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(57) ABSTRACT

In a torque motor driving device for wire cut electrical dis-
charge machines, a voltage waveform rectified by a full-wave
rectifying circuit, not using a high-capacitance electrolytic
capacitor, is applied as an AC voltage to a single-phase torque
motor by a bridge circuit including semiconductor switches.
A PWM signal whose duty is adjusted so that the current
flowing through the torque motor matches an instructed value
is generated and the generated PWM signal is used for the

Jul. 1,2010  (JP) e 2010-150789 operation of the bridge circuit.
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TORQUE MOTOR DRIVING DEVICE FOR
WIRE CUT ELECTRICAL DISCHARGE
MACHINES

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a torque motor driv-
ing device for wire cut electrical discharge machines that
drives a torque motor with an AC power source.

[0003] 2. Description of the Related Art

[0004] A torque motor is best suited for feeding or winding
the wire electrode of a wire cut electrical discharge machine.
In a wire cut electrical discharge machine, an appropriate
torque is generally applied to the shaft to which the wire
electrode bobbin is attached, in the direction opposite to the
wire electrode feed direction, to prevent the wire electrode
from being loosened. In known use of a torque motor in a wire
cut electrical discharge machine described in, for example,
Japanese Patent Application Publication No. 7-60552, a used
wire electrode is not stored in a recovery box, and a wire
electrode recovery bobbin driven by a torque motor is dis-
posed on the wire electrode feed unit, so that the wire elec-
trode can be recovered efficiently while the tension is kept
constant by controlling the torque motor.

[0005] The wire electrode is generally 0.02 mm (minimum
wire electrode diameter) to 0.40 mm (maximum wire elec-
trode diameter) in diameter. A thick wire electrode requires a
large torque because the bobbin is large and heavy and the
inertia is large. A thin wire electrode requires a small torque
because the bobbin is small and light, the inertia is small, and
a torque large enough to break the wire electrode cannot be
applied. As described above, the output torque of a torque
motor needs to be adjusted properly depending on the diam-
eter of a wire electrode to be used.

[0006] A torque motor is a type of induction motor and,
when rotating so as to be pulled in a direction opposite to that
of a torque generating on the output shaft, the effective cur-
rent flowing through the motor is approximately proportional
to the torque generating on the output shaft, regardless of the
number of revolutions. Accordingly, to obtain a desired
torque, the AC voltage to be applied to the motor needs to be
changed so that the current corresponding to the torque flows.
To generate torques corresponding to the range from the
maximum wire electrode diameter to the minimum wire elec-
trode diameter described above, the effective voltage needs to
be changed to a value from approximately 5% to 100% of the
rated voltage of the motor.

[0007] As a circuit that changes the AC voltage of a torque
motor, a driving circuit adopting the resistor voltage divider
method was used conventionally. In recent years, however, a
driving circuit adopting the triac method has been used.
[0008] FIG. 6 schematically shows a torque motor driving
circuit by the resistor voltage divider method. The resistor
voltage divider method divides the power voltage V1 of an AC
power source 10 using resistors 51, 52, 53, 54, and 55 and a
single-phase torque motor 20, and performs switching using
relays 61, 62, 63, 64, and 65, so that unnecessary voltages are
applied to the resistors. Inthe resistor voltage divider method,
it is necessary to prepare the resistors and relays required to
apply a set voltage across the single-phase torque motor 20.
Because power is consumed by the resistors, a plurality of
large-size power resistors are necessary, thereby increasing
the device size. In addition, problems are that cost is high, a
large loss of power is caused, and the output torque of the
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single-phase torque motor 20 changes depending on the
power voltage V1 of an AC power source 10.

[0009] FIG. 7 schematically shows a torque motor driving
circuit by the triac method. The triac method obtains a desired
torque by changing the firing angle of a triac 68 to change the
effective voltage to be applied to the single-phase torque
motor 20. The triac method can reduce a loss of power and
make a current to be applied to a torque motor coincide with
an instructed value even in an area where a different power
voltage is used by feeding back a detected current value to a
firing angle control circuit (not shown). However, since con-
trol by this method is limited to the commercial frequency of
the AC power source 10, especially when a low torque is
required, the firing angle becomes low and, as shown in FI1G.
9, the ratio of the OFF time of the voltage to be applied to the
single-phase torque motor 20 becomes much larger than that
of'the ON time. As a result, fluctuations in a current flowing
through the single-phase torque motor 20 become large as
shown in FIG. 9B and the number of torque fluctuations for
each turn increases.

[0010] To suppress torque fluctuations in the triac method,
an inverter can be used to change the number of revolutions of
the motor. An inverter is generally used to control the number
ofrevolutions of an AC motor. AC power is converted into DC
power by a converter and a voltage to be applied to the motor
is converted into AC power again by a bridge circuit including
semiconductor switches. The so-called PWM control is
allowed, in which the effective frequency of a motor is
changed by determining the rotation frequency from several
hertz to tens of hertz and the switching frequency of tens of
kilohertz and changing the duty at which the semiconductor
switch is turned ON and OFF within the switching frequency.
[0011] FIG. 8 schematically shows a torque motor driving
circuit by the inverter method. The torque motor driving
circuit by the inverter method full-wave rectifies the AC volt-
age of the AC power source 10 using a diode bridge converter
including a first diode 11, a second diode 12, a third diode 13,
and a fourth diode 14 and then smoothes and converts the
rectified voltage into a DC voltage using an inductor 70 and a
high-capacitance electrolytic capacitor 72. The DC voltage is
converted into an AC voltage again by an inverter including a
first FET 15, a second FET 16, a third FET 17, and a fourth
FET 18, and the AC voltage is applied to the single-phase
torque motor 20.

[0012] A PWM signal generating circuit 76 changes the
ON/OFF duty of the PWM signal to make the detected current
value that a means (not shown) obtains by detecting the cur-
rent flowing through the motor coincide with the instructed
current value, so that the current value matches the instructed
current value and the desired torque can be obtained even
when power fluctuations occur as shown in FIG. 10 or even in
an area in which a different power voltage (such as 200V or
220 V) is used. In addition, since the OFF time can be sig-
nificantly reduced than in the triac method, the current flow-
ing through the coil of the single-phase the torque motor 20
becomes continuous and torque fluctuations are reduced.
[0013] However, since the voltage to be applied to the
single-phase torque motor 20 is the DC voltage converted by
the converter, if the switching frequency and the duty of the
PWM signal are fixed, voltage fluctuations caused when the
polarity of the voltage is reversed become sharp, thereby
causing torque fluctuations. Accordingly, a PWM/rotation
frequency signal synthesizing circuit 78 has a duty adjusting
circuit 79, which adjusts the duty of switching depending on
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the phase of the rotation frequency so that the current wave-
form becomes sinusoidal as shown in FIG. 10 to prevent
torque fluctuations. This duty adjusting circuit 79 is a com-
plicated circuit that gradually increases the duty so that the
phase of the rotation frequency has the minimum value at 0
degrees and the maximum value at 90 degree and reduces the
duty so that the phase has the minimum value at 180 degrees.
On the other hand, an high-speed FET with a small ON
resistance can be used as the semiconductor switch to reduce
a loss of power.

[0014] Since the resistor voltage divider method or triac
method of the prior art has large torque fluctuations and other
problems as described above, use of an inverter with less
torque fluctuations can be considered. However, this method
also has disadvantages. That is, the converter unit that con-
verts AC power into DC power generally uses the high-ca-
pacitance electrolytic capacitor 72 (see FIG. 8) to store the
electrical energy required to supply the full-wave rectified
DC voltage to the motor.

[0015] The electrolytic capacitor 72 greatly reduces its
capacitance over time and the reduction causes much heat
generation due to charge and discharge, possibly causing
explosion or liquid leakage. Accordingly, the electrolytic
capacitor 72 needs to have a large capacitance. However, a
high-capacitance electrolytic capacitor is large and expen-
sive. To ensure long term reliability, it is necessary to give a
higher priority to long term reliability by increasing the
capacitance or give a higher priority to the size and const by
reducing capacitance margins.

[0016] For the single-phase torque motor 20, the rated
power frequencies are generally 50 Hz and 60 Hz. The rota-
tion frequency can be fixed to 50 Hz or 60 Hz, but a circuit that
adjusts the duty of the switching depending on the phase of
the rotation frequency is required to obtain a sinusoidal cur-
rent waveform that prevents torque fluctuations and this cir-
cuit is complicated and expensive.

SUMMARY OF THE INVENTION

[0017] The presentinvention addresses the above problems
with the object of providing a torque motor driving device for
wire cut electrical discharge machines that can output a low
torque stably, has long term reliability and a low production
cost, and drives a torque motor with an AC power source.

[0018] A torque motor driving device for wire cut electrical
discharge machines according to the present invention
includes a full-wave rectifying circuit connected to the AC
power source, a bridge circuit connected between a rectifica-
tion output of the full-wave rectifying circuit and the torque
motor, a polarity determination signal generating circuit that
detects a period during which an absolute value of a power
voltage of the AC power source exceeds a first reference
voltage in a period during which a polarity of the power
voltage of the AC power source is positive and outputs a
detection result as a first polarity determination signal and
detects a period during which the absolute value of the power
voltage of the AC power source exceeds a second reference
voltage in a period during which the polarity of the power
voltage of the AC power source is negative, a PWM signal
generating circuit that generates a PWM signal whose duty is
adjusted according to a physical quantity corresponding to a
torque of the torque motor, and a logical AND circuit that
obtains a logical AND between the PWM signal output from
the PWM signal generating circuit and the first and second
polarity determination signals output from the polarity deter-
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mination signal generating circuit. The bridge circuit includes
apositive polarity switch group having two or more semicon-
ductor switches that applies a positive voltage to the torque
motor and a negative polarity switch group having two or
more semiconductor switches that applies a negative voltage
to the torque motor. In addition, at least one of the semicon-
ductor switches included in the positive polarity switch group
operates according to a signal of a logical AND between the
first or second polarity determination signal and the PWM
signal and the other semiconductor switches operate accord-
ing the first or second polarity determination signal. At least
one of the semiconductor switches included in the negative
polarity switch group operates according to a signal of a
logical AND between the second or first polarity determina-
tion signal and the PWM signal and the other semiconductor
switches operate according the second or first polarity deter-
mination signal.

[0019] The physical quantity corresponding to the torque of
the torque motor can be any one of (1) an effective value of a
current waveform of a current that flows into the torque motor
or an average value obtained by full-wave rectifying the cur-
rent waveform, (2) an effective value of a voltage waveform
of a voltage applied to the torque motor or an average value
obtained by full-wave rectifying the voltage waveform, (3) a
shaft torque of an output shaft of the torque motor, and (4) a
tension of a wire electrode. The duty of the PWM signal may
be changed so that the physical quantity matches an
instructed value that is input to a driving circuit for the torque
motor.

[0020] An instructed value data table for the torque motor
may be provided for each wire electrode diameter and data
corresponding to set wire electrode diameter information
may be retrieved from the instructed value data table and the
data is input to the torque motor driving circuit as an
instructed value.

[0021] When set power frequency information does not
match a frequency in the instructed value data table for the
torque motor, a value in the instructed value data table may be
multiplied by a coefficient that has a predetermined initial
value and that is changeable later, and a multiplication result
may be input to the torque motor driving circuit as an
instructed value.

[0022] The instructed value data table for the torque motor
for each wire diameter may be provided for each of a first
frequency and a second frequency that is different from the
first frequency, and the data table for the first frequency or the
data table for the second frequency may be selected depend-
ing on the set power frequency information.

[0023] According to the present invention, it is possible to
provide a torque motor driving device that can output a low
torque stably and has long term reliability and a low produc-
tion cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is schematically shows an embodiment of a
single-phase torque motor driving circuit according to the
present invention, which controls the detected current value
obtained by detecting a current flowing through a single-
phase torque motor so as to match an instructed current value.
[0025] FIG. 2 shows anexample of the voltage waveform of
an AC voltage supplied from the AC power source in FIG. 1.
[0026] FIGS.3A and 3B show an example of the waveform
of'a voltage applied to the signal-phase torque motor in FIG.
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1 and an example of the waveform of a current flowing
through the signal-phase torque motor.

[0027] FIG. 4A shows an example of the voltage waveform
of'the AC voltage supplied from the AC power source in FIG.
1; FIG. 4B shows an example of a rectified waveform
obtained by full-wave rectifying the AC voltage with a diode
bridge circuit in FIG. 1; FIG. 4C shows an example of a first
polarity determination signal to be output in the period in
which the polarity of the AC voltage is detected as positive;
FIG. 4D shows an example of'a second polarity determination
signal to be output in the period in which the polarity of the
ACvoltage is detected as negative; FIG. 4E shows an example
of a PWM signal generated by a PWM signal generating
circuit in FIG. 1; FIG. 4F shows an example of a signal
resulting from a logical AND between the first polarity deter-
mination signal in FIG. 4C and the PWM signal in FIG. 4E;
FIG. 4G shows an example of a signal resulting from a logical
AND between the second polarity determination signal in
FIG. 4D and the PWM signal in FIG. 4E.

[0028] FIG. 5 shows that the first polarity determination
signal in FIG. 4C and the second polarity determination sig-
nal in FIG. 4D are both placed in the low state in the period in
which the power voltage of the AC power source in FIG. 1 is
between a first reference voltage and a second reference volt-
age to provide a dead time.

[0029] FIG. 6 schematically shows a torque motor driving
circuit by the resistor voltage divider method of the prior art.
[0030] FIG. 7 schematically shows a torque motor driving
circuit by the triac method of the prior art.

[0031] FIG. 8 schematically shows a torque motor driving
circuit by the inverter method of the prior art.

[0032] FIG. 9A shows an example of the voltage waveform
and FIG. 9B shows an example of the current waveform of a
torque motor by the triac method.

[0033] FIG. 10A shows an example of the voltage wave-
form and FIG. 10B shows an example of the current wave-
form of a torque motor by the inverter method.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0034] A torque motor driving circuit according to the
present invention applies a voltage waveform rectified by a
full-wave rectifying circuit to a torque motor as an AC voltage
using a bridge circuit including a semiconductor switch,
instead of using a high-capacitance electrolytic capacitor.
This facilitates application of a sinusoidal voltage waveform
similar to the power voltage waveform to a single-phase
torque motor without using a complicated circuit that adjusts
the duty of switching depending on the phase of the rotation
frequency used in an inverter. The voltage to be applied to the
single-phase torque motor can be adjusted even in an area
where a different power voltage to obtain a desired torque as
in the inverter by generating a PWM signal whose duty is
adjusted so that the current flowing through the single-phase
torque motor matches the instructed value and using the gen-
erated PWM signal to operate the bridge circuit.

[0035] An embodiment of the invention will be described
below with reference to the drawings. Elements identical or
similar to those of the prior art are indicated by identical
reference numerals.

[0036] FIG. 1 is shows an embodiment of a single-phase
torque motor driving circuit according to the present inven-
tion, which controls the detected current value obtained by
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detecting the current flowing through a single-phase torque
motor 20 so as to match an instructed current value.

[0037] An AC power source 10 in FIG. 1 supplies an AC
voltage V1 with the power voltage waveform shown in FIG. 2.
The power voltage waveform in FIG. 2 is the same as that in
FIG. 4A described later.

[0038] A main controller 42 has a function of totally con-
trolling a wire cut electrical discharge machine and has the
same configuration (not shown) as in a known control unit for
wire cut electrical discharge machines, which has an central
processing unit (CPU), an input/output means, a recording
means, a display means, etc. A first diode 11, a second diode
12, a third diode 13, and a fourth diode 14 constitute a diode
bridge circuit. The power voltage V1 of the AC voltage sup-
plied from the AC power source 10 is full-wave rectified by
the diode bridge circuit. The full-wave rectified waveform is
shown in FIG. 4B.

[0039] A voltage with the full-wave rectified waveform in
FIG. 4B is applied to the single-phase torque motor 20 via a
semiconductor bridge circuit including a first FET 15, a sec-
ond FET 16, a third FET 17 and a fourth FET 18.

[0040] The first FET 15 and the fourth FET 18 constitute a
positive polarity switch group, which applies a positive volt-
age to the single-phase torque motor 20. The second FET 16
and the third FET 17 constitute a negative polarity switch
group, which applies a negative voltage to the single-phase
torque motor 20. Here, an FET is an acronym for field effect
transistor.

[0041] A resistor 22 is inserted in series with the single-
phase torque motor 20, the voltage applied to the resistor 22 is
full-wave rectified by a full-wave rectifying circuit 30 and
smoothed by a smoothing circuit 32, and the DC voltage
(detected voltage value) obtained by the smoothing is
detected. The waveform of the current flowing through the
resistor 22 is similar to that in FIG. 3B and the waveform of
the voltage across the resistor 22 is also similar to that in FIG.
3B.

[0042] Since the resistance of the resistor 22 is known, the
circuit constant of an amplification circuit 34 is set so that the
current (detected current value) flowing through the single-
phase torque motor 20 can be a detected from the detected
voltage value. This detected current value is input to a PWM
signal generating circuit 38 as the average current value of the
single-phase torque motor 20. The PWM signal generating
circuit 38 generates a PWM signal e whose ON/OFF duty is
changed so that the detected current value matches the
instructed current value (see FIG. 4E).

[0043] A polarity determination signal generating circuit
36 compares the power voltage V1 (see FIG. 4A) of the AC
power source 10 with a first reference voltage, detects the
period of the positive polarity, and generates a first polarity
determination signal ¢ (see FIG. 4C). Similarly, the polarity
determination signal generating circuit 36 compares the
power voltage V1 with a second reference voltage, detects the
period of the negative polarity, and generates a second polar-
ity determination signal d (see FIG. 4D). The polarity deter-
mination signal generating circuit 36 can use, for example, a
comparator IC (not shown) to perform these comparison
operations. The first polarity determination signal ¢ may indi-
cate the negative polarity period and the second polarity
determination signal d may indicate the positive polarity
period.

[0044] Since the first polarity determination signal ¢ and
the second polarity determination signal d are both placed in
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the low state in the period in which the power voltage V1 of
the AC power source 10 is between the first reference voltage
and the second reference voltage, a dead time can be provided
(see FIG. 5). This prevents the rectification voltage from
being short-circuited by concurrent operation of the positive
polarity switch group and the negative polarity switch group.
[0045] The first polarity determination signal ¢ output from
the polarity determination signal generating circuit 36 is input
to the first FET 15 included in the positive polarity switch
group and a logical AND circuit 40. Similarly, the second
polarity determination signal d output from the polarity deter-
mination signal generating circuit 36 is input to the third FET
17 included in the negative polarity switch group and the
logical AND circuit 40. The logical AND circuit 40 calculates
the logical AND between the first polarity determination sig-
nal ¢ and the PWM signal e and the logical AND between the
second polarity determination signal d and the PWM signal e.

[0046] The fourth FET 18 in the positive polarity switch
group is operated on the basis of the logical AND (see FIG.
4F) between the first polarity determination signal ¢ and the
PWM signal e resulting from the logical AND circuit 40. The
first FET 15 in the positive polarity switch group is operated
by the first polarity determination signal c. The second FET
16 in the negative polarity switch group is operated on the
basis of the logical AND (see FIG. 4G) between the second
polarity determination signal d and the PWM signal e result-
ing from the logical AND circuit 40. The third FET 17 in the
negative polarity switch group is operated by the second
polarity determination signal d. Accordingly, the voltage
shown FIG. 3A is applied to the single-phase torque motor 20
and the current shown in FIG. 3B flows through the single-
phase torque motor 20. The current flowing through the
single-phase torque motor 20 is obtained by detecting the
voltage across the resistor 22.

[0047] The fourth FET 18 may be replaced with the first
FET 15, and the third FET 17 may be replaced with the second
FET 16. The third FET 17 of the negative polarity switch
group instead of the positive polarity switch group may be
operated on the basis of the logical AND between the first
polarity determination signal ¢ and the PWM signal e, and the
second FET 16 may be operated by the first polarity determi-
nation signal. The fourth FET 18 of the positive polarity
switch group instead of the negative polarity switch group
may be operated on the basis of the logical AND between the
second polarity determination signal d and the PWM signal e,
and the first FET 15 may be operated by the second polarity
determination signal. Alternatively, all the FETs in the posi-
tive and negative polarity switch groups may be operated only
by the logical AND between the first and second polarity
determination signals ¢ and d and the PWM signal e. When
each ofthe first FET 15, the second FET 16, the third FET 17,
and the fourth FET 18 includes a plurality of FETs connected
in parallel because, for example, the rated currents of the
FETs 15 to 18 are small, the plurality of FETs connected in
parallel may be operated by the same signal.

[0048] According to the embodiment of the present inven-
tion, it is possible to provide a torque motor driving circuit
that can easily apply a sinusoidal switched voltage to a torque
motor without using a high-capacitance smoothing capacitor
or a circuit adjusting the duty of switching depending on the
phase of the rotation frequency used in the inverter, that can
output even a low torque stably, and that has long term reli-
ability and a low production cost.
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[0049] In addition, a circuit that detects the current of the
single-phase torque motor 20 and adjusts the duty of the
PWM signal e is disposed, so that a desirable torque that
depends on the diameter of a wire electrode can be obtained
even in an area in which the power voltage V1 is different. As
in the inverter, an high-speed FET or other component with a
small resistance is used as the semiconductor switch, so that
a loss of power can be reduced to a small value.

[0050] In the above embodiment of the present invention,
the resistor 22 is inserted in series with the single-phase
torque motor 20, the resistance across the resistor 22 is mea-
sured, the effective value of the current waveform applied to
the single-phase torque motor 20 and the average value
obtained by full-wave rectifying the current waveform are
obtained, and these values are used as physical quantities for
determining the duty of the PWM signal e.

[0051] Other than this, there are a method that measures the
output voltage of the torque motor driving circuit, a method
that measures the shaft torque of the shaft to which the single-
phase torque motor 20 is fixed, and a method that measures
the tension of the wire electrode. The shaft torque can be
estimated from the amount of strain obtained by placing a
torque detector between the single-phase torque motor 20 and
the fixed shaft or attaching a strain gauge to the output shaft of
the single-phase torque motor 20. The tension of the wire
electrode can be estimated by placing a tension detector in the
running path of the wire electrode drawn from the wire bob-
bin or estimated from the load current of the motor that pulls
the wire electrode.

[0052] The control unit for wire cut electrical discharge
machines has an instructed value data table for the single-
phase torque motor 20 for each wire electrode diameter,
retrieves the data corresponding to set wire electrode diam-
eter information from the instructed value data table, and
inputs the data to the driving circuit of the torque motor as an
instructed value.

[0053] The instructed value table for the single-phase
torque motor 20 is for 50 Hz or 60 Hz. If the different power
frequency information is set, the value in the instructed value
data table is multiplied by a coefficient that has a predeter-
mined initial value and can be changed later and the resulting
value is input to the torque motor driving circuit as an
instructed value.

[0054] The instructed value data table for the torque motor
20 for each wire diameter may be provided for each of 50 Hz
and 60 Hz, and the instructed value data table for 50 Hz or the
instructed value data table for 60 Hz may be selected depend-
ing on the set power frequency information.

[0055] The above data tables can be stored in a recording
means (not shown) included in the main controller 42.

1. A toque motor driving device for wire cut electrical
discharge machines that drives a torque motor using an AC
power source, the toque motor driving device comprising:

a bridge circuit connected between a rectification output of

the full-wave rectifying circuit and the torque motor;

a polarity determination signal generating circuit that
detects a period during which an absolute value of a
power voltage of the AC power source exceeds a first
reference voltage in a period during which a polarity of
the power voltage of the AC power source is positive and
outputs a detection result as a first polarity determination
signal and detects a period during which the absolute
value of the power voltage of the AC power source
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exceeds a second reference voltage in a period during
which the polarity of the power voltage of the AC power
source is negative;

a PWM signal generating circuit that generates a PWM
signal whose duty is adjusted according to a physical
quantity corresponding to a torque of the torque motor;

and a logical AND circuit that obtains a logical AND
between the PWM signal output from the PWM signal
generating circuit and the first and second polarity deter-
mination signals output from the polarity determination
signal generating circuit;

wherein the bridge circuit includes a positive polarity
switch group including two or more semiconductor
switches that applies a positive voltage to the torque
motor and a negative polarity switch group including
two or more semiconductor switches that applies a nega-
tive voltage to the torque motor;

wherein at least one of the semiconductor switches
included in the positive polarity switch group operates
according to a signal of a logical AND between the first
or second polarity determination signal and the PWM
signal and the other semiconductor switches operate
according the first or second polarity determination sig-
nal;

wherein at least one of the semiconductor switches
included in the negative polarity switch group operates
according to a signal of a logical AND between the
second or first polarity determination signal and the
PWM signal and the other semiconductor switches oper-
ate according the second or first polarity determination
signal.

2. The toque motor driving device for wire cut electrical

discharge machines according to claim 1, wherein the physi-
cal quantity corresponding to the torque of the torque motor is

Jan. 5, 2012

any one of (1) an effective value of a current waveform of a
current that flows into the torque motor or an average value
obtained by full-wave rectifying the current waveform, (2) an
effective value of a voltage waveform of a voltage applied to
the torque motor or an average value obtained by full-wave
rectifying the voltage waveform, (3) an shaft torque of an
output shaft of the torque motor, and (4) a tension of a wire
electrode, and the duty of the PWM signal is changed so that
the physical quantity matches an instructed value input to a
torque motor driving circuit.

3. The toque motor driving device for wire cut electrical
discharge machines according to claim 2, wherein an
instructed value data table for the torque motor is provided for
each wire electrode diameter and data corresponding to set
wire electrode diameter information is retrieved from the
instructed value data table and the data is input to the torque
motor driving circuit as an instructed value.

4. The toque motor driving device for wire cut electrical
discharge machines according to claim 3, wherein, when set
power frequency information does not match a frequency in
the instructed value data table for the torque motor, a value in
the instructed value data table is multiplied by a coefficient
that has a predetermined initial value and that is changeable
later, and a multiplication result is input to the torque motor
driving circuit as an instructed value.

5. The toque motor driving device for wire cut electrical
discharge machines according to claim 3, wherein the
instructed value data table for the torque motor for each wire
diameter is provided for each of a first frequency and a second
frequency that is different from the first frequency, and the
data table for the first frequency or the data table for the
second frequency is selected depending on the set power
frequency information.
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