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Research on maintenance decision-making method of relay protection based on interval
numbers grey fuzzy comprehensive evaluation
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Abstract: Since the evaluation factors possess grey fuzzy and interval values’ features while the maintenance decision-making of
relay protection is performed, an interval numbers grey fuzzy theory based maintenance decision-making method is proposed. On the
basis of deciding six principal factors of influencing maintenance decision-making of relay protection, an evaluation system
including four maintenance projects is established. Considering the interaction between the grey part and fuzzy part of evaluation
factors, this ordered weighted averaging (OWA) operator is used to aggregate the factor values of every project, and the interval grey
fuzzy numbers are calculated, the comprehensive evaluation value of every project is worked out, then a more practical maintenance
project is preferred. Taking a type RCS-931BM relay protection device and the secondary circuit for example, the optimal
maintenance project is selected and the feasibility and validity of the proposed method is validated.
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7£(0.0~0.25) —f%(0.25~0.5) % 41(0.5~0.75) 11(0.75~1.0)
A U FERLHK, &Mk FERERNEEARAG, &0 FEREHARAANGL, KM REREF ROEEAL,
BT AT HAR )
v LIRS, fEEprdmm fi.  RELTIGE, QBPradma ey, R, % &EsRslt, QEninm
T x
' e R B IR BH ) - MBS .
A KB IR AL, VG R TR ORI AL S, DA, R R ORI O, DAL LR ORI A R
A& A x:
TomaAk, BERBA. RSB, SERKRRA. RHANAE, BERREN. RN, HERG .
UL e WOORT L e A TR RO R A R [ (SR BV ol S s BB A2 B 2 A AR
AR x3 . . . .
GEPMxy  dEEAEUBRE R, RSBTSRBTS R A T
- AN R T AT Rede e A, REBCRIM R ro e B e, KR r e B
A% X
o U R UEAEOR U BOREE - UEAE R AT
AR BE A% 1K) X . X X _ X
B AR B B R LT B AR BT -
e FEFR L x6
[0.13,0.20],[0.2,0.3]) ([0.21,0.30],[0.3,0.4]) ([0.25,0.35].[0.1,0.2]) ([0.25,0.35].[0.1,0.2]
[0.17,0.25],[0.1,0.2]) ([0.25,0.35],[0.4,0.5]) ([0.21,0.30],[0.2,0.3]) ([0.21,0.30],[0.2,0.3]
= | ([0.15,0.23],[0.2,0.3]) ([0.35,0.45],[0.2,0.3]) ([0.19,0.27].[0.4,0.5]) ([0.15,0.23].[0.3,0.4]
R =
® [0.06,0.15],[0.1,0.2]) ([0.35,0.54],[0.1,0.2]) ([0.18,0.31],[0.2,0.3]) ([0.18,0.31],[0.1,0.2])
[0.33,0.45],[0.1,0.2]) ([0.33,0.45],[0.2,0.3]) ([0.13,0.20],[0.2,0.3]) ([0.04,0.10],[0.1,0.2]
[0.23,0.29].[0.2,0.3]) ([0.23,0.29],[0.2,0.4]) ([0.23,0.29],[0.1,0.2]) ([0.20,0.26],[0.1,0.2]

(4) i€ OWARH KL AL A) . Fi2 4k X (5)
SRAFINAL [7) 5 Ay

:[0.33 0.13 0.13 0.13 0.13 0.13]0

(5) HEATIHET OW AR DX IA) KA (0 O 25 15
Ao ()~

=([0.13,0.27],[0,0.01]) »  Z, =([0.26,0.49],[0,0.03])
Z, =([0.19,0.38],[0,0.01]) , Z, =([0.16,0.32],[0,0.01])

(6) ALPEPPAISR . MR A LB, A
10y~ (13), WO =0.5, 5 Z, MGG A
HHmy(Z,)=020, m)(2,)=0.38, m,(Z,)=0.29,
m,(Z,)=0.24.

Pk, 3207 =4 A -
(WA S IV i £
3 #it

AR SO IR R DX TR) B (0 R £ 45 D1 4 1)
AR UEE RATE, LXK TR e BAlid
PRI Z S PP RER Z I BRI OC AR, DA TR) A JEE 4
BAE BRI FERE, BRI OR B T PR 5

PF

$3>53>54> 51, B

A5 e [N, 51N OWA S-FX PP R B AT
4, ERKM T KOBREC AR . £
PEIEA AT SR SR G VEANE, EmE R %
PEAMEHER, 530 7 AT 9B DL 4EE R SR AL
U

B2 3k

(1] KB, B, MuH, 55 LT 8K 2 i
SAZRE VG TVAL]. LEORER, 2012, 27(5):
13-20.

ZHANG Yi-yi, LIAO Rui-jin, YANG Li-jun, et al. An
assessment method for insulation condition of power
transformer based upon cloud model[J]. Transactions of
China Electrontechnical Society, 2012, 27(5): 13-20.
VREE, RGN, Ei, 5 R TR R
FRRI FOC R AR A THRIDLAE D], T HOR 4R, 2010,
25(3): 157-163.

XU Xu-feng, HUANG Min-xiang, WANG Ting-ting, et al.

(2]

Optimization of distribution network maintenance

scheduling based on fuzzy chance-constrained bi-level



-20 -

&) &GS

(3]

(4]

(5]

(6]

(7]

(8]

programming[J]. Transactions of China Electrontechnical
Society, 2010, 25(3): 157-163.

R, BAAE, W, SE. FE TR0 R A SRR R
B gk PR R EARS VP[], ) R G OR I S,
2012, 40(5): 48-52.

WU lJiang, CAI Ze-xiang, HU Chun-chao, et al. Status
evaluation of protective relays based on the membership
function in fuzzy normal distribution[J]. Power System
Protection and Control, 2012, 40(5): 48-52.

Wb, Ty, R, 5 B BGURY AL
KBS MR PP T R[], M R AR, 2012, 27(6):
175-182.

DAI Zhi-hui, WANG Zeng-ping, JIAO Yan-jun, et al.
Probabilistic assessment method for failure risk of
stepped protection philosophy[J]. Transactions of China
Electrontechnical Society, 2012, 27(6): 175-182.

TR, KGR, TR, AF LT ke 3
TSN GRSV T[], TR R,
2009, 24(8): 39-45.

MAO Ying-ke, GUAN Zhi-cheng, WANG Li-ming, et al.
Evaluation of contamination levels of outdoor insulators
based on the principal components analysis of leakage
current pulses[J]. Transactions of China Electrontechnical
Society, 2009, 24(8): 39-45.

PSR AR ERARZS PR 575 S HAE R B YL sk P 1
D). HEPR: HRKS, 2012,

HOU Ai-jun. The state evaluation method of relay
protection and its use in maintenance decision[D].
Chongging: Chongqing University, 2012.

FAEM, XSCE, BRI, S BET A A A B
e R A RSB ST 5[], W R G R 9 4%
%1, 2011, 39(5): 77-80.

WANG Jia-ming, LIU Wen-ying, WEI Fan, et al. Study
on policies of condition based maintenance of
transmission and distribution equipments combined with
life cycle cost management[J]. Power System Protection
and Control, 2011, 39(5): 77-80.

BSOH, RR/AMR, DO, AF. — i B RS YRS
H R 2R AT SEME RS TIR )], H ) RGEORY S,
2012, 40(22): 108-112.

HOU Ai-jun, XIONG Xiao-fu, SHEN Zhi-jian, et al. A

reliability decision method of CBM maintenance

[9]

(10]

(11]

(12]

[13]

[14]

schedule for transmission equipments[J]. Power System
Protection and Control, 2012, 40(22): 108-112.

RUEWE, PVAR, AN, A BETRLNI 2 R RE RS
AR YE R HTIL)]. I RGH BN, 2004,
28(11): 66-70.

YUAN Zhi-jian, SUN Cai-xin, LI Jian, et al. Study on
condition-based maintenance policy of transformer
based on fuzzy multiple expert and multiple attribute
group decision making[J]. Automation of Electric Power
Systems, 2004, 28(11): 66-70.

R, B R W S B DR SRSC R RETIIIEST
[D]. FAR: ZREF KA, 2006.

Lii Jun. The research on fault diagnosis and maintenance
decision support system of electric power equipment[D].
Nanjing: Southeast University, 2006.

AT, R, BRI, A5 R AR YR 5
W& PRI SR RETTAT]. PRS- 2%4k, 2009, 32(12):
1419-1424.

WANG You-yuan, XU Hai-xia, CHEN Wei-gen, et al.
Grey situation decision making method of condition
based maintenance strategy for power transformer[J].
Journal of Chongqing University, 2009, 32(12):
1419-1424.

M. FET KA PR A8 Hs 2R AR LEAE U ST 5T
[D]. Kb KYPEIT R, 2012.

LIU Cong-fa.

decision making method of transformer based on grey

Research on condition maintenance

theory[D]. Changsha: Changsha University of Science &
Technology, 2012.

sk, fE/MR, R, 55 BT REOBMISE SRR
W 2% 9% 1 HE P O 20 B EER, 2008, 32(8):
21-24.

ZHANG Yuan, XIONG Xiao-fu, ZHOU lJia-qi, et al.
Research on sequence of maintenance of circuit breakers
based on grey fuzzy comprehensive evaluation[J]. Power
System Technology, 2008, 32(8): 21-24.

MR, RB/AMR, SREE. FE T A0 I LM AR i 7
¥ v ) BE AR HEE S [J]. W) RGO S 1,
2009, 37(18): 74-78.

YANG Liang-jun, XIONG Xiao-fu, ZHANG Yuan.
Research on condition-based maintenance policy of

electric power equipment based on grey correlation



[15]

[16]

[17]

iKWk, S R EUR OB 5 A PRI QR LIRS AEB DR SR 0TS -21 -
degree and TOPSIS[J]. Power System Protection and the  uncertain  type of  AHP[J]. Systems

Control, 2009, 37(18): 74-78.

M EE, kAR, fT—n, A JETRESRERIE A
SPAZ RS YR VEVPAG (D], AR e R A AR
221, 2012, 46(4): 422-426.

XIAO Min-jin, ZHANG Sheng-rong, HE Yi-ming, et al.
Evaluation of unattended electricity substation
maintainability based on grey relation[J]. Journal of
Huazhong Normal University: Nat and Sci, 2012, 46(4):
422-426.

FMEaR, FA. XA RO 2 HE PSR
RETREEHRTHAR, 2008, 30(12): 2409-2411.
WANG Jian-qiang, WANG Jun. Interval grey fuzzy
multi-criteria decision making approach[J]. Systems
Engineering and Electronics, 2008, 30(12): 2409-2411.
BRE, XHEA, EEEFE. AER AHP rh A TR R
M — S S ] R TR Sk,
1994(4): 16-22.

WETI Yi-qiang, LIU Jin-sheng, WANG Xu-zhu. Concept

of consistence and weights of the judgement matrix in

(18]

[19]

Engineering-Theory & Practice, 1994(4): 16-22.

WAl AR, EEIE, S USRS DA E A (A
WL A VPR LN R[], KOS ¥e1EE T, 2007, 32(4):
109-111.

MENG Ke, LI Yun-xiang, WANG Chao-jun, et al.
Interval-value grey fuzzy comprehensive evaluation
based on the preference of the risk and its application[J].
Fire Control and Command Control, 2007, 32(4):
109-111.

INEETE, Gk DR, X0 EHE P B vRR D). R TR
247, 2010, 25(3): 304-312.

SUN Hai-long, YAO Wei-xing. Comments on methods
for ranking interval numbers[J].

Engineering, 2010, 25(3): 304-312.

Journal of Systems

gt HE: 2013-05-25;

& A &A: 2013-07-18

1EEE N

kO42(1982-), 4, Eid, TR, TEHATGHA

Yk AR E4E. E-mail:  zhangyuan200705@126.com



