingiadunusou (Heat Detector) neluviaafiaviu
finw Tunsdiigunsalnsaduanudeuannsanmaduniufounieluriesiaiufielsd ssuu
dostumdslniazdnfvaveulaeenled (CO,) Tsfrwansusulasenledazyiiufizeiu
genduau (0,) Thlfssrunududuvesosndiauneluiosioiufnesmas auldanunsaviles
Wanasiuginalula



2.2.2 wAs8aninlaun

LP Superheat Steam

Boiler Feed Pump
Cold Reheat Steam >

From HP Exhaust Steam Turbine

HP Superheat Steam ¢——1

Drum

Hot Reheat Steam

Hot Reheater
IP Superheater
|P Evaparator
LF Superheater
IP Economizer
LP Evaporator
LP Economize

=

Uil 2.3 nszvILMINuTenedasinlet

w3osidnlovh (Heat Recovery Steam Generator) ﬁﬂﬁﬁ’lﬁwﬁmlaﬁﬂﬂauﬁ’léﬁﬁﬁu
loth erdendnnisuanidsurudeuniniedeuiivasndesniuiuieuazin Senielu
veusesdaletezivievnnaieiunans q sulneiiviuazlethasinanelurediufine
Souaglnansuentie indesiudalethgnesnuuuliinansssduanudufiodiuUszavsnm
Tudfeiuloth Tasssduamnudureslethil 3 seduanudufio aadugs (High Pressure)
AMUAIUIUNATS (Intermediate Pressure) A13I6UAN (Low Pressure) deusasausiuazdl
nsvurumsHaslethmilousu Fensvurunisantedwenaiewiinlenh S

Economizer fonszuiuidfisguugiivesihlneiazgndssandsuarie Economizer &3

(%
a o

gnAnaslitundsanvenasesiniinlet lnefiwauiinaamdeundioun Economizer 3¢

puvndivssanal 150 °C wazuanisuamdoudui silidiigaunadaduuddegly
amuzihdusuazgnifoudnddeimitleuh (Steam Drum)

Fvaporator Aonszurunisszne laetianndeinletierlnaiuvetivnas
(Downcomer) asngsviosan (Header) Ynlureranaiuarusouainfnedouiinaunie
wfsunsie Evaporator axfigamglivssuin 250 °C uazgndulfifonsunaneidulot
antiiledazluatugiinleviuvieniu (Risen uaggniiouingnszuiunislethbeen

Superheater  Aanszuaunislotndesna laglethaindsinlothaglnadiguaio
Superheator LilauaniUasunufeufiuiesouivaundeaniuiufiedsfigumniivszinm
500600 °c  Wlwledddsuanurannletinaneduletdennielens (Superheat

Steam) nuuleundeeinazlnaingioile



2.2.3 neiulai

LP Superheat Steam

From HRSG LP Steam Line
Reheat Steam

From HRSG IP Steam Line
HP Superheat Steam
From HRSG HP Steam Line

——)

Cold Reheat Steam ' J
To HRSG IP Steam Line

Exhaust LP Steam to Condenser

JUN 2.4 nszviunmsvieuvesiaiulet

'
v o Y A

ruleun vt Aasuunlandsnuainuseudundsuna laglalotngenni

m%ﬂuﬁLL@Bﬂ’NQJﬁUﬂQﬂJ’]ﬁUIUWWU@Qﬂ\‘i‘ViUl’E]‘LJ’]‘?NG]EJ@EJﬂUL‘Wﬁ? Wandsunailiinaiues

ﬁ’ﬁulmfmuu lammmmmﬂﬂauLmaﬂwulau'mummmuﬂsmaﬂmmﬂmmmmﬂimm
loriwdn (Main Steam Control Valve) wagletittnumsiuluinvesdsviuler (Exhaust
Steam) azfiaudunazgumainiagivadinginfaseuuiiy (Condenser) sgninsislingg
vheveaisilloth (Exhaust Steam Turbine) Wiswaniasuaudounavidasuaniuzssly

LﬁaLﬂuﬂﬁvﬁw%mwmaaﬁaﬁuiaﬁﬁ'lLﬂuﬁaaﬁsvuuwaﬂwLa'%u(?ﬁﬁ

=0

SEUUNERAY (Lube Oil system) wmmwmumwaaaulﬂmwaaamwia (Bearmg)
LUuaUﬂimammemLLmLmuLLa wu¥afiuasinan (Shaft) tiolfmanyuvesiaiuledn
s103u difundeduiiunszuaunvidedutuarlvanduidngiussuntundodu (Lube
Ol Reservoir) wavazgnandidnszurumandedudnasalasiutifundedu (Lube ol
pump)

szuudueudugs (Control OIY vimiifidedsufifianudugs Joudrdyaady
lelnsAn (Hydraulic Actuator) l#kn gavuresmdmunuUsinaletmdn Tnethsuaggn
eiqmumﬂ%uﬁwﬁummﬁugq (Control Oil pump)

szuuTntulothilvasendawiule (Gland Seal Steam) simitiditasiulotniaoen
nietulothludiureiman uazdillostusnmanisueniaudngiiulotluduineddet
fuLATBIAIULLY



2.2.4 \AvasAUMUULA STV
\ASDIMIULLULAESYULANN (Condenser & Feed Water System) tusyuunaniunig
Jansifgafussuuimyudsuliausatewindiginsesilinled lnen1sitanues

[
=1

LATDIAIULUULALSEUUAIUNTR

Inlet Cooling water

From Cooling Tower

5
2
g

IP Evapaorator
LP Superheater

Outlet Cooling water

To Cooling Tower Condenser

/\/\/\/\/\/W

Condenser Hotwell
Condensate Pump

5UN 2.5 NSzUIUNTTBLATEIAIVLLULAE SEUUAND

Boiler Feed Pump

\ASeeAIULLY (Condenser) wmihidsanudoundavadlothfidunsduluinves
Forulonh (Exhaust  Steam)  ¥ildlethdumvuduuazivdsuaaiuzannletdud
(Saturated Steam) Wutindush (Saturated Water) Tnsanfendnniswanidsuninudouriu
dmdewfu (Cooling Water) annnenaeidiu (Cooling Tower) wlelethauuiunateifuii
uganiothsurzanasludaiudisvenaissaunludidnuaznfunivugsesduey
(Condenser Hot Well)

szuudnil (Feed Water System) shwihiimausuannmihuazdouthguidnginies
wanleth Iﬂam'ﬁmuamammwﬁwfu%ﬁmslﬁumsmﬁLﬁa%’ﬂmqmﬁuaaﬂfwLLaszlajumaﬂu
\wsmuutuazgnasinuluduatestuialotilnedsniiauuiu (Compensated  Water
Pump) wazduveuniesrinlot (Boiler Feed Pump)



2.2.5 ioviaaLdu

LP tp [—6

Outlet Cooling Water @ @ @ @ @

RARRRARX
SRR Intet Cooling Water <;
K 2 Condenser |

PV A% %Y

Condenser Hotwell

Cooling Tower Circulating Water Pump

JUN 2.6 vievideLiu

wevdedu (Cooling  Tower) ¥imthittouingangdunfiingiaiosmuuiuiiie
wanidsuanudoudvlethirhunisiuluinvesiviuledn dewandsunufeuudaniin
oonaniAiasmuutuasiguniigeiutargnivalunduindmendeifuiiteansumnives
ihaslfiduihgunaliund lnstihaneanainiaiosmuutiuazgnia (Spray) Luresiite
wandsunnudeutuernawazanludiesusesuinvosmendelfu (Cooling  Basin)
vuziieafuoinaiuanddsuniudousuinfigndndudessufigungiastuazgngneen
Tnenauvesmendaidu (Cooling Fan) uazthgamgiiunfargniloudngiedosnuutulag
Hudhvemendediu (Circulating Water Pump) Lﬁamuﬁauﬁméatﬁu&iﬂﬂ

2.2.6 \asasriialuiiin

U 2.7 w3earuda g [14]
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wesrudialylin (Generator) fadhegnaiisud 2.7 in3eadidialuiinia] vinvihiludas
wdaunafildannismyuveanandundsanulai lnsldndnnisvesunaindnniiu
aunwinan duuszneundnveaniesiialiinldun unsuaana (Stator Coil) fdnwae
Juunsvamngnindseguulassadisvenaioatidalif (Generator Casing) uaw 1wan
i3osiudaluliin (Generator Rotor)  viwmthiiadsaunuusiimanlasldlniinszuanss
(Exciter Current) Selussvamniiiusgseunnuiaiesiuialuih ussiuuaznszualuihves
wﬁaqﬂ"ﬁLﬁﬂlﬁ/\lﬂ'}LﬁmﬁﬁmﬁameLﬂ%iaqﬂ°wLﬁﬂlﬁ/\lﬂﬂﬁﬁiaﬁuLwawaqﬁqﬁuﬁ"']mazﬁ'ﬂﬁulaf’lmgu
AUNULILAAN MY UFANTUAULKIVAE I

2.2.7 szuvativayuvalslui

iielvinszuaumananliihamsondnlihldedreileuaysuiu Tssluihdnduses
fiszuuuargunsailaiudu 9 Weatuayunszuiunswdavieindesdng (Utility System)
Lo

aonfitnefinvuaziedeadafine (Gas Station and Gas Compressor) Sintihfinsiaaeu
AunwfwsssusAneuiiglaslufilnensasaeulneiniesindrulszneuvesine (Gas
Chromatograph) riawfz’]’]Lﬂummé’wﬂaﬂﬁ”'}%ﬁﬁmﬁiﬁmmxamLLazﬂauL%’ngﬁ’qﬁuﬁ”w J
\A3098Af1% (Gas Compressor)

wuuamﬂwﬂmLLasLﬂ%méjﬂmmﬂ (Instrument Air and Air Compressor) SsUUay
AuAui i fidsaumuaslusaiuan (Actuator Air Type) Bagninssoglunszuaunis
HER Gﬁdﬂszmumiwﬁmammmmﬁﬁaﬁ

9IMARIFUUNR (Ambient Air) 2vgngaidingia3esdnainia (Air Compressor) Lilo
duawdu oadiiienuduazgnileudngieioatidaaanuiu (Ar Dryer) Tngendodan,
138 (Silica gel) Husnanslunisisnutusenainennia Siomaikuesesidnaudy
2efigunnigminéns (Dew Point Temperature) peffiuszanm - 40 °C

Lﬂ%‘laqﬁai’mLLaziwumuam (Instrument and Control System) wiesdloTauazszuy
muAugnialdlunsaaiadn (Monitor) wazaauas (Control) nszulunsHan Tneiadesile
FodugunsalildinArvosnsyuiuns lud §nsnslva (Flow) amsu (Pressure) sdiu
i1 (Level) grumgd (Temperature) 1ufu uagdruauanudeszuumuAN gvimind
AuANNsEUIUNsHaRlegluraunransEuIuNsAIUALlasnsasdaaAIuaNlUg e
adusng 9 vesndmuny eufuugmiewdsuulasainszuiunisiiegnngliveuiun
yoenszuIunsHan lunsdifidvesnseuiunsegusnmileveulunmuAuIINTEUIUNNTaE
fiszuutleaiiu (Protection System) vhuiimuauAinszuIunslagnsvgaATosdnsviui
(Trip Machine) iitedlosfumuidemefiasinduiu AU TR duandeuuargunsnifingg
waztiielviiulaiszuulosiuianldednagnies seuutiestuldgnesnuuuliiingzuiunis
AndulakuY Voting Algorism Tngnstmdnuazmenandlamansintieidenisnisinaula
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2.3 WanFuNIIAIUANNTZUIUNIS

lunsmavaunszuaunIswane 9 ndudesdagunsalnruaunszuiunis 1y PLC
(Programmable Logic Controller) 38 DCS (Distributed Control System) Lﬁamuammz
$nwAnszUIUNIHAR gunsalmuANnsrUINMsazlilsidunuauAesiminfiuszanana
ANTEUIWMIANG 9 wazdsnsdanuaugarine eilaidumuauazgndnnauazeenuuli
mu'1zamﬁ’umsﬁﬂlﬂiﬁiﬁ’qmmuamszmumimamﬁ?u 9 Ingfanduniuaguazhansdyanyal
(Symbol) #ins q AignldlumsarugunszuIums Fefladduniuauvesgunssiniunuusiay
ffegneeniuUULUULNLY (Diagram Format) LLazé’fQé’ﬂwaiLLmﬂﬁwqﬁuaaﬂlﬂﬁuagﬁUﬂﬂﬁ
faunasiidntu 1 fuduiarinTweiiaueiegnailaiduauauiignldnululssluihids
lAuA Logic Diagram wag SAMA Diagram

2.3.1 Wenvu Logic Diagram

Logic  Diagram gnldfiuegraunsnargdmiuilendunivaunszuiunis Ingende
wdnnsadaransifieutlotlynidanssng Boolean) Falardu Logic Diagram awuand
$19820uANITANTUNUAN 9 VBINTEUIUNTHARKIUATTNEdYanwal (Logic Symbol) R
flduamsonsivaeutaziamunanisdniuausiig o veanszuaunsld Wedya
umm (Input Signal) #i19 9 Wasuwladly Fuklunslunssurieinnuununmassny
deudzselinnudilaly dydnvainssnesing q Musaveliauansiseslsuasdleidunis

£%
a

o [ 1 v Y a Ay Y dil’ v A
‘VI'N’]‘LJL‘UU@EJ'NI? Tukvellazeduny Logic Diagram LU@QG]UV]QﬂIﬁUﬂWiF"I’JU@ﬂJﬂi%‘U’JUﬂﬁi

1%
v

ANSUNSUANEITIY 3 SR
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2.3.1.1 Wenau Logic Diagram
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nfeg1eluguN 2.8 wansdsdydnualing q Nanunsaldanuneluilsiduaiunuves

[y

\3098nANY TeanunsauusUssinndsy Snwalsananaleseil

miiﬂzﬁmﬁﬂwiﬁﬁugﬂu (Basic Logic Symbol) t¥udadnuwaifidfladdunisldeulail
ANUdudou 819igu AND OR N AU Al M5 1INATWAY deendwyiiiu Memory Set
Reset (Flip-Flop) tUudu

nssndeyanwalfitAy (Special Logic  Symbol) \udayanwaindfeddunisldaun

o

v Y

Fudou 017U 1loo2 Selection LHunssnedayanuwalfiawndilaidunisitaudussuu

d1599UUU 1002 Analog Monitor 1HunssnedanwalfitAwidifendunisvinaufensiadu
AN MTBIdYIBuNe PID Controller Wunssnsdydnvalfivewidleidunisvitannduy

q o
LY

fnuau PID Wuduy

aa \ a Iz . . a U e

/N1 ULazAANTSATUY Logic Diagram v09LA3098nAN%

Y 1 N I & v ) o al 14 d' v &Y

ndegelugun 2.9 WuilsidudmsuwSeunnunieuvadssuuinIasening laenis
Freilovosilendu Logic Diagram azidudiudayygaduns (nput Signal) nadefieves
lafdu Logic Diagram 9ziudiudysyrasardng (Output Signal) uagdIunsINaIeves
#HeAdu Logic Diagram awtludiulssanana lnansiiduanvalnssnzandsenauiulmdu
Hendun15vi9uifesnns @ Logic Diagram fsgailuflendunsiadaninunsonsanio
anwnausuiniau (Ready to Start) lneduyiadunnvesilandufe anusnsosumia
MNdnvANdes Uaaln  AvesnszuIunssesliganitrinmun Wudu wasiindyyio
Sunamartunnanalasldnssnzdydnual AND mindagradunmdu “1”7 Hvue wana
UATDIDANYNITOUTIZYIINTITLITUI UL
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2.3.1.2 WeAdY Logic Diagram vasszuudasnuwasludvuasnsviuing

LEGENEC:

AUTOMAT © DETECTER SATES

L], HEAT DETECTGR (FXPIOSION PROOF TYPF; UK GAIL
PND GATE

CONTACT—CIVING DETECTOR {1 P ineerrer

LICK OFF SWITCH ‘FOR STATUS INDICATOR) —o 'NOT' GATE

@ MANUAL RELEASE PUSH BUTTON (AT STATUS
R

INDICATOR)
MONITORING DEVICE CONTROL DEVICE
PRESSURE SWITCH =X SOLENOID VALVE
LIMIT SWITCH (FOR LOCKOUT VALVE) o ResET
LMIT SWITCH (FOR SELECTOR VALVE) TIME DELAY (10 SECONDS)
) LIMIT SWITCH (FOR REED CONTACT) T

AT PILOT CYLINDER

o LIMIT SWITCH (FOR RELEASE BOX VZI}

w1l UGHT BARRIZR (WEIGHT LOSS ALARM)

o o LIMIT SWITCH-EXPLOSION PROQF (FOR FIRE DAMPER)
ANNOUNCEMENT DEMICE

ELECTRICAL ALARM SOUMDER {EXPLOSION PROOM TYFL)

STROBE & HORN C/W BACK BOX

FLASH LIGHT/XENON BEACON (EXFLOSION PROOF TYPE)

™
Ea

=

STATUS INDICATOR

[

JUN 2.10 fegeanstaydydnualdmiuileidu Logic diagram vesssuudasiumasing
YDINIUNY

g lugun 2.10 uansdiesdyanualiing q Nanansaldnunigluilsiduaiunuves
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n3INTaRY ”ﬂwaﬁugm (Basic Logic Symbol) 1udadnuaififflasdunisldauld
AMUTULIU ©19lYU AND Gate OR Gate NOT Gate tJudu

drydnunifiue (Special Symbol) Wudydnuaifivsuenyiinvesgunininiain gunsal
LALADU UID ﬁ’;muqmj@ﬁ’lﬁl 979U Heat Detector Pressure Switch Limit Switch Flash
Light #38 Solenoid Valve Huduy

nnegndlugud 2.11 Huiladdudmivudaoumasindvosszuulostumnaslng
Yosiaiuing lnenisdneiiovesiladdu Logic Diagram auidudiudgyaadune  (Input
Signal) dunsiadevesilandu Logic Diagram asiudrudnyaauondns (Output Signal)
wavdIunTINa19esileidu Logic Diagram aviludiulssanana lnansindyanwalngsng
inUszneuiililuiliidunisvhauiidesnis §1 Logic Diagram fregrafuileidundaiion
wdslndivesszuulesiunisinlivesiviufing lnedyaadunpveslsidufie Arangunsal
ATIVINALTOULAEAIEN LYY Limit Switch dmSudyd Manual Release wawtidayayio
éuwmmei’nfumﬁwmmim8158’&133%5@5?1%5 OR windyaaudunasaladmiedandu 17
flertundafouarBuhnulaomsdedyaanednaludnisgunsaiufufousouaas
Heoohou uasiideanuuiadeudiludaudaiununans
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2.3.1.3 Wandu Logic Diagram va33zuuAluANszauLn lundalauradudiu
Ununarsveansasniialaun

1 AND § SET/RESET(SET PREFEREMNCE! El OFF DELAY TIMER ki DIGITAL ON
1Al inputs ame 1= =1
ity of inpts is 0 —Y=0
iid Ay of inputs is b 5 " v :
®1 ] e S T e -
el 3y { . o | P ' — [ T — 3y =1
¥0 oy R 1 [ 1 - H i Y : Altarnate signal
1 | 1 T=input — —
i T Fa
T: Time [sec]
2 OR I i SET/RESETIRESET PREFERENCE) n TIME DELAY WIPE QUT 14 HGETAL OFF
i
ilAny of inputs is |-+ =1 |
| il Al inputs s7e 0-*7=0 i
- s R hd . —
VTR 5 PEon B B s o ] v, "ﬁ ; T ]_
[T I L p— 2 § = a ) 0 Wty ] [y i [Eres o
I L () [ L I
* 1 0 T=lnput T “ ¥ 1 Allernale sigeal
T = Tirve [ses]
3 NOT b DIGITAL TRAKSFER SWITCH 1 TRIGCER OH 15 HIGH MONITOR
i
i |
h 4 1 ¥=D - =1 | i aw=D - =) !
Kot E ........ 4 5 et = YeD P )LS“i il g S oo % I |
i !
2 |
1 EXCLUSIVE CR a ON DELAY TIMER 12 TRIGGER OFF 16 LW MONITOR
]
2 BRI R { L = [, %
v o[n (W A xfeg!
W[ e ,}i XOR |y ¥ a1 || .Y A N E AT [P [ N 2 p N I SV —
101 y—— L = ¥ —,:;— | ,—1
110 T=input Ay Cleulsticn, Leinput |
. - cyele
me [see]

3UN 2.12 fageansydnydnualdmiuilandu Logic diagram vesszuuamuausgauinty
nielourAnusuUunaweaasasnialoun

Nndeesluguil 2.12 wansdsdrydnvaiing q fanunsaldanuneluilsddumuveumes
ssuumuaussdutihlunsiolothauduiiunanwesaiesindalo Ssnsauassny
Frudnwalananlaweil

miﬂgé’ﬁgé’ﬂwaﬁugm (Basic Logic Symbol) 1Sudaydnuaifififlsddunisldaulifinnny
Fudou 819U AND OR UIn au asd 13 WINNTwinAu deendwvirfiu wuazsMemory Set
Reset (Flip-Flop) 1Uuu

nssnedgdnualfidy (Special Logic  Symbol) LUu

Feudnwalndifengunsldeun

a1 . . [ [ v 6a A v [ A L
UYDU 91U High Monitor LUUWiiﬂBﬁ@aﬂ‘HmWLﬂHVIiJ‘WQﬂ‘HUﬂWiV]N’]Uﬂ@ RGN
a & (% 1 Ao 14 6 o . . 1 6 <
unaludygruueusasnaininaidivuald fandu High Monitor azduednmiu

g7 U

€

o) &

'
aa v ada |

Qraufdvianilan “1” sanluuarlunnssiutndygiaieuzasndininanmuuall
#lafdu High Monitor azaaesinaludayaafdvianidear “0” eenlU @ Analog Signal
Input Check (INA) 1Hunssnzdgydnwaliauiilandunisvinnufensiaaeunmunmdyaia

2°

LouzaBNBUYM MNdyanaeuraendunninimIogenindfidmunly lordwavesilediduy
INA azdsdayqamdaieuievsuenidynrusinanliniesldauvielsidaanmn

BN199ULAEAANUTIATUY Logic Diagram ﬁuaaisuum‘uQmsﬁuﬁﬂwﬁakﬁwmm
Futunansvesedoeiinleni
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Mndegsluguil 2.13 Wuiladdudmiuaneseununimvesdngiabunavesszuy
muauszauilunielothanusuuiunaswenaiestdnled Tnemsdnedievesileditu
Logic Diagram agiududeyeyiaudumne (Input Signal) nededievesilandy Logic Diagram
auifudrudyranodne (Output Signal) wazdrunsanalswesileidu Logic Diagram 9%
Judwuszanana Inensidydnsainssnzanyseneuiuliduileidunisinuidesnis
%3 Logic Diagram soghauilsndunsinaeuannimuesdyaadunmuesszuuamuni lag

[ a

drugyradunnvesiandune dygyintouzasnsuaA1u191NgUNIalngI9InA1e 9 Lagn

o

o a

dyeadunamaIIUINNTIIEUAMA N N TURTIRERUAMA N e UL e UE BN

(INA) MndysyiniuauzandunaiinImseaInAinmualy e1dnnvesilendu INA azds
dyaudsfouieusvenindyginninanlunseuldnunselidnunim

2.3.1.4 #en%u Logic Diagram ¥asszuutlasnudmsundalounveunsasniialaun

11HBE11CTI01 =5
Ex Ged RLET CUCT
[TERF [0 750 )]

,
[11HBB1 1CT102 & s
EX Ged RLET LT
(TS A (17X
= gy

[11HBE11CT- 03 &
EX G RLET CUCT T
IEM [0t #50°C) o

{

UM 2.14 fregeilenidu Logic Diagram d@wsunislminengamgiivessyuudesiudmiu
wiislothveaesesiniinloun

nndegslugud 2.14 Wuilsidudmiunslmneumgiivesseundesiudmiuniie
lovhweunsesiuinle Tnemedeiievesilaids Losic Diagram suiudrudygradunn
(Input Signal) daunsteiiovesileidu Logic Diagram azilududyaranendne (Output
Signal) LazdIunsINasvesilentu Logic Diagram azidudiuusvinana Inensidydnwal
assnzanUsznausuliduilsidunsyiaudidesnis @9 Losic Diagram segnaduilasdu
mﬂmmﬁwqmmﬁﬁauﬁ%ﬁﬂﬂﬁmu Tnedyanadunsvesilaidude dygrausuzasni

$UANM19INEUNTAINTIVTARIY 9 UasihdyguBunamaiuung ieidenainaialuly
N
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2.3.2 H4i%u SAMA Diagram

wnunmEmTusTuUmuatlugaamnIsUnauingne198Iniy SAMA Diagram lag
Gf ﬁﬂ‘l&}ﬂjLLazLLNumwﬁlﬁgﬂﬁwm%ﬂ% Scientific Apparatus Makers Association (SAMA)
59 SAMA Diagram tiaggninanlélunisedunensmueunszuiuns uwihaziuunfaade
ffu 1SA Tnozunsu uanfinuuanansegsfidediAgsening 2 WBlumsilouikunwd sy
JEUUAIUAY

U 2.15 LLamwwmuamé’mwmﬂwaashadwmmﬁy’q ISA way SAMA laozinsy 9y
funaldindifiosdydnvalves Flow transmitter fwiloufiu Tngukun1m ISA 9zuanaiios
FydnwalveediiniuAusnsINsva (FIC : Flow Indicating Controller) @ulaunIN SAMA
fuszuanseandonvesneulnsaaedinnnit Tnsvenindureulnsaaesuuu Pl wasds
LLamﬁﬁmUﬂm (Setpoint) manual adjustment &g auto/manual transfer switch R

SAMA uag 1A Tnezunsudslddydnwalves Flow control valve (FCV) Aiananafiunig

>
FCV

ISA Diagram SAMA Diagram

JUN 2.15 AUUANAIITENTIN ISA kaz SAMA lnagunsy
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Dmm Steam Teecbwater

Level Hlow Flow
O N

Pl N

M--I—Z‘

Feedwaler Valve

5UN 2.19 nsmvauszauthlundisletiiuy 3 faus

2307 2.19 wanauHUNIW SAMA TaensaauaNszRuLlundialothuuy 3 fuvs B
Wunsuszgnaldszuumiunu Cascade saufussuumIUANAIWMIN (Feedforward control)
TnensldAnssuaunis (Process Variable) 3 i laud sesiutin (Level) snsanislnaveste
13’160'1@9?1 (Flow Steam Outlet) wag 5@13’]?]'131‘1/1@%8&5’1%’1?5’1 (Flow Feed Water Inlet) Tu
duressruuseymuANsnTnsinavesihudilaeusu setpoint muAvesdnsnsiva
yaslotvioendalusd Lﬁa%’ﬂmamaé’&mmﬂwaimdwlmfwﬂaaﬂLLau‘fﬂmLSﬁﬂ wazly
muﬁuaq'iu'uumuﬂwaﬂﬂaivuummmmum Feaznergudnuse muuﬂfwaamwmmm
17 wnse m‘ummmammumﬂmwmmmha aammumumﬂuamwmﬂwaiﬂma YU
AIUANTBY \edsns Lii/an amwmﬂ‘mamaqmmmeummmuammmmma"lﬁlmmu
ihegluthafiruny

2.4 MIUATIRIANURUUAUUULAUY UL

MalasziaudumaUULHuRAuLY Fault Tree Analysis 30 FTA 18unns
AnseiiieszyamgivinlfiAnaudumar Jawadnivesisnisazgnuanadunnunim
AUALNAILALILTEYAMAVBIAIUAUMAIN 9 LagiTesaInaiuuy (TOP)  AeaAlny
SUMaNY893EUY Lagduas (Down) Aewngnisalvideavandniiuiluganudumaives
J8UU [11]



25

2.4.1 BUABUNTTILYAWNANII TAAAAMNANMAIALNITIATIZRAUENAAIUUY
wiuadaulyd

‘ System failure event ‘

‘ Tree showing sequences of events ‘

‘ Seqguences built from AND, OR or other logic gate ‘

‘ Events ‘ Resulting

‘ Trigger events ‘ Basic faults

a o

JUN 2.20  TuRBUNITIEUAWATYINIIANAUEUMAILAEN1TIATIENAINALMAILUY
wrun el

9n3Ui 2.20 eFVILTRdURBUNTITYEIVIRTIvIT AR L EImalRe S FTA Buan
szylymvsamnnisalanuaumalzesszuu (System Failure Event) lagiiadinsiesinesd]
arudilaiiszuuiivhmsiinsesiinuenals ndmniususmmanisel (Events) wio
nadwsvesnuAanan (Resulting Faults) MlululdioundsenasiliAnaudumaaud
ssuuld wagvinsssyavnfiunvesvamsa (Trigger Event) vdoAdwfinnainiiugu
(Basic Fault) Ganadmsiliazaglusuuuuununim FTA 3ananm

2.4.2  FyanuwaldmSuNISITEULNUATNYBINITIATIZIAIINANNAUUULNUAT
auldl

dydnwaiilduosAenanananinl (Event) vioxadnsuasnuinwain (Resulting
Fault)  azunudiesudimdsuiiuindolsansenarziinainnissiuiuainuaneiennsniid
Houly Tnealddydnuaifduasinng AND uaz OR wenaniidedidadnvaliiufuuansly
P37 2.1
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M19197 2.1 FYanuald UM ITEULNLAINYBINTIATIRANLAUVA UL RN U TAULE]

[y

el Yodydnuwal Anuneazn sl iUl

2

Event or Resulting Fault | 4aALMANITAINSOUARINAANS

YDIAINURANANA

Basic Fault A1LanaNTeIN1SANAILAUMAT
(lisioamanvedn)

AND Gate Weoulvaziluasudeiiivgnisal
WNNIMTINANITIAEABNANYY
VAU

OR Gate Weoulvaziluasuleiiivgnisal
A Xy s X
Aausivfiamnnisaliuluiniy

Incomplete Event aruurziduiiilonaintos
Undeveloped Event | wieldfidud ey wio m(i}miﬂjﬁ
wasrgnselldlavieluiveys
atluayu

Trigger Event AL1RINNNYUBN

External Event

Inhibit Gate Ao AND gate wdmanIsnifiay

\Anduazsesllitouluniedaidu
N1SAAMANITA]

Condition Event LAAIIANITINI DLARINAANS VR
AURANAINIINABINLAR

Alternative Condition | wanaugnisalkuuiiReulvdmsy
Event GRON

Transfer In LANIAIUVDILNUNINANAADAN
LEUNTNAU

Transfer Out wansdIuvewuInavgni luly
FONUNUAINDY

Incomplete Event That | aautnaztuiiiilonaiintosus
Needs Attention AD9
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2.4.3  msiaszianuinazludaliunalaeitnisimsziainudunaiiuy
uNunRFuld
3 FTA annsaldiedesdielumsiinsevianuesdudalsina lnsazendendnns
veandlnaansiiiesunuiiavavesnuizifudmivivanisaliliAinazainaau
Sumafiuguasmanisaiainaieuenld d93sftiaueldun Gate Solution Method ({u
msrusmammandureangnsaifmualasendednnis aeining uazngariniiadu
dnfuaedninafiugiuiliie AND Gate uaz OR Gate
2.4.3.1 AND Gate
AuautAvas AND Gate A Bunanavanazdoshifididuguiiolliiondnadanu
Aud Wevhsnuszgndlilunsiiasgiamduman awle
“0” vaneia spuuinaulagauysal
“17 M8 TEUUVNUAUMAT
Frfunnagfuresvanisaiisiaeuduvanistusity “17 wasmgnisal
aruninsuresmudumanvessyuudenduaunslasd

P(ANB)=P(A)xP(B) (2.1)

[

39 Unreliability 99955Uuazunudg Fs(t) agldst
Fs=F(A)xF(B) (2.2)

e F(A) uay FB) Wuilsidudndlnuudsavesgunsallussuuasld
Fs=(1-e™)x(1-e*') (2.3)

2.4.3.2 OR gate
AALTRY0I OR Gate Ao ladunaiovumlidandugusinaviliieninavosnniien
laiiuguddae dwsumgnisaifiiatuldlunanfeatu (Non-Mutually Exclusive Events)
Tneund agldnsdiflunsfiansan weemvmnisaimuhanduresaudumavesssuuideu
Huaunslasd
P(AUB)=P(A)+P(B)-P(ANB) (2.9)

[

%38 Unreliability dwsumanisaliiiadulaluiaiediuazunume Fst) azlanadl

Fs=F(A)+F(B)-[F(A)xF(B)] (2.5)
fle Fs=(1-R(A))+(1-R(B))-(1-R(A))x(1-R(B))
Fs=1-R(A)xR(B)
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2.5 daanssuanuindeie

mnuuLdefio (Reliability) gnilenusie amtnaziduvesniesdnsvdenszuaunsi
annsavhaldlaghiiadamanudigadateadeltiusgagniaddugaseignisldau
Tngyhlufinauimnsagldndnnsimnssuanuiidefieifiodmuauuininisesnuuy
szuvaghaminzan Tuvn1atdndeunnsesesrutlnsamesruuiiiendasiuaiy
Jaonsty uenanidaldgnuszgndliiunuiigsnumande

Amnssuanuddedearlviaiuaulalufos “lnafiagdumad” vesgunsal

(Component)  #3assuu (System)  lasazuvaduszuuiilianuisagenusy (Non-
Repairable) Wilegunsnintesruuiimudumanistuayiiannsndouueuviofaunduanly
el wogszuuTiannsndouueld (Repairable) \iogunsaiviessundaudumaninty
rannsateNuTvisanAunauInldnulaUnR sy [12]

2.5.1 szuuitlianansadeuumuld

syuuitlilannsadouusals (Non-Repairable) e gunsaivieszuufianunsavinauls
TngliiAndgmautrgadateadegnlinusdagndeduraseigmslisussgunsaivie
szuutiu 9 uazilogunsaindessuuifinauduimartuaghiannsadenuauviadaul
nausnldaule

audaie (Reliability) 1HufinnuianduvesguniniuiossuuiiasUszan
mnudusadmiugunsaiviessuuitliansngeuumle

pranideeazunuday “R()” Sl “amnhanduiigunsalagiouls
dsalurnanan t” dwsuduysduazinusiog T

R(t)=P(T >t) (2.6)
anutdefievesgunsniaziidiifumnuniasdui T narflesdumaiiidunnndi t
Tugraainsienuy
arwlsitindofio (Unreliability)  (Juiadtamnuninasfuresgunsainiossuniiay
Sumadmiugunsaiviessuuiliasadonuaald
anulsitindefiossunudig “FO”  Tddinauded “anuniasduiigunsaiazrhe
auwaluyIean t7 dwmsuindsguasunumey T

F(t): F(T St) 2.7)
[ A A - 1 1 Ay 4 ! = [ !
Aanuldudeiioasinduaudiaziduvewiaiaumaitesninvsewindugawianluy

o A L4 v o o < | i3 [ 5 <) f
NTINNIU LUBIINYA 9 qﬂﬂim%ma&mmua’lLﬁﬁ]maaummmuu F(t) tJu One's
Complement ¥84 R(t)



F(t)=1-R(t) (2.8)

a1

Ft) Aelaidunisuanwasazauviseansusuvsianduguduasaaziindunuiaiay
gavhnedavindunily
lafdumuundeiionansie RE) Ao auiiesduiigunsalnioszuuaziingulag

Y]

Us1AanANuRananluyae [0, t] dwsuilantu R(t) wag F(t) mlassdl

R(t)=P(T>t)=["f (t)ct (2.9)
F(t)=P(T<t)=[ f(t)ct (2.10)

n1suanuasuundlwmuudvaunddeuldeSurenisdumalvesgunsaliiaduly
229181 NINAIINTNTIAMUALMAIAIN TaeTanTuPuduaa s suduaunisianad

f(t)=2e* (2.11)

o A Ao dnsianuduman (Failure rate) fvaendu failure per unit time wagiile
t >0 HenFun1swaNAIANUITIUATaLRTAVINTU

F(t)=1-e* (2.12)

nflaidu Ft) wag RO Wednsianuauival (4) azliduinaiauduasilendunis
1 I~ a I d! d' a0 1 [
LANLIAMNUTLTUALANITUANTUNULND t =00 LAz R() 3zdANNINY

R(t)=€e" (2.13)
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dx

Time

JUT 2.21 Weiduanuinieiouazanuliduniede

AuUazufiagduman (Probability of Failure) MAnTugasiaila 9 vesn1svineu
ety flantunuunduresruihasduresiudsduuuuseldeaunsamlenad

f(t)=—= (2.14)

2.5.1.1 aIadsiazduman
naadgUnsaiviesruuazdumad (Mean Time to Failure) Wnusiey “MTFF” Ag
Afieeinszuuarannsavnuldreuniademeaiausnaninty
Aaanivinssuvazannsovhalddeunisdemendusnasinturesiudsdy T
o T fenmflsdumaivesgunsaifivheulugasna t sausnaduduiiliduau fadus
anunsamaadsvasiliidunumwiuresainiagfunie [0 s

E(T)=| "tf (t)ct (2.15)

Nnaunsi 2.8 A F (1) =1-R(t) uwnurasluaunisit 2.14 gl

wazilUuwnuasluaunisaiaanisazlaaunisluiae

E(T)=-], td[R(1)]
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N1 Integrating by parts agld

=[O, | [, RO 219

naunIstunatusnazdidinduguduazasinienatgavinedeaslaaunisainiy
o 4 & v =
AAVIVTEANARENILAUVAY MTTF A

MTTF = E(T)= [ “R(t)dt=Y2 (2.17)

2.5.2 szuuilanansageuusuld

szuufianansngenunile (Repairable) fie gunsalvdeszuuiianansyiauldogisund
lTunsdlifldausdagnies wandlaiatiymeainuiyatadesdesgunsaiviessuui
pUnsniviossuutuannafisdouusvdodiuliansanduanldauldegeauysaidnady

2.5.2.1 1781288 TUNISYOULYULAZLIANRAYTENININ5LHENNY
nataaglunisteuuly (Mean Time to Repair) wnusag “MTTR” 1Uuaadeveian
291l UNSTRUBLUTZUU TIITN159M1A1 MTTR  vilemaudneenn wiesainnisidenied

v
il
ANWAULBLANAIY AIUUNITAIAT MTTR dnagvinlaanisuseuuan
ARAYTENINNISLEENIY (Mean Time Between Failure) wnusig “MTBF” 1uns
° ' A ' AN ¢ a
AINA1RAEYRINANTINTENIN atadefaugUnsalideviy (MTTF) wae Latadelunis

Pouuyyl (MTTR) dwsuszuuiiannsageuusslaaiinsaman MTBF laansuaunisi
MTBF = MTTF + MTTR (2.18)

2.5.3 szuudnses
52UUd1509 (Redundancy system) gﬂiﬁﬁ@&hqLLWi"VimULﬁaLﬁmaﬁmmWLLazmm
Undedeliuissuy lngszuudrsendunisesnuuuliigunsaiviossuuiiniloufuuas
Herdulunsinuimdeususnnnimilsiniunieussiy wagssuudisedianung
thludszendldfurenuasifioifinmnuindedeliiulddnse suuuuvesszuudsosgnuus
3 wuv Fuegfudnunzvasilsdfumsinnudsd
® Active Redundancy (Parallel, Hot): QUﬂiﬂjé”liaﬂmwua3ﬁﬂ’1'ﬁﬁ’m’1uw§aﬂﬂ
fhefu nMszrufeaiuuandululfifesinsuiinssauvsusiazgunsal 1wy 1TusEUUNS
Tauazn1saauay usyuudesiuvsenuilenduilssy
® \Warm Redundancy (Lightly Loaded): QUﬂiﬂié’ﬂiaﬂuww%ﬁmiﬁwmﬁmiz
umanaunsyisgunsaliladmidusruuiinanudumainazgunsaldisesagsinny
LTRREPIRERED
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® Standby Redundancy (Cold, Unloaded): aunsaldisasluszuuasiinisvineuiuy
Lifinnszarusazasyhauisadisgunsaliiladinis lussuuiinauduiaiuazaunsal
d15099zvauuny

2.5.3.1 35UV kout of n

5¥UUAITRUY Active  Redundancy  #segunsaififlandunisyinaiusiuiu (load
sharing) Wuszuudsesiilifinnududounasiivszdnsam fegratu szuunsindnsinig
Inalneldirdosiiondnsinislvadiuou 3 # gnesnuuuidussuudrsestaeiigunsaingiaia
Hoainanuegnsifes 2 fniegunsainrainansadumadldlaiiiu 1 6 Faduisnns
9ONLUUTTUUATRMUUININ 2003 (Two out of Three Voting) MaNefieszuuNITIAENT
nslvavzUszaunaduiafdewle indeslotndninsivarhaulagauysalodiaies 2 ¢
vioinsesleinsarmsinadumanldliiu 1 i

38UV k out of n 1mumaﬂmmﬁfﬂwu (Combination) anlga1u Immﬁa}wmﬂmim
sunsviedduiounds Gauansaumsdel

(E}ﬁlk)' (2.19)

A A o PR A o fal v v o v o
e n FladwiuvesgunIaivianun wag k Aediuiuvesgunsaliineensivvineu Al
INAIDYIIZLNNTIAINNNTYNUTIAUA 3 3D WAAIHIT

i

F935N19AUIUNIA MU TUVDITTUUNITTATRI NS InafiasUssaunadisa
anunsamlassaunislasadl

Reau = RXR,
Reaz =R %Ry
Reaa = RXRy

ANULWRRURITEUUNISINA k out of n anunsaeulugdaunisluded

D Z( j ) (1-R())" (2.20)
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unil 3
UANUEUD

3.1 na1dn

unilaznandinisinuresnssuiunsdmiunsddnu wazadiaunudnssuiuns
pgshpniladduntsiauresnssuiunsdmivutasnsdinu Kilfdavotuaue
nsdifnwnszuaunsnaniiegnnelulsdlii Ae szuudesiuveardessafing seuuieaiu
waslndestetufing nseuausgiuthlunsioledhanudulunasveneiosidaleh
uazszuutioafudmiunielethueaedostiinlen

3.2 n3difne : szuutlasiuvenTasdnfing
i3esdnAnalulsdluiingnlddmiufinanuduinesssuvdliinuzaunouazgn
dourdrgfaiufineg  Fauaiessafegnesnuuuliiiszuudisoniefinautiiefoves
Tsalwii uazdosrulunsdliniessnfusladamiaianunsaldauls (a3esdnferinau 4
139 wazd1sed 1 1A3eq) lneUanevieievenaiesdnfvaygnaesiuiu Jausaziaiesdn
fegnosnuuuliiiszuuaiuau (Unit Control Panel) szuuirdesiiodn (nstrument) uaz
szuulni (Electrical) idudaszdeiu wazdiliszuuniunuuan (Master Control Panel)
WieruRuuazLiignTTuTe seTeIsafmLsaziHEn e

3.2.1 NSTUIUNITNI9IUVDIATDIDANY

Gag Outlet

Discharges
Isalation
Compr5 Compr4 Compr3  Compr 2 ASC Valve Valvas
.| Il Blaw Off
Yalva
Inlet Guide
\fane
5 Mitragen
Furpa
E: Y
)fiss Valve
L}
. Walva closed
[
1 )vala apen
¥ -
Gas Inlat —p»

|:> Suckion
Isolation Yalve

1
=1

JUM 3.1 UNUNMTIABIVBITLUUATOIEA MY

d' I o d' o &Y o a d' [
1N3UN 3.1 UULHUAINIIADIVRITEUULATEIBANY 1AgN15Y191uUNATDILATEI8N
Aeuuardauneninnusunvunsaulinunsunieg dalunsainfearunieidnisilasunuad
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nslfidomasing wdosdnfnwasdesmuauanuduisreenliogiisfiunga lnons
U5 iw/an luiamauAuinga 1 (Inlet Guide Vane) waz Maatasiiu Surge (Anti Surge
Control Valve) Sagninsafivielnadiounduresaiassnfing ilemuauanufuiasdngints
Tnavesinglalliasossniedoneainainis Suree

3.2.2 Heddunminuvesszuutlasiuvesaiasdnfing

\esdaignesnuuulsiilssuutiesiu (Protection System) Litedsnisngaia3osdng
aniidu tnsudansyioudu 2 dwde nsasiadusasiiligAvesnssuiunis (Process
Monitoring) LLasmimaﬁ]ﬁ"fULL@BLEJ’]@UmiVTNm“UENLﬂ%‘laﬁﬂi (Machine Monitoring) TailiAu
Afifvunld ietlestunasinwanugivaenadeveinssuiunsiazaiosdng
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91n3U7 3.2 10U Logic Diagram fisaudiuvesszuudesiuveaeiewning Jan1s
YMNUVBITTUUTBINUVBIATDIDANY LDIU18RIL

o szuulesiudmiunsiadunaziihgerveanssuiuns
mmé’uﬁ”wmwﬁwﬁw/@a (Suction Pressure Low/High Protection)
lunsdlfinnudufneaidveassessnona a/ge nianiidmunls ssuuteafuagii
nsdmgainiesgniduitetosiuliliiaiesdnfnanuidee
qquﬁﬁ”wmrﬁﬂq\i (Suction Temperature High Protection)
Tunsaifigamaiifevdhvesaiesdnennmeagsninaitdmunly svuudestuagiinnis
dmgaeesgniduiiotestulaliedesdafnaaudevie
ANUAUAYIBBNEs (Discharge Pressure High Protection)
Tunsdlfimnufuiwesniinvesiaiassnenagenitafidvuely szuutesiuasiin
msdavgainesgniduiiiedeatulilieadessafenrundeme
Aruutuvaedust (Lube Ol Pressure Low Protection)
\nseadnfnegnesnuuuliiilszuundeduiiielivaedudmiu wauazuuia veanded
Safine lunsdifinuduidundedumninmiidiualy ssuudestuasshnisdmeaiaios

a d{'

9
anuintaeiulilyr wanazhusy 199A3090ARNYLANAINLLEL N

3

o szuvlesiudmiunsirduuasishganisinnuveasesdng

'
a a

DUV UIIGI (Bearing Temperature High Protection)

=

\pasdnfnagnoanuuuliiiszuuiigaangivesuds Fsindalineluedasdniing

Wielihgnisidendszninanariunuds lunsdiigumaivesuuTeguuiidmunly szuy

dostuaginisdmgaiedasgniduiteteaiulaili inauazuuds vouedesdnfmiinnm

e

miébuazl,ﬁamwéﬂgﬂ (Bearing Vibration High Protection)
wndosdnfnegnaenuuuliilssuuithgenmsduasitoureauis deinsaliniglundos

v ey

P = = i o a ad a Y = a a 1 4
AN LWEJLﬂq%ﬂqilﬂﬂﬂaigﬂﬁqﬂLW@Wﬂ‘ULLUiQ IuﬂimWLﬂmﬂﬂiauazLWBu%aﬁLL‘UN QQLﬂUf’nV]

[

fvunld sruutlestuasyinnisdmeaiaiesgniduiiiodeaiulally man wuds luiaveardes

gnMwinALEeINY

seovvinsvaiUMINaI/ge (Shaft Axial Displacement Low/High Protection)
\n3esdnfinegnesnuuulsiilszuuiingsreyinevesdunisUatsinal Segunsalin

szepviszgninsaiiotauinagnuasvennar Tunsdifidumiseunaragusnviieain

voulwaiimualy szuuteafuazyhnsdmgaiaiosgniduiioteaiulaly wan uuia Tuia

YDWATDIDANYLANAINULALINE
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[

3U# 3.3 Piping & Instruments Diagram Wand31gazidenn1sannsgunsalnsiadunasiiig

ANNISYINUYDNATBITNI NS ULAT DI AN
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3.2.3 wuurisasdnlaozunsuagnsiedmiuszuutlosiuvauadasning

Innsuvesilssdussuuesiurenadesdatigdnsduaunsatu T suwn Ul
ag1sdedmSUsTUUN ST uYessruuesiuveaiedaine (Simple Logic Diagram) L
Flaguil 3.4

Suction Pressure Low/High Protection
l Comp. Suction Pressure

2outof3
Discharge Pressure High Protection
l Comp. Discharge Pressure

2outof3

Lube Oil Pressure Low Protection
‘ Comp. Lube Oil Header Pressure
2outof3

Suction Temperature High Protection
‘ Comp. Suction Temp
2outof3

Process Protection

Bearing Temperature High Protection
Motor Journal Bearing NDE Temp
1outof1
‘ Motor Journa I Bearin, g DE Temp
loutofl
Comp. Shaft Thrust Bearing Outboard Temp.
loutofl

‘ Comp. Shaft Thrust Bearing Inboard Temp
loutofl
‘ Comp. Shaft Journal Bearing NDE Temp
loutofl
l Comp. Shaft Journal Bearing DE Temp
loutof1
Bull Gear Thrust Bearing Outboard Temp
1outof1

’ Gas Compressor Trip

l Bull Gear Thrust Bearing Inboard Temp
1outof1

‘ Bull Gear Journal Bearing NDE Temp
loutofl

‘ Bull Gear Journal Bearing DE Temp
loutofl

LLLLLLIT T

Shaft Axial Displacement Low/High Protection
‘ Comp. Shaft Axial Di
2outof2

gt CLRy) L

Machine Protection

‘ Comp. Bull Gear Axial Di
2 outof2

Bearing Vibration High Protection
‘ Comp. Shaft Journal Bearing DE
1outof2

‘ Comp. Shaft Journal Bearing NDE
1outof2

Lol G4

l Comp. Bull Gear Journal Bearing DE
1outof?2

5U# 3.4 Simple Logic Diagram dwiusyuutasiuvaunsosdniing

3.3 nsfiAne : szuulesiunasludvasniufing

seuutasiundsindlaglding CO, gnesnuuulvdesiumaslniingluviosndniy
N9AUiY Lﬁaﬂaaﬁ’u%udawé’ﬂsuaqﬁ’qﬁuﬁ”’mt,azqﬂﬂﬁai%Lﬁﬂmaﬁﬂé&m q fiRnsanely
Lililasuanudsmeannasivg

3.3.1 nszuIUnsinuvasssuudasiunasivdvasisiuiing

Ingnszuiunsiiueesszuudesiundsindasiigunsainsiainainuiou (Heat
Detector) #shnmilinmelutiasladmiuisiufauazusiuil (Zone) nsnsaadu el
N13015793UAMNTouNluesUnliUuseansanasgn LLaquﬁmmwmiﬂﬂizuaamaﬁﬁu%’q
WWouuazamuasnaslye (Local Fire Alarm Control Panel) ilesvuutiostumadlviianisn
nrnduaufeunieluviosdald duiafeulazeunuindsiniazdimganisiiaure sty
Aauazlainauszugeine (Ventilation Fan) vesieslatiiemunueinianisluviosdn
Lagdnsdnfine CO, iitoanmundutu 0, lueinimasauisgailiianansatelunisgnlnd
fold
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ﬁmgﬂﬁ 3.7 \Ju Logic Diagram Unediuvesszuudasiumnasing Tngfladdunisyiiau
mmizuui’]mﬁ’uLwéﬂ‘wﬁgﬂaaﬂLLUUW{]mﬁumsmw‘f'muﬁﬁmwmm TAELUITZUUATIIN
audeudiu 2 2985 (Circuit) wiazasasasuUsiuiinsasasuaudoudy 7 1wa wasuday
wnnsatuaufeunsfindaguniaiinnudou 1 Tasmsiladdunisiauresssuy
Hostundslndifiad

o Jaszuunrdumudournuiie i

wdnseulasauAundslniitdsdyaasoudumedyayondesuasdyninuas
wWoyayraundasion (Pre Alarm) lugsdiupruaumndn (DCS)

A

® LI YUUATIIUANNTOU 2 19957UNS DAY

- gudndsunazmiunundslniasdedyaanseunsimudygiandoinas  dygyi
16K
Weyaamdaifion (Main Alarm) Tudsdiuaiunuman (DCS)

- dmegansinnuvesiviuiglasinauszueeInTe
- dinsae CO, wWinsedumaslng

1
SV

3.3.3 WHUR9IaInlaaznsuBgsdeansUssUUtoan WA lugl
1NNT59119U 95 UUT 2 UA AT 9A LTINS D U LT S UL U D199 18F1 15U
sruunsinuresszuutesiumddlng (Simple Logic Diagram) 16 fiaguit 3.8

| Heat Detector CQO01
1outofl

| Heat Detector CQ002
1outofl

| Heat Detector CQ003
1outofl

R/

Heat Detector CQ004
loutofl

| Heat Detector CQ005
loutofl

!

Heat Detector CQ006
loutofl

Heat Detector CQO7
loutofl

GT Trip &
Operated Fire Fighting
System

| Heat Detector CQ008
1outofl

Heat Detector CQ009
loutofl

Heat Detector CQ010
loutofl

TT ]

Heat Detector CQ0O11

| 1outofl

Heat Detector CQ012
loutofl

Heat Detector CQ0013
loutofl

Heat Detector CQ014
loutofl

TTLL

5U# 3.8 Simple Logic Diagram dwsussuutesiundslnivesiaiuing
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3.4 nsalfnw : szuuatuAuszauinlundialatiauduUIunansawAses
Auiialaun

3.4.1 nzuaunsaauausdutinlundislathanuduliunarsesaiassdalet

Tnsundssuumuauvasniielothazdosauaussduidilundoledlvegludiadign
ponuuulivintu mnsgduilunislethgeniiasiiesnuuulforadsmalidaudulzduly
fuleddngruiuleth faduamgiilfAnanudemetuiudunigluvesteiuleld
wazmnszduilunielotmnittsiigneenuuulordmaturienislundelotuinnsg
uandanmsiildsuaudousnnifuluaunseiaiomganszuaunssdnas fduszuy
muguszduiiluniielotndwesgnoonuuuliiussansamgs esanseduilundielov
JzdnwansLiten Tu 9 a1 9 1@ue ImamLW;Lﬁmafmﬁ’qﬁulmfwﬁﬂmm’faqm'ﬂ%’laﬁmmﬁu
wuuiuiiviula demaliaudunislundioletanaadunasilissduivemilalotigs
dutuiis 4 Alalddeuiifivtuwas uanidlessduiginifidmuelissuudestuvemsiole
ihagnudfietiosfuliliedosinainaudens wasdnunlammanandsidlotme
nslflethedenngs dmalirnuduneglunielevifistudunavilfssuihvemiole
ihanaseeesans uandoseiuthshnirfidnuely ssuulestuveamsiolethaeyhamuie
Hostulalliadosdnnineiudems Fafunisaauauaiemii ( Feed Forward control ) 39
anlfiiiemueunszuaunsmuausedui-lunsiolethaudureseiostiinleth

342 #addunmsinurasszuuavguszduiinluntelathauduliunaisves
iwestuinlov

21n3U7 3.9 1Ty Logic Diagram udhumesszuumuesninlumiielevauiuly
nanswenadesriinlew Tnsflsrdunsiauresnisavausesuilumieletiaudu
Uunans anansneduiglésed

AIMIUANYAN (Primary Controller) a‘im%’umUamzé’uﬁﬂwﬁahﬁﬂmmﬁumunmq
Tngfnuguudnagiiaifianata (o) filda1nnssuaeaigeseduin (Level
compensated) drandSeuifisuiumssiuindming (Level Setpoint) tloALILMIAIHA
wlsmuAx (Manipulated Value) Seaudsmuauiildainnisduinvesinnuaumdnazed
Tugudnsinisiua Fsandnsnisinadsnanazgniansuiuasaesnsnnisinaveslons
Armfutuna139188n (P SH Steam Outlet Compensated) uagkadnivasHasiazey
1ugﬂﬁuawhé’m'1mﬂ‘mLi’jmmaﬁm%’ué’mwmﬂwamaaﬁwmL%"]ﬁm%’wﬂaiaﬁﬂmmﬁumu
nang

fmuAuTes (Secondary Controller) dmsumuaudnmmslvavesirvdidmiu
nifglothausuuiunans nefmuauazthefanandldannsiuasasevesdngns
Inavosthwdhndislethanuguuiunans (P Feed Water Compensated) thanieuiiiou
fuadnsnisivadhmanediniudnnisivavesiudrdmunsothaufulunag
iiafuamAi L smuANLasifLsrUaLdInalumuaunslaliaresndrmunu
Snsnslmatdndnsunsiolethaudutiunans (P Feed Water Control Valve)



43

L LEH-BASS . L
1 ! 5k ol e |
-
_. ] G
9 . L R =
b e I G R o
{ o e aanl ) e nT0as.
. 57 - B —
< MO = i .
B LT AL .
|
S
e d
S L
e LOEE
1 S nwEsE L F
4 LN B s
f T e B
i )
| LA L { oz nes mmhe_‘_.nmmu.*vﬂ\. B eeaemses |
SlLEAS e \ o
¥ ¥
] - + L
31k
i snstepe | -
L g e —
WERILA LD =0 o
1 T b B F
3 €
4 s e L =
1 R O. e B
LEE [ L Py
-k .F [ e
TSI
Z <
Tom ]
1 Yusizace wos1zdH r
AL oh DTS AL EH WL
|TEL I ED L Iy
4 " Y TEHEAE = ] F
-
LEal
o AR b
I 3
1 < IENSEODE b -
T e, S g I__....ﬂr.. 5 A e g TUNSEASSL r
dae S AR a3
T T FUNIETekd WNED 32 003 .....v\f. S 2
3= _zoo ] P T i
¥ = MUE DES
] LER]
T T T T T T T T T T T T T T T T T T T T —— T T T T T T T T T T T
H 5] El 3 L8] 2 d ¥

Jenuiinlaun

AUUIUNAUDLAT

UIAIUAY

q

yuumUANUNunLole

3.9 Logic Diagram U893

sUN
Y



aq

INMIAATUNTTINUVRINMIAUANTEIUINTRMTBloUIA IR UNAe T 16
a13aLTu SAMA laezunsulana U7 3.10

IP DRUM LEVEL IP SH STEAM FLOW IP FEEDWATER FLOW
IP DRUM IP DRUM IP DRUM IP SH STEAM IP SH STEAM IP SH STEAM IP SH STEAM IP FEED WATER IP FEED WATER  IP FEED WATER
PRESSURE A PRESSURE B PRESSURE C OUTLET TEMP A OUTLET TEMPB  OUTLET TEMP C PRESSURE FLOWA FLOWB TEMPERATURE
? S sersss [ ? ? S SEL ss1 K ﬁa 5]
IP DRUM PRESSURE SELECT \P SHSTEAM OUTLET TEMP SELECT \,ﬁj
HP DRUM HP DRUM HP DRUM X

IP SH STEAM IP SH STEAM

LEVELA OUTLET FLOWA OUTLET FLOW B

LEVELB LEVELC

IP ECO2 TO DRUM FLOW SELECT

PRESSURE
COMPENSATE

PRESSURE AND

TEMPERATURE +
COMPENSATE K ‘ f

dt

SEL-552
1P SH STEAM OUTLET 60 MAN/AUTO CONTROL STATION
FLOW SELECT

1P DRUM LEVEL SELECT

.. IP FW LEVEL CONTROL VALVE
dt SET POINT VALUE

>‘< IP FW CONTROL VALVE
U 3.10 SAMA Diagram %8358 UUAIUANTEAUvamdalouAuAuUIuNa1S

3.4.3 wnudsaednlnozunsusgisitsdmiuszuuniuauszauinvemdialatiay
auUIUNae

Slofia1san SAMA Diagram  wesssuumuauszdutmamiiolathauduuunans
anunsadeulvegluglunuiiaeintnosunsueg1ed M UNSYINNUYDITEUUAIUANTEAY
draemsielothanusiuliunans Simple Logic Diagram) 16 éﬁ’ﬂgﬂﬁ 3.11

LEVEL CONTROL
OF IPDRUM

IP DRUM LEVEL IP SH STEAM OUTLET IP FEED WATER IP FEED WATER
COMPENATED FLOW COMPENATED FLOW COMPENATED CONTROL VALVE
1P SH IP FEED
P DRUM P DRUM i é’bi{:‘:m i ;TJ?E::M STEAM || IPFEED WATER | | IP FEED WATER WATER
LT (2003) PT (2003) T {302 FT (1002) OUTLET FT (1002} TT (2003) CONTROL
PT (1oo1) VALVE

35U 3.11 Simple Logic Diagram ¥833yuuauAuiivewisiolainauiulungns
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3.5 ASAANEI : szuudasnudinsundslativaaasasniiialoun

3.5.1 nszurumahausasssuuliasiudwiunislethwaueiasiuinleth

nszuaumananledivesaiostudaletuuy 3 mnudu anunsovldleeniniien
Ustleniivasiuieufioonindaiufienlflumsuandouaudousiuihveadostida
loth 2w3en1 wdesiuinledndanuanuioudau efedounaniudsuniudeuduii
lueFesiudalothaznaradulothiifianuduiaraumnias waglotmaduazgminludy
fadulotudtendslulivioly wisssnidaletifinaniiuduuuy 3 annudu ldun lot
ATuge (High Pressure) lothanuduuiunats (Intermediate Pressure) uaglaviai
Fus (Low Pressure) izwmimuamaqLﬂ%@ﬁ%ﬁﬂi@f’lﬁﬁu’a NIAIUANLUUSTUUUALAY
szuula Faazdnwinszurunisliegludiiidmunly diadesinsvieiniosmuausiney
AnUnforaagsilinszuvaunisifuafidimuald dsenvanfumailifamudemels
el syuudesfuiiusnudasefuszuumuaunssuiunisazdeninuiendaiou
wifnaumuauedesdnsideAvesnsruIuMaAUNIIAUNG wazardaingaiiuinegnidy
ileAnupanszuIuMAuA e fimuald

Tassadszuuilastudmivndioledneundosiuialoh gnesnuuuinainssuy
arwdasturesadosinialedinuy 3 mnudu Arssfutiuazaudugninlagieiosts
svdutuazAiasinAuiy waz1u1Ld1gdnIruIUNITEBNLEES (Voting  Algorithm) U

v
Tt v ]

NUFIUNRANNTVBITEUUAITBILUU k out of n
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mﬂgﬂﬁ 3.12 18U Logic Diagram vasszuutesiududumsielothveandesiialeth
Tneflsidumsvhaussuutlastudmdunsielotwoneiosiuidalot ssuvadu 2 dw fe
syuUAIIRRuRudvsuniioletn ua szuunsiataseiuindmsunseleth Tnessuy
n513TRAINTEUINNITIggnidenAInawinlUldulIunTEUIunNISoaNnLdes (Voting
Algorithm) Uuﬁugﬂwé’ﬂmﬂaﬂizwé{’ﬁaﬂLLUU 2 out of 3 @nnsassunglasad

svuunnaTarusilusazausuremsiolotldun szuunsintanusuvevsele
fﬁﬂaﬁuﬁuqa szuumsataruduremielotmuduu una e s U IR
yawdelotnnnusius mnszuunsIainnuiurearnliolotns s Ul A AL Ry
Y9INTTUILNMIFUAUABUIANTAIUAL Sruudesiuazdenisnganisyianuvesisiufig
iioananmznsiiiueusuluntiolet

syuuRTIaTasEsuuLiarAusuewlpletlaua ssuuasainseiuiivemvsele
thaudugs szuussataseduivemieleiaudulunanuagszuunsiansedui
yoandiolothanudus mnszuunsavinauduretudazusielothasaduldindnugu
Y9InsEUINIRALATa ULIANIIAIUANY Minsedutilundelotigeniiasiioonuuuly
p1vdwaliiauTulsUulAulotudnguiulew daduaiuayinliasanudeme i
Fudumeluvesiiuledild wasmnszduilundolethiniivisiigneonuuulioradaa
furtenelunselothifinnsuandainnsildsuanudeusnniivly

353 wnuisaandnlaozunsuagrsitedmiuszuudesiudwiunsieletnvasaias
Adaleti

nnsvhuresssuudestudmiunsielethveiriasindalethaunsadudeu
wruiangnsiedmiusruunsyhauessruulessudmsuvsiolethvesedostninloth
(Simple Logic Diagram) ¢ ﬁ\‘igﬂﬁ 3.13

HRSG TRIP

HP DRUM TRIP IPDRUM TRIP LP DRUM TRIP
HP DRUM HP DRUM IP DRUM IP DRUM LP DRUM LP DRUM
LT (2003) PT (2003) LT (2003) PT {2003} LT (2003) PT(2003)

35U 3.13 Simple Logic Diagram vasszuudasfudmsundelouiveunsasiiale
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A159LAS1ZANNLNL YRR aazA1u kiU e YR IsTUU

4.1 nandn

Tuuniannamiaszgndldinade FTA ielinseianudumaiuazssyanimaiivhls
\Ananudumalvesusaznsdlinu Ssnadnslsdazoglusuuuy FTA (Hanuniw uaz FTA
Fan uardienesiaundefiouazauliundeievesnszuaunisia 4 nadifnw B
swuanadunsmienanindefiouazainilinndedeveanszuiunis lasmsihadnsia
duvavesgunsaifeglunszuiunsunuasiuaunisanuinidedeuazlsiundetiofldan
NTIATIEY FTA 139USunal uwagdiaeongnsideuvesgunsakinulusunsy Euler Math
Toolbox Fanadnsildazeglusuuvunsmennindefiowazmmilivndefiovesnszuiuns

Farrdmsimnudumarvesgunsaliinzgnldnudmiumsiinmgsinuiiieiouas
auliiundevesnsdifinuazdrsdannnuisde Offshore Reliability Data Handbook [13]
Fadunisdefisruruadfsnsanuduvaivesgunsaling 9 1§ uagdrsnarililunis
Aneinnideiievesnszuiumszdsdenununisgouthsseslsslifihfegui 4.1

INSPECTION INTERVAL 8,500 21,000 33,500 46,000 58,500 71.?00 83,500 96,?00{Hrs"1}
1 L L 1 1 1

COMBUSTOR O—O—O0O—O0O—O0O—0O0—0O—-=0
TURBINE 25— gy O O
MAJOR O O

JUN 4.1 ununsgenvrzavedsalnihindny

911307 4.1 Huukunsvgageiiizuaiesinsuargunsaldniulsdluin Gadmu
9nFl1an15991ua34 (Equivalent Operating Hours) vesfasiufing iesnfarufiundu
\n3osdnsnsndudeinsiareunasinauaningunsaingluniesdnsiaue Fatuukung
gourgsvestsiuiedaduvdninaeiddignlifmunununisvgagoutigaveslsslin
TnsutsUssamnisaTadeuLasdoutigasel

1. Combustor Inspection dmsunsiagaunazAnniuaninaglureunlrivesiiu
e
2. Turbine Inspection @wsunsiagaukazAnauanInuesluinuesniuing

3. Major Inspection dwisunsiaaey Aamuwazivasugunsalvesiaiuig



4.2 NSAIANE : STUUUBINUVDILAIDIDANY

4.2.1 msiwszinnudumaluuunnugiidulivesssuutasiuveuaiasafine
FTA anansnthuUssgndldauiionngimaivaiiagilissuuiaaiureanisadn
FaiAnaudumanls Tnenadnsildazoglusuuuy FTA 1B9aunn (WHunWANELIVAY)
yosszuulosiuveaniesdnfine uaz FTA 13sUsina (aun1sanudumad) vesszuutesiy

YDWATDIDANDY

4.2.1.1 n15AATIRAMNANTAILUULHUYTAUTGsauawvasszuu ey

YBILATDIDANY

dleasanunuitegrhedmivssuulesiuvesnsesdaiwainsadeuledlu FTA
WeRAIVS LUV LARagUR 4.2

Suction Pressure Low/High Protection Fail
Comp. Suction Pressure

2 outof 3 J

Discharge Pressure High Protection Fail
Comp. Discharge Pressure
2 outof3

Lube Oil Pressure Low Protection Fail
Comp. Lube Oil Header Pressure |

2 outof3 J

Suction Temperature High Protection Fail
Comp. Suction Temp

\—\—}

2 outof 3 ]

Bearing Temperature High Protection Fail

Motor Journal Bearing NDE Temp
loutofl ( >
Motor Journal Bearing DE Temp
loutofl ( >
Comp. Shaft Thrust Bearing Outboard Temp( )
1loutof1
Comp. Shaft Thrust Bearing Inboard Temp
loutof1
Comp. Shaft Journal Bearing NDETempO
loutofl
Comp. Shaft Journal Bearing DE Temp Qf
1outof1
Bull Gear Thrust Bearing Outboard Temp
loutof1
Bull Gear Thrust Bearing Inboard Temp( )
loutof1
Bull Gear Journal Bearing NDE Temp ( )
loutofl
Bull Gear Journal Bearing DE Temp ( )
1loutof1

Shaft Axial Displacement Low/High Protection Fail
Comp. Shaft Axial Displacement
2 outof 2

‘ Comp. Bull Gear Axial Displacement
2 outof 2

Bearing Vibration High Protection Fail
Comp. Shaft Journal Bearing DE
1outof2

N1 Y4

‘ Comp. Shaft Journal Bearing NDE |

}
N A~ )

Process Protection Fail

Gas Compressor Trip
Fail

S

Machine Protection Fail

1outof2

‘ Comp. Bull Gear Journal Bearing DE
1outof2

)
./

System Protection Fail

JUN 4.2 NMTIATIENAIINAUNAIMUULHUYTA UL TIAUAINATOUHUATNAIILALLIAT

dmsuseuuteanuvensaeenng
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4.2.1.2 M3iATiaNnudumawuuwiuninuliigesunnvesszuutasiuves
\A309dARNe
Sofiansan 3UT 4.2 wnunmeudumandmiuszuudeaiuvesadessaing awnse
thada FTA BaUSinasnin gy Sawadnéiilsiazegsuvesaunmmnudimaiazannis
arinde foll

Fsystem = FProoe-s M FMamine
Monitoring
= FProoes x I:Machine (41)
Monitoring
FProoess = FFGsuction, M FFG(jischge M FLO, M FFGsuaion,
PT,2003 PT,2003 PT,2003 TT,2003
= Froaditns FFGdisd"lage. XN\ Fchedidh, (4.2)
PT,2003 PT,2003 PT,2003 TT,2003
FMachine 7 FBeering, M FSnaft, M FBeering,
Monitoring T T VE
= FBeaing, x FShaft, X FBearing, (43)
T T VE
FBearing, :[ FMotor.Journa.NDE M FM(Xor.Journal.DE M FSheft.Thrust.outboard, M FShaft.Thrust.inboa’d, M FSha‘t.Journd.NDE,
T TT lool TT ,lool TT lool TT lool TT 100l
M FSrﬁt.burnd.DE, M FBulIGeH.Thrusl.outboard, M FBuIIGEH.ThrusI.inboerd, A FBuIIGea.Jourrd.NDE, M FBuIIGea.burnd.DE,]
TT ,lool TT,loo0l TT,lool TT,1lo0l TT 100l
= [ FMotor.Journd.NDE, K FMotor.Journd.DE R FS\aft.ThrusLoutboard, X FShdt.Trwust.ir‘boa'd, ¥ FSMt..]wmd.NDE,
TT,lool TT,lool TT,lo0l TT,lo0l TT,lool
3 FShaft..buma.DE, X FBuIIGea’.Thrust.outboad, x I:BuIIG%r.Thrust.inboa’d, X l:BuIIGea'..JourneI.NDE, X FBuIIGeer..Journd.DE,] (44)
TT 100l TT 100l TT 1001 TT ,lool TT ,lool
FSha‘t, = FShan.Axia, M FBuIIGeer./—\xiaI,
T ZT,2002 ZT,2002
= et avia, X Fouticer avia, (4.5)
ZT,2002 ZT,2002
FBEHir‘g, S FSﬁt.med.DE, M FS'\aft.Jwrnd.NDE M FBuIIGEH.med.DE,
VE VE,1002 VE,1o02 VE,1002
= Futt.soura. o8, X Ferett.sourat.noe, X Fouiicer.soumat o6, (4.6)
VE, 1002 VE,1002 VE, 1002
FProm =1_ RDrooes (48)
FMach'ne :l_ R\/lach'ne (49)
Monitoring Monitoring
FBeering, = 1_ &wim, (4 10)
TT TT
FShaft, =1- Rsm, (4.11)
VAR ZT
FB%tir‘g, =1_ RBéﬂ’ir‘g, (4 12)



Froamion. =1~ Regauon =1-3Ry;* +2R,.* =1-3e**" + 26" (2003
PT,2003 PT,2003

FFGdischage = 1_ R:Gdischarge = 1_ 3RPT2 + 2R’T3 = 1_ 3e—2/lmt + 28—31.:4 (2003)
PT 2003 PT,2003

F, =1-R, =1-3R,*+2R,’=1-3¢*""+2e°"(2003)
PT,2003 PT,2003

Foomion =1 Rigamion =1 3R, *+ 2R *=1-3e*"" 4+ 26" (2003)
TT,2003 TT,2003

FMotor.Jouma.NDE, =1- R\/Iotor..burnd.NDE, =1- Rrr =1-e™ (1001)
TT,lool TT 100l

FMotor.Joumd .DE, = 1_ R\/Iotor.Joumai.DE, = 1_ RIT = 1_ e’/lrrt (1001)
TT lool TT 100l

Pttt st ouboard, = 1- Rsm.Thrus.omboad, =1-R, =1~ g (Lool)
T lool T lool

E

TT ,lool

= =

Shaft. Journal . NDE,
TT lool

= =

Shaft. Journdl . DE,
TT ool

F

BullGear. Thrust. outboard,
TT lool

=

BullGear . Thrust.inboard,
TT 1001

=

BullGear .Journa .NDE,
TT lool

F

BullGear. Journd .DE,
TT dool

F

Shaft. Axid,
ZT,2002

F

BullGear . Axid,
ZT,2002

FShaft .Journd . DE,
VE,1lo02

E

Shaft. Journa .NDE,
VE,1lo02

F

BullGear . Journal . DE,
VE,1002

Shaft. Thrust.inboard, =1- Rstwan.Thrus.inboard, =1-R, =1- e’ (Lool)

T 1ol

1= RJ’HI..bumd.NDE, =1- R: = 1= (ool
TT 1001

1- RJ‘La‘t..bumdDE, =1- R+ =i RNCUA (oo}
TT ool

=1-R. =1-e""(lo0l)

=1- RBUIIGEBr.Thrus[.OLnboard,

TT lool
=1- Rauueea.Thrust.inboad, =1-R, =1~ e’ (Lool)
TT,1lo0l
=1- Rsuueeer.aouma.NDE, =1- R= 1-e* (Lool)
TT ,lo01
=1- RSUIIGear.Journal.DE, =1- s I=e (Lool)
TT lool
=1- Rmdt Axid, 1> RZT2 =1-¢77' (2002)
772002
=1- RSUIIG&! Axid, — Y RZT2 =1-g* (2002)
12002
= 1_ Rila‘t.burnd.DE, = 1_ 2IR/E L R/E2 . 1_ 267%& + eizﬁVEt (1002)
VE 1002
=1- RS\aft.Journal.NDE, =1- ZR/E + I%/E2 =1- Zevjwt * eiyw (1002)
VE, 1002
= 1_ RBuIIGevar..]ournai.DE, = 1_ 2R/E o R/E2 . 1_ 264“4 + e’vat (1002)
VE,1lo02
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(4.13)

(4.14)

(4.15)

(4.16)

(@.17)

(4.18)

(4.19)

(4.20)

(4.21)

(4.22)

(4.23)

(4.24)

(4.25)

(4.26)

(@.27)

(4.28)

(4.29)

(4.30)

(4.31)

P = Y oA A o o o 5 o e
LB FSystem ) RS/s(em Ag ﬂ'ﬂ']iJaﬂJL‘Via’JLLa%ﬂ'ﬁ'uJu’]L%@ﬂ@aqﬂﬁUigUUﬂ@Qﬂusﬂ@QLﬂi@ﬂ@ﬂfﬂ‘fj

ANUAINU
F

Process !

ANUAINU

Ry o A8 ATNUALLIUAILAZAINUUNT BN DE NS UTEUUATIAIANTLUIUNIS
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Fragie + Rinie 718 AMANMAIMAEZANMUUNT DDA NTUTEUUATIVIALAZIHNG
Monitoring Monitoring

NSYINITUVDIATBIBAN LAY
Focing * Rearing. A8 AUAUMAILATANNUNTOD A M UTEUUNTIITRQUMY TV

T T

LUSIRUAIAU
Fowe » Ry A9 A10AUYAILAZAIUUILTODOEIMTUTZUUATIVIAAILAUIVO WA
T T

AIUAIAU
Focing + Ricaing A8 A1UAUMAIMAEAIUUNT RN DA IMTUTETUUNTIVINAIAIIY
VE VE

AUALLTIDUVDILUSINNUAIAU

Fradion * Recaion, A9 A2IUANLNAILAZANUUILTONDEMSUNTIUANALADTINAIM
PT,2003 PT,2003

AUANTIVIANIFVI LU 2003 AIUAIRU

Frstrge * Rectistag A0 AUAULMAAZANUUNTORDEMTUNIUATANDTINAIY
PT,2003 PT,2003

AUNTIVIANYDBNINUU 2003 ANUEIAU

Fo Ro g anudumainasmiuiiidedadmsunsiuailnmesinniiuau
PT,2003 PT,2003

A579TAUNIUNEBAUBUU 2003 AIUAIAU

Fcarion + Recarion. A8 ANUALLMAILAZANNUNTDRRAMTUNTIUATNMDT TN N 3l
TT,2003 TT,2003

AFINIANVVWUILUY 2003 ANUAIAU

For e e, * Rior st noe A9 A2NANLMAILAZAINUNT D OdMTUNT AT ALI DS
TT ool TT ool

Togaumiinsiaireamglinuswuisalivednatamesauilifaiugunsaiduiniouiuy
lool muaey

Fooor oumat.oe. * Ruiatorsouma oe. A8 AMUAULAILET AN NTDT 0d S UNI AT ALADTIA
TT,lo01 TT,1lo01

gauMNInTIVTR M NLUT T AT vBuNaNBImesAuNAafugUnsalTuIAGaULUY lool
ALEY

Pttt st Mottt s oubenrd, A8 ANUAULYAILAZ AU UNTOD DA MTUNTUALA
TT dool TT lool

WBTTNUNNINTIVINYUNATUUTIUUILNUVDUNANATOITAN1YATUUBNUUY Lool

9 Y
LY

AUAIAU

Pt Thvustintoarc, » Pttt T inboard, A9 AIUANLRAILAZAM U ODOAINTUNI WAL
TT,lool TT,lool

LY

weiingaumgiinTingumgiiuuiwiunureunanaIadnimeiululuy lool auEwy

Fett souma o, * Rt o A9 ANANMAILAZANUUITDRE T UNIUaTALA DT In
TT 1001 TT,1lo0l

2N InTI9 IR ILUTWILNUYBINA AT MaRuTliRaiuaUnsalturRaukUY
lool MmuaIAy
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Faett ot 0. » Rt om0 A9 ANANLMAILAZANUUNT DDA NTUNIUATALAD IR
TT,1o01 TT ool

9NN NNTITINUNYITUUTMUIUAUVBUNALATEIBANIUTRAT U UNSalTULAT O ULUY
lool MmuaIAy

P ceer Thvust outboerd, * FeuliGeer. T outioag, A9 ANNAULUAILAZAMIUUILTDDOAIWTUNTIU
TT,1lo01 TT ,lo0l

alnnaI TN inTI TN TLUTILUILNUYBINA1 YA BIdINIn I uLENLUY 100l
AUAGY

Pt Geer Thvustirboerc, » ouiiGeer Tt inboseg, A8 AMUANLUAILAZANUUNTODDEUTUNTIUATA
TT lool TT ,lool

weaiinaungiingiainoumgiinuTuuinnurssnaiyaiiesdeindeiiuluwuy lool

9 Y
U

ANUAIAU

Fauiicerr s NDE. 1 PG noe, A8 AIUANLUAILAZANNUNTDDOd1UTUNTIUATA
TT,lo01 TT,l001

W TnRUNNInTIVInUMYNLUT ML UYL A YAl sdein AN i ugunsal

9 Y
=

JUPADULUYU 1001 HIUAIAU

Fauicer oura.oe * Roulcer om0z A8 AIUANLUAILAZANUUILT DO MTUNTIUED N
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Armnuunduresmuidefevemsuainmesianududmiulensaanudu
U1UNa19DBNLUY 1ool WU “0.66”
Arnudiazifuvesruideievewsuaiamesinsnsinisinaduiulense
sonuliplethmuFuUIUNANSUUY 1002 Winfu “0.92”
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- aewthanduvesealiindefevesssuutaeavesdasinisinaveslensnany
fulUIuNa19vIen WAu “0.54”

- dmnuhasduvesmnsliiiideievemauaiinmesingumgiidniulensaudy
Ununansveenmiielethausuliunanawuy 2003 winiu “0.247

- aenuianiduweseulivideievensiuaiinmes aausudmsulensaiiy
AUUIUNA1NIDDALUU 1ool WU “0.34”

- dmnanhanduvesmilividefevensuainmes ingumgiidmiulensueen
wifelothamusuuiunanawuy 2003 whiu “0.08”

dloransiuly 21,000 Falug

- aenuunasduresmnuindeiovesssuusawe mvesnsinisraveslonseiy
fulIuNa19wIeen Wihu “0.08”

- ez duresanuindeiiovesmuaiinne s ingumgidmiulensaatudy
Uunansneenusielethanufuuiunanawuy 2003 Wiy “0.33”

- aenudesduresrnudideiovesmsualinnestnausudmiulonniudy
U1UNa19I00ALUY 1ool WU “0.36”

- arenudiasduresruddedeve wsuaiamesinsnsinisinadiniulense
senmiielethausutunansuuy 1002 Wiy “0.707

- aenuhanfuresenuliiindediovesssuurawemvessnsinislvaveslensaiy
fulIUNa19vI99n WAY “0.92”

- dmnuhasfuvesmnlindeievemauainwesingumgiidniulensaudu
Urunansneenusielethanufuuiunanswuy 2003 Wiy “0.677

- arenuihanfuesemuliundedevemsualinmesannusudmsulonsaiy
fuUIUNa19DALUY 1ool WU “0.64”

- dmnhasnduvesandlivnedevemsuaiinmes ingumgd
wifelothamusuUIunanauy 2003 Wiy “0.30”
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'mfumuqmwumulamamzmmuaumaamanmmulﬂ 8,500 F7lue waz wWonasiu
1U 21,000 F1lug sEUUILYIUALIMAILLYeY LLaw‘iﬂﬁizwmwmzﬁufﬂﬁmmm
ﬁﬂqquLLUUé’miuﬁmﬁ (Auto) weluaanuduasaudatiu mﬂiswmmmzﬁuﬁwLﬁmmm
Sumantu Nﬂ’JUmJLﬂ’iﬁl\ﬁ]ﬂi (Operator) azmApLiTzILay ﬂ’JUﬂiJﬁ”ﬂUH’lIﬂEJ@N (Manual)
Lwaiﬂwﬁmuuﬂ‘maalufzmmﬂaama LLaumeEJGZI'emmiammiLLf’ﬂmﬂmmmmammmw
mmmwamiuwﬂamuqamaumu@mwuamiumaﬂmq mumwdmuwmwmumu
anusavhauLuUsaluTaldegsraiiosuasifiefivauundedeliunszuy Arstssuy
dr509uuu k out of n Wy duduwwmslunsiuanuddedevesnsdfnuie
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4.5.1 M3AsIzRANNaIrAaILUURHUNAUlTidsRua nvasssuudasiudmiu
udiglathuainasinialev

FTA annsaunuszgndlinuiiofinsgimanvniiagyinlvssuulostudmiunile
lothwonedossudalovifnarmdumadld Tnonadwsilldaregluzuuuy FTA @anmnw
(wunmauduwe) vesszuuiestudniundelotvenaiasiuinlet way FTA 1
Ui (aunsaudumad) vesssuullestudniuniolethuonstesiniale

4.5.1.1 n1sAeTgvanuduvaltuuwnugiisuldideauainvasssvulasiu

dmsundialethvauniasiuialath

definsuunuivodadiedmivszuuiesiudmiundeleviveaniosinialei
annsaidoulviedlu FTA Begaunmsseununmarsdumadlasesui 6.13

HRSG TRIP FAIL

HP DRUM FAIL IP DRUM FAIL LP DRUM FAIL
HP DRUM HP DRUM IP DRUM IP DRUM LP DRUM LP DRUM
LT (2003) PT (2003) LT {2003) PT (2003) LT (2003) PT (2003)
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dmsuszuulesiudmsundelounvenaiesniialeu
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4.5.1.2  MFAATIERANNGNAILUULHU AU LRSI vesssuulaiu
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wdastudaloth annsndineda FTA @wWTmamniesey Saadwiiliazedsuues
aunIATIdIMALarauMInLLUdefo fil

F =F, Nk, Nk,

HRSG
Drum Drum Drum
=Fp xF. xF; (4.67)
Drum Drum Drum

Fie = Firocs X Foroses (4.68)
Drum HP HP

Fe = Firos X Foroces (4.69)
Drum P 1P

Fr = Firoos X Foroces (4.70)
Drum LP LP

Foe =1-R, (@.71)
Drum Drum

Fe  =1-R; 4.72)
Drum Drum

b =1-R, (4.73)
Drum Drum

FLT2003 =1 RLT 2003 1 3RLT2 + ZRLT3 =1-3e*47" + 28 (2003) (4.74)
HP HP

FLT2003 =1- RLTZoos =1= 3RLT2 T 2Rl_T3 =1-3e*4" + 2 (2003) (4.75)
1P 1P

F = 1 = 1 3 2 3 _ —2/, 1t —3A 7t
LT2003 — — R.T2003 o3 - & R_T + ZR.T =1-3e e (2003) (4.76)
LP LP

Forses =1~ Rorpes =1-3R,. 2+ 2R, ° =13 + 267%™ (20093 @.77)
HP HP

For s L NS SL— BF\)DTZ i ZRPT3 P et ) ek (2003) (4.78)
P P

_ _ 2 3 ~2jprt —3prt

Frrams =1 Rz =1- 3R, + 2R, > =1- 3¢ + 26" (2003) (4.79)

LP LP

W9 Feg R A0 AMMAUWMAIAzAmINYTadod s uszuudesiudmsundsloun
YpaAIBINIEAla IR UAIRY
Fro 'Rp AB mnudumainarminuuilianod1msussuuns199nseaulasaIy

Drum Drum

[y

sudmsunieloinausiugannudny
F. R, fAa anudumainazmud e adinsussuunsivinseautnkagay

Drum Drum

[y

YA MU loUANNAUUIUNANANUAIRU
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F. 'R, fg mnudumaiuazainuuildenod1nsussuunsiainseaviilagaiy
Drum Drum

v o

srudnsunsalotnANUSURIANESU

F st Ritows A9 AINANMAILAEAUUNIDD NS UNIIUETARBTIATEAULN
HP HP

dmuniialetnNUAUEILUY 2003 MINAIFU

F s Ritows A9 AIMANMAILAEANUUNIDD NS UNIIUETARBTIATEAULN
IP P
AusunslalotnAUAUUIUNAIUY 2003 ANUAIRY
F s Ritows A9 AINALMALAEANUUNIDD AT UNIIUETARBTIATEAULN
LP LP
AusunsalotnAUAURILUY 2003 ANUAIRU
Foromsr Reroes A8 ANANMAILALANULTBDBEMSUNT1UETARMDS TAAIILAY
HP HP
dwuniialetnAuAUELUY 2003 MNAIGY
Foroosr Reroces A8 AUANAAILALAINU IO DE NS UNTIUENALABSTAAIIUAY
P P

AU laUNAMUAUUIUNAIUY 2003 AIUAIRU

a Y - - ) o a s o
FpT20031 RPT2003 A AINUANLNAILASAITUUNTDADFINIUNINUAUN LS BDIINAITUALY
LP LB

AU LUNANUAUALUY 2003 AIUAIAU

1%
[y o

A; = Ao dasevdumaivemsualinwes insesuii

Ao = fB SR1AudNvaIve M UATRMasSIAAINLM
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DRUM PROTECTION OF FRSG RELIAEILTY DRUKM PROTECTION OF HRS3 JHMRELIABILITY
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ALY WeMURALU AT

Aeaniazidurssmnuiideiiovessyuuvizegunsal unuse “R()”
Auniaziurssmuliindetiovesszuuvioaunsal uudhe “Fb”
szuulloafudmiuniiolethuenedostuinled unude “HRSG”
suunnTinssduiuazaududmiuniielovnaudugs

wnue3e “HP Drum”
guuaTvInseiuthuazaufudmsunsiolotheuduuiunans

wnueY “IP Drum”
suuanainseiuiuazanufudmiundelathanudus

wnueIe “LP Drum”

yuainmeiinsedutdmiuneletmiudiugs Ununanauaze wu 2003
WnueY “LT2003”

yuainmeinanududmiunielevinnudugs Uunansuagsin wuy 2003

LNUAIE “PT2003”
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1 windu “1”
Apnunavduresnuidetevestuunsininsysuiuarausudusundele
thanudugs ity “0.89”
Apnunavduresnnuidedevestuunsininsesuiuarausudwiunsele
dheausuyiunans wihiu “0.89”



80

- enuthesfuvesmunindeievessruuasainssiutwasaududmiuniele
dheusus Wiy “0.89”

- menuthesfuvesmuindeievemsuaiinmesinsesuindmiuniiolothaing
é"fuqqmuﬂa’m LLaw‘f’] LUU 2003 WU “0.67”

- menuthesfuvesruindeievemsuainmesiannusudmiuniiolothaing
FugeUIunans Wags WuU 2003 AU “0.67”

- Amnhanfuresmnlivndedovesssuuilasiudmiunieletveuniesiia
Tovh Wiy “0”

- menuthesfuvesmuliindeievesssuuanainssiutwasaududmiunde
lohaudugs whi “0.117

- meruthesfuvesmuliidndeievesssuuasaiassiutiwasaududmiunde
TorvhAusuUtunans winfu “0.11”

- Amnnhanfuresmnlivdetovesssuunsiainsysuiuaraududimiunte
TorthAnudusn Wiy “0.11”

- menuthavfuvesanuliddedevemsuaiamesTnseiuindmiundelot
AIILAUGS Uunanaags WU 2003 Wiy “0.337

- mensthaviduvesanuliddeievemsuainmesinausudmiundelot
AN Uunanalags WUy 2003 Wiy “0.337

dionauly 21,000 4lus

- asthesfuvesmnindeievessruudesiudmiunieletiveunissiiinale
1 windu “0.77”

- meruthesfuvesmudedevesssuuanaiassiuiwaraududmiunsele
thensugs whiy “0.39”

- menuthesfuvesmudndedevesssuuasiaiassiutiwasaududmiunsele
dheusuuiunans Wiy “0.39”

- menuthesfuvesmanindeievessruuasiainssiuthuazaududmiuniiele
Yty wihiu “0.39”

- menuthesfuvesruinidedevemsualinmesinsesuindmiundiolothaing
FugeUIunanaLaEi WU 2003 Wiy “0.227

- meuthesfuvesruindeievemsuainmesiannusudmiuniiolothaing
fugeUIunanaLazs WU 2003 Wiy “0.22”

- Amnhanfuresmnlivdedovesssuutlasiudmiuniieletveuniesiia
Tovh Wiy “0.23”

- menuthesfuvesmuliiindeievesssuuanaiassiutwasaududmiunde
lothamudfugs whiy “0.617

- meruthesnfuvesmliidndeievesssuuanainssiutuasaududmsunse
TorvhAnuduUtunans windu “0.61”
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- Amnuhanfuvesmnlivndedovesssuunsiatnsysuiuaseududmsunte
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ABSTRACT. This puper presents a method for eveluating reliability and wnreliability of
emergency shutdown function for o eontral system of heat recovery steam generator
(HRSG), which is operated with active redundant for providing safety and protection. The
studied iriple-pressure HRSG for driving the steam turbine in 6 power plant consists of
three sections: high pressure section, intermediule pressure section, and low LTESSUTE Ser-
tion. A safety shutdown s bused on level and pressure sensing system wnth three pressure
transmitiers and three level transmitters in cach section for implementing o voting algo-
rithm in order to tolerate the fuilure of one sensor. Fault tree analysis (FTA) 1s employed
as a teol fur analyzing probability functions of success and fuilure for three possible voting
algorithm configurations. Bused on the obtained modeling, compler data of the studied
system are transforimed lo accurate prediction of its relinbility and unrelabilily.
Keywords: Modeling, Reliability, Unreliahility, Emergency shutdown, Fault tree anal-
ysis, Safety, Voting algorithm

1. Introduction. Generally, if automatic control systems cannot waintain control strate-
gics, idependent alarms indicate a problem. Plant operators can then supervise mauual.
If human intervention cannot make the specified corrections for critical situations. the
last line of defense like emergency shutdown should -automatically function to minimize
the risk of harming people, environment, property, and so on. There are two ways for
implementing safety and protection systems: safety provided by a basic process control
system (BPCS) and safety provided by safety-instrumented system (SIS). The latter pro-
vides higher level of safety, because it is specially designed to shut down hazardous loops
in the event where such a process problem is detected [1]. Instruments and coutrollers
tor realizing SIS are usually certified and approved by independent test institutes. On
the other hand, the safety provided by the BPCS like distributed control svstemm (DCS)
uses regular field iustruments and controllers that lack safety approval. In order to he
detected reliably for process problews, the instrumentation and control must function
properly. Thercfore, reliability analysis of safety and protection systems is required to
concern [2-8]. Tor system reliability evaluation, interesting methods based on probabilis-
tic reliability assesswent and physical and operational margins [2], based on fuzzy theary
3/, or based on fanlt tree analysis [4,5] have been introduced. In addition, applications
of reliability theory for evaluating safety integrity level of SIS have been proposed [6,7].
Alteruatively, a practical technique for investigating into nuisance tripping caused the
nnscheduled plant shutdown as well as its mitigation has heen suggested [8]. However.
none of them focuses on evaluating reliability of voting algorithm for instrument signal
failures.

This paper aims to introduce a reliability modeling of the BPCS-based safety shutdown
for controlling heat recovery steam generator (HRSG) used in & power plant in Thailand.
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The proposed modeling can be useful to evaluate reliability of shutdown conditions ereated
by voting algarithm configurations. The unreliability evaluation of the studied syster can
be also obtained, since it is ane’s complement of the reliability function.

2. Studied Control System.

2.1. Triple-pressure HRSG control. The function of the combined-cycle HRSG sys-
tem is to provide a method to cxtract sensible heat from the combustion turbine exhaust
cas stream. The HRSG recovers the waste heat available in the combustion turbine
exhaust gas. The recavered heat is nsed to generate steam at high pressure and high tem-
perature. and the steam is then used to generate power in the steam turbine generator.
The studied HRSG has three sections to generate steam at three different pressure levels
for 1se in a steam turbine generator set and for power augimentation of the combustion
turbine. The pressure levels of steam output are high pressure (HP), iutermediate pres-
sure (IP), and low pressure (LP). The studied HRSG is controlled by the open and closed
loop coutrollers, which keep the process within the defined limits. It the controller or
component deviates from its intended function, a process value may exceed the defined
limits, causing a possibility of damage. Therefore, the automatic safety system, indepen-
dent of the control system, must operate with the following tasks: to indicate to the
operator when a limit is exceeded, to stop the process from further exceeding a limit, and
to activate the emergency shutdown or trip function.

2.2. HRSG shutdown configuration. In the proposed modeling, the HRGS failure is
identified as a system failure event to cause the process to he shut down. Figure 1 shows
the fault tree construction for logical even relationships to identify the failure event. The
process-problem shutdown of the studied triple-pressure HRSG is based on measuring
level and pressnre of three stream drums used. In order to inplement a voting algorithm
based on k-out-of-n system for tolerating the failure of one sensor, three level transmitters
and three pressure transmitters are installed at a stream drum in each section (HP DRUM,
IP DRUM, or LP DRUM). Thus. there are three possible cases for configuring the voting
algorithin of level end pressure measurements: onc out of three (Lloo3), two out of three
{2003), and three out of three (3003). For example, the 2003 system for measuring level of
the stream drum means thar this system requires at least two of three level {ransmitters
to be operated successfully. If two or three level transmitters fail, the system will fail.
The k-out-of-n system is an effective form of redundancy.

A fault tree can be used as a quantitative probability analysis tool. Probabilities are
assigned to basic faults and trigger events. Reliability, R(¢), is a measure of success whereas
unreliability, F'(t), is a measure of failure. R(t) is defined as “the probabilily that a
device will be snccessful during the operating time interval, ¢7, while F(t) is defined as
“the probability that a device will fail during the aperating time interval. £”. For the

[ HRSG Trp Faile |

. ——— |
APDRUNM | [ HP DRIM TPDRUM IPDRUM [ LPDRUM LF DRUM
LEVEL | PRESSURE LEVEL FRESSURE LEVEL PRESSURE
kot ofn | &ow of A outof n CAhowotn | foutofi coutof m

FIGURE 1. Fault tree construction for configuring shutdown conditions
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analytical evaluation of the unreliability F'(t), or reliability R(t) for the system, all the
devices used are supposed to be not repairable, and the probability distributions of ime
to failure random variables are assumed to be exponential. Since any device must be
cither successful or failed. then
Fif)=1—-e®=1- g (1)

where A = failure rate (failures per Lours) and t = time iuterval {hours).

When the [ailure rate of a component is known, the prabability of failure for given
lime mterval can be calculated by multiplying the failure rate by the time interval.

3. Reliability and Unreliability Models [9,10]. From Figure 1, the unreliability of
the emergency shutdown function (Farsa) can be given hy
Frnse = Fup prine X Fie pruw % Frp pru (2)

where Fypppua, Frppriae. und F, e pruar are the unreliability of high pressure drum,
intermediate pressure druwm, and low pressure drum, respectively, which can be stated as

Fup prum = Frrupy X Fprop) (3)
Frp prum = Frrgpy X Fergp (4)
Forprvy = Frrimy X Ferwp) (5)

where I'rrpp), Firapy, and FLI{LP} denote the unreliability of the level transmitters in-
stalled in high pressure drum, intermediate pressure, and low pressure drum, respectively,
while Fpp ary. Fprap, and Fprir are the unreliability of the pressure transmitters
used in high pressure drum, intermediate pressure, and low pressurc drum, respectively.
The level and pressure measurements of the studied HRSG are based on the k-out-of-n
system, where & can be either 1. 2, or 3, and n = 3. The level (or pressure) measurement
is successful, if £ or more level (or pressure) transiitters are successful. The number of

combinations can be writLen as
; |
T n. o
». 4 (6
(\ k ) Eln - k) W

The generic expression of reliability for the k-out-of-n svstem composed of identical and
independent components can he expressed by
L’
- n “i i ;
B = Z ( ; ) R(t)'(1 - R(¢))" (7)
ik
Substituting (6) into (7), then the probalitics of success for realizing combination of 1003,
2003, and 3003 configuraitons can be stated as

(t)100s = 3R(t) — 3R*(t) + R3(t) ®)
RU‘)QOUS =2 382(1"} = 233“} [9)
R(t)z003 = R(t) (10)

3

From (1) and (8)-(10), if the failure distribution is expouential, the unreliability F(£); ;) 1/n
of level (or pressure) measurement in each section (HP DRUM, 1P’ DRUM, or LP DRUM)
of the studied HRSG for 1uo3, 2003, and 3003 voting algorithius can be written as

For configuration with k =1 and n = 3

F(t)a)1008 = 1 — R(t)1oos = 1 — (3™ — 3221 ) WEEe L el (11)
For configuration with & =2 and n = 3
F(thigaoos =1 = Rl)aoes = 1 — (3™ - 2673%)  Wie I jeJ (12)
For conliguration with & =3 and n = 3
F(#)t3003 =1~ R(t)soz =1- ¢ Viel jcJ (13)
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where i = sct of gencrated steam in the section (HP DRUM, I DRUM, or LP DRUM),
and j = set of device used in the measurement (level or pressure transmitter).

From (3)-(5), and (11)-(13), the unreliability I(t)(; ;, for measuring level and pressure
in three stream drums used in the studied IIRSG can be stated as

Figy = (F{®)eiaim)’ (14)

Substituting (14) into (2), the unreliability F'(t) grse; for activating the emergency trip
of the studied triple-pressure HRSG can be expressed by

(F®)on)

4. Numerical Illustration. Far reliability analvsis. the devices used in instrumentation
and control of the studied IIRSG are supposed to be not repairable, and the probability
distribution of mean time to failure (MTTF = 17,520 hours or 2 years) is assmmed (o
he exponential. For level (or pressure) measurement in each stream drum of HP DRUM,
I DRUM, or L' DRUM, the exponential distributions of the unreliability F(1); j)km 85
given by (11)-(13) and the reliability R(t); ) e/n. can be illustrated in Figure 2. Figure
3 shows the exponential distributions of the unreliability F(t), ;) stated as (14) and the
reliability R(t)q ) for measuring level and pressure in three stream drums, while IMigure
4 shows the exponential distributions of the nnreliability F(¢)zrsg) from (15) and the

Ft)arse) = (15)

Freliabilny va Time

Unigliazdity v Tme

a { . T FEECCCRPRRRAN - ar.e U A
15 2 25 3 35 4 45 a as 1 15 3 25 3 35 4 43
Tume(hour} 1’ Timne oury nt

¥

FIGURE 2. F{t)sy/n aud R(L)¢ ) ks for measuring the level (or pressure)
in each stream drum
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FIGURE 3. F(t)y; and R{t)q, for measuring level and pressure in three
steam drums
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FIGURE 4. £'(t)(npsey and R(t)(unse) for activating the emergency trip of
the studied HRSG

reliability R(t) grsc; for activating the emergency trip when the studied HRSG control
is failed.

5. Conclusions. The reliability modeling of the emergency trip for the triple-pressure
HRSG control has been described in this paper. The process-problem shutdown is based
on measuring two key paramecters in the stream drum with k-out-of-n redundant con
figurations. The fault tree is used for describing how the studied HRS5G is supposed to
operate under various fault conditions and for analyzing the probability functions of both
reliability and unreliability. 'The obtained modeling can be useful as a guideline during
engineering design to select the voting algorithm configurations suitable for users’ re-
quirement. It should be recommended that the installation of measuring devices used
for voting schemes must be paid careful attention. In addition. the reliability as well as
unreliability of common cause failures in voting algorithm configurations will be examined
in the future worl.
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