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Modeling and simulation on self-healing process of metallized film

QI Hongbin, WU Zhiyuan, DAI Yani, LIU Shangshu, LIU Jingzhou, WANG Wei

(Beijing Key Laboratory of High Voltage & Electromagnetic Compatibility, North China Electric Power
University, Beijing 102206, China)

Abstract: Metallized polypropylene film capacitor has the characteristics of high reliability, self-healing, and low dielectric
loss. However, it needs to withstand the combined action of strong direct current electric field and high temperature thermal
field for a long time during the working process, which makes the space charge easy to accumulate inside the polypropylene
dielectric film, resulting in the degradation of its electrical insulating properties. A self-healing model of metallized
polypropylene film was established in this paper. The changes of self-healing area at the self-healing point under different
self-healing development time and applied voltage were studied through the evaporation model of metal layer, and the
changes of space charge density in the discharge channel under different self-healing development time, applied voltage, and
temperature were studied by using the bipolar carrier transport model, so as to explore the microscopic mechanism of self-
healing of metallized polypropylene film. The results show that there is a linear relationship between the evaporation area of
metallized film and the self-healing development time. With the increase of the applied DC voltage and temperature, the
charge migration process in discharge channel strengthens, and the electrons and holes in discharge channel are more likely
to migrate and recombine with the charges of opposite polarity. With the self-healing process progresses, the charge amount
injected into the discharge channel increases gradually, and the migration of charge to both ends of the discharge channel
intensifies, resulting in uneven potential distribution in discharge channel and the electric field will distort in discharge
channel.
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Fig.1 Self-healing diagram of metallized
polypropylene film capacitor
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Fig.2 Bipolar carrier transport model
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Table 1 Parameter setting for the simulation of space charge
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Fig.3 Surface temperature distribution of
metallized polypropylene film with different

self-healing development time
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process of self-healing development
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Fig.5 Surface temperature distribution of metallized
polypropylene film under different DC voltages

Fig.6  Self-healing point morphology at 3.5 kV of voltage
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Fig.7 Space charge distribution in discharge channel with
different self-healing development time

0
—3ps

= - =6ps
ECIT - - o
O
= A
K -2r E
b S
= =
= K-
N B

4F T 52 54 56 58 60

JEE /um
5.0 52 5.4 5.6 5.8 6.0
JE B /um

El8 A[EBALRETEMEEER AR ERE S
Fig.8 Negative space charge distribution in discharge channel
with different self-healing development time

5
—3us
~ 05 6
3 “ - OUS
4k 5 o4 . e ous
z : 03 W
g, {;E ool \ER o e 12us
E E 307 0.4800.562]
z 2
E 0.4 0.6
= JEE /um
H o
o e A
0 0.2 0.4 0.6 0.8 1.0
JEJE /um

B9 ATRIBAXREEMNEEEANERMZEBETSH
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channel under different applied DC voltages
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Fig.13  Space charge distribution in the discharge channel at

different temperatures
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channel at different temperatures
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Fig.15 Positive space charge distribution in the discharge

channel at different temperatures
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