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Effect of space charge density in polyimide on charge-excited molecular
vibration under pulsed voltage
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Abstract: Insulating materials are more prone to early failure under pulsed voltage, which seriously threatens the stability of
power electronic devices and equipment. In order to explore the microscopic mechanism of insulation failure under pulsed
voltage, the effect of space charge density in polyimide on the charge-excited molecular vibration at the pulse edge was
explored in this paper, and the molecular vibration mechanism at the pulse voltage edge was expounded from the perspective
of frequency domain. The results show that there is a large amount of heteropolar space charges accumulated inside the
polyimide sample under DC voltage, which leads to the reversal of polarity of the molecular vibration waveform. In the
frequency spectrum of pulse voltage rising edge, the voltage component in the frequency band of 5x10°~1x10" Hz plays a
major role in the molecular vibration. The charge-excited molecular vibration will expand the insulation defects and
eventually lead to insulation failure.
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Fig.1 Schematic diagram of experimental platform
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Fig.2 Experimental flow chart of the effect of space charge

accumulation on the vibration waveforms
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Fig.3 Experimental flow chart of the effect of space charge

dissipation on the vibration waveforms
SCiIs 4
2 SLIRER

P 4 Dk e PR 0 2 1) R A 5 P2 B A s 1) £ 22
i, B 5 0y s Ta) LA SOR ) 20 1 IR 31 BB
I [ B i = ) L 2 FE R AR AR 30 L 18] 4(a)
O B N ELIAC IR I A 14 2 ) HL AT R 0 AT, 1B 4(b) N
AR B RO A T A (R S 0 T R e TR
I3 At o B 5(a) 9 PVDF [ Fi A% A% I 15 1) 22 8] F A
BRI T IRB BB AL, B 5(b) N ITE Ja #TEOR

—— Omin

607  BHAk(HEHL) --- 10min
i 20min
—~ 401 30min
: somin
Q min
O 201 120min
01 f
f‘é-zo- ) i
B40{ { 4 ; “J
-60{ Y i i
200 -100 0 100 200 300 400
fLE/um
(a) 2 A1) B 47 5 5 43 AT
= Omin
. ] y — 10min ___--7"
SN 8] M Somin -
/ \ o 61~ i kA
%}/“MJ‘& <\E) 4' ‘l'-' ‘\
@) ‘ G
AV = 24 -
N i
b e O e
! HE-2 L
RS -21 creg)
! ."-EEJ 4 v}-\é‘
'67 _ II
£==7772200

()42 L 5831
B4 REEPIEREIE AT b A Rl T

Fig.4 Variation of space charge density in samples with time
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Fig.5 Variation of space charge-excited molecular vibration

waveform with time
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Fig.6 Dissipation process of net space charge after
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Fig.7 Variation of space charge-excited molecular vibration

waveform after depressurization
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Fig.9 Schematic diagram of the force direction acting on

space charge at the rising edge
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Fig.11 Spectrogram of charge-excited molecular vibration

waveform in linear coordinates
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