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(b) Transformer winding axial deformation fault conditions
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Fig.1 Vibration signal time-domain waveform of trans-

former winding
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Tab.1 Double frequency response amplitude of measurement
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Tab.2 Winding sample entropy of four kinds of condition
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Tab.3 Winding multiscale entropy of four kinds of condition
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Fig. 2 Winding multiscale entropy of four kinds of condition
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Tab.4 Winding multiscale entropy of four kinds of condition

IR MSE, MSE, MSE, MSE,
MSE, 1 0.488 2 —0.043 0 0.6136
MSE, 0.488 2 1 —0.6754 0.1011
MSE, —0.043 0 —0.675 4 1 0.601 5
MSE, 0.6136 0.1011 0.6015 1

3 H#RIE

EHR 2 LR BT AL RS S IR 55
Iy Hr R R A D 12 TR S 41 4% R AR T R B R AR =
B0 AR T — b T 22 RO 10 A2 T A S 2 R 2
WiBi o7 ik . Seg W] 2 ROBE I 7 50 A () i
T R I A7 AR 5 P e R BE PIL o A 2 AN M 2% 1
N BEA AR IR 7 7 T A SE LR B 15 5 51
AORFAEAS B OF REE 1 SR AR SE 414 Ff L 00 F IR 3h {5
TR . MREIR b R T SRALR 3 9 3l g
FRAE QLAY B s 1SR4 MRS T R85 5

AR AL 5 1 I LA IX 20 SR 2 AE 7 RS 5 4% Rl L B
BRI AT DL, 22 ROBE IR R )RR AR Y 81 1) 2R %
R JEE AR AR 5 R AR (9 A 2k 7 ik A B DU T 2 48
AR5 5 M R AE D7 T A — 7 A I3

s % X )

(1] WS XKL, SO S5 /N3 43 BT 16 41 2l i

A JE dn ks KGR B g LT . A E s AL AR
#2001, 21(12); 24-27.
Ji Shengchang. Liu Weiguo, Shan Ping. et al. The ap-
plication of the wavelet packet to the monitoring of the
core and winding condition of transformer[J]. Pro-
ceedings of the CSEE, 2001, 21(12): 24-27. (in Chi-
nese)

(2] BRHEHL, E450H, 308, %. BT Hilbert-Huang 7% #it

MY )78 IE A R0 JE R i oy s L) ). PR3l 5 vh i
2010, 29(9) . 9-12.
Chen Xiangxian, Wang Jingdi, Huang Hai, et al. A
HHT based method for monitoring core clamping
pressure of power transformers[J]. Journal of Vibra-
tion and Shock, 2010, 29(9): 9-12. (in Chinese)

[3] Garcia B, Burgos ] C. Alonso A M. Winding deform-
ations detection in power transformers by tank vibra-
tions monitoring [ J ]. Electric Power Systems Re-
search, 2005, 74(1). 129-138.

[4] Garcia B, Burgos ] C, Alonso A M. Transformer tank
vibration modeling as a method of detectiong winding
deformations-part II: experimental verification [ J].
IEEE Transaction Power Delivery, 2006, 21(1). 164-
169.

(5] JHSRTE. AR, E+4, 5 W B EGRDTEL

W R IT &5 M H0]. Wy B ik 4, 2014,
34(3):162-166.
Zhou Qiukuan, Wan Junbiao, Wang Fenghua, et al.
Design and implementation of online vibration monito-
ring system for power transformer[J]. Electric Power
Automation Equipment, 2014, 34 (3).:162-166.  (in
Chinese)

[6] Roy A, Wen C H, Doherty J F, et al. IEEE signal
feature extraction from microbarograph observations
using the Hilbert-Huang transform [ J]. Geoscience
and Remote Sensing, 2008, 46(5): 1442-1447.

(7] HoRib, BRAEE, BRis, &5 TR N EESR
AR W R Wy L] o Rae Ak,
2013,37(8) :89-95.

Ma Hongzhong, Geng Zhihui, Chen Kai, et al. A new
fault diagnosis method for power transformer winding

deformation based on vibration[ J]. Automation of E-



762

/) N

R

i w35 %

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

lectric Power Systems, 2013, 37(8):89-95. (in Chi-
nese)

HE AR, G, T A R0 R AR 4 09 A8 TR 28 0
PR Re k)], M LHOR 24, 2006,21(8) :9-13.
Xiong Weihua, Zhao Guangzhou. Analysis of trans-
former core vibration characteristics using Hilbert-
Huang transformation[]J]. Transactions of China Elec-
trotechnical Society, 2006, 21(8): 9-13. (in Chinese)
B, B, XET, & RERRR SRS
kRS ScI]. hE s, 2003,36(2):16-19.
Li Yanqing, Lu Fangcheng. Liu Guoping, et al. De-
velopment and implementation of condition based ma-
intenance for electrical equipments in China[ J]. Elec-
tric Power, 2003, 36(2): 16-19. (in Chinese)

Pincus S M. Approximate entropy as a measure of
system complexity[J]. Proceeding of the National A-
cademy Sciences USA, 1991, 88(6):2297-2301.
Richman J S, Moorman J R. Physiological time-series
analysis using approximate entropy and sample entropy
[J]. American Journal of Physiological Society, 2000,
278(6); 2039-2049.

R, B, BT /N A AR 4 5 R AR 1 R 2 A
RIS ] R30I 528, 2012, 32(4) :640-
644.

Zhao Zhihong. Yang Shaopu. Roller bearing fault di-
agnosis based on wavelet packet transform and sample
entropy[J]. Journal of Vibration, Measurement &. Di-
agnosis, 2012, 32(4): 640-644. (in Chinese)

Costa M, Goldberger A L, Peng C K. Multiscale en-
tropy analysis of complex physiologic time series[ J].
Physical Review Lettersec, 2002, 89(6):068102.
falss, kA, FEZEH, % S EERITBEBAENZ
REEM IR E A [T]. Y224k, 2008, 57 (10):
6545-6550.

He Liang, Du Lei, Zhuang Yiqi, et al. Multiscale en-
tropy complexity analysis of metallic interconnection
electromigration noise[J]. Acta Physica Sinica, 2008,
57(10): 6545-6550. (in Chinese)

WP, WLEEL, K& FL T 2 R 2T A
MR SR B2 Wi LT, JHRAE i, 2013, 34(6):
548-553.

Xie Ping, Jiang Guogian, Wu Xin, et al. Rolling bear-

ing fault diagnosis based on multiscale entropy and dis-

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

tance evaluation[ J]. Acta Metrologica Sinica, 2013,
34(6): 548-553. (in Chinese)

s, MEX, HEF. £ REMERL 72
R LT PR LS 2 W, 2013 (2): 294-297.
Zheng Jinde, Cheng Junsheng, Hu Siyu. Rotor fault
diagnosis based on multiscale entropy[ J]. Journal of
Vibration, Measurement & Diagnosis, 2013 (2): 294-
297. (in Chinese)

IR EE. HT 2 ROEME X R h i R R G E S
B HTF5E (D], 3 5 AL R R 24, 2013,
AL A TR P I U B 2 OB K B g R
SrHr0I]. ELEdR . 2009,58(7) ; 4485-4491.

Zheng Guibo, Jin Ningde. Multiscale entropy and dy-
namic characteristics of two-phase flow patterns[]J].
Acta Physica Sinica,2009,58(7): 4485-4491. (in Chi-
nese)

Wor. BREE, A, 4. A A IR 8h W A0
BRI ATE[]]. &R A S, 2012, 40(2).274-277.

Xu Fang, Shao Yuying, Jin Zhijian, et al. Experimen-
tal study of measuring point selection for transformer
vibration detection[[J]. East China Electric Power,
2012, 40(2):274-277. (in Chinese)

Garcia B, Burgos J C, Alonso A M. Transformer tank
vibration modeling as a method of detecting winding
deformations-part I; theoretical foundation[ J]. IEEE
Transaction Power Delivery, 2006, 21(1): 157-163.
Yen G G, Lin K C. Wavelet packet feature extraction
for vibration monitoring [ J]. Industrial Electronics,
IEEE Transactions on, 2000, 47(3) . 650-667.

Wu S, Huang W, Kong F. et al. Extracting power
transformer vibration features by a time-scale-frequen-
cy analysis method[J]. Journal of Electromagnetic A-
nalysis & Applications, 2010, 2. 31-38.

W PRl 2 Wi 7E L ) AR T A% SE 4IRS W i
NHBEFELD]. b A K24, 2008,

E—IEEB A L. 1980 F£ 1 H
AL PRI, EEPF T S MAE T
PR TT L AE W )RR G0 IR 12 W O TR
. BRERCEERSEHZHFEEMNT
HI4R 2 15 5 FR AR SR B0 (CF ) A sh ki
#2014 AR5 34 B4 8 WD AR L.
E-mail; haolilyl2@163. com



