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(57)  An electric operator for a tap changer according
to an embodiment includes a drive unit, a multi-turn en-
coder, a monitor unit, and a control unit. The drive unit
drives a main shaft via a motor to change a tap in a tap
changer. The multi-turn encoder has a member that ro-
tates n times the rotation of the main shaft, and detects
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the rotational position of the member to thereby detect
the rotational position of the main shaft. The monitor unit
monitors the state of the tap changer on the basis of the
rotational position detected by the multi-turn encoder.
The control unit controls the drive unit on the basis of the

monitoring results from the monitor unit.
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Description
[Technical Field]

[0001] Anembodimentof the presentinvention relates
to an electric operator for a tap changer and a tap chang-
ing method.

[Background Art]

[0002] Conventionally, an electric operator for chang-
ing a tap position of an on-load tap changer installed in
a transformer is known. The electric operator changes a
tap position by rotating a main drive shaft connected to
a gear using a motor driver serving as a source of power.
Operation control of the motor driver is executed by a
step control mechanism constituted by a relay sequence
circuit using a motor switch that performs an opening and
closing operation of the circuit according to an ON/OFF
signal of a cam switch connected to the main drive shaft
by a gear. Also, the electric operator includes a dial switch
connected to the main drive shaft by a gear. The dial
switch outputs a tap position signal on the basis of a
rotation position of the main drive shaft.

[0003] However, since the conventional electric oper-
ator includes a mechanical configuration such as a step
control mechanism and a dial switch as described above
from a structural perspective, there have been cases in
which the number of components was many and assem-
bly and maintenance took time. Also, at the time of as-
sembly or maintenance, the work needs to be done by a
person who is familiar with a structure of the mechanism,
and thus there have been cases in which a repair and
maintenance could not be easily performed due to lack
of workability at the time of the maintenance. Also, con-
ventionally, position information of a tap has been able
to be acquired with a dial switch, but this signal is for
finding a limit (limit value) of a tap and has not been ef-
fectively used in operation control of the electric operator.

[Citation List]

[Patent Literature]

[0004]
[Patent Literature 1] Japanese Unexamined Patent
Application Publication, First Publication No.
S54-129367
[Patent Literature 2] Published Japanese Transla-
tion No. 2010-502170 of the PCT International Pub-
lication

[Summary of Invention]

[Technical Problem]

[0005] A problem to be solved by the presentinvention
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is to provide an electric operator for a tap changer and a
tap changing method in which adjustment at the time of
assembling the electric operator can be simplified and
easy maintenance can be realized.

[Solution to Problem]

[0006] An electric operator for atap changer of the em-
bodimentincludes a driver, a multi-rotation type encoder,
a monitor, and a controller. The driver performs tap
changing of the tap changer by driving a main drive shaft
using a motor. The multi-rotation type encoder has a
member which rotates ntimes with respect to one rotation
of the main drive shaft and detects a rotation position of
the main drive shaft by detecting a rotation position of
the member. The monitor monitors a state of the tap
changer on the basis of the rotation position detected by
the multi-rotation type encoder. The controller controls
the driver on the basis of a monitoring result from the
monitor.

[Brief Description of Drawings]
[0007]

Fig. 1 is a diagram showing a configuration example
of an electric operator for a tap changer of an em-
bodiment.

Fig. 2 is a view illustrating an example of a compo-
nent configuration of a motor 20 of the embodiment.
Fig. 3 is a diagram showing a configuration of the
electric operator for a tap changer shown in Fig. 1
from a viewpoint of hardware.

Fig. 4 is adiagram for explaining tap changing control
at the time of step-up.

Fig. 5 is a diagram for explaining the tap changing
control when step-up control is additionally per-
formed after step-up control.

Fig. 6 is a diagram for explaining the tap changing
control when step-down control is performed after
step-up control.

Fig. 7 is a diagram for explaining the tap changing
control when step-down control is additionally per-
formed after step-down control.

Fig. 8 is a diagram for explaining a state of the tap
changing control at the time of step-up and step-
down using a tap changing control table.

Fig. 9 is a flowchart showing an example of process-
ing of the electric operator for a tap changer of the
embodiment.

Fig. 10 is a flowchart showing an example of stop
control processing of the embodiment.

Fig. 11 is a flowchart showing an example of abnor-
mality processing at the time of congestion in the
embodiment.

Fig. 12 is a flowchart showing an example of abnor-
mality processing at the time of a runaway in the
embodiment.
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[Description of Embodiments]

[0008] Hereinafter, an electric operatorforatap chang-
er and a tap changing method of an embodiment will be
described with reference to the drawings. In the following
embodiment, an on-load tap changer is used as an ex-
ample of the tap changer.

[0009] Fig. 1is a diagram showing a configuration ex-
ample of the electric operator for a tap changer of the
embodiment. The electric operator for a tap changer 1
may include, for example, an upper level panel operator
10, a motor 20, a multi-rotation type encoder 30, and an
operation controller 100. A combination of the motor 20
and a motor drive controller 130 is an example of a "driv-
er."

[0010] The upper level panel operator 10 outputs a
control signal according to an operation by an operator
or the like on an operator provided in an upper level de-
vice to the operation controller 100. The control signal
from the upper level panel operator 10 may include, for
example, an upper level control signal. The "upper level
control" is tap changing control associated with, for ex-
ample, step-up control or step-down control with respect
to an on-load tap changer LTC.

[0011] The motor 20 changes positions of taps (con-
nection points along windings in which a constantnumber
of rotations can be selected) of the on-load tap changer
LTC by rotating a rotatable shaft part (for example, a
main drive shaft 21 to be described below) in a predeter-
mined direction. The motor 20 rotates the main drive shaft
in opposite directions according to, for example, step-up
control and step-down control. The electric operator for
a tap changer 1 changes a turn ratio of a transformer in
which the on-load tap changer LTC is installed and ad-
justs a voltage of the transformer by changing a tap po-
sition of the on-load tap changer LTC using the motor
20. Details of a component configuration of the motor 20
of the embodiment will be described below.

[0012] The multi-rotation type encoder 30 may be
mounted, for example, just below the main drive shaft
that rotates due to driving of the motor 20. The multi-
rotation type encoder 30 includes a member that rotates
n (n> 0) times with respect to one rotation of the main
drive shaft and detects a rotation position of the main
drive shaft by detecting a rotation position of the member.
Also, the multi-rotation type encoder 30 outputs detected
rotation position information to the operation controller
100. The "rotation position information" is absolute posi-
tion information (an absolute value) including, for exam-
ple, a rotation angle and the number of rotations in mul-
tiple rotations of the main drive shaft. The multi-rotation
type encoder 30 outputs the rotation position information
when the rotation position of the main drive shaft has
changed (when the rotation angle has deviated by sev-
eral [degrees]).

[0013] The operation controller 100 may include, for
example, an operator 110, a change controller 120, and
the motor drive controller 130. The change controller 120
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and the motor drive controller 130 are each realized by
a hardware processor such as a central processing unit
(CPU) executing a program (software). Also, some or all
of these components may be realized by hardware (a
circuit unit; including circuitry) such as a large scale in-
tegration (LSI) or an application specific integrated circuit
(ASIC), a field-programmable gate array (FPGA), or a
graphics processing unit (GPU), or may be realized by
software and hardware in cooperation. The program may
be stored in a storage device (not shown) of the operation
controller 100 in advance, or may be stored in a detach-
able storage medium such as a DVD or a CD-ROM and
then installed in a hard disk drive (HDD) or flash memory
of the operation controller 100 when the storage medium
is mounted on a drive device.

[0014] The operator 110 outputs operation content by
a manual operation of a user to the change controller
120. The "operation content by a manual operation" may
be, for example, a signal for controlling a step-up oper-
ation or a step-down operation which can be obtained by
the user manually operating an operation button that
gives an instruction to step up or step down a voltage
using a transformer, mounted as the operator 110 in ad-
vance.

[0015] The change controller 120 may include, for ex-
ample, an operation receiver 122, a monitor 124, a com-
mand controller 126, and an output 128. The command
controller is an example of a "controller." The operation
receiver 122 receives a control signal instructing tap
changing by step-up or step-down of the on-load tap
changer LTC from the operator 110 or the upper level
panel operator 10.

[0016] The monitor 124 monitors a state of the on-load
tap changer LTC on the basis of the rotation position
information detected by the multi-rotation type encoder
30. Specifically, the monitor 124 monitors a state of the
on-load tap changer LTC on the basis of a position and
a state of the motor 20 acquired on the basis of the ro-
tation position information. The position of the motor 20
may include, for example, a rotation angle and the
number of rotations of the main drive shaft rotated by the
motor 20. Also, the monitor 124 derives a tap position of
the on-load tap changer LTC on the basis of the rotation
angle and the number of rotations. Also, the monitor 124
monitors a state of the on-load tap changer LTC (anormal
state or an abnormal state) on the basis of a state of the
motor 20 itself (for example, a state of whether the motor
20 is driven according to a command from the command
controller 126). Here, an "abnormal state" of the on-load
tap changer LTC may be, forexample, a congestion state
or a runaway state. The "congestion state" may be, for
example, a state in which the motor 20 does not rotate
within a predetermined time after a rotation control com-
mand is output, or a state in which a time from an oper-
ation of the motor 20 to a change of the tap exceeds a
predetermined time. The "runaway state" may be, for ex-
ample, a state in which the motor 20 continues to drive
even though the tap changing by the on-load tap changer
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LTC has ended and a stop control command has been
output to the motor 20. The monitor 124 stores and man-
ages the rotation position information obtained from the
multi-rotation type encoder 30 in a predetermined regis-
ter with a counter value such as a binary counter.
[0017] The command controller 126 outputs a com-
mand signal of rotation control or stop control with respect
to the motor 20 to the motor drive controller 130 on the
basis of control information received by the operation re-
ceiver 122.

[0018] The output 128 outputs a state of control by the
operation controller 100 (for example, a monitoring result
from the monitor 124) or the like. For example, the output
128 outputs a control signal such as an operating signal
to the upper level panel operator 10 at a predetermined
timing as a notification signal for the upper level. The
"operating signal" may be, for example, a signal repre-
sented as 1 when the motor 20 is operating and 0 when
the motor 20 is stopped. Also, the output 128 may include,
for example, a light emitter (for example, a light emitting
diode (LED)) for notifying of a processing state or a dis-
play device for displaying an image. For example, when
an error or an abnormality occurs in the tap changing
control, the output 128 turns on an LED for abnormality
detection or causes the display device to display that an
abnormality has occurred.

[0019] When the motor drive controller 130 receives a
rotation control signal from the change controller 120,
the motor drive controller 130 rotates the motor 20 in a
predetermined direction and executes the tap changing
by step control. Also, when the motor drive controller 130
receives a stop control signal from the change controller
120, the motor drive controller 130 executes drive control
to stop the rotation of the motor 20.

[0020] Next, a component configuration of the motor
20 of the embodiment will be described. Fig. 2 is a view
illustrating an example of a component configuration of
the motor 20 of the embodiment. The motor 20 illustrated
in Fig. 2 may include, for example, the main drive shaft
21, a motor-side pulley 22, a main drive shaft-side pulley
23, atension pulley 24, a timing belt 25, a bevel gear 26,
a handle shaft 27, and a handle interlock 28. Also, in the
example of Fig. 2, the multi-rotation type encoder 30 is
also illustrated.

[0021] The motor-side pulley 22 is attached to a rotat-
ing shaft of the motor 20 and is coupled to the main drive
shaft-side pulley 23 via the timing belt 25. The main drive
shaft 21 is attached to the main drive shaft-side pulley
23, and the multi-rotation type encoder 30 is directly at-
tached just below the main drive shaft 21 without a speed
reduction mechanism or the like interposed therebe-
tween. When the multi-rotation type encoder 30 is at-
tached to the main drive shaft 21 as in the configuration
of Fig. 2, rotation position information of the main drive
shaft 21 can be detected more accurately.

[0022] Also, the tension pulley 24 improves an inter-
locking property between the motor 20 and the main drive
shaft 21 by applying tension to the timing belt 25. The
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main drive shaft 21 is connected to the handle shaft 27
by the bevel gear 26. The handle interlock 28 is attached
to the handle shaft 27. The handle interlock 28 performs
restriction so that an electric operation is not performed,
for example, when a worker changes a tap manually us-
ing the handle at the time of maintenance or the like.
[0023] Fig. 3 is a diagram showing a configuration of
the electric operator for a tap changer shown in Fig. 1
from a viewpoint of hardware. In the example of Fig. 3,
the electric operator for a tap changer 1 includes the mo-
tor 20, the multi-rotation type encoder 30, a power re-
ceiver 200, a no fuse breaker (NFB) 210, a motor switch
220, a power converter 230, an in-panel operation switch
240, atriprelay 250, a control board 260, a display device
270, and an upper level board 280. Here, the in-panel
operation switch 240 corresponds to the operator 110,
and the upper level board 280 corresponds to the upper
level panel operator 10. Also, the control board 260 cor-
responds to the operation controller 100.

[0024] Power (for example, three-phase AC 210 [V])
supplied to the motor 20 passes through the power re-
ceiver 200, is output to the motor switch 220 via the NFB
210 serving as a wiring breaker, and then is supplied to
the motor 20.

[0025] Thein-panel operation switch 240 also includes
a step-up switch that causes the control board 260 to
execute processing based on step-up control, a step-
down switch that causes the control board 260 to execute
step-down control, and an execution switch that causes
the control board 260 to execute stop control. Also, the
in-panel operation switch 240 may include a remote
switch that remotely controls the step-up, the step-down,
or the stop.

[0026] Also, control signals from the in-panel operation
switch 240 and the upper level board 280 (for example,
step-up control or step-down control) are input to the con-
trol board 260. The control board 260 executes control
of rotating the motor 20 in a step-up direction or a step-
down direction, braking to stop the rotation, or the like by
using the input control signal as a trigger to operate the
motor switch 220.

[0027] The trip relay 250 is a circuit that receives a
command from the control board 260 and trips the NFB
210 (power cut-off) when the control board 260 detects
a runaway state. Also, the trip relay 250 trips the NFB
210 when the stop switch is pressed by the in-panel op-
eration switch 240. Due to power cut-off control by the
trip relay 250, for example, damage to the transformer
due to a runaway state can be avoided.

[0028] The power converter 230 converts the power
supplied from the power receiver 200 via the NFB 210
into a DC voltage of 24 [V] used by the control board 260.
In the electric operator for a tap changer 1 according to
the embodiment, since the motor 20 is controlled by elec-
tronic control based on information detected by the multi-
rotation type encoder 30 without having a mechanical
configuration such as a step control mechanism or a dial
switch, a control current to the motor switch 220 can be
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made very small. Also, reduction in size and capacity of
the motor switch 220 can be realized.

[0029] Also, since control on the control board 260 can-
not be performed when power supply is cut off due to a
power failure or the like, the power converter 230 outputs
a command to the trip relay 250 via the control board 260
before the power supply is completely lost. Thereby, the
trip relay 250 trips the NFB 210 on the basis of the com-
mand to cut off power supply to the motor.

[0030] The control board 260 may include, for exam-
ple,an FPGA 262. The FPGA 262 executes, forexample,
functions in each configuration of the change controller
120 described above. Also, the control board 260 per-
forms counter control related to tap changing using the
binary counter in which the rotation position information
detected by the multi-rotation type encoder 30 is stored
in the registers. For example, on the basis of the binary
counter, the control board 260 parameterizes setting in-
formation including at least one of a tap changing posi-
tion, a stop position, and a tap limit value (for example,
a tap upper limit position during step-up and a tap lower
limit position during step-down), and an intermediate tap
position of the on-load tap changer LTC, and stores it in
the registers or the like. Also, the control board 260 mon-
itors a state of the on-load tap changer LTC on the basis
of the stored parameters. Also, the control board 260
performs display control on the display device 270 on the
basis of the monitoring result or the like.

[0031] The display device 270 may be, for example, a
liquid crystal display (LCD), an organic electro lumines-
cence (EL) display device, or the like. Also, the display
device 270 displays information input/output by the con-
trol board 260, a monitoring result, an abnormal state, or
the like in a predetermined display mode.

[0032] Next, tap changing control of the embodiment
will be described. Fig. 4 is a diagram for explaining tap
changing control at the time of step-up. Fig. 4 shows a
relationship between the tap changing at the time of step-
up and the number of rotations of the main drive shaft 21
obtained from the multi-rotation type encoder 30. In the
following description, it is assumed that the tap changing
of the on-load tap changer LTC is performed by one tap
when the main drive shaft 21 is rotated 33 times. Also,
the example of Fig. 4 shows a schematic diagram in
which a normal start position in the tap changing at the
time of step-up is set to 0 [degrees] and a normal end
position after ending the changing is setto 180 [degrees].
[0033] The operation controller 100 performs control
of rotating the main drive shaft 21 in a first direction from
an initial value (normal start position O [degrees]) at the
time of the tap changing at the time of step-up, and per-
forms control of stopping the rotation at a normal stop
position 180 [degrees] after 33 rotations. However, in
practice, an overstroke of an amount of two rotations oc-
curs from the normal stop position between output of a
control signal for stopping the motor 20 by the operation
controller 100 and actual stop of the motor 20, and thus
an actual stop position is a position ahead of the normal
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stop position by the amount of two rotations.

[0034] Fig. 5 is a diagram for explaining the tap chang-
ing control when step-up control is additionally performed
after step-up control. Fig. 5 shows a relationship between
tap changing and the number of rotations of the main
drive shaft 21 obtained from the multi-rotation type en-
coder 30 when step-up control is additionally performed
after the step-up control according to Fig. 4. For example,
when step-up control is additionally performed after step-
up control, since the main drive shaft 21 is rotated in the
same direction (the first direction) as that in the previous
time, the operation controller 100 performs the tap chang-
ing by rotating the main drive shaft 21 33 times using the
motor 20 with the stop position of the previous time as a
reference.

[0035] Fig. 6 is a diagram for explaining the tap chang-
ing control when step-down control is performed after
step-up control. Further, in the example of Fig. 6, it is
assumed that step-down control is performed after the
step-up control shown in FIG. 5 is executed. When step-
up control is switched to step-down control, a rotation
direction of the main drive shaft 21 becomes an opposite
direction (second direction) to the first direction. There-
fore, unless rotation control is performed with an amount
of the overstroke taken into account, there is a possibility
thata timing of the stop may be shifted and the tap chang-
ing control may not be performed correctly. Therefore,
when the control is switched from the step-up to the step-
down, the operation controller 100 rotates the main drive
shaft 21 until reaching the number of rotations at which
the number of rotations due to the overstroke is added
to the 33 rotations required for tap changing.

[0036] Specifically, as shown in Fig. 6, the operation
controller 100 adds an amount of four rotations, which is
a sum of two rotations for cancelling the overstroke
amount in the previous step-up control and two rotations
of the overstroke due to the step-down control, to the 33
rotations required for tap changing, and executes control
for 37 rotations in total. Further, although the above-de-
scribed processing has shown a case of switching from
step-up to step-down, control for 37 rotations is similarly
executed also when step-down is switched to step-up.
[0037] Fig. 7 is a diagram for explaining the tap chang-
ing control when step-down control is additionally per-
formed after step-down control. The example of Fig. 7
shows a relationship between tap changing and the
number of rotations of the main drive shaft 21 obtained
from the multi-rotation type encoder 30 when step-down
controlis additionally performed after the step-down con-
trol according to Fig. 6. For example, when step-down
control is additionally performed after step-down control,
since the main drive shaft 21 is rotated in the same di-
rection (the second direction) as that in the previous time,
the operation controller 100 performs the tap changing
by rotating the main drive shaft 21 33 times using the
motor 20 with the stop position of the previous time as a
reference. In this case as well, an overstroke of an
amount of two rotations occurs.
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[0038] In this way, when rotation control is performed
in the same direction as that in the previous rotation con-
trol such as step-up to step-up or step-down to step-
down, the operation controller 100 performs the rotation
control for an amount of 33 rotations, and when rotation
control is performed in the opposite direction to that in
the previous rotation control such as step-up to step-
down or step-down to step-up, the operation controller
100 performs the control for an amount of 37 rotations.
Thereby, the operation controller 100 can realize appro-
priate tap changing control.

[0039] Further, the operation controller 100 may store
the tap changing and the information on the number of
rotations at the time of step-up and step-down in asso-
ciation with each other as a tap changing control table,
and may execute the rotation control at the time of step-
up and step-down on the basis of the tap changing control
table.

[0040] Fig. 8 is a diagram for explaining a state of the
tap changing control at the time of step-up and step-down
using the tap changing control table. In Fig. 8, T1, T2,...,
TN indicate identification information for identifying the
changed taps and the number of rotations related to the
tap changing at the time of step-up and step-down. The
example of Fig. 8 shows that control for 33 rotations is
performed when the tap is changed from step-up to step-
up or step-down to step-down, and rotation control for 37
rotations including four rotations of the overstroke is ex-
ecuted at the timing of changing the operation direction
from step-up to step-down or step-down to step-up. In
this way, when the tap position changing control is per-
formed with the number of rotations taken into account
on the basis of the rotation direction, electronic control
by the operation controller 100 can be realized without
performing the control for the overstroke with a mechan-
ical configuration.

[0041] Also, in the embodiment, when the multi-rota-
tion type encoder 30 is used, since the number of rota-
tions of the main drive shaft 21 due to the actual tap
changing matches the number of rotations detected from
the multi-rotation type encoder 30, control such as ending
the processing by acquiring the abnormal state (conges-
tion) when the stop position is less than the normal stop
position and the abnormal state (runaway) that exceeds
the normal stop position can be performed. Further, the
congestion state can be ascertained from the control time
and the stop position, and the runaway state can be as-
certained from the number of rotations obtained from the
multi-rotation type encoder 30.

[0042] Next, processing of the electric operator for a
tap changer of the embodiment will be described. Fig. 9
is a flowchart showing an example of processing of the
electric operator for a tap changer of the embodiment. In
the processing of Fig. 9, an encoder signal from the multi-
rotation type encoder 30 is input to the monitor 124 (step
S100). An output signal of the multi-rotation type encoder
30 is output as an electric signal such as a 16-bit (bit)
gray code. Therefore, the monitor 124 converts the input
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gray code into an electronic signal such as abinary coded
decimal (BCD) code that can be recognized by the op-
eration controller 100 (step S102).

[0043] Next, the monitor 124 breaks down the convert-
ed electric signal into a rotation angle signal for a single
rotation and a signal for a multi-rotation count and stores
them in registers. Specifically, the monitor 124 acquires
the rotation angle and stores it in a 5-bit register (register
A) (step S104), and acquires the number of rotations and
the tap position and stores them in an 11-bitregister (reg-
ister B) (step S106). The number of rotations can be
stored up to, for example, a maximum amount of 2048
rotations, but the present invention is not limited thereto.
[0044] Next, the operation receiver 122 receives a
step-up command or a step-down command with respect
to the on-load tap changer LTC from the operator 110 or
the upper level panel operator 10 (step S108). Next, the
command controller 126 outputs a rotation control com-
mand for driving the motor 20 to the motor drive controller
130 on the basis of content of the command and thereby
drives the motor (step S 110). Next, the monitor 124 de-
tects a change in rotation position information due to driv-
ing of the motor 20 from the multi-rotation type encoder
30 (step S112).

[0045] Next, the monitor 124 monitors a time (first time)
from the output of the rotation command to an operation
of the multi-rotation type encoder 30 (step S114). Next,
the monitor 124 monitors a time (second time) from the
operation of the multi-rotation type encoder 30 to a
change of the tap (step S116). Next, the monitor 124
determines whether or not the first time or the second
time has timed out (step S118). The determination of
timing out is made such that it has timed out when, for
example, the first time exceeds a first threshold value
Th1 orwhenthe second time exceeds a second threshold
value Th2.

[0046] When the first time or the second time has not
timed out, the monitor 124 monitors a change in the bi-
nary counter at the time of step-up or step-down (step
S$120), and determines whether or not the control is nor-
mal on the basis of the changed value of the binary coun-
ter (step S122). For example, in the processing of steps
S120 and S122, the monitor 124 monitors whether or not
arotation direction of the motor 20 at the time of the step-
up control matches a rotation direction of the motor 20
at the time of the step-down control. When the control is
not normal, the output 128 outputs error information in-
dicating that the control is not normal (step S124). When
the control is determined to be normal, the monitor 124
executes stop control processing (step S200).

[0047] Also, in the processing of step S118, when the
first time or the second time is determined to have timed
out, itis judged that there is congestion and abnormality
processing is executed (step S300). Thereby, the
processing of the present flowchart ends.

[0048] Next, stop control processing in step S200 will
be described. Fig. 10 is a flowchart showing an example
of the stop control processing of the embodiment. In the
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example of Fig. 10, the monitor 124 acquires information
on a position to which a brake should be applied to the
motor 20 by the stop control (step S202). The position to
which the brake should be applied may be, for example,
a position set according to an Xth rotation and an angle
Y [degrees] among the actual number of rotations (for
example, 33 rotations). This is because, for example,
when a stop control signal for stopping the motor 20 at
a time point at which the rotation position is at an angle
of 0 [degrees] at a 33rd rotation is output, since the motor
20 rotates several more times by inertia, the brake is
applied to a position before the actual stop position. As
an example of the above-described values of X and Y,
for example, X = 31 and Y = 120. Also, the position to
which the brake should be applied is acquired by position
registers of the register A and the register B described
above.

[0049] Next, the monitor 124 determines whether or
notitis a timing (hereinafter referred to as a brake timing)
at which the brake should be applied to the motor 20 on
the basis of the information on the position to which the
brake should be applied (step S204). When it is not the
brake timing, the monitor 124 calculates a position at
which to stop next time (step S206). In the processing of
step S206, a position register for a position at which to
stop next time is calculated on the basis of values of the
register A and the register B. Specifically, when the step-
up controlis performed at present and the step-up control
is also to be performed next time, +33 is added to the
current position register that is associated with the
number of rotations, and when the step-down is per-
formed at present but the step-up is to be performed next
time, +37 is added to the current position register. Also,
when the step-down is performed at present and the step-
down is also to be performed next time, -33 is added to
the current position register, and when the step-up is per-
formed at present but the step-down is to be performed
next time, -37 is added to the current position register.
[0050] Next, the monitor 124 determines whether or
not the motor 20 has stopped (step S208). When the
motor has stopped, the output 128 notifies the outside or
the like that the motor has stopped (step S210) and ends
movement for one tap (step S212). Also, when it is de-
termined to be the brake timing in the processing of step
S204, the command controller 126 outputs a stop control
command to the motor drive controller 130 (step S216).
Next, the monitor 124 starts a stop timer (step S218).
[0051] After the processing of step S218 has ended,
orin the processing of step S208, when the motor 20 has
not stopped, the monitor 124 checks the stop timer (step
S220). Next, the stop timer determines whether or not
the stop has timed out (step S222). The determination
of timing out by the stop timer is made such that it has
timed out when, for example, a count value (third time)
of the stop timer exceeds a third threshold value Th3.
When it has timed out, the monitor 124 judges that there
is runaway and performs abnormality processing (step
S400). Also, when it has not timed out in the processing
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of step S222, the processing returns to the processing
of step S208. Thereby, the present flowchart ends.
[0052] Next, abnormality processing when it is deter-
mined that there is congestion will be described using a
flowchart. Fig. 11 is a flowchart showing an example of
the abnormality processing at the time of congestion in
the embodiment. In the example of Fig. 11, the command
controller 126 outputs a stop control command to the
motor drive controller 130 (step S302). Next, the output
128 performs an abnormality display that indicates the
congestion state (step S304). The "abnormality display”
in the processing of step S304 may be, for example, a
display such as turning on an LED for abnormality de-
tection of congestion, or adisplay indicating a congestion
state on the display device 270. Thereby, the processing
of the present flowchart ends.

[0053] Next, abnormality processing when it is deter-
mined to be in a runaway will be described with reference
to a flowchart. Fig. 12 is a flowchart showing an example
of the abnormality processing at the time of a runaway
in the embodiment. In the example of Fig. 12, the monitor
124 performs a forced trip in the NFB 210 (step S402).
Next, the output 128 performs an abnormality display that
indicates the runaway state (step S404). The "abnormal-
ity display" in the processing of step S404 may be, for
example, a display such as turning on an LED for abnor-
mality detection of a runaway, or a display indicating a
runaway state on the display device 270. Thereby, the
processing of the present flowchart ends.

[0054] According to at least one embodiment de-
scribed above, the electric operator for a tap changer 1
includes the motor drive controller 130 that performs tap
changing of the tap changer LTC by driving the main
drive shaft 21 using the motor 20, a multi-rotation type
encoder 30 having a member that rotates n times with
respect to one rotation of the main drive shaft 21 and
detecting a rotation position of the main drive shaft 21 by
detecting a rotation position of the member, the monitor
124 that monitors a state of the tap changer LTC on the
basis of the rotation position detected by the multi-rota-
tion type encoder 30, and the change controller 120 that
controls the motor drive controller 130 on the basis of a
monitoring result from the monitor 124, and thereby ad-
justment at the time of assembling the electric operator
can be simplified and easy maintenance can be realized.
[0055] Specifically, according to at least one embodi-
ment, a mechanical configuration such as a step control
mechanism or a dial switch of conventional electric op-
erators is replaced by the electronic control using the
multi-rotation type encoder 30 that can acquire multi-ro-
tation absolute position information and the operation
controller 100, and thereby the number of mechanical
components can be reduced and space saving can be
realized. Also, the multi-rotation type encoder 30 is di-
rectly attached just below the main drive shaft 21 without
aspeed reduction mechanism interposed therebetween,
and the output absolute position information is taken into
the operation controller 100, and thereby an accurate
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number of rotations of the main drive shaft (correspond-
ing to a tap position and the number of rotations of the
main drive shaft) and a rotation angle can be ascertained
more accurately. Therefore, according to the presentem-
bodiment, it is possible to detect an accurate stop accu-
racy due to increased resolution, and an abnormality
state such as a tap congestion that causes a half-way
stop or becoming unresponsive due to stuck of the main
drive shaft or the like, or a runaway that causes an op-
eration beyond the normal control position. Also, accord-
ing to the present embodiment, the rotation position in-
formation can be detected with high accuracy by the mul-
ti-rotation type encoder 30, and as a result, a motor stop
accuracy can be improved. Also, according to the present
embodiment, a load of the motor 20 can be reduced and
the durability can be improved by performing detection
of a position using the multi-rotation type encoder 30 in
a non-contact manner without interposing a dial switch.
[0056] Further, in the embodiment, for example, the
operation controller 100 may statistically learn the tap
changing operation and perform automatic adjustment
of brake timing and calculation of a tap changing speed
at the time of tap changing. As a result, the operation
controller 100 can ascertain a problem in the motor 20,
a state of a problem in the on-load tap changer LTC main
body, or the like.

[0057] While preferred embodiments of the presentin-
vention have been described, it should be understood
that these embodiments are exemplary of the invention
and are not to be considered as limiting the scope of the
invention. The embodiments may be implemented in
many other different forms, and various omissions, sub-
stitutions, and other modifications can be made without
departing from the gist of the invention. The embodi-
ments and modifications thereof should be regarded as
being included within the scope and gist of the invention
and included in the invention described in the claims and
an equivalent scope thereof.

Claims
1. An electric operator for a tap changer comprising:

a driver which performs tap changing of a tap
changer by driving a main drive shaft using a
motor;

a multi-rotation type encoder including a mem-
ber which rotates n times with respect to one
rotation of the main drive shaft and detecting a
rotation position of the main drive shaft by de-
tecting a rotation position of the member;

a monitor which monitors a state of the tap
changer on the basis of the rotation position de-
tected by the multi-rotation type encoder; and
a controller which controls the driver on the basis
of a monitoring result from the monitor.

10

15

20

25

30

35

40

45

50

55

2,

The electric operator for a tap changer according to
claim 1,

wherein the monitor determines whether or not the
tap changer is in an abnormal state on the basis of
rotation position information and time information of
the motor detected by the multi-rotation type encod-
er.

The electric operator for a tap changer according to
claim 2,

wherein the monitor determines that the tap changer
is in a congestion state when a first time from an
output of a rotation control command for the motor
by the controller to a change in the rotation position
information detected by the multi-rotation type en-
coder exceeds a first threshold value, or when a sec-
ond time from the change in the rotation position in-
formation detected by the multi-rotation type encod-
erto a change of the tap exceeds a second threshold
value.

The electric operator for a tap changer according to
claim 2 or 3,

wherein the monitor determines that the tap changer
isin a runaway state when a third time from an output
of stop control for the motor by the controller to a
stop of the motor exceeds a third threshold value.

The electric operator for a tap changer according to
any one of claims 1 to 4,

wherein the monitor parameterizes setting informa-
tion including at least one of a tap changing position,
a stop position, and a tap limit value, and an inter-
mediate tap position of the tap changer on the basis
of the rotation position information detected by the
multi-rotation type encoder to perform the monitor-

ing.

A tap changing method, performed by an electric op-
erator for a tap changer, comprising:

performing tap changing of a tap changer by
driving a main drive shaft using a motor driven
by a driver;

detecting a rotation position of the main drive
shaft by a multi-rotation type encoder including
a member that rotates n times with respect to
one rotation of the main drive shaft and detecting
a rotation position of the member;

monitoring a state of the tap changer on the ba-
sis of the rotation position detected by the multi-
rotation type encoder; and

controlling the driver on the basis of a monitoring
result.
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Amended claims under Art. 19.1 PCT

(Cancelled)
(Cancelled)

(Amended) An electric operator for a tap changer
comprising:

a driver which performs tap changing of a tap
changer by driving a main drive shaft using a
motor;

a multi-rotation type encoder including a mem-
ber which rotates n times with respect to one
rotation of the main drive shaft and detecting a
rotation position of the main drive shaft by de-
tecting a rotation position of the member;

a monitor which monitors a state of the tap
changer on the basis of the rotation position de-
tected by the multi-rotation type encoder; and
a controller which controls the driver on the basis
of a monitoring result by the monitor,

wherein the monitor determines whether or not
the tap changer is in an abnormal state on the
basis of rotation position information and time
information of the motor detected by the multi-
rotation type encoder, and determines that the
tap changer is in a congestion state when a first
time from an output of a rotation control com-
mand for the motor by the controller to a change
in the rotation position information detected by
the multi-rotation type encoder exceeds a first
threshold value, or when a second time from the
change in the rotation position information de-
tected by the multi-rotation type encoder to a
change of the tap exceeds a second threshold
value.

(Amended) An electric operator for a tap changer
comprising:

a driver which performs tap changing of a tap
changer by driving a main drive shaft using a
motor;

a multi-rotation type encoder including a mem-
ber which rotates n times with respect to one
rotation of the main drive shaft and detecting a
rotation position of the main drive shaft by de-
tecting a rotation position of the member;

a monitor which monitors a state of the tap
changer on the basis of the rotation position de-
tected by the multi-rotation type encoder; and
a controller which controls the driver on the basis
of a monitoring result by the monitor,

wherein the monitor determines whether or not
the tap changer is in an abnormal state on the
basis of rotation position information and time
information of the motor detected by the multi-
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rotation type encoder, and determines that the
tap changer is in a runaway state when a third
time from an output of stop control for the motor
by the controller to a stop of the motor exceeds
a third threshold value.

(Amended) The electric operator for a tap changer
according to claim 3 or 4,

wherein the monitor parameterizes setting informa-
tion including at least one of a tap changing position,
a stop position, and a tap limit value, and an inter-
mediate tap position of the tap changer on the basis
of the rotation position information detected by the
multi-rotation type encoder to perform the monitor-

ing.

(Amended) A tap changing method, performed by
an electric operator for a tap changer, comprising:

performing tap changing of a tap changer by
driving a main drive shaft using a motor driven
by a driver;

detecting a rotation position of the main drive
shaft by a multi-rotation type encoder including
a member that rotates n times with respect to
one rotation of the main drive shaft and detecting
a rotation position of the member;

monitoring a state of the tap changer on the ba-
sis of the rotation position detected by the multi-
rotation type encoder; and

controlling the driver using a controller on the
basis of a monitoring result, wherein, in addition,
the monitoring of a state of the tap changer de-
termines whether or not the tap changer is in an
abnormal state on the basis of rotation position
information and time information of the motor
detected by the multi-rotation type encoder, and
determines that the tap changer is in a conges-
tion state when a first time from an output of a
rotation control command for the motor by the
controller to a change in the rotation position in-
formation detected by the multi-rotation type en-
coder exceeds a first threshold value, or when
a second time from the change in the rotation
position information detected by the multi-rota-
tion type encoder to a change of the tap exceeds
a second threshold value.

(Amended) A tap changing method, performed by
an electric operator for a tap changer, comprising:

performing tap changing of a tap changer by
driving a main drive shaft using a motor driven
by a driver;

detecting a rotation position of the main drive
shaft by a multi-rotation type encoder including
a member that rotates n times with respect to
one rotation of the main drive shaft and detecting
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a rotation position of the member;

monitoring a state of the tap changer on the ba-

sis of the rotation position detected by the multi-
rotation type encoder; and

controlling the driver using a controller on the %
basis of a monitoring result, wherein, in addition,

the monitoring of a state of the tap changer de-
termines whether or not the tap changer is in an
abnormal state on the basis of rotation position
information and time information of the motor 10
detected by the multi-rotation type encoder, and
determines that the tap changer is in a runaway
state when a third time from an output of stop
control for the motor by the controller to a stop

of the motor exceeds a third threshold value. 15

Statement under Art. 19.1 PCT
The claims 1 and 2 are cancel. 20
The description of claim 3 is based on claims 1 to 3
at the time of filing.
The description of claim 4 is based on claims 1, 2,
and 4 at the time of filing.
Claim5 is replacing "according to any one of claims 25
1 to 4" with "according to claim 3 or 4"
The description of claims 6 and 7 are method claims

corresponding to claims 3 and 4.
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