Journal of the Korean Institute of lluminating and Electrical Instaffation Engineers Vol. 14, No., pp. 77-~82 July 2000 (=& 14-4-11]

SO|S0| o3 MPPFOl MITHY A o1
(A Study on the Self Healing Characteristics of MPPF by Voids)

utghe” - sl
(Ha-Yong Park - Hee-Ra Kwak)

2 o

B omRe aRAY QM wols B4 mE 3437 Be)Teua YEMetalized Polypropylenc Film

MPPE)2] A9y §400 is) ATaisinh,

molE gite s olal wAlshs v AUyl 347} 7l sie PDIVE Fvlekgen, ra sy
PPFS) B agnrt B AN 248, Ax8de F2 98 £5Y, XYY Holmg) oA, &
Wi AR s on, FUxdy AYe PPRe] Sos) wel Flsigu. we, Azyas) 2%
SHl MaRAe QAN uet FlRgo, ARUYA] AABREE MPPFO] Q7bE Aol e} 2
shsek

qu rlo

Abstract

This paper describes the self healing characteristics of a metalized polypropylene BIm(MPPE) by voids
under a.c condition.

PDIVs were increased with the number of pre-self healing due to void defects, and several re-self
healing events took place at lower voltage than the cyitical breskdown voltage of a PPE. Seif healing mainly
occwrred at pin tips, wrinkle sides, and cross points of wrinkles, and the main self healing voltage was
increased with PI'F thickness. The burn out area at sell hesling was increased with the applied voltage, and
the peak currents in a grounding conductor at self healing was also increased with the applied voltage.

1. Introduction implies  the autorpatic  insulation  recovering

phenomena occurring an & very thin metalized film,

Recently, capacitors are widely used as an and was frst used by KenliliZf3} With the

electrical equipment. In case of the capacitor which advance of ‘_ﬂm EBChl“‘_JlOgy- self healing has

enmloys a metalized polymer film as a dielectric, greally contributed to raising the energy density

the electrical characteristics has been considerably and the_reliabxhty of capacitors. Fig. 1 shows the
improved by self healing. The term ‘self healing’ self healing mechamism
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As shown in Fig. 1, when a defect is in a
diglectric, a breakdowr occurs at this point. 4
very small hall is created at the brezkdown, and
metalization aroumd the hall is evaporated The
bumn out area of the metalized polymer fim s
electiicatly isolated like a melted fuse, therefore,
continuous  short  current can be ot out. The
dielectric can  be self healed through the
mechanism, Up to now, a study on self healing
has been mainly focused on the gas generated at
self healing, the factors affecting self healing, or
the dielectric strength characteristics of metalized
polymer  fms{1{41-18], but the self healing
characteristic depending on the void shapes ar a
study con the self healing locations have not been
reportedd The delecls may occur in various modes
such as wrinkles or voids ocourring in the winding
and mmpregnating processesf41{8).

In this paper, PPF thickness and various shapes
of defects which may be generaled in capacitar
mamufacturing  process  because of unbalanced
winding tension were selected as experimental
parameters, and self healing charactenstics were
compared and analyzed by the PPE thickness and
the defect shapes.

2. Experiment

2.1 Experimental setup

Fig. 2 shows the experimental setup to
investigate the self healing cheracteristics of the
MEPE with various shapes of wads under ac
condition.

metalized s:lface Rogowsk electrode
*

\\

— 4 ground

Fig. 2. Experimental setup
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As shown n Fg. 2, various shaped void defects
were imitated between the MPPE and the base
dlectrode. The Rogowski electrode was  connected
to the high voltage generator{Hypotronics
model:750-5CF  which could apply up to S0lkVac),
and hase electrode was gronded. A high voltage
probe(Pulse Tlectromie Engineexing  modelEP-50K)
was used to measure the applied vollage.

The metalizatiocn resistance is  generally
determined by 3~ Q), and il plays an important
role in oxidizing and buming out the metalization
ai sell healing. Iigher resistance of metalization
ran be more effective from the viewpoint of the
insulation ability of the bum out area, because the
higher the metalization resistance is, the broader
the twm owt area becomes. However, the
capacitance is getting reduced by self healing, and
thus, the performance of a capacitor will be
worse[4](9], Tzhle 1 shows the specification of the
MFPPF used in this experiment.

Table 1. Specification of MPPF

. deposited metal /| metalization
PPF thickness thickness registance
g, 6, 10, 12im)

Al / S00[A] el

The insulation oil{SUN OHM C) was used as
impregnant. The impregnant can be contaminated
by the metallic oxide and the hydrocarbon gas
generated at self healing, which makes insulation
performance of the mmpregnant worsel1]. Therefore,
the impregnant was refilled with new one every
tirne the MPPF was changed. Table 2 shows the
electrical and physical propertes of oil.

Table 2. Eiectricai and physical properties of oil

specific it ' dedectric
weight | Vis0osits St = tan 8 strength[KV/25m]
0916 123 28 | 003 72

To measure the curents at self healing, a
Rogowsld coll was installed at the grounding
conductor, and it was comected (o the input
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terminal of an oscilloscope.

2.2 Experimental procedure

The MPPFs of 5 6, 10 and 12[zml thickness
were sheared by 6%15[cml, Each of them was put
on the base electrode, and it was impregnated.
After applying ac voltage at the rate of 05[kV/sl
using a high ac voltage generator(corona free),
PIXpartial  discharge) characteristics, applied
voltages, bum out area and cumrents in the
grounding conductor at self healing were chserved
and measured. Some of self healing events were
recorded. This procedure was repeated every time
the MPPFs were changed, so about 60 self healing
data by each PPF thickness were acquired.

3. Results and discussion

3.1 Self healing of MPPF

The self healing of MPPF was taken by a
digital camera(Bodak modelDC-290, resolution
ability' 1548+1032). Photo. 1 shows the burn out site
of metalization due to self healing under ac
condition,

metalized area

burn out area

punciured hall

metallic oxide

1[mm)
e —
—_

Photo. 1. Burn ouf site of metalization at self
heating (12 (m) , 3 ((¥ad }

As shown in Photo, 1, a very small hall was
created at self healing, amd the metalization around
the hall was oxidized and evaporated. The edge of
the bum out area was curved with coarse burrs,
and metal oxides due to self healing were on the
metal evaporated PPF, It is known that the metal
oxide is Al insulator or ZnQ  semiconductor
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depending on what metal is deposited on the
PPE4][9]. In this experiment, it was also chserved
that there was a Iittle voltage drop at self healing.

3.2 PD characteristics of MPPF

When ac voltage was applied to the MPPF, PD
was chsarved at much lower wvoltage than the
hreakdown voltage of a PPF, and in some cases,
noise was emtted and the um out area was
expanded.  Partial discharge inception  voltages
{(PDIVs) were mostly increased with pre-sell healing
events before the main self healing voltage at which
sel{ healing begins to occur all over the MPPE area
at the almost sane tirre, Tt is considered that POIV
is gelting increased dring the several pre—self
healing events since the weakest defect is first
removed by pre-self bealing. Generally, PDIV was
regandless of PPEF thickness, and it tended to be
raised up to the main self healing valtage because
the defects were Temoved by re-sell healing.

3.3 Main self healing voltage by PPF
thickness

The hreakdown voltages of the PPF has been
somewhat differently reported depending on the
testing condition and the various factars: the PPEF
manulacturing type, the film stretching and its
surface treatment, etc. However, about 0.2-0Q4[kV
«/tal are usually considered the breakdown voltage
af the PPE itself. Fig. 3 shows the main self
healing woltages by FPPF thickness, which are
similar to early work[5]1[5].

maln self healing voltage[kV]
.

M
-

113 1 13!

B R B
PPF ihickness [um]

Fig. 3. Main seif healing voltage by PPF
thickness
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As shown in Fig. 3, the main self healing
voltage was increased at the rate of about 0.23[kV
o tml with PPF thickness.

3.4 Burn out area of metalization at

self healing
Fig. 4 shows the burn out area of metalization
due to self healing, by the applied voltage and
PPF thickness.
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burn out l.ru[mmll
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apphied votage al self beabngkV]

Fig. 4. Burn out area of metalization due 10
self healing by appiied voltage and PPF
thickness

As shown in Fig. 4, when ac veltage was applied,
the bum out area due to self healing was roughly
getting broader with the applied voltage at self
healing. It is considered hecause the applied voltage
at self healing is increased with PPF thickness. Also,
the bum out aea was somewhat different even
though the applied voltage was almost same It is
assumed because the MPPF thickness can not be
same dl over the MPPEF ares, which makes the
metalization resistance of MPPF dlightly different.

3.5 Current in grounding conductor
at self healing
Fig. 5 shows the peak curment, at self bealing, in
the grounding conductor comected the base electrode,
As shown in Fig. 5, the peak cwrent in the
grounding conductor was, as a whole, increased
with the applied voltage at self healing. In case of
10, 12[tm} PPFs, most of the peak currents were
widely vared, and they were much increased
compared to the PPBs of 5 and 6(m] thickness. In
case of b, 6[pm] PPFs, each self healing was
occurred at different spots, while it was frequently
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observed that, in case of 10, 12[pm] PPFs, the hum
out area of self healing was overlapped by
subsequent seif healing occuming near by the first
self hedling spot. Therefore, in case of the first
self healing event, the current which radially flows
from the punctured poant  evaporates  the
metalizaton. while in case of the subsequent self
healing occurming near by the first self healing, the
current hardly flows in the previously bumed out
area but  flows through the metalized area
Therefore, it can he assumed that the peak current
at the first self healing is far different from that
at the subsequent self healing and it is also
considered that the peak current range of 10, 12
[sm] PPFs is wider than that of 5, 6[m} PPFs,

applie:l voltage at se‘II"he:llng[k\f'].

Fig. 5. Current at self heaiing

Fig. & shows the typical waveforms of the current
in the grounding conductor at self healing, by PPF
thickness.
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Fig. 6. Currenl wavelorms at sell healing (1 (ss/divy} ¢ (al
Sleml, 1.8200, 400AMdivyl, &) 6lm), 2,088,
A0 ALdivy}, () 10(=), 3, 16(R), 200{A/divyl,
() 12[mf, 3.82{], 200A/divy))
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As shown in Fig. 6, when ac voltages were
applied to the MPPF, the curent in grounding
conductor was oscillated and damped, and mostly
tended to be zero within 3[gs]. Especially, the
current peaks were somewhat delaved in case of
10 and 12[zn] PPFs. Also, the peak currenc in the
grounding conductor was increased with the
applied voltage at self healing.

3.6 Effect of defect shapes on self healing

I this experiment, void defects with various
shapes were imitated to investigate the effect of
the void defects between the MPPY and the base
clectrode and on self healing. When ac wvoltage
was applied to the MPPF, self healing events were
chserved Photo. 2 shows the self hedling spot
taken, and Table 23 shows the sell healing
characteristics by the defect shapes.

of circdar void {b) edge of pin void

-

sell healmg
_ ° spol
sc![he:[mg 105k pomt

(c) side of wrinkie {d) cross point of X/Y void

Photo. 2 Self healing spot

As shown in Table 3, when ac voltage was
applied to the MPPE after irnitating vatous shaped
defects, self healing nwinly tock place at pin tips
of a pin void, wrinkle tips and sides of the
wrinkle, and its tips, sides and cross points of an
X/Y wrinkles. In addition, as shown in Photo. 2(a),
self healing at a cicular void hardly oconred.
Even though self healing occurred at the circular
void, the self healing site was limited to its edge.
In case that self healing tock place at the edge of
the circular void, the air in the circular void was
released into the inpregnant and the MPPF was
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Table 3. Self healing(S. H) characteristics by
void defect shapes

cretlar void | mn vold wrinkle | X/Y wrinkles
5H
event | very low high high high
probahility
S5H .  tips
.| - edges - tips + s - sides
location i sicks « cross, TGS
- Subsequent  sell  healing  at Fheatne
the edge of bum ol spot ’ :
-bubbles generated at self lhesling —  crssapeared
when voltage applied and increased
void
shape

pin void ¢ void squal or less than 1[em] m Jength
- wiinkle . void more than 1en] in length
« X/Y wrinkles . wrirkle with cross points

atracted by the electrostatic force to the base
electrode 28 soon as self heding  occured
Moreover, when the voids experienced the ac
stress, their diameter was reduced in all cases,
because the MPPF was atiracted to the base
elecirode. In some cases, however, the void slowly
moved between the MPPF and the base electrode
without any regularity, and it was slipped out into
the impregnant. & was sometimes observed that
the voids vibrated at one position without moving
here and there. As a result, it was verified that
the self healing events mainly took place at the
tips and sides of the woid defects.

4. Conclusion

After observing the self healing characteristics
of the MPPF with various shapes of void defects,
thev were compared and analyzed,

As a result, this paper concludes as follows:

(1) PDs were generally observed at relatively
low voltage, and the PDIVs tended to be
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increased  with the number of pre—self
healing due to vaid defects.

(2) The main self healing voltage was increased
with PPF thickness.

{(3) The bum out area at self healing of the
metalization was roughly increased with the
apphied voltage at self healing.

{(4) The peak current in the grounding conductor
at self healing was increased with ihbe
applied voltage at self hedling, and it was
osciftated and damped with time.

(5) Self healing mainly took place at pin tips of
a pin void, tps and sides of the wrinkle,
and tips, sides and cross points of an X/Y
wrinkles, and self healing at a circular void
hardiy occurred. Even though sell healing
occurted  at  the circular void, the self
healing location was limited to its edge.

(6) Subsequent self healing tock place al the
edge of the bum ot area due to self
healing.

Various factors such as metalization resistance,
metalization thickness and the viscosity of the
impregnant, etc., besides the parameters used in
this paper, affect self healing characteristics. In
this paper, only the defect occuming in
manufacturing was taken into account w analyze
the self healing characteristics of the MPPE, and
the experimental results were compared In the
future, further study using the simulation like
electric field analysis on self healing has tw he
carmied cut to the various factors,
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