44 6 y S XS Vol.44 No.6
2008 12 High Voltage Apparatus Dec. 2008 +543-

CP DGA

1 1 1 1 2 3
b b b b b
(1. , 330006; 2. , 330006
3. , 710049)

(CP) , ;

o CcpP , cp ,
Ccp o
IEC ) °
; ; ; CP
: TM855 : A :1001-1609 (2008 )06-0543 -05

Application of CP Compound Modular Neural Network in DGA Based
Power Transformer Fault Diagnosis

WANG Xiao-ming', HE Ping', WU Hua', CHEN Zhen-gang', OU YANG Jin>, LI Yan-ming’

(1. Ultra High Voltage Transmission Subcompany of Jiangxi Electric Power Corporation, Nanchang 330006, China;
2. Jiangxi Nanchang Power Corporation, Nanchang 330006, China;
3. School of Electrical Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Counter propagation (CP) arithmetic is one kind mixture arithmetic complsed supervised learning algorithm and
unsupervised learning algorithm. It has good pattern recognition performance, and can solve the convergence problem of
feedback neural network. This paper presents a fault diagnosis method for power transformer based on CP neural network, and
builds a compound neural networks model. The training times and the number of neurons on a competition level in CP
network are determined by comparing the results in different training situations. The diagnostic examples indicate the
diagnostic correctness of the proposed method is higher than that of the improved three rations method.

Key words: transformer; fault diagnosis; dissolved gases analysis (DGA); CP compound neural networks

, DGA .

; , CP ,

. Robert Hecht-nielsen 1987 [5.61
(DGA) Kohonen Grossherg
) o CcP
Al ’ ) CP
; R , ) CpP
, , CcP
CP o
:2007-11-10; :2008-05-27

(1978-), , ) o



<544 Dec. 2008

High Voltage Apparatus

Vol.44 No.6

SOM

12 CPp

N P
Ax=(al", @, ai,), Q s
Bi=(bi", b, by,
M , C'=(c,'*",

C/F(Clk, Czk, "'ch) s

e ey,
k=1,2,-p,
WjZ(le,sz, ’ij) ,‘]‘21 ’2’ ’Q;
V/F(vm,vhz, ,Uho) ,h:l ,2, ey,
M;

[ .
O T, N
(4)
N
SjZZ(likwﬁ’jzl,z’...’Q
i =1
(5) Wj Ak Wg
N
— k.= .
Ve e, 2o
g 1,
0
1 =
bFl ] &
S0 g
(6) W,
wy (t+1) =w, (1) +aaf—w, (1) ],i=1,2, -+ N,
,0<a<1 .
(7) Wg 1)
(8)
V/l
(14 1) =0, (1) +8b; (cr—ci' ) h=1,2,+++,Q
,0<6<1 . (5)
v (14 1) =0, (1) 4+Bb,(c)—c)' ) ,h=1,2,+++ M,
’ g
v, )
9) ’
0
Ch/:ijyhg’h:],z’ M,
j=1
Ch,:tho
(10) (2), p
(11)  t=t+1, A,
, =T, T ’
500<7<10 000,
2 CP
[7] , DGA
: DGA S
> 5 o 8] ,
Ccp 2.
2.1 RULE,.RULE, RULE,

ANN;~ANN;:ANN,



Endx 44 6 .545-

2008 12
DGA 1
RULE, 140 100 40
70 50 20
70 50 20
70 50 20
70 50 20
ANN, ANN;
: LG Hy o CH,.CHs . C,Hy
CH, o
3 CP
| RULE, |<—I CP 5
2 Cp N
ANN, ,ANN, ° 5;
s 3 CP 2;
, , , 0.000 1, 0.000 1,
, cP ,
R . Ccp
RULE,: ,
( s ;
RULE, RULE,; C.H, ,
1. 117 .
300 C,H,
C.H, )
16.254%, C,H, ,
5.01%, RULE, : o
C,H, , 16.254%, 3000 , 1 000,
ANN,, N ; 12 , 2,
5.01%, ANN;, . ;RULE, 3000~6000( 7000),
: C,H, , 12~20 ,
5.01%, 16.254%, ANN;, ,
ANN,, N , , 3 ,
2.2 3.1 ANN;,
, ANN; 3 000 .4 000.5 000 .
420 6 000 (12~20) ,
1, , 5000
18 ( 3(c))
’ 6000 | 16( 3(d))
, DGA , o
el 5000 . 16 CP
H, .CH,.CHe . CHy  CH, , 1000 1242 s,
:Hy/(H,+ ) .CHY/ .GHy/ .CHy 2 984 s,



Dec. 2008

High Voltage Apparatus

14

16 18 20 12 14 16 18 20
(a) 3000 (b) 4000
3
1 000
2 [o} b
5000
17,18 19 3
3 ) ’ 2’
18 19 )
17 ,
18,
95
=90
80"
751
70
12 14 16 18 20 12 14 16 18 20 12 14
(a) 3000 (b) 4000 (¢)
4
18( 4(d)) )
, 7000
17,18 19 3
3 ) ’ 3’
19 ,
19,
3.3 ANN;

ANN, 3 000.4 000.5 000.6 000
100 —s 100 . e
) e /v

' 95 P
90¥’ a7
351 ‘ ‘ 90 pa— g ! . s
18 20 12 14 16 18 20
(a) 3000 (b) 4000
5
15,16 17 3
3 ) ’ 45
17

17,

12

14 16 18 20 12 14 16 18 20
(c) 5000 (d) 6000
ANN,
2 ANN,
17 18 19
5 3 3
1 1 1
3.2 ANN,
ANN, 3 000.,4 000.5 000 .6 000,
7 000 12~20
4, , 6000 |

16 18 20 12 14 16 18 20 12 14 16 18 20
5000 (d) 6 000 (e) 7 000
ANN2
3 ANN,
17 18 19
10 8 7
8 11 4
12~20 , 5,
s 5000 .
18( 5(c)) ,
o
, 5000
100» 3 » 1] - 100 - » »
95 e ol 95 1 D
90 . B ""—l/l L L ] 90 7’ 7777777777777 ’//’ 1 1 1
12 14 16 18 20 12 14 16 18 20
(c) 5 000 (d) 6 000
ANN;
4
4.1



2008 12 y BT 44 6 -547-
4 ANN; N s
15 16 17
9 5 3 :
10 9 5 (2) cp
, ) T ,
. 7 , CP
N 1EC .
cP ’
, 5. (3 P
; ,
IEC cp :
1% 60 72 88 ’
5 , IEC IEC ,
, cp )
4.2
220 kV 1 , SFPSZ9- [1] BHATTACHARYYA S K, SMITH R E, HASKEW T A,et
12000/220 s 1997 6 5 2003 8 al. A Neural Network Approach to Transformer Fault
6 H,:12.01 pl/L,CH,:9.61 pl/L, Diagnosis Using Dissolved Gas Analysis Data [J]. North
CaHy :6.06 wI/L, CHa: 12.1 /L, Coby: 11.6 /L., America Power Symposium, 1993(5): 121-123.
101, 5 2l
[l , 2002, 39(7): 41-43.
, 02337
0.244 1 0.153 9 0.307 3 0.294 6], ANN, 0 001, 21
[0.906 7 0.093 3], ; (8): 10-14.
C,H, 29.46%, RULE, [4] ,
16.254%, , 1] ( ), 2003, 30(1):
, [0.9900 0.244 1 0.1539 0.307 3 65-68.
0.294 6], ANN, [0.082 7 0.917 3], 5] PN 1
, 2000, 32(5): 5-9.
’ (6] MATLAB 7
’ 1 M. : , 2005.
CoH, 2003 4 GH, 1184pl/L, Uy
2003 11 o 110kV-A 1l , 1996, 20(2): 32-35.
250 mm 7x7 mm? 8] [M].
, , _CP , 2005.
[9] DL/T
’ 596-1996 [S]. , 1996.
’ [10] M.
5 , 2005.
[11]
(Hep [M]. : , 2003.
’ [12]

[J]- , 1999, 25(4): 1-6.



