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Transformer PD Signal Detection Method Based on Improved Duffing Oscillator Model
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Abstract: To break out of the limitations of existing Duffing oscillator in weak signal detection,we propose a new
method for detecting weak pulse signal based on the improved Duffing oscillator.Because the detection of trans-
former partial discharge (PD) detection involves the detection of broad spectrum signals,and the improved Duffing
oscillator’s critical amplitude of chaos does not change with the excitation frequency of oscillator and the sampling
frequency, the limitation that the existing Duffing oscillator is only applicable to detection of low-frequency signals
is broken. Simulation shows that in strong noise background,the improved Duffing oscillator based weak PD pulse
signal detection method for transformer has good noise immunity and high accuracy.
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Fig. 2 The status of improved Duffing oscillator

0.5 1.0 1.5 2.0

system after adding noise
)G A WRE A ASAEREM: . TR B0 AE A [ Pl
AR A B Bk B Duffing 3% 7 15 T I 550 R 5 19 A
A SR FESTR £=100 000 Hz, 76 % 1 Ff s 14
Jil #6300 23 B A I 1) I S VR T R (T LA R LA 1,
I 1 A] 0 I S TR Yol R 1L 1Y fe/)MEL 0.825 0101V,
KA 0.825 013 VAR 4822 A 0.000 003 V,
1£°9 900~10 100 rad/s i [l N 11 38 b £ A5 R 3R 8l T,
BRI ORI IRE 1 B o A =0.825 010 VH, it
I Duffing iz F &AL F il AR RS ; 2 A,>
0.825 013 Vi, 4b T KR JE 1z g iR As R
SR, BT Duffing 4% 9 15 S5 Tl R {0 AN Bl 384Dl A5
AN S A Y S 3 RE P VR AN T A% S8 Duffing #R
THAR,
£ 1 ZEAE U 5 B I 7R T R
Table 1 The amplitude of chaos at different

excitation frequency of critical

28 gl
o/(rad-s™) 9 900~9 950 9 950~10 000 10 000~10 100
AN 0.8258010 0.8258012  0.8250130

1.4 EFE#HE Duffing IRFH BB EKBES

o R 7

PRAF HAD S ERAT AL TE R G807 72 (3) U
WO 2 7 I SRR A=A, BRI K55 s 5 &
HME R D 1 Gauss HMEFE S n()9A BAG
T os(e)+n()VE N R 18K 3 ) BB Sl A B R GE(3) T,
D)5 T 2l 3 Y Duffing 4% - 19 75 DU 58055 Bk b 45 5 46
B W)

x1=a)x2 (5)

Ko=w[—kxy+x,—x+A cos(wt)+s (1) +n(t)]
2 \
%@w%XWT§MhmgH%Laﬁ%W%

PR AR (EL, D M SR B ol A L AR g T
GoBE R T W8 a WY BK P AR S HOBUE ) Fjw)=



BS540

PRI, W R, 45 BT IR Duffing =758 (14725 e #8 JR A LA 5 Rl 77 12 - 167 -

arSa(wt/2) , o flEE PR AL Sa(x)=sina/x , A7 T8
M Aw=2mw/r , B AE F MG FE N A6 40", i 3C(6]
AR AR TR A R A LA S 1 K S Dy 7=280 s 1Y
A PE K S, A @=10 000 rad/s, F L, H
i Flo)~al.971x10, t T 5K 8 0 {5 & 2E 10 /9
55 A8 AL st 23 5 i 2k A Duffing IR FARZS A9 3%
AR A, I LAB T R B % B KT 107, e 15 . &
B Rl A I 1) AR e 25 JR 0 R K R A S SRR A A
a=10"/(1.971x10%)=5 mV , FHH3% (1 3= e 58 B A
Aw=20 900 rad/s, H T AN ©=10 000 rad/s
FE 22 558 i i 11 32 i 58 38 BB TR 0 2R 48 T 1 DU
55 Wk v A 5 0 00 3 43 4 55 R e SRV I S A 5 TR
ARSI, T 51 & G2 J4 19K 8 g i (B 3% i, 24 B
24 3K 2y 3 (B 3 310 T 2k AH R A 3R A R R
J iz gk A W Im FL e A, B, REG) R IR FHR
Tl PR A B A0 Sy RORUE TR IR A, DA U 3 755 0 ik oo
(CEELEREN

2 HESZREHR

FEA LS BCBH JE 240 E=0.5, ¥ ik 3
x(0)=%(0)=0, Gauss [1M: 7 55 & D=0.1, L4l R AE I %
f=10° Hz, Wi+ 8B K T=1x10" s, BUR G (1) 5K 5l 34
Jil F 3R 0=10 000 rad/s, 2 &3 M )% T AF
FH, JEORUE 3 G0 X W PS5 175 52 il B A — 5 I H
TR 5515 5 Kl & 48 J5 72 (5) Hh 15 8 i S TR Dl i {8
A ,=0.825 001, F-ffi I DU B Runge-Kutta J7 i #E 173K
fife AR LR 2,

F2 BEHHBERBESHRUER

Table 2 The results of partial discharge pulse

signal detection

G U EREE R EN Y 17 M He/dB EWINAS
60.00 -20.46 JEBAR A
50.00 -22.04 JE R A
30.00 -26.48 JE RS
15.00 -32.50 EURINAN
6.00 -40.45 JEL TR
5.99 -40.47 TRIRA

Jea 58 AR i e £ 5 B4 R 43 A 5 SR L TR 3,
32 FIE 3 Al A 5 e HAIE 2 -40.45 dB B, gtk 7Y
Duffing 47 5 i 43 5K 0 21 35 55 14 J=) 38 il e ok o
F59.

P B SRR 45 KW, SR Duffing PR 15 R 78
Je 8 AR i A5 5 (R R IR A 5 ) R Dy T, LA
BP0 o T LS AR R T R (Y S g M R N B

1.5

1.0p

0.5r

O

x/(V-sTh

_05.

—1.0p

1.5 1 L 1 1 1 1 L 1
—2.0—15—-1.0—0.5 0 05 1.0 L5 2.0
x,/V

(a)%a=6 mVIN, R H KL WK &

xJ(Ves™

.5 1 L 1 1 1 1 1 1
—2.0—1.5—-1.0—-05 0 05 1.0 1.5 2.0
x/V
(b)%4a=5.99 mVI, 480 Wk &
B3 BURZEAREETHRS
Fig. 3 The status of detection system

at different amplitudes

S5 5 BRI IS B2, AE 15 M FUAIK 2 -40.45 dB B, 45
SR AT L I 1 JR0 30 T30 0353 Mk b A 0 SR

3 H5iE

%4 TE Holmes ! Duffing R 48 3&4it I, FIH
J7 SCI ) R A8 #4845 58 1Y Duffing 4k 772 i it
B Duffing PR Sl A LR AT T %R T
FR YA w5 I I A I B T T R M R B g R
B T TE = O R R AR S R, RS
AR RAF R sh A FEYE, i H B A AR 5 Y e S
S BEVERE 5 i SCIO] AT A, /N I 1 (B0 2 M 0 057 U
ek | b B e A e i A5 R AT s 15 S A
T3 ¥ i e 3k B Y f AR DA M L S -10 dBy R
XL I HE A Duffing $' W5 o M RE AR 47, B
A ARG B A AR JF HL7E AR R LA 3 -20 dB
DL B 58K B B by ik A AOR o (HR ) AR R
W) R B CRA S A s, B RO AR O
ME LA I 2 A5 5 o SO g S B R T Oy 12 R A
P Tz R BLAE R R WY SO Uy A AR M LA
F-40.45 dB WSO8 HAT LG ARG I 45 5 i H Al
Kl s 6 mV @ RLEs a5 5, WAk b r ik A
ROHE R T HL R e R A RS B, R
NI A



168 - 20174 11 H Zuéxz $53% 110

PN [11] 38 AR, %77 SR EFE 5 R b e v G i 52 A Y BR

= : FJZ JE[J). W T4 R 24,2005 ,20(2) : 29-35.

[1] STONE DG C. The use of partial discharge measurements GUO Jun,WU Guangning,ZHANG Xieqin, et al. The actu-
to assess the condition of rotating machine insulation[J]. ality and perspective of partial discharge detection tech-
IEEE Electrical Insulation Magazine , 1996, 12(4):23-27. niques|[J]. Transactions of China Electrotechnical Society,

[2] GULSKI E. Comment and discussion on digital processing of 2005,20(2):29-35.

PD pulses[]J]. IEEE Transactions on Dielectrics and Elec- [12] BARRY H W, LINDGREN S. A survey of development s
trical Insulation, 1995 ,4(2): 685-699. in inlsutaion monitoring of power transformers|C]//Conf.

[3] JUDD M D,YANG L,HUNTER L B B. Partial discharge Record of IEEE International Symposium on Electrical In-
monitoring forpower transformer using UHF sensors Part 2: sulation. Anaheim,CA, USA:IEEE,2000:2822.

Field experience|]]. IEEE Electrical Insulation Magazine, [13] B 53,8087, BR B, 4%, 25/ DM M50k £ Jm) 30 i
2005,21(3):5-13. P A Y R ). B E L TR 2 i, 2007 ,27(6)

(4] REAA2E B . 3TN 40 TG 1 4R 89-95.

T 2SRRI, L AR, 2006, 30(13) - 76-80. QIAN Yong,HUANG Chengjun,CHEN Chen, et al. Appli-
DU Boxue, WEI Guozhong. Partial discharge classification cation of multi-wavelet based on denoising algorithm in
based on wavelet and fractal theory[J]. Power System Tech- partial discharge detection[J]. Proceedings of the CSEE,
nology ,2006,30(13) : 76-80. 2007,27(6):89-95.

[S] BARTNIKAS R. Partial discharges their mechanism,detec- [14] f& &, BECZE. Jry 0 0 Hb 78 A7 A0 00 ) o gt A 1
tion and measurement|J]. IEEE Transactions on Dielectrics L I 2 4508 K {5 0 R BF (D] R R 2004, 28
and Electrical Insulation,2002,9(5):763-808. (13):80-83.

[6] RBg, W&AF &EW. 2T #E Dulfing & T 19536 XU Jian, HUANG Chengjun. Research on improved fast
LS 5 R 75 Bk BF R ()], W34, 2013(13) : 132-139. Fourier transform algorithm applied in suppression of dis-
WU Yongfeng, HUANG Shaoping, JIN Guobin. Study on crete spectral interference in partial discharge signals[J].
partial discharge signal detection by coupled Duffing oscil- Power System Technology ,2004,28(13):80-83.
lators[J]. Acta Physica Sinica,2013(13): 132-139. [15] X0 A, X0 A, W1/ 25 /N D62 1 {2 Mk o 4 10 e ik

7] WI3CHE, WM A AN . SR S M TR RS e JHEEHTI] WL R, 2007,33(10):59-63.
TR b A BE R[], R HL R R, 2009,35(2):277-281. LIU Weidong, LIU Shanghe ,HU Xiaofeng,et al. Analysis of
HU Wentang, GAO Shengyou,YU Shaofeng, et al. Appli- modified methods of wavelet threshold de-noising functions
cation of statistic parameters in recognition of partial dis- [J]. High Voltage Engineering,2007,33(10):59-63.
charge in transformers|J]. High Voltage Engineering,2009, [16] % H 5, A %R, @R T MRS IR
35(2):277-281. TR P HE 24 ,2003,52(3):526-530.

[8] TRz, SEfl A  WRVL DR, 5w IR A8 R 2 i i rin it 36 43 LI Yue, YANG Baojun, SHI Yaowu. Chaos-based weak pe-
BrJ]. w5 R AR ,2010,36(1):54-61. riodic pulse signal detection approach under colored noise
WU Zhirong, NIE Dexin, CHEN Jiangbo. Analysis of partial background|J]. Acta Physica Sinica,2003,25(2):195-199.
discharge test of UHV transformer[J]. High Voltage Engi- [17] XIANG X,SHI B. Weak signal detection based on the infor-
neering,2010,36(1):54-61. mation fusion and chaotic oscillator[J]. Chaos,2010,20(1):

[9] skWeR £ G M, KL GRS R 013104
B T A AR 2 I R ). L R A ,2010,36(7): 1692- [18] 2 28, Yo A NI, FhER AT , 58, T Duffing #2 19748 RUBE
1697. 59 RS 5 A U 77 Bk UF TR ], W 2231, 2012,61(5):
ZHANG Xiaoxing, WANG Zhen, TANG Ju,et al. GIT par- 60-68.
tial discharge UHF on-line monitoring system[J]. High Volt- LAIL Zhihui, LENG Yonggang,SUN Jiangiao, et al. Weak
age Engineering,2010,36(7):1692-1697. characteristic signal detection based on scale transforma-

[10] EEA AH 252 0. g A8 R 25 5 0 e v A6 0 4 A tion of Duffing oscillator[J]. Acta Physica Sinica,2012,61
M BUIRFLR ()], L T RR BT A, 2001 ,20(2) : 52-57. (5):60-68.

WANG Guoli,HAO Yanpeng,LI Yanming. Present and fu- [19] JE & 9484 X B bR, 45 g A3 FlL 3 G T Pl 258 2t S

rute development of partial discharge detection in power
transformers|J]. Advanced Technology of Electrical Engi-
neering and Energy,2001,20(2):52-57.

PR L BT T HEAT L[], T A S TR S A3, 2016,
37(5):67-72.
TANG Zhiguo,JIANG Tongtong, LIU Changbiao,et al. An-



WFEL o3 Hr 7RI

GRS VR, S T UG Duffing 1R TREAL 14248 =) R LA Rl i

169 -

[20]

[21]

ti-interference study of partial discharge of capacitor by
high frequency current detection method[J]. Power Capac-
itor & Reactive Power Compensation,2016,37(5):67-72.
A 34T 2 T Bk Ao B T TR T 4 1R 4 Sy 3 T e B 4
Pk b PEI R T (D). BT R S8 A Bk ,2004,28(15):
90-94.

ZHOU Lihang,LI Weiguo,CHEN Yunping. Suppressing the
periodic impulse in partial discharge detection based on
chaotic control[J]. Automation of Electric Power Systems,
2004,28(15):90-94.

W R SR £ e B R A Ik b s L
JEAGI T B W FEI]. A%, 2013, 49(5):26-30.
ZHOU Tao,ZENG Xiangjun. Study on high sensitivity de-
tection of partial discharge pulse in XLPE cable[J]. High

(L#% 163 7)

[19]

[20]

[21]

INGEBRIGTSEN S,DAHLUND M,HANSEN W et al. Sol-
ubility of carboxylic acids in paper(Kraft)-oil insulation
systems|[C]//2004 Annual Report Conference on Electrical
Insulation and Dielectric Phenomena. [S.1.]:IEEE , 2004 .
253-257.

ZHOU Yuanxiang, WANG Yunshan, LI Guangfan,et al.
Space charge phenomena in oil-paper insulation materials
under high voltage direct current|]]. Journal of Electrostat-
ics,2009,67(2-3):417-421.

HAHA B IUR, 28 R 75 A8 g 1 oK 78 2 0 T R D
R S IR[T]. = e FL #%,2005,41(1) : 68-69.

DONG Baidong, DENG Fanliang, LI Liangjun. Technology

Voltage Apparatus,2013,49(5):26-30.

[22] HOLMES P. A nonlinear oscillator with a strange attractor]J].

Philosophical Transactions of the Royal Society B Biologi-
cal Sciences, 1979(A292):419-448.

W (1989—), B FF Rk, £ ERF b A LA L

5 AR TAF

e

B W(1963—), B W Hik, EEAFRIHHSH

7 T AR,

[22]

HEAF R A,
R (1967—), B , @A LA N F X wis R RE
IMEE(1975—), 8, TR KNFEREERRER I/,

k) R(1974—), B, TR R F L RE R RFRLTHE,

and practice of ordine monitoring moisture content in trans-
former oil[J]. High Voltage Apparatus,2005,41(1):68-69.
SN |t O E R O B < R 2R a0 TR URZ SEE B T

S Y SR B SET].  EHLAE ,2014,50(5): 110-114.
WANG Shigiang, HU Haiyan,XIAO Rui. Experimental study
on oil aging Effects on time-domain dielectric characteris-
tics of oil-paper insulation|J]. High Voltage Apparature,
2014,50(5):110-114.

A FH(1979—), 5 , TRIF,ZENER HHEE D

TR Bk A,



