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Review of Research on the Short Circuit Withstand Capability of Transformer
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(School of Electrical Engineering, Shanghai University of Electric Power, Shanghai 200090, China)

Abstract: The short circuti current, in case of flowing through a transformer, will generate an electro dynamic force
proportional to the square of the current in the transformer, which may cause deformation or even damage to the
transformer winding. Therefore , the transformer must possess the ability to withstand short-circuit current. In this pa-
per, the short circuit withstand capability of transformer is firstly divided into such two aspects as the electrodynam-
icc force generated by the short circuit current in the transformer winding, and the mechanical strength that opposes
it. The principles of those two aspects are described in detail. Then, the research progress on electrodynamics, me-
chanical strength , and multi field coupling, as well as various factors affecting short-circuit withstand ability , are dis-
cussed. Furthermore, the prospect of research on the short-circuit withstand ability of transformer is presented,
which is of great significance for the short-circuit withstand ability of transformers. Finally ,a summary is provided.
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Fig.1 Distribution diagram of short-circuit force
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Fig. 2 Distribution diagram of radial force
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Fig. 3 Distribution diagram of axial force
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Fig. 4 Tensile stress-strain curve
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Fig.5 Winding axial bending diagram
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Fig. 6 Dynamic electric power diagram
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Fig. 7 Winding-spring equivalent model
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Fig. 8 Schematic diagram of equivalent model
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Fig. 9 Dynamic deformation curve
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Fig. 10 Transformer multi field coupling flowchart
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Fig. 11 Leakage flux distribution diagram
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Fig. 12 Magnetic flux leakage distribution when

ampere-turn is unbalanced
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Fig. 13 Short-circuit current change curve

FEL 0 AR G A R B 0 g PR R B | PR R B =
AFREL I 5, AN [ B R 00 8 R ) 6 i vl 20 g 1189 R/
B ANTR] o AR RS R = FH A 81, 5 )
FEL O (L P — AR R B R (LA, DAL S B B B R R
SRR S SRS BT PR = A
JELi% = AT LA A5 B AR L B S R, 2
15 B AL RS B, I HL ik T T JL AL AR
] %) J % LG T o s 00 %) R g B g e, P

Ry A B B R T R TR UE— S R B B
TEAR FR AR BT RIS AR B 38 ol FH = AR R B AT
33 RE

FEAR FE AR T4 A0 B LA, MU A B R
M3l ), b 237 A — s R RRARAE , 7 A — S Y il
BT IR EEAR A SR A AR ) 2 2 Ak,
SIXTIPRL 27 SR M AR S AR TR A8 LA
SREE . R AE TR EEAE OL T |, S84 T oL T 4 BOA
5, R TSR R T T, PR o B R AR AL
SR ER) . ARPE SC[32]H1 Johnson-Cook 4%
P ARERY AT DLAR IO [W] 9 B2 T 1 Je Al 5i B 5 i o

B, UL 14

2401
— RN
— 3

0 160 260 360
E/C
E14 SBE—RETHHLE
Fig. 14 Strength-temperature curve

AR R IEH 24T, L 0 60 “CF 80 °C, {HAZ
s 45 L 6 I i 32 0] BB 3K 31 175 °C L = 200 °C #)
300 °C, & 14 AT LAt B LS THs T AR g
Hyihim A U TR, b im0 CE
300 CFEAK 1 40%Zc 47, JE IR ML I BAR 1T 30% 2647,
A A BIL A iR B2 A B T T B R R, R
WL 3l g A A2 A B IR ) B BEAIG , 3k fR]—
AN IR a2 S L R B S 2 N
PRI IR TE R RN, Ge4DR 2 B
PR R 1 R SR e oy U U S
A B AN RE
3.4 TIESRLEALN

AR T A 2 1 BT TSRS G T B R T A 4R
Mo B TLRAIRA BOE MhEIE G545,
FEH B LA o A BRI R . L R P
LR BA B RPN A), Bz
AT KA, e HAD EEHORS BRI
N X RDE e 2t AT fe 3l 1 e b, BRG RE 5¢
AUAEXS T IRE Sed th LAY i 3l ORI Hoh TE
ARBY BRI, GELI T AR 70 A o A5 ) 2
Iy N e S R A 1Y 2R DR N
B2 R 3% R 8 1045, Al A4 4 1)



- 8 - 202646 A

) § 1'% 4

¥624% ol

M 15 RIE R 2.5 0% . RHRTE S HEA T2
15T, e B — AT S 4 ) K A s 17 A
WA, SHIETE A 37, A0 S L840 R i LE i HE
TEGe2H 1 5 12152 B A L 3 g AR TR, i L
FEIE G820 Fe K S Ak B AR R G 4 AN A .
B, A PRIE SR L MUK R JE 1) B 0 16 46 [ B S 2H o
RGN SR AR E A g3 Ry i 2k X R e
AT 555 XL 1Y N oA i Bl
AHAE] B FERFFT IR eSS LA, BR T 1A 4 1) S8
[FF, BT HEIE RIS A DI ) VR o S 5
Ii1) 3 20 B4R )5 1 B985 Hr | A SR Tié 8 2 1) 4%,
JREFHFR BT, VIl 45 73 7 4 1) by g v ) S e o
3.5 BHMEAISE£

M5 GB/T 1094.5—2008 { Hi, /1 7% [T % &5 5 3
A3 RS2 MR RE 1)  FE T AR TR AR N S B, 7
FATH & AR LA N H . AR R A
—E R LT DR g R b e g, JL
PR — M B R B R .

H R SR 10 B I R BCE RO TR E LN
B LRGN R . 36l = 7w kg,
R YT 1k 72 B3 B v 1 B R R, O HLUT R
RIGHIER 7 120 CREARL) 93%, B NIRRT
[ Tk F K - 20 CIR T4 T 12,105 CI R T4 T
7,120 CRERKFEETF 4, 3715 Nt AR 4L
S T B R 2 AR B S e R A7 T B 1) e A
K, il ARG LR 95~125 Clal iy s AR BT 2 5
JE B B ) e R B S AE 125 CJn R 4k g
b EREAR . X SELH ) S il S BT ER AL T =
%o SCI38IULAMAIA T IR | 2t FOu) il [ R )
[i] T ZR B =500 R 2R, ik — 24 4 ) A
I [ £k 2R BB SE 56 7k, 4t Ak R EEAS TR R &R
TFHMEIEZEF . SC391% 438 RS F-4R it il
R G E R E A TR G 00T, K B AE AT
T8 A BT ELARUE 4% A RS BRI RS R G 52
[ AR A% 1l ) R ) R SR Y

25 1, YT ORGSR 60 6 A8 e g b e
P 5T 32 SR 38 Ak ) [ A R B T ROk R b
i AE 77, (H [ b R BN BUE A 7E — 2 1L, 5]
SR ) [ Ak R BOA T R 1 S A T IR
3.6 EFME

AR RS s i T, A AR
W SEL, TG Bl S 1R 47 8h 45
JI5r BT, 5 [ A AR 5 S 20 i Ik s AR A ], D)
S LR BILG  iE R A AR R . ZBS RS

FRIRELIE | T 7 1) JE L@ R ATR 7 Ry
(K-w’M)X=0 (7)

D) : w i GELH Bl ) [T A A K RGERY
P REREL I 5 MR JBCHREREL R 5 X O AR B o)

I T2 G ARAFAE AR M 2 R, SR R [ A
WIARTE —EFERE R T B RN, 2 B
INTIT R AR o 2 T A3 4 0 o B L AR B, 7E 5
BIF ARG il S 2538 n 20% 4545, &
SeA N 2N E] 40% 42441

4 TESR[TEKBERENARNEE

4.1 TR ERRRI R B 0E

S I E A TR, R AR S
A A3 A 7R B IRTE B R S R T AR
FT s X PG FR A SR o PR, 76728 R 2%
2% SR RN 2 SE A SR I A i A B L
S FARF MR Ny h = AR RRIN G, DT 1 A AR
FEARGRA SR Z ) BB R e R X I, Bk
I hAh

h=J2/(mfuo) 8)

K@) h W ERRRIREE s f MR s u R T 5
o NHL R,

T RN I AEAE , SRR O ) H o
WA EEEA , MEEAR TR, % ERH
2RI G, — 7 ] LS/ BB, 5
— 7 0] LU F G411 % s AT s, (H22s
OSSP IRA R FH 2 BRSO S5 P o BT, 75 B A 5 47
MO R BEIR 32 77
42 BEMERMNA

A R AP I L B D A — o R T
MR PERE . R AT AR R AT DL IIE AR 25 fo 18
SRR . PG 2G R I T MR 4
FAS RS, WS R RS S 7R K B A Sl AR R AR
{14 BEL T L RS ) o 65 R 38 190 DK/ 2 T s/ N 1 P
7 ARBEAR e (0 e B IR o K R S —
BHPTLR B, 75 IE 5 TAERME T, 28 R AR A A6 8 Stk
A, HHBUEAR /N, 2055 T80 A2 AR RS, 4
HHL 7 2R 0+ B % F DA A, R S R A i R )
HLUE T 5 AV BT I B L E A, 17Tk
AN LRI RN . HER AR FRARAE 77 KIRE T
AT BHAC S, i HARFETE D

2G B FAPRME — 8 J7 T RE AU/ N I L I,
B AR R A% 1 & e fR e a1 T, (R S PR B AR
BT ELR PREE R OB 2, 77 KB e 2 H 2



3%

ik AR, YORIE. LA RE I SRR 9 -

RIS . T A R RIL, SEZH AR A I [R] AR
A Al REIs B fER KT .
4.3  FHEARAIR A

WEE 17 SRR A 1 & i B0 254 (digital
twin, DT) . A\ T % i (artificial intelligence , AI) , KA
SEREOR B ETE AL AT, Bl DT HORTE
70 s i e M DU ORI BE 7 R N ALTE R
ROy B R PSR A U R BB Ak N Y, KB
P HORTER B, ) R G i o A A BRI
— R &, DT AVAE B MR TE AR e de i i B fig
PRUEAS R 28 1) & 2 Ae 0 1a 4 7 7 TR A T AT e
43.1 DT#H R

S AR Fe g BRI o3 B 2R TR TR
arEUE D B B A TR Y T A s, 5 5P
A RSN, 1 5 DA A PR TR [ B
BN} A5 A AT B L, s AR TSI TG 5
RO TFREALER & o SR DT HOAR ] LA 5
B B R R e B A RO R, O L
RAE Y B H AR TR 58 B AR 2 s, AT LS
PUAZ TR A5 #5 3D B K H AR A B 2 0, AR e
ARG AL AG BL] LA TSI R o
432 AIHEK

Bifi %5 At 2 FH R 75 SR (A AR 38 R ) R e A1
PR PRAEAE A 1Y 22 R 8 1e AT W Ok i
DATE 78 He 2 DR B 6 3% BB 0 AN JE 1) i 2 28 s 45
P B R K ATEEAR 52 R ARAHSS &, SE AR
F i 0 RE AL BN 4E M o AP A2 He a8 B At
EALAITR 22 2T AR AR R 25 1 Iy S il s e s Fn 4
AR, AN AT DL 0 5 & 30 A8 s #5841 A8
& ] DL R AT A AE o X REACA 21
LRSS B[] 34 AT LAk 2 A% Fs 23 80 18 & A AR
I Had i ATHOAR AT EE 57 ] Flsm Al o ] SRR 52
PR AR F 23 0 470 0 %17 100 i B b 3 R L
XFHIGAS N ARG L — 2 T, A S RV
ar SRR AT
433 REHEHK

R T N ol R R N A D A
A LR AR W BRI I e S SR T ER PR 78 e 2%
BT RAE , FEA R AR A2 e A A %
RE B s AT A v A B Sl R AR AR, LS
XP7AR e g A TR ARG TG 534, T ARt e i
BAZSEBEMER AT SR K YE . TR R i &
AT 385 IR H AR I3 W AR 22742 T el B 4

PEIOAEE RIS M O ERR M
5 #ig

AR s i e P ) AR G PP AT D) R A i ) R
F AR TR AT R 22 02 H I v A ] il 9 2 B A
1 T TR AR UL BR BE S AN IR AR 5 5 A TR A ik
B, SR I RGN ATRE , ST I RE ) — H
S ARSI S5 S UL LN B e
AR e UL L AL RE ST ST AN T

DXt T8 I dw e 4L s 30 17, FRTIESE 2802
DA S SIS JIise o 3, ilad ANSYS /i 0)5
FL o M R4 A50R R  A AE 25 308 S 1) Fi 30 ) SR/
177 KRR FE TAR o E % H 3L 2 1 — 2 I ]
— ELAFAE R, X T 22 6] B4 0 64 s 2 ) (e 5 2t
— BT

2% T s AR AU JBE AT S B SR A B B
T3 JBAAE L, W T BB I AR SR AR
AT T —ER . X TEZEIHEN T, 54
P2 A IR B AT A AR AR SEE T 1) 25 TR L L

SEZ WK

[ AR EET, £ P 5 TR 2 M iy 2 W

el AR RS SR AR A2 BEIRT). L THAR#4], 2023, 38
(11):3022-3032.
LYU Fangcheng, WANG Xinyu, WANG Ping, et al. Mechanical
deformation identification of transformer winding under multiple
short - circuit impacts based on vibration deviation and weighted
entropy[J]. Transactions of China Electrotechnical Society, 2023,
38(11):3022-3032.

(21 HLJIZEIR & 55 WY RSB AU HE T - GB/T 1094, 5—2008
[S].2009.

Power transformer-part 5: Ability to withstand short circuit: GB/T
1094. 5—2008[S].2009.

3] M, T W, BUEN, S ST AEREEL APF (R e 19 B AR B
HEEAIATI]. LAY, 2022, 58(8): 238-244.

YUAN Xingzhong, WANG Hui, JIA Honggang, et al. Comprehen-
sive power quality control for microgrid based on APF with energy
storage[J]. High Voltage Apparatus,2022,58(8):238-244.

(4] 2T, AR, XA, AF . B TR BRI B AR TS

FE P M RE TR FELT]. R R LR, 2017, 53(10): 111-116.
LI Xinhai, ZENG Jianxiong, LIU Jianhui, el at. Study on anti-
short - circuit ability of transformer based on the zero loss deep
current limiting technology[J]. High Voltage Apparatus, 2017, 53
(10): 111-116.

[5] ARFEAL, A5 4y, Bk R, 45, A8 He R At il o] 0y 3 ARk 5
MR T[], 28R %% ,2020,57(10) : 24-28.

Z0OU Dexu, ZHENG Yigu, QIAN Guochao, et al. Axial force

distribution characteristics and test analysis of transformer under



- 10 - 20264E6 f y § X3 4 62k el

=

[t}

short-circuit condition|J]. Transformer,2020,57(10):24-28.
O, R T H—E HHAS G S MR TR SE A
RIS, D R G 545, 2017, 45(16) : 24-30.
WANG Xue, WU Tao. Dynamic deformation analysis of transform-
er windings based on magnetics - structure direct coupled -field[J].
Power System Protection and Control ,2017,45(16):24-30.

S 2 G B SO YR 2 R ST R e ol e
BREAOC R BTFEL). 8RR, 2021, 58(6): 13-16.

YI Meisheng, OU Qiang, SHI Guangyu, et al. Research on
relationship between standard short-circuit test and operation short-
circuit fault of transformer|J]. Transformer,2021,58(6): 13-16.
PR, d RS, TRENE, 55, =284 ) 7% e s Szt e %
FEL I S S84 5 BE T TAA D). A8 R4, 2022, 59(4) : 48-53.

RAN Dedong, MENG Tiannan, WANG Xiongbo, et al. Calculation
of single - phase grounding short - circuit current and winding
strength of three-winding power transformer{J]. Transformer, 2022,
59(4):48-53.

BRI IREE, ARFEAL, 45, B TAT BROC T vk 728 He iy ) LA A5
UK 20 B B op b TSR RS2 M A R[] AR R4S, 2018,55(6):
11-16.

MAO Fengchun, PENG Qingjun, ZOU Dexu, et al. Research on
the influence of transformer geometric model precision on short -
circuit impulse calculation based on FEM[J]. Transformer, 2018,
55(6): 11-16.

FERSC PR TR , S R TR T X R B SRR A Sl st
AR 550, 78 R 4% ,2021,58(12): 1-6.

WANG Xiwen, JING Yongteng, ZHANG Yongchao, et al. Analysis
of dynamic process of transformer short-circuit deformation in near
arealJ]. Transformer,2021,58(12):1-6.

Al sk, TR A R e A R TR AR SE L SR E RE
JI53 A T AL TR0, 2023 ,43(8) : 3237-3247.

LI Jinzhong, ZHANG Shuqi, CHENG Huanchao, et al. Dynamic
stability analysis of UHV converter transformer winding[J].

Proceedings of the CSEE,2023,43(8):3237-3247.

[12] % V5. B 7 R g R e i sh SRS PEWFST D). dbat - A2t

JIR#,2018.

WU Tao. Research on short - circuit dynamic stability of power
transformer windings[D]. Beijing: North China Electric Power
University, 2018.

PATEL M R. Dynamic response of power transformers under axial
short circuit forces part I - winding and clamp as individual

components[J]. IEEE Transactions on Power Apparatus and

Systems, 1973 ,PAS-92(5): 1558-1566.

(14] EBT7, 9K, A FER AT A AL HednSe 2 il i) 9% 3l

SRR A EE ST W TR 2447, 2000, 15(5):39-41.

WANG Hongfang, WANG Naiging, LI Tongsheng. Axial vibration
equivalent one-degree analysis of power transformer winding under
short - circuit[J]. Transactions of China Electrotechnical Society,

2000, 15(5):39-41.

(15] 5 FL, 5 2,255, A5 T Re kgl 1 ) A2 T 4 S 4 Al

HUBKSR I B PPAG Ik B ST0]. oh L TR 544, 2023, 43
(16):6494-6504.
ZHANG Fan, MA Cheng, LI Xiuguang, et al. Dynamic assessment

of windings’ axial mechanical strength in power transformers
considering the vibration response[J]. Proceedings of the CSEE,
2023,43(16):6494-6504.

[16] Fsse, XUSCH, TR’ AR R asSe 4 il i S sl 25 0 3
B[] AR A ,2013,50(1): 14-17.

WANG Luliang, LIU Wenli, YU Huifeng. Calculation of winding
axial short - circuit dynamic force of power transformer|]J].
Transformer,2013,50(1): 14-17.

(17) #5258 e 0%, 4% B Im i T 09 ) 28 R PR3 e
PERFFE[I). 28 FE 4% , 2023, 60(3): 52-58.

LI Tangbing, TONG Tao, XI Ru, et al. Research on vibration
characteristics of transformer under DC bias[J]. Transformer,
2023,60(3):52-58.

[18] 5k 1,7 A ZWihili &0 T AR B R An L8 20 Il R 1
[J]. T H AR, 2017,32(s2): 71-76.

ZHANG Bo, LI Yan. Radial stability of large transformer windings
under multiple inrush conditions[J]. Transactions of China
Electrotechnical Society,2017,32(s2):71-76.

[19] 22 A2 WP BIARRE , 55 ALH L 8l o048 IR Se 41 4R
REVERIBFSEL]. RIS R~ 412, 2018, 22(5): 19-24.

LAN Sheng, HU Zhongping, LIAO Fuwang, et al. Radial stability
of transformer low voltage windings under sudden short- circuit|J].
Electric Machines and Control ,2018,22(5):19-24.

[20] LIANG Zhenguang, TANG Renyuan, WANG Chuncheng, et al.
Stability of transformer’ s whole low voltage winding[C]/Sixth
International Conference on Electrical Machines and Systems,
2003. China:IEEE,2003:302-304.

1] T3 7. 2RI B B M. A5t o = sy i AT, 2003 ¢
268-272.

YIN Kening. Design principle of transformer[M]. Beijing: China
Electric Power Press,2003:268-272.

[22] 2563 ORI, 28 2. 70 R dn SR L) IR B o i ) A 2
R[], 28 IR 4% ,2021,58(11):21-23.

Ll Yichun, SONG Xiaoguang, LI Jun. Influence of initial
transformer winding defect on radial stability[J]. Transformer,
2021,58(11):21-23.

[23] BRGERI, ZE0630, 2240 00, 45 B TR BROTIE 19 KR e ) 78 s
BUELFERE T4 HT()]. R HR 2014, 40(10):3214-3220.
ZHAO Zhigang, LI Guangfan, LI Jinzhong, et al. Analyzing the
short - cinuit withstanding ability of large power transformer based
the FEM method[J]. High Voltage Engineering,2014,40(10):3214-
3220.

[24] ARFENE, 4R I, Pk B | 45, 20 B 00 T A8 TR N 2R 4142
ISR HLR Ak, 2021(6):69-73.

ZHOU Dexu, QIAN Guochao, JING Yongteng, et al. Calculation of
radial strength of transformer inner winding under multiple short-
circuit conditions[]]. Electrical Industry,2021(6):69-73.

[25] 3K MLE R, BEEOK, S TR0 —45 25 B G
AR R IR ERFE 07 LS ST, ik, 2023, 60(7): 51-58.
ZHANG Xu, CAO Chen, LU Dunlin, et al. Simulation and testing
of transformer vibration characteristics coupling of multiple infor-
mation based on electromagnetic structure[J]. Transformer, 2023,

60(7):51-58.



AR, YORIE. LA RE I SRR

<11 -

[26]

[27

—

[28]

[29

—

[30]

(31

[32]

133

—_

[34]

[35]

TR XN 0, B B A T M — UG RN AR AR e
A BRAR SRR S]], R FLA , 2023, 59(8) : 43-52.

FENG Junji, LIU Liging, MA Cheng, et al. Study on short-circuit
characteristics

vibration of transformer winding considering

electromagnetic mechanical coupling effect[J]. High Voltage
Apparatus,2023,59(8):43-52.

FRENE, VEE I, PMIURE, 5. Z BRGNS
B AR AR GELLIRASE W (9 5 ELBF 5. i R 2023,
49(6):2397-2407.

WANG Shenghui, XU Yushuai, SUN Kaixuan, et al. Simulation
study on the influence of different short circuit and ground fault on
transformer winding state under the coupling of multiple physical
fields[J]. High Voltage Engineering,2023,49(6):2397-2407.
FHER,KER R T, KRBV RS R B 3 )
ZEPEREI DT H AT, LA L 2012(5) : 60-64.

WANG Jianmin,ZHANG Xile,ZHAI Yuan,et al. Simulation anal-
ysis on magnetic leakage field and short circuit mechanical proper-
ties of large transformer windings[J]. Electrical Manufacturing,
2012(5):60-64.

SRAEAL, XSCHL, ATl S5 AR TR AR B R 22 RANP- A I 114
A ShAS R[], W R R TR 24244, 2017, 22(5) : 52-57.
RONG Jiaxing, LIU Wenli, NIU Yibo, et al. Axial dynamic
response analysis of transformer with local unbalance dampere
turns[J]. Journal of Harbin University of Science and Technology ,
2017,22(5):52-57.

LUO Xiao, XIAO Qianbo, WANG Qian, et al. Research on short-
circuit force of transformer winding with single-phase short-circuit
and three phase short - circuit[J].
Superconductivity, 22(3): 5500804.
BOR A WRIASIE AW, 4. —2 220 kV 728 4 b R S8 2H Ja i
PRI RO, A8 R 7, 2021, 58(12) : 64-67.

LI Dajian, CHEN Liangyuan, PAN Shaoming, et al. Analysis of
220 kV transformer MV winding short circuit fault[J]. Transformer,
2021,58(12):64-67.

WA R BRI, A1 07 % i EMR TR R —5 44, - —
A E AR TREMI. JUaT: A7 Tolk i ik, 2006.

HUANG Baiyun, LI Chenggong, SHI Likai, et al. China materials

IEEE Transactions on Applied

engineering canon - volume 4, part 1 -nonferrous metal materials
engineering[M]. Beijing:Chemical Industry Press,2006.

RXVANY. FL )R A ST SR EE RS D). Jb st A
J1K%:,2020.

ZHAO Zhigang. Research on winding deformation and short circuit
strength of power transformer[D]. Beijing: North China Electric
Power University ,2020.

M T JBAE RIKE G GRU SR T AR g I L B
IR (). 22T i, 2020, 57(4) - 28-32.

YAN Lei, XIAN Richang, RONG Qingyu, et al. Effect analysis of
winding structure on short-circuit force of distribution transformer
[J]. Transformer,2020,57(4):28-32.

PR XSO, 2 72 AR L A AR SR E S 0 4 A 1 LG
B IR S ST R IETT LT, 2016,38(2): 135-140.

LI Yichun, LIU Wenli, LI Jun, et al. Calculation and analysis of

radial short - circuit resultant force of helical winding in power

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

transformer|J]. Heilongjiang Electric Power,2016,38(2): 135-140.
TR ARG S LR R DT MR8 7 BT, AR TR
2013,50(12):55-57.

XU Zhijun. Research on test method of radial bending test of self-
bonding continuously transposed conductors[J]. Transformer,
2013,50(12):55-57.

REDLE, ok P, KRN, 2. )8 R SR 2 I 1]
Broi ()], m LR, 2020, 46(3): 931-938.

XIONG Hanwu, ZHANG Shuqi, ZHAO Zhigang, et al. Analysis

I 153

method of radial bending stress of power transformer windings|J].
High Voltage Engineering,2020,46(3):931-938.

TS, R0 IR IR T, 55, Z R TR TR ARG 5
LB BE ST JOIEAR[T]. R 4L R | 2022, 48(9): 3660 -
3669.

WANG Zuoxian, ZHANG Shuqi, XU Zhengyu, et al. Research and
evaluation of bending resistance of epoxy continuously transposed
conductors in transformers under multi-factor conditions[]J]. High
Voltage Engineering,2022,48(9):3660-3669.

ISR, O, L SR AR AR TR TR R SR
U AR ). AR A, 2022, 59(7): 16-18.

HU Pengfei, XIE Hui, NIE Wei, et al. Application of curing
characteristics of self-adhesive wires in production of transformer
windings[J]. Transformer,2022,59(7):16-18.

S, ETNE b A T RO R A R A A R
Y BTk A TR 5 ). LR AR L 2023, 49(6) : 2408-
2419.

JING Lantao, DONG Xueqing, YANG Chao, et al. Research on
finite element reduced order modeling method of transformer
temperature field for digital twin application[J]. High Voltage
Engineering,2023,49(6):2408-2419.

ST R B X, A 5l T R R I B AR AR
BERARTFFE. H R AR, 2022, 46(12):4982-4992.

DENG Xiangli, ZHU Hui, LIU Shiming, et al. Research on digital
twin modeling technology suitable for transformer protection|]].
Power System Technology ,2022,46(12):4982-4992.

F/VE L SRR X B S TR T R I R
N FHZRR S]], B R SE A Bk, 2024,48(4):169-191.
WANG Xiaojun, DOU Jiaming, LIU Zhao, et al. Review and
prospect of explainable artificial intelligence and its application in
power systems|J]. Automation of Electric Power Systems, 2024, 48
(4):169-191.

b =LA R AR B TR IR A A B ) R G
AT TR B L T ,2023,51(9):22-30.

LONG Yun, LU Youfei, ZHAO Hongwei, et al. New power system
power flow analysis method based on data-driven[J]. Smart Power,

2023,51(9):22-30.

& AR (1998—), B LB R A, ERFF R G 6 h T EE A

B, A A (BAZAE F) (E-mail : 1kj515253@126. com).

FARE(1969—), %, 1 4, Hik , ERATRF @ A H A & Ak &

il





