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IMF Ye IMF Y.
IMF, 0.860 7 IMF, 0.021 9
IMF, 0.828 7 IMF 0.012 4
IMF, 0.319 9 IMF, 0.005 9
IMF, 0.224 0 IMF o 0.001 9
IMF, 0.023 8 IMF,, -0.000 4
IMF 0.080 1 RI —




£ 18

WK E 55 BT UGk Hilbert-Huang A8 34 1)t AL AG 125 1 B s i S R PR 101

M3 1 AT, IMF,—IMF, 5 R IR 1S5 1l
KZHE vy, >0.1, 0] IMF,—IMF, 5 R IR IR S{E S50
XK IMFs—IMF, 5 RGIRME S5 MAHKE R vy, €
(0.01,0.1), Ml IMF,—IMF, 5 J5t iR 4k 2 5 = 55 AH
K IMF,—IMF,, 5 R R 20 5 5 A C R ALy, <
0.01, W IMF,—IMF,, 5 J5 sk sh 5 5 B8 A 56 1k
DI, A SC 2k $6 IMF,—IMF, 43 &, 9f %t H 3 47
Hilbert 7540 1351 Hilbert S FRiGUNE 4 FrR

0.10 - 0.050

0.05 | IMF, 0.025 N * IMF,
0 0

AEfpERRRE
EhES

EEMD
IMF, IMF, IMEF;| -« | IMF;

Hilbert 253
IMF, 43 & IMF, 41 & IMF; 41 & IMF, &
Hilbert 1B | | Hilbert $1BR3E | | Hilbert 1BRiE || Hilbert 1R

Sk B Hilbert

PR R R

AR 1| [ABR2] [REE3] - [MBEn
il Sk AR AR A HRAE
N (Uliéﬁﬁzt)
1% .
, RPRERRE
(WikEER)

0.050 0.10
0.025 | ‘ IMF,; 0.05 H+ IMF,
& 9 =0
02+ 2 0.10
0.1 | 0.05
! IMF; IMF,
0 0
0.04 0.10
0.02 | IMF, 0.05
IMF,
0 0
50 100 50 100
PiFR/ kHz PFR/ kHz

4 IMF,—IMF,#J Hilbert i1 BRif
Fig.4 Hilbert marginal spectrum of IMF,(i=1,2,---,8)

P& 4 AT AT, X5 e R DB % 2% 00 3R 20 15 5 4T
EEMD J5 15 3|1 IMF,—IMF, F it T ¥R 3015 5 h s
BB R B i A4 O, B IMF, 2 IMF, [
TR AR A AN, RIEC(12) , 405k
HUEEZH IMF 43-5% Hilbert 31 PRIGAE S, I8 L2
ARE AR, i 5 BR .,

0.4
802
=
0
IMF, IMF; IMF; IMF,
IMF, IMF, IMF, IMF,
IMF

B 5 IMF,—IMF, B9 Hilbert 1ERiERES

Fig.5 Energy of Hilbert marginal spectrum
of IMF,(i=1,2,---,8)

4 fbSEBIEREIR A

X} 1 T 5 A ) sk B AR S T IR sh (5 5
47 EEMD | Hilbert 284, SR B IMF 43 (%) Hilbert
TR E o (AR R RRAE ] 4, # HE SVM 432848, 5K
IR fh Sk BB R PR A TR, Bk BRI AR N 1B 6 BT
4.1 IRBNESHFLES T

AE S B FRIRAS T A A TR S5 UL 7,

YRR 3 TR A TR, 4 B 3 FpORTE] il sk 48
FERAT 09 & Wi 3115 5 #E47 EEMD | Hilbert 45 #
P R SR B IMF 43519 Hilbert S BRit e/, 45 50

Elo fkBREREIRMNRE

Fig.6 Detection diagram of contact over-travel

4000
L0
i
0
e
K=
-4000 " . .
0 0.015 0.030 0.045
tls
(a) filskBRmA
4000
20
il
0
e
=R
-4000 ' . )
0 0.015 0.030 0.045
tls
(b) filskBBRIER
4000
&0 2000
£ 0
# -2000
B -4000
—6 000 . L )
0 0.015 0.030 0.045
tls
(¢) filskiBRE IR/

7 AEMLBRERSTAEKRNES
Fig.7 Closing vibration signals under different over-travel states
F2 PR, KR 2 R EE R AR, Wk A
[ A3 FIR

R2 AREMLBERET IMF 588 Hilbert AFRERES
Table 2 Energy of Hilbert marginal spectrum for IMFs
under different over-travel states

IMF E(w) IMF E(w)

HEa RED WKREe REa RED KEe
IMF, 0.134 0293 0316 |IMF; 0.113 0253 0.209
IMF, 0079 0.123  0.134 |[IMF, 0.022 0.093 0.051
IMF, 0.041 0.107 0.077 ||IMF, 0.006 0013 0.013
IMF, 0.044 0.118 0.118 |[IMFy 0.002  0.035 0.008
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Over-travel detection of electrical contact for high-voltage circuit breaker
based on improved HHT and SVM
YANG Qiuyu' , RUAN Jiangjun' ,HUANG Daochun',ZHUANG Zhijian>
(1. School of Electrical Engineering, Wuhan University, Wuhan 430072, China;
2. Power Product Medium Voltage Technology Center, ABB( China) Co.,Ltd.,Xiamen 361006, China)

Abstract: The HHT ( Hilbert-Huang Transform) is improved by EEMD ( Ensemble Empirical Mode Decomposition) .
The improved HHT method combined with SVM ( Support Vector Machine ) is applied to feature extraction of
vibration signal of HVCB ( High-Voltage Circuit Breaker) and over-travel state recognition of HVCB’s electrical con-
tacts. The IMF (Intrinsic Mode Function) components reflecting local characteristics of HVCB’s vibration signal are
extracted by EEMD , then their Hilbert marginal spectrum energy is calculated to build characteristic vector of electri-
cal contact over-travel of HVCB. The SVM is trained by the characteristic vector to realize the automatic detection of
electrical contact over-travel. The vibration signals of HVCB under different over-travel states are extracted and
analyzed ,and the results show that the proposed method can effectively detect the electrical contact over-travel of
HVCB.
Key words : high-voltage circuit breaker ; vibration signal ; over-travel of electrical contacts ; Hilbert-Huang transform ;
support vector machine ; state recognition
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Analysis of transformer oil paper insulation aging using

improved Davidson-Cole dielectric model

ZHANG Tao',LI Linduo' ,RAN Huajun®,XIAO Xia',ZHONG Tingting'
(1. College of Electrical Engineering and New Energy, China Three Gorges University, Yichang 443002, China;
2. Hubei Provincial Collaborative Innovation Center for New Energy Microgrid,
China Three Gorges University, Yichang 443002, China)

Abstract : In order to accurately analyze the state of transformer oil paper insulation using FDS ( Frequency-domain
Dielectric Spectroscopy ) ,an improved Davidson-Cole dielectric model considering DC conductivity and hopping con-
ductivity is proposed. The Davidson-Cole dielectric model is improved by parameterizing the measured FDS data and
then transformed into a nonlinear optimization problem. The mixed frog leaping optimization algorithm is adopted to
identify the parameters of the improved Davidson-Cole dielectric model, by which,the characteristic parameters such
as relaxation time 7,asymmetry of circular arc 8 and DC conductivity o, are obtained. The influences of aging and
moisture on the parameters of modified Davidson-Cole dielectric model for oil paper insulation samples are re-
searched. The research results show that 8 has good exponential relationship with furfural content, o, has good expo-
nential relationship with moisture content,and 7 has good logarithmic relationship with furfural content and moisture
content. Quantitative functions of relationship between furfural content, moisture content and model parameters are
obtained by linear fitting. These quantitative functions have high goodness of fit,so the improved Davidson-Cole die-
lectric model can be used to quantitatively evaluate the state of transformer oil paper insulation.

Key words : power transformers ; oil-paper insulation ; improved Davidson-Cole model ; water content ; furfural content;

frequency-domain dielectric spectroscopy
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