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Table 1 Types of power transformer fault
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Table 2 State characteristic samples of power transformer

FEAEAE SAEE R/ (L1 =HefE MRE
AFS  H, CH, GCH, GCHs GCH, %% M

1 46.1 215 158 615 1.2 000 NO
2 195.8 145 24 1.6 0.7 110 PD
3 78 20 13 11 28 101 D1
4 1570 1110 1780 175 1830 102 D2
5 181 262 28 41 0 020 T1
6 1270 3450 1390 520 8 021 T2
7 6709 10500 17700 1400 750 022 T3
8 109 42 40 14 5 101 D+T

(1)—78 e de & A T AR B 0 BB, R 8 Je
) DGA #ds . H, & &4 1330.0 wL/L,CH, & &4
10.0 wL/L,CH, & &4 66.0 wL/L,C,He 7 i 4 20.0
/L, CoH, &0 182.0 /Ly H = WSS R 112,
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T
X=[x, x, X3 X4 X5 X6 X7 X5 Xo]'=

46.1 215 158 615 12 000
1958 145 24 116 07 110
78 20 13 11 28 1 01
1570 1110 1780 175 1830 1 0 2
181 262 28 41 0 020 | (8)
1270 3450 1390 520 8 0 21
6709 10500 17700 1400 750 0 2 2
109 42 40 14 5 101
1330 10 66 20 182 112
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A=[0.2857 0.2111 0.0948 0.0184 0.0068 0.0030 0.0002 O0]=[A; A, =-+ Ag]

0.2256
-0.2786  0.0229
-0.0772 -0.2195

0.0122  0.1625

0.1180 -0.1100

0.4126 -0.0884 -0.3825 -0.5111
-0.8146 -0.1562 -0.4634 0.0151

c. H& M (5) T F s Rt oTmk A 1 M,
M=[0.4608 0.8012 0.9541 0.9838 0.9950
0.9997 1.0000 1.0000]=[M, M, --- M;]
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M M=0.995 B R St or sk 28R M LK (6),
AL A FE A B 6 (R Mg=0.995)
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0.1442 -0.7015 0.2815 -0.0158 0.2397 0.3150 -0.4472
0.1823 -0.5885 -0.1982 0.5473 0.0597 -0.4472
0.2325 0.0662 0.8129 -0.1196 0.1112 -0.4472
0.2392  0.4743 -0.2078 0.0617 -0.6666 —0.4472
0.0475 -0.2335 -0.3911 -0.7291
0.2394 -0.0569 -0.5949 0
0.0129 -0.2077 -0.2318 0
0.1326 -0.9272 -0.0088 0.1706 -0.2148 0.2168 -0.0184 0

0.1807 —0.4472 ~ @ @ @]

F=[F| F; -+ Fy F\]'=

0.028 0.093 -0.068 0.207 -0.037 0.163
-0.022 0.010 -1.007 -0.017 0.096 0.111
0.369 -0.457 -0.490 -0.105 -0.040 0.136
0.358 -1.020 -0.255 -0.153 -0.026 0.103
-0.881 -0.093 -0.586 -0.145 -0.066 0.156 | (9)
-0.865 -0.614 -0.440 -0.101 -0.047 0.210
-0.754 -1.152 -0427 0.115 0.112 0.138
0.323 -0.462 -0.462 -0.103 0.096 0.278
0.127 -0.950 -0.993 0.134 -0.116 0.199
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(3)H: 110 kV B 3l (Y 3 & F2 48 (852 SF,-
31500/110)#EFl ke e, 8175 M H A,
SRR AR R TR S S AT 3% T,
733 DGA #4ls . H, & # 4 1582.00 wl/L,CH, &%
4 95.50 wL/L, CH,y & 58 48.00 wl/L, CH, & i
A 35.0 wL/L,CH, &R 0 pl/L, H = HAE 45
011, H IEC60599 — LU AE I H W | A7 T XTI il fs 25
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Table 3 30 transformer fault samples

FEA AR/ (WL L) /N
5 H, CH, C.H, C.Hs CGH, F5
1 497 11.84 155 18.32 0.05 1
2 137 67 53 7 104 4
3 5 1.61 0.05 0.05 0.05 1
4 10214 935 13.46 9.32 0.05 1
5 6071.08 8025.02 31025.52 8048.46 2823.19 6
6 345 112.3 51.5 275 58.8 4
7 1270 3450 1390 520 8 6
8 9098.08 3601.92 439596 46731 330837 4
9 80.95 2021 55224  401.87 679.52 3
10 1018.62 2537 48929 3805 103573 4
11 980 73 12 58 0 2
12 9301 2896  102.87 2676 14487 4
13 13993.24 36629.52 82311.66 13735.09 11401.85 7
14 227344 228 0.05 313015 005 2
15 1249644 4911922 104948.1 2124535 9603.7 7
16 650 53 20 34 0 2
17 5756.04 14204.19 33501.96 7830.1 5887.8 7
18 30 74 1.8 8.5 19 3
19  8891.68 22609.51 41015.88 867635 6074.59 7
20 415 123 273 15 609 4
21 160 130 9 33 0 5
22 6888.08 2944.19 9889.56 1321.36 14380.13 4
23 14805.32 14251.01 3840822 474575 3008036 4
24 4072 15850 22621 9057 535 6
25 120 120 84 33 0.55 5
26 6709 10500 17700 1400 750 7
27  6394.44 43590.01 105256.08 57240.5 3817.81 6
28 9905.36 25947.77 544113.72 117989 5391.19 7
20 462036 2563.84 4624.69 53225 369229 4
30 954556 2484528 42902.1 8140.11 6827.1 7

EH R ARSI XX 30 61 DGA i #f A8
Wi AT, 560 A T AT 2RO X L 25 I8
AR R B = MBI TEC60599 — HLAH: M R
=A% B C IE (FCM) A XT3 3 v 30 AR TR
IR AR GEA T2 2 W4 AN 4 R, ER 4
ORISR S5 R 3 B—8, Y2
Wi 5 2 W RSP 5 5 3K 4 A 2 SIRIRES P
S UL W 2 W E R S 2 W
W R ARG 2 AT R RS W B ERR 2 W
FEA BOBLL K32 W R R

MWFE 4 TUFEWE . KRB =M IEC60599 =
FeAE 2 o R = HO (B L FCM 3k DA KA SO i M
ZWHFEAR BB B 22 21,1021 .26, HXF R 2
W 4 A 2R 43 31 2 73.33 % .70.00 % .33.30% . 70.00 % .
86.67 %, HILATLLE HY | AR S0 12 W A o 1 S5 e
L, KRB =Bk IEC60599 — ALK B R =t
TEIEAR X150 B AR SC 7 2% RE % 458 hy o 1 b Jsz e A3
JE#R B AT IRES A — @ A sk B — e R
R AR g e LA i ) L MR A S R R O
SRS SN R = o N[ S0 i /D O I =0/ P SN W E SR ok
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Table 4 Results of five diagnosis methods
LIRS

e o KP= TEC60599 B = FCM AL
ML = s % ik

1 1 1 1 1 1 1
2 4 4 3 3 4 4
3 1 1 1 1 8 1
4 1 1 1 1 2 1
5 6 7 6 7 7 7
6 4 4 3 3 3 8
7 6 6 6 1 6 6
8 4 4 4 3 4 4
9 3 4 3 3 4 3
10 4 4 3 3 4 4
11 2 6 2 2 2 2
12 4 4 3 3 4 4
13 7 7 7 8 7 7
14 2 2 2 3 1 2
15 7 7 7 7 7 7
16 2 6 2 2 2 2
17 7 7 7 8 7 7
18 3 3 2 4 3 3
19 7 7 7 8 7 7
20 4 4 3 3 4 4
21 5 6 4 5 8 8
22 4 4 3 3 4 4
23 4 4 4 3 4 4
24 6 7 6 1 6 6
25 5 6 4 1 6 6
26 7 7 7 7 7 7
27 6 7 6 1 7 6
28 7 7 7 7 7 7
29 4 4 4 3 4 4
30 7 7 7 8 7 7
HERR 12 W R A 5L 22 21 10 21 26

12 Wi 0%/ % 73.33 70.00

B, T BRAS B 0] A AR DS | AT R T R SR

T3 A, 38 1 B BUAS [R) (0 AR RE AR R T2 W, % B
it A SC O i, AN [ A AR I R A ok o 00 %) R AR B )
SEELE MR, M ER  RE A ) o ol LA KORS | TR
XS W A S

4 Hig

a. K FH 7R 2 4 WA 2 A0k AR gk 7 B o Ak Ak
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PR = HAE S A5 3138 32 o 1 BT sk R B, 1k
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TR O M AR AR F2 A0 22 TE) B S I A R A
TSR SRR SV g I T VA X T B AR A A 4R
PR RS AR P B i O R LA I S A P

c. LB HT TASCO: R B =ML 1EC60599
A R S HAE S FCM R X 30 4 AR R A

3330 70.00 86.67

DGA FEABE 2 B 4 2R | 45 R R AA SO ik e Ay
SOl 2 o 78 T e O R A 12 W ) f 3
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Spatial electric field energy scavenging converter used for smart grid
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(1. School of Electrical Engineering,Shandong University, Ji’nan 250061 , China;
2. State Grid of China Technology College,Ji’nan 250002, China)

Abstract: A spherical energy scavenging topology is proposed,its mathematically analytical model is built
and its influencing factors are analyzed. For the practical applications,the spherical-cap topology is adopted.
The large signal model and dynamic disturbance model of the conditioning circuit are built,the design
principle of its feedback network is given,and its feasibility is verified by the simulative results. Since the
variation of external electrical field may influence the operating characteristics of main conditioning circuit,a
simulation model is built to study its operating characteristics under the equivalent variation of input voltage.
An experiment platform of self-power system is established and the overall operating performance of the
energy scavenging converter is verified by the experimental results.
Key words: smart grid; energy scavenging converter; spherical energy scavenging topology; conditioning
circuit; design
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Incipient fault diagnosis based on improved principal component analysis
for power transformer
YANG Tingfang',ZHANG Hang' , HUANG Libin?>,ZENG Xiangjun'
(1. School of Electrical & Information Engineering, Changsha University of Science and Technology,

Changsha 410077, China;2. Electric Power Research Institute,China Southern Power Grid,Guangzhou 510080, China)
Abstract: Based on the transformer DGA (Dissolved Gas Analysis),an improved PCA (Principal Component
Analysis) is proposed to diagnose the incipient fault of transformer. Different from the traditional PCA it
standardizes the sample indices with the sum of their absolute values,which eliminates the numeric
magnitude difference between indices while keeps their information differences. The principal components
are selected according to the cumulative contribution rate and the Euclidean distances between them are
clustered to determine the fault state of transformer. Diagnosis instances show that,the proposed method
effectively improves the diagnosis accuracy of transformer incipient faults.

Key words: power transformers; fault diagnosis; dissolved gas analysis; principal component; cluster
analysis



	电力正文2.pdf
	1-70.pdf
	1-81.pdf
	1-70.pdf
	电力正文.pdf

	71-81
	电力正文1.pdf



	71-81
	电力正文1.pdf

	82-83
	电力正文.pdf

	84
	电力正文1.pdf

	85-97
	电力正文.pdf

	98
	电力正文1.pdf

	99-171
	电力正文.pdf

	电力正文
	1-70.pdf
	1-81.pdf
	1-70.pdf
	电力正文.pdf

	71-81
	电力正文1.pdf



	71-81
	电力正文1.pdf

	82-83
	电力正文.pdf

	84
	电力正文1.pdf

	85-97
	电力正文.pdf

	98
	电力正文1.pdf

	99-171
	电力正文.pdf




