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ABSTRACT S5 U=, =20 CIKIE A" Uets 2R
In this paper, a real-time fault tolerant control JIE8 018510, AIARDS MBME BAMAZIE 232D}
system has been designed for the cooling system of the LTI UL
spent fuel pool storage. The fault tolerant control ASEQ Al EME PITF LHINA XOAIA"
system consists of the fault detection part, the (FTCS ;Fault Tolerant Control System) a2 A|ARS
reduntant actuator part(main and backup pumps) and the THEA0AM TR0 UNSHHIIZ VitE M58 WY
controller  implemented on programmable . logic £ UTRdtE A2, 84 Al2E HFUH 55 (Redun-
controller. This paper considers only the actuator dancy) ®2 {2 (Back-up) BRIE 7830 TA Al~E
fault  whose detection is accomplished using 9 228 w2Lt.

=E0AME FRHUTL ABEHRE MEX

e

Friedland 's separated bias estimation wethod. This

paper also shows the real-time experimental results H2ANEFEE MMLE JIE KNEEX  F0  HXE
from which it car be concluded that the designed fault AUDBE MBI, MNMEZUO AXBIREN AS
tolerant control system  exhibits satisfactory STA ZZ2MA(FST)) 28 "HASID, &7 28A!
performance. Ol HEMKIE AMSH2ZE SMAIZIE HAIZ (Real time

) FICSE MI'SIICE. 8 MM M¥E S8AM HAZ

L. M _Z FICSQ| Eind & T SSIRALCH

Al~d D180 2850 S0l Tet X2y, 2. MBZE AAAHZO QW
QPN DRG0 Qi AIAEOI HHXMY sHE Rdis J31 8 MEX JHAS2 8T & 20F0 Us,
A9 1 UWEEIE T8 HE £ UL B ERH YORY) KO SXE |KEZNEIIE A4F 2BeE
SEAL "7 M UNM ALY R2EN N2 22D, RESEE g8 HIo 49|6H}d d2 Tt
G2 o' WA HIBHE ORIAIZICH. MM Al2BC SEEITH AN MOIAS F80 882 s8R
MEIEQ MY YHE 9T ¢ ZRE M2 CHer xR % MO0I7) mao FsJis E=
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NEH HE Xel= (2,102 (2.2)M2F BEELL.
yt = AtXt + vt (2.1)
Xe = ©Xe-1 + we (2.2)

Ci7IM Atz rxplIAt2) ¥E0I3

, BEEE velrxl) =
HWZZH01 E{ve)=0 0|21, &S covariance= R=E(ve vt )0j
S (transition) 8, wer E(we)=0 O}
I MEHES HE{Ql &8 covariance: Q=E(wewe )OICtH.

POt HEHZZ HIBAMOIM ME

PRSI0

A2 0,AQRE = 2YAMY (indentification)
2E0IC}H E21Z KXot Wi,....,Wt, VI,....,VvtE
MPE2XE o disi2 (uncorrelated) & SHES By

Z2 likehoodZt4:2Jt E|CHIF EIHDIA] 2t Hict

LT (maximum 1ikehood method) & At

8L
T T
In L(¥;8)=-1/2%1n| Tt} - 1/2Zec’ Ze-ter (2.3)
t=1 t=1

©'6=(0,0,R), Tt =AtPeet-1Ac +R,et =yt-AcXet-?

Pt 2 HEH=7 BEHo| Q3 LI X3 7 220
M OZHREY FHOQS TEY2 o) YT Box @t
, W2AHAS
o AHUOIEt HEtT+E BRI R8I REEF g2
£ 2T (ye1) 2 FEF 2BL2E (ye2)itE 01850
Al (2.4)3 201 SYREIYLH

1.003  -0.003 Xe-1,1] + [We1]  (2.4)
0.015  0.989 Xe-1,2 We2
1 0 Xe1] + th-’
0 1 Xtz vtzJ
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HIOIO{ & (bias) &
7] DAl HHEE HI0I0AE SEHREMO ZEE
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Xt = 9Xt-1 + Bt-1b + Wt (2.5)

yt = AeXe + Cebt Vi (2.6)

O7IAM b 2XWHEOIZ, IZZMALfe AN
AEEW, MMFQ 0F HE Y2 o=z ELhL

dernoz A FQ

(Kalman filter) =

FYSIEACR W2 VR HO

HEHS
ArBSICH ZTUEE

FHO| PIoiAM ZTTEE
01830 A& HEE

UR2BZ KMz

X&) = ¢ X(k-1) (2.7
k) = & Pl0o’ + alkl) (2.10)
KK = Poa{a Foa + k)]t (2.8)
Plr1) = Po) - KA TR (2.9)
r(k)= Y(k) - A X(k-1) (2.11)
k) = Tk-1) + KE){Y(K)-A X(k-1)] (2.12)

innovation r(k)=

DA W

o HEHOIME k)



w0l CHEE 9 (zero) 2| 8

He Iy

YA r{k) G E -

FYOIKI =2

DAWHAL T8O BHS HIOI0IA 2718 FHGI
PIoHAl, Friedland® SBE Z[HE AMEE'LH A&
BIOIOI2 ()7 ZMEW HIOIOIAE FHBI7 FIBHAM
Friedland®| SBEREAE LIS 2'CH 2], [3].
By = [ 1-600801 k1) + 600 r(k)  (2.13)
Glk) = M(+1) [ACRIV(K) + C(k)] R(k)-1 2.14)
() = AU(k) + C(K) (2.15)
V(k) = U(k) - K(&KIS(k) (2.16)
Bk = TUOA A PUIA + R(k)]-! (2.17)
D(k+1) = OAMRIV(K) + B(K) .18)
SHe =MoL+ (A PUOA RIS (2.19)
AL k) & ZHCHEE|Of innovation OJLF,
[HEbA] HIOIOIA b2 BHAUAL MEH RO ZIMEXX|:
BIOIHATH GCtD ZPMsH ZHEol Qe FN%
YO ZI2t SBE ZICHAl 28! HIOIOIAZIZ LA A
22002 2H0] BAEIL.
T = T + v B (2.20)
AEC DNHRFO HHE ZOMUEQ  innovation®@

FERE YRRACH FH HYUEHHA roe] BZEE A9

2 (zero)l  ZHILE gl JHRAILE, YT DE0] 2HEE
MO AR AHEQ SE40I [HHA] innovation ZO!

UANAL HOLIA [ll‘g-[ﬂ, ZIOHHE{Q! innovation@&

SBEZIO] e aF®ol 2IE0) e

at 2Lt

) = 500D + ro (2.21)
7| M ro& A&E2) HA2MA ZOLE{Q|
innovationO|L}
A2y OIMQE 2ol TRl AlZY kOIAM 2EO
SEMSIQACHH O DML MEF Boh lsir P 2ol
MEE QJUARIE Yo7 = o0l A
Dol ALBSlE TS YA MEES RS
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AN BRSILE & FO YAZLE UT 24 Mom
MM D& LAl O YA TESt=00 A1ZI0] O
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LS SA SO AEC S5 Mot B s k)
U2 DWDIEtD TLBIEE  Q0/p RS QABCHg
SHA EILH IORRA JHE MM MY YA ME2
T AlE2 HEEMUM FE O 2dtlE Q8 ZiRD
FOIOI0F BLE. ST AE D EWE QUINED T atEl
= ROT2 Al (2.22)W ZO] HIYUAZ (MTH:mean
threshold) 8 AFRTILEH.
k
WTHI () = £ Fi(i) /8, =12, (2.22)
Jj=k-N+1
A MTHI() 7L A S O S REf MES| MM AN
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