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Abstract

220 kV and 500 KV transformers, circuit breakers, arresters and current transformers are taken
as research objects in this paper. Based on the historical operation reliability data, reliability pre-
diction models of maintenance factor based on power function of transmission and transforma-
tion facilities are established. The reliability statistical results of transmission and transformation
facilities, such as 220 kV and 500 KV transformers, circuit breakers, arresters and current trans-
formers in China, calculations of undetermined parameters and statistical check results of relia-
bility prediction models are given. The results show that reliability prediction models of main-
tenance factor based on power function of transmission and transformation facilities are con-
formed to the change laws of reliability, such as 220 kV and 500 kV transformers, circuit breakers,
arresters and current transformers in China.
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1. 5|8

i A% PR e P T SR M SRR R R R G T SR M L SR A TR, R R G T SRR T —
TR BT A . 7% FE R P T S P G v DAL Th RE D bR 10 T 1) 1t 1 AT SE M Ge T VEAN . SR L
it v FEPE GV I B AR BLAE DY AN T T @ R R ) TSR MR R AR SR, A A R H
MRl SEME AT, R SO, OV PTEEMEE R AE R RN RGNS R R A EEE, N
RET ARG HE RGO T 0 B s R T FE R R A S i A e A R it 1 1 3 sl
R 3t )3 A b i B T SEME R G s DU v A B S BRI A IE I S B TUH , s &R
FRALAKHE .

TESAR FE B B AT SR SR S T, SEERE R TAE TR AL R . 1968 4E 1 H, EE oL T 4
HA, /7 A §E P 43 (National Electric Reliability Council), f&#% NERC. 1987 4F, IEEE #l5€ 1 (EIRMHr
7w it 155 S A2 IR A RAE 1K) TEEE A7) (IEEE Std 859-1987), #ix#ihi AN IEEE Std 859-1987
(R2008) [1]52006 4= 10 H 24 H,NERC JE % 1 i B v] S £ 2% R Gi(Transmission Availability Data System,
TADS) TAE/NH, BAEE L G— 1] S0 H% 75 S AN PN F B0t 1 7T 52 PR FR AR (2] [3]

B 1993 4EIF4E, 1EAAT LA TH S Bl A F it o] SEVE G v PR AT SE A B T . 2003 4%,
Hh ] R A B A 2 L T SRR O i T H R AT AR E DL/T 837-2003 (i HEL A it T FE PRV
WL , € 7578 i vl SR G I ERE FE bR, & TR E A Al 5 A A )
A5 L Bt T BE ) T SEVE VAR, BOBT AR UES N DL/T 837-2012 [4]. H L Jy A VI A4 i g AT SR 3
o, M 1994 SRS, RREREIFRTE AT S, RENAL BN AT SRR bR . 2004 A, HJ)RTEEPEEBE
dO IR IR EB 25 TEAS T 2000 4E 2 2002 4E4[H 220 kV K LA LRSS 13 2840738 B B0 1) 3 BB AT Al 5
PEFRFR[S] [6], 40T T RS2k, APIE A, keSS 3 RF Bt il Tit ks . deitksis T fEvE
SN 2007 4F, BHSLEESEE I 2006 4E4E 220 kV K DA E S S5 g0 AR B B0 AT SRR G, wh s
RS WEkas . 20 RiRSE 3 REEHAR MG RITE. Bt REE ) R B E R AT T o
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51FA4[7]. 2008 R4 2012 4F, FRETIEZEE T 2007 45 2011 4543 220 kV 72 LA _F B 25 20 408 HL
Jiti AT SE R SE 8] [9] [10] [117[12], XFEUmaAs FEag . Wik as. Zeas eR kA 3 283 Ham AR v it 1 1 il (2
g, B REE P R B E R AT T o ST

LA F5 AR H B 1 AT SRR SRR i, O EE T A H U it 32 47 R SR ) s R i g it AT
AT DA H R R F e () T SRR AR SR R, XTI T “HE T WS BUE T M
Guik i, GRS R LR BN Y AT SRR AR TN . S B TR H AR B, AR
ATEEPEFRAR IO TOUINEL o 4607 FEL VLB P T SE P 00, R/ B3 ) T B A A . (R, F A R R T
AT EEPE SO B HOA Y, T R R AE A S LA AT R EE PR RR AR SO, R TR e R T
FEVERIEARE B, 0T HE A Lt i ] S AKCP A RURE A

2. M I A SR ITEN E AR
2.1. TREMEIERHTELR

MBS S AT Ay AR RN AFHL” BRIRASES, R R S 3 T SRR AR R T 4
MR RE po WK1 PR, A M p FITHE AKX 5N

n

=

Ky x,x,,,x, — 7 AL T AR RS HI )
ylﬂyzfnayniiﬁlﬁq%{': “1’%*[[»” %%E/‘Jﬁ[‘mo

22, TRRMARERMOHTEAR

AR BB PR A A RS AT AR B Dy “ RIS A0 “ AT ARSI, ZIRER()AKQ2), i
Jith (¥ R] P AR B Ap MUASAE R B p B THERL 2 30050

=L G
thgttem 1+p
1A hy @
AF tAH

A tan PR AR H BN RTINS B, oo Do AR ISR PR A T T/ IS
Az HL O R AT AR A BTHRE A S, AT L RRME DL/T837-2012 [4]MIRLE, sE4—E. &
K p 58 SONAT FI/INSE to 5T E 24 2 VG, 0P SCRAT . 2 4028 FL VOt (0 ] SEVE B 9

:‘I,f/]z» X1 X2 X3 Xi Xn _

“lEHL” Yi Y2 B Vi Vn

Figure 1. States of repairable products
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K& RBOZ — AN EE A SRR AR, SR A S AR R e 1 ] S AR AR, AR A 1 S AT .
3. ETRERBTTEMETNEES
3.1. RIERB AR RHA AT EETNER

AR K280 A P S8 ) FT S M3 B [ 13, ST PR TR B MO A A vl VG 0 s R M AR AL U, 2
AR H 1R it A A8 2R R T bR B 4 T T AR R 3R R

p(t)=r" ®)

R, pONE EIRIE R, r NRESH, o NHEKRRL.

0K BH o RS S, o i AR VA T S 3 . o < 0 I, SIS Fh VR MG 1 7T
SEVETEIR D > 0 B, 22 I AR L G 1 FT S AR R K

JREE BB (RIS S, S T AERE PRI ¢ = 1 RS RS RS R B AKCP e= 1,6 p(t) =7 »
e = (Lo r) o (U4 P)RMBIEORIE T 76 G PRI ¢ = 1 I by MG 0 T RS AT
3.2. TRABETFRER

K RSYIRNR(B), T35 o M P e 1 28 50 5 B 1T T R 28 550 A () TR (0 $0 2 By

4,(1)=—

T
33, TRMTARBESHE T SHARS
XA o FERTHRA G 2R Ap(0), 1R @) U0 KSR p(1), 4 x, =ne,
vo=tnp(n), RN e mT LA E R(SYIS(6) T 15 5E B F o [13].
WA ST 14], 40 v 5 T R MR 5 45 5) A (6) T P BB L K%

(6)

TR G &N
bS -2
S, —bS,,
_ 1y
X ZZZxI. (®)
i=1
N (.
y="20 ©)
i=l
i=l
Sxy:inyi_nﬁ (11)
i=1
S, =>yi-ny’ (12)
i=1
S)CV
b= S“ (13)

45 W ENKT B SCER15)E F o0 A B ECRA Fy(Ln-2), HF>F,(Ln-2)I, 2K
(O R A& RECA T R B TSR TR AL, 4 F <F, (Ln—2) i, JE4R(6)K & F B 7 B B vl S 73
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4.220 kV AR R 2 R I 9T R TR M AR E RO EHE
4.1.220 kV AR HE AT MR GTHE R

A2 HL Bt T S RO B S VBT R |, 2% 1 4R T 2002~2011 AR A 220 kV AR TR AR W
i R AR AU TR AR A 4 2K 220 KV AR L BEHE T R B AR() T AR 16], R | s, 15
2002~2011 446 220 kV A2Jkds Wik ds . 8w a3 A AL AR 4 28 220 KV fie v B A m] FE 115
FAMKIETE B 2~5 Fion . A 2~5 1 220 kV 4% fUBERE AT SEVE I AR (B3 R0, AT LU HY 4
2K 220 kv 2% HLBER O AT SRR R K
4.2.220 kV SRR IE R T B R AT EMEFUNRE RIS R

S FH S A S ) A R BB T A PR AR R Ui, e BT P 4 5 220 KV AR B B A
FEEVER AR (S, 2002 A 2008 4L 2002 5 2011 4 A EEVE FUIRE R ) 56 IE S5 2R 73 A 1) T4
2 R 3. R RFEMWAKT B = 0.1, T 2002 2= 2008 FWEHE, o = 7, HALHIS], A

Table 1. Statistical results of availability factor of 220 kV transmission and transformation facilities

% 1. 220 kV ¥R E R A A MR ST 4R

. A RE Ar(t)/ %
A 4y " , N . .
AR 17 % 2% bl EEV RS
1 2002 99.173 99.548 99.831 99.779
2 2003 99.175 99.612 99.846 99.803
3 2004 99.312 99.691 99.866 99.838
4 2005 99.371 99.680 99.881 99.828
5 2006 99.489 99.744 99.892 99.853
6 2007 99.579 99.803 99.894 99.878
7 2008 99.646 99.856 99.920 99.912
8 2009 99.722 99.892 99.931 99.921
9 2010 99.733 99.921 99.945 99.936
10 2011 99.849 99.958 99.975 99.968
Ap(t)]%
100.000
99.800
99.600
99.400
99.200 -+
99.000 -

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Figure 2. Trend of 220 kV transformer reliability in China
2. £[E 220 kv TEFRAEMH LGS
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Figure 3. Trend of 220 kV circuit breaker reliability in China
3. 2[E 220 kV BB R AT MR (LHESS
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Figure 4. Trend of 220 kV arrester reliability in China
4. 2[E 220 kv BERAEMHNELES
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Figure 5. Trend of 220 kV current transformer reliability in China
B 5. £E 220 kv BRERFAEMNTLEE

Fyo(Ln-2)=F,,(15)=4.06 + %I F 2002 4 % 2011 E@H#, n = 10, &LW[5], &
Fyo(Ln=2)=F,,,(1,8)=3.46 , BT F>Fy, FHIE PN 4 2 220 kv 528 H B0 AT i R 5L A AHEAE R HG
ATSEME A AL B A RS R R(O) TR M TR MUY . th 2 2 3 40, a>0, SE AT RERWIX
4 98 220 kV firae B it Y T S R K S .

R 4 2 4t 9 220 KV 445 B BERE FT S PR TR AL (5 1 24, 7940 2011 4F 220 KV #78 i B b AT
SEPERTNGS S T4 40 WA 4 50, 5 2011 EGHEAALL, 220 KV 478 HiL B0 T 55 ML T 45 SLAR X R
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Table 2. Verification results of reliability prediction model based on power function of 220 kV transmission and transforma-
tion facilities from 2002 to 2008 in China

< 2.2002 F£E 2008 £ 220 kV i I HERE REUCAR R TR R A I IELE R

B AR r a F F,
BAIR 0.0099367468 0.43492092 21.58 4.06
T % 2 0.0052512521 0.52200993 21.95 4.06
T A 0.0018448500 0.34519699 35.12 4.06

LR E 0.0024769101 0.39716870 16.74 4.06

Table 3. Verification results of reliability prediction model based on power function of 220 kV transmission and transforma-
tion facilities from 2002 to 2011 in China

%< 3.2002 F£E 2011 £ 220 kV T I HERE RECAR R FUNRE B I IELE R

B R r a F F,
BAIR 0.0121263797 0.67293698 27.82 3.46
T % 2 0.0072248215 0.90305725 23.05 3.46
T A 0.0023681005 0.63760576 15.92 3.46

LR EA 0.0031688138 0.68788577 19.01 3.46

Table 4. Prediction results of 220 kV transmission and transformation facilities from 2002 to 2011 in China
F< 4. 220 kV (T B HE AT S FUNLE R

A L B Fy TRIE Ae(£)/% GEHE Ae(t)/% AR /%
B 2011 99.636 99.849 -0.213
W7 i 25 2011 99.842 99.958 -0.116
Tt A 2011 99.917 99.975 -0.058

H i LU 2011 99.901 99.968 -0.067

FMARHE/N T 0.25%, SR BT {0 461728 FhL BB T Sk TUASER ) TR P L -
5.500 kV 3R IE R YR B Y TR TANR R K EHE
5.1. 500 kV $AEE IR HEA] SEMERIGEITHEER

T2 KA BV T SE e e PR R A B LA b, 26 5 45 T 2002~2011 4E42[EH 500 KV A% 28 ik e
TR AR LU FLUR AR 46 4 28 500 KV AR HL it i) R B AR(n) I geit iR 16], FIAH R 5 #dl, 5
2002~2011 4= [F 500 kV LA WrEkas. B a1 i T IRER 55 4 28 500 kV 4§ /it 1) T SE PR IR
SEAFHIRE T B IE 6~9 Fizm. AL 6~9 (¥ 500 kv 5738 St ] S5 04 FO A B e b, TG H 4
2 500 KV #i72% H BEAE AT R TE BRI KA

5.2.500 kV #ER AR ER BT RY T EMEFIMRR HEIFER

I ARG B0 T 7 bR 25 A% P A il T S e T A 28 R LA R B0 7732, e T E P 4 2% 500
KV 5% Ut T SR RO AR A E L 2002 A2 EE 2008 DL K 2002 HEEE 2011 4 [ ] S TR L 56 0E
R HA T 6 ML 7. g REMAKE B=0.1, BICHR(1S], B F,(L5)=4.06, F,,(18)=3.46,
HT F> Fp REEN 425500 kV 7% f s LA rT H R 5L Ap NRHIE S IR AT S8 AR AR AT & 0(5) Al
O)E/RHIATSEE TR . (3 6 fI3E 7 /1, o > 0, EESWEEREYIX 4 28 500 kv 48wt i a]
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Table 5. Statistical results of availability factor of 500 kV transmission and transformation facilities

%% 5.500 kV MG AHNGITER

AT R B Ap(1)/%
98 L4 Ay — - -
BT W7 it 45 BT A% L LA
1 2002 98.816 99.243 99.636 99.538
2 2003 98.936 99.103 99.570 99.440
3 2004 98.973 99.373 99.673 99.640
4 2005 99.200 99.328 99.673 99.595
5 2006 99.444 99.502 99.674 99.614
6 2007 99.491 99.602 99.753 99.732
7 2008 99.404 99.713 99.812 99.807
8 2009 99.470 99.776 99.786 99.794
9 2010 99.539 99.848 99.862 99.826
10 2011 99.662 99.879 99.920 99.895

Table 6. Verification results of reliability prediction model based on power function of 500 kV transmission and transforma-
tion facilities from 2002 to 2008 in China

< 6.2002 FE 2008 £ 500 kV 53 B ERAE REUCAR R FUNRE B I IELE R

a2y r o F F,
AR 0.0136956779 0.45620529 20.63 4.06
U i 0.0099454771 0.47369918 10.05 4.06
plida g 0.0044245871 0.29919859 6.54 4.06
R AL FL RS 0.0058234133 0.39647296 7.03 4.06

Table 7. Verification results of reliability prediction model based on power function of 500 kV transmission and transforma-
tion facilities from 2002 to 2011 in China

5% 7.2002 FEZ 2011 £F 500kV i HIZHER & RBUAR R B FUNER AIEIELE R

a2y r o F F,
B 0.0145415257 0.52386114 46.58 3.46
U i 0.0132174614 0.81784999 22.14 3.46
i 0.0054933478 0.55028865 12.59 3.46
EER/E NS 0.0069212448 0.59999094 19.11 3.46
R KES.

MR 6 45 500 kV s B e TT SE M TR K 2 S48, 15 2011 4 500 kV 5r2s B i3 nl
SEVER TGS B A T2 8. MFE 8 F1, 5 2011 SEGLHEAEL, 500 kV §irA8 H 5 it v 5 PE 7000 5 SRR xR
ZHLIHE N T 0.25%, SCH BT 1A F 1A T S P A TR f SR P B R

6. &g

1) A2 BN AT FEVE 00 EPP SR AR T R L AT EE R RGEER R, 45 T & 220 kV AN
500 kV 2 ANHRSERNAR R AR WTHEAE . 8T AR A TLRKER A5 4 28 8 P AR H it 1) T R AU S
AR
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Figure 6. Trend of 500 kV transformer reliability in China

B 6. £[E 500 kV L ERATEMRIZUIESE

Ag(t)/%
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98.000 -
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90.000 -
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Figure 7. Trend of 500 kV circuit breaker reliability in China
7. 2[E 500 kV Eig R A MR T HHES

Ap(t)]%
100.000

98.000 -

96.000 -

94.000 -

92.000 -

90.000 -
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Figure 8. Trend of 500 kV arrester reliability in China
8. [ 500 kv BERAIEMHLLESE

2) KM EFR R4 220 kV #1500 kV 55 2 AL RAEN) 4 28 8 M A H 15t n] FH RBOZE AL
A IEFATEVE AT, W RUR X 2 ANHUERSEN) 4 25 8 Pl AR B v it i T FEVE R I KGE H

3) 4=[E 220 kV F1 500 kV 55 2 AR 4 2% 8 Fid A% H 15 it 1 AT 55 1 0 ARE 2L 1 o i AT, X
4 2% 8 Folrdin A% Hp R it 1) T S R U B AL PR 36 K R FOR T 0, 3R B [ P s 7 4 b SRR ) o S e e 4 it
RCr), ] P AR U P T R R R
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Figure 9. Trend of 500 kV current transformer reliability in China
9. £[F 500 kv BB R A ML LES

Table 8. Prediction results of 500 kV transmission and transformation facilities from 2002 to 2011 in China
2 8. 500 kV (I HE A S UM R

7 HL BT Ay TG Ar(6)/% GEHE Ar(6)/% A5 2 /%
RN 2011 99.523 99.662 -0.139
Wi 2 2011 99.667 99.879 -0.212
plida 2011 99.778 99.920 -0.142

LR EA 2011 99.767 99.895 -0.128

4) 4= 220 kV F1 500 kV 25 2 AN HLREEZ AR 4 28 8 Pl A% v 150t A v S 1 O AR RS I & R 08, 3R
BHIX 4 2 8 Folufiiy A R Jih 1) W] S 1R AR A0 B A9 5 AN SCHR HE R 12 28 2809 e R 0D P S ek L A R

5) BLFHSCHZE HIE 220 kV R 500 kV %678 FL 0 AT SE M TS (A5 2 40, 45 HH A r i ]
PERITRINEE SR, 5t EAHLE, AHXRZER LB N T 0.25%, W] SCH T 7 1) Han A2 H 1t A 5 1 73
DS 1) TAUIUAS 52 LU A i o
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