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Description

[0001] The present application claims priority to Chinese Patent Application No. 202011295536.2, filed with the China
National Intellectual Property Administration (CNIPA) on Nov. 18, 2020, the disclosure of which is incorporated herein
by reference in its entirety.

TECHNICAL FIELD

[0002] The presentapplication relates to the technical field of tap switches, for example, a symmetrical vacuum bubble
load-balancing transition circuit device and a control method.

BACKGROUND

[0003] A load tap changer is a switching device that provides a constant voltage for a transformer when the load of
the transformer changes. The basic principle of the load tap changer is to achieve the switching among taps in a
transformer winding while ensuring that the load current is not interrupted, thereby changing the number of windings,
i.e., the voltage ratio of the transformer, and finally to achieve the purpose of voltage regulation. A vacuum load tap
changer achieves electric arc extinguishing through a vacuum tube of a switch and prevents an electric arc and incan-
descent gas from being exposed. Oil in the oil chamber of the tap changer is not carbonized and contaminated and does
not need to be purified, and burn corrosion of contacts in the vacuum tube may be minimized. The load tap changer is
constituted by the switch, a tap selector and an electric mechanism.

[0004] In a case of the load tap changer with the load switching, the load tap changer includes a transition circuit and
a selection circuit, different voltage regulation manners require different voltage regulation circuits. Therefore, the circuit
of the load tap changer consists of the transition circuit, the selection circuit and a voltage regulation circuit. The transition
circuit is a series resistance circuit connected across tap points. The mechanism corresponding to the transition circuit
is either the switch or a select switch which is used for transforming the tap of the transformer winding in the charged
state. The tap changer implements a tap transfer operation by using the principle of the transition circuit. The transition
circuit is divided into a single-resistance transition circuit, a double-resistance transition circuit, a quad-resistance tran-
sition circuit or a multi-resistance transition circuit according to the number of transition circuit resistances in the transition
circuit, and the transition circuit is divided into a single break circuit, a double break circuit, or the like according to the
contact break of the transition circuit, and multiple transition circuits may be formed according to a combination thereof.
The transition circuit and the switching procedure have different effects on the contact task of the switch, and whether
an electric arc is limited to be reliably extinguished within the first half cycle of the current depends on the desired
switching task to a great extent.

[0005] The number of mechanical transfer switches within a switching core of the load tap changer is relatively large,
for the pole of the switch, two main circuit switches and two auxiliary transfer switches are included, and the mechanical
structure is complicated. A vacuum circuit breaker which is in the load tap changer and not connected to a transition
resistor is a load vacuum circuit breaker, and the load vacuum circuit breaker is only responsible for the task of opening
and interrupting the load current. A vacuum circuit breaker connected to a transition resistor is a loop current vacuum
circuit breaker, and the loop current vacuum circuit breaker is only subjected to the task of opening and interrupting the
internal loop current. According to extreme high voltage direct current engineering experience, when the current is
transferred and the load is changed, the current on a single pole winding is 500 A to 600 A, the internal loop current
flowing through the transition resistor is approximately 900 A to 1000 A, since the internal loop current flowing through
the loop current vacuum circuit breaker is significantly greater than the load current, the load vacuum circuit breaker
and the loop current vacuum circuit breaker are ablated differently after multiple times of switching, and the switching
burden and the electrical damage of the loop current vacuum circuit breaker are more severe.

SUMMARY

[0006] The present application provides a symmetrical vacuum bubble load-balancing transition circuit device. The
symmetrical vacuum bubble load-balancing transition circuit device includes a transfer switch Z1, a transfer switch Z2,
a loop current vacuum circuit breaker RV1. a loop current vacuum circuit breaker RV2, a load current vacuum circuit
breaker MV, a main switch MC1, a main switch MC2, and a transition resistor R. The transfer switch Z1 includes an
electrode a, an electrode b, an electrode c, an electrode d and an action arm, the electrode a or the electrode b is
connected to an odd tap of a tap selector of a load tap changer, the electrode c or the electrode d is connected to an
even tap of the tap selector of the load tap changer, and the action arm of the transfer switch Z1 is rotatably connected
to one of the electrode a, the electrode b, the electrode c or the electrode d. The transfer switch Z2 includes an electrode
e, an electrode f and an action arm, the electrode e and the electrode f are connected to the odd tap of the tap selector
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of the load tap changer and the even tap of the tap selector of the load tap changer, respectively, and the action arm of
the transfer switch Z2 is rotatably connected to one of the electrode e or the electrode f. The loop current vacuum circuit
breaker RV1 is configured to cut off a loop current between the odd tap and the even tap in a case where the odd tap
is switched to the even tap, and the loop current vacuum circuit breaker RV2 is configured to cut off a loop current
between the even tap and the odd tap in a case where the even tap is switched to the odd tap. The load current vacuum
circuit breaker MV is configured to cut off a load current in a case where the odd tap is switched to the even tap and the
even tap is switched to the odd tap. The main switch MC1 is configured to switch a normal through-flow of the odd tap,
and the main switch MC2 is configured to switch a normal through-flow of the even tap. The transition resistor R is
configured to limit a loop current between the odd tap and the even tap in a case where a transition circuit simultaneously
communicates the odd tap and the even tap.

[0007] The present application further provides a control method applied to a symmetrical vacuum bubble load-bal-
ancing transition circuit device. The transition circuit device includes a transfer switch Z1, a transfer switch Z2, a loop
current vacuum circuit breaker RV1, a loop current vacuum circuit breaker RV2, a load current vacuum circuit breaker
MV, a main switch MC1, a main switch MC2, and a transition resistor R. The method includes the following: An action
arm of the transfer switch Z1 is connected to one of an electrode a or an electrode b of the transfer switch Z1 to connect
to an odd tap of a tap selector of a load tap changer, or the action arm of the transfer switch Z1 is connected to one of
an electrode c or an electrode d of the transfer switch Z1 to connect to an even tap of the tap selector of the load tap
changer; an action arm of the transfer switch Z2 is connected to an electrode e or an electrode f of the transfer switch
Z2 to connect to the odd tap or the even tap of the tap selector of the load tap changer, respectively; the loop current
vacuum circuit breaker RV1 is used for cutting off a loop current between the odd tap and the even tap in a case where
the odd tap is switched to the even tap, and the loop current vacuum circuit breaker RV2 is used for cutting off a loop
current between the even tap and the odd tap in a case where the even tap is switched to the odd tap; the load current
vacuum circuit breaker MV is used for cutting off a load current in a case where the odd tap is switched to the even tap
or the even tap is switched to the odd tap; the main switch MC1 is used for switching a normal through-flow of the odd
tap, and the main switch MC2 is used for switching a normal through-flow of the even tap; and the transition resistor R
is used for limiting a loop current between the odd tap and the even tap in a case where the transition circuit simultaneously
communicates the odd tap and the even tap.

BRIEF DESCRIPTION OF DRAWINGS
[0008]

FIG. 1is a structural diagram of a symmetrical vacuum bubble load-balancing transition circuit device according to
an embodiment of the present application;

FIG. 2 is a schematic diagram illustrating a transfer of a transition circuit of a load tap changer according to an
embodiment of the present application;

FIG. 3 is a schematic diagram illustrating a transfer of a transition circuit of a load tap changer according to an
embodiment of the present application;

FIG. 4 is a schematic diagram illustrating a transfer of a transition circuit of a load tap changer according to an
embodiment of the present application;

FIG. 5 is a schematic diagram illustrating a transfer of a transition circuit of a load tap changer according to an
embodiment of the present application;

FIG. 6 is a schematic diagram illustrating a transfer of a transition circuit of a load tap changer according to an
embodiment of the present application;

FIG. 7 is a schematic diagram illustrating a transfer of a transition circuit of a load tap changer according to an
embodiment of the present application;

FIG. 8 is a schematic diagram illustrating a transfer of a transition circuit of a load tap changer according to an
embodiment of the present application;

FIG. 9 is a schematic diagram illustrating a transfer of a transition circuit of a load tap changer according to an
embodiment of the present application;
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FIG. 10 is a schematic diagram illustrating a transfer of a transition circuit of a load tap changer according to an
embodiment of the present application;

FIG. 11 is a schematic diagram illustrating a transfer of a transition circuit of a load tap changer according to an
embodiment of the present application;

FIG. 12 is a schematic diagram illustrating a transfer of a transition circuit of a load tap changer according to an
embodiment of the present application;

FIG. 13 is a schematic diagram illustrating a transfer of a transition circuit of a load tap changer according to an
embodiment of the present application;

FIG. 14 is a schematic diagram illustrating a transfer of a transition circuit of a load tap changer according to an
embodiment of the present application;

FIG. 15 is a schematic diagram illustrating a transfer of a transition circuit of a load tap changer according to an
embodiment of the present application;

FIG. 16 is a schematic diagram illustrating a transfer of a transition circuit of a load tap changer according to an
embodiment of the present application;

FIG. 17 is a schematic diagram illustrating a transfer of a transition circuit of a load tap changer according to an
embodiment of the present application;

FIG. 18 is a schematic diagram illustrating a transfer of a transition circuit of a load tap changer according to an
embodiment of the present application;

FIG. 19 is a schematic diagram illustrating a transfer of a transition circuit of a load tap changer according to an
embodiment of the present application;

FIG. 20 is a schematic diagram illustrating a transfer of a transition circuit of a load tap changer according to an
embodiment of the present application;

FIG. 21 is a schematic diagram illustrating a transfer procedure from N to N+1 of a transition circuit of a load tap
changer according to an embodiment of the present application;

FIG. 22 is a schematic diagram illustrating a transfer procedure from N+1 to N of a transition circuit of a load tap
changer according to an embodiment of the present application;

FIG. 23 is a structural diagram of a transition circuit, including two transition resistors, of a load tap changer according
to an embodiment of the present application;

FIG. 24 is a switching timing state diagram of a transfer switch Z1 according to an embodiment of the present
application;

FIG. 25 is a switching timing state diagram of a transfer switch Z1 according to an embodiment of the present
application; and

FIG. 26 is a flowchart of a control method applied to a symmetrical vacuum bubble load-balancing transition circuit
device according to an embodiment of the present application.

DETAILED DESCRIPTION

[0009] Exemplary embodiments of the present application are described with reference to the drawings, however, the
present application may be embodied in many different forms and is not limited to the embodiments described herein,
and these embodiments are provided to describe the present application. Terms in the exemplary embodiments shown
in the drawings are not intended to be limiting of the present application. In the drawings, the same reference numerals
are used for the same units/elements.
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[0010] Terms (including scientific and technical terms) used herein have commonly understood meanings. Terms
defined in commonly used dictionaries should be understood to have a meaning consistent with the context of their
relevant art.

[0011] The present application provides a symmetrical vacuum bubble load-balancing transition circuit device. As
shown in FIG. 1, the symmetrical vacuum bubble load-balancing transition circuit device includes a transfer switch Z1,
a transfer switch Z2, a loop current vacuum circuit breaker RV1, a loop current vacuum circuit breaker RV2, a load
current vacuum circuit breaker MV, a main switch MC1, a main switch MC2, and a transition resistor R. The transfer
switch Z1 includes an electrode a, an electrode b, an electrode c, an electrode d and an action arm, the electrode a or
the electrode b is connected to an odd tap of a tap selector of a load tap changer, the electrode c or the electrode d is
connected to an even tap of the tap selector of the load tap changer, and the action arm of the transfer switch Z1 is
rotatably connected to one of the electrode a, the electrode b, the electrode c or the electrode d. The transfer switch Z2
includes an electrode e, an electrode f and an action arm, the electrode e and the electrode f are connected to the odd
tap of the tap selector of the load tap changer and the even tap of the tap selector of the load tap changer, respectively,
and the action arm of the transfer switch Z2 is rotatably connected to one of the electrode e or the electrode f. The loop
current vacuum circuit breaker RV1 is configured to cut off a loop current between the odd tap and the even tap when
the odd tap is switched to the even tap, and the loop current vacuum circuit breaker RV2 is configured to cut off a loop
current between the even tap and the odd tap when the even tap is switched to the odd tap. The load current vacuum
circuit breaker MV is configured to cut off a load current when the odd tap is switched to the even tap or the even tap is
switched to the odd tap. The main switch MC1 is configured to switch a normal through-flow of the odd tap, the main
switch MC2 is configured to switch a normal through-flow of the even tap, the components such as Z1, Z2, MV, RV1,
and RV2 are in a static state when the switching core of a tap switch does not operate, at this time, the current flows
through the switching core of the tap switch by means of the main switch MC1 or the main switch MC2, and the current
flowing at this time is the normal through-flow.

[0012] The transition resistor R is configured to limit a loop current between the odd tap and the even tap when the
transition circuit simultaneously communicates the odd tap and the even tap.

[0013] For the loop current vacuum circuit breaker RV1 and the loop current vacuum circuit breaker RV2, the loop
current vacuum circuit breaker RV 1 is connected to one of the electrode a or the electrode b of the transfer switch Z1,
and the loop current vacuum circuit breaker RV2 is connected to one of the electrode ¢ or the electrode d of the transfer
switch Z1.

[0014] The fixed end of the action arm of the transfer switch Z1 is connected to one end of the transition resistor R
and is connected to the neutral point of a transformer through the transition resistor R.

[0015] The fixed end of the action arm of the transfer switch Z2 is connected to one end of the load current vacuum
circuit breaker MV and is connected to the neutral point of the transformer through the load current vacuum circuit breaker
MV

[0016] The main switch MC1 is connected between the odd tap of the tap selector of the load tap changer and the
neutral point of the transformer, and the main switch MC2 is connected between the even tap of the tap selector of the
load tap changer and the neutral point of the transformer.

[0017] When the tap of the tap selector of the load tap changer is the odd tap, the main switch MC1 is switched on
and the main switch MC2 is switched off;

the action arm of the transfer switch Z1 is in conduction with the electrode a, and the action arm of the transfer
switch Z2 is in conduction with the electrode e; and

the load current vacuum circuit breaker MV is switched on, the loop current vacuum circuit breaker RV1 and the
loop current vacuum circuit breaker RV2 are switched off, and the load current is output in a manner of being
connected to the neutral point of the transformer through the main switch MC1 while being connected to the electrode
e of the transfer switch Z2 and the load current vacuum circuit breaker MV which are in parallel connection with the
main switch MC1.

[0018] When the tap of the tap selector of the load tap changer is the odd tap, the main switch MC1 is switched on
and the main switch MC2 is switched off; the action arm of the transfer switch Z1 is in conduction with the electrode a,
and the action arm of the transfer switch Z2 is in conduction with the electrode e; and the load current vacuum circuit
breaker MV is switched on, the loop current vacuum circuit breaker RV1 and the loop current vacuum circuit breaker
RV2 are switched off, and the load current is output from the neutral point of the transformer after passing through a
circuit formed by the main switch MC1 in parallel connection with the electrode e of the transfer switch Z2 and the load
current vacuum circuit breaker MV

[0019] When the tap of the load tap changer is the even tap, the main switch MC2 is switched on and the main switch
MCH1 is switched off;
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the action arm of the transfer switch Z1 is in conduction with the electrode c, and the action arm of the transfer
switch Z2 is in conduction with the electrode f; and

the load current vacuum circuit breaker MV is switched on, the loop current vacuum circuit breaker RV1 and the
loop current vacuum circuit breaker RV2 are switched off, and the load current is output in a manner of being
connected to the neutral point of the transformer via the main switch MC2 while being connected to the electrode f
of the action arm of the transfer switch Z2 and the load current vacuum circuit breaker MV which are in parallel
connection with the main switch MC2.

[0020] When the tap of the tap selector of the load tap changer is the even tap, the main switch MC2 is switched on
and the main switch MC1 is switched off;

the action arm of the transfer switch Z1 is in conduction with the electrode c, and the action arm of the transfer
switch Z2 is in conduction with the electrode f; and

the load current vacuum circuit breaker MV is switched on, the loop current vacuum circuit breaker RV1 and the
loop current vacuum circuit breaker RV2 are switched off, and the load current is output from the neutral point of
the transformer after passing through a circuit formed by the main switch MC2 in parallel connection with the electrode
f of the action arm of the transfer switch Z2, and the load current vacuum circuit breaker MV

[0021] The present application is described below in connection with the embodiments.

[0022] A transition circuit device of a vacuum-type load tap changer in this embodiment includes a transfer switch Z1,
a transfer switch Z2, a loop current vacuum circuit breaker RV1, a loop current vacuum circuit breaker RV2, a load
current vacuum circuit breaker MV, and a transition resistor R. Multiple transition resistors R may be provided, and a
main switch MC1 and a main switch MC2 are respectively provided in an odd tap main circuit and an even tap main
circuit of the changer.

[0023] The transfer switch Z1 includes an electrode a, an electrode b, an electrode ¢ and an electrode d, the electrode
a or the electrode b is connected to an odd tap of a tap selector of the load tap changer, the electrode c or the electrode
d is connected to an even tap of the tap selector of the load tap changer, and a fixed end of an action arm of the transfer
switch Z1 is connected to the transition resistor R.

[0024] The transfer switch Z2 includes an electrode e and an electrode f, the electrode e and the electrode f are
connected to the odd tap and the even tap of the tap selector of the load tap changer, respectively, and a fixed end of
an action arm of the transfer switch Z2 is connected to a neutral point of a transformer through the load current vacuum
circuit breaker MV

[0025] The loop current vacuum circuit breaker RV1 is configured to cut off a loop current between the odd tap and
the even tap when the odd tap is switched to the even tap, and the loop current vacuum circuit breaker RV2 is configured
to cut off a loop current between the even tap and the odd tap when the even tap is switched to the odd tap.

[0026] The load current vacuum circuit breaker MV is configured to cut off a load current when the odd tap is switched
to the even tap or the even tap is switched to the odd tap.

[0027] The main switch MC1 and the main switch MC2 are configured to switch a normal through-flow before and
after the completion.

[0028] The operation process of the transition circuit is as follows.

[0029] Assuming that the initial point position of the tap selector of the load tap changer is unchanged, the tap number
of the load tap changer is consistent with the contact group number of the tap selector, and the tap of the load tap
changer is raised from an odd tap to an even tap.

[0030] When the tap of the load tap changer is the odd tap, as shown in FIG. 1, the main switch MC1 is switched on,
the main switch MC2 is switched off, a movable contact of the action arm of the transfer switch Z1 is in conduction with
the electrode a, a movable contact of the action arm of the transfer switch Z2 is in conduction with the electrode e, the
load current vacuum circuit breaker MV is switched on, the loop current vacuum circuit breaker RV 1 and the loop current
vacuum circuit breaker RV2 are switched off, the load current I is output in a manner of being connected to the neutral
point of the transformer through the main switch MC1 while being connected to the electrode e of the transfer switch Z2
and the load current vacuum circuit breaker MV which are in parallel connection with the main switch MC1.

[0031] When the load tap changer is switched from the odd tap to the even tap, the operation steps of the transition
circuit are as follows.

[0032] As shown in FIG. 2, the main switch MC1 is switched off, and the load current Iy of the odd tap is output in a
manner of flowing through the transfer switch Z2 and the load current vacuum circuit breaker MV

[0033] As shown in FIG. 3, the movable contact of the action arm of the transfer switch Z1 is switched from the fixed
contact a to the fixed contact b. At this time, the transfer switch Z1 is not charged, and Z1 is still connected to the odd
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tap of the load tap changer.
[0034] As shown in FIG. 4, the loop current vacuum circuit breaker RV1 and the loop current vacuum circuit breaker
RV2 are simultaneously switched on, and the load current Iy of the odd tap is output after flowing through the transfer
switch Z2 and the load current vacuum circuit breaker MV, meanwhile, the transfer switch Z2 and the load current vacuum
circuit breaker MV are connected in parallel with the transition resistor R and the loop current vacuum circuit breaker
RV1 to output the load current Iy via the contact b of the transfer switch Z1.
[0035] As shown in FIG. 5, the load current vacuum circuit breaker MV is switched off, the load current | is cut off,
and an electric arc is generated. After the electric arc is extinguished, the load current Iy of the odd tap is output after
sequentially flowing through the transition resistor R, the loop current vacuum circuit breaker RV1, and the contact b of
the transfer switch Z1, and a recovery voltage U, between the two ends of the load current vacuum circuit breaker MV
is equal to I\ XR.
[0036] AsshowninFIG.6, afterthe electric arcinthe load currentvacuum circuit breaker MV is completely extinguished,
the action arm of the transfer switch Z2 is switched from the fixed contact e to the fixed contact f, and the load current
Iy of the odd tap is output after sequentially flowing through the transition resistor R, the loop current vacuum circuit
breaker RV1, and the contact b of the transfer switch Z1.
[0037] As shown in FIG. 7, the load current vacuum circuit breaker MV is switched on, and the transition circuit is
simultaneously connected to the odd tap and the even tap to form a bridging connection and generate a circulating
Us

current /o, where ¢ 7R . At this time, the load current is switched from the odd tap to the even tap, and the load
current Iy of the even tap is output after flowing through the f contact of the transfer switch Z2 and the load current
vacuum circuit breaker MV The current I, flowing through the load current vacuum circuit breaker MV is equal to Iy +
Ic, where Ust is a stage voltage of the load tap changer.

[0038] As shown in FIG. 8, the loop current vacuum circuit breaker RV1 and the loop current vacuum circuit breaker
RV2 are simultaneously switched off. The loop current vacuum circuit breaker RV1 brings on the loop current /., and
an electric arc is generated. The loop current vacuum circuit breaker RV2 is operated without current. The load current
Iy of the even tap is output after flowing through the contact f of the transfer switch Z2 and the load current vacuum
circuit breaker MV, and a recovery voltage Ury/4 between the two ends of the loop current vacuum circuit breaker RV1
is equal to Ust.

[0039] As shown in FIG. 9, after the electric arc in the loop current vacuum circuit breaker RV1 is completely extin-
guished, the movable contact of the action arm of the transfer switch Z1 is switched from the fixed contact b to the fixed
contact ¢, and the load current Iy of the even tap is output after flowing through the f contact of the transfer switch Z2
and the load current vacuum circuit breaker MV

[0040] As shown in FIG. 10, the main switch MC2 is switched on, and the load current Iy of the even tap is output in
a manner of flowing through the main switch MC2 while being connected to the contact f of the transfer switch Z2 and
the load current vacuum circuit breaker MV which are in parallel connection with the main switch MC2. At this time, the
tap transformation operation ends, and the voltage regulation of switching from the odd tap to the even tap is completed
by the switching core.

[0041] When the tap of the load tap changer is an even tap, as shown in FIG. 11, the main switch MC2 is switched
on and the main switch MC1 is switched off, the movable contact of the action arm of the transfer switch Z1 is in conduction
with the fixed contact c, the movable contact of the action arm of the transfer switch Z2 is in conduction with the fixed
contact f, the load current vacuum circuit breaker MV is switched on, the loop current vacuum circuit breaker RV1 and
the loop current vacuum circuit breaker RV2 are switched off, the load current I is output in a manner of being connected
to the neutral point of the transformer through the main switch MC2 while being connected to the contact f of the transfer
switch Z2 and the load current vacuum circuit breaker MV which are in parallel connection with the main switch MC2.
[0042] When the load tap changer is switched from the even tap to the odd tap, the operation steps of the transition
circuit are as follows.

[0043] As shown in FIG. 12, the main switch MC2 is switched off, and the load current I of the even tap is output
after flowing through the transfer switch Z2 and the load current vacuum circuit breaker MV

[0044] As shown in FIG. 13, the movable contact of the action arm of the transfer switch Z1 is switched from the fixed
contact c to the fixed contact d. At this time, the transfer switch Z1 is not charged, and the transfer switch Z1 is still
connected to the even tap of the load tap changer.

[0045] As shown in FIG. 14, the loop current vacuum circuit breaker RV1 and the loop current vacuum circuit breaker
RV2 are simultaneously switched on, and the load current I of the even tap is output after flowing through the transfer
switch Z2 and the load current vacuum circuit breaker MV, meanwhile, the transfer switch Z2 and the load current vacuum
circuit breaker MV are connected in parallel with the transition resistor R and the loop current vacuum circuit breaker
RV2 to output the load current Iy via the contact d of the transfer switch Z1.

[0046] As shown in FIG. 15, the load current vacuum circuit breaker MV is switched off, the load current I is cut off,
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and an electric arc is generated. After the electric arc is extinguished, the load current I of the even tap is output after
sequentially flowing through the transition resistor R, the loop current vacuum circuit breaker RV2, and the contact d of
the transfer switch Z1, and a recovery voltage U, between the two ends of the load current vacuum circuit breaker MV
is equal to I xR.

[0047] As shown in FIG. 16, after the electric arc in the load current vacuum circuit breaker MV is completely extin-
guished, the action arm of the transfer switch Z2 is switched from the fixed contact f to the fixed contact e, and the load
current | of the even tap is output after sequentially flowing through the transition resistor R, the loop current vacuum
circuit breaker RV2, and the contact d of the transfer switch Z1.

[0048] As shown in FIG. 17, the load current vacuum circuit breaker MV is switched on, and the transition circuit is
simultaneously connected to the even tap and the odd tap to form a bridging connection and generate a circulating

Us

current /., where R . At this time, the load current is switched from the even tap to the odd tap, and the load
current |y of the odd tap is output after flowing through the contact e of the transfer switch Z2 and the load current vacuum
circuit breaker MV The current Iy, flowing through the load current vacuum circuit breaker MV is equal to Iy + I, where

Ust is the stage voltage of the load tap changer.

[0049] As shown in FIG. 18, the loop current vacuum circuit breaker RV1 and the loop current vacuum circuit breaker
RV2 are simultaneously switched off. The loop current vacuum circuit breaker RV2 brings on the loop current /, and
an electric arc is generated. The loop current vacuum circuit breaker RV1 is operated without current. The load current
Iy of the odd tap is output after flowing through the contact e of the transfer switch Z2 and the load current vacuum circuit
breaker MV, and the recovery voltage Ug,, between the two ends of the loop current vacuum circuit breaker RV2 is
equal to Ust.

[0050] As shown in FIG. 19, after the electric arc in the loop current vacuum circuit breaker RV2 is completely extin-
guished, the movable contact of the action arm of the transfer switch Z1 is switched from the fixed contact d to the fixed
contact a, and the load current Iy of the odd tap is output after flowing through the contact e of the transfer switch Z2
and the load current vacuum circuit breaker MV

[0051] As shown in FIG. 20, the main switch MC1 is switched on, and the load current Iy of the odd tap is outputin a
manner of flowing through the main switch MC1 while being connected to the contact e of the transfer switch Z2 and
the load current vacuum circuit breaker MV which are in parallel connection with the main switch MC1. At this time, the
tap transformation operation ends, and the voltage regulation of switching from the even tap to the odd tap is completed
by the switching core.

[0052] When the tap selector is transferred from the odd tap to the even tap, a schematic diagram of the transfer
procedure of the transition circuit is shown in FIG. 21.

[0053] When the tap selector is transferred from the even tap to the odd tap, a schematic diagram of the transfer
procedure of the transition circuit is shown in FIG. 22.

[0054] The task of the vacuum circuit breaker in the transition circuit of the vacuum-type load tap changer in this
embodiment is shown in Table 1.
Table 1
Load current vacuum circuit breaker Loop current vacuum circuit breaker
Operation
direction Circuit On/off Recovery Number of Circuit On/off Recovery Number of
breaker | current voltage operations breaker | current voltage operations
RV1 Us U N/2
Odd— . e St
Even MV In INR N/2 R
RV2 0 0 0
RV1 0 0 0
Even—
MV | IN'R N/2
Odd N N RV2 = Ug, N/2
R
N is the number of tap switching times of the load tap changer, Iy is the load current, Ust is the stage voltage of the
load tap changer, and R is the transition resistor.

[0055]

FIG. 23 shows a modified embodiment of a load transfer switch of the load tap changer provided in the present
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application. Here, the transition resistor R of the present application is not set as one, instead, two transition resistors
R1 and R2 are set, and the position of the transition resistor R is not set between the fixed end of the action arm of the
transfer switch Z 1 and the neutral point of the transformer, but the two transition resistors are respectively set between
the loop current vacuum circuit breaker RV1 and the odd tap and between the loop current vacuum circuit breaker RV2
and the even tap. This arrangement has the advantage that the two transition resistors R1 and R2 alternately bear the
load current and the loop current when the odd tap is switched to the even tap and the even tap is switched to the odd
tap, and the two resistors operate alternately and dissipate heat alternately, so that the temperature of the transition
resistors can be reduced, the oil decomposition and gas generation of the transformer due to the over-high temperature
of the transition resistor are avoided and the insulation performance of the transformer is prevented from being reduced,
thus greatly improving the electrical life of the entire changer.

[0056] FIG. 24 shows the one-way rotary design solution and the switching timing state of the transfer switch Z1. When
the load tap changer is switched from the odd tap to the even tap, the movable contact of the transfer switch Z1 is at
the fixed contact a and connected to the odd tap, and the initial state of the transfer switch Z1 is state 0. When the
transfer switch is operated for the first time, the action arm of Z1 is rotated by 90°, the movable contact is changed to
be connected to the fixed contact b and connected to the odd tap, and the state is changed from state 0 to state 1. When
the transfer switch is operated for the second time, the action arm of Z1 is rotated by 90°, the movable contact is changed
to be at the fixed contact ¢ and connected to the even tap, and the state is changed from state 1 to state 2. When the
load tap changer is switched from the even tap to the odd tap, the movable contact of Z1 is at the fixed contact ¢ and
connected to the even tap, and the initial state of the transfer switch Z1 is state 0. When the transfer switch is operated
for the first time, the action arm of the transfer switch Z1 is rotated by 90°, and the movable contact is changed to be
connected to the fixed contact d and connected to the even tap, and the state is changed from state 0 to state 1. When
the transfer switch is operated for the second time, the action arm of Z1 is rotated by 90°, the movable contact is changed
to be connected to the fixed contact a and connected to the odd tap, and the state is changed from state 1 to state 2.
[0057] FIG. 25 shows the reciprocating swing design solution and the switching timing state of the transfer switch Z1.
When the load tap changer is switched from the odd tap to the even tap, the movable contact of Z1 is at the fixed contact
a and connected to the odd tap, and the initial state of the switch Z1 is state 0. When the transfer switch is operated for
the first time, the action arm of Z1 is rotated at a small angle, the movable contact is changed to be connected to the
fixed contact b to connect to the odd tap, and the state is changed from state 0 to state 1. When the transfer switch is
operated for the second time, the action arm of Z1 is rotated at a large angle, the movable contact is slid over the fixed
contact d and connected to the fixed contact ¢ to connect the even tap, and the state is changed from state 1 to state
2. When the load tap changer is switched from the even tap to the odd tap, the movable contact of Z1 is at the fixed
contact ¢ and connected to the even tap, and the initial state of Z1 is state 0. When the transfer switch is operated for
the first time, the action arm of Z1 is rotated at a small angle, and the movable contact is changed to be connected to
the fixed contact d to connect to the even tap, and the state is changed from state 0 to state 1. When the transfer switch
is operated for the second time, the action arm of Z1 is rotated at a large angle, the movable contact is slid over the
fixed contact b and connected to the fixed contact a to connect to the odd tap, and the state is changed from state 1 to
state 2.

[0058] The present application further provides a control method applied to a symmetrical vacuum bubble load-bal-
ancing transition circuit device. The transition circuit device includes a transfer switch Z1, a transfer switch Z2, a loop
current vacuum circuit breaker RV1, a loop current vacuum circuit breaker RV2, a load current vacuum circuit breaker
MV, a main switch MC1, a main switch MC2, and a transition resistor R. As shown in FIG. 26, the method includes the
steps described below.

[0059] In S10, the action arm of the transfer switch Z1 is connected to one of the electrode a or the electrode b of the
transfer switch Z1 to connect to an odd tap of a tap selector of a load tap changer, or the action arm of the transfer switch
Z1 is connected to one of the electrode c or the electrode d of the transfer switch Z1 to connect to an even tap of the
tap selector of the load tap changer.

[0060] In S20, an action arm of the transfer switch Z2 is connected to an electrode e or an electrode f of the transfer
switch Z2 to connect to the odd tap or the even tap of the tap selector of the load tap changer, respectively.

[0061] In S30, the loop current vacuum circuit breaker RV1 is used for cutting off a loop current between the odd tap
and the even tap in a case where the odd tap is switched to the even tap, and the loop current vacuum circuit breaker
RV2 is used for cutting off a loop current between the even tap and the odd tap in a case where the even tap is switched
to the odd tap.

[0062] In S40, the load current vacuum circuit breaker MV is used for cutting off a load current in a case where the
odd tap is switched to the even tap or the even tap is switched to the odd tap.

[0063] In S50, the main switch MC1 is used for switching a normal through-flow of the odd tap, and the main switch
MC2 is used for switching a normal through-flow of the even tap.

[0064] In S60, the transition resistor R is used for limiting a loop current between the odd tap and the even tap in a
case where the transition circuit simultaneously communicates the odd tap and the even tap.
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[0065] Optionally, when the load tap changer is switched from the odd tap to the even tap, the method includes the
following:

The main switch MC1 is switched off;

the action arm of the transfer switch Z1 is switched from connecting to the electrode a to connecting to the electrode b;
the loop current vacuum circuit breaker RV1 and the loop current vacuum circuit breaker RV2 are switched on;
the load current vacuum circuit breaker MV is switched off;

the action arm of the transfer switch Z2 is switched from connecting to the electrode e to connecting to the electrode
f after an electric arc in the load current vacuum circuit breaker MV is completely extinguished;

the load current vacuum circuit breaker MV is switched on, and the transition circuit is simultaneously connected to
the odd tap and the even tap to form a bridging connection and generate a circulating current;

the loop current vacuum circuit breaker RV1 and the loop current vacuum circuit breaker RV2 are switched off;

the action arm of the transfer switch Z1 is switched from connecting to the electrode b to connecting to the electrode
c after an electric arc in the loop current vacuum circuit breaker RV1 is completely extinguished; and

the main switch MC2 is switched on.

[0066] Optionally, when the load tap changer is switched from the even tap to the odd tap, the method includes the
following:

The main switch MC2 is switched off;

the action arm of the transfer switch Z1 is switched from the electrode c to the electrode d;

the loop current vacuum circuit breaker RV1 and the loop current vacuum circuit breaker RV2 are switched on;
the load current vacuum circuit breaker MV is switched off;

the action arm of the transfer switch Z2 is switched from the electrode f to the electrode e after an electric arc in the
load current vacuum circuit breaker MV is completely extinguished;

the load current vacuum circuit breaker MV is switched on, and the transition circuit is simultaneously connected to
the even tap and the odd tap to form a bridging connection and generate a circulating current;

the loop current vacuum circuit breaker RV1 and the loop current vacuum circuit breaker RV2 are switched off;

the action arm of the transfer switch Z1 is switched from the electrode d to the electrode a after an electric arc in
the loop current vacuum circuit breaker RV2 is completely extinguished; and

the main switch MC1 is switched on.

[0067] In a transition process of the present application, the timing of switching from the odd tap to the even tap is
mirror symmetrical with the timing of switching from the even tap to the odd tap. For a switch performing a reciprocating
operation, the "railing" operation of the mechanical transmission mechanism in reciprocating switching processes is
avoided, the mechanical complexity is reduced, and the reliability of the changer is improved.

[0068] The task of cutting off the loop current is taken in turn by two loop current vacuum circuit breakers, i.e., the
loop current vacuum circuit breaker RV1 and the loop current vacuum circuit breaker RV2, so that the switching task of
only one auxiliary vacuum bubble in the topology of the related art is shared, the switching capacity of the vacuum circuit
breaker and the switching capacity of the auxiliary vacuum circuit breaker are balanced, and the electrical life of the
entire changer is greatly improved.

[0069] The embodiments of the present application may be provided as methods, systems, or computer program
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products. Therefore, the present application may take the form of a full hardware embodiment, a full software embodiment,
or an embodiment combining both software and hardware aspects. Furthermore, the present application may take the
form of a computer program product embodied on one or more computer usable storage media (including a magnetic
disk storage, a portable compact disc read only memory (CD-ROM), an optical storage and the like), and computer
usable program codes are included in the one or more computer usable storage media. The solution in the embodiments
of the present application may be implemented in a variety of computer languages, such as object-oriented programming
language Java and transliterated scripting language JavaScript.

[0070] The presentapplicationis described with reference to flowcharts and/or block diagrams of methods, apparatuses
(systems), and computer program products according to the embodiments of the present application. It should be
understood that each flow and/or block in the flowcharts and/or block diagrams, and combinations of flow and/or block
in the flowcharts and/or block diagrams may be implemented by computer program instructions. These computer program
instructions may be provided to a general purpose computer, a special purpose computer, an embedded processor, or
a processor of other programmable data processing apparatuses so as to produce a machine, so that the instructions,
which are executed by the computer or the process of other programmable data processing apparatuses, produce a
device for implementing the functions specified in flow or flows in the flowcharts and/or block or blocks in the block
diagrams.

[0071] These computer program instructions may also be stored in a computer-readable memory that may direct the
computer or other programmable data processing apparatuses to operate in a particular manner, so that the instructions
stored in the computer-readable memory produce an article of manufacture including an instruction device, and the
instruction device implements the functions specified in flow or flows in the flowcharts and/or block or blocks in the block
diagrams.

[0072] These computer program instructions may also be loaded onto a computer or other programmable data process-
ing apparatuses, so that a series of operational steps are performed on the computer or other programmable apparatuses
to produce a computer-implemented process, whereby the instructions that are executed on the computer or other
programmable apparatuses provide steps for implementing the functions specified in flow or flows in the flowcharts
and/or block or blocks in the block diagrams.

Claims
1. A symmetrical vacuum bubble load-balancing transition circuit device, comprising:

a transfer switch Z1, wherein the transfer switch Z1 comprises an electrode a, an electrode b, an electrode c,
an electrode d and an action arm, wherein the electrode a or the electrode b is connected to an odd tap of a
tap selector of a load tap changer, the electrode c or the electrode d is connected to an even tap of the tap
selector of the load tap changer, and the action arm of the transfer switch Z1 is rotatably connected to one of
the electrode a, the electrode b, the electrode c, or the electrode d;

a transfer switch Z2, wherein the transfer switch Z2 comprises an electrode e, an electrode f and an action arm,
wherein the electrode e and the electrode f are connected to the odd tap of the tap selector of the load tap
changer and the even tap of the tap selector of the load tap changer, respectively, and the action arm of the
transfer switch Z2 is rotatably connected to one of the electrode e or the electrode f;

a loop current vacuum circuit breaker RV1 and a loop current vacuum circuit breaker RV2, wherein the loop
current vacuum circuit breaker RV1 is configured to cut off a loop current between the odd tap and the even
tap in a case where the odd tap is switched to the even tap, and the loop current vacuum circuit breaker RV2
is configured to cut off a loop current between the even tap and the odd tap in a case where the even tap is
switched to the odd tap;

a load current vacuum circuit breaker MV configured to cut off a load current in a case where the odd tap is
switched to the even tap or the even tap is switched to the odd tap;

a main switch MC1 and a main switch MC2, wherein the main switch MC1 is configured to switch a normal
through-flow of the odd tap, and the main switch MC2 is configured to switch a normal through-flow of the even
tap; and

a transition resistor R configured to limit a loop current between the odd tap and the even tap in a case where
a transition circuit simultaneously communicates the odd tap and the even tap.

2. The device of claim 1, wherein the loop current vacuum circuit breaker RV1 is connected to one of the electrode a

or the electrode b of the transfer switch Z1, and the loop current vacuum circuit breaker RV2 is connected to one
of the electrode c or the electrode d of the transfer switch Z1.
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The device of claim 1, wherein a fixed end of the action arm of the transfer switch Z1 is connected to one end of
the transition resistor R and is connected to a neutral point of a transformer through the transition resistor R.

The device of claim 1, wherein a fixed end of the action arm of the transfer switch Z2 is connected to one end of
the load current vacuum circuit breaker MV and is connected to a neutral point of a transformer through the load
current vacuum circuit breaker MV

The device of claim 1, wherein the main switch MC1 is connected between the odd tap of the tap selector of the
load tap changer and a neutral point of a transformer, and the main switch MC2 is connected between the even tap
of the tap selector of the load tap changer and the neutral point of the transformer.

The device of claim 1, wherein in a case where a tap of the load tap changer is the odd tap, the main switch MC1
is switched on and the main switch MC2 is switched off;

the action arm of the transfer switch Z1 is in conduction with the electrode a, and the action arm of the transfer
switch Z2 is in conduction with the electrode e; and

the load current vacuum circuit breaker MV is switched on, the loop current vacuum circuit breaker RV1 and
the loop current vacuum circuit breaker RV2 are switched off, and the load current is output from a neutral point
of a transformer after passing through a circuit formed by the main switch MC1 in parallel connection with the
electrode e of the transfer switch Z2 and the load current vacuum circuit breaker MV

The device of claim 1, wherein in a case where a tap of the tap selector of the load tap changer is the even tap, the
main switch MC2 is switched on and the main switch MC1 is switched off;

the action arm of the transfer switch Z1 is in conduction with the electrode c, and the action arm of the transfer
switch Z2 is in conduction with the electrode f; and

the load current vacuum circuit breaker MV is switched on, the loop current vacuum circuit breaker RV1 and
the loop current vacuum circuit breaker RV2 are switched off, and the load current is output from a neutral point
of a transformer after passing through a circuit formed by the main switch MC2 in parallel connection with the
electrode f of the action arm of the transfer switch Z2, and the load current vacuum circuit breaker MV

A control method applied to a symmetrical vacuum bubble load-balancing transition circuit device, wherein the
transition circuit device comprises a transfer switch Z1, a transfer switch Z2, a loop current vacuum circuit breaker
RV1, a loop current vacuum circuit breaker RV2, a load current vacuum circuit breaker MV, a main switch MC1, a
main switch MC2, and a transition resistor R, and the method comprises:

connecting an action arm of the transfer switch Z1 to one of an electrode a of the transfer switch Z 1 or an
electrode b of the transfer switch Z 1 to connect to an odd tap of a tap selector of a load tap changer, or connecting
an action arm of the transfer switch Z 1 to one of an electrode c of the transfer switch Z1 or an electrode d of
the transfer switch Z1 to connect to an even tap of the tap selector of the load tap changer;

connecting an action arm of the transfer switch Z2 to an electrode e of the transfer switch Z or an electrode f
of the transfer switch Z2 to connect to the odd tap or the even tap of the tap selector of the load tap changer,
respectively;

using the loop current vacuum circuit breaker RV1 to cut off a loop current between the odd tap and the even
tap in a case where the odd tap is switched to the even tap, and using the loop current vacuum circuit breaker
RV2 to cut off a loop current between the even tap and the odd tap in a case where the even tap is switched
to the odd tap;

using the load current vacuum circuit breaker MV to cut off a load current in a case where the odd tap is switched
to the even tap and the even tap is switched to the odd tap;

using the main switch MC1 to switch a normal through-flow of the odd tap, and using the main switch MC2 to
switch a normal through-flow of the even tap; and

using the transition resistor R to limit a loop current between the odd tap and the even tap in a case where a
transition circuit simultaneously communicates the odd tap and the even tap.

9. The method of claim 8, wherein in a case where the load tap changer is switched from the odd tap to the even tap,

the method comprises:

switching off the main switch MC1;
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switching the action arm of the transfer switch Z1 from connecting to the electrode a to connecting to the
electrode b;

switching on the loop current vacuum circuit breaker RV1 and the loop current vacuum circuit breaker RV2;
switching off the load current vacuum circuit breaker MV;

switching the action arm of the transfer switch Z2 from connecting to the electrode e to connecting to the
electrode f after an electric arc in the load current vacuum circuit breaker MV is completely extinguished;
switching on the load current vacuum circuit breaker MV, and connecting the transition circuit simultaneously
to the odd tap and the even tap to form a bridging connection and generate a circulating current;

switching off the loop current vacuum circuit breaker RV1 and the loop current vacuum circuit breaker RV2;
switching the action arm of the transfer switch Z1 from connecting to the electrode b to connecting to the
electrode c after an electric arc in the loop current vacuum circuit breaker RV1 is completely extinguished; and
switching on the main switch MC2.

10. The method of claim 8, wherein in a case where the load tap changer is switched from the even tap to the odd tap,
the method comprises:

switching off the main switch MC2;

switching the action arm of the transfer switch Z1 from connecting to the electrode ¢ to connecting to the electrode
d;

switching on the loop current vacuum circuit breaker RV1 and the loop current vacuum circuit breaker RV2;
switching off the load current vacuum circuit breaker MV;

switching the action arm of the transfer switch Z2 from connecting to the electrode fto connecting to the electrode
e after an electric arc in the load current vacuum circuit breaker MV is completely extinguished;

switching on the load current vacuum circuit breaker MV, and connecting the transition circuit simultaneously
to the even tap and the odd tap to form a bridging connection and generate a circulating current;

switching off the loop current vacuum circuit breaker RV1 and the loop current vacuum circuit breaker RV2;
switching the action arm of the transfer switch Z1 from connecting to the electrode d to connecting to the
electrode a after an electric arc in the loop current vacuum circuit breaker RV2 is completely extinguished; and
switching on the main switch MC1.
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Connect an action arm of the transfer switch Z1 to one of an electrode a or
an electrode b of the transfer switch Z1 to connect to an odd tap of a tap
selector of a load tap changer, and connect the action arm of the transfer
switch Z1 to one of an electrode ¢ or an electrode d of the transfer switch

Z1 to connect to an even tap of the tap selector of the load tap changer

!

Connect an action arm of the transfer switch Z2 to an electrode e or an
electrode f of the transfer switch Z2 to connect to the odd tap or the even
tap of the tap selector of the load tap changer, respectively

!

Apply the loop current vacuum circuit breaker RV1 to cutting off a loop
current between the odd tap and the even tap in a case where the odd tap is
switched to the even tap, and apply the loop current vacuum circuit breaker
RV2 to cutting off a loop current between the even tap and the odd tap in a

case where the even tap 1s switched to the odd tap

!

Apply the load current vacuum circuit breaker MV to cutting off a load
current in a case where the odd tap is switched to the even tap or the even
tap is switched to the odd tap

!

Apply the main switch MC1 to switching a normal through-flow of the
odd tap, and apply the main switch MC2 to switching a normal through-
flow of the even tap

!

Apply the transition resistor R to limiting a loop current between the odd
tap and the even tap in a case where the transition circuit simultaneously
communicates the odd tap and the even tap

FIG. 26
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