Amif7rE
BH R SRIC 2

& 5 201081191002

+ T #Hax

AZEHH 20204 9

20264 48 26H



B0, ¥ 5K 5 MR R 5,55 3 ST I AE F R ) 48 il o ORI AR PR e A B
%*&W’Eﬁﬁﬁﬁ% [J].HL T A AR % 9K,2025,40(23):7724-7736.(EL: 31 [H &} 352 #1 F1) =
FRAT B TT RIBE BA I T ) e 3
3B )T EE R AR, AE R T SBSS 5 CNN [ 750 kV A8 [ 88 Al SR AR 1K 7 FELAS
SR GUI I [T]. P B AT 38 K 4R,2025,60(03):781-792 . (EX:  [E R} 157 1 1) bk 47

BT R BRI T ) 21
4. B R IR S, B E AN, IR P IR T LT AR T g R S VAL T
VE L 22 G5 :CN 115879345 BIP1.2023-11-03 e eeee s 37

AL, S AL £ 2 IR Nomex 46 2 48 1 B8 (1 52 W [, 44 25 44 81,2026,59
(02):39-48.(EL: 1 B BF £ B T 58k AT B 0H RUBS BAIA T 39



®EMS: R2026-0341

% BLRON FLTE B A A1 SR AR BT R R AR B 10 3 4 DA R B8R R WOR AR UL kAT B

WRIEHE:
o T%3| (Engneeringlndex) : 18844F-20264F

KRR

BEREH BoiE pe FEHEH SR B—1E
EI % EI-Conpendex 2025 2 2

ZAENFE B

AANZFEZMNETREEREGEEASERRSBEDLE PR AR TRERRERL, SBERER, WA HFIX
BRIAANRE, FrLAE.

B FH (EF

RN (BE x|

% B B ¥ . 2026484H27H

SR (FF) « ZMBTRZEREREBEN5ERRS N
(ARRRE RN ERD



javascript:;
javascript:;
javascript:;
javascript:;

Bt —: EIfs
fe& L73: SRR R XHEH | ABS
Voiceprint Recognition of Discharge Aliasing
' Signals from 750 kV Transformer Aand Pin- Xinan Ji o Daxue Xuebao/Journal of
Bao, Yanyan; Yang, Guangze; Chen, Wei, Plate Based on Sparse Representation . L. Journal 20252618
. . Southwest Jiaotong University .

Feng, Tingna Theory and Convolutional Neural Network 2025, 60 (3): 781-792 article (JA) 661668
%-F SBSS 5 CNN {1 750 kv B8 Figk ’ T
RIS 5 SRR
Analysis of Particle Interactions and
Modeling of Mutual-Coupling Dipole F

o . . N ? & oL .a o'up 5 1po‘e orees Diangong Jishu Xuebao/Transactions of

Bao, Yanyan; Zhang, Jialin; Chen, Wei; in Mineral Insulating Oils under Uniform China Electrotechnical Soci Journal 20255219

Wen, Dingjun; Liu, Kang Electric Fields 202’:“40 Z;;) ;‘722"7‘;36"‘”” article (JA) | 805885
B 5 e T 4 S UL AE ELAE ’ ’ ’
RIS R BB TAE R iR

&t 2

Fl1%k, 2%

Accession number:20252618661668

Title:Voiceprint Recognition of Discharge Aliasing Signals from 750 kV Transformer and Pin-Plate Based on Sparse Representation Theory and Convolutional Neural
Network

Title of translation:#:F SBSS 55 CNN iy 750 kV 28 FE 8 FIZAR FI B ERL15 5 75 SUR I

Authors:Bao, Yanyan (1, 2); Yang, Guangze (3); Chen, Wei (1); Feng, Tingna (4)

Author affiliation:(1) College of Electrical and Information Engineering, Lanzhou University of Technology, Lanzhou; 730050, China; (2) State Grid Gansu Electric Power Research
Institute, Lanzhou; 730070, China; (3) Tai’an Power Supply Company, State Grid Shandong Electric Power Company, Tai’an; 271000, China; (4) Hami Power Supply Company
of State Grid Xinjiang Electric Power Co., Ltd., Hami; 839000, China

Source title:Xinan Jiaotong Daxue Xuebao/Journal of Southwest Jiaotong University Volume:60; Issue:3; Issue date:June 2025; Publication year:2025; Pages:781-792;
Language:Chinese; ISSN:02582724; CODEN:XJDXEW;

Document type:Journal article (JA)

Database:Compendex

Compilation and indexing terms, Copyright 2026 Elsevier Inc.

B2k, 2%

Accession number:20255219805885

Title: Analysis of Particle Interactions and Modeling of Mutual-Coupling Dipole Forces in Mineral Insulating Oils under Uniform Hectric Fields
Title of translation:35) 5 37 1E Fl 1 o 4 G i b Uk AR ELAE F 0 4 R EL R AR F1E F i it

Authors:Bao, Yanyan (1, 2); Zhang, Jialin (3); Chen, Wei (1); Wen, Dingjun (2); Liu, Kang (2)

Author affiliation:(1) School of Electrical Engineering and Information Engineering, Lanzhou University of Technology, Lanzhou; 730050, China; (2) Research Institute of Electric
Power Science, State Grid Gansu Power Company, Lanzhou; 730070, China; (3) School of New Energy and Power Engineering, Lanzhou Jiaotong University, Lanzhou; 730070,
China

Corresponding author:Chen, Wei(CW733000@163.com)

Source title:Diangong Jishu Xuebao/Transactions of China Electrotechnical Society Volume:40; Issue:23; Issue date:December 2025; Publication year:2025; Pages:7724-7736;
Language:Chinese; ISSN:10006753; CODEN:DIJXES;
Document type:Journal article (JA)

Database:Compendex

Compilation and indexing terms, Copyright 2026 Elsevier Inc.



javascript:;
javascript:;

ma W= e H M

ISSN 1000—6753
CN 11-2188/TM

AT
SEMIMONTHLY

@IEN;E

TRANSACTIONS OF
CHINA ELECTROTECHNICAL SOCIETY

B
“@J

FEBEIHEARESE D

2025 &£ 28 23 HA

% 40 % Vol.40 No.23

N 1000-6753

555555

??????



OxE (TEZRS) (ENRET

CHEFH (CHEZRE) (AJ)BFEAT

O Rz EA T
O R ERBZ T

¢ (REFABASSEMHEBREESITIR) HT

O (PERBTEXHERE) £XWFE
3 H (183 ) SR ED) WRHEAT

O (P EZIS

BB 1T 1MF1k

DIANGONG JISHU XUEBAO

40 H23H0 2025412 10H M
CEAT, 1986581H))

B PERFERADS

. PEEIRARZESR

iR (ESHAY REHBRLF
% Si5H
BEREIER. Rl
I B =
W\ EE: BWE
REME EE: B F
™ it
% B D
Hodb SERERKERHRKI02SREXRE
10/ (100055)

010-63256949, 63256981, 63256994

H EE K H

Z= K

wWww.ces-transaction.com

EZR VR

E-mail .

N Rl ERE TR BIRAZEN B R/AE]

K f1. KiEWEBBUSIRTI & 474

1T . EEEMERE

Ei&fT: FEEFREBRRZ ST
(LR 383991548

dgjsxb(@vip.126.com

IR bR EEE R Y. CN 11-2188/TM

Tl

TRANSACTIONS OF
CHINA ELECTROTECHNICAL SOCIETY

Vol.40 No.23 Dec. 10, 2025
(Semimonthly, Founded in 1986)

Fel o b i ZE B 1A AR 45 . ISSN 1000-6753

Competent Department:
China Association for Science and Technology
Sponsor: China Electrotechnical Society
Publisher: Electrical Technology Press Co. Ltd.
Chief Editor: Ma Weiming
Executive Chief Editor: Rong Mingzhe
Deputy Chief Editor: Yan Zhuo
Director: Guo Lijun
Vice Director: He Lei Li Bing
Website: www.ces-transaction.com
Editorial Office
Add.: 10th Floor, Tianlian Building, No.102 Lianhuachi East Rd,
Xicheng District, Beijing 100055, P.R. China
Tel.: 8610-63256949, 63256981, 63256994
E-mail: dgjsxb@vip.126.com
Printed by: Langfang Lan Haide Printing Co. Ltd.
Distributed by: China International Book Trading
Corporation ( P. O. BOX 399, Beijing)

Executive Editor: He Lei

NIRRT : 6-117  [ESMRET{US: 1362BM  [EMsEdr: 30.00 5T



B T & AZF Ik

H40%  #23#] (2025 412 A 10 HHE RO

H X

BT

7449

7462
7475
7485

e 4 oo R 110 1 3 S5 0 00 £ (RN 2% 11 o T 550 W A4 L 7S R BE % e ) R TR 0 A

BT VR 3 0 R i - gﬁ$ﬁ
b B U135 ) B A PO T o ) A 1) A AL 2 ] AL A Tt e SR B
5 L8 W B 5E RO DR A PR T B R AR X PR LI DR R O B A

BAORGS5EERIR

7498
7515

1532
7554
7570
7590
7608
7621
7635

7652

7664

7677

7694
7707

H-i-SiE 7 E & PR E BB LS LS 58 X0 LR - B i
T oAl B AL L2 LR B BCE 4 H s R A 5 A W e v A ik

R R Ttk 5 S AL Y 7 A T BE R AR A A B - 5 R AL AR Y -

% - 7K A RS PR R HE oot 5 30T I EL- K R B [ R R B e
FHEBREES B RGH SRR IS 24001 SR
LTWMARGE PR BRLZ XN RERERI R G HT oo 5E
B T A% B B LA U 4 T AR R 2 o T L I A o e
T 2 ou w i R B3 A0S (R] 3R 2R A0 A5 5 1 e U5 e A - e A S MR

i [H U

BRI
*F it
e =
PR 2L e

I8 = A GG IS R AT AR B 3 42 4 01 IR A T R AR T 4 A A o0 A L O A

HET TR AP HCIBE 2 ST 00 190 28 - ER IR i 5 Bt 3 3 oo 2

He T b XBIL & R R A I 38 Y 2R MR = B IR e S UK
BT Bl TRl IR 2 R e 3h B B M S AR SRS ) TR A e BRI

SHEESHE

1724

7737

7751
i

1776

7793

7806

Y153 e G A H R 00 4 G o RURLAE T AR A o0 M 2% BB AR T 1 A D A

He T A AR FE TS 5 R AN BEURR B A o 4R 28 5 ST RS VAL T ik

...................................................................................................... A

=

T LI 5o TE A B 20 B/ 8 B BT SRR e B RS

{A] £ 4
A= e [i]
%k
i ok

EHN
A

i @

ZHTIRE
FEHE

BT 205 35 R T R e 3 5K P e A 5 R AL b A UM BE A W R AR AL

S - LB AR
ﬂ‘ﬁffﬂ??‘éI'Fi GFRP %DEEEE%%?J’JEE‘PEE Lﬂﬁﬁﬂﬁﬁlﬁj}{—’fﬁﬁ
...................................................................................................... $ H:
BT/ Hbn B8 YOLO Sk 1Y B2 5 48 S 7 {108 ok 3 18 3l 7 ik
....................................................................................................... %%,j;ﬁ
T HRA N YOLO W 281 6 /1 45 45 1 B R BR AR -+ ovvememeveevenne F g

SR

LN

R
GE

P
fih 75 A
W R

R

8

&

3G B

i
WFE
FRE
FURERN
T 7

(Rl IRES
A UKL
+ 55
B

£ =

iR 1B
B =
LT
F 1 F
A
g W
5 A

L {3 K
5t Bt B
(A
PaA |

P
oo

Bl

J R AR

=R

KA

1A HE A
o A
A H K

H e ELOEF il
4F I’ W B SH I @ 4

Il
o)
5

Fi %
i Bl

T =
# N

PUI -

7 I5E =

W& R

A

fih it i
oo



TRANSACTIONS OF CHINA ELECTROTECHNICAL SOCIETY

7449

74062

7475

7485

7498

7515

7332

7554

1570

7590

7608

7621

7635

7652

7664

7677

7094

7707

7724

1737

7751

7763

1776

7793

78006

Vol.40 No.23 (Dec. 10 2025)

Contents

Analysis of Output Characteristics of Giant Magnetostrictive Electroacoustic Transducer Based on Enhanced

Feature Transfer Structure Neural Networlk «-rreoreeeemmesrensnna. Xu Xiuxian Gao Bing Wu Zewei He Zhixing Zhao Nengtong
Electromagnetic Field Computation Methods Based on the Deep Ritz Method

.............................................................................. Zhang Yujiao Zhang Qiang Sun Hongda Zhao Zhitao Huang Xiongfeng
Optimization of Vertical Geomagnetic Simulation Coils for Ship’s Induced Magnetic Field Measurement

by Geomagnetic Simulation Method ««----rerremerrmm Wu Kena Ye Zhihao Wu Zhaohui Zhou Guohua Liu Yuelin
Application of Fixed Point Harmonic Finite Element Algorithm Considering Hysteresis in Asymmetric DC-Biased

Mﬂgnﬁtiﬁ CDnditiDnS ............................................................... Zhﬂﬂ Xiﬂﬂ_jllﬂ Xiﬂﬂ YU.ChEn WU. Xln}'l GED ShEnEZE 'Y"l ZhllD
A Review of Typical Forms and Participation Models of Electricity-Hydrogen Synergy in the Context of Electricity-Carbon-Green
Certificate: WIRThoeth: = sn ssrmanossams s g s g SN S SRR A R Hong Lucheng Wang Ziqiu LinJin Zhu Jin Yuan Xiaodong
Joint Market Clearing Model and Uncertainty Pricing Approach Based on Distributed Robust Bilateral Chance Constraint
............................................................................................ Cai Qingin Xu Ying Yi Zhongkai Tu Zhenghong Zhou Yuhao
An Environment-Economic Coordination Optimization Model for Urban Energy Systems Integrating Carbon-Reducing
Multi-Energy MIcrogrids: -« e s e Liu Shuo Teng Yun Chen Zhe
Research on Synergistic Planning of Data Center and Urban Electricity-Water Distribution Networks Considering

Electricity-Water Interdependent Flexibility --xreeerereenreesenennnacanee. Zeng Bo Meng Zishuai Dong Jialu Xu Xinzhu Ma Haotian
Static Voltage Stability Mechanism and Quantitative Analysis of Heterogeneous New Energy Multi-Infeed Systems
......................................................................................... Wang Tong Xiao Yihan Fan Zixuan Wang Zengping Tian Xin
Impact Analysis of Converter Diversity on System Strength in Multi-Infeed Power System
.................................................................................................. Ma Fuyilong Xin Huanhai LiZhiyi Huang Linbin Ju Ping
Robust Predictive Voltage Control for Dual Active Bridge Converters Based on Runge-Kutta
................................................................................................ Yin Zheng Deng Fujin Liu Hengmen Zhan Xin Huang Kun
Complex Signal Modeling Method for Harmonic Source Based on Multivariate Gaussian Process Regression and DBSCAN
ALGOTTtRM =+ Chu Yulin Chen Hongkun Wang Jiagi Wu Yanmei Lei Aoyu
Week-Ahead Phase-Separated Overload Warning Method for Distribution Transformers Considering the Spatiotemporal
Characteristics of Three-Phase Loads and the Dynamic Safety Loading Region
........................................................................................................ HE Huajin REH Zhou}rang Fﬁng Jianhing Zhﬂng Haifﬁng
A Multi-Label Learning Method Based on Conditional Networks and Knowledge Injection for Power Quality

Disturbance Identification and Classification---------eee: Huang Jie LilJianmin Zhu Bingfan Zhang Chicheng Liang Chengbin
Fault Diagnosis Method for Photovoltaic String Based on Global I-V Curve Feature Extraction Using Swin Transformer
.............................................................................. Chang Qianlin Luo Yongjie Wang Qianggang Ren Bo Zhou Niancheng
Cyber-Ramping Coordinated Attack Identification Method for PV Using a Tensor Decomposition Based Personalized Federated
D T T e PP PP EPC PP P E PP L PP CPPTCPETEPPPLPPLCRS Cui Peiran Cui Mingjian Wang Qing Zhang Jian
Current Differential Protection for Wind Farm Transmission Line Based on Fault Region Fitting Coefficient
........................................................................................................ Hou Bing Li Yifan Qin Lansha Wang Xuliang Li Hui
Research on Data-Driven Passive Fault-Tolerant Individual Pitch Control Method for Floating Offshore Wind Turbine
........................................................................................................ Liang Dongyang Liu Chao ShiXin Xiao Yi Yin Gang
Analysis of Particle Interactions and Modeling of Mutual-Coupling Dipole Forces in Mineral Insulating Oils under

Uniform Electric Fields: oo Bao Yanyan Zhang Jialin Chen Wer Wen Dingjun  Liu Kang
Evaluation Method of Oil-paper Insulation Damp State Based on the Structure-Insensitive Frequency Point of Loss Spectrum
................................................................................................. Peng Yu Yang Lijun LiJiajun Wang Jianyi Zhang Xiaoqin

Gas Production Characteristics of PVC Electrical/Thermal Decomposition in Stages Based on Experiments and Molecular

Rt D T s s A S S A SR 55 Wang Zihao Gong Jingwen Ye Zhuocheng Zhou Kai Gong Wei
Synergistic Optimization of the Mechanical and Electrical Properties of High Voltage Impact Polypropylene Copolymer

Cable Insulation Materials Based on Ethylene Copolymerization -------- Dong Xinhua Wang Wei  Yuan Hao LiQi He Jinliang
Multi Scale Mechanical Simulation and Electromechanical Experimental Testing of GFRP Hollow Insulators Based on

Different Process Parameters:«-««---xxrremermsmmm. Li Le Zhao Tianfang Liu Yunpeng Zhou Songsong Wu Wenhua
Identification of Low-Value Defects in Porcelain Insulators Based on the Small Targets in Complex

Environments YOLO Algorithm --:rereeeeeresenenmnmennaenne. Pei Shaotong Wang Weiqi Hu Chenlong Wu Mianxiao Sun Haichao
Self-Explosion Defect Detection of Power Insulators Based on Embedded YOLO Network
.................................................................................................. Li Peng Su Yunlong Ning Hao Meng Qingwei Wei Qiang



(HIHEARFER) SEREERS

FEER

e

Bl EEE R Gk R e m s

FRkR bR et ¥ g HET K
JBIR ] ek G 22 1 )

P Wil R BeF L Wi 19 Bk R
AT # Kol WP Rt

ZE B (Gietrk IR W HE)Y)

Tk Tk ¥ % g Al TR
FRE S 1A R ARLL R Bk
i 5 38 1| bk 31 ] b X ok W1
%)W e 7 IE 18t 3 it I
2 3y %% KR %= A 2t bk * %
4 3 4 W 2k 2k 1] 2 AL
Bk Btk k W Wi Kt
ZIYA I GiILIEAN faf &Rl faf 5=
KA K SCRE Fok BRI Bk i gk
5k B af R 2 gkt e BAHET. .
iw:.5'8 % % Wk BT 725 LD A
AL HB bk A G g al[ R
i FERAR Y P8 2 B 2L
Bori HYR O T W
P A % Wl B 1 Y RIS B
R 315 ] HE B4 FRIE T Hehl 5
P57 Bin WU(Um#%X)  Fred C. LEECEHE)  Jian Guo ZHUGRKFIE)

Jian Zhong WU(3E)  Jie CHANG(GEH) 7Z.Q.ZHUZEH)

MIEITTES  BIEARER
#fs< : dgisxb

HEE CHITHAFE> fIREE
LS. PR,

PEBEEZINRE'S: CN11-2188/TM  [EbsbmdEES HE® S . ISSN 1000-6753 ENE RS : 6-117 EIMEIFRS: 1362BM P Edr: 30.00 55



2025 % 12 H
%40 55 23 H

ZERN DO 5 i N S 4

TRANSACTIONS OF CHINA ELECTROTECHNICAL SOCIETY

Vol.40 No.23
Dec. 2025

DOI: 10.19595/j.cnki.1000-6753.tces.242036

WA EIBIER T ¥R 5 H P BREE
ERS T EBEERTIERNER

adede ' A K4 BEST 2 R’
(1. THEITRFEAIREEETIESEE 2M 730050
2. RN H g A AR IRFEHER =M 730070
3. EMARBEAENRBES D TREFER =M 730070)

WE REELZHTENRRFEFLERGER TR M7 ESRELEERTES
KHEHZE. LSRN EERLAN, RUMEEANEE, 2XFRE RELRTALEEY
w, MBHEELBERENSEURO M EER L LGB T Ry TR EEZR R, (2E
WX TR EER TR XA E RSN TG A, Bz AROHEEER T2
MR, A, ZXEERBFEARTHEMEEASELZBT R Es P HaE, K
BHERKW: LM m B RS H & FATH, B R (A T4 5 K5 F H 7 ki
ML EELTHERCELN, FRARE A TFHEZRBIR T FETREN “H
#7 AR, WER “RI-BH-KE HFKEZIRER, KT, 2HOERTERDRELER
BARfAZ —FARBAR. ik, ZXFRFEMEERYmTE, RECHERTHAE &
MTEER/RTRAFRER, WAEF R EERGEERTERNIEE, K@ s 7|
WAEEAER G KB K5 -E -k R, R, FAZEASLIT AR R R B kA
FUTHREMEER A EN T EHHE. ARERT AR5 TR BT I E L%

G WAL R T E.
KW B%m BN F MR
FESES: TMIS

0 3=

KB NBEBROELE L OMREE N E, B
AP £ 2 404 To 4 R o T HE Sk B AR R
FEAR R AR AE 77 Ik RS AN A8 SR I . 4R 9P AE
AR, 2 AN FT IR G VRN % AN 2R R R,
T 32K 6 550 /0 2% S5 RURYE A2 I\ D i o A s 4% £ 2% ¢
EIBTMEER RO

LA R, AR5 0 A8 I 4% 48 G ith v 0 2% BRI
KLHEAT 7 ORRWETT, PRI H T LB DL e 2% S5 Rk

HR B HER RS (24JRRA754) F1E /) H 44 7 2 &) R4 05
H (522722240003) %Hh.
WA H O 2024-11-13  eff H W 2025-01-22

BRE EEBETHEA

BRI AR B AR A

X ¢ 25 i L OVE RE RO SERPL AR, DLSE 4 3t RS Gt
W) I 56 O AR 5% B A 1 i U0 4 S i o 0 R T
Fe A5y g AR 5 Jd BURL AN 4 & JURL , 4 8 RURE LA
BRAE N, AR R UKL Y St RUACR W) 52 AR 4T 4 B
BRer e, M4 ER B TREBISTH 7 EKR
RANGE, BGARAE R T R R B R TR
BT VR LR, X 25 4R Bk 72728 T a4 il b
TR, T L B 5 28 [T 8% 32 AT I TR (388 n .- 4R 2T
Y5 5 B AR KR 3 N 0o £ 4k SORE 7E R HL 3 (KA
H R R A WAL T i 3 B W s R HE AU, 51R R
ST P T B A G e . X R B e E B L
T OLT SN ™, AR RUORLAE T ORI AR BT e
K2 G R R R U RN AR Y AT, R
T 2 UL R B UL S 2 A5 ik v H 3 B 3 0 0



%40 55 23 M

gHeesE BRI IE T W4 S O BORLAR ELAE A 2 B LA AR AR 7725

T 5 35048 % 1 L I 0 AR AT AR UM R B 5%
FRAI, B AR B B K /IR A R T R
ZJE, YRS EREOK, B A R R R
R 2, DRk KR, ERURLIT 55T
BT, A T REHES R ORI, R EUR
M4 . M. H.S. Zainoddin E@E T R HMHEE T
F 4 Zx it b T AE RN TR O RS, 0T 1 2R 4R R
JE 55 H FE R /N TR R 96 R 1OY. Xt 2% Jo R 1) 32 3 5
. BT FEERE, EASNEECTTR T — RS
WEFE, g S U7t 446 25 v A IR 9 3 5 0L K /) %
PEN B LT YEURE < Ja A RUORL DL K 7 A ORL VR S
VIR EIR IR PR it TR, W|oR T
AN IR FIURE ) Ja A 0) 248 2% i 7E LU PR T 1) il o R A
Mg, RREVELBETEHRNETEG, W&
Tk 21 24 JURE 1) 4 G5t oy o R MR EAT 70K, R AT T
o UKL ) 48 25 i AR UKL IR B2 ORI AL A2 A PIT 32 FEL I
AT FE O o R AR L, IR S5 SRR
B R 1 S 50k 460 25 il o o RRUS B S O WY R, Bl
5 RORLIR FE1G T  URERLAR 38 K, 48 20 1) 248
BE N FE, JRULH] T 48 S i AU RE T BRI T 2R A
TR UL /E 46 253 P I8 B /s S. Mahmud 251
HESL T AN AR 0 B 2 AT T AR S B
AT WA 1) 9 A AN [ AL AL B R RO, R AT
5 B H R AR TR BURE /N A HE R S A A
Ml A o600 A2 B iR S & R AR AR B 50k
TE 28 M 838 B R I R TT 4R 9T, WIT A 1 4 RORL 72
“a 2 IS BN RV, DL SR RIURL XS 248 % i i 48
GrEREI R LB 2= G R0 A PUBE T ol AN 4 sk
B, o3 M 7L RS AE H R AN TR B R K g
R R, DAAR 5 [ AH 2% BURURE B T i 5 R LB ;£
ST S PRI YT R AR T A A 2 i P 5 e UKL 1Y
MR, KW ). BN AR D R RS
T RURLAZ B B B R AL, I AR T £ S H UKL
BEPUBBEATIHEL, LSS T RURDRLAR A [F] IR ASORE
IZE)HRE R M. Krins 5PV B0 J7 VAR 50 T 46 2%
PR AL 5 BOWORL I 26 2 it v, 2 48 SR 4 RL A 3R TH 25
R AR, B RIURE X 466 25 s TR 246 v I B B2 i), SI2 0
I3 Wi vh BRURL B0 A7 75 -5 B0 B A o 28 9 B
DA 2% L I B AR, T80 PR B ) R A A AR T

25 LR R, [ AR RURLE B ROV B9 AT R S 2
B AR, BRARBERIRCLRY
TORURLJE M L HL b I8 I A5 DR 30 UKL 3B B)) O ) 5
Wi R R, AH SIZG 25 ABIE ST ROREAE 9 2, HOBORDRL A2
BN, AEBE TS B R P I 06 20 2% R URL AT LR

UKL AT 32 3h A ok R H 0B A LA B R BB B
e 250 SR A A b, HLOR T i R TR AH HLVE
(AR AR 5 b, M DA 380 o SR 1) AH BLAE FH 77 1 € &
TR bR b, HBURCH BRI N, R AR BLAE
FH K A5 45 SR JE) BBl R 3% o A A Ak, 3 T 2 e R [
FHEAER 77, B 1T 50R A 5 7R fL3% h OR AR B iR AL
FERURRIPA, H A o R B A S A R B A A
EHIG PR 2B FIZ IS . A B R AR
AR R G UL B R s AL, DA R BRI AE B AT
JIXF UKL IE By I 5 24, AR SCIE R A8 S P
S JRURL,  FE T 2 R URL A AR R I SR S
SRR T &, WIS R R R BLAE A 3 1R
TORL RO LRI, HL A I BURE 7E BRBE I AR AR AR
“EE” MR TEAE R AU 5 b RORL A
PEF JI0F, BT 2o B AN UKL I 180 55 250Ch AL T 35K
OB — X AR T, SRR T 4 RS IR
FAFF o A SN HLA S5 ORL 7E HEL 3 v (A A R
K, 337 Wk BT EARR TSR, #
TR T A T RORL AR ELVE F 0 0 EAR AR AR, IF
FHAZASE Y 55 B4 B 1 A [ 8] B 2% 40 T B0RE 19 AH
VB 71 R AR AFAE 2 S i (R RO AR BAE FH 77, 40
FLlEPE D CABURLRLAE R N FE & AL i, o s L
7N, ABRLIAIEE D #E 0.1R~0.5R . [8), ki <: 52 3|
RENIAH AR J15em, % N K By
] S0 0 L3 B HL 7 R R, UREE AR B R B R R
Fo AL A AL R 50 rh H A BURORE R )
LRI T EW T, o T BN A HoAE
X FIURLR 51 - A - BB I S i L, TR S A o
FWORLLE B3 i IE . HEB) A5 0N A BAE FAT 4R
e 7 — R A T Tk

1 @slaPEEHEEERZN T/ FR

Eah iR
1.1 REFESE

bt FURURL 32 B A ELAE A I AR 48 2 vh i is
SO, ARSCHEE T BRI ST &,
1 Fime W T & FES NBERERT S S
Wy X 38, RS B R GE A & e DA . Hor,
HIERAES T OFEEE. BEREELER. RH
BH ;s - FR AR« 52 7 3 A 2 A N L 3 X 8 48
. INRERH T ERUBRIZ S RS K ES LR
FH = B0 48 0] s AR R . R 5 TR A W PR AORL 7E
AP TR 25 AR FRIZ BIRES I A Z AN %A T3,
IR A K N BRE T 5 b gkl b o 3056 i FH 44



7726

S i NI

2025 & 12 H

SR 25 5 KR R A% 48 S, ViR PR FRVE = IR
29°C (+1°CH, W5y RN 25cmx
25 cmx30 cm (K xFEx& ). Ak, BR-HR A A @ i 12
FFEd: B4R T A%, 5w ORFE AR 8] BE
100 mm. 58 A8 FH A BT /N BRAR B BURLASEAY , /N BR
Ff2 R EFN 3 mm, FEAE/ADNER EMEFARIE, B
DB LI NER KA E S, bR e /N BR T
1 e By s BT o A8 FH AR 4 PR R 22 A o /I Bk
ZF I B TR AR AR BT BR A, A AR N R A T R —
KL, JF HARFFBURIAIEE7E 0.1R~0.3R 2 /], R’
A G b L SR TN B A, A 3% O 1) S R R
Oy FE LR 7 ] AR AL B HE A AL G 1 1 e R O o
BIRT 7N o B 56 B 75 IV 5 7 v 48 AiT 00 755 & AH AL 40 £8 %
SR PRLE ST, B 1 s AP0 5%
ANER BB A B L, DAAS BN ERAE A [R] B 20 1 A
Xf A7 B e BAS/INER IR 32 B 1 D o

K1
Fig.1

FURLAE 46 2 ith vh I8 SIPIR S W1 &

Observing platform for motion of particles
in insulating oil

REARSiTiE
I A TR NER E S 77, BRI R 2
ANERBURL kS, IR ORFR /N BR S AR [R] — 7K P 1 A [H]
R TT 1, LTS AH AR A 7 520 R /N ER
BEPREZRANEIL . 2407 T [ 5 R0RL 3RO i
LT AT, AN AR 3 . (R R
T, B H 0KV B#HTE K E 40 kV I, W&
1 82 A BORE B 1 B 2 i

1.2

(a) 0kV

10

(b) 25kV

(¢) 35kV

(d) 40 kV
B2 R 3 I RURLIZ 3 15 B
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Fig.7 The relationship between the number of dielectric

particles, particle spacing and polarization effect
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Fig.9 The arrangement of mutual-coupling dipole moment
and self-dipole moment of particle 1 in two electric fields
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The formation of small bridge by dielectric impurity particles in insulating oil under the action
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of electric field is the key factor that leads to the decrease of insulation performance. When the distance between
dielectric particles is relatively close, the polarization interaction force is significant, which greatly affects the
electric field distribution around dielectric particles and the chain process of particles in oil. The particle chain
process and its morphological change are important factors affecting the distortion of electric field and partial
discharge in transformer insulation oil. However, the mechanism by which the interaction between particles
affects their motion is not well understood, and there is a lack of effective models for analyzing the interaction
forces. Therefore, an experimental platform was established to study the effect of dielectric particle interaction
on particle motion in insulating oil.

In the experiment, the electric field is uniform, and the field direction is changed to simulate the electric
field in different directions. Dielectric particles are replaced by wooden balls and fixed with extremely fine
cotton thread. The influence of their interaction on the particle chain process is mainly studied. The experimental
results show that when the direction of the applied electric field is parallel to the line connecting the center of the
particles, the particles attract each other and form a chain under the action of the electric field. However, when
the direction of the external electric field is perpendicular to the line connecting the particle center, there will be
a special “self-rotation” phenomenon in the process of the particle translation movement along the electric field
line to form a chain, that is, the special motion mode of “attraction-self-rotation-chain”. However, the classical
point dipole interaction model cannot explain and describe this special experimental phenomenon. Therefore, the
process of particle interaction is considered in this paper, and the equivalent idea of self-dipole and
mutual-coupling dipole polarization of particles under the action of electric field is proposed. On this basis, a
model of mutual-coupling dipole interaction considering particle interaction is established, and the analytical
expressions of particle self-dipole moment and mutual-coupling dipole moment are obtained, and the relationship
between particle radius and “mutual-coupling dipole moment” is established.

The mutual-coupling dipole model is used to represent the result of particle interaction by the offset of the
mutual-coupling dipole away from the center of the sphere, and successfully explains the “attraction-
self-rotation-chain” phenomenon caused by particle interaction, that is, the particle self-rotation mechanism is the
essential reflection of the interaction torque formation in the electric field environment. The self-rotation
experiment of a three-particle system fully proves the validity of the concept of coupled dipoles in the analysis of
the interaction force between particles. At the same time, the mutual-coupling dipole model can realize the
quantitative calculation of particle interaction force and torque under different electric field angles and particle R.
The calculation results show that when two particles have the same particle radius and particle spacing D is
between 0.1R and 0.5R (D and R is the distance between the particles and the particle radius, respectively), there
is a significant interaction force between particles, and the particle interaction force is inversely proportional to
the particle spacing and proportional to the particle radius. The above analysis model provides a new method for
analyzing the interaction behavior of particles in the electric field environment and optimizing the electric field
in the insulating oil.

Keywords: Insulating oil, dielectric particle polarization, dipole moment, mutual-coupling dipole model,

interaction between particles
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Voiceprint Recognition of Discharge Aliasing Signals from
750 kV Transformer and Pin-Plate Based on Sparse Representation
Theory and Convolutional Neural Network

BAO Yanyan'”, YANG Guangze’, CHEN Wei', FENG Tingna'

(1. College of Electrical and Information Engineering, Lanzhou University of Technology, Lanzhou 730050, China; 2. State
Grid Gansu Electric Power Research Institute, Lanzhou 730070, China; 3. Tai’an Power Supply Company, State Grid Shan-
dong Electric Power Company, Tai’an 271000, China; 4. Hami Power Supply Company of State Grid Xinjiang Electric Power
Co., Ltd., Hami 839000, China)

Abstract: Transformer insulation level and health state are crucial to the safety and stability of the power grid. In
order to study the practical engineering problem that the audible acoustic signals collected outside the box may be
mixed with other interference signals, such as corona sound and bird song when there is a discharge fault inside
the 750 kV transformer, a voiceprint recognition of 750 kV transformer and pin-plate discharge aliasing signals
based on sparse representation theory (SBSS) and convolutional neural network (CNN) was proposed. Firstly, the
normal operation sound signal of Wusheng 750 kV Substation was collected as the background sound, and the
discharge sound signal and the common interference sound in the field were used as the foreground sound by
constructing the pin-plate discharge model. The aliasing sound signal was constructed by adding the foreground

sound with different signal-to-noise ratios to the background sound. Secondly, the blind separation algorithm

WHsEA: 2023-0421  EEAHA: 2023-11-16  WEELAMA: 2023-11-27

E—1EE: WHH(1990—), 2, M T RN, 05T A, (5805 0] AR i i AoIRAS AN 201, E-mail: 1076453621@qq.com

Sisctgat: WHiH, ) 3, BifE, 4. 2T SBSS 5 CNN My 750 kV 25 FE 25 FIRAR B B L A5 57 S0 7). 74 R 3838 K224 4k, 2025,
60(3): 781-792.
BAO Yanyan, YANG Guangze, CHEN Wei, et al. Voiceprint recognition of discharge aliasing signals from 750 kV transformer and

pin-plate based on sparse representation theory and convolutional neural network[J]. Journal of Southwest Jiaotong University, 2025,
60(3): 781-792.
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based on SBSS was used to realize the separation of target foreground and redundant background voiceprint

spectra. Finally, the hyperparameters of the CNN model were optimized to improve the classification

performance of the model on the separated various types of foreground voiceprint spectra. The results show that

the blind source separation algorithm can eliminate the redundant background sound interference so that the

neural network can focus on the classification and recognition of foreground sound. The proposed method can

separate foreground voiceprint in the aliasing sound signals, and the recognition accuracies of the CNN, the

support vector machine (SVM), and the back-propagation neural network (BPNN) after separation are improved

by 7.6%, 17.2%, and 14.3%, respectively.

Key words: partial discharge; time-frequency spectrum; sparse representation; blind separation; convolutional

neural network; deep learning
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Effect of thermal ageing on properties of multi-layer oil-immersed
Nomex insulating paper

BAO Yanyan'?, WEI Longjiang’, WEN Dingjun!, WANG Xiaofei’, CHEN Zhenyong®,
WU Yushuo?, CHEN Bodong®?, KANG Yonggiang®*

(1. School of Electrical Engineering and Information Engineering, Lanzhou University of Technology,
Lanzhou 730070, China;

2. Electric Power Research Institute of State Grid Gansu Power Company, Lanzhou 730070, China;

3. School of New Energy and Power Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China;
4. State Grid Gansu Power Company, Lanzhou 730070, China)

Abstract: In order to investigate the performance degradation characteristics of multi-layer Nomex insulating paper used in
transformers during the thermal ageing process, firstly, the multi-layer oil-immersed Nomex insulating paper was conducted
accelerated thermal ageing test, then a frequency domain dielectric spectroscopy testing platform and a surface potential
testing platform were established to obtain the dielectric loss factor and surface potential decay curves of oil-immersed
insulating paper at different ageing time, and the surface trap distribution characteristics of the oil-immersed insulating paper
with different ageing degree were calculated and analyzed. The results show that with the increase of thermal ageing degree,
the dielectric loss factor of oil-immersed Nomex insulating paper samples increases significantly across all frequency bands.
The dielectric loss factors of double-layer and triple-layer oil-immersed insulating paper samples are significantly higher
than that of single-layer oil-immersed insulating paper sample, and the dielectric loss factor of triple-layer oil-immersed
insulating paper sample exhibits an even greater increase. As the thermal ageing degree increases, the initial surface
potentials of the insulating paper samples gradually decrease, and the surface potential decay rate increases with ageing time,

while at the same ageing cycle, the surface potential decay rate gradually decreases with the increase of insulating paper
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layer number. The shallow trap density of oil-immersed insulating paper increases with the increase of ageing degree, while

the deep trap density decreases. The decline rates of deep trap density and energy level of double-layer oil-immersed

insulating paper are lower than those of single-layer oil-immersed insulating paper, while the increase rates of its shallow

trap density and energy level are higher than those of single-layer oil-immersed insulating paper. The research results can

provide some reference for the design of transformer oil-paper insulation.

Key words: thermal ageing; multi-layer Nomex insulating paper; frequency domain dielectric properties; surface charge;

infrared spectroscopy
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Fig.1 Insulating paper samples
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Fig.2 Frequency-domain dielectric spectroscopy
testing platform
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Fig.4 Testing curves of the dielectric loss factor of
oil-immersed insulating papers under different ageing time
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Fig.5 Surface potential decay curves of oil-immersed

insulating papers under different ageing time
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Fig.6 Surface potential decay rate of oil-immersed insulating
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Fig.7 Infrared spectroscopy of oil-immersed insulating

papers under different ageing time
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Table 1  Attribution of major absorption peaks in the infrared

spectra of oil-immersed insulating paper
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Fig.8 Trap distribution of oil-immersed insulating paper

samples under different ageing time
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