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Study on maintenance strategy of relay protection system based on condition monitoring
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(1. State Grid Hubei Electric Power Research Institute, Wuhan 430074, China; 2. State Key Laboratory of Advanced
Electromagnetic Engineering and Technology (Huazhong University of Science and Technology), Wuhan 430074, China;
3. School of Electrical and New Energy, Three Gorges University, Yichang 443002, China)

Abstract: With the construction of smart substation and the development of monitoring technology, the Condition-Based
Maintenance (CBM) of relay protection system can be implemented. However, most of the maintenance strategies of relay
protection system considering the condition monitoring are studied qualitatively, without quantitative theoretical research
of science and reasonableness. On this basis, according to the failure mechanism, failure types and evolution features of
the components in smart substation relay protection system, the factors affecting operation condition of equipment are
classified to long-term degradation failure and short-term shock failure. The failure rate distribution model of the
components are described by the Degradation-Threshold and Degradation-Shock (DTDS) model under different
conditions considering the influence of the aging of equipment and maintenance regression. Thereinto, Degradation
Threshold (DT) model is solved by using least square method and Degradation-Shock (DS) model is described through
Gamma distribution. Moreover, the risk assessment models of single and dual configuration of relay protection systems
are established respectively combining the characteristics of the refuse-to-operate failure and the mal-operation failure to
optimize CBM of relay protection system in smart substation.
This work is supported by National Key Research and Development Program of China (No. 2016YFB0900600).
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Table 1 Relevant parameters of each component in relay

protection system
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Fig. 2 Comprehensive risk and maintenance time of relay

protection system of each case
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Table 4 Condition parameters of protection device under

different health scores
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of relay protection system of each case

90 . ——
sof >
0 T
|\ FeR04 P
i) o ~
= X 58
= 0} ;?o.L/
& i X067
= T50.32
= sop W
S
40
30F
x22 |y
Y217 Y2030
20 | Ly L L | L
0 1 2 3 4 5 6 7 8

1A
4 BEGIT U BRI RFES KE SHEIERE O,
Fig. 4 Comprehensive risk and maintenance time (Q,) of

relay protection system of each case

ME 2 FE 3 TS0, XUEALSE HLOR SR
g8 1 5 PRI RGHES AU AT IRBUAT R 15 D
Ny WEAGRY RS R ER G KUK T gk
R ARG IR UL XS, HXCEAL RS R G I
BB m B i ) O /N T R RS I Lk 1
) SXS2 R R LIRS R GERCEAL I E, 2R
PRGN RN RBRIG N, BRI TR R
GBI, Bl TR R SR R A 7
U AR R AR, TR AR, R
XU A T A 4k HL DR 2R 48 1) ) KRS 1 K T

AR AR RGBSR ME . RIS, XU ALAL
BT RS XS N. FE, pEE
AP AR Ak, AR R G Rt IR (1 3
K KT AR R G0 B 2 SO % (10 185 K e
K, BT LR A (R4 ZR G810 d R 4G 17 B k) /N T
B RS,

M 3 5P 4 LA AT A, B 1 R 2
PR RS 2 BIsAERAE R I ] O, S TR R4t 1
(150, » (HF ZE B -Y RGAE O, I LW Bt 4555 X
B K TR RGEAE O, I 2 B UL AU o IX S AT
N, RS 4t o NZIE R, RS 1
EHRBMER NETFAR N, B Ak f AR R
G G I O, I 21 S s B (i, T AR
RYE2 Wi ER B M R TG O, o R, 4kriff
P RBAE Q I L4545 B 2 P B - RGE I 45
A RS 2 A, 11 4k HLRST R GEAE Q, I ZI R 2545 KUK
NG RE 2 Mg A I, 4Ry R4
1 O, I ZUIR AR5 A5 R K T4k LR 3 R B 4E O, I
AL KU o

M 4 FT50, AR AHEATIRGUECE S, 4k
HLOR RS (B FE R G I TR, L2 it 20040k fpL £
PRGN SEE KBS . K 3 FTE 4 EbmT 40,
case3. cased. caseS TIRY'TARG 2 Bt oA K
INTARTTRSE | ARSI, HARY RS 2 1
SRS I BRI TR) K TR R G0 1 IR A A5 T B
It TARYRSE 1A Q INZIATRLAE, (EF34R
PIRG 1 MTEQ, % o, Wl S UF R BRI TR
PRGE 1 AE4TTINZIZE O, N %I 23t %, B
TP ARG 2 LA SN TR R G0 1 LB A
R, EhTRYTRSE 2 PREHB TR RS 1
M, HISIPIRWUELS. R, 97 R4 2 fE AT
T T¥) DAY 25515 IR 1) 18 2 A6 JXU B £ B ASE i)
P PRI/ e T 5 S R P PR, B g A A ) e st
() K

6 it

ASLEG R REAR B AR LRI R G AL IR
BENLBLANSAR RS 05, SR BRI SRR PR AL &
[EVEES2 T1P5 1 S VAN e Sl AN/ & i e S
HUERI RGBSR, X4k p R RG0S
AT RS e RAT R . SOUTR
SRBTTRMLL, ASCOERAT I ML

1) $2 137 DTDS BB fifiR e & R T Lo,
FE AR e 8 3 AN () 52 i D) 300 e e ds AT A K A



-82- @A &R B R

2SI A SRR F S 2 N o P Re b G S S AT

(1 DS BEAL, 42 H T Gamma 734 i 2 5 155 TR

FRUWIY DT B4,

2) IR RS RS IRCE T3 RS S)
FEPE LS B A B RN AESE M, JR4S & XU PEA 22
WHESE T 4K FL ARG R GTHKPIRAS IS YR SERAY

3) ARSI 4k RS R SE B R R 12
W, AMURERE LAk B ORY RGED LR i S
ARG XU 3G 0, [ I s i s PR XA ™ T ok
F1R L, ) g XU 4

4) RSP TTIEA O BRI 2R 48 R
ARG R GEE ], O AL Hf I 3G A5 VR 1 2R 406 ) A
AR
Sk
(1] HEZEM AR, 8RR E T NS]. 2010.

(2] HRKF, ERE, H2EL e disl — s RS
MEABFE). B RGERY 580, 2015, 43(7):
127-131.

XU Changbao, ZHUANG Chen, JIANG Hongtu.

Technical research of secondary equipments’ state

monitoring in smart substation[J]. Power System

Protection and Control, 2015, 43(7): 127-131.

[3] M sR, R3Cf, sk, 5. —Fd T RS e
(¥ 7 g B 24 I AR A s BEAL D). o L TR A R
2013, 33(25): 139-146.

JI Guogiang, WU Wenchuan, ZHANG Boming, et al. A

time-varying component outage model used in power

system condition-based maintenance[J]. Proceedings of

the CSEE, 2013, 33(25): 139-146.

[4] GHASEMI A, YACOUT S, OUALI M S. Parameter
estimation methods for condition-based maintenance
with indirect observations[J]. IEEE Transactions on
Reliability, 2010, 59(2): 426-439.

(6] 1%, EM, BUSC. HET AT SE L G 20T I 4k L Ok
P I R AE () B I R (0], b B PL DR AR, 2007,
27(25): 44-48.

DING Maosheng, WANG Gang, HE Wen. The optimum

routine maintenance interval of protection based on

reliability economic analysis[J]. Proceedings of the CSEE,

2007, 27(25): 44-48.

[6] DEDOPOULOS IT, SMEERS Y. An age reduction
approach for finite horizon optimization of preventive
maintenance for single units subject to random failure[J].

Computers & Industrial Engineering, 1998, 34(3): 643-

654.

[7] GHASEMI A, YACOUT S, OUALI M S. Evaluating the
reliability function and the mean residual life for
equipment with unobservable states[J]. IEEE Transactions
on Reliability, 2010, 59(1): 45-54.

(8] Z=W], #hzih, w4, 4. RPRSRENS 5 Hig A

ARBTE0. b L A= 4R, 2011, 31(34): 43-52.
LI Ming, HAN Xueshan, YANG Ming, et al. Basic
concept and study theory of condition-based maintenance
for power transmission system[J]. Proceedings of the
CSEE, 2011, 31(34): 43-52.

(9] 2], skl 59, 55 ARRupRAR B R

SRARL]. o E AL TFE2E4R, 2012, 32(25): 196-202.
LI Ming, HAN Xueshan, WANG Yong, et al. Decision-
making model and solution of condition-based maintenance
for substation[J]. Proceedings of the CSEE, 2012, 32(25):
196-202.

[10] WU S J, GEBRAEEL N, LAWLEY M A, et al. A neural
network integrated decision support system for
condition-based optimal predictive maintenance policy[J].
IEEE Transactions on Systems, Man and Cybernetics,
Part A: Systems and Humans, 2007, 37(2): 226-236.

(117 5kHe, BRANI, An2E, 45 JET A /R i FRA

PGSRBS BURORI A 75725 ) XUBG VP A AR BT S D).
HL R GRS L, 2016, 44(5): 134-140.
ZHANG Hua, WEI Bengang, LI Kejun, et al. Research
on risk assessment technology based on Markov state
evaluation model for power transformer and entropy-
weighted fuzzy comprehensive evaluation[J]. Power
System Protection and Control, 2016, 44(5): 134-140.

[12] HUYNH K T, CASTRO I T, BARROS A, et al. On the
use of mean residual life as a condition index for
condition-based maintenance decision-making[J]. IEEE
Transactions on Systems, Man, and Cybernetics: Systems,
2014, 44(7): 877-893.

[13] HUYNH K T, BARROS A, ERENGUER C B, et al. A
periodic inspection and replacement policy for systems
subject to competing failure modes due to degradation
and traumatic events[J]. Reliability Engineering and
System Safety, 2011, 96: 497-508.

[14] HUYNH K T, CASTRO I T, BARROS A, et al. Modeling
age based maintenance strategies with minimal repairs
for systems subject to competing failure modes due to
degradation and shocks[J]. European Journal of
Operational Research, 2012, 218(1): 140-151.

[(15] MG, BRADHE, 5KRFZIK. HET Marquardt VAZHUG 1)



ST IR WK 2k B DR A7 2R SRS SRS T 5T

- 83 -

AR P26 A i A R R PR (). D R S
iHill, 2012, 40(1): 85-90.

SUN Peng, CHEN Shaohui, ZHANG Caiqing. Assessment
of failure rate for substation equipment life cycle based
on Marquardt parameter estimation method[J]. Power
System Protection and Control, 2012, 40(1): 85-90.

[16] SAASSOUH B, DIEULLE L, GRALL A. Online
maintenance policy for a deteriorating system with
random change of mode[J]. Reliability Engineering and
System Safety, 2007, 92: 1677-1685.

[17] FOULADIRAD M, GRALL A, DIEULLE L. On the use
of on-line detection for maintenance of gradually
deteriorating systems[J]. Reliability Engineering and
System Safety, 2008, 93: 1814-1820.

[18] GRALL A, DIEULL L, BERENGUER C, et al.
Continuous-time predictive-maintenance scheduling for a
deteriorating system[J]. IEEE Transactions on Reliability,
2002, 51(2): 141-150.

[19] DEMPSTER A, LAIRD N, RUBIN A. Maximum
likelihood estimation from incomplete data via the EM
algorithm (with discussion)[J]. Journal of Royal
Statistical Society: Series B, 1977, 39(1): 1-38.

[20] P& ALy M 2= Dy vl D TSR PR A B ARG, W AT
PEHR HE B IR M), dbat:  E o) A,
2007: 53-54.

[21] FKifid, @l SRR RERI AT SEE oo &
LTI LT AR AR, 2008, 28(1): 77-82.

ZHANG Peichao, GAO Xiang. Analysis of reliability and
component all-digital
systems[J]. Proceedings of the CSEE, 2008, 28(1): 77-82.

[22] [F 5% M0 2x ). A e AR HE il 4K R OR3P BRI
Q/GDW_441—2010[S]. dbxt: H [ s AL, 2011,
State Grid Corporation of China. Technical Specifications
of protection for smart substation: Q/GDW_441—2010
[S]. Beijing: China Electric Power Press, 2002.

(23] kM, skiaAR. T AdedT TO0R W L BE R A E 3R
W5 S AT[T]. HLT R GRS D, 2017, 45(1): 74-80.
ZHANG Xu, ZHANG Xiangwu. Comparative analysis

on power equipment maintenance strategies considering

importance  for protective

the effect of operating conditions[J]. Power System
Protection and Control, 2017, 45(1): 74-80.

2% HEl: 2017-05-07;
EE BT

HOH01989), B, ik, AT OALH ARG D
P47; E-mail: xiao103fan@163.com

KO 1962—), F, L, FIk, HATOACHF
Gk BARY . W ARG M FHEA, IR AR T AFR
A% E-mail: zz_mail2002@163.com

FAAR(1954—), 5, #HE, #dz, HARFTE@ALA R
Gk BARY R A A dEd], ARAR 8T EAHEKR,

E-mail: xgyin@mail.hust.edu.cn

i&[E| B HR: 2017-08-09

(%%8 £H1)



	DOI: 10.7667/PSPC170674 
	基于状态监测的继电保护系统检修策略研究 
	Study on maintenance strategy of relay protection system based on condition monitoring 



