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Abstract—Electricalbreakdownmeasurementswereperformedon polypropylenefilmsimpregnatedwith
benzyltolueneand aged for differentelectricfieldvalues(1OOV,~,pm‘1 < E, < V,., #m-’). Twofilms
of 13.6pm thicknesswere sandwichedbetweentwo plane electrodesand immersedin the liquid at 80”C
and with substantial OZconcentrations. For this arrangement, the threshold voltage discharge( ~ w

6-7 kVrms. The results show that for a givenageingtime the films breakdown strength dependence
on the ageing voltage different for V.< t and > ~ This resuk is a confirmation of the
occurrence of electrical discharges in the capacitor for V.> V,h.The area of degradated film
different in both cases. For < r with lower breakdownstrength is restricted to the Part
of the film sandwichedbetweenthe electrodes.For > the regionwith lowerbreakdownvoltage is
larger (about 1mm) than the electrode diameter (8 mm). This is the result of the radial propagation of
dischargesor streamers.The influenceof an epoxyadditivewhichis an effectivestabiliserof impregnated
PP films was also investigated.~ 1997Publishedby ElsevierScienceLtd

INTRODUCTION

During service, insulation of power capacitors, which
usually consists rough polypropylene
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EXPERIMENTAL

PP films 13.5pm thick, rugged on both sides and
employed in this experiment were provided by Bollore
Technologies;they contained g PP isotactic and were
impregnated with benzyltohrene (BT), which was ob-
tained after two distillations of a commercial blend
(M/DBT), consistingmainly of mono-benzyltohrene(BT),
dibenzyltoluene (DBT) and tribenzyltohsene (TBT) [7].
This blend was treated on activated earth (attapulgus
clay) and then filtered with a 0.2pm porosity filter. The
pressure in the distillation column was about 100Pa, the
temperature at the upper part of the column was 90”C.
The electrical characteristics of this liquid were: relative
permittivity, 2.4; resistivity 2 x 101~Q m; water content,

50ppm.
Ageing was performed in a capacitor made of

polytetrafluoroethylene(PTFE) shell containing two cylin-
drical duraluminium electrodes. Two PP films were
sandwichedbetweenthe electrodes.Theebeetrodes,carefully
polishedin order to eliminateasperitiesas much as possible
were 8 mm in diameter. The capacitance of the capacitor,
when filled with liquid, was about 30 + 5 pF. In the
experiments described here, the impregnant was oxygen-
saturated (relative pressure of oxygen over the liquid
surface = 0.15MPa). This capacitor was tested using an
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a.c. field of 50Hz at 80”C. For these conditions ageing
was accelerated.

The electrical dischargedetection was carried out with a
multichannel analyser described in Ref. [8]. The system
determined the number of the sine wave for which the
dischargeoccurredand its positionwithin the cycle(a cycle
was divided into 250 sections).The dischargedetector had
a sensitivityof 0.1PC and its resolution was 320pS. The
high voltage on the capacitor was increased in steps of
300V. The acquisition of data lasted for 5 min for each
value of (applied voltage).

The experimentalcell was subjectedto a highalternating
voltage For V.> V discharges were recorded with
their amplitude and their repetition rare. The detection
apparatus consists of a parallel RLC circuit with an
amplifier so that the apparent charge which crosses
the external circuit due to the occurrence of a partial
discharge into the cell is measured. First picked
UP, then a r number of discharges are recorded
with their amplitudes and their positions within the
cycle. After that the distribution of the numbers and the
mean amplitudes of the discharges vs phase angle are
deduced.

The life-timeof the capacitor wasdefinedas the past time
betweenthe applicationof a constant electricalfieldand the
breakdown of the film.

The dielectricstrength of the PP film,extracted from the
capacitor after electrical ageing was measured at different
sites, under d.c. voltage ramping conditions (500V/S), at
20°C.The voltagewas applied to the filmplaced betweena
plate electrode and a stainless steel sphere, 2mm in
diameter, The electrodesand the filmwere immersedin BT
to avoid discharges before the film broke down [9].More
than 50 measurementswere performed on each film. They
wereclassifiedinto three groups. The first group comprises
the values relative to points exterior to the test capacitor
(“outer ring” zone) R < x < 5 the two other groups
contain the valuesrelativeto points betweenthe electrodes,
one group consisting of the points situated at distances
R/2 < x < R (“outer ring” zone)and the other one of those
points with O< x < R/2 (central zone) with respect to the
axisof the parallel-platecapacitor the electroderadius)
(Fig. 1). The average breakdown voltage is obtained by
averaging the experimental results of the breakdown
voltage.

The aged films were analysed using a Nicolet Fourier
Transform Infrared spectrometer in combination with
an I.R. Plan Spectra-Tech microscope in different
zones.

RESULTS
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Fig. 1. Schematicrepresentation of PP film.
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Fig. 2. Distributions of the relative number of discharges, as a function of the phase of capacitor
subjected to a.c. voltage of various effective values. (A) V,=6.2kV,~, (B) V.=6.5kVm

(C) = 6.8kV,,.



A. Gadoum et

10

r
O.--------+--+ -

8

p
6

4

2

t

o “ ring” zone
+ “Outerring” zone

1 I I I I I
o 2 4 6 8 10

A v (kV)

Fig. 3. Average breakdown voltage of a PP film aged
for 4 hr as a function of the voltage applied to the

capacitor.
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Fig. 4. FTIR spectra obtained as the differencebetwe
samples of films aged for 4 hr at 7.5kV,~,and non-ag

films.
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Fig. 7. Deposit on the surface of the film (impregnated
under 7,5kV,.,.
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Fig. 8. FTIR spectrum:FTIR spectrumof a pelliculedetachedfroma PP film,impregnatedwith BT +
DGEBA and aged for 1hr at 7.5kV,n),.FTIR spectrum of DGEBA.
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Fig. 6. Averagebreakdownvoltageof PP film(impregnated
with BT + 3°/0 1
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CONCLUSION
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