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Abstract: This paper proposes a fault diagnosis method for distribution automation switch cabinet based on the Fuzzy
C-means (FCM) clustering and gray correlation, aiming at exploring the effect of the distribution automation switch
cabinet fault diagnoses on the safety and reliability of distribution networks. Firstly, through various telemetry infor-
mation, the membership function is calculated, the weight is determined by the AHP-entropy method, and thus the
evaluation of hierarchical fuzzy operations of the distribution automation switch cabinet state can be completed. More-
over, according to the typical information of the distribution automation switch cabinet faults, the gray correlation a-
nalysis combined with the FCM method are applied to diagnose six common types of fault, which can greatly reduce
the calculation complexity and ensure the diagnosis accuracy simultaneously. A case study based on the distribution

automation switch cabinet faults in a certain area of Beijing are presented, where the proposed method is compared
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with the traditional gray correlation analysis. The status evaluation and fault diagnosis results show that the accuracy

of the proposed method can reach 90% , which can support the fast, accurate and objective real-time monitoring of

distribution automation switch cabinet status and the further development of smart grid automation.

Key words: distribution automation switch cabinet;fuzzy C-means clustering;grey correlation;fault diagnosis
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Table 1 Range and thresholds of fault diagnosis indices

5 ]

Ei D BT PR A T CiR A R TR
w1 AR Y C 75 90
w43/ P I A 1.9/2.1 1.5/2.5
us 4 1 B[] ms 20 50

B % 4
uy 4 [ Bt 1] ms 35 60
us SARE T EH 155 7% 0.6 40
us B dB 8 15
uz A dB 8 15

MIBERELR ws RRERSBESES AL IR C 50 60
uy i 2% 1 BH MQ 300 500
uio A Y dB 8 15

L 22k
un FEL 4 4 Sk R C 50 60
HEE wn W % 35 90
HEER uis i fiif % 40 120




110 W B %

5

Eid PN ES Eitd 2021 4 3 A

2.2 REFENEZRIFHEFREERH

M 3 43 BT BE L S0 Ak T DG A Y R AR B RIR S
PPH A o ST 5 R R R A 2k M B Y 25 T AN SRR
PR, B 45 P IR TSR X PFIB 4 E MO R R,
Py )pen (G=1,24+,13) s X F LU EPFNARAEL, n =5,
X L 1 30 A T G AE 52 0 182k 1 B AR e M L 4331
R FH B SR B2 R BN 2% 2 s

T2 FMEEE K
Table 2 List of evaluation membership functions
Y RTERES B E B R A LR PR 25 SR R R A
fl) = ) =
0, 0<x<0.8 0, 0<x < 0.96
€]
Sr—d, 0.8<< <1 50 — 49, 0,96 < & << 0,98
1. =1 1, 20,98
fla) =
) = 0, 0< < 0.68
[ o 0<»<0.6
Sx ——, .68 < x .
ez ) 5z —3, (>.6<I<0.84 pr— g 0.68sz<0.88
— 5245, 0.8<r<1 49
S = —10x 4, 0.88<C x < 0.98
L 0, =1 0
L 0, =1
f(x) =
S = 0. 0<+<0.5
0, 0<r<0.4 -
[ - Sr——, 0.5 x<0.7
es % S —2, 0.4<<x<0.6 { 2 ' '
—5x 44, 0.6<x<<0.8 '—50x+48
T 0. 7<<x < 0.96
o =08 13
0, x =0.96
@) Fla) =
X)) —
0, 0. 0. 25
[ o o<e<o4 S0
20x —5
es % 5r—1, 0.2< < 0.4 ) L, 0.25< < 0.6
—5x+3, 0.4<<x<0.6 e 4, 0.6<z<0.8
L 0.6< )
0, ©>=0.6
L = o, £>0.8
£ fl) =
x) =
1, 0< »<0.25
1, o<c<oz | sz
— 200 +12
—5x+2, 0.2< 2 < 0.4 {%, 0.25<x << 0.6
0. * =04
’ = L o £ =06
2.3 ZAEMMURMIZE

LR AL 5 h R AL JZ o3 M ik CAHP) — i
ROk FEAE 45 5 TR e, R TR
L H BT AR TR AR AR X B ARGz 47 RS 1 52
FERE A AHP ZRATIR ST 48 & 09 1038 0 A

ow. RIS AHP-R AL AH S5 & i T H SR =L
I VAN T8 AR A TR RRAE B A B R (E DA S R a5
ARAFVE I F 19 4G WA 4R, HL 4 5 Ay
¢, =aa;+1—a)b,, i =1,2,:,13 @)
Hrfh 0<<a<<l;a, H AHP ¥ E WAL E.b, R
KO 2 WAL AR ., 9 AHP-J3 K3 20 4 IR AUAY &
. HEIPRERR «=0.5.¢, H—14k, HJF.%
P53 BRI G AN 7 i M f G i B 3 AL T G AR
RV P A R
MHESC 1.1 IR ZS PE A 46 A5 1R R R AE 1 43 R 45
ROEANAHRZEMBZRERILR 3 2 2, B,
)RR J22 B0 T 53 45 PP R DF - SR8 R L 15 3 6 R
FEFE R, SR o R 4% 465 AL X 25 8 ) DR 7 SR U
T4 VPR AR 09 SR B B IMAUR FARAS S s e s AR K
& A 4 B AT BIPEA X SR L 1 3l Ak T AR AR
TR BE D, 55T d5 SR B T 0] 545 fi 28 0P AN 45
B, How MRYE AHP 253545 1AL E R BUE
Misa, b, Mlc, AMRYE AHP-H§ L3RG B ALE R
BOERF;R, (R, (R (R, (Rs XF AR 1 J2 5000 B4
S=[8,5.5:S.S;1" XN %2 EHEMHELE:D N
KBORIPE A S5 R . R I ACE REN 3 3 fioxs.,

x3 FHRE
Table 3 List of evaluation weights

W R E FRE)Z FMANE  FEMNE  AEBGE
FAR 8V S 0.106 9 0.118 9 0.112 9
ST B 0,064 6 0.039 7 0.052 1
i s 3 43 i A 1] 0.090 9 0.071 4 0.0812
0.364 4 4 I B i) 0.088 8 0.066 1 0.077 5
SARET) 0.082 9 0.061 0 0.071 9
R 0.083 1 0.062 0 0.072 5
A 0.075 7 0.065 6 0.070 6

gk RELR BEZR 5 R _
0.1997  HEHAEE 0.069 2 0.064 8 0.067 0
4 2% H, FHL 0.071 8 0.167 4 0.119 6
Hidnskps  EEIR(E 0.078 6 0.056 8 0.067 7
0.2640  m4ikiglE  0.0735 0.072 2 0.072 9
o.i@fz W 0.056 6 0.061 2 0.058 9
H i & i faf R 0.057 3 0.092 8 0.075 1

0.100 7




55036 &5 2 W

[P

ST BOMR K € X6 0 B 1 3 TF e 12 W77 0 111

3 FF FCM RBZEmBCH A shib ¢
LER Y EROY Ty A

3.1 REBXESW

WL B ST AR B ARy — A KB R S
JRe 18 0 28 8 e 00 1) 0 A A I R T e A BCHE S 3R
HHR AL TT AR R A, K¢
I 4 BT 32 3 A 2 B 1 — SOME AT TP L G I R
B, DT 45 H 22 Al 52 ey D] v 0 45 2R 5 e R 1Y
HF, HEZL R,

1) R AR K8 2 e i A BCHE i T 0F ) H AR B 2
Z7% BB

DX BRSO AT A — 1k

IR F A VEM 505 T 2% 59 K Ly

W] {37 G & 22 I 48 %, Bl
A= |z,t)— 2 )],
f:1927"'9n9i:1329""7}’1 (2)

) HE mm = min min|z,(t) — x,(¢) | MM =

max max | x,(t) —x(t) ] 3
i t

S) R ICHIR R A B
ey al(eyy = e s MM
r(Io(t)’Ii(t))iAI,[JF{o -MM’
t=1.2,0m 4

Ho.p 00 HE R B0 AE 0. D WHUE
65K Hh QI B IR L B

1 &
*Zro,‘(l) (4)

DM DI B /N AR AR 5 e PR 2 OGP0
3.2 EFFCM BEMBH KRB XREKEE

BERl B K €8 G A3 T T — 2 2B,
W12 W I e A A4

DRI R 0 B R p PUE SRR ARG,
HBUE A BT 25 R 5 WA e & E AT B 5 77
35K A 22 T 28 o B R 1 1 1L

D%M%fé%%%ﬁ%ﬂmﬁzﬁﬁﬁ%,
(IR AR 2320 /17 = U R 0 B i 1) 2 % R
%f%&m@@

B35 DL B BRAS , FCM 3k sl 1 5 fith 1 K €8, G 15
FESPAT . B n HEHE X = {2 2002, ) 3 A

T(X(),X,‘):

/l\*ﬁ*ﬁéﬂ’/\qj’xl = (uisu, ,"',u“)i'%/jf\‘—éﬂﬁé
Ao RHRBHPRED L v, G=1,2,,0) [
Brla e T e/ € SCHARRE T Al 5 %R
e s (8] BE B 197 7 L

~ S Nupa (5)

i=1 j=1
Dluy;=1.Vj=1.2,-n,1<j<n (6
i=1

Ho . U={u, ) AR BV ="{v, } B RE P OH
Wi sd, NREAR o, 5550 dUBR 0 1 BRI 5 5 m
M R B %SO B m =2, FCM ¥:3H5 Bk 4
B,

Ot AR RIBR ¢ %

J.W,v)

RBIE e Bk m B

%E% U(O)
O A HA% W H R R R DA V.
Eu@x/
v, =1 L1<i<c <)
Zu?j
OF i 35 %EIVFU
1
Uy, =— Ll 1<) < €))
() s
k—l\dﬁ'j)

@B | U —U” | | <<e, for MG ILLE R,
Bl UV Rz Ak AR
W5 A TR2 W s SRR R v SR I
RIR R BOFHEAT KIREHET
BT FCM 3L M2 Wi A2 W 2 iR .
TFiR
v

& L ARRREL LU V)=, O u'yd?

i=1 j=1

v
AR RN B ¢ GEAUHE &
Lo SR A U

!
[FEERAS BT H e, B pR e L V)
!

IR AR R U R R RS |

o

[ ﬁmvw&*ﬁg%&;&%&

[ kemEdy, shikmEn |
4ok

B2 AT FCM k#y3& 54 b7t
Figure 2 Fault diagnosis flowchart based on FCM method
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Table 4 Sequence of fault eigenvalues

e U us us uy us us us ug ug 780 w11 Uiz Ui R
1 62 1. 98 18 32 1 6 5 35 592 6 34 52 33 ©)
6 87 2.13 17 34 1 10 12 58 322 13 58 60 95 (@)

11 69 2.20 20 35 1 11 13 50 302 12 58 88 54 ®

16 77 2.03 17 34 1 11 12 59 293 11 56 54 76 @)

21 68 1.2 0 0 1 14 13 43 492 14 45 53 64 ®

26 65 2.43 24 34 0.6 12 11 51 317 12 49 48 75 ®

31 62 1.63 30 42 1 14 15 42 335 15 41 57 46 @

36 53 1. 64 29 41 1 19 16 34 305 16 44 52 45 @)
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Table 5 Cluster center

25

ui uz us uy us Ug u7 us Uy uio ui uiz uils
1 0.9954 0.9940 0.9959 0.9936 0.9956 0.9936 0.9936 0.9943 0.9924 0.9934 0.9938 0.6348 0.975 2
2 0.9951 0.0055 0.9952 0.9954 0.9936 0.1136 0.2938 0.9937 0.984 7 0.1134 0.9930 0.6988 0.8165
3 0.993 8 0.077 8 0.9708 0.993 1 0.607 4 0.3657 0.426 1 0.9227 0.0120 0.3652 0.9821 0.777 7 0.684 7
4 0.9949 0.1303 0.6974 0.7504 0.9874 0.0191 0.0101 0.9929 0.008 6 0.0094 0.9880 0.496 4 0.947 8
5 0.0617 0.7829 0.9959 0.9904 0.9956 0.4115 0.344 6 0.0204 0.006 7 0.3140 0.036 1 0.499 3 0.077 3
6 0.968 3 0.9881 0.9958 0.9957 0.9953 0.3987 0.3592 0.0305 0.0046 0.3936 0.0620 0.566 6 0.556 1
7 0.9914 0.8246 0.9956 0.9957 0.9950 0.3733 0.2864 0.8290 0.0024 0.3271 0.0464 0.016 6 0.834 1
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Table 6 Correlation coefficient

25 u > us wy us ws ws usg uy 1o wi Ui w3
1 0.999 7 0.4078 0.7111 0.7941 1.0000 0.3336 0.3336 0.9975 0.3338 0.3337 0.9965 0.7715 0.971 1
2 1.0000 0.648 9 0.7108 0.7911 0.9970 0.8165 0.628 7 0.997 2 0.3340 0.8168 0.9958 0.8565 0.740 0
3 1.000 0 0.526 0 0.5509 0.628 8 0.356 7 0.3721 0.3368 0.7508 0.9630 0.3725 0.948 2 0.9894 0.4139
4 1.000 0 0.504 2 0.601 7 0.5604 0.9505 0.9001 0.9537 0.9865 0.9603 0.958 1 0.9545 0.3359 0.7765
5 0.343 3 0.4893 0.7077 0.7955 1.0000 0.544 0 0.587 9 0.3336 0.9903 0.6104 0.337 2 0.6334 0.3485
6 0.947 2 0.403 6 0.706 2 0.787 5 1.0000 0.549 7 0.5756 0.3338 0.9952 0.5530 0.3413 0.6923 0.527 2
7 0.992 3 0.4635 0.7032 0.7850 0.9998 0.5622 0.6265 0.7412 1.0000 0.594 7 0.3340 0.3835 0.753 8
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