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ABSTRACT

Current-zero measurements performed during
interruption tests have been a powerful tool for
measuring the thermal interruption performance
of high-voltage gas circuit breakers. This
performance is evaluated by estimating the
extinction peak of arc voltage (V,) and/or arc
conductance at 200 ns before current zero (Gag).
However, it is difficult to estimate the
interruption performance for actual size circuit
breakers. To investigate the size effect, the
relationships between V, and G,y for a small
model and actual size model were compared. By
introducing an interrupter size factor, we found
that the boundary values of V, and G,q, Which
distinguish the success and failure of interruption,
corresponded with each other.

1. INTRODUCTION

Digital testing has been proposed to
quantitatively evaluate the thermal interruption
performance of circuit breakers with arc
characteristics around current zero™. Only a
few pieces of data on arc characteristics that can
be used to evaluate the performance of actual
size interrupters are available. The authors have
investigated the relationship between interruption
performance and arc characteristics for small
experimental models®"™. It is necessary to
clarify the effect of the size of interrupters to
design an actual size interrupter by using
experimental data obtained with a small model.
The interruption performance and current zero
data were measured for two different sized
interrupters in this research. The relationship
between interruption performance and arc
characteristics, e.g., the extinction peak of arc
voltage (V,) and arc conductance at 200 ns

before current zero (G,y) calculated by using a
current and voltage measured around current
zero, was particularly investigated in terms of the
interrupter size factor.

2. EXPERIMENTAL SETUP

2.1 Experimental circuit breaker

The interruption performance and current zero
data were measured with two different size
interrupters to investigate the effect of interrupter
size on arc parameters. The interrupters were
designed as pure self-blast types without
mechanical puffer chambers for the experiment.
Fig. 1 outlines a small model interrupter whose
size is about half that of actual interrupters. The
larger interrupters were sized up from the small
model with the scale factors summarized in
Table 1. Two different types of interrupter
designed as the prototype for 50 kA (Type 1) and
63 KA (Type 1) rating were tested.

2.2 Experimental circuit for thermal
interruption test

Fig. 2 is a circuit diagram for the current
injection interruption test. The main interruption
current was supplied from a current source with
an inductance-capacitance (LC) resonance circuit.
Current from the voltage source was injected just
before the current zero of the main interruption
current by operating the triggering gap. The main
interruption current was set to 60 Hz or 35 Hz,
depending on the test conditions, by changing the
LC circuit parameters. The frequency of the main
interruption current in tests for the small model
interrupter was set at 35 Hz to interrupt the
current zero at half cycle to make the test more
efficient. The frequency of the first half cycle
was set at 35 Hz for a large model interrupter and
that of the second cycle was changed to 60 Hz.
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Table 1. Size coefficient of large interrupter for
small interrupter (large/small)
A B C D E
Type 1 1.7 1.7 1.9 4.5 3.4
Type T1 1.7 - 1.3- 16 1.5— 4.0 —
1.8 1.4 1.7 4.7
Thermal interruption performance can be

determined within several microseconds just
after current zero. The initial part of the transient
recovery voltage (TRV) specified for 90% short-
line fault (SLF) duty was applied to focus on
evaluating thermal interruption in the current
injection interruption test. The characteristic
impedance was set at 450 Q by adjusting Ry, Ly,
and Cs.

2.3 Current zero measurement system

The current zero measurement system consists of
a data logger with 100-MHz sampling, a 14-bit
resolution digitizing unit, and voltage and current
measurement sensors, shown in Fig. 3. Voltage
between the contacts was measured with high
voltage probes. Both lower and higher side
voltages were measured with two voltage probes.
The temporal differentiation of current (di/dt)
was measured for the current by using a
Rogowski coil.

3. RESULTS

Fig. 4 shows representative waveforms measured
in the interruption test for the small model. The
main interrupting current was 32 kArms, and the
arcing time was 10.8 ms. Pressure in the thermal
puffer chamber was measured with a piezo
pressure gauge.

Fig. 5 shows representative waveforms measured
in the interruption test for the large models. The
frequency was changed from 35 Hz to 60 Hz at

Auxiliary

Makin
i L interruptér L

switch ¢

Bz}ck—up circuit
C breaker
C
Shunt

T resistor

Transformer
<—Q Current source

_Testin
interrupter

Cy
Shunt
/T/ resistor
dils

Voltage source b—»

Fig. 2.  Circuit diagram for interruption test
Data logger Shield box |
Testing yard | Measurement room
=
g g Optical fiber |
| -
High voltage probes .
Data acquisition
5ogowsky coil device

—

Test circuit A A Y r
|

Fig. 3. Current zero measurement system

the first current zero point. The current value of
the second half cycle was 45.9 kArms, and the
arcing time was 18.3 ms. The peak of pressure in
the thermal puffer chamber was almost equal to
that of the small models.

Fig. 6 shows representative waveforms in the
current zero measurements for the interruption
test for the small model. Current waveform was
calculated by digitally integrating the di/dt
measured with the Rogowski coil. Arc
conductance was also calculated from the arc
voltage and current.

The thermal interruption performances of the
small and large model interrupters were
estimated by using the electrical properties
around current zero. Fig. 7 plots the relationship
between test results, namely, the success or
failure of interruption and arc characteristics
such as the extinction peak of the arc voltage (V)
and arc conductance at 200 ns before current
zero (Gao). As seen in the figure, a higher V, and
lower G, are required to interrupt a higher di/dt.
Therefore, V, and G,g can serve as indicators to
measure thermal interruption performance. For
example, the V, and G,oo required to interrupt the
L90 rating 50 kA - 60 Hz (di/dt = 24.0 A/us) gas
circuit breakers (GCBs) were more than 1.66 kV
for the former and less than 3.95 mS for the latter
as a result of interruption tests on the small
model. In the same way, those for the large
model were estimated to be more than 4.46 kV
(V) and less than 1.45 mS (Gaqo), respectively.
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4. DISCUSSION

Fig. 8 plots the correlation between V, and Gag.
The measured data for the di/dt around 24.0 A/us
are directly plotted in Fig. 8(a). As shown in this
figure, G,qo IS proportional to the -1.66 power of
V,. The V, was more than 1.5 kV, and Gy Was
less than 4.3 mS in the small model as the
condition for successful interruption. The V, was
more than 4 kV, and Gy as less than 1.6 mS in
the large model. The condition for successful
interruption is different for the small and large
models. These correlations can be converted with
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Fig. 6. Waveforms of arc voltage and
conductance around current zero (small model)

the following method by taking into
consideration the difference in interrupter sizes.

First, arc voltage (V,) and arc conductance (G,)
are described as follows.

Va — Ea . |_a ............................... (]_)
o b, )
2 Vv, EaLa

, Where E,, L,, and I, correspond to voltage per
unit length (arc potential gradient), arc length,
and arc current.

The E, is generally almost constant. The V, is
approximately proportional to L, and G, is
inversely proportional to L, which s
proportional to the distance between arcing
contacts. Thus, V, and G,y are assumed to be
described as coefficient k., which indicates the
distance between arcing contacts as

Gzoo* = Gy /K rreeerereseeeieiinn, (4)

, Where the superscripted asterisk () indicates
the value converted from the large to the small
model. Coefficient k,_ for rating 50 kA — 60 Hz is
calculated with the approximate curve in Fig.
8(a) as

1
16.1)0ss
k = =250 e (5)
- ( 8.6 j

In the same way, the k, for rating 63 kA — 60 Hz
was calculated to be 1.40. The results for the
small model tests converted with k,_are plotted in
Fig. 8(b) and Fig. 8(c). The boundary values that
distinguish the success and failure of interruption
for both models agreed well. However, k_ was
different from the ratio of each distance between
arcing contacts. The ratio was 1.88, calculated
from the arcing contact distance at current zero
point in Figs. 5 and 6. This implies that not only
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arc length but also other size parameters should
be considered, which is an issue to be addressed
in the future.

5. CONCLUSION

Interruption tests were carried out, and current
and voltage were measured with a system to
measure current zero for two different size
interrupters to investigate the effect of size and
evaluate the performance of parameters such as
the extinction peak of arc voltage and arc
conductance. As a result, we found that the
boundary values of V, and G,y corresponded to
the distinguished success and failure of
interruption by introducing an interrupter size
factor.
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