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Partial discharge pattern recognition method for power capacitor film
based on time-phase synthesis spectrogram

LIN Lida', LI Jie', LEI Meimei', DI Zhenguo’, BU Zewei’, LI Simeng’, XIONG Qing’
(1. Xi'an XD Power Capacitor Co., Ltd., Xi'an 710021, China; 2. State Key Laboratory of Electrical Insulation
for Power Equipment, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: Partial discharge type is closely related to the early insulation deterioration degree of power capacitor film. The
accurate identification of partial discharge type will effectively improve the operation state of capacitor and guarantee the
safety of power grid. In this paper, the models of inter-film tip defects, air gap defects, and surface defects generated easily
in metallic film capacitor were designed. The time series and phase distribution spectra characteristics of partial discharge in
capacitor film and the development of average discharge quantity Q and discharge repetition rate F were analyzed. The
curves of O and F were fitted with points, and the correlation between them and partial discharge signal was analyzed. The
correlation coefficient was taken as the characteristic parameter of time domain. The skew, steepness, and asymmetry of
partial discharge phase distribution spectra were extracted as phase characteristic parameters. A partial discharge pattern
recognition method of power capacitor film based on time-phase synthetic radar spectrum was proposed. The barycentric
coordinates of the enclosed rectangle of characteristic parameters closed graph in the synthesis spectrogram were conducted
cluster analysis, and the distribution quadrants of barycentric coordinates were used to recognize the partial discharge pattern
of film. The results show that the method has more pattern recognition accuracy than the traditional single spectrum, which
provides a theoretical basis for online monitoring and fault diagnosis of capacitor equipment.

Key words: power capacitor; metallized film; partial discharge; pattern recognition; time-phase synthesis spectrogram

0 315 11 B e R A IR AE S A 5 WG 55 T2 5

B ST HIBUNL 7, 7] 12 28 8% T 20 vh i R

HL /RS E N ) R Gt i S S B2
BB, 6T Y HLRE T L 0 L 40 A PR A L RE 4 R R R TR F A e S L R e Al

St A, 84 4 7 A S S 1 P 2 SR RSB AT o

i ERD JR0 0 T80 P ASE 0 7 92 A v AR A
TRV e AR o e 0 H IR AT R AE SR R



94 FRAAHSE

o BRI AR A G P ) R g R AR S R B R g

M 2023,56(4)

AR W 450 35 R e TG, TV KLUSS S5°@ i #F 75 4
e AR YA S AR BT B B B 2 AR
S, A J5 35 50 R A I AN Ak 5 T LA R PR .
e AL S N ) S 8 TR LA 5 A R [ A 300 MHz
F 3 GHz, 1M HL 3 B4 43 9 3 1) 408 — A
51400 MHz, PX] R v 502 BAT AR 57 1O 0 S04
PE B I AE 5y 6 0 F A5 2R T 7 TR AT S B B
TS0 T A8 S B R S CH SR ) R OGS
SR RE 08 HER A OB R AL R E S B Iy
AP V2% 388 3 T S 0 TR 7 AR R IR 38 T 33 AT 0 i DL
FEHURFAE™ . MIAO X S S5} # & T HL B 1 6 Fh
SR J ST F 2 Y R AT R R ) e B R
BT 07 RE S 12 S B AR ARHIE &, JER H
SR 3R (BP) M A M 2% 4 S 8 I GRARRALE , TR 25
R NG B E R . WAN X Q &M XT AR5 ML 1 )=
TR I SRR R B T R T — 4R A
25 W 4% (convolutional neural network , CNN) [ FiJ 35
WA AR A T o %07 R R AL PR R Ok
ARIUPIE — HERFAIE , AHELT 248 CNN HERAPE S & o
IS 35 o A S B 9, B T PR B iR TR TBUE
T FE A A M S gk e A 7 R i DA i HURE
fER, & B R R A S . gt iR
et 2 BOR R IR JR RURFAE , 38 5 2 1) JR) 30 50 e Y
DRI AT MR A R R R G 5T
22 S R AT R SCIRT. T SUKUMAR S50
J&3 38 i HL A 457 73 A1 (phase resolved partial discharge ,
PRPD) i B 1t 47 177 5 A2 e, M1l ] Resnet X ¥R & 27 2]
SRR EAT TN SR, 32 v 017 39 22 #6117 J5 PRPD i K7
M PSR EE N SEURFE S BE T, JF B T CNNRHIE 42
FROnS B — B 22 VR AR JR) 0 T8 PR R AT B 2R ) TR
W25 F) 99%. WAN D EPEAE SR IE S v H T
LA B DN B R 9 SRR 25, 23 0 R 3
7 1) B L AL 2 b 20 X 4 Bk AT R 2R 0, 46
2 W A R DU TR HE R 3, R AIE 1 BT SR AR AR
SR ATATE . SR, B AT T 2 s e Y
WFFE R 22 534 T FEL 2 4 WG ) BB 5 ) FR) T8 Rl 3 4
oK 57 AT IZ B T s D% VIR ) ) 5 T8 R AR 1 A L
B o B R 2 CR ) T V2 1 R AL 5 I 38R
RE A 23 T B9, T R 30 T80 H £ I LA R
FAAIARFE PRPD 1% [ 5l I dek i 2R 47 152 2R A7 A2
B AN i 1 )

BT A b 0] B, AR ST T 4 A v B P A A
il 36 X A T S 7 A R IR T 20 I e o L R R g AN
VI T SR RE 5 o A R b TR S T R D I T 2
P R0 PRPD % [ 18 , 45 H R B =) 8 T P A e RLARE

SR R A0E v AR M o R IR DN 77 72 5 R R s i
i gt TR 85 )~ 259 T80 R B A R L R AR AR AN i 2k
5 PRPD i 1. i fi B 305 M AL AR A =, 4
— 3 I A T T R R AR R ) T
V25 AT H 2 2 e 6 A 20 M0 R 12 B B2 £
BB AR .

1 I

1.1 LBFEEE

ARSCHEE T AZ UL R ST I TR R
SIS G W 1 B . SR AUE LR N 100 KV Ei
JE A BN 10 KVA [0 5 1805 e ik 58 28 i 884 A 58
IR . PR BE AR M 10 kQ, BR il ¥t ik i 56 AR
JEARIT L. & A ZE N 700 pF, N 5 1
JIEE 1 JR3 30 T8 LA S B A S R [ B . K FR R A A
I BH Bt 7 A s B e s R o R A R . SRS I A
AR Hndk 1 s,

TRy AL
L
1K 7000 J—  m— L
ML gs
)
RSk
H R

> 8
O
A

Bl SXB¥aTERE

Fig.l1 Schematic diagram of test platform
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Fig.2 Electrode structure
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Fig.3 Discharge capacity time series spectra of different electrode models
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Fig.6 Discharge repetition rate curves of different electrode models
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