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Fig.1 Schematic diagram of circuit breaker
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Fig.2 Schematic diagram of maintenance
ability variation along with time
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Fig.4 One-and-half configuration of circuit
breaker(uncrossed wiring)
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Table 1 Failure mode analysis for circuit breakers

K7 % 75 KA 15 H, o] % 450 ST
Bl sl P R 0 Aoty
QF, = By b e 1 Aty
{6 5) 1 Pyt
Bl Bl P B 0 A
QF, = g M 2 Auly,
iE3h 2 Ps (Ar 4+ Ar)ta
Bl Bl M 0 Aoty
QF, = 2y M e 1 Aut,
E3h 1 Por b,

— R ) AT SEE A A 1B AR S/ Y W i
PPV E S, A0 18 B A 5 A0 5 1 5 1 AG 122 9%
FI BB A B R A AL 2k A

o j AR YA X TR DY | e 10T J 1 9 A A 1
A8 6 00 O 7, 6B B N = round (MTTF (1,4)/7)
round A U IE S W By PEAG & 2 A €, PT LA OR
HA(T),

ClchN (7)
Hlt e, o W UCHUB K s e 1
BRI 2 C, H
Ci=e S| Flon () ()

S o bR 20 [ (o o

55 ¢ YT PEAG A8 i ) A B A A AR

155 F 451 2% B A0 45 T MR A IE A B 2R €5, A
A A B A5 HL AR Cpe

C}]ZCPH‘CCEDNSMN% (9)
Comeun EDNSut S [ fin (00 (10)
LR e WL EDNS,, W WTBE 2 & JEAT TR PE A
118 5 28 58 07 1 1980 A4 31 B2 4F ; EDNSS,, Ay W7 B 2
k AT 4 S R R A 1 AR TS 2R G A 7 1 B

8] (e FR 5 § UG PR 14 190 4 B

KRR 1, Ry T VA B 15 S I 1] 50, Ay R A 1B
FRLmf ],

DRI, DA VBT S 2 A6 1 00 A X i) PR 1 A 5 J 3000 A
feA% & | LR A& A Ak DX ] A A& il A B/ R H A bR
B, VR I g T PR A AR AR AR N

min C=min(C,+C,+C5;+Cx,)
sit. 0sT,=MTTF(4.) (11)
MTTF (1,.;) >MTTF,
Hor MTTF (4,2) A 1,y I 220 W7 B 5% ~F- 249 980 4% T i e
TAERFE] s MTTF, A 4 1 K18 B,
32 SAWMKSIEKREREE
M 2 5 W 2 HE L [ B ) B A A )| A

=

MUY IO 12 25 5 75 16 2% WK B 5 2K 2208 47 X 3 G T A
DAV 114 BT HIR B2 A K B 2B X6 3 4% 1 45 18 52 0

108 3 R W % R RO BT T 1 B A%
IR 22 G2 07 A 964 B2 1) STRRE EDNS, 4

EDNS,,=EDNS;w,s+ EDNS,, .+
EDNS; guek @ ek (12)

Forb ooy BB P SRR 2R G2 ) AN ) BB Y BT
BRALE s EDNS,, 9 Wi a% b JE47 32 2 M il e 4G 18 R
Hh 5 2R G S AT R S A 0, R T B PR XS £
G J) A R A Y TUBRALEE ; EDNS, 0 M BT B 5% &
E 20 %% 22 G2 G AT 0l 0 3 A 5 0 M T B A K 4B
X5 ZR G 1A R B Y DT HRA R

SE W Ay kRO RIE B0 v, Sy gk gia ty
I Xof 28 48 ] 5E P46 AR TTBRE EDNS,, 5K IR 5
ARG EEESE AR EDNS,, 92518, B,

Wk:EDNSkZ—EDNSH (13)
W, MR W WT A ke NIZBEE R AL
4 HEISH

4.1 BEBIEBHRERE

ASCR A IEEE-RBTS R 491 3475 534510 3 #7 |, fn 1#1
5 s, LA RBTS H 3 5728 HE i 7 4 5708 B 3l 1) DB it
KB NGt RBTS S80I A1, Wi 25 32 20 M ik i
R X,=0.0066 X /a, # S PEH RS A,=0.0005 K /a,
S-S5 B A5 FL IS R) 4= 72 b, AR ¢ =1 h,

G 2x40MW  1x40MW G
Ix20 MW 4x20 MW
IxI0MW  2x5MW
1 2
L L, Ls L, Li| 20 MW
3-1 4-1
bd b PN
q L
bAj//\ b, W‘
bz\ b\ \bg bm\
3-2 4-2

Ls Ls
ssmw 1 5 40 MW
Lo| 20 MW
6
20 MW

B 5 IEEE-RBTS M £ #$h &

Fig.5 Topology of IEEE-RBTS
JBUART 7R 3 A 2 TS P R U e R 19 20 A
PREL, RE X 25 b B A U D AR SCe 26 i A /K
ST HR AT AT A 51 B 1

Hon,
t \B-1 L \B

=B exp|~[ )| (14)

Hr g AIBIRSE ,n WRESH AKX B=
2.3849,17=16.235,




% 10 H

RB/IMAR G5 T R Ao R WL A 52 1 14 BB B 88 R B 3R Ty 1 @

B BT % 48 27 ¢ A8 T L 4 TG i B B[R]
At Y, IR IEZ 20 A | 36T 1 254541 10 il i HE %
R R P

u(y)= exp

L) | (15)

1
o\2T
Hor w FYHE o, IbRAEZE

FR A IE A5 A 3o BRI AT ALY, R HUETE A
B3 30, 0 FET N R =3k 0.97, A w - 30> 0,
B w=5,01=4/3;u,=4,0,=3/3;,=3.5,0,=2.5/3;
ma=3,04=2/3;us=2,05=1/3;us=1,04=1/6,

RS W i 28 TSl M A A 2% FH ¢, =3000 JT/1K i
Kt 2 H ¢=10000 JT/, BN ¢,=0.5 7T/ (kW +h),
A LA S 20000 T, TR 1 4G A& 55 FL IRFIR] 4, =
24 h, Wi AR HE SR N Ps=0.01, 1% MTTF,=6 a,
BIY 224 S 459 51 4% TG R T AR I [RIAIR T 6 a 242 HE 4 1
Kt

DL B 2% b, A 1 1 AT TR A 08 U P 1k
THE b, BT PER B R 5, R G A
EDNS, 4 0.0521 MW , 8 sl ik iR iz 1715, R 40
B AN R EDNS, o8 0.067 MW, AR (11)
X W AR b, HEAT TR B R B AL

T 15F ZI W B 7 b, ST 259 70 4% TG R T AR I )R
14391 a, I LL 14 a 5 1 DS RE AL X 1155
R KB R R 9.417 a, KB AR 3646 TC,
551 MR B AL IX ] B — IR,

52 MRBE UL X RIS 9.417 a FF UG | 733
ATCHBE TAERA R 10.579 a, LR 102 A5 2 4>
K& Ak X 18], BD(9.417,20.417 ] a, 75843 2] f
K AE TN 6.75 a, KB AN Ry 3462 70, 5% 2 MK
B T A AE — Ik, AR R DAk X
TE) PR ARG ) 300 A A A an g 2 BT

2 MKEDL REAHRBBEHRAK

Table 2 Maintenance period and cost of
circuit breaker b,

K At AL 1 ] MTTF/a Kfg il /a  KefgliA /o0
1 14.391 9.417 3646
2 10.579 6.750 3462
3 8.715 5.417 3374
4 7.657 4.750 3330
5 6.832 4.083 3286
6 5.996 3.417 23241

18 158 - 24 90 A Gl s T AR 1) I T 6 a MU “42 HE
SR AE TN B2 b, TES S R IR 1 KB )
BTk e TAERS A 5.996 a,/NT 6 a,3.417 a J5 %
He A AE KB A A 23241 o6, &K BHELIX ]
DAY DT 65 28 A o R 36 28 RSN 1] 6 TS

H AT, f R A B G T 2 6 a AT — IR B 28
Kt 12 a #HAT—K A JERME, L 33 a WKRAETTHI
S 2R AR KB A R 79989 TT, SR AR ST

I
=3
&

AL A
B A1)
[}

3

o

10 20 30 40 50
t/a

— L ARBI RN -5 2 R
—— 55 3T RN —— 55 4 TR I
= 35 5 BRI -5 6 eI I
6 ERMEITXIHAHEMETERY
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Circuit breaker maintenance strategy considering influence of

maintenance process randomness

XIONG Xiaofu',LIU Song',ZHANG Nanhui*, WANG Jian',YUAN Jun?
(1. State Key Laboratory of Power Transmission Equipment & System Security and New Technology,
Chongqing University , Chongqing 400044, China;

2. Kunming Power Supply Bureau,Yunnan Power Grid Limited Liability Company,Kunming 650011, China)
Abstract: Affected by various factors,a maintenance process of circuit breaker has certain randomness,
which cannot be accurately described. The relationship between the single maintenance randomness and the
remained faultless time is analyzed and an MTTF(Mean Time To Failure) model considering the influence
of maintenance process randomness is established to reflect the reliability of circuit breaker after
maintenance. The calculated MTTF of circuit breaker after maintenance is taken as the optimization period
for next maintenance and with the minimal sum of preventive maintenance cost,fault maintenance cost and
outage cost as its objective function,a maintenance strategy considering both reliability and economy is
developed. The system risk induced by the quitting out of circuit breaker for maintenance and the potential
system risk by its continuous operating are analyzed and a concept of circuit breaker maintenance urgency
is proposed,which is used to determine the maintenance sequence for several circuit breakers to be
maintained in same period. A case analysis for IEEE-RBTS verifies the feasibility and effectiveness of the
proposed method.

Key words: electric circuit breakers; reliability; preventive maintenance; failure maintenance; outage cost;

maintenance order; risk analysis; maintenance
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