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reactor that moves to an open position where the switch is
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by virtue of an eddy current component; a close coil portion
that drives the reactor the close position by virtue of an eddy
current component; and a controller that performs control
such that an electric current is applied to the close coil por-
tion oppositely to a direction of an electric current flowing
through the open coil portion in order to brake the reactor
during an open operation for driving the reactor to the open
position, and an electric current is applied to the open coil
portion oppositely to a direction of an electric current flow-
ing through the close coil portion.
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Description

Title of Invention: FAST SWITCH DEVICE
Technical Field

The present invention relates to a fast switch device, and more particularly, to a
vacuum circuit breaker and its operational mode, employed in a fast switch of a DC

circuit breaker using a Thomson coil actuator.

Background Art

A voltage-sourced conversion technology recently highlighted in high voltage direct-
current (HVDC) transmission systems has a lot of advantages in the design of multi-
terminal networks, compared to the conventional current source converters employed
in the prior art.

As the voltage-sourced conversion technology advances, establishment of the HVDC
multi-terminal network was facilitated, and a smart grid plan for a distributed
renewable energy network was expedited. For this purpose, it is necessary to address
technical problems in a DC circuit breaker for protecting transmission lines in advance.

Unlike the conventional DC circuit breakers, the voltage-sourced conversion
technology requires low-loss and fast switching characteristics. Therefore, a hybrid
circuit breaker was developed, in which mechanical conversion for satisfying a low-
loss requirement and power-semiconductor-based electrical conversion for satisfying a
fast switching requirement are combined.

As well known in the art, the fast switch is an electric power device adapted to switch
between open and close positions in a high speed to cut off an abnormal current such
as a short-circuit current or close a circuit rapidly.

Such a fast switch is operated in a very high speed, for example, within several mil-
liseconds or several tens of milliseconds. As a result, it is possible to minimize an
electric arc accident that may be generated during a circuit open/close operation and
reduce damage to power devices such as a distributor panel by rapidly cutting off an
abnormal current.

FIG. 1 is a cross-sectional view illustrating a fast switch of the prior art.

Referring to FIG. 1, a high-speed closing switch 100 has a first electrode 10 inside a
casing 200 that forms external appearance and a second electrode 20 that faces the first
electrode 10 over the first electrode 10. The first electrode 10 has an internal through-
hole 14, and the second electrode 20 has a receiving recess 24 facing the through-hole
14.

The high-speed closing switch 100 further has a movable contact member 30
vertically movably housed inside the through-hole 14 of the first electrode 10. As the
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movable contact member 30 moves upward and is received by the receiving recess 24
of the second electrode 20, the outer circumferential surface of the movable contact
member 30 adjoins with the inner circumferential surface of the through-hole 14, and
the outer circumferential surface of the movable contact member 30 adjoins with the
inner circumferential surface of the receiving recess 24. As a result, the first and

second electrodes are electrically connected to each other.
In the prior art, a damping force is applied to a damping hole in order to absorb an

impact on the contact when the operation is completed. However, in the prior art, since
wear or damage is generated due to a mechanical motion, it is inevitable to perform

maintenance disadvantageously.
Disclosure of Invention

Technical Problem

In view of the aforementioned problems, this disclosure has been made to provide a
fast switch device capable of implementing electrical braking by obtaining a braking
force from an eddy current component of the reactor and an external voltage stored in a
capacitor.

Solution to Problem

The object of the present invention is not limited to those described above, and a
person skilled in the art would apparently appreciate other objects by reading the
following description.

According to an aspect of this disclosure, there is provided a fast switch device
including: a reactor that moves to an open position where the switch is opened and a
close position where the switch is closed; an open coil portion that drives the reactor to
the open position by virtue of an eddy current component; a close coil portion that
drives the reactor the close position by virtue of an eddy current component; and a
controller that performs control such that an electric current is applied to the close coil
portion oppositely to a direction of an electric current flowing through the open coil
portion in order to brake the reactor during an open operation for driving the reactor to
the open position, and an electric current is applied to the open coil portion oppositely
to a direction of an electric current flowing through the close coil portion in order to
brake the reactor during a close operation for driving the reactor to the close position.

In the fast switch device described above, the open coil portion may have a first
Thomson coil and a first capacitor connected to the first Thomson coil in parallel, and
the open coil portion may cause an electric current to flow to the first Thomson coil by
using a voltage stored in the first capacitor to drive the reactor toward the open
position by virtue of an eddy current component induced by the electric current

flowing through the first Thomson coil.
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In the fast switch device described above, the close coil portion may have a second
Thomson coil and a second capacitor connected to the second Thomson coil in parallel,
and the close coil portion may cause an electric current to flow to the second Thomson
coil by using a voltage stored in the second capacitor to drive the reactor toward the
close position by virtue of an eddy current component induced by the electric current

flowing through the second Thomson coil.
The fast switch device described above may further include a first armature plate that

is connected to the reactor and generates a driving force by virtue of an eddy current as
a magnetic flux is generated in the first Thomson coil.

The fast switch device described above may further include a second armature plate
that is connected to the reactor and generates a driving force by virtue of an eddy
current as a magnetic flux is generated in the second Thomson coil.

In the fast switch device described above, the controller may determine a timing of
applying the electric current for braking the reactor based on a position of the reactor
and a current rise time of the electric current flowing through the open coil portion or
the close coil portion.

In the fast switch device described above, the controller may perform control such
that the electric current for braking the reactor is cut off as the open operation or the
close operation is completed.

Advantageous Effects of Invention

According to this disclosure, by decelerating the reactor on an electrical basis, it is
possible to reduce an impact received by the contact due to a rapid movement speed of
the contact when the operation is completed.

In addition, according to this disclosure, it is possible to satisfy a speed requirement
in an effective interval where the breaking performance of the circuit breaker is de-
termined, and reduce the speed only when the operation is completed.

Furthermore, according to this disclosure, the braking is implemented in a non-
contact manner. Therefore, it is possible to eliminate necessity of maintenance that was
required in a mechanical brake device.

Brief Description of Drawings

FIG. 1 is a cross-sectional view illustrating a fast switch of the prior art;

FIG. 2 is a cross-sectional view illustrating a fast switch device according to an em-
bodiment of this disclosure; and

FIG. 3 is a circuit diagram illustrating a fast switch device according to an em-
bodiment of this disclosure.

Mode for the Invention

Since the present invention may be modified or embodied in various forms,
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particular embodiments will be described in detail with reference to the accompanying
drawings. However, it should be noted that they are not intended to limit the invention,
but include all possible all possible modifications, equivalents, and substitutes within
the scope and spirit of the present invention.

The terminologies used herein are only for the purpose of describing particular em-
bodiments and are not intended to limit the invention. As used herein, the singular
forms "a", "an" and "the" may be intended to include the plural forms as well, unless
the context clearly indicates otherwise. It is further to be noted that, as used herein, the
terms "comprises", "comprising”, "include", and "including" indicate the presence of
stated features, integers, steps, operations, units, and/or components, but do not
preclude the presence or addition of one or more other features, integers, steps, op-
erations, units, and/or components, and/or combination thereof.

Unless specified otherwise, all terminologies used herein, including technical and
scientific terminologies, have the same meaning as those understood generally by a
person skilled in art. Terminologies defined in a general dictionary are to be construed
as the same meanings as those understood in the context of the related art. Unless
specified clearly herein, they are not construed as ideal or excessively formal
meanings.

It is noted that like reference numerals denote like elements throughout overall
drawings. In addition, descriptions of well-known apparatus and methods may be
omitted so as to not obscure the description of the representative embodiments, and
such methods and apparatus are clearly within the scope and spirit of the present

disclosure.

FIG. 2 is a cross-sectional view illustrating a fast switch device according to an em-
bodiment of this disclosure. FIG. 3 is a circuit diagram illustrating a fast switch device
according to an embodiment of this disclosure.

Referring to FIGS. 2 and 3, a fast switch device according to this disclosure has a
reactor 130, an open coil portion 110, a close coil portion 120, a first armature plate
140, a second armature plate 150, and a controller.

The open coil portion 110 is a coil circuit element for driving the reactor 130 toward
an open position by using an eddy current.

The close coil portion 120 is a coil circuit element for driving the reactor 130 toward
a close position by using an eddy current.

The controller performs control such that the reactor 130 is braked by applying an
electric current to the close coil portion 120 oppositely to the current flowing to the
open coil portion 110 during an open operation for driving the reactor 130 toward the

open position. In addition, the controller performs control such that the reactor 130 is
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braked by applying an electric current oppositely to the current flowing to the close
coil portion 120 to the open coil portion 110 during a close operation for driving the
reactor 130 toward the close position.

The open coil portion 110 has a first Thomson coil and a first capacitor C_op
connected to the first Thomson coil in parallel.

The open coil portion 110 causes an electric current to flow to the first Thomson coil
by virtue of the voltage stored in the first capacitor C_op to drive the reactor 130
toward the open position by using an eddy current component induced by the current
flowing through the first Thomson coil.

The close coil portion 120 has a second Thomson coil and a second capacitor C_cl
connected to the second Thomson coil in parallel. The close coil portion 120 according
to an embodiment of this disclosure does not affect performance of the circuit breaker.
Therefore, it is preferable that the close coil portion 120 be designed to reduce the
number of turns and the resistance of the coil in order to instantaneously apply a strong
braking force to the reactor 130 by increasing a current rise rate.

The close coil portion 120 causes an electric current to flow to the second Thomson
coil by virtue of the voltage stored in the second capacitor C_cl to drive the reactor 130
toward the close position by using eddy current component induced by the current
flowing through the second Thomson coil.

The first armature plate 140 is connected to the reactor 130. As a magnetic flux is
generated in the first Thomson coil, a driving force is generated by the eddy current.

The second armature plate 150 is connected to the reactor 130. As a magnetic flux is
generated in the second Thomson coil, a driving force is generated by the eddy current.

According to this disclosure, the controller determines a timing for applying the
electric current for braking the reactor 130 based on a position of the reactor 130 and a
current rise time of the current flowing through the open coil portion 110 or the close
coil portion 120.

As the open operation or the close operation is completed, the controller performs
control such that the electric current for braking the reactor 130 is cut off, and the
reactor 130 is not bound.

As described above, according to this disclosure, an electric current is applied to the
close coil portion 120 oppositely to the direction of the current flowing through the
open coil portion 110 to decelerate the reactor 130 while the current flows through the
open coil portion 110 in order to place the reactor 130 in the open position. As a result,
it is possible to reduce an impact received by the contact when the open operation is
completed.

In comparison, according to this disclosure, an electric current is applied to the open

coil portion 110 oppositely to the direction of the current flowing through the close coil
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portion 120 to decelerate the reactor 130 while the current flows through the close coil
portion 120 in order to place the reactor 130 in the close position. As a result, it is
possible to reduce an impact received by the contact when the close operation is

completed.
As described above, according to this disclosure, the open coil portion 110 and the

close coil portion 120 serve as both a driver for driving the reactor 130 and a brake for
braking the reactor 130.

According to this disclosure, since driving and braking of the reactor 130 is
controlled electrically, it is not necessary to perform maintenance that may be
necessary in a mechanical brake system due to wear or damage.

Although exemplary embodiments of the present invention have been shown and
described hereinbefore, it will be apparent to those having ordinary skill in the art that
a number of changes, modifications, or alterations to the invention as described herein
may be made, none of which depart from the spirit of the present invention. All such
changes, modifications and alterations should therefore be seen as within the scope of

the present invention.

* Reference Signs and Numerals
110open coil portion

120close coil portion

130reactor

140first armature plate

150second armature plate
Industrial Applicability

The present invention relates to a fast switch device, and is applicable in the field of

switch device.
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Claims

A fast switch device comprising:

a reactor that moves to an open position where the switch is opened and
a close position where the switch is closed;

an open coil portion that drives the reactor to the open position by
virtue of an eddy current;

a close coil portion that drives the reactor the close position by virtue of
an eddy current; and

a controller that performs control such that an electric current is applied
to the close coil portion oppositely to a direction of an electric current
flowing through the open coil portion in order to brake the reactor
during an open operation for driving the reactor to the open position,
and an electric current is applied to the open coil portion oppositely to a
direction of an electric current flowing through the close coil portion in
order to brake the reactor during a close operation for driving the
reactor to the close position.

The fast switch device according to claim 1, wherein the open coil
portion has a first Thomson coil and a first capacitor connected to the
first Thomson coil in parallel, and

the open coil portion causes an electric current to flow to the first
Thomson coil by using a voltage stored in the first capacitor to drive
the reactor toward the open position by virtue of an eddy current
induced by the electric current flowing through the first Thomson coil.
The fast switch device according to claim 1, wherein the close coil
portion has a second Thomson coil and a second capacitor connected to
the second Thomson coil in parallel, and

the close coil portion causes an electric current to flow to the second
Thomson coil by using a voltage stored in the second capacitor to drive
the reactor toward the close position by virtue of an eddy current
component induced by the electric current flowing through the second
Thomson coil.

The fast switch device according to claim 2, further comprising a first
armature plate that is connected to the reactor and generates a driving
force by virtue of an eddy current component as a magnetic flux is
generated in the first Thomson coil.

The fast switch device according to claim 3, further comprising a

second armature plate that is connected to the reactor and generates a
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driving force by virtue of an eddy current as a magnetic flux is
generated in the second Thomson coil.

The fast switch device according to claim 1, wherein the controller de-
termines a timing of applying the electric current for braking the reactor
based on a position of the reactor and a current rise time of the electric
current flowing through the open coil portion or the close coil portion.
The fast switch device according to claim 1, wherein the controller
performs control such that the electric current for braking the reactor is

cut off as the open operation or the close operation is completed.
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