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Effect of Aging Time on Insulation Deterioration of Power
Electronic Transformers
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Abstract: Power electronic transformer (PET) insulation system continue to deteriorate in high frequency, high
voltage, short rise time pulse electrical stress and high temperature and other harsh environments; insulation discharge
and breakdown risks are increasing significantly. In order to study the effect of high temperature thermal aging for PET
on insulation deterioration under real operating conditions, the typical insulation polyimide (Pl) of PET was aged at
250 C for 3, 6, 9, 12 days, and then 20 kHz, 4 kV, 300 ns pulsed voltage was used to simulate PET operating
conditions. The partial discharge and breakdown voltage of insulation were tested, and time-resolved partial discharge
spectrum (TRPD), discharge times, average discharge amplitude, and maximum discharge amplitude were used to
characterize the degree of insulation deterioration. The results show that after aging, the TRPD pattern of Pl films
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changes from single peak to multiple peaks, showing a
phenomenon of clustering. At the same time, with the increase
of aging time, the number of partial discharges, average
discharge amplitude and maximum discharge amplitude
increase by 47.3%, 61.1% and 41.9%, respectively, and the
degree of insulation deterioration was significantly deepened.
The breakdown voltage distribution of Pl film conforms to
Weibull distribution and decreases with aging time, from the
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initial 4 667 V to 4 457 V, a decrease of 4.5%. Therefore, the effect of aging time on the deterioration of PET insulation is obtained,
which has certain guiding significance for the reliability analysis and optimal design of PET insulation.
Keywords: Power electronic transformer; pulsed electrical stress; high temperature deterioration; partial discharges;

breakdown voltage

HA, 77 HL FAE [ 4% PET (power electronic transfor-
mer) 2 B 77 B F-H R 5 @ AR g R B 4G A BT
R e Tt AR | AR AR A
REfEHR AL S i F D RO “RERLRS thas ™ o Bl
FRRV A R e, i PET 20U%
BAR FRAR BB KO/ N T RGN E 24, kB
KINZFANME o SR A2 PET BIAZ AL,
R A B A RE L Ve RO th T PET K4
ANFEE . B ERES TR, HS BRI 45 2L
FRCAIRINE, SR B e, v AR e i 4 I ]
26 25 ] e A S S T ™ IR A 48 2% I A5 R)

J A R RN o 2 i e R A e 2 4 R I
SR O b S N e oo o NI/ DN L F
RN BRGNS, D51 & R icoe . S
BRI SRR AN 2 BN S BUE R 5, (HE
SARWH R BBl 4 A i, T s5 1k, 44
LA AR — e FE R B R B A U A7 (R,
SRS, TR, BET, T 4%
F AL IE 3B TP A B R SO0 R R 1)
WL, A R R bt
23 PS80z ol fn, A s S e T A R B
B FEL K I ) b AL 46 5% iy 0 T3 L A A L e R 46 25
FA R s X T RRE SRR T, R
[ RFEA T, B Pl (polyimide) s Riak ik
FL R BRI (A AE S A (IRg ; Resth i 4
(917347 T 50~200 ns A2 kb p JE T, 845 Ha LI
(i) & 2% ey 350 T HhL A s o ) B B L R B o A B 5
—, TR K SE TR AR P e ) 5 23 ekt
WP T 0.005%~ 5005 25 464 Jr
B SRR BN o T TR P A g
HEEN R, AKPMRST T 400 Hz 1E3%HLEAE
1~101 kPa <& [l i 25 B AL SR 4 1 JR 3 i L A
s iR TP T ) BT R A R A i 4
Zk1r 25~110 C N 4a 20l i A ek o SRR

BT B PRI S R R ) R S RGN, A
Foor 7 T H AR R AT 42 (1) iR (10 kHz LA
1) P b TR G AR Rk is T T, B
e 2 %o ve T T AR B ) 4 2 AL S Y
GO T SRS . I, BR AR H T L R
o FERAEL T 00 T a2k, T4 5 PET 33t
(ENEENIS i DI E S ey s

ASSCER X FIRIFE, R T HL ) R R AR A
ZJr ol 5 g d RN &, @Al iin 20
kHz. 4 kV. 300 ns ikt i ) RARALL g i 1722
FEEESEBR T, R, HE—b R ) i T8 R A%
R SR T B TR R R A AR, X PET
LAY 2% Pl IR 250 C il T TR S 12 K01
EAk, BRI T 4 2 JRy AR L AN o 2
PESZES, AFSEANRIE LT T i 4e A, h
AL ARAC R

1 REFa

AR L T LR R AR - B A5
PR AR 25 T TN P R 00 e PR T ) T
DA [7) 2 AR S )T H, g B 208 S g 8 2 2 11
SRR A R, AR A LR
11 HESEFFEE

248 25 Jr L 5 o 2R T £ 32 B F v A e PR K
PRELUR . BCRARRD | = RSk L kG N I 2 A
b HF- A, e 1 TR

o A DK R VR B S BB R . MR O~
100 kHz, HiJH 0~20 kV . _LFHHsf(H] 50~500 ns; ikt
HUBEHR FHERIE AR Z54 ,  th & mAamhil e, ek
AN 20 mm, £ AR E ZAR RS s R
SR FE R e % e UHF(ultrachigh frequency)?”,
HAFARIEE R 30 MHz~3 GHz, EA MR E I
M TBCRAF SR A B R AR AR, A TE



5554

Wik, 2. BALmiTmI de i 78 TR e 5 4 st 341

350 MHz, RkEFNy 25 GYs, A LASCILJE i H
(55 A RCRSE R RN Z AU E S IR 2
BARAL P-4, T MATLAB FEFKCE m il ki
FRIIERRIE R (5, SIS 5 .

Qe A
HhZk . .
= HLFE:4 KV $i3%:20 kHz Haphb

Ofi s TR 1300 ns FRER:300 ns||  BRSEE \:\
BT 5 H:50% Bkt

E1 #&%sidiliiEs
Fig. 1 Insulation degradation test platform

1.2 HmitiFS4E

ARYGRI P A AR R] P R BAT T 5
AR EAFII FEERE , 4 2 HIME S ) g 72 e I
[HECE 27y S

XF R B A, R I 2 O
2, W BN ] — B 6~8 min, A 1k AR
i R b, it HoRR e o 2 sl T R B
TGRS G HER2 M, PRI E P 0.2 mm i PIE
(1R85 S T 1 = 7w i 2 N U b
FHEEHEAY 0.02 mm 1) Pl

DRSPS X PLOIKFEEA TR, LAVERR
TR R AT SR 5 FF PLTERRGURE R BT 1 4 cmix
4 cm BIETTETCEAE TR IMPAE T, niEl 2 Bs.

B2 {mrEmEl
Fig. 2 Aging of test samples
A1 PLIRTRR ATk 200 C LA L, Wik & B1LiR

JEHR 250 C, #ENHIRFEE 3. 6. 9. 12
K ‘i BIE R PR ER AR HL AR ]
TRIEA 2% S ER- MR AR 2R AR R — S E R |, AR
SR, kiR AL S 2SR

2 RBEF/EBMEBES LT

HILA 5 X A8 2 25 A I IR B URR , S 48 21 4k
TR ) A R A S TOLEE I, N ER
FEAEBRRG , TERIIE T A AR, i i
SSTE—ERREE L REMERIE A 2 5 LR
2.1 BNASHHE

T HL ) H 78 TR s 9 AR R R T
10 kHz, PRIt iy By A% 20 kHz, 2330
1, 0.2 mm Pl ISR SRl i iR a L R 24y 3KV,
JCH B — e 1.2~1.5 A% Je i L R 4 F R
PDIV (partial discharge inception voltage), i,
A RE, HokBERIE 4 kv ERREINEE, 525
LI E S 50%.

F, S 178 P B R 2 57 Wi 4 25 Jmy 8 5 v 174
BNRZ— o ACE a2 bt e . —Jr T
TR SIC AR = AR SRR ] T AR
JEAFHRIN = duldt U g5 Sy — 7 TR |
FHEF EJ TR A ik o T o AR SRR bR T B A
] 35°4 300 ns.

Wi IS UG, K PO AR H )
Z I8, e R AR S . TR LAY
A RN E S, ERER i B AR R 1 BEAL
P, SRR — 25T, ASCREE 200 45 = i
(e 2D
2.2 EtiE)Sr YIS AR AL B i B A

FsF 1] 433 s Ji B, TRPD(time-resolved partial
discharge) it IV — PG HREE , FEAN IR 2544 T B
AFREEMZES, S S 2 Wy T2
HEH .

R T RAEAF AL BN 42 0 B AR RE, fiff
FHIE— 4 T RAEM 200 AR B, 2 TR IR
ZALIHE T Pl TRPD &, &l 3 FiR.



342 S S 55 24 %
1.2 5 RIS 1.2 5 KRS
48 57
4 4
> 46
g 13 i 38 % 3 z
=f, = e
%: 12 3 9 g 2% 34
& {18 Ho = 2 Hx
=z = 1 =
(]
40 10 10 11
02 04 06 05 10 0 -0.2 L L L L -1 0
254 256 258 260 262 264
s I /s
@) ZHRHOR-EFHH (b) Z AL 0K R
1.2 5 JBRRE 1.2 5 Mk
40 37
4 4 4
> 32 30
= 1° z & 3z
= = = =
pecd 12 g 24 ] 5 g 22
s | g 16 = s s
=< . =
z i B 1R
=
-0.2 L : . . ~1 0 0.2 L 1 1 I -1
02 04 06 08 10 254 256 258 260 262 264 0
Il s B /s
Lhae Lotan ) i
©) AR AR - Lt (@) Z AR 3K R
12 5 HCHRIRE
4 4
> >
b 13 2 e
E 14 L3
b S +=
- 11 # S
10
Il -1 —0.2 1 1 1 Il -1
08 1.0 254 256 258 260 262 264 0
i )/ s i [|)/us
(e) ZALIF 6 K- EFHE (f) Z ALK 6K T R
12 5 JRHIREL
52
4
> 42 2
al 132 =
E B M3 E
= 12 2 #
= ER8 =
7 1,8 F2 7
ES 1 ES
1o 10
L -1 0 -0.2 -1
0.8 1.0 254 256 258 260 262 264 0

Ff /s
(@) ZALB 9K EFHE

Ff /s
(h) Z AL RO K- F W



5% 51 WRtm, . SAUET RIS B AR AR A S 4 A ) 343
12 5 JgHLIREL 1.2 5 mﬁﬁg\ﬁ
33 3
4 1.0+ 44
> 26 > 08f 18
o 32 @ 132
3 2 M g osf 2 M
# 2 8@ 0 iy 2 8
3% = B 04 =]
7 B g =z 118 99
= E 02}
0 7 ok =40 5
1 1 1 1 -1 0 0.2 Il 1 Il 1 -1
0 02 04 06 08 1.0 254 256 258 260 262 264 0

i /s
(i) B4R 12K~ BT

i )/ s
() ZALRF A1 2R = FFE

B3 AEELEET Pl #iEH TRPD i&E
Fig. 3TRPD of PI filmsat different aging times

M TRPD 3% & A RERF R AR AR I 1]
TR TE], IR RESETHC A R, PRI R (EL . B
PN GER RS ISR R S e St T RO
TR RS

Wk 3 iz, AR R B TRPD 1514 H
Az, T BTSSR, MARBCh RS,
LHF TR RN BT AT 5 0 P2l o T LAB
WA, T B SRR, JR s R
MR ELE A EISNE N, B R 5E EARRIE
KR, BA—ERNG—t.

IR, HEE SRR EERINTR, & AR ] A
R B —E 22 5k BALSRY PO
TR LG T2 AR 1] O FRCHR, , JH et 21
PR W M2, R T v
WARRT. RERS, ORGSR B =M
W HEME =AY, Wi e BRE S L
B2, JoeR ETHTAIE FRETT, ORI ik
Bk, BARREICAT LA IICRAR , ARG AT
LSRR . BT AR 22 [ 5
W, R IR AR e A T
2.3 WRBRGIHER S

P59 T L W L A e R HL W P DA SR Ry
RGP 3 A A0 40 1 P B R L 5 TR R R U
Z, @B E, ARG T AR AL
e T PLEERRE 200 4R RO R, SFET0E
R AE AR AR R (EL, WP 4 R o

14000 030 220
13000F / q028 210
BFﬂ‘JB!ZEE'I'E{E/_//l 1026 ; +2.00 %
12000F 26 @
g /L do2a B "0 E
S 11000} iiﬁ{é?/ o 202
= o000} /m_ J gl R
:/T 1020 ¥ g0 2
T g s i
8000 | Il Il Il | | Il 016 _140
20 2 4 6 8 10 12 14

AL /R
B4 AEZEEETRRERESST
Fig. 4 Discharge infor mation statistics at different
aging times

1 4 AT, Bl Z AR R, PR
e A FEL RV T PR VB ST L R T e K
R IR ER 2B, Hoheik 12 X5, i
HLREON 8 879 #2753 13 075, “FH475 i IR (E M
018V ¥4/M%| 0.29 V s KK HLIRE A 1.48 V FHi
F 210V, ZMHRE T 47.3%. 61.1%F1 41.9%, 4
G AR IR I AR B 5 1 i 4 %
Oy FIIMIEE, R S TR IR, 1T AR P
LIRS, TH5 TR

3 HEFREMK

BT EERAR S, SRR,
IR A2 AR, SRS TR, JF AR
JECHT TR, T R B R A
BEATABIA AN, SN L TRl T el #h 5



344 i, 5

e

L
e

24 %:

WAL, A
HIR,
548 R S 38 - 5, R B R 3T LA
50 V/s PR E B2 5 F L, RS, MR
arHERFE SN 0, HIBH T 6 & RO HERE
“BE” pEmREE, G 5 R, gkl ar, s
UL R RIS 2R i R . R R AR R,
B 15 K PR 2 i I, 75 2R [F 2 AR ) T

. PEUR G, NS

Pl o7 2 R 2, T 6 s

1l

Il |

?’—7’1_ -

5000

4800

4600

di RV

4200

(a) T (b) 4%kt %
5 HZWEMEFAR
Fig. 5 Insulation dischar ges and breakdown phenomena
44001 -25%~75%ﬁ ?
E ;fﬁ;?ﬁﬂuﬁﬁ *
< M
01
%ﬂ:ﬁj‘lfﬂ/i
E 6 ARZULHETHEFEE
Fig. 6 Breakdown voltage under different aging times

Hil&l 6 A, B EALIS R RBE I, 2asdisr
CENER S S AN D) SRR A oyt P N LCES S
ST, AR 1R BB R 4 2% 11
MR, FURE SO, IS N R R, M
TR T A 2r R B T o SR, Hh T o A R
Y 2 A RV VAT SR A S, RIS, &
FETRLBE VA R P RS A T SZ R, PRI
TREIERERYN, AR B T 2 oL 4 667 V
FEE| 4457V, FFET 4.5%.
—A&, =M L R B —E 1Ok

BLPE, — BT R Weibull 2345 #4788

2

ANFEACISTE] T A PR o 2 e AR T A

Ff2% H Weibull 43+ E4 7804

, A 7 Fis, hE

AL, R R A A — o B m R, eRH
Weibull AR A2 . HER .
SRR
D0 e IR ME i
g0l &+ EHIRHIE Yty
O v 2o R R
= * ZORHE 143,
% «ER2RME
B 500F-- ZIORBE v -
§ o EARAE Y
—HABRAE # /o
7~ xR
100k WA - EORAE
b - BRLRRAE
50 2.7 1.° 1 1
42 4.4 4.6 4.8 5.0
iR/

7 AEZUEEIEFRE Webull SHHEIE
Fig. 7 Breakdown voltage Weibull distribution fitting

under different aging times

AN R E AT 18] T 5 28 iR I IE S A L X
BOEZ 534 . Gamma 437 A1 Weibull 34 X-Y 26k

EU%ES

— E&S i

| REOERS A
- Gamma43 i
| - Weibull 5} i

wk
y.o L B W (=) ~ oo

b/
PO — N W A U O I o0
A T

5.2
A FHRE/KY
(a) ZALIFRIOR

53 5.4 5.6

— IS

T NEESS A

Gamma434fi
-= Weibull43#f

4 45 46 47 48 49 50 51 52
ARV
(b) ZALIF IR

, P& 8 Fir . i Al A AR AL ) R H:



55 53]

Wik, 2. BALmiTmI de i 78 TR e 5 4 st 345

ik

Bk

B

HIK

8
— E&S i
T - MEOEBAH
6F Gamma43-£f
S| Weibull 4
41 .
3r /j,/ ‘\'\
2k /" b
1k - y
0 S
4.2 4.4 4.6 4.8 5.0 5.2
A HLE/ RV
(c) BRI R
8
— IE&S
T - XHOE S
6k Gamma43-£fi
sk - Weibull /37
4 L
3 -
2 -
1 -
0
4.2 4.4 4.6 4.8 5.0
i FHLE/KV
(d) ZAkm 6K
8
— IE&
T XEEZR S A
6k Gamma43-1fi
sk - Weibull /37 -’:f‘\.
4 -
3 -
2 -
1 -
0 -
4.0 4.2 4.4 4.6 4.8 5.0
A g HLE/KV
(e) ZALBTHOFR
8
— IE&A i
Un MEOES/ AR
6k Gamma/3fi ——
5| - Weibull43ff -
4F 4 4 \\ \\
3t \
2F \‘
1 -
0 N
4.2 4.4 4.6 4.8 5.0
i FEHE/KV

(f) ZALIF 12K

B8 AREZURETHEFEESHUE

Fig. 8 Breakdown voltage distribution fitting under

different aging times

dr R R AR, BA—ERE X, (LR
TRBEE ZALETH R, HEm AR, HgEdmE
/N

SRR AL, e, A Rt
BB AR 2, (H AR ARATI BE A 2 8 R Y H
TR TR . A Y GY R 2GR R
AN EFEHREON, HEREA SR E TR 4
G BIAESE M 9 BE R 58 A R AT, W] A SR AR
HLREEEAEHI . 4 o] L P 37 7 0 A1 S L 4 2
drgE. B, o 28 B R 0 Bl i Ja T R
FL I G

4 #ie

AR SCHE T HL g R 7 P A v AT K R )
B A 2 F R IR 5, IR T S S A
Pl 485 BHE 250 Clet &1k 12 KR i
T er L R, (7 A 25 DG T H g L s B e TR AR T
LN AR, 13RI SR,

()i Xt PSR R TRPD A H
A RELW, BRI AR LA 20, 5
B RIS

(=X i (TSI 9 R N )
JHL IR A | S K L IR 2 4 55 T 47.3%. 61.1%
1 41.9%, 225 R W & iR

()P Y 25 F e A3 A1 £ Weibull 4371
B AL (BT 3 AT s/ N, MRILR 4 667 V FE{IKE
4457V, TFET 45%, 0T JRER 32 52 m
FEAAAE—E M JE Pk

SE Wk

(1] ZEFRK, eess, BXE, 45 I iR R HORBESY
R[], EHHL T ARSI, 2018, 38(5): 1274-1289.
Li Zixin, Gao Fangiang, Zhao Cong, et a. Research
review of power electronic transformer technologies [J].
Proceedings of the Chinese Society for Electrical Engin-
eering, 2018, 38(5): 1274-1289. (in Chinese)

(2 JTAR, BROGE, BUK, 5. TR e M &R h 1



346 i, b

s

Eie o5 24 %

(3]

(4]

(5]

(6]

(7]

(8]

AR R A AR AR T[], FRIF A3, 2025, 23(2):
152-160.

Wan Jiawei, Chen Hanchao, Liao Cheng, et a. Hybrid
transformer design with power electronic converter for
smart grid [J]. Journal of Power Supply, 2025, 23(2):
152-160. (in Chinese)

T, WL, B, Sl e I T4 i
SpEah[d]. B IE2EIR, 2024, 22(5): 37-43.

Fu Kaining, Tu Jiangtao, Chen We. Anaysis and
evauation of conducted common-mode interference of
high-frequency transformer [J]. Journal of Power Supply,
2024, 22(5): 37-43. (in Chinese)

Lu Rui, Yu Jianxiong, Li Chengmin, et al. High voltage
winding internal electric field shielding structure for
medium voltage high frequency transformers [J]. |EEE
Transactions on Power Electronics, 2022, 37(10): 11469-
11474,

WOk, MR, KB, & BT I RGEH
R 835 Ra e MR AT 5 IR ). FRAEAR, 2025,
23(1): 173-180.

Xu Wenlin, Xiao Xiangchen, Zhang Canhui, et a.
Modeling and analysis method for voltage power angle
dynamic stability of power electronic power system [J].
Journal of Power Supply, 2025, 23(1): 173-180. (in
Chinese)

Liu Teo, Li Qingmin, Huang Xuwei, et a. Partia
discharge behavior and ground insulation life expectancy
under different voltage frequencies [J]. |EEE Transac-
tions on Dielectrics and Electrical Insulation, 2018, 25(2):
603-613.

W, SKEE, EMGE, 5. A BB s R
R R B H AT [J). B TR, 2024,
39(9): 2860-2872.

Yang Fan, Zhang Y uchen, Wang Pengbo, et al. Charac-
teristics and simulation analysis of partia discharge
process of condenser foil layer defect [J]. Transactions of
China Electrotechnical Society, 2024, 39(9): 2860-2872.
(in Chinese)

Zhao Yikun, Zhang Guogiang, Guo Runrui, et a. The

(9]

[10]

[11]

[12]

[13]

[14]

breakdown characteristics of thermostable insulation
materials under high-frequency square waveform [J].
IEEE Transactions on Dielectrics and Electrical Insu-
lation, 2019, 26(4): 1073-1080.

Jiang Jun, Chen Wu, Song Yu, et a. Active control
strategy of partial discharge for insulation of high-power
high-voltage high-frequency transformers (H3Ts) [J].
IEEE Transactions on Industrial Electronics, 2023, 70(7):
7521-7524.

T, R, ERME, S ERME R IR T AR
AR AILAE 2% Jry R L R XT FE ). R LR ROR, 2016,
42(12): 3895-3900.

Wang Peng, Zhou Wanya, Wang Kejing, et a. Com-
parison of PD characteristics for inverter-fed motor
insulation under inusoidal and repetitive square wave
voltage conditions [J]. High Voltage Engineering, 2016,
42(12): 3895-3900. (in Chinese)

e, DR, RE, % PR A L gk o i
S R0 EWF S [, TR 4R, 2024, 39(9):
2887-289%5.

Jiang Yuan, Ma Suliang, Wu Jianwen, et al. Experiment
and smulation for edge breakdown in intermediate
frequency vacuum arc [J]. Transactions of China Electro-
technical Society, 2024, 39(9): 2887-2895. (in Chinese)
Wu Xiaohan, Cao Bin, Li Zong, et a. DC breakdown
characteristic of air gap with water droplets [J. |IEEE
Transactions on Plasma Science, 2021, 49(6): 1962-1968.
XM, BB, B, A5 TR0 -4R A AR UK
TR 5 R H A2 m [J]. L TR 24, 2024,
39(16): 5182-5193.

Liu Yunpeng, Yang Chagjie, Zhao Tao, et al. Effect of
temperature on moisture migration and partial discharge
at the oil-paper interface [J]. Transactions of China
Electrotechnical Society, 2024, 39(16): 5182-5193. (in
Chinese)

Hammarstrém T J A. Partial discharge characteristics at
ultra-short voltage risetimes [J]. |EEE Transactions on
Dielectrics and Electrical Insulation, 2018, 25(6): 2241-
2249.



5554

PR, 55 Al )3 i g o 8 e 2 5 4 A 347

[15] EohHT, TS, 58, . SR bkol s ok 3R g

R A R RFPERZ RS T). P E L BL TR 4R, 2020,
40(16): 5383-5391.

Hui Suxin, Wang Peng, Wu Qi, et a. Study of the
influence of repetitive impulse voltage duty cycle on the
treeing characteristics of epoxy resin [J]. Proceedings of

the CSEE, 2020, 40(16): 5383-5391. (in Chinese)

[16] Wang Peng, Xu Hongying, Wang Jian, et a. Effect of

(17]

(18]

[19]

[20]

repetitive impulsive voltage duty cycle on partid
discharge features and insulation endurance of enameled
wires for inverter-fed low voltage machines [J]. |EEE
Transactions on Dielectrics and Electrical Insulation,
2017, 24(4): 2123-2131.

2RO, EMG, BXOCHE, S R H HOR AR A AL 1]
Y% PDIV KI5 amiemamii s [d]. aph b, 2022,
55(11): 48-55.

Li Xinlu, Wang Peng, Zhao Wenhuan, et al. Influence of
bias voltage on PDIV and lifetime of turn to turn
insulation for inverter-fed motors [J]. Insulating Materials,
2022, 55(11): 48-55. (in Chinese)

X, ZRPRES, BN, 4. BRIE R R R ik F A
HO R G SIL AL, AL TR 4R, 2017,
37(9): 2750-2758.

Liu Tao, Li Qingmin, Huang Xuwei, et a. Freguency-
induced inflection point phenomenon and formation
mechanism of partial discharge with polyimide films [J].
Proceedings of the CSEE, 2017, 37(9): 2750-2758. (in
Chinese)

Feob i, MG, 2. S kol b R XK R A
BHLALIL ) 4a2% PDIV S2MRRSE[]. 48pbkl, 2021,
54(8): 67-73.

Cheng Chizhou, Wang Peng, Li Xiang. Effect of
repetitive impulsive voltage rise time on PDIV of turn to
turn insulation for low-voltage random-wound inverter-fed
motor [J]. Insulating Materials, 2021, 54(8): 67-73. (in
Chinese)

Benmamas L, Teste P, Odic E, et al. Contribution to the
analysis of PWM inverter parameters influence on the

partial discharge inception voltage [J]. |EEE Transactions

on Dielectrics and Electrical Insulation, 2019, 26(1):
146-152.

[21] fRitbde, BAFTe, FME, 45, FA kb b A AR

BLAe 2 Jm Rk s Ge i At nZ i [J]. i E L R 2
1R, 2017, 37(7): 2159-2166.

Xu Hongying, Zhao Lihua, Wang Peng, et al. Influence of
repetitive impulse wave voltage duty cycle on partial
discharge statistics in inverter-fed motor insulation [J].
Proceedings of the Chinese Society for Electrica
Engineering, 2017, 37(7): 2159-2166. (in Chinese)

[22] N, EAK, ik, . RURTT IR R T Z2H WL

AL S R R AT SE (). SRR R, 2023, 49(2):
565-576.

Sun Hao, Wang Yalin, Fan Lu, et a. Research on partial
discharge of more electric aircraft propulsion motor
insulation under low pressure and square wave voltage [J].
High Voltage Engineering, 2023, 49(2): 565-576. (in

Chinese)

[23] &b, RJ77, TMS, . STk e R iR

SR It IV P SRy P s P AR RO S M [ ). b B R ML TR
224, 2012, 32(19): 154-160.

Luo Yang, Wu Guangning, Wang Peng, et al. Effect of
temperature on partial discharge properties of polyimide
film under continuous square impulse voltage [J]. Procee-

dings of the CSEE, 2012, 32(19): 154-160. (in Chinese)

[24) AHE, YLTE, 289, S5 AR WHLIGE SR

TIREBHERL). Mizs 4Rk, 2022, 43(7): 268-278.

Zhang Bendong, Jiang Jun, Li Zhi, et al. Partial discharge
characteristics of future more electric aircraft under low
air pressure [J]. Acta Aeronautica et Astronautica Sinica,

2022, 43(7): 268-278. (in Chinese)

[25] WiRT, Peds, DA, &5 B T5 R R AR

P SRy R e, e i SRR S A ). LR OR, 2023,
49(8): 3286-3295.

Shang Xingyu, Pang Lei, Bu Qinhao, et al. Effect of
temperature on partial discharge and breakdown charac-
teristics of epoxy resin under square wave voltage [J].
High Voltage Engineering, 2023, 49(8): 3286-3295. (in

Chinese)



348 LN

Eie o5 24 %

[26]

[27]

(28]

LALLM S A5 RGO EREL IR Z 2
g hiet AR R S TR IR
GB/T 1408.1—2017 [S]. dbt&: " EARAEH AL, 2017.
National Technica Committee on Electrical Insulating
Materials and Insulation System Evaluation. Insulation
Materia——Test Methods for Electric Strength——Part
1: Test at Power Frequencies: GB/T 1408.1—2017[S].
Beijing: Standards Press of China, 2017. (in Chinese)

Fabiani D, Cavallini A, Montanari G C. A UHF technique

for advanced PD measurements on inverter-fed motors [J].

IEEE Transactions on Power Electronics, 2008, 23(5):
2546-2556.

B SCHE, oI, whas, A FETAPRHA S A5 fi i) s A
B A SR A 2R R E VA TR R,
2020, 35(13): 2932-2939.

Zhao Yikun, Zhang Guogiang, Han Dong, et a. An
insulation test method based on the dielectric insulation
life for windings in high-frequency transformer [J]. Tran-

sactions of China Electrotechnical Society, 2020, 35(13):

2932-2939. (in Chinese)

fEEREA:

MRt (19e5— ), 7, i+, #
BER BTN, W57 0 HRE A
H3EAR . E-mail: whygsxddc@163.com,

BH1994— ), B, WA,
TR, 5 m e AR,
E-mail: 664157102@qg.com.,

Bri(982— ), B, Wit, &%
TAIN. BRI HiRECHBREA,
E-mail : 35665035@qg.com,

BRRE(1991— ), %, F 4, T
AR 5T 7 1] « B R R . E-mall «
1536516158@qg.com.

l%f%(lgsl— ), B, hEEEE
B, W, iR, RN
%ﬁ%?szﬁqﬁ, LA, B
BETR & H, . E-mail ; chenwu@seu. edu.cn,

iZZE(lQQl— ), J, HEEES
oxoxby, EEMER, WL, BITFE DS
O il =T WA L SR S S R vy o
E-mail ; zhs@seu.edu.cn, 15039812361@
139.com,

MRt

(GRS PIE2)



