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Abstract

This paper presents a study of an availability evaluation for I&C(Instrumentation and

Control) System which it applied for nuclear power plant. The system availability

assessment have been implemented to the reactor protection system by the adoption of
Markov process. Results are satisfied to the requirement of EPRI and APR1400. Based

on the research of I&C system assessment, it will contribute to improve the availability

of system and impact the design concept with new design optimization.
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Al2~el A = RA] WOl reliability graph with general gates(RGGG) WS A<kl o
AN FEFAE s oz Yo Jagaddd ot gzl
A2 SAFY bAA kel AFEd ngE o

2 =719 2
29 AR BAAAS] FAHE FFLGYATIE Tk 7]
5 3z

Al = H 3 Hkod 517
ol g o] ot A H3ATt o]yt TAHEE dAsty] Hste] B =EoAE SHAR
StEANte] &8H a1 Qe ol E 7] g3sle] 2-out-of-n UhE 3} Aldle] MTBFSE

2=

31 [e] % =

gt gle AR Aol ngdge] vt % FAnFe] Lig wYel w
g:] % [}

=

=

=

o
= e HEE gE3 AJ2"e MTBFSE AAkstr] 9l
w2 A (Markov process) 7S 83t om AAAS A~ 14E I MTBFSE

BEA HEAA FAsSI o AdygAFo Aol vu

2. QAHEHAL AAASF A 2H

2.1 AAAS A" e

T UEe 19789 Ao gl Thes AlFste] 30del AA ddVE AHS
Ak =89S & & A3 309 vt Ve SAAHE oHu FAFT Aol dAE T A A
Aol AZ714 Al ~=E(MMIS : Man-Machine Interface System)S =uWj7]<® 7|93 A&
AArE LA ] FEjA B Alolis T8 T@dste 9o Fiolx A xAd et
Zlwolet & 4 Utk o] 7w ww, ZEgA Ayt & 9 A= ERke] Bfskal Q=
A A7 E=2 FEvert 97l SaAES A upA T A A Ao MMIS 9
AR A 15719 1,0000] 9 7] +9 dAEdE AFA fon ddd dg Ed
& F A (total solution)= A& F o] dAHLHLE SAZ 5T + UA HAA0

AH MMISE= AAAST MMI 2 QA7FbF8s X33t = Mdoz #He UAE dd4F4
B AEREAgA 9H AAS AlLEMMMIS) o2 AFEE AL Ul AloJAIS AlaEle 9o
Fu et AR dFete Aleo®E Ao & GEHE A B Alosta o] e v A
39S W YARE A AANER i Hav|eS S 9 o] 24
T8 Avjolt}, YA E Bl P IS5VIES Sete Ved BAoE s ¥ d A
A= ohdRa7|eR FEEY =gstel Vs g4FgdoR Qldl d 9 fAHFH]Eo
S7bstal kAA7EA 1@ Rta AT FH ol SolAof HFEH ke yAErES Al
shal e AAolrh At AdAletE gl Yol wASE Alae] o uhE duk Rl
WAk & A EAY] JE 948 F U= 7Fe S dAEaL ol ol s
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AE = HAE AAS A 2ds AEsty] A g A= Srrp FoRtge
Tastth ATodME w2 AR tdAo] a7 = BIVes T HAE A=
FAAES B Fastth 20050 F=ad 3 AAR 565 7] HAE AARAAF
Ul M= Agem AYEgdes ez Badolty Ao AS Alade] tAdsE A
el opdm AVI7F SRR FEHEYE ZAAC B RS V]5e] giidto] st=go] SUES
ZIRko 2 St gy AT Eo R FdEI Q)

22 AANAS Al&"Y FH2L

LA AojAZ A 2ES A= F2 st=de] ZYPEL PLC(Programmable Logic Controller),

DCS(Distributed Control System)®} PColt}. ¢tAe] =923 7|%S F3st= gxd ¢k

ATl = PLC7F A5 Ut 99d PLCZF AAIZF SA9AAE £33t T2 A 2d,
PL

BARE ¥ 459 BER PAEE 2 QU AgAe] H§HE PLCS 2ot g
AAe] FALAN FADLE oA Ao} Aol FA/ T At F02 5ol of

stk A AAFHeR ol¥ 9AS WEdE PLCE @A oflyvule] Teleperm-XS, 1=
ANy st AC-160 Holth f-guygtol A= FHtol Yo 8718 ®Fs= PLCE
TWZlE® NEete] FA7IHe QE7tE d5FoEN Il dHd AoAS A" A8
of %4 o] T},

DCSE= vekd AloJAE 285, DCSY F+8 AXEo]Z% system builder, logic
builder, graphic builder, report builder, 22|32 A& dlo]EHo]~E 7|Hto 2 &} history
data server®} operator information station® 2 TFAETE FH =9 FAlE DCS7E Ao 7|5<

SGdalHA ZAE 98 AR 2 gy AR AFEa Qo] o de] AFEETE 7HA

AE TS 93 ZHE T2 A~ ZHFE(plant process computer):= T oA A& % A
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Aok gt} FegolHog= YAFA AL WEslojol FH, AT EYo]HoRE B3
= GAA AAEA AAA, wERdE 3y, WA e 5 AYSE, A AE,

18] 3 multi-tasking 718 59 27118 wSsEA angste]or sl PCE F2 AR
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X)) = (X, (), X, (t), -, X, ()% ¢(X(¢)) (4.2)

i ER T P DR

slxwy={b =1 (43)

S FAE wepd A sk Ala'e] A =TS R (1), Re(t)= vt 2tk

R(t)=P(T,>t)=P(X,=1)= E[X,(t)] (4.4)
R(t)=P(T>1t)=Plp(X)) =1)=Elp(X 1)) (4.5)

ne kA= AJE= Ad e FEHE el ofste] vEat o] AAH.

1, ﬁ]Xi(t) >k
p(x)=1 "' (4.6)
0, DX () <k
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ol FEFE WAA e FHARACIYL S, 7 Ad Y nAe] HYPAMdolnR Ade] a7t
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A, = Z ”)AM—A)”W (4.8)

o714, A, @ k-out-of n AAASA 2 1FE

A AASA 28z Al nFEoH, 0<A<12 AT

PLC AloP7lE AAdor ngdds aad 4
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MTTR &<t vwAl 374 Ad T o= & AdddA Mz e T FES
SOAMTTRoIt}, o714 \e Ade uigEol

2H0 THE AsH AA DFEN, D P

S

A, = (4)/\ (i’)/\MTTR: 12\ MTTR (4.9)

1 1

—=—(n (4.10)
A 12)\2MTTR( our)
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32. vtRE AL o] §F HEE E4

A se] Aol AE AzRE 2out-of 49 TEZ Hol glo] 4749 AW F Aolw 3
ool Ade] AYHoE FEdk AA Axel A FEFA Ak o F Axg

MEs st nile] Ad & Aol ke Aol AYA R HFalof A Al 2d o]
Assh= k-out-of-n TEE #ste]l WAk o= Al nile] AE T 1R Ade] YA
HH n—1709) Aol FAsHA Ha agd Uhe] Ade FEAAS Fatel nhe A
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fresta A o 9l e e §ERE {X,n=0,1,2, -} & 23k wof X, =izt
A, FEAALS AH nol M ZE ol vk ok ol AE oA s AE j2 Aol
2 144" &8 Py7h dvka sk F, BE AE dgdg, i, ppi0 B s 71
3=}

Pr{Xn+1 =jlX, =i, X, 1 =i, 1 X =0, X :io}: P (411)

oleld SEIAL PhaE A (Markov chaine} F). 4 41D 77 R X, X, -, X, %
o vle) Aeel X, e 2AR R¥sl 97 Aejets SgolAu

AL AR g5 Pye AH ol s W, s AE

P.=0, 4,j=0; Y,P.=1,i=0,1,2,-.
J

ojAl whEz A E o] Fte] AAAS AMAFe MR FUME fete] e 22 e

.

A 1 A AZSA "ol dEgAH o ZEFy] 9t nile Ad F HolkE k
(1<k<n)Ne AEdL FEsjof g}
A 2 pe AEe Az =fddoln] ZF g mATF A7 Bl FEAe ASRRTE
20,
7V 3 ad Alde vt 7Sk
V8 4 n—k+108 Ado] FAll AEsA &s wW AAFA 2 FEeA ko,
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A AZA 20l 4E5A W 45 d o

n AANAZA 2 T Ao %
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A
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MTTR;, W8 Ade He Azt
A AE Aol 145 AN=1/MTTF,
m AE AL & u=1/MTTR,
A A Ade M 8% A= (MTTF,)/(MTTF,+ MTTR,)
A A=1-A4 A=MTTR,)/(MTTF,+ MTTR,)
As Ao A ZA 26 e] 7HE =
N(t) AZE el A AEska s Ade F
nd (m—1A (k+DA kA
n n—1 n—2 k k-1
L 2p (n—k)p (n—k+1)u

<29 4.2> k-out-ofn TF9 11743 E)

k—ood wj, AIZF toll A Alxglo] Ay ow A5d SE =
MTBF;
. Al 7F S B O B R A e o e _
}E’gpr( | 7btol| A Al ~Ell o] 3 A o2 2453t A §-) = MTBFy+ MTTR; A
(4.12)
°|5 MTBFol| thall Adelstd th3 2
MTTRGA
MTBFy= ——— "2 (4.13)
17145
Aol AEstA &8 W, n—k+ 170 Ao FElE Sy
MTTRg = [pln—k+1)]" ' = MITH (4.14)
S T on—k+1 :
ojty, a2 E A (414)F (4.13)°] tiYdstd oe3 2
MTBE, = — TR, 4.15)
S (n—k+1)0—Ag) " “.

FEE A% olFoAM, 7 AAEL =7oly] wEe A7 oA FEEA A HFH
o2 ZAFay] 9% FEL AuE o|FREE ool T 5 QIrHo]V]| A, ntmE FHAd
et k—2,k—3, -, 02 YER &=t
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P(j) = — Ci=k—1,kk+1, . n (4.16)

g Be=,

Ag=Pk)+Plk+1)+-+ P(n)

n k=1 4n—k+1
(k )A A

=1+ (4.17)
Z(T.L)AJZ“”“
j=k\
o, (415 (4175 ol-&3te] th53 Zo] vebd + itk
MTTR, Y (?)A igni
MTBFg = J;’f
_ k=1 4n—k+1
n k+1)(k—1)‘4 4
S
j:kj Hw
BN G (4.18)
n
i)
upepa] Al 2~wlo] Jhg et FEFE ARl Ay, MTTRgE th2 2
B MTBF o)
As= MTBF¢+ MTTRg :
TR, = (4.20)
Rs = n—k+1 :

B ogo = AaATo A AAE FeE W) npRE 34S o] &3 JteE HIE
Alastaz gvk &, 7hERE E4E7] fste] dAREEAE Hgste] wFES Fit
AANEE AT ARRHIAELS 2-out-of 4 TERE AAFH low, 7 Ade
o]F3t¥ W= ZRANMBP) 2 TAEE ZRZAACP), 949 729 AEAE 2 A
Z2 A ATIP)S Av &3¢9 ZECOME FA45 o gl



158 / AAE A 2e] AojAZ Alzglel gt FEE Hoh By AT
Hal=g] ZRAAN = dAZRSAE g8y = 257 AFAE 2348 A9 249
AAZAA ANEE wAsith A= ZEAAE 470 Ao vlu=g Z2 A REE
22y A2 AR AT S wol 2-out-of-4 =S FHITH AFAE L AA ZRAAME
%x}iiiﬁlﬁﬂ AGEHE AL Hlaley ZRAA 9 FAEY ZRAAY F7
ANFE At E=e ANy Y BES AT 9 A Al dAZRIAE] T
BH 2 AE AEAAE st BA T HaleE] ZEAA, FA=E ZEAA, AHEAE
2 AA ZEAANE PLCE 7459 lom, sfuyl 419 252 4H-8 PCS Flat Panel
Display(FPD)i TAEH
3% 41>2 PLC 289 1Z4ES Yedt 14E oFo 28 FHIEE A4 94
OWH $HSALE wesle] 30CE AAs L, PLC +8374S Ground Benigno 2 14ES
o 3tk PLCO it Al7he Ao & 7h4 sl th
<¥ 41> PLC &9 1%E
2EY 31748 (107 hour) MTBF
H 23] 0.92E-06/hr 1.09E06hr
AARE 8.72E-06/hr 1.15E05hr
ZEANAEE 13.25E-06/hr 7.55E04hr
EARE 6.39E-06/hr 1.56E05hr
Al Eghol ¥ 7.20E-06/hr 1.39E05hr
gAg JErsE 6.39E-06/hr 1.56E05hr
ofFRI YYHEE 7.48E-06/hr 1.34E05hr
Uzd #95% 6.34E-06/hr 1.58E05hr
gA 8 %% %2 E(Relay) 7.03E-06/hr 1.42E05hr
oldR FYRE 10.78E-06/hr 9.28E04hr
=g ZR2AA B FAl=E ZRAAA ST 14 AR HA o AHAe JTFS
nARg 7HE = EAMYe 23kl 2elv ASAIE 9 AA ZEAA S sfuYl i
REoA A 12 AR FA o AHFAQ dFS WAA ForFE JHEE A A
Al 9] 3} Tt
Hai=g] ZRAMBP)E =ARITAMASAA UAE Jgaz, A 9 =i
Ao obdE 1 Qs E wrolA 7|E B AAX e vlud §F 2AHE dxEAA

A ZE safety data link(SLD)ES E3] HA| =%
ZZAA(ATIP)S 713

ZZ A (CP)E A%}
+HYE EECOM 223 2 AlgdE dRE A

T

ERE Ha =g

Chiasg

FA=E Z2AMACP)E vlaE=d Z2 A BP)ZEE safety data analysisE S3 =3
gl A2 AHA] ANFE et 3 FA=E Z2Z M A= Intra Channel Networks 5 3
AsAE F AAZZAALL Y Y EECOM) F2FE 2 AFdE dRE

Al & gk



<3 42>9F <GE 43>8 HlalmE] ZRAA L FA=E ZRAXCA 24 REE s e
AFES A Adtolth AANE AFE 72 REY JfFo] wel o]F3} EE 2-out-of-n
FE R Fojxl G Eo|Th
<FE 42> W= (BP) ZRAAMO ugE
2EY N I AE (107 hour) Sum
H 27 A 1 0.92E-06/hr 0.92E-06/hr
HYARE 2 8.72E-06/hr 1.00E-09/hr
ZEAANRE 1 13.25E-06/hr 13.25E-06/hr
ENRE 1 6.39E-06/hr 6.39E-06/hr
E2l = ghol v 2 7.20E-06/hr 14.4E-06/hr
gAd e xs 2 6.39E-06/hr 12.78E-06/hr
oftE I QYR E 3 7.48E-06/hr 22.44E-06/hr
gAY £ 52E 1 6.34E-06/hr 6.34E-06/hr
e TR 1AH 76.52E-06/hr
¥ 43> A= (CP) Z2AAM 1FE
2EY s A5 (1075 hour) MTBF
H 274 1 0.92E-06/hr 0.92E-06/hr
HAEE 2 8.72E-06/hr 1.00E-09/hr
ZRAANRLE 1 13.25E-06/hr 13.25E-06/hr
EANRE 1 6.39E-06/hr 6.39E-06/hr
Al = efolH 2 7.20E-06/hr 14.4E-06/hr
Oxg Q¥ ms 2 6.39E-06/hr 12.78E-06/hr
oftE I QYR E 1 7.48E-06/hr 6.34E-06/hr
gAd =89 5% 4 6.34E-06/hr 283.12E-06/hr
SA =Y ZEAAN 1G5 82.2E-06/hr
9 ARE ol&ate] o] 5P (20050 ATolA AT nFE L FHFLGATY B =T
AAet 1gE 2 FidaGAS vlustdeh A9 e v 2

<HE 44> dARHSAF

EgH AFERFAT) G E(APEH)
H =2 T2 A A 2-out-of-4 5.62E-07/hr 4.98E-07/hr
A= ZEAA 2-out-of -4 6.49E-07/hr 5.27E-07/hr
A2 H S AF 2-out-of-4 1.21E-06/hr 1.03E-06/hr
A2 RS AE MTBFS 93.34 Year 111.37 Year
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Aote WHS Fale] dAZRIAZ] nFE D A GAILGS Hwg Ay o|FEEE
o] &g W ET AtH WHo aEo] WA YEuE AES & ¢ dom, MTBFSE A7
UElYE AS & 5 Ak olys Ade v=e] AgdAde] 8EE 509 MTBES
2 APRI400 9dolA @738t 60de MTBFSE FAlo w5t AS 4 & Jdu

olef g AFHr Aol yEhd wpel o] 2 T A4

Alwle] Aol A ago]l AR 7
2~ 0o

A%e) HE 2 BEL 5 9 A7e QT gL Z)
A7) A A2 PR AggoR Bede, FF ALE A7 B8Y AoE @d

A},

A Az A AHYF | FLF Aotk o NAYS AR A
B B R AFe BEA M, AAAS Axde RS Frhds A TF FLF
A9 ot

Ao AZ Azgle] HgE BA PhnE A4 ol §F WS Agstgon, olF A=
BEAF HEsel A8EE FrhRA 1 A3 wFe AYATY L APRIA009 A
RTHE AR J1ES R wEE Aow Yt o A7E ER AdAS
AzRe] MRS FNA S Qe ARe ARAANY Ao NxdTt 4 o By

&= HA
w5 HE AzsdE A4S AT 5 QS Aolth
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