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Optimization of maintenance scheduling of multiple voltage level integrated
with the risk overlap degree minimization

CHEN Hao', LI Li', DONG Xin', LI Xiaoqi', LI Yanran', PAN Jie’, GAO Feng'
(1. State Grid Jinan Power Supply Company, Jinan 250012, China; 2. School of Physics and Electronics,
Shandong Normal University, Jinan 250014, China)

Abstract: The monthly maintenance scheduling is an important work for power dispatching institution. Its scientificity
and reasonability directly affect the security of the power system. This paper defines the conception of the risk overlap
and proposes the quantification method of the degree of risk overlap. The database index technology is used to find the set
of objects affected by failure equipment. The transfer of the risk among objects with different voltage grades is also taken
into consideration. On the basis of the failure index and dependency index of the sources of the object, the risk overlap
can be judged when two or several works are carried out at the same time. The minimization of risk overlap is included in
the objective function. The minimization of loss of power and equilibrium of workload are regarded as constraint
conditions. The artificial fish-swarm algorithm is applied to optimize the maintenance scheduling. Experimental results
show that the method in this paper can minimize the degree of risk overlap of the maintenance scheduling and realize the
collaborative optimization with multi-voltage grade.
This work is supported by National Natural Science Foundation of China (No. 51707111).
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Table 1 Three maintenance applications coincided

with working time
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Fig. 2 Main connection of the substations
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Table 2 Data table structure of failure equipments
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Table 3 Structure of maintenance application
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TB A gt Kz i
4% ID VARCHAR 20 Ex

MR EAS VARCHAR 20 5

I PUMW FLOAT %

FLYEAN L num TINYINT 7w
LIRS ID VARCHAR 20 S

R5 MR BRESREN

Table 5 Table structure of the set of sources
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Fig. 3 Flow chart of maintenance schedule optimization
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Table 8 Example of original maintenance schedule on March

ID A (ELiN 2 i B

001 Bl #1 FAF 3H2H-—3H4H
002 — 110 kV Lk 3H8H-—3HIH
003 gt 110 kV#1 BE2 3H2H—3H23H
004 i et i GEL R TT K 3A3H—3HA3H
005 R R IR 323H-—3/24H
006 Bl #2 FAF 3AHSH-—3H7H
007 — Lk 3H12H-3H15H
008 R0 il 220kV REHECIFL 3 H1SH-—3 H 18 H
009 — 110 kV Biksk 3HSH-—3H6H
010 — 10 kV &4:2 3H17TH-3H19H
011 S iy SR SIS 3H6H-—3H10H
012 — 10 kV EATZ 3H21H—3 H23H
013 3L Bk 3HSH—3A12H
014 — 220 kV KiH 3H25H—3 H26H
015 Tr el 220 kV#1 B2k 3H25H—3 A28 H
016 Al 35 kV KIKEL 3H19H-3H21H
017 iz #1 £ 3A19H—3H21H
018 — 10 kV 51 14k 3H3H-—3HSH
019 S 10 kV I BEREZE 3H8H-—3HIIH
020 sl 0kVIRE# 3% 3 H10H—-3HI15H
021 — 35 kv J5uhe 11 4% 3H20H—-3 H23H
022 — 35 kv ik 14k 3H29H-3 H30H
023 — 110 kV ik 3HUUH-3HI13H
024 — 110 kV UM%k 3H22H-3H23H
025 — 10 kV SfRZE 3H7H-—3H10H
026 — 10 kV B T2 3H6H—3H8H
027 — 10 kV 4T 2k 3H9H-—3HI2H
028 — 10 kV &gk 3H1I6H—3 H17H
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Table 9 Optimizing result

ID ARk ELER & ACIEY
001 Wk oK vl #1 FA 3H2H-—-3H4H
002 — 110 kV ERL 3H8H-—3HI11H
003 ik 110 kV#1 B2k 3A210H—3 H22H
004 e 2Ll B DELR R TTC 3HIH—3H1H
005 R PRI 3 H23H-—3 H24H
006 W oK vl # FAE 3HSH-—3H7H
007 — 2R 3H100H—3H13H
008 20 B il 220kVRHEIFX 3 HI1SH-—3H18H
009 — 110 kV Btokzk 3H8H—3H9IH
010 — 10 kV 422k 3H19H-—3H21H
011 I Euh BE sk th 2 K 3H8H—3H12H
012 — 10 kV EJT 2k 3H19H-—3H21H
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Table 11 Comparison of other indexes before and after optimizing

BRAEELD Ptk S B

EFF R Povertap 35.7 7.1 80.1%
RYAT AU XU FEFE SENS 0.856 0.391 54.3%
15 LR 2 XU b SIC 0.098 0.025 75.5%

Kl 4 251 T HARRET Fanoun FIBUE damoun=
0.2([H 7 AAR), Frop FIBLE orop M 0 22404 0.8CKF
IV 0g0aa M\ 0.8 240 A8 0)E FEH AR 11 A i =T vP Al g
FRAR A0 o T AR I SIZ o 75 ARy 1 00 P A
KB 581 T tamoun=0.2+ 0.4, 0.6 =F5 I FAER T
Ve AL, 7T PAE = A0 ttamount HX
fEHN 0.6 B, H TAERE AR,

AL ESESRT A, SR A SO g RS 8
Febr B I AL B AR, SRS R R S5 2 T A
Z I AR RE, S22 F R SRR 18 TAE P A

oAk, e R R B A A A AR IR ) — X L
PP v e O v 2 CTVAE D £ 6 NI 2 EE TS

PSR-, fi xS S P R L n] S



-100 - &0 &GP DA
0, =02, 0 =0-0.8 evolutionary programming[J]. IEEE Transactions on
050 S = 40.00%
045 35.00% Power Systems, 2003, 18(2): 862-866.
040 il s . \ i 4 -
035 300 (2] TWY, WHOKTE. R A RS R R A e A
25.00% .
i Py 0] P E HHLT AR, 2004, 24 (5): 18-23.
g'zll: 15.00% DING Ming, FENG Yongqing. Research on the modeling
o 10.00%
8-{':; 5_{]0,‘06 and algorithm to global generator and transmission
¢ 0.00%% maintenance scheduling[J]. Proceedings of the CSEE,
S — Bovarap i 2004, 24(5): 18-23.
_ ] [3] FU Y, SHAHIDEHPOUR M, LI Z. Security-constrained
B 4 MELTUFSTERT LM% . . ‘ -
) ) ) ] o optimal coordination of generation and transmission
Fig. 4 Curve of indexes with weight variation . ) )
maintenance outage scheduling[J]. IEEE Transactions on
HTIER S Power Systems, 2007, 22(3): 1302-1313.
_{Fm S,
? (41 Tk, B35, W9, 45 AR e — i tife
4]
14 TRE. IR A B, 2011, 35(11): 50-54.
12
10 FANG Chen, XIA Qing, HU Zhaoyang, et al. Integrated
E _ generation and transmission monthly maintenance
i scheduling method[J]. Automation of Electric Power
1 3 57 9 n 315 1719 21 B 25 27 29 3 Systems, 2011, 35(11): 50-54.
02— 04—, 06 (5] MARWALI M K C,SHAHIDEHPOUR S M. Integrated

B 5 Gymouy THFT A TIEERfIER
Fig. 5 Curve of daily workload with @,moun

5 5t

ASCHR T 2 R RS S MU 2 R AE:
A VTR IR SR o s B HY XU T S
FERIRES, E SCRETHRISR IS & L 3R b, JF
K HAE RS THRIDUAL ) P A H AR, R
AN T EER M2 HAR 2 20, A SCRAR
e A w5 H VR BB, S6AIE T LUOXUS:
7 P FR DT RGBS ) B0 G 7R 52 ARG, /N AT
Rtk HBIARERY], DUXES S HArtie A
FEAFRTTR, RS A% BRI S AR e
FEL Sy 5, IR £ A 7] i Hs S5 2 2 ] ) A
i, SIS AR L, R R]
DRI 25 03 S50 H sl LR, BT, s 7 it
LR SEPE R

AR DA F 2 P i b ] N H AN [ ] S A 1
12004 B 1 Sy T N7 R T i 2 7 WA
S LR AZAERAE TR BRS¢ 1K D e TT &
[ H] o
Sk
[1] ELSHARKH MY, EIKEIB A A. Maintenance scheduling

of generation and transmission systems using fuzzy

(6]

[7]

(8]

generation transmission maintenance scheduling with
network constraints[J]. IEEE Transactions on Power
Systems, 1998,13(3): 1063-1068.

FEHIEA, sk, XIOCHE. SA MRS B Rk
ic FEL, D S A I T 00 A v 6 R T 107, BRAXHEL g, 2010,
27(1): 22-25.
CUI Shanshan, ZHANG Jianhua, LIU Wenxia.
Application of hybrid intelligent algorithm mixed with
complex method and genetic algorithm to distribution
scheduling[J].
Power, 2010, 27(1): 22-25.

KUSCHEL, WK, SCh, AF. SR TNVEREZ H AR RS
PR TR EN R 7 T/ B R EE I I R B
2013, 33(4): 141-148.

LIU Wenying, XIE Chang, WEN Jing, et al. Optimization

device maintenance Modern Electric

of transmission network maintenance scheduling based
on Niche multi-objective particle swarm algorithm[J].
Proceedings of the CSEE, 2013, 33(4): 141-148.

WOVLAR, B, FRfhife, &6 JET KU FL7 v L M
KB THRIALLT]. WO R G AR Y H#il, 2015, 43(18):
94-100.

HUANG lJianggian, ZHAO Fang, CHENG Weihua, et al.
Optimization of distribution network maintenance plan
based on risk management method[J]. Power System
Protection and Control, 2015, 43(18): 94-100.



B i, S5 B RE SR/ MEIE A SR TR B R L - 101 -

(9]

[10]

[11]

[12]

[13]

[14]

[15]

et re, SRAE, WA, 55 R THESERAMR RS
B e A e SIS [T]. LR IR, 2015, 42(7):
36-40.

BAO Guannan, ZHANG Jian, YUAN Sen, et al. An
overlap-outage judging strategy of generation and
transmission facilities based on overlap-degree-index[J].
Shandong Electric Power, 2015, 42(7): 36-40.

MWL, wm, ARUE, AE. RS AL TR R B 2 ol TR
FERFFE[I]. FLHEA, 2019, 13(1): 45-49.

YANG Fan, GAO Qiang, LIN Ye, et al. Research on
self-learning expert database of power cut scheme
scheduling[J]. Electric Engineering, 2019, 13(1): 45-49.
JAB, B, AER, AR SR R g H LA A
A ARG TR A LA TR BE (D). R AL T RE 2 4R,
2015, 35(7): 1586-1595.

ZHOU Ming, XIA Shu, LI Yan, et al. A joint optimization
approach on monthly unit commitment and maintenance
scheduling for wind power integrated power systems[J].
Proceedings of the CSEE, 2015, 35(7): 1586-1595.

M AR, O, XOEAE, A AR TS KU 1Y
AR B R BRI E ). RGN
¥4, 2017, 45(22): 110-116.

XIAO Fusheng, GAO Shi, DENG Chaozhi, et al.
Maintenance prioritization method of transmission and
transformation equipment based on maintenance risk
return[J]. Power System Protection and Control, 2017,
45(22): 110-116.

RN, WA, M, SF. % B OCHUSE ] TR A REYR 4
O\ R R e A RIS TERITT]. B R G OR I b AR,
2017, 45(21): 96-101.

CAI Zhi, LUO Zhiqiang, YANG Junfeng, et al.
Transmission maintenance scheduling with large-scale
renewable energy integration[J]. Power System Protection
and Control, 2017, 45(21): 96-101.

HE Jinghan, LIU Lin, DING Fangfang, et al. A new
coordinated backup protection scheme for distribution
network containing distributed generation[J]. Protection
and Control of Modem Power Systems, 2017, 2(2):
102-110. DOI: 10.1186/s41601-017-0043-3.

PRI, ISCE, BF s, S SR T OO N el
B R HASEXH G B A A [0 TR R ), 2013,
46(11): 8-11.

XU Peng, LIU Wenying, ZHAO Zilan, et al. Reactive

voltage optimization of a complex power grid integrated
with large-scale wind power by improve artificial fish
swarm algorithm(AFSA)[J]. Electric Power, 2013, 46(11):
8-11.

[16] W, 5K, W&IE. bR R S 5 o™

(K HL X XU PG KR D], B ARG DR AP S 4,
2016, 44(3): 39-46.
DONG Xin, ZHANG Bo, PAN Zhiyuan. Improved state
sampling method applied in the risk assessment of
distribution network with configuration of microgrids[J].
Power System Protection and Control, 2016, 44(3):
39-46.

(171 FERE, 21, &7, 4. 2 Fh oA X R bEy LI )

TC HL WA AL B AT W] R g, 2017, 45(11):
14-17.
YAN Bingke, LI Xiaoping, SHU Xin, et al. Research on
optimal operation of distribution network considering
stochastic nature of different distributed generations[J].
Smart Power, 2017, 45(11): 14-17.

(18] Wk, 7k, AgK, 55 BT RDA IR0 &

TRMSTFFE[I]. R EH ), 2017, 45(9): 26-30.
CHEN Wei, ZHANG Rui, DU Na, et al. Study on
demand side equilibrium dispatching strategy based on
replicator dynamics algorithm[J]. Smart Power, 2017,
45(9): 26-30.

(19] ARI0KE, EULHE, ma )il A al SEMESCBEFR AR 20

ITERIN ). )R, 2017, 30(7): 121-125.
YU Wenhui, WANG Kailin, GAO Songchuan. Analysis
method for cricical indicators of power supply reliability
and its application[J]. Guangdong Electric Power, 2017,
30(7): 121-125.

[20] FM, ViR, VKA. VDX TN AT SEE & R )
ARG BRI, [ 2R, 2017, 30(4): 44-47.
WANG Min, XU lJian, PAN Yongchun. Optimized
dispatching model for power system with wind power
considering wind power forecasting reliability[J].
Guangdong Electric Power, 2017, 30(4): 44-47.

Y5 HER: 2018-08-08; 1&[E B H3: 2018-10-20
EEEN:

& A0982—), F, HE, @BfEH, MATEAG
HEABEZEHARELEFSR FTAREEL A, E-mail
sdnupanjie@163.com

(%4 Z£Hrm)



	DOI: 10.19783/j.cnki.pspc.181010 
	考虑风险重叠度最小化的多电压等级检修计划协同优化 
	Optimization of maintenance scheduling of multiple voltage level integrated 
	 with the risk overlap degree minimization 



