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ABSTRACT

Since DC has no zero point, an arc occurs when the DC circuit breaker performs a shutdown operation. In this case,
a fatal accident may occur in the circuit breaker or in the grid, depending on the magnitude of the arc. Therefore, the
shutdown performance and the reliability of the circuit breaker are important in the commercialization of HVDC. In this
study, a superconducting LC circuit breaker was proposed to improve the performance and the reliability of the DC
circuit breaker. The superconducting LC circuit breaker applied a superconducting coil to the inductor of the existing
LC circuit breaker. Other than limiting the initial fault current, it also creates a stable zero point in the event of a fault
current. To verify this, simulation was performed through EMTDC/PSCAD. Furthermore, the superconducting LC circuit
breaker was compared with the LC circuit breaker with a normal coil. As a result, it was found that the LC circuit
breaker with the superconducting coil limited the initial fault current further by approximately 12 kA compared to the
LC circuit breaker with a normal coil. This reduced the arc extinguish time by approximately 0.16 sec, thereby
decreasing the elctrical power burden on the circuit breaker.
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| . Introduction

Recently, the DC power grid has been increasing
due to the advances in renewable energy and
distributed power. The DC power grid experiences
no loss caused by the skin effect and the reactance
component. Thus, power transmission efficiency is
high, and
transmission is possible. For this reason, research

low-loss, long-distance ~ power
on the HVDC system has been actively conducted
worldwide. The shut-down technology and the
performance of the DC circuit breaker are important
in improving the stability and the reliability of the
HVDC system. Since DC has no zero point, an arc
occurs during the operation of the circuit breaker.
The arc may cause a fatal accident in the circuit
breaker, or in the grid. Therefore, a zero point
must be artificially created to prevent an arc.

The method
connects the LC circuit and the mechanical circuit
breaker in parallel (LC circuit breaker). In the

event of a fault current, it creates an artificial

divergent current  oscillation

current zero point by generating the oscillating
current in the LC circuit. This method is the most
stable and reliable among the shutdown methods of
the mechanical circuit breaker. However, it has
limitations when used under high voltage and
ultra-high voltage conditions[2-7].

In this study, a superconductor was applied to
the LC circuit of the divergent current oscillation
method. The
constructed by using a wire-type superconductor.

inductor of the LC circuit was

In the event of a fault current, the superconducting
coil is quenched, and generates resistance to limit
the fault current. Moreover, the LC circuit creates a
zero point by generating divergent current. This
enables the mechanical contact to perform a stable
operation. To verify this, the characteristics of the
normal circuit breaker were compared with those of
the superconducting LC circuit breaker by using
the EMTDC/PSCAD simulation software.
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[1. Preparing a manuscript

2.1 Mechanical circuit breaker

Fig.l shows the mechanical circuit breaker that
was implemented by using EMTDC/PSCAD. For the
arc occurring at the contact when the circuit breaker
is opened, the Mayr model of the EMTDC/PSCAD
simulation was used. The Mayr model is the most
similar to the shut-down characteristics of the actual
circuit breaker[1], [3], [9-10].

Fig. 2 is a graph showing the arc voltage
occurring at both ends of the circuit breaker when
it is opened. An arc with a magnitude of
approximately 13 kV was generated and the fault
current was not blocked. So that the mechanical
circuit breaker can perform a stable shut-down
operation, the shutdown operation must be
performed before the magnitude of the fault current
reaches its peak[2]. An artificial zero point must be
created within 0.5 ms because the magnitude of the
fault current reached its peak at 0.5 ms after fault

started.

Main path (I)

AR CIC)

arc CB

Fig. 1 Configuration of a circuit breaker
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Fig. 2 Configuration of a circuit breaker
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Fig. 3 Configuration of a circuit breaker

2.2 Circuit breaker applied the LC element

Fig. 3 shows the designed circuit breaker circuit
of the divergent current oscillation method by using
EMTDC/PSCAD. The LC circuit breaker consisted
of a main path, a commutation path, and an
absorber path. First, the main path was the contact
of the circuit breaker. The commutation path was
composed of an inductor and a capacitor. The
inductor and the capacitor were connected in series,
and they caused the current to diverge by using
the resonance frequency in the event of a fault
current. In this instance, the resonance frequency
equation is as shown in equation (1)[3].

Resonance frequency( £ )

-~ 1
B 2#\/[7’ (1)

To perform the shutdown operation within the
peak arc voltage, divergent current must reach a
zero point within 16 ms.

i
I [1+e?* sin(

main

t)] 2

1
:]faultmu'rent \/E
The divergent current generated by L and C in
the event of a fault can be calculated by using
(2[4].  Through (2), the
inductance (L) and capacitance (C) values that

equation equation

could create a zero point within 16 ms were

derived. The components of the LC circuit breaker
used in a simulation are shown in Table 1. In this
study, a normal coil and a superconducting coil
were applied to the inductor of the commutation
path, the
superconducting coil had the same inductance value.

respectively. The normal coil and

0 (t <tquench)
R, = . ] ®
1?’m (1_eXD(_ T ) (tquench <t)
The quench characteristics of the
superconducting coil were constructed, as shown in
equation (3) [3]. The characteristics of the

superconductor represent the characteristics of the
superconducting wire from AMSC. From equation
(3), the Rm of the superconductor is 5Q. This is
the resistance value of the superconductor when
the length of the coil constituting the L value is 10
m. The superconductor reaches the peak quench
resistance within 2 ms. Therefore, 0.75 ms was
applied to the time constant TSC. Finally, the
absorber path was constructed by using a gapless
type arrest(SA).  The path
discharges residual current to the earth after the

surge absorber

circuit breaker performs a shutdown operation.

2.3 Configuration of simulation

Fig. 4 shows the constructed DC simulation grid
by using EMTDC/PSCAD. The applied voltage was
100 kV, and the line resistance was 1Q. In this
case, the normal current was 3 KA. Still, the rated
voltage and the current for DC grids have not
normalized worldwide. Therefore, the magnitude of
the fault be
magnitude of the fault current was set to 30 KA.

current  cannot expected. The
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Table 1. Capacity of the LC element

Parameter (unit) Value
Inductance (H) 0.011
Capacitance (uF) 600
Resonance frequency (Hz] 61.95

Commutation path ()

—
Superconductor (L) C

Absorbing path (1)

3. —

Fig. 4 Configuration of simulation circuit by
EMTDC/PSCAD

lll. Experimental results

Fig. 5 shows the characteristics graph when a
normal coil was applied to the LC circuit breaker.
A fault occurred at 0.1 sec. Fig. 5(a) shows the
voltage graph of the circuit breaker. After a fault
occurrence, the circuit breaker contact was opened
in the main path. However, an unstable state was
observed as the operation of the circuit breaker
was delayed by the arc. The arc extinguishing time
is about 0.5 sec. After a zero point was created by
the LC path, and the circuit breaker was fully
opened. Fig. 5(b) shows the current graph of the
LC circuit breaker. When the fault current occurred,
divergent current was generated by LC, and a zero
point was created. When the circuit breaker was
fully opened by the zero point, the residual current
was discharged by the absorber path. At this time,
the magnitude of the fault current is about 30 KA.
It takes about 0.5 sec for the fault current to reach
zero point and completely shut off.

Fig. 6 shows the characteristics graph when a
superconducting coil was applied to the LC circuit
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breaker. A fault occurred at 0.1 sec as in the case
where a normal coil was applied. The magnitude of
the fault current was approximately 12 kA, which
was approximately 25 times lower compared to the
normal coil. This is because that the fault current
was limited due to the quench characteristics of the
superconductor. Fig. 6(a) shows the voltage graph of
the circuit breaker. The arc extinguishing time is
about 0.14 sec. The arc extinguishing time in the
circuit breaker also decreased because the fault
current was limited by the superconductor. Fig. 6(b)
shows the current graph of the LC circuit breaker.
As with Fig. 5(b), the current diverged due to the LC
path immediately after the fault occurrence and a zero
point was created. This allowed the circuit breaker to
perform safe operation, and then the residual current
was discharged by the absorber path. The stable
operation of the superconducting coil was confirmed
when the superconducting coil was applied to the LC
circuit breaker. When a fault current occurred, the
superconducting coill was quenched, and the fault
current was limited by approximately 19 kA. In
addition, the arc extinguishing time was reduced by
about 0.36 sec. Furthermore, it was confirmed that
divergent current is generated by the LC path due to
the superconducting coil

IV. Conclusion

Recently, interest in the DC power grid has
increased due to the advances in renewable energy
and distributed power. The shutdown technology
and performance of the circuit breaker are very
important in securing the stability and reliability of
the DC power grid.

In this study, a superconductor was applied to
improve the performance of the LC circuit breaker
that can be applied to the DC power grid. As
superconductors have zero resistance characteristics
below the critical temperature, they normally cause
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no current loss. However, they have high resistance
values in the event of a fault due to their quench
characteristics, and can limit the fault current. In this
study, a superconducting coil was applied to the
inductor of the LC circuit breaker, and simulation
EMTDC/PSCAD
software. Moreover, the LC circuit breaker with the

was performed by using the

superconductor coil was compared with the LC
with a normal coil
performance improvement. As a result, it was found

circuit  breaker to verify
that the LC circuit breaker with the superconducting
coil limited the fault current further by approximately
19 kA, compared to the LC circuit breaker with a
normal coil in the fault in the DC grid. So, this
decreased the arc  extinguishing time by
approximately 0.16 sec, which also decreased the
circuit  breaker.
confirmed  that  the

superconductor coil creates divergent current as well

mechanical burden on the
Furthermore, it  was

as a zero point in the LC path in a stable manner.
The existing mechanical circuit breaker was difficult
to use under high voltage and ultra-high voltage
conditions because of its limited shutdown capabilities
under high voltage and current, as well as the
degradation of the circuit breaker contact. However,
if further research is conducted on the proposed LC
circuit breaker with a superconductor, it will be
possible to apply the mechanical circuit breaker under
high voltage and ultra-high voltage conditions.
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