5538 % 5315 1] A EREY D EH Vol.38 No.15
201048 H 1 Power System Protection and Control Aug. 1,2010

4k FEL IR 3P AT F (A SR Rid

HEME, TP

(#b HRFBAHITHZ, T FKFZ 071003)

WHE. ARBERYPTERS THALHORYP RELSREFE. ARY ZARTRETREAEZRELAZTEZZTL. AN
Shsk B AR AP T S M AEATATAR AR O @ e AR R AAT T 453, B LU B 69 4% AR T S MR AR AR BTG T ik, B4
TIHRGEG TR, BB B R REE BN T 24 F s BRI A%, T BRPFEHEAR. FHRBL 4% BARP T
HER A k937 FI AL

KPR SRRy THEE LRATREAE; SRFUEPRL SHRY

Overview of research on protection reliability

DAI Zhi-hui, WANG Zeng-ping
(School of Electrical Engineering, North China Electric Power University, Baoding 071003, China)

Abstract: The study of protection reliability makes a significant contribution to researching on new protection principles and
configuration and providing reference for system design and operation. This paper reviews research on evaluating indicator and
modeling of protection reliability, sums up deficiencies that still exist. Based on present research findings, new issues and

challenges of protection reliability arising along with new technology and protection principium such as all-digital protective systems

and wide-area protection are analyzed to supply a reference for further research.

Key words: protective relaying; reliability; Markov process; all-digital protective systems; wide area protection

SRS TM77  SCERFRUG: A LY

0 35l3F

AR RR O B EARGAEHUE I T Y
BSE I R e e hg o fig 1t gk dufitdr 2
DRI HL P 22 4 (R 58— T P 2, PRI W RE B AE,
R RBa T R GUREEAL, R RE R 22 4] 5
BATHIEN: |z, TTREMNE RS, 2
PNE 2N NN TR C S | S I T G AR
(NERC) Xf 17 1S ia AT o o, &
L 63%I HL ) REEF MOk LIRS A IE S 1A
KB TR KM T, BRI R
AlEENE, ARGk ORI AE I IR 8L BT SR
DR i B 5 5 LA PR L Y 22 4 PR B A
Fo HHT, ZRALORY TSR PERE ST 32 EEE R R g v e
PEVEAL SR bR S o SRR T T RETT, 8 S Ttk
ROBHEI G ML, RGE v SEPER) e e, € BT
fiti, JEATYE KRR S AT AT, 5
FEHR I R R G gS A, S HRIREERIBOE. 2
T B A . BEE R RS Kk

1674-3415(161)15-0161-07

TR ARG WAMS L) kORI RS2 2 R JEANIE
AN, DR AT FEVERIE St i e o T ) )

ASCNAR L ORGSRV VAN SR RS KRBT T
T XA R RTERPERT ST A, A T2
AR LR R SRR A Lok i, B4 T H gk
ORI R SRR DP A o il A7 £ 1) . B, X4
Hey gk IRy L) ORI R Ger 4 Ord vl SEET
FURPH I8 T (g 20 A, ik btk R
Ry R VRS %

1 kR AT E TR R

Teie AW i R (AU 2y T SR AKT
I B AT A1y EE TGN REL 3] P PRSI DU, 4 8 0
FORTRE I BLA A FeR A AT RENE CBERD A 2R O
FOREEE) PIJT AT EAL PPN o I 4 XS gk L ORdrmT
FEPE DA AR (I T2 2 AR i O R e ik ol £
PREANWIION S, SiaHIEHIEMsE, =35
05 Lurandy, IEAPREZE M. MRk edt
AT IR S TR AR Y, YRR AR AT PR EE



-162 - Y EE R R

R HTAL . For, GRHLORYT R GEARIE AN R (1 7T
FEVEVPAS IR, E gk iRy B WIEE, A
RN TR, RS Wigds. B3l
AR, R IRARGIEITIRDL.
1.1 SR RIF AT E IR

PE AT SEVE PP AR R A R ACIA 3R, AR AT S
PEARFR RIS 2 —, SO AR I DRy R 48 T
YRR s, DUBERRE 12k, sl Fetk
THRE PSR PEAN R e 58 I BE A5 5 T HEA T 4R B f 3

FERE 4K AL DR T SEE RS AP B B, I i
i “IEMEh R Bl IR NG it gk i frd
R [ IER B A B BRI 2 LR IR 4K
DRI ATFENE, X i i 3 [ 4% fL OR 7 /P RE R AR
RIHR PR, AHILBCA % B W DX AR IE A AN
AVERIIREEER 2R, AN G A T b S i ORg7 14 vl
FEVE,  BOA B CRAO0 SR EBEAR AR, sl A
—BOGUU I R  IFR R AR X AR, SR S
SEIERRENAE AR (R VR R A5 R SRARAR, 1M s
AR E AT R T TR DX A R AR TR B,
X HEARERORG IR . BEAh, GEvh Rt
GBS e A R M AE % b h TG AR B,
AEUAT RO R R G ] FEVE AT o BEXS L3 i)
A, SCRR[3TAEBCRI “SF e cimah w7 A g
WRE TAFMEAR” RPPO RA AT FEIE . SCHR[4]5E T4k
HLORY I TARRS R AR FET SEE 20 IR R G n] 5
PER R S al SEvE AN, Rd R gl Sett
LR ERY RS A S FEME K, BRI
TRAIESNRACE . R IRBNVRBCE ;. RSN 5
PENIZRE T ORGP —IRBEE AT OL, - 2R T
PRSI . IR IRBIIR S . SCHR[SI IR HL ORI
AR A, R T S S PR TR R R
[ N 3 H 8 DRy 1 6 (0 SO 2 8] T REAF AE AL
KZEM e BEhk, Wi ORY ) SEPE 5 20t R an 45
R, IR R B e SR, B2
R84k A g v] S e i 5, sk
[T DRy n] SEtE B 2P 45 il R B g, €T
TRA 2 B I RS Sbs,  BIORY DT AN IE# 2 A
JITIE B LT R GE R (45 B R 5 R CHT I
ENVEPTIRE R A TR Z HE, A XA R AR AT LS
HERf b S L R ) 22 A m] S SCRR[8THR Y, T 5
PEFRAR TS AME 25 [ A E AT I D RE, 10 B ek
PEERFE M TAEABEAB I A1 o M RAGR A
OB, € T RPIRBIRBCR A, TR RAR
Aj, FORIRHEE T IO ARSI 8] £, iR
t JE TR/ ) At AFEBIATR B R A A R

.1
(f) = lim — < _
A4,(t) }EgAtPU<Z]_t+AHJ]>t] (D

%@ﬂmiﬂKQSHNMRﬂ(D

a0 Af
Hrpe T, v T, 00308 R G0H UAR S B R sl Rk
AUINTTA]. AEURIEAN b, SCEARH T AN TR R 2
B A SEERR bR —— RG] FH BRI RS n] FHEUF &
e, R B R BUE A TR, RO
BEH IRRGHRRA T —lE. CERKRY RS
G 23 E ZASB R4 h5 E SO«
E=1/(pep;+e,p,) (3)

H: e ey NRGE AR HNR D) PTIE AT
RIVEE: pv po WIRIPEREE L TR HHRSPIR
BITESME; ps WPART A AL T BRI S
SR

[ A A AE— b v R G ] SRR SR b
VL2 R TR R G, (0 280 G E
PRI IO (R Z R S R OR AP R Gt b F) s, A
MANBEA T LS S WLOR B R S8 T HEE S R
HL RGN R o 60 AEAR LR 22 A [ 5K 1) R 45 i i
HHL ) RGP EEMERE TR R AR TN, TSN
PEAG I B T B AR BRI UG e, S T4k
L ORAP S 2 A A I BN R G P SEPE ) EE 25 A
PEEA L AR R ) 2R, DR RG] SV
WREAE A 1 RGEEAEAT 73 B, A0 SCHR[10- 121350
Ak F DR B I S AEASAS FA W ) AT TR 3C
BR[ 1370 3 T 2% F R 2 B Wl o 2 g ot 97 000 3 52 26
FARAMIOCFR,  FMEZ 532 e DL AL 7ty ik e 56 )
W SCHR[14-17] IR FE DR BB R0 PR C BT R 48
AIEEPERE W IE A3 HT RS Y o SRR ik R
MIFRFRIC R W DR R G B )
W R RS o IR LERIF ST R b 4k B LR 4 m] FE
PEAS R R AL T A 2 S A ik, (Rl T
F BRI — RS TSP A AR, Iz 4k
TRAPFES RSB S 2%, ORGP W] SEPEDPAN
FRFRI E SCIEAGE—FI B 1

3R A B AV N I 9 4K A T S A
T EZETTER, H TR R bR = g IR BOhR
e, 7 @R EA IR n] SRR R PR AR
WY MERE . Sy —J7i, AR gk R DL AN
B RGATAE, I3 Hrdk AR IR SRR B A S I
Ja RPEFE BRZEREANE FAREGRR, —
MRPBEE RSBk, R AR RS 5E
BIAME, Ml SErE iR, R, IE
EESR. ANEFSIER, Mz, nTHE, F
PR AQISS TR] Y- 380 R A3 I T 258 S5 Bl 1) A2 4 FL R 7
BB AW AT RE K, M DU R S e v I Ry
Ak B ORAAS AT Hh AT AR A B T P S s XU o




Wb, %5

G HL R AT SEVEBE T SRR -163 -

IEAh, AR EA SRS IR S R R S 1
U T FEA STt b, AHJE, ORI AT SRR VRAL
Prits S0 — SO ILRR AR AR =, DRI, 2 HO0R
T3 AT IR G R P PPEA P it ) SE AR A T
k.

1.2 B RIPAT TR KoK R

TELRY ] SEME VRN S R PR bR AR 7 1, RS0
RELRCE IR RS BARL, BT B
o MRNTIE LB R 450 . RGN eI
Ae LA W Z (R (I8 8 OC 3R,  J S7 m e PR MR R A
U COT - S gb 3o A m RA 5 RS A SR AR AR, AN
(IR 8 s ITE TS 2 o 7 S N W o 7/ BLiR s
W, MERUKERE S, (HE SR IR R R G
NI NP E VRS S (BN N R TP E 2 S
AT R ERRE T, RRIHG T4 2
AR bR, AR SRR PRE . AR EU A
o BERNEEEM, He AWM,
IERZRC AN ERIIRARC B i -ty S PR

H H PR3 AT 5 PR VRS 2 R H B IE 2 fE AT
¥, 0 Markov FEIVEEY Ry RA0Ag ik g
1 DL R G B X H R o5, DA () A 11 7 2
AT SRR, Wb i T S SE B R ) — 2k
NGy, W TR R i MR, ARGl
INEIEEORE R HAS RGNS INE R o BT
B B AN A, SCHR (23151 NG 77 (Goal
Oriented, GO), K] T GO VEAE4k L LRI T SEMEVE
TR, GO ¥E AT LS R R W 1 s,
SAEGNTIEMLE, GO VELRFE W M H K
A, RENE HAK [ R G Z B Dh ek R M2
W|ORR, METRGEMWERFIGE, FIE RS
T REEEHTEW, ToHAFE SR, Rl &f R
R R G AT

T
TN

#37GOK
12345

VEI R4
E 1 GO XN iTigIE
Fig.1 Analytic process of GO method

MEE ARG AT IEH AR TR
MRS 2 e TR s R i AR o A F ]

BERG, XFMNRZETH Markov IFEKHAAE,
Frh Markov A& R4, gk i RGE R
Hrpo HWANZHOCERIE R MXANAE R, i
KM T Markov R M ES AT 4k LRI RG]
SEPEEE SR bR KM, NI RN &R
GERNTTAF I RE LA S P 3 2 [R] R 8 4R OC R AT
SRR, EH A EANTRD, A AR A A O 5
HREA SR B MR RS, o, 3
BR[11]. [26-27)2 T-HCE 7 ZbAT THHOCHET, S
HR[28-2910\ hy HUARAN[R] ) SR R4 25 B A Al 1 A
PR AR ZE R, HYIBRE  Th RES T A
h A R B A R e, RO T R E
o W R S BRI 5 A b B A A X . (R
WG STRREE ST T AN T DR 2 e Lk &6 A i 4 JR O
PRGNSR E R, 1 R R RS TR
PE FH BE AR RRRES 2 A, 1 FH g sk i
X 500 KV REZARIHT 500 KV 28 R AR w] S22 2
AT T 50T I SLplvh &, SCRRACH ORI R Ge i i
fRBCRERT 5E, SR ER . WEA & it )5 JLF AT
AN AL 1) A2 2 2K P B B, T s i) ] S
FERFEETERY FIE R B RGBS
IHERPE S T . SCHER[301EE S T 4k FL AR 338 B 1
IR, AR AR T S F A T S
FISEI . SCRR[B1P 3 S ARt % Sk, a7
B4R H R S ERAS A Y, e AR Sk el
PRy 38 S5 HCF A R R E IR, Ak B
R N RHE mr T4k ORI B v, JRReT R E
MBI BF Rz, AHSCEE AR5 B AT HAR R 2
B, WARBER RS R REm % k. SCHER[32]0 R
PIIBATIRSHAT TEF Ry, I8 T AR 1#=3).
B RIS DL, (ERB IR 3 B SIS . X
RBEERE SR A FECT RS AR T, &
ST 9REA AL, LRSI A Lo 4k d fR e
Al AR S I A A S AT T ST, SCER[12]J8
AT T R TAE.

ZEG I NT LA E TR, ASCHEET Markov RS
T P OR AP 22 8 ] SEPEREAE V1 551k B A A )3 )
R

D & AR RGERPIRAS, EEORUE T E LPPIRAS
LIRS RGE M ENAFPRGL,  FHEHE RS 5L R
AT L HR SRR K U, ERHAR
BMAEAT BN RS BE I TR RSB FE
MY AR G IO G A HoRURESR, R4 4
RSB 2G A, M RGBS FE 1)K &
A2, N RSS2 2T LR W
HSRAS RSP AT BEIRAS L RAH M. IR TR 45



- 164 - Y EE R R

B, MARGBBN. % E NN Z 0, R
AR AT REARAFRN, W— D% 18 20 MR R
ity 270 L EASRES, RIMEETHEINL AR,
ARH R 2%, Xt L N TR S B 32 A
o

2) MRAERGUREHAL L W (4) f1ya)
FEME T PR H R A 4,

S

I P
e

b g =t g = P

z g, NHRSEE: p,(A)=PLX(t+AnN=j| X(1)=

il; p,(A)=P[X(t+At)=i| X(t) =i KAIRERKE
MEZE .

3) IR (5) FrospIg RSO R4l
W H RS SIRS RS EEZ.

{PA:O
(5)
p, =1
/\q:]:
pll(At) plz(At) "'pln(At)
At At At
P(A) = P ) pzz(. ) pzn( ) 6)

pa(AD)  p,(AL) - p,, (A1)

1.3 TFTERY B’

HAT, gkl Se iR c e ms 7—&
G, (RIRAFAE— L), FEERIAELLF 34
J5 1 :

1) AP AT FEVE VPG FRBRAURR R ASE IR 554 ) 7
FIFHRATVE R SRS RGBSR, A5 kb
HHAH S AR RIBLOL S A 1 S o 5T 75 22 RE A
RRZIHRITIR AR 2, B EERY, 65
H AT 10 5 7] BN TS b TRR RS20
JLo

2) fRY ARG AT EE Ik T 4 R B HER PE— D T
BB R 5 s bRt vl AR S FE RS, S — T
B AR b % SR MERA LS o o K
PIREA S AR N RAIE . H AT R S5 AR FE R 4t
BRI N RERAB TRZ N, HEEHT T
ST IR 13 BR G B0, (AR AT SRk
PEAL SR S BURMEMER SRS . T Se bRt s

Frge=, DRI AT FEVE PP AL R IR S R o

3) 2 BOCHCR TR i W E RS 14 sl
BRI RAR L NORY S R0 R Gev (= i
ORI WAk HL DR SP HEAR IR T S, SR 25 18 4k
HLR RGEN “ SR 1T H AT T4k (9 R 4
R Zh A P PERD “ 2" BB .

2 HRERIFA MR AR

TEAE GRS T S AR T Bk 2 58 3 11 R
ARCAARY S )R R KN RIS CARAE
B RG R ETIT, wEEMEE e oy o A
TR BA o ARG W] SE MR A5 e
HEAAESE TR ARG TR 2R B
PSRN BN AP R R
2.1 2HFURIPRGEAIENE

TEC61850 FrifE(IMA - ey LUK A8 e A )
R S AR I E RS BRI s AL R R4 )0 2
W RG5O R T MR R . IE BT
PRGT, AEEE RSB S E A
PRl 3% 0y Uk A B R R DY, (RS e
HL 2 N T AR R SRR AR R A B 280
WA R GAE BAT — R PSS A RN B, JEmT
SEME R B O . SE A R, &
TR REAE RS LM FoTPE e TAERE
AR KR ZE S . @AY RGN
ATEEPERREA, T R G B RS T A F S .
ARG RGP, HE AR R R AT 5E T
BT T2 bRy Rge, hTFHaSE
ZIH TR, SATTEEERR bR OO 2 DA T )
RAEMATEENE, SCBR[3610 MRS S ot AN 2
M, SR R SEEAT TS, 1
REGEJAN, A TEETERE ] AR A A /) % A
FAREEAN. T AR R R AT SEMERAL, b
TARRITUAR AN RG] SRS M ; 48 042 1,
BICFE B T I NBIR Y RS, R MR E
TR RN Sk R B T T AR R A K U
FEEEVHNTRPR, R4 T IX /N B (IR B R
Mo AEEAAR b, Z 5 TH RIS SOk IR /> ILE
2.2 IR EHE

]I PR B e, [ A
HPEW T 2RI X AR B . H T IR
SRR BB O 3 20T BT R A g
TN EE R KT KRG AT IR M) 85
RPN BT R IR ZE B I sk gk r R B
s FETHIKLL A R G ) gk OR Y Bk )
R HLRY RGIE ARG AT 730 3 98 X E



Wb, %5

G HL R AT SEVEBE T SRR

- 165 -

b gk LIRS R gE AR SRR )T
SHLORYT ARG T AR LR R S

HI T H AT SR AR B R AL TR WP
B, S H T S R SR )RR
A AEPERIE S B I LA L I R e 1) )48k
RYA DB ZALGRY, FEORS B, SBT3
A FREE T3 TR AT 1 O AeA,  sem L m] SEdE A
SO, XL F R F AL, 3K
—RFAE T REAE AT AN D Jo TSR (AR R B AR Y
ARG A B, #E) iRy R g
BN RAEESR RS BCAR AT RS 2) AE N
J LR R S BOR) H FE AR SE(WAMS)
(URTEEPE L LI S DR 300 DR AR 8 P S 1R R
EAHE T o 30 LRI 5e E BUIRY R GE AAHOC I T
B K A URBET N, 12 RGO — A oot
W ot ARG, Z ootk ARG ] SEvEwt
DA RGOS

3 ZHig

PRSNG| , RO RGER AT SEERT
FOH A AT, AT/ [ A SR R OR Y T FEE
FRARAIVEAG R )5 T ORI e A T £ (R L,
G T ARG AT SEME PN FE bR PRI AE AN
A, FERIAEARAR SRR . TEEPEVEAL
TR EEIREREAR G VEE . R RGEhA
FIEEMERITUAEROEAT (e Rl IR At
TR, OHr AR, dr gkl Ry ke
BARR IR, DR AT S EF R 2
WERNEZ . VHEERER, WTa R iRy R 48
(D EIETS CRT St 2V YN S

52 3CHk
(1] FEkE. BAORGEWHEESIM]. JEE: HERFEH
Ak, 2003

[2] CIGRE Report. An international survey of the present
status and the perspective of long-term dynamics in
power systems[R]. CIGRE Task Force, 1995.

(3] FFIUR, BREER. EWR&RP ISR Tkt
W B A B, 1996, 60 (4): 17-19.

(4] Wi, TH], BATRL DRI RGBSR 20
FRGENERREWT). MECR, 1997, 21 (8):
44-48.

HONG Mei, DING Ming , DAI Ren-she. The
probabilistic modeling of protection system and its effect
on composite system reliability[J].
Technology, 1997, 21 (8): 44-48.

(6] FREEM. 2k AL RIS ATIRDL VN T R [J]. L™

HiA, 2000, 24 (3): 1-2, 65.

Power System

CHEN De-shu. Study on evaluation of protective relay
operation[J]. Power System Technology, 2000, 24 (3):
1-2, 65.

(6] T4, £, W AT SEES G i gk ik

PR R R T[], o E AL TR, 2007,
27 (25): 44-47.
DING Mao-sheng, WANG Gang, HE Wen. The optimum
routine maintenance interval of protection based on
reliability economic analysis[J]. Proceedings of the
CSEE, 2007, 27 (25): 44-47.

(7] BARA, AL, BbeZ, & kiR Bl it 5)
AMERET R[] EMEAR, 2004, 28 (9): 18-22.
HE Jia-li, GUO Zheng, YANG Xiao-jun, et al. Reliability
and dynamic performance simulation of protective
relayings[J]. Power System Technology, 2004, 28 (9):
18-22.

(81 T4, TO%A, mete, S5 HUrgkmRy e E i A
PEBESE]. B L TR A4, 2004, 24 (7): 47-52.
WANG Gang, DING Mao-sheng, LI Xiao-hua, et al.
Reliability analysis of digital protection[J]. Proceedings
of the CSEE, 2004, 24 (7): 47-52.

[9] Bilintor R, Tatla J. Composite generation and transmis-
sion system adequency evaluation including protection
system failure modes[J]. IEEE Trans on Power Apparatus
and Systems, 1983, 102 (6): 1823-1830.

[10] Anderson P. An improved reliability model for redundant
protective system-Markov models[J]. IEEE Transactions
on Power Systems, 1997, 12 (2): 573-578.

[11] Anderson P, Agarwal S. An improved model for
protective-system reliability[J]. IEEE Transactions on
Reliability, 1992, 41 (3): 422-426.

[12] Kumm J, Hou D. Predicting the optimum routine test
interval for protective relays[J]. IEEE Transactions on
Power Delivery, 1995, 10 (2): 659-665.

[13] Kangvansaichol K, Pittayapat P, Eua-Arporn B. Optimal
routine test intervals for pilot protection schemes using

methods[C].  //Seventh
Conference on Developments in Power System
Protection(IEE). 2001: 254-257.

[14] Yu Xingbin, Singh C. A practical approach for integrated

probabilistic International

power system vulnerability analysis with protection
failures[J]. IEEE Transactions on Power Systems, 2004,
19 (4): 1811-1820.

[15] TanJ C, Crossley PA, Halll, etal. Intelligent wide area
back-up protection and its role in enhancing transmission

reliability[C]. //  Seventh
Conference on Developments in Power System
Protection (IEE) .2001: 446-449.

[16] Wang H, Thorp J S. Optimal locations for protection

network International

system enhancement : a simulation of cascading



- 166 -

® A ELEYEEH

outages[J]. IEEE Transactions on Power Delivery, 2001,
16 (4): 528-533.

[17] Bloemhof G A, Leitloff V. Simulating protection systems:

[18]

[19]

[20]

[21]

[22]

[23]

effects on voltage dips and reliability, a case study[C]. //
Seventh International Conference on Developments in
Power System Protection(IEE). 2001: 258-261.

FAE>, TER, B2, 2004 44 E d 4% i ity
524 QBB EISAT I OL[T]. R EOAR, 2005, 29
(16): 42-48.

ZHOU Yu-lan, WANG Yu-ling, ZHAO Man-yong.
Situation of protective relaying and automation devices
of power systems in China in 2004[J]. Power System
Technology, 2005, 29 (16): 42-48.

JEE, AR, ERIATE, AF 2003 AE4x[E A M4EH
Ry 5 24 A B R IBAT R DL 20T )], HRECR,

2004, 28 (20): 48-53.

ZHOU Yu-lan, ZHAN Rong-rong, SHU Zhi-huai, et al.
Statistic and analysis of operation situation of protective
relayings and automation devices of power systems in
China in 2003[J]. Power System Technology, 2004, 28
(20): 48-53.

s TR A FEVE VRS VAD). RS A B
., 2005, 29 (4): 92-96

ZHANG Pei. Reliability assessment method based on
probability theory[J]. Automation of Electric Power
Systems, 2005, 29 (4): 92-96.

P, VERERE. — R b gk HLORS R G TSR A
VE[T]. ARG EEME, 2006, 30 (16): 3235, 76.
SUN Fu-shou, WANG Xiong-hai. A new method for
reliability analysis of protection in power systems[J].
Automation of Electric Power Systems, 2006, 30 (16):
32-35, 76.

Castro L R, Crossley P A. Reliability evaluation of
substation control system[J]. IEE Pro-Gener, Trans
Distrib, 1999, 146 (6): 626-632.

i, mlE, IREL A GO MR LR ] SEME VA
R N 0] ) R G B, 2007, 31 (24):

52-56, 85.

WANG Chao, GAO Peng, XU Zheng, et al. Application
of GO methodology
protective relays[J]. Automation of

Systems, 2007, 31 (24): 52-56, 85.

and

in reliability assessment of
Power Electric

[24] Billinton R, Allan R. Reliability evaluation of engineering

[25]

systems: concepts and techniques[M]. Second edition.
New York: Plenum Press, 1992.

Wrobte, D3, w7, A SZRAE RSk RLORY
ARGAAETE]. ARG AL, 2007, 31 (15):
111-115.

CHEN Shao-hua, MA Bi-yan, LEI Yu, et al. Intergrative
and quantitative calculation of reliability for relay

[26]

[27]

(28]

[29]

(30]

[31]

[32]

[33]

[34]

[35]

[36]

protection system[J]. Automation of Electric Power

Systems, 2007, 31 (15): 111-115.

Johnson G F. Reliability considerations of multifunction

protection[J]. IEEE Trans on Industry Applications,

2002, 38 (6): 1688-1700.

Pukkinen U, Koskinen M, et al. A method for

analyzing the reliability of a transmission grid[J].

Reliability Engineering and System Safety, 2008, 93(2):

277-287.

ERAE. X ALK R R GE AT SENE AT R A T).

4kHids, 2005, 33 (18): 6-10, 14.

WANG Shu-chun. Markov model for reliability analysis

of dual-redundant relays[J]. Relay, 2005, 33 (18): 6-10,

14.

AE/NMR, WRBHATTT, SR, 4. KRR RGEIEH

DIBR SR O MER B D]. "D RGE AL, 2007, 31
(7): 12-15.

XIONG Xiao-fu, OUYANG Qian-fang, ZHOU Jia-qi, et

al. Probabilistic model for the relay protection system’ s

Haarlal,

correct failure removal[J]. Automation of Electric Power
Systems, 2007, 31 (7): 12-15.
Anderson P. An improved reliability model for redundant
protective system-Markov models[J]. IEEE Transactions
on Power Systems, 1997, 12 (2): 573-578.
Kumm J, Hou D. Predicting the optimum routine test
interval for protective relays[J]. IEEE Transactions on
Power Delivery, 1995, 10 (2): 659-665.
BRI, AFBCh, WY gk R ORY R E AT EE T AR
R BT FE]. B AL TR 4R, 2001, 21
(6): 63-65, 71.
LI Yong-li, LI Zhi-zhong, YANG Wei. Study of reliability
and optimal routine test interval of protective relays[J].
Proceedings of the CSEE, 2001, 21 (6): 63-65, 71.
JBGS R, XTI, Arridd, SF. —FHEAE TEC 61850
FRER & I B G FD BSBUE O R[], ARG A D)
14, 2004, 28 (11): 57-61.
YIN Zhi-liang, LIU Wan-shun, YANG Qi-xun, et al. New
method for implementing the synchronization of merging
unit according to the IEC 61850 standard[J]. Automation
of Electric Power Systems, 2004, 28 (11): 57-61.
IEC 61850 communication networks and systems in
substation-part 9-2 : specific communication service
mapping (SCSM) -sampled analogue values over ISO
8802-3[S].
A, TR, AR R T AR R A SR B
AR BMHEA, 2006, 30 (23): 67-71.
GAO Xiang, ZHANG Pei-chao. The main features and
key technologies of digital substation[J]. Power System
Technology, 2006, 30 (23): 67-71.
SR, . B RT AR G S T



G HL R AT SEVEBE T SRR

- 167 -

BRE AT+ E AL DR A, 2008, 28 (1): 77-82.
ZHANG Pei-chao, GAO Xiang. Analysis of reliability
and component importance for all-digital protective
systems[J]. Proceedings of the CSEE, 2008, 28 (1):
77-82.

(371 By, AU, BRiRiE. T 77 i EERUR PR 45K

AR RG], BB TRESAR, 2008, 28 (22):
87-93.
YANG Zeng-li, SHI Dong-yuan, DUAN Xian-zhong.
Wide-area protection system based on direction
comparison principle[J]. Proceedings of the CSEE, 2008,
28 (22): 87-93.

[38] Tan J C, Crossley P A, Kirschen D, et al. An expert system
for the backup protection of transmission network[J].
IEEE Trans on Power Delivery, 2000, 15 (2): 508-514.

[39] RABFHG M7, &ICE, 55 702 M XA
AL ABASEL]. ARG A BN, 2007, 31(3):
72-78.

WU Ke-cheng, LIN Xiang-ning, LU Wen-jun, et al.
Principle and realization of the hierarchical region
protective system for power systems[J]. Automation of

Electric Power Systems, 2007, 31 (3): 72-78.

[40] Giovanini R, Hopkinson K, Coury D'V, et al. A primary
and backup cooperative protection system based on wide
area agents[J]. IEEE Trans on Power Delivery, 2006, 21

(3): 1222-1230.

[41] Adamia KM G, Apostolov AP , Begovic M M. Wide
area protection: technology and infrastructures[J]. IEEE
Trans on Power Delivery, 2006, 21 (2): 601-609.

[42] K&, PR, S5 Zoofh& M RG] SE vk Somr
Y[ PE LT REZER, 2002, 22 (6): 52-55, 61.
LU Zhi-feng, YANG Shao-hua, et al. Study on reliability
computation for system with multi-component in
reserve[J]. Proceedings of the CSEE, 2002, 22 (6):
52-55, 61.

ks HEA: 2009-09-09;
fEEE T
WEHE (1980-), F, LA, #HF, HATEA
W, 7] Z %R A 5424]; E-mail: daihuadian@163.com
IR (1964-), B, Ik, HEAF)F, T2NFEY
7 F SR B AR

&E HEA: 2009-09-29

(E3% 150 W continued from page 150)
FEOR W e (A, Al 7 N Al e A E . Y
Kt FUEAER, BN TT e, 5 oot R
HLADHL R IE 5 ) 8 PT W2k i 7 a) o
kst PT WrdiR R4, WIEWRA Fi s pLIn] ke
AR ABUE S, FIRR 2 R8h, I8 AN BEZ
SRHLD, BUIN 2 REZRE IR S R B, T P B I
PRAF IR

B3 30k
(1] Tl 6 kv | IR MR A [J]. AT,
1989, 3: 51-52.

(2] Z=iisll. Ky rs ) P s B2 bR O3 1 T[],
ZE R EAR, 2004, 32(3): 47-48

(3] BUmEHE. 330 MW K HUHLATICHTRF L e bae i 23 A Kokt
). FEHE S, 2008(3): 31-36
HE Xiao-hua. Analysis and countermeasures of common
box bus-bar fault of 300 MW power generating unit[J].
Ningxia Electric Power, 2008(3): 31-36.

[4] K2, 200 MW BLAL) e Hs REZR R K Wb it 18] 2
B[], AL Bk, 1987, 27: 42-43.

(6]  dfefE. KT H 6 kV REZE B IR Ry 4R 1 [J].

MR, 1998, 22(3): 75-76.
MENG Heng-xin. A consideration of equipping 6 kV

bus of station service power consumption with fast
protective relaying[J]. Power System Technology, 1998,
22 (3): 75-76.

(6] BEAE, KK, Fm. IO UE R
B ARG NI, WS BOR, 2006, 28
(2): 53-55.

FAN Jian-jun, ZHANG Jing-yu, LI Shuo. Intermediate
and low voltage switch cabinet and bus bar protections[J].
Inner Mongolia Electric Power, 2006, 28 (2): 53-55.

(7] FERL AR BEE PR R S0 77 R [CL/ = B L )
PR IR AR, 2007.

[8]  E4ifs. W TR AR S N M]. dbat:
U R, 2002.

(91 L), ook, FURG 55 ) TRUGFE (M].
. dbats FEE IR, 2002.

WS HEA: 2009-09-10;
fEE B

% A (1962-), F, Ait, TARNP, MFgdiR R
L T4E; E-mail: dongjie@sf-auto.com

FTAE (1965-), 5, AH, K&, KERFXALE
T AR T,

x| A& (1965-), F, MiE, I, KPAAFH% IR
A OHEBEGITA. LR ITAE,

&E HHR: 2009-12-09



