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Resistance against High-Voltage, Low-Current Dry Arc
for Electrical Insulating Materials of Organic Solid
in Pressurized Air

by Tatsuo MOTOYAMA**

Abstract: Some electrical insulating materials of organic solid have beeen required a characteristic
which resists against higi-voltage, low-current dry arc. This charascteristic is ranked according
to an arc-resistance time, which is the time maintained insulation of surface of those materials
against arc when they are exposed to the arc. The arc-resistance is tested in atmospheric pressure
in accordance with the method described in the ASTM-D-495 or the JIS-K-6911.

Recently, electric devices have come to be used in higher pressure atmospheres such as inside
of caisson, marine vessels, etc. Moreover, the devices often include circuits of higher voltage than
the maximum voltage, 12.5 kV, stipulated in those codes, for example, 30 kV such as the case of
circuit in the TV-set. However, it is little known about the characteristics of dry arc resistance
in high pressure atmospheres, and there is, therefore, a possibility of electrical hazards caused
by arc discharge in such atmosphere.

This study aims at investigating experimentally high-voltage, low-current dry arc resistances
of organic solid insulating materials in high pressure air.

The measurement of arc-resistance time was carried out in dry air compressed up to 1.9 MPa,
in accordance with the methods described in the ASTM-D-495 or the JIS-K-6911 except for
some test condition, such as open~circuif operating voltage at 50 kV. The materials tested were
melamine-glass laminated sheet, phenolic-resin sheet and etc.

The test results showed that the arc-resistance time of all materials decreased sharply with
the increase of atmospheric pressure of up to about 0.4 MPa. The reason can be explained mainly
from the fact that the electric arcs approach more closely the surface of test specimen with the
increase of atmospheric pressure and accelerate, thereby, the carbonization of specimen.

Thus, the author summarizes that the electric devices installed in high pressure atmosphere
such as inside of caisson, in which pressure range is approximately 0.1MPa-0.3- MPa, have to
considered about arc-resistance time of materials, which compose of electric apparatus, in high
pressure atmospheres before those are installed.
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Fig. 1

Diagram of experiment to measure resistance against high-voltage, low-current dry arc of organic

solid electrical insulating materials in pressurized atmosphere.
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Table 1  Sequence of 1-min. current steps.

BERS (1945EY)

Step Scondary Time cycle Total
current(maA.) period(s)
10 or 15 1/4s on, 7/4s off 60
10 or 15 1/4s on, 3/4s off 120

10 or 15
10 or 15

1/4s on, 1/4s off 180
‘continuous 240 above

W N =

Distance between
clectrodes

Tungsten-rod
clectrodes

~ Test

1_,1‘_5 specimen

Fig. 2 Dispositon and setup of tungsten-rod electrodes

and test specimen.
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Fig. 3 A setup of electrodes énd test specimen in a pres-
sure vessel.
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_Table 2 Main test conditions for experiments.

: ELEREM
Item Condition
Experiment (ASTM-D-495)
Gas : dry air and (air)
: nitrogen gas
Pressure 0.1 to 1.9 MPa
Open-circuit 50kV (12.5kV)
operating voltage(Vo)
Secondary current(Ia) 10, 15mA (10-20
. ~30-40mA)

Distance between 3, 5, Tmm (6.35mm)

electrode(d)
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(a) Phenolic resin

(b) Other specimen
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Fig. 9 Typical tracking traces of specimen tested. d = 7mm, la = 10 mA, Vo = 50 kV
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Fig. 10 Typical waveform of discharge current in pressurized air. d = 6.35 mm, la = 10 mA, Vo = 50 kV on

pocelain
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Fig. 11 Examples of maximum value of discharge current
in half cycle. d = 6.35 mm, la = 10 mA, Vo =
50 kV in air
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Fig. 12 Electric-arc on pocelain sheet in pressurized air.
d =7 mm, la = 10 mA, Vo = 50kV
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Table 3 Main factors related with resistance
of dry arc in pressurized atmosphere.

F—2ICTA 305/ (C1R % ELHER

a. Increase of partial pressure oxygen
-Reduction of firing point (+)
Increase of burning speed (+)

b. Changes of arc characteristic
-Decrease of discharge duration time (—)
-Increase of maximum arc current (4)
-Approach of arc column to surface of
test specimen (+) '

c. Characteristics of specimen
-Facility of carbonization (—)
Melt (+)
-Fragility (—)
-Extrication of carbon from material (+)

(+); accelerating, (—); decelerating
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Table 4 Arc-resistance time decrement (%),at 0.3 MPa HICBRIZHDT B,

of materials tested. la = 10 mA, Vo = 50
kV in air

0.3 MPa o337 —ZICTHA 2ESE DR £
la = 10 mA, Vo = 50 kV in air

Materials d(mm) decrement(%)

Melamin-glass 7 68
5 32(84)*
3 66
Epoxy-glass 7 40
5 26
3 6
Phenol resin 7 6
5 5(18)*
3 5
ABS resin 7 15
Poly-carbonate resin 7 9
*. In case of Vo=12.5kV
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