F43%5 £ H
2023 £ 8 B

Vol.43 No.8
Aug. 2023

& 0 8 %% it %

Electric Power Automation Equipment

JETFEAE TQWT R LE (19738 i 22 4 2H R A i

BoORLA L E WAL IR B B R
(1. JHR e MNS A RFALNE] W AR ZRFRE, S & 7 M 510080;
2. B U M FE MR EARNS, & J N 510623;
3. EARGEKRYE AR HE DR EREFHKTHRELLEET, LF 200240)

WE: AFEAEB T ETEREBRAKREGEHEN B THRATADRET DK EHR(TQWT) et
B AR At (LE) AR 25 A0 75 ik o KR B 485600 & T 093k 3013 5 AT 547, - B2 — 3 FAEEAE 4 TQWT
SRR AR P R A AFIE ARG A BUE N R )G AT TQWT 45 )5 6 312 5 F ar a6 2 5 71 47 LE, A 3R Uk
AELER S /AN E T HBHFAE, FE10KVEEE BT EXBETRAG T ELERER KL
TQWT St =T A 2 4% B 255 ka5 5 o ey AL st 22 LE 3R IR 3R 3043 5 SR AE T S w75 7 3 BBk
TRBLEIARKREN S AL, SHAEG B RN ENARL MG, FEEELETEZRMRE, KM

A TR B LIRS ARG Rk 8 ] T IRAPRIE

FEWE AT ER B SR A TSR BTk RS

FE 52K S TM407

0 35l

EH I R0 H B St 2 — 8k
for (922 ] SEas A7 — FUR AT ks 4k A B e

P& AETE , I Bl AR T A5 A8 i 2R SR 4 A AT
Bl gt SR A IR G Kk A AR AR S 2
RS 30 %, H s @A T2 8 V)% 2 —Fhge
i B ) A 80 M A 0 72 FE A SR A s AT ARAS I O 1%, 42
TR e 25 0K 2 08 4E /KT, BRI 06 e A
BT AR AR RER BN 15 5 LR T SE A ik
SRS, H 5 AR UG, SN2
GRS )2 R PR 0 R AR B A B ik B 5%
2 R W00 S ) O A TR R R AR R A
T8 A7 S i ek B I HL B ) i 5 | ki SE LR Bl
Ry HARRER S0 R 2RI 28 & F R MSR4LRE
T o FH N b, G qeT DA T 52 eh it 0 28 R A A BE
PRG54 98 R AE 58 4 RS B SRR IE L Ry 56
o T R R AR e g R S IR B (55 1 R A AR AR
LAMERHE, SCHR (7 M 2 B0 Nl A8 41 3 A 1722
A R ARG BB AE | T i v
SV BE B 0T AR TR A B8 2H A AL PR A T 0 B 5 SR
(VMR H T [ 32 I 7 39 26 B A 285 A i B e X A8 R
R BT SR SIS 5 AT o, B I R TR ENE 5 1Y
Hilbert B 5115 2 ST H 001 58 70 A 22 20K 0 A48 TR 2%
Y5 H#A:2022-07-27; & 8 H #5:2022-11-15
TE2k H AR B #7:2023-04-13
E&WmB: B % Z . 44X 8 (2020YFB1709701)

Project supported by the National Key R&D Program of
China(2020YFB1709701)

MERFREAD : A

DOI:10.16081/j.epae.202212006

GRATIRA ;s SCHR L9 MK I 42 T a8 e Bt SR sl 5 1Y
SFAE ] 5 434, FE T K K-means JRASFIE SR ICT
PR A5 TR 1] e A A b, MO R A s )
FA) RS AL 0 £ B Xof A8 T i 8 IR S AT 40 001) 5 SR
[10-11 MRFEHE 35 kV AL IR g A i B IR Bh 55 /Nb
LI A R R RE B0 A L B HH T TR G ] ALY
R AR G I RS WY | I 45 5 SR 2 S B AL B St
LTSGR R AR G20 i o W, ELR: ok
O3 M5 A R s S b o A A T N R i B SR
e | I NLPE 22 SR AT SR , FEXS AR ZR MRS I AR
SRR B AZ R A BURARAE 1 SR I R =
I Ayt e

Hi Selesnick $2 Hi i A] § i 51 PR 5 /)8 B 72 46
(tunable (Q-factor wavelet transform, TQWT) j&— ff
BRI B AN A A A A S S 1 4 A
155 J5c Ay DR E 1) /0N I8 o S, 7 4 A 728 T 85
PSRN E T MR BA ARG R R 5 S A
HEIRAY A SN . SOAS SCE R TQW T S5 3
M Y78 F s o B S IR BN 5 5 o i 4l 2R AR
FH 7 3 7 1 45 10F e 5 (Laplacian eigenmaps, LE) 7
125 TR RAE AR A SR A RS Y BUBRIE I SCPPH
FEAR , DT $aE 5 A8 1 A S8 AR A I A oA 1 o X
H110 kV 228 [k A7 1 oh i il 56 T 08 SRS 5
BEAT AT, AT A ARSI 1A SO 5 s A Rk .
1 TQWT &g R EMRL
1.1 TQWT o f#Fi%

A Ay — it ot PR P42 1 3 5 45 1 R/ N D A
7 , TQWT 2 M4 15 = 1Y 9 2 e 128 BB/ iple ik
HEATUCIC , 58 US4 i OF Ok B L B ReE . B



%8 B W52 TR AL TQWT I LE (75 F 2e 28 DIR A5 Ko il a9

M5, TQWT 2R 48 155 09 it R AL Q it 2 2742
FRUE e 0 AR DR I A L TEARUS b S /N i - fide 5
o Hor, 5 BT ER Q = PEAN 5T A i IR A B A
ARAER, AT RIR A
Q=f,/B, (1)

A £, AT S A (BT R B H O A% 5 By R 3 dB

TEXT AR F s T 26 S IR B A5 5 24T TQW'T 43 fi
B, AT it ot A A8 RUBE /N g e e A, AR A
AR oh it T AR AR RSN 5 5 AN R IR 3 e 1 7
FE A, RS URE 2 B AT 0 i, B L BR AR .

DfiE S48

HRIERF 73 A7 (55 A 5 K BE B o TQW'T 43 fi
A I e A RO DR e R 2R

B=2/(Q+1) (2)
a=1-BIr (3)
Jow=[In (BN/8)/In (1/ax) | (4)

Ko, BAIEIE IR R F 5 r HICRE T, N
K EGN A SR [ ] R

A TQWT 4% 53 R AE , REH 7 o 5 B
JEa+B>110,

2)WTHAR R UG 4

254 Daubechies 51 M bR 4L 0(w) 511 2 J2 /NI
AR ROBEDE I A o 55 R DRI AR 4 A A BT
DAL~ 908 2 25 14 43T ) pRVEIC LY (0 ) 5 08 i J5T PR - 8 U8
i BYBIE PR H Y (@) T390 2R 788 -
1 0<low|<(1-B)a’'n

| wlo"+(B-1)T

HY ()= Ha(aw—l) (5)

m=0
(1-B)a’ 'n<|w|<a’m
0 an<lo|<w
0 O<|lw|<(1-B)a'w
am-wla™"
- == j=1
( a+B-1 )Ho (w)

(1-B)a’ 'n<|w|<a’m

HY ()= (6)

1 dn<|lol<w
K j=1,2, -, Joso=2ufif, f 7 f 533N ES
3) Sl T A T R S
TS5 WS E A bk 2 248 R/
RISl E SR E TN EREA R T I =318 & 1228 B0 DA 0]
fe R BT A i 0 (@) Y (w) , FEH
J- 125 LG5 3R I 0 (o) BEAE N T )2 U8B
A . X 0" (o) SEFT A B S AR 15 31
X 07 ) B 3880 1 a0 (2) , B HARE i TQWT B 55 2/
B i 280 B 1 — JIZ XN /N 53 R BUFE A

o3P R BOE B WAL AT , 3RAT J )2 0 M 28 B
W, 55 J+1 R R BN o A i . HARGE AR &l 1
o KX (o) FHRIAG THIHE s HRZET <00

o
w(w)

w(w)

Bl ERATOQWTERERKFZASBIRINESHTRE
Fig.1 Decomposition process of vibration signals
using TQWT variable-scale filter bank
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Fig.2 Transient vibration signals of transformer

under several short circuit impacts test
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Table 3 Comparison of decomposition results of transient vibration signals by optimized TQWT and wavelet package
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Table 4 Comparison of analysis results of sub-band energy sequence for transient vibration signals by LE and PCA
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Detection of transformer winding condition based on optimized TQWT and LE
YANG Xian',ZHOU Dan',WANG Peng’,LIN Chunyao', WANG Fenghua’,MA Jiaqi’,SHENG Gehao’
(1. Electric Power Research Institute of Guangdong Electric Power Grid Co.,Ltd., Guangzhou 510080, China;
2. CSG Digital Grid Research Institute Co.,Ltd.,Guangzhou 510623, China;
3. Key Laboratory of Control of Power Transmission and Conversion,Ministry of Education,
Shanghai Jiao Tong University ,Shanghai 200240, China)

Abstract:To accurately detect the winding condition of power transformer under sudden short circuit impact,
the optimized tunable (-factor wavelet transform (TQWT) and Laplacian eigenmaps (LE) are proposed to
analyze the vibration signals of transformer under sudden short circuit impacts. The normalized singular
value entropy is applied to select the key parameters of quality factor and redundancy in the decomposi-
tion process of TQWT. With the sub-band energy sequence of vibration signals decomposed by TQWT, the
most sensitive features of vibration signals are obtained by LE to represent the winding condition. The cal-
culated results of vibration signals for an 110 kV transformer under sudden short circuit tests show that
the optimized TQWT algorithm can effectively improve the decomposition accuracy of the transient vibration
signals under short circuit. The sensitive features of vibration signals obtained by LE method is capable of
clearly reflecting deformation process of mechanical condition of transformer winding. When the variation of
feature vector distance (FVD) exceeds three times, it is necessary to concern the mechanical condition of
transformer winding,so as to provide the reference for the proposal of transformer winding state maintenance
strategy.

Key words: power transformer; Laplacian eigenmaps; winding condition ; tunable (-factor wavelet transform;

vibration signals
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