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A Study on the Repeated Breakdown Field Strength of Compressed
SF; in Uniform Field Perturbed by Protrusion

%

{=*

(Dong-In Lee)

Abstract

For large gas-insulated systems, the conductor utilized possess some degree of surface
roughness which locally enhances the applied field at highpressure in SF,. In order to
investigate the effect of field enhancement on the breakdown field strength, the spheric
protrusion was employed which gives a quantitative analysis on field enhancement. For
further investigations on the breakdown level and polarity effect in SF,, the repeated

breakdown tests were performed with d.c. voltage at pressures up to atout 4 bar.

The experimental results show that the breakdown level does vary noticeably due to

successive voltage applications, and the breakdown field strength measured for a test
gap with the cathode protrusion is markedly lower than that determinded from the id-

entical anode protrusion.

1. Introduction

Cenerally investigations concerning the break-
down field strength in gas were carried out with
highly polished electrdes obtainable in practice
under laboratory conditions. For large gas-insul-
ated systems, however, such uniformly highly
polished electrode are not practicable and conse-
quently the conductors utilized possess some si-
gnificant degree of surface roughness which
locally enhances the applied field.

The effect of this field enhancement on the
breakdown field strength can be described in
terms of the Pedersen roughness factort”, (g,
which is a function of the parameter pR (p=
pressure, R=height of a protrusion). It can be
seen that when pR exceeds atout 45 barum, { is
theoretically less than unity and the macroscopic
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field strength at breakcdown, E,,, is consequently
lowered ™. For strictly uniform fields of prac-
tical dimensions at high pressures, breakdown
occurs when £E,/p (E,=macroscopic field stre-
ngth) just exceeds the limiting value and so at
high values of pR the breakdown field strength

Eo=C-(E/p)ia-p/=(p) ¢y
where(E/p)in=the measurable low-pressure value
of 8.84kV(bar-mm)-?

Z(p)=compressibility
Therefore the breakdown field strenth can be
estimated by calculating equation (1) at a given
value of pR.

In this paper in order to compare the measured
values with the theoretically calculated break-
down feild strengths, the effects on the break-
down field strength of repeated sparking, tolar-
ity of highly stressed electrode, and number of
protrusions are basically investigated wup to
pressure of about 4 bar in uniform field pert-
urbed by protrusions.
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2, Apparatus and Experimental Te-
chniques

The apparatus used for the determination of
static breakdown voltages and associated high
voltage supply have been  fully ‘described pre-
viously

2.1 Choice of the protrusion

In order to perform the investigation in the
high pR range (pR>45 barum), precise tungsten
carbide spheres were usedas protrusions. Precision
made spheres are more easily obtained than other

artificial protrusion shapes and allow a quanti-

tative account of breakdown phenomena. The
spheres had a 0.013m C.L.A.(center line average)
surface finish and, therefore, the value of pR on
the surface of the spheres themselves was less
than 45 bargm even at the present maximum
pressure of 4 bar. The spheres- conveniently
available had radii of 500um and so, when placed
on one of the electrodes in the test gap, allowed
the simulation of roughness corresponding to
valves of pR up to a few thousand bargm.

2.2 Determination of test gap spacing

It was shown that the gap spacing should be
limited to one fifth of the overall diameter of
the electrode in order to exclude the possibility
of avalanche development outwith the nominally
uniform region of the test gap™®, In addition,
in order to calculate the breakdown voltage of
the gap perturbed by the spherical protrusion
it is assumed that the gap spacing is large in
comparison to the height of the protrusion. With
these two restrictions the test gap spacing({d) was
always operated in the following range:

8x height of protrusion<d<0.2Xoverall diame-
ter of electrode For these tests, electreods of 180
mm overall diameter were used.

-,2'3 Test procedure

Before mounting spheres on the electrode, they
were cleaned ultrasoncally and with acetone.
The electrodes were polished. to a surface rou-
ghness center-line-average value of less than 0.5
upm with different grades of diamond paste. After
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mounting the protrusions on the electrode the
continuity - between the electrode and each pro-
trusion was checked éléctrically. The gap spacing
was rechecked after allowing a suitable time for
mechanical stabilization, whenever the pressure
of the vessel was changed. By changing the
polarity of the u(pper electrode, the effect of
placing identical spherical particles on both ca-
thode and anode could be determined.

3. Results and Discussion

Successive voltage applications to smooth elec-
trodes may lead to a fairly constant value of the
breakdown level®, In this case breakdown
normally takes place evenly in the center part
of the electrode unless the gap spacing is long
enough for edge breakdown to occur. On the
other hand, such repeated sparking of the gap
can also lead to a decreased breakdown perfor-
mance due to the damage caused during previous
breakdowns, particularly at high pressure®®,
In the present measurements, as breakdown will
always occur to the protrusions, a relatively
large number of samples of the breakdown vo-
ltage are initially required in order to assess the
importance of repeated sparking to the later
investigations.

Figure 1 presents the effect of successive vol-
tage applications on the breakdown level with
a single cathode protrusion. It is interesting to
note that the scatter of 1,4%(standard deviation)
observed at 0.5bar increased to 6% at lbar but
decreased to 1.5% at 4bar. Figure 2 shows results
obtained in a similar test to that of Figure 1
except with an increased number of protrusions
(5 protrusions). Except at 0.5bar,the scatter .in
breakdown voltages was reduced but the maxi-
mum .again at lbar. L

Figure 3 and 4 present the repeated breakdown
voltages obtained with a single anode protrusion
and 5 anode protrusions with increasing pressure
for both cases the scater,was 1.1% at 0.5 bar
rising to~2.4% with the single. protrusion, but
only 1.6% with the multiple protrusions.
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kdown level with a single

R I PR TR PR DI W LA
MR .
0.5 bar
s ! L P G SR L
0 a0 » 40 50

Hugber of breacdowns
500um ¥ 1 cathods protresfon

protrusion

1%

Yo M
8

reakdown ¥oltage (x¥)
: g :
L .

Fig. 2. Effect of repeated sparking on the brea-

10

0.5 w2

il ! It 1

Fig. 3.
cathode

'“- Brssibow volisge (XV)

o
f

1 L i !

20 »
Swbder of imeskiemes

L] 30

500 x 5 osihade pretrestens

Fig. 4.

kdown level with 5 cathode protrusions.

(131)

— 57 —

. . . ..
140 . « et .t .
L . .
. . o
- . .
130 *
3.95 bar
120

149

3

T 7T Ty
S

295 We

]

g g
<@ [ v‘.“w_:“{(—‘r*-ﬁ“—:—ﬁf. LT
£

-3
3

|
L

. O Y

10 2 30 20 50
busber of brescdcwna

500 x 1 anode protrusion

Effect of repeated sparking on the brea-

kdown level with a single anode
protrusion
\30"
e, Tl e
. * . * .
i 3.9% ar
11—
]
1101~

3 8 E]
Fv—r— T —

N \ el
o 0 B 30 4 0
Fuzder of tresgtawe

500im x 5 anode Protrusicay

Effect of repeated sparking on the brea-
kdown level with 5 anode protrusions.



—58 —

These tests show that the breakdown level does
not vary noticeably due to successive voltage
applications (100 breakdowns) and so allow the
breakdown voltage in the following investigations
to be adequately determined from about 10 me-
asurements.

Some information was also obtained on the
first breakdown level but not enough tests of
this type were performed to give statistically
significant observations. However, there was a
tendency for the first breakdown observed to
be above the average level for the rest of the
test.

Comparing the results presented in Figure 1
and 2 shows that the breakdown level measured
for a test gap with the highly stressed protrusion
positive is markedly higher than that found for
the identical cathode protrusion.

4. Conclusions

The interesting conclusions to be drawn from
the results presented in this basic study to assess
the importance of repeated sparking to the later
investigations are thatjthe breakdown level does
not vary significantly due to successive brea-
kdown tests and therefore the breakdown voltage
in the later investigations can be adequately
determined from about 10 measurements. The
breakdown level obtained from a test gap with
the cathode protrusion is markedly lower than
that determinded from the identical anode pro-
trusion. At pressures above lbar, the scatter in
breakdown voltages is reduced by increasing
number of protrusions placed on the electrode.

Details for qualitative and quantitative analysis
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on the theoretical breakdown level, polarity
effect, and irradiation effect shall be presented
in the later publication.
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