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Self-healing Characteristics of Metallized Films with Different Material Structures Under
Multi-stress Conditions

LIU Jingzhou, WU Zhiyuan, WANG Zhiyuan, WANG Ze, LIU Shangshu, WANG Wei
(Beijing Key Laboratory of High Voltage&EMC, North China Electric Power University, Beijing 102206, China)

Abstract: Metallized film capacitors often use polypropylene film as the dielectric material. The self-healing properties of
the film are the key factors to determine the comprehensive performance of the capacitor. It is urgent to study the struc-
ture-activity relationship of the self-healing properties of metallized film. We studied the effects of film structural
parameters such as the resistance under multiple physical fields, the thickness of the base film and the structure of the
coating on the self-healing characteristics of the metallized film. The self-healing process of the metallized film under ac-
tual operating conditions was simulated, and the self-healing morphology of different kinds of metal films after
experiments was calculated. Moreover, the self-healing parameters of metallized films with different material properties
were summarized and the self-healing mechanism was analyzed. The relationship between the structural parameters of
metallized films and their self-healing properties was established. The results show that the influence of metal layer
square resistance on the self-healing process is more obvious at high temperatures, and the influence of the lower re-
sistance change at high pressure is very small. With the increase of PP film thickness, the self-healing process of the metal
film is aggravated, and the surface of the film is obviously charred when the thickness of the base film is increased to
5.8 um. The self-healing loss of the metal film with zinc-aluminum alloy as the surface electrode is smaller than that of
the pure aluminum metal film, which is conducive to extending the service life of the capacitor. The research in this paper
can provide theoretical reference for the design and optimization of domestic metallized membrane structure parameters.

Key words: metallized film; self-healing energy; polypropylene film; structure-function relationship; self-healing mor-
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Fig.1 Topology diagram of experimental circuit
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Fig.2 Typical self-healing waveform
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Fig.3 Self-healing current waveform of metal film with dif-

ferent square resistances

# 1 AFJEH MPPF [ @i [A°F#1E
Table 1  Average self-healing time of MPPF with different

sheet resistances

MR M@ o) S 7] s RIS /s
20 4.04 98.04
30 2.80 82.80
40 7.76 61.88
50 5.76 31.20




AR, REuL, EBOE, % ZROMERTTARMBS R A 8%

2277

EIXA A B — T 7 B R R s, AR
F NIRRT AN E DT B /NG JE I ) B e
PE, HORE 200 45 . 70 CHENAFE T KNG 8
JE R A R IR BT R S5, A iliEn 0.2, 10,
30 MPa AU S| 4 i AR AR HISMNE L R 2RI 2
B2 28R a8, X2 RJJ/E R T 5 B E B RE L
S EAT SR FE AT

AR S % F 4 8 J2 77 BRI /NG il R 30 40,
50 Q/o) & @ A BB REAT 6T RS EG:, ANTR] Ty BE 4
TEAS [RJREAER 50 N 1) H i Ae i b R S R
A 4 Fior.

B 4(a) &4 38N 0.2 MPa I, AN[EFREEIEE
PERF« AN J7BRK /NG @ A0 1 e i R 71 it
JREERIAIMIR R, B AR INE KA BRI

K 4(b)2 IR EE N 45 CIF, A RSERER T
ANTEI T3 BRI < A B 8 i A A1 it L s 55 400 1)
Mo &R, MRS TIRRE N RERINR. TR
A JZ SRR B &L

SRR B EES AFRERE TREAE
Ja BTSN 5 Fis .

BEE SR T, B RS AR ] R,
K S RUBEE T IE MPPF [ & 17 202
FEo B A(a)RE AR 7 BRI ) < Ja BEAE AN [ i
FETRH &R, HE 4@nTk, B amEREE
SERTHRTRRE K. & 2 2 20 'CF MPPF H il
e H R AR 2ok AR UL & R L

M3 2 AT, H RS R U 5 & 4l P46
P, REWEEXDHRIEXEN, BHERERSIMI

Or—Ta300] 400 TR0 450 13000 0¢  »
8 ®40Q/o 25| 40 Q/o 60 ®40Q/o i
— A50Q/o A50Q/o L A50Q/o =
= -~ 50 {
i
=
& 4
{m
2
O 4
H L R/kV B & R/kV
(@ ANFRRE T ARTEERABERE A&
30 Te30070] 0.2MPa 71 Y Te3097m 1ompa 30 T=30070] 30MPa
25 e 40 Q/o a 25+ ¢ 40 Q/o 25 40 Q/o
_ 4500/0 - 450Q/0 _ 4500/0
E 20 2 20f E 20¢
il
@ 15 =15 & 15
o 10 o 10 o 10F
5 S M 5
L .
% % 2 3 R 2 3 4
H & E/kY B & E/kV

(b) A~ R 58 T AR 77 B 4 JB IR R A2 B
K4 RFETH AR MPPF () H @R A HIE R &
Fig.4 Relationship between self-healing energy and voltage level under different MPPF with different sheet resistance in various

operating conditions

# 2 20 °CFANEIFEMPPF B fnfit - ri R St Zeme s
Table 2 Power index of MPPF self-healing energy-voltage
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