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A.C Breakdown Characteristics in SF; in the Presence of
A Small Discharge
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Abstract- The effect of a small discharge on the A.C.(60Hz) breakdown characteristics in
SFg gas has been studied. Various experiments were investigated while varying distance
of the rod-plane electrode, the gas pressure, and the magnitude of the small discharge
current. Also, the position of the discharge path was observed for the purpose of evident
investigation. As the results of this study, authors clarified the shifting mechanism of the
position of discharge path with the ratio Rn(E/N distribution at a certain higher tempera-
ture due to the small discharge current to E/N distribution at room temperature, E: electric
field strength, N: particle number density). Also, the reason for the reduction of the A.C.
breakdown voltage was investigated in the presence of a small discharge current.

1. Introduction as an insulation medium for substation compo-

nents and gas insulated devices because of its high

Sulphur-haxafluoride {SF;) is frequently used dielectric strength and good heat transfer prop-

"E # H Ak TA BRLER AlRE- LH erties. In addition, SF, is attractive because of

“E & B Mk Tk BETSH 22 - T its low toxity (it is “toxic” only as an asphyxiant)
“E @ B BLEEA Ik BERIEM BIg- and relative chemical inertness[1~3].

Ti% . . . .
BB % 1089% 7H 318 .Many experimental an.d the(n_'etlcal mvestxgg-
1k 1% I : 1990% 1H 158 tions have been reported in the literature describ-
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ing the breakdown behavior of SF; under direct,
alternating and impulse voltage{4~7].

Eliasson and Schade[8] measured the break-
down voltage of hot SF; Nagata et al. [9] used
an electrically heated oven and worked at relative-
ly low gas pressure.

Nevertheless, the A. C(60Hz) discharge char-
acteristics in SF; gas in the presence of a small
descharge (SD) are not sufficiently studied

Considering these, the effect of a SD on the A.
C breakdown (breakdown between rod-rod and
plane electrode, BD)characteristics has been in-
vestigated.

As a result of our investigation, we found that
the reduction of breakdown voltage between rods
and plane electrode (Vgp)in presence of the SD
current(/,)is greater for high pressure, large [,
and rods-plane electrode distance (4), and also
clarified shifting-mechanism for the position of the
discharge path with the ratio Rn.

2. Experimental Apparatus and Techniques

Figure 1 shows experimental circuit and gap
configuration. We used the test gap as shown in
Fig 1.a, which consists of two horizontal, opposed
rods(rod-rod distance #=3x10"%cm),
plane electrode parallel to the rod-rod gap. The

with a
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electrodes were finely polished with sand paper
(No.1200)and metal polisher (ALBON)prior to
measurements.

We installed the gap in a cylindrical stainless
steel chamber 25(cm) in diameter and 65(cm) in
length, and performed various experiments while
varying the ¢{0.6cm~2cm at 0.5 atm 0.6cm~1.6
em at latm), the p(0.5 and latm)and magnitude
of the small discharge current (I,). I, divided
about 0.3A (/;)and 1A (],).
small discharge currents indicate peak value.

The magnitude of

The discharge paths were observed through the
circuler observation window 11(cm) in diameter.
The CCD camera, the video tape recorder (SL-
HF3000, Sony Co.)and colour video printer (GZ-
pll sharp Co.)are used to ohserve the BD paths.

Digital multimeter (DMM)as shown in Fig. 1 is
used to measure the Vap.

The main breakdown characteristics were
investigated with gas pressure (p), I,, 4 and
discharge paths under the condition that ¢/D is
0.03 (rod-rod distance(¢)=3x10 "2cm, rod
diameter (D) =1cm).

The values of Vzp were determined by arithmet-
ical meanvalue from the values of breakdown
voltages for ten times measurements.

3. Results and Discussion

10kVA 10kVA CRO GAS CHAMBER
200V 260V 2oov eooov 6000V 6000V wL=Bk.50kQ V| T|nl
AC200V 1500pF _
30a 6. 47kQ ]]: E
40mm 1000MQ
o— 2
R=3mM/ ot ainless AC100V 100KD
Steel
Bt T 300V 130V 100 poKY
%  s5mm v v v 7777
i 2kVA 500VA
R=5mm = Di Copper
%
D=10mm b. experimental circuit.

a. gap configuration.

Fig. 1 Experimental circuit and gap configuration.
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3.1 Temperature distribution in the gap by
high temperature
Approximate equation for temperature 7 (‘K)
of the theoretical heat flow from the heating body
[10,11)is

OT _ (*T 2 3T
PR "K( 72 Ty 87) (L
where, K =thermal conductivity (cm?/h),

r =distance of radial direction(cm),
t =time(h)

In case of steady state, we find from equation
{1) that the solution for y-axis direction is

T(g):f—ﬂe 2)

where, A and B are constant derived from bound-

ary condition. Y is vertical axis as shown in Fig. 1.
a.

Gas temperature distribution on following con-
dition a) and b) is

Ya ( Ts *#7;91
v

T(y): + 7o (3)

where,
condition a) ; The gas temperature is 7, on
condition that v is oo,
condition b) ; Arc surface temperature is 7 on
condition that y is 7,
ra; radius of arc column,
V>7a

3.2 £/N Distribution and Ratio R, in the Gap

In case where high temperature gas are existed
in rod gap, we evaluate £/N distribution.

Gas equation for the stationary state is

P:—‘No k To:Ny k Ty (4)
From equation (4), N, To=Ny Ty (5)

where, P =gas pressure (dyne/cm?),
N, =particle number density {(cm 3)at the
room temperature (293° K,
Ny = particle number density (¢m~3)at a cer-
tain temperature,
T,==temperature in the gap at the room tem-
perature (293°K),
Ty=gap temperture derived from equation
(3) CK)

ol asE ExHAl] SF.of Y REUW 2Ry

k=DBoltzmann constant (erg/ K ).

Accordingly, in case where high temperature
gas are existed in the gap, we find from equations
{(3) and (5) that E/N distribution E/N, is

E_E
NN,
_@(Ts“To)
E T + 7%
e ®)

From previous equation(6), the ratio Rn of

E/N, to E/N, is

_E/Ny

Rn“E/No
ra(T;‘To)+Ta }
DR ™

3.3 General Discussion for the Results

Fig. 2 shows the characteristics of Vip-d. To
help reader’s comprehension it is timely to show
the following characteristics. In case where the SD
does not occur the Vzp shows the highest value
among the three characteristics. On the other hand
the Vzp shows the lowest value among the
characteristics when the SD current 7, is 7,

Based on the results of this observation and
previous papers [12~17], possible mechanisms
by which the SD could initiate the BD may be
explained as follows. The first, we belive that the
Vo decreases with decreasing the gas density of
the circumference of the gap. The gas density
decreases with increasing the temperature of the
circumference of the gap due to the SD current.

The second, the distribution of equipotential
lines changes from radial to axial of rod-rod gap
due to the SD.

Therefore, the electric line of frce direct from
the rod electrode or the discharge path of SD to
the plane electrode. As the result, the breakdown
easily occur.

Another version has it that the possible mecha-
nism by which the SD initiates the BD would seem
to he associated with the high local electric field
around the SD channel enhanced by streamers
protruding from its surface[13].

In case where SD current is [, the Vi, is lower
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than that of J;.

The reasons are as follows. The first reason is
that large heat generation occur when the SD
current is /, more than that of /.

The second reason is that relative gap length
when the SD current is /, shorter than that of J,.
Because, the diameter of discharge path increases
with increasing the discharge current[16,
18~20].

3-4 Discussion for the Results with K, Rn and
Discharge Pattern.
Fig. 3 shows the relation for the decrease factor
K of Visp and rod-plane distance d. The decrease-
factor K is determind by

K: VBDOW VBD] XlOO
Voo
40
a
[¢]
P=1 atm .

30 § § T

Veo [kV)
[ 8]
o
T
—0—

10F § :I=0
$ :1-1s
¢ :1-n
0 1 1 L 1 L !
0.6 0.8 1.0 1.2 1.4 1.6
d [cm]
(a:p=0.5atm)
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Fig. 2 Characteristics of Vap-d.
(a:p=0.5atm, b . p=1atm)
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Fig. 3 Relation for the decrease-factor K of Vip
and rod-plane distance 4.

wher Vppy=mean value of Vz, when the SD
current is f;.

Vapo=mean value of Vi, when the SD current
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Fig. 4 Relation between Rn and 4.

Table 1 Table of discharge pattern for the dis-
charge paths (p=0.5 atm)_

o8 los |10]12 1.4 (1.6 [1.8 |20

ojIlIjIl1ln|on|o|m|m

|l I (I |olof{o|o|m

Blrlr(1l1|olo|r
is zero,

The characteristic of Fig.3 is summarized as
follows. The decrease-facrot K decrease with
increasing the rod-plane distance 4. We believe
this relation as follows.

In case of this experimental condition (rg=0.
lem), we graphed from equation (7), The
graph is Fig. 4. The boiling point (2853°K), the
melting point (1350 X) of the electrodes copper and
room temperature (293°K)are used in Fig.4. In
case [, is zero, that is. 7 is 7. The Rn is constnt
on this condition as shown in Fig. 4 But, the ratio

aj&g™ ExfAl SF.ofl cigt nRdY xRy

Rn increase with decreasing d in the condition that
Ts is 2853°K and 1350°K. Therefore the BD
easily occur with increasing Rn. As this result, X
increase with decreasing d as shown in Fig. 3.

As this result. we found that position of the
discharge path change from plane electrodes edge
to center or near center of the plane electrode as
shown in Fig. 5 and Table 1. Figure 5 shows
discharge pattern and typical photographs of the
discharge paths. We obtained a table of discharge
pattern from observation of the discharge paths as
shown in table 1.

In case where we tried breakdown with 10 times,
we statistically determined the discharge pattern.
The modes of discharge path are as follows.

(1) Pattern 1 : N,=7 Times,
(2) Pattern [ : N,=4 Times or 4= N,;<6,
(3) Pattern I . N,=7 Times.

where, N, is number of occurrence with |-
configuration,
N, is number of occurrence with |-
configuration,
Ni; is number of occurrence with |  or
I configuration,
N3 is number of occurrence with [ -
configuration as shown in Fig. 5,a.

The features of the pattern are

(1) Pattern | easily occur with increasing
Ia.

(2) Pattern | easily occur with decreasing
d.

(3) Pattern [[ easily occur with decreasing /,.

(4) Pattern ] easily occur with increasing d.

(5) Pattern [ is transition pattern between

| and [l pattern,
The reasons are as follows.

Generally speaking, the BD process in SF
depends very strongly on E/N.
(1) In the case where /, is zero, discharge path is
decided by E because of constant N.

Position of the highest E change from center of
the gap to edge of the plane electrode with increas-
ing d. Therefore, the pattern change from | to
I and [} with increasing 4.

{2) In the case where [, is [,, the BD depends
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Pattern ]:

Il ili

Configura-
tion

@:Main breakdown path
«: Small discharge path

a. Pattern of discharge path.

i

Y

Id=Is, d=1.4cm

Id=Ts, d=1.0cm

Id=11, d=1.4%cm

Id=I1, d=1.8cm

I1d=0, d=2.0cm.

b. Typical photographs of the dischargepaths.

Fig. 5 Discharge pattern and typical photographs of the discharge paths at

0.5 atm.

very strongly on the N of the E/N due to the ],.
Therefore, the pattern shows I Pattern on the d

(=0.8~1.4cm),

Though d are 1.6, 1.8 and 2.0cm, the pattern is I

in this case

(3) In the case where I, is I;, the discharge pattern
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is intermediate pattern between patterns for J,=0
and /..

Form results of this section, slope of the R,
rapidly increase with decreasing 4. Therefore, in
case where the d is small, the effect of SD current
is higer than that of large d.
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Also, the R, increase with increasing /.

Therefore, the effect of SD current for the /],
is higer than that of /. As these results, diuscharge
pattern was shifted with decreasing d the next.
sequence. In case where the [, is zero and /s, the
patternis -1 — 1.

Also in case where the [, is /[;, the pattern is [[

-1,

3.5 Discussion for the pressure characteristic

The decrease-factor K when the gap pressure p
is 1 atm higher than that of 0,5 atm. Result of
this, the mean decrease-factors K were 26, 0% (p=
0.5atm)and 38. 1% {p=1atm). This tendency is
similar to the previous papers[12, 13]

According to these papers, the time interval
from the start of the rod discharge to the comple-
tion of the breakdown decreases with the increase
in gas pressure. This result indicate the influence
of the samll discharge on BD.

Also the phenomenon is similar to the “triple
junction effect”, in which a partial discharge oc-
curring on a solid insulator at a gas-electrode-
insulator junction leads to flashover over its full
length at higher pressure of SF, gas[21].

However, the breakdown mechanism above is
not clear because of their comnplexity, and further
investigation is required.

4, Conclusions

The important results obtained from this
investigation are as follows.

The reduction of the Vjp, is greater for high
pressure, large SD current and small gap distnace.
As this result, the decrease-factor K decreases
with increasing the rod-plate distance 4. Results of
these, the mean decrease-factors K were 26, 0%
(p=0. 5atm)and 38.1% {p=1atm),

Shifting of discharge path-position due to the SD
current /, and gap distance ¢ can be explained by
the ratio Rn.
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