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ABSTRACT

The resistivity of electric outdoor insulations against electric
stresses 1is determined decidingly among other <characteristics
forming the insulation coordination systems by its insulation
against high voltage tracking. From this point of view, the
effect of contamination on polymeric insulation surfaces in the
vicinity of high voltage tracking is presented. The polymeric
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insulating materials treated in this work are Bakelite {Ba),
Polyvinylchloride (PVC) and Polystyrene (PS). Behaviour of
creepage current under some Ltypical ratings of high voltage a.c.
according teo the IEC standard 587 is introduced. The insulation,
against h.v.tracking is dependent on the amplitude of the applied
voltage stress, changes in the degree of contamination and on its N
size on the insulation surface. Erosion process due to the chemi- -
cal reactions between pollution and insulation surface during the
creepage stress has been investigated. Results suggest that the .
peek to average current ratig during creepage stress up to the

end point of h.v. tracking may be used to determine the value of
erosion depth of polymeric materials.

INTRODUCTION

The increasing use of solid organic insulating materials in h.v.
equipment has occasioned growing interest in the study and
asgessment of the effect of creepage stresses on the insulation
surface. Polymeric insulators subjected to high vcoltages suffer
from the degradation by tracking [1-4]. It is believed that
tracking arises as a result of pure thermal decomposition and
polymer damage by electron bombardment. A high electric stress
can be created at the interface between conductor and polymeric
insulator due to the presence of non-uniform fields. This stress
leads to 1local discharges with corona effects, even when the
voltage difference between electrodes is not encugh to cause
complete flashover [5,6]. However, interruption of moisture films
is caused by drying the surface following the heating effect of
leakage current. Sparks are drawn between the separation
moisture films, which acts as extensions to the electrodes and
damage is done [1].

Most of work done in this field has concerned generally with or-
ganic materils. Recently, the polymeric insulation materials are
widly used. Therefore, it is important to determine and implement
further experiments required to define the behaviocur of these
polymeric materials. So., this paper gresents the evaluvation of
polymeric insulating materials for use under outdoor high voltage
application by measuring the creepage characteristic as well -
the resistance to tracking using a liquid contaminant and in-

ned plane specimens as recommended in IEC standard, pub?

587 [7]. The present series of measurements are carried+

the same polymeric materials as used in the our previous

{8-10]. 1In case of Bakelite insulator, it is found that a
voltage tracking up to 600 volt the creepage current has a

value than that of another polymeric materials and carboniza
takes place rapidly before forming erosion. ‘
As part of this work, the experiments have been developed :2\
measure the creepage current of polymeric insulating materials .
during the high voltage stress up to 6 kV to the end point aof ‘x
h.v. tracking. The erosion rate due to the heating effect and o
the chemical reactions between contamination and insulation
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surface have been investigated as a function of the insulation
weight loss. However, the erosion depth has been measured and
evaluated as a function of average to peak current ratio.

,ﬂf{ EXPERIMENTAL METHOD

d// Tests have been carried out using the arrangement illustrated in
! Fig. 1. The voltages up to 6 kV, 50 Hz have been applied between
» electrodes by using 80 kV, 25 kVA high voltage transformer in

conjunction with an induction regulator as a smooth control unit
and a measuring voltmeter on the primary side (0 - 220 volt) as
well as a measuring sphere-gap type MKIW-5R on the h.v. side
(0-80 kv output).

Two stainless steel electrodes contacted the polymeric insulator
are placed 50 mm apart as those used in the IEC standard,
publication 587. The specimen is set up with its longer axis at
45° to the vertical and the electrodes are attached to the
Gnderside, as shown in Fig. 2.

The insulants treatgd in this work are bakelite (Ba),
polyvinylchloride (PVC), polystyrene(PS}. The samples measure
50 mm x 120 mm with 4 mm in thickness.

The appliction of liquid contaminant can be done by dripping the
solution in order of 0.1% ammonium chloride in distilled
water into the filter paper pad with a fixed flow rate. A 200
watt resistor 1is connected in series with each specimen on the
high voltage side. These processes are made according to the IEC
standard 587 [7])] as given in Table I.

Table I Test voltage, contaminant flow rate and series resistor.

Test voltage Contaminant flow rate Series resistor
{(kv) {ml/min) - (ksS2)
1 0.075 1
2 0.15 10
3 d.30 22
- 4 0.60 a3
5-6 0.90 33

tests, the method is chosen as a contact tracking voltage
the creepage stress and the distance between electrcdes is
d to 50 mm. Through this IEC standard distance: a partia-
onducting path is created by localized deterioration on the
feric insulating surface. The track starts at the lower elec-
e and the end point is reached when the track reaches a mark
the specimen surface at 25 mm from the lower electrode as
hown in Fig. 2. As in our previous paper of low voltage tracking
) ‘[10), a data acquisition processing is also used in the present
’ work under h.v. tracking to register the creepage current values
‘r"/ flowing inte the circuit.
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Fig.
ned
racy

3, shows the graph of the creepage current behaviocur obtai-
by using a data acquisition processing. To conferm the accu-
of these results, a portable pen-recorder instrument (type

30570) is used. The creepage current is, also, directly recorded
on the chart as demonatrated in Fig. 4. It is seen from the two

figures 3,4 that, a consistent result of creepage cu
behaviour for both two procedures. However, a data acguis
processing is used in most experiments.

RESULTS QF EXPERIMENTS

The experiments start with a creepage distance of 50 mm be

rrent
ition

tween

the h.v. electrodes. According to the IEC standard, publication

587 [7], the contaminant conductivity on the insulation su

rface

is 2.5 ms/cm {or 395 ohm-cm resistivity ). The voltage is main-
tained constant during 6 hours. It is found that, for the poly-
meric insulating materials under test, no h.v. tracking occurs at
most different ranges of IEC 587 up to 6 kY s shown in Table II.

Table II Creepage stress during 6 hours.

Material Ba Ps PVC
conductivity(ms/cm) 2.5 2.5 2.5

Voltage (kV) 2-6 kv 2-6 kv 2-6 kv

Aver. current 3-4.3 2.6-2.8 2.9-2.98
Tracking condition no tracking occurs.
Chossing another value of contaminant conductivity higher than
that of 2.5 ms/cm, the tracking test can be accelerated in the

laboratory within the information of IEC standard 587. Fig. 5,

shows the creepage current behaviour for PVC at contam
conductivity of 7.5 ms/cm and applied .h.v. a. ¢. of 6 kvV.

inant
It is

seen from the figure that, the PVC insulater can withstand the

creepage sStress during € hours and then tracked directly.

The

other insulators of Ba and PS5 are tracked at a time less than &

hours at the same condition of contaminant (7.5 ms/cm) as

in Figs. (3 or 4),6. Thereby. the PVC is found to posses
best h.v. tracking behaviour than that of Ba and PS. This in
that, the polymeric insulating material of Ba has the worst
tracking and the PS5 is the second worst one. This result is

shown
s the
sures
h

sistent with our previous work in [(8,9] carried out at®

voltage up to 600 volt. In a word, regardless of voltage

W

{low or high}, the worst behavicur of insulating materials cals
determined, i.e., the worst level of insulation creepage/track

the ™\

behaviour {(CTB) is independent of the applied voltage value.

Fig. 7, shows the relation between the erosion depth and
creepage distance up to the end point of tracking at 25 mm

the lower electrode. Fig. 8 shows the phtographes of h.v.tra
for both polymeric insulating materials Ba, PS and PVC. I
clear from the two figures that, the erosion depth decreases
increasing the distance from the lower elecrode. Fig. 9,

strates the erosion depth versus the applied h.v. a.c. for

from
cking
£t is:
with
illu-~
both

.

Ei\ -

bt
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insulating materials of Ba, PS and PYC. It can be seen that,
“he erosion depth increases with decreasing the applied voltage,
lthough the tracking time in case of PVC is greater than that of

; Ba and PS, the insulation surface of Ba and PS can not withstand

- the creepage stress for a long time period and the degradation by
- tracking 1is going rapidly. This phenomenon may be due tc the
1 stronger effect of sparks which causes an increase of the carbo-

lation surface for both Ba and PS, Additional information is
provided by the actual measurements of ercsion as the insulation
weight loss. Fig. 10. shows the relation between the insulatiocn
weight loas and the creepage time up to the end point of
tracking. It is seen from the figure that, the insulatiorn weight
leoss increases with increasing the creepage time. The slop of the
curve can be regarded as an erosion rate (mg/h}, i.e. the degra-
dation on the surface due to the carbonization tracks can be
obtained as a function of the insulation weight loss.

) ’ nization traces between the separation moisture film on the insu-

Fig. 11, illustrates the behaviour of average creepage current as
the voltage is raised for different values of electrolyte conduc-
tivity. At values of low voltages, in the range {0-2 kV), the
current is proportional to both voltage and electrolyte conducti-
vity, 80 the contaminant film acts as an aques resistor. After
that, a dry band formation occurs at certain point in direction
of high voltages and therefore the creepage current flow is no
9 longer c¢ontinuance over the entire a.c. cycle. 1In addition,

discharging can occure in intermittent bursts. 3Similar behaviour
j have been found elsewhere [11] for another insulating materials.
' Fig. 12, shows both average and tracking current as a function of
applied voltage a.c. It is seen from the figure that, the average
and tracking currents increase with increasing the applied volta-
ge and they have greater values when using the Ba insulator than
that of PS5 and PVC insulators at high values of applied voltages,
vice versa they have lower values for Ba insulator at low volta-
i ges. This means that, the heating effect due to the higher values
of creepage current at high voltages causes an increase in the
evaporation process of contaminant moisture film on the
insulation surface more than that at low voltages and this depend

“he type of the polymeric material.

- s

shows the peak to average current ratio as a function of
fh.v. a.c. It is seen from the figure that an increase of

{ voltage increases the peak to the average current ratio.
jns that the increase of the discharge current magnitude

n increase in the heat energy. This leads to decrease the
depth due to the evaporating effect. This result may be

{ to point out the value of erosion as a function of the peak
Arerage current ratio when subjecting the insulating materials

;#’{he creepage stress.
g
w”
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CONCLUSIONS

The following concluaions have been drawn from investigating the
effect of creepage streas on the h.v. tracking of polymeric \‘“\

materials :-

- The characteristic of Ba has the worst h.v. tracking, i.e., the
same as that for low voltage tracking. The PS is followed to .

Ba

as a second worst one. Therefore, regardless of voltage

value {low or high), the worat behaviour of insulating materials
can be determined, i.e., the worst level of behaviour is
independent of the applied voltage value.

- The degradation on the polymeric surface due te the carboniza-
tion tracks can be obtained as a function of the insulation
weight loss. -

- The result of peak to average current ratic obtained during
creepage sStress up to the end pdint of h.v. tracking may be
used to point out the value of erosion depth of polymeric
materils.
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