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Maintenance Critical Line Identification Method Based on FBWM-TOPSIS in Distribution Network
CHEN Zheng, WU Yangjin, HUANG Dingjie, WANG Chaojun, FU Xinhui

(Ningde Power Supply Company , State Grid Fujian Electric Power Co.,Ltd.,Ningde 352100, Fujian, China)

Abstract: Under the background of limited resources and time, equipment maintenance is considered as an
effective way to maintain the stable operation of the system. In order to allocate maintenance resources efficiently,
the most critical equipment in the system should be identified first namely those that will cause significant
consequences if they fail. Firstly,a new multicriteria decision-making(MCDM) scheme was proposed to identify the
critical lines in the distribution network. Different from the previous analytic based hierarchy process, the best-worst
method (BWM) was adopted to obtain the weight of the system reliability index according to the knowledge and
judgment of experts. In addition, the fuzzy theory was introduced into the traditional best-worst method to overcome
the general uncertainty in expert judgment and decision making. Finally, the technique for order preference by
similarity to an ideal solution technology was used to prioritize the maintenance of IEEE14 distribution network
lines. The proposed method can determine the priority of system maintenance more quickly and accurately.
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Fig.1  Flow chart of maintenance sorting method
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Tab.1  Definition of the importance degree
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Tab.4  Pairwise comparison between the best

indicators and other indicators

*5 ERyiERSHEMERZ BRI LE
Tab.5 Pairwise comparison between the worst

indicators and other indicators

LR mHIER SAIFI SAIDI ENS cIC

1 CIC 7 2 9 1
2 CIC 7 4 9 1
3 SAIFI 1 3 5 4
4 SAIDI 2 1 4 3
5 CIC 5 2 3 1
6 SAIFI 1 6 4 3

KM BWM &5 R sk 6 rn . K64
WU RUEE K 0.46 1Y ENS FIALEE K 0.14 1 CIC
A3 e i E BRI AN H B SR AE AR o

*®6 NMAZMEBWMEIHERNE
Tab.6 Index weights obtained by using linear BWM

LR SAIFI SAIDI ENS CIC CR
1 0.09 0.10 0.72 0.09 0.090
2 0.24 0.10 0.60 0.05 0.126
3 0.08 0.18 0.47 0.27 0.065
4 0.16 0.11 0.52 0.21 0.105
5 0.51 0.26 0.15 0.08 0.096
6 0.07 0.50 0.29 0.14 0.071
FHH 0.19 0.21 0.46 0.14 0.092

LR 20 % (=R SAIFI SAIDI ENS  CIC

1 ENS 7 8 1 9
2 ENS 3 7 1 9
3 ENS 5 3 1 2
4 ENS 4 4 1 3
5 SAIFI 1 2 4 5
6 SAIDI 6 1 2 4

5 AHP 45 Ho At A PF A5 7 B M HE L 2R
BWM 7 34> 3 B 30 51/ (1) R E B U B
B Y — St L R RO R T T R R 2
b, 78 BWM W55 % 2n -3 YR BT FL 8%, M 7
AHP WS IEHAT n(n- 12 K HLEE, Hop n 24545
MR, TEARAR B B Z RO, R B
W02 FEBWM ) CR — Mk L AHP 4, hy
T ™ S BWM AR T AHP i, &
K 3K AHP J7 kb 47 Boof e, g5 R ansk 7 i
7, MR SCRR 71T T B Y CR M 0.2, it T
A 0.1, S 2L A MERf PSR . X I I
L SR AHP 53] B 45 R AT A 2008 H
BATIEIE X L5 20 2 i) [ MR 2 1 & 5K
A1, mFR6ATH, R BWMAT, &5 31 CRIE
490.065 , W12 7 1k B 45 R AT HE

N FBWM A 32 B0 L 558 P AN 2 1
R®7 ERIWAXFLLE(AHP %)

Tab.7 Pairwise comparison of expert 3 (AHP method )

SAIFI SAIDI ENS CIC

SAIFI 1 1/3 /5 1/4
SAIDI 3 1 1/3 5
ENS 5 3 1 2
CIC 4 1/5 172 1
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Tab.8  Fuzzy pairwise comparison between the best indicators and other indicators

BRI HUAE, 26 9 O e 45 18 5 AR B Z (8]
ARSEAN] X ELAE , 2 10 R4 16 & A T I i

LR R SAIFI SAIDI ENS cic
1 ENS (3,7/2,4) (7/2,4,9/2) (1,1,1) (9/2,9/2,9/2)
2 ENS (1,3/2,2) (3,7/2,4) (1,1,1) (9/2,9/2,9/2)
3 ENS (2,52,3) (1,3/2,2) (1,1,1) (2/3,1,3/2)
4 ENS (3/2,2,5/2) (3/2,2,5/2) (1,1,1) (1,3/2,2)
SAIFI (1,1,1) (2/3,1,3/2) (3/2,2,5/2) (2,5/2,3)
6 SAIDI (5/2,3,7/2) (1,1,1) (2/3,1,3/2) (3/2,2,5/2)
®9 RFHIEREEHMBERZ BRI L&
Tab.9  Fuzzy pairwise comparison between the worst indicators and other indicators
Lx SR N SAIFI SAIDI ENS CIC
1 CIC (3,7/2,4) (2/3,1,3/2) (9/2,9/2,9/2) (1,1,1)
2 CIC (3,7/2,4) (32,2,5/2) (9/2,9/2,9/2) (1,1,1)
3 SAIFI (1,1,1) (1,3/2,2) (2,5/2,3) (3/2,2,5/2)
4 SAIDI (2/3,1,3/2) (1,1,1) (3/2,2,5/2) (1,3/2,2)
5 CIC (2,52,3) (2/3,1,3/2) (1,3/2,2) (1,1,1)
6 SAIFI (1,1,1) (5/2,3,7/2) (3/2,2,5/2) (1,3/2,2)
F10 ETFFBWMMIEHRMEH S HBEHINE
Tab.10  Fuzzy and exact weights of indicators based on FBWM
fibn LRl LN N LR2 LN D LR3 LN
SAIFI ~ (0.151,0.161,0.161) 0.160 (0.297,0.3,0.323) 0.303 (0.13,0.146,0.146) 0.143
SAIDI (0.12,0.154,0.164) 0.150 (0.107,0.153,0.153) 0.145 (0.176,0.237,0.283) 0.234
ENS (0.529,0.572,0.572) 0.565 (0.396,0.472,0.472) 0.46 (0.262,0.335,0.338) 0.332
CIC (0.125,0.125,0.125) 0.125 (0.073,0.096,0.097) 0.092 (0.249,0.299,0.299) 0.291
CR 0.035 0.05 0.034
fEbn LR 4 K (A LIRS K (E LR6 e
SAIFT ~ (0.193,0.193,0.229) 0.199 (0.354,0.354,0.427) 0.366 (0.127,0.137,0.14) 0.136
SAIDI  (0.193,0.193,0.194) 0.193 (0.246,0.246,0.246) 0.246 (0.317,0.379,0.418) 0.375 2
ENS (0.271,0.323,0.543) 0.351 (0.146,0.211,0.3) 0.215 (0.243,0.306,0.35) 0.302 8
CIC (0.132,0.272,0.323) 0.257 (0.127,0.171,0.226) 0.173 (0.173,0.173,0.248) 0.1855
CR 0.061 0.073 0.035

¥ 54% %5

22 11 0% H FBWM 75 2| i fe - A, H:
FRAYEE R 0.371 1Y ENS FIALE M 0.187 1 CIC 43-51]
WA & ZE it i 5 1545 -

11 ETFrBWMAEHRRL THANE

Final average weight of indicators based on FBWM

Tab.11

L7 PR

SAIFT 0.218

SAIDI 0.224
ENS 0.371
cIc 0.187
CR 0.048

& 3 R4 95T FBWM F1 BWM 48 bR -F- 4L
X, AT LR R R T AR B i g b 4
AN R AE AR X KN K R — L, I H SATFI AN
SAIDIAHE #23 . [RIRF 45538 6. 3% 11 A& 4 7]
I, FBWM &£ 2 19 45 5 CR{E 44 1L BWM 1Y
CREAK, F5 b5 0 A 3 AERf A ] 5, Pk, A SC
R FH FBWM 15 2 F8 b5 A E
22 KBEHREHFER

A1 FIFH TOPSIS 432 A i G 5 28 % 1) A 1
AR o 3T B SR 4 8RB B 20 454k
PR PSR B AN 3R 12 B o
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Fig.3 Comparison of index weights between FBWM and BWM

0.14 T
— & —BWM
o R B
\
/
\ o~
L/ -
010 \ 2N
\ /
~ 0.08F / N
[8) \®/ /)K \(
0.06 P N
— )K\ . // \\
0.0492_, -~ \_)lé A
0.02 - : :
1 2 3 5 6
PN

P4 FBWM I BWM 45 CR{EXT Ho
Fig.4 Comparison of CR value between FBWM and BWM

Rz BBOREEHE
Tab.12  Decision matrix of lines
28 % SAIFI SAIDI ENS CIC

F, 0.499 3 1.623 4 1446.7 54 974.60
F, 0.6229 03190 573.0 65 322.00
Fy 0.3614 0.273 6 369.4 11 082.00
F, 1.000 0 1.2159 12447 1 867.05
Fs 0.628 7 0.2357 81.8 122.70
Fe 1.5297 19118 2440.0 370 880.00
F, 1.5103 1.806 0 457.9 1373.70
Fy 22828 37790 29445 4416.75
F, 0.6858 0.8490 13852 2077.80
Fio 1.666 8 0.947 1 1226.8  12268.00
F, 2.1358 2.1016 2514.1 3771.15
F, 37713 3.0979 48254 7238.10
F, 04181 0.209 1 185.7 5571.00
F 0.968 0 1.5795 1 366.6 2 049.90
Fis 0.4402 0.176 1 290.2 23 216.00
Fie 1.5889 1.208 4 10919  32757.00
F 0.708 6 0.4429 220.1 330.15
Fis 1.4190 1.067 0 444.0 4 440.00
Flo 0.8239 0.672 8 1107.1 1 660.65
Fy 2.294 6 2.593 6 2170.7  82486.60
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Tab.13  Weighted normalized decision matrix for lines

2 e SAIFI SAIDI ENS cic
F, 00160 00496 00685  0.0262
F, 00200 00097 00271 00312
F, 00116 00084 00175  0.0053
F, 00320 00372 00590  0.009
F, 0.020 1 00072 00039  0.0001
Fy 00490 00584 01156  0.1769
F, 00484 00552 00217 00007
Fy 0.073 1 0.1155  0.1395  0.0021
F, 00220 00259 00656  0.0010
F 00534 00289 00581  0.0059
F, 00684 00642  0.1191 0.0018
F 01208 00947 02286 00035
Fy 00134 00064 00088  0.0027
F, 00310 00483 00647  0.0010
Fis 0.014 1 00054 00137 00111
Fi 00509 00369 00517 00156
Fy 00227 00135 00104  0.0002
Fls 00455 00326 00200 00021
Fl 00264 00206 00524  0.0008
Fy 00735 00793 01028  0.0393
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Tab.14  The d; value of line based on BWM and FBWM

5 FBWM BWM
e :
2k d; ik d;
1 F, 0.397 F, 0.300
2 F, 0.399 F, 0.448
3 Fy 0.521 Fy 0.462
4 Fyp 0.576 F, 0.554
5 F, 0.608 Fyy 0.558
6 F, 0.753 F, 0.732
7 Fio 0.785 F 0.763
8 F 0.786 Fi 0.770
9 F, 0.792 F, 0.772
10 F, 0.802 F, 0.779
11 F, 0.806 F 0.780
12 F, 0.816 Fio 0.818
13 Fo 0.842 F, 0.831
14 Fig 0.862 Fig 0.893
15 F, 0.878 F, 0.889
16 Fiy 0.954 F, 0.948
17 F 0.954 F 0.956
18 F, 0.955 F, 0.957
19 F; 0.974 Fs 0.978
20 F, 0.982 F, 0.980
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Fig.5 Maintenance sequence of critical lines
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