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(54) ELECTROMAGNET DRIVE DEVICE

(57) An electromagnet drive device includes a con-
trol microcomputer (13a, 13b) that controls the excitation
current of an electromagnet (1) through a switching ele-
ment (2). At the time of iron core initial attraction and the
time of iron core re-attraction of the electromagnet (1),
the control microcomputer (13a, 13b) calculates a wind-
ing resistance value of the electromagnet (1) from a volt-
age drop proportional to the amount of the excitation cur-
rent of the electromagnet (1) and DC power supply volt-
age applied to the electromagnet (1), and pulse-controls
the DC power supply voltage based on the calculated
winding resistance value. In the time other than the time
of iron core initial attraction and the time of iron core re-at-
traction, the control microcomputer (13a, 13b) transforms
the DC power supply voltage into pulsed voltage to be
applied to the electromagnet (1).

Abstract as published
The electromagnet drive device is provided with a

control microcomputer (13a, 13b) for controlling the ex-
citation current to an electromagnet (1), mediated by a
switching element (2). At the time of iron core initial at-
traction and at the time iron core re-attraction in the elec-
tromagnet (1), the control microcomputer (13a, 13b) cal-
culates an electromagnet (1) coil resistance value from
the DC power voltage applied to the electromagnet (1)
and a voltage drop that is proportional to the magnitude
of the electromagnet (1) excitation current, and, based
on the calculated coil resistance value, performs pulse
control of the DC power source voltage. For times other
than the time of iron core initial attraction and the time of
iron core re-attraction, the control microcomputer (13a,

13b) turns the DC power voltage into a pulsed voltage,
which is applied to the electromagnet (1).
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Description

BACKGROUND OF THE INVENTION

Field of the invention

[0001] The present invention relates to an electromag-
net drive device for driving an electromagnet included in
a breaker or the like.

Description of the related art

[0002] An electromagnet drive device for attracting the
iron core of an electromagnet included in a breaker or
the like performs control such that: at the time of initial
attraction, large excitation current is caused to flow in the
winding due to a gap of the magnetic circuit; and after
the iron core is attracted, the excitation current is reduced
and caused to flow in the winding due to the reduced gap
of the magnetic circuit to maintain the attracted state.
[0003] In this electromagnet drive device, in order to
reduce the excitation current after the iron core is attract-
ed, pulsed voltage is applied to the electromagnet so
that, during the period in which no voltage is applied to
the electromagnet, excitation current generated by the
counter electromotive force of the electromagnet flows
in the winding through a flywheel diode, resulting in the
excitation current always flowing in the winding. Also,
according to one known method for detecting the excita-
tion current after the iron core is attracted, a current de-
tection sensor is provided within a loop formed by the
electromagnet and the flywheel diode to detect the exci-
tation current (e.g., see PTL 1).
[0004] PTL 1: JP-A-6-311637
[0005] In a method of providing a current detection sen-
sor within a loop formed by the electromagnet and the
flywheel diode, such as the technique disclosed in the
PTL 1, a resistor is used for the current detection sensor
and a voltage drop across the resistor is measured, which
poses a problem of the excitation current always flowing
in the resistor to increase power loss.
[0006] According to one method for suppressing the
power loss, the current detection sensor is provided out-
side the loop formed by the electromagnet and the fly-
wheel diode and in series with a switching element for
applying pulsed voltage to the electromagnet to detect
the excitation current by the current detection sensor only
when the switching element is in on-state. However, this
method poses a problem of needing a high-performance
and high-cost microcomputer with a high sampling fre-
quency for detecting excitation current when the pulsed
voltage applied to the electromagnet has a narrow pulse
width or short pulse period.

SUMMARY OF THE INVENTION

[0007] In order to solve the above problem, it is an ob-
ject of the present invention to provide an electromagnet

drive device that suppresses power loss due to an exci-
tation current detection resistor across which a voltage
drop proportional to the amount of excitation current of
an electromagnet occurs and that can be controlled by
even a microcomputer with a low sampling frequency.
[0008] The electromagnet drive device of the invention
includes: a winding power supply circuit that outputs DC
power supply voltage to be applied to an electromagnet;
a power supply voltage measurement circuit that meas-
ures the DC power supply voltage; an excitation current
detection resistor connected in series with the electro-
magnet, across which a voltage drop proportional to the
amount of excitation current of the electromagnet occurs;
and a control microcomputer that controls the excitation
current of the electromagnet through a switching ele-
ment,
wherein the control microcomputer, at the time of iron
core initial attraction and the time of iron core re-attraction
of the electromagnet, calculates the winding resistance
value of the electromagnet from the measurements of a
voltage drop across the excitation current detection re-
sistor and the DC power supply voltage, and, in the time
other than the time of iron core initial attraction and the
time of iron core re-attraction of the electromagnet, per-
forms pulse control in which, based on the winding re-
sistance value, the DC power supply voltage is trans-
formed into pulsed voltage to be applied to the electro-
magnet by the switching element.
[0009] According to the invention, power loss can be
suppressed in the excitation current detection resistor
across which the voltage drop proportional to the amount
of excitation current of the electromagnet occurs, and,
when pulsed voltage is applied to the electromagnet in
order to reduce the excitation current after the iron core
of the electromagnet is attracted, a low-cost microcom-
puter with a low sampling frequency can be used to detect
an electromagnet excitation current with pulsed voltage
applied, which conventionally could not be detected by
a microcomputer with a low sampling frequency.
[0010] The foregoing and other objects, features, as-
pects and advantages of the present invention will be-
come more apparent from the following detailed descrip-
tion of the present invention when taken in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Fig. 1 A circuit diagram showing the configuration of
an electromagnet drive device in accordance with a
first embodiment of the invention.
Fig. 2 An illustration for describing the voltage ap-
plied to the electromagnet drive device in accord-
ance with the first embodiment of the invention.
Fig. 3 An illustration for describing the current flowing
in the electromagnet drive device in accordance with
the first embodiment of the invention.
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Fig. 4 An illustration for describing the relation be-
tween the winding resistance value of the electro-
magnet and the temperature.
Fig. 5 A diagram showing the relation between the
correction coefficient and the winding resistance val-
ue of the electromagnet drive device in accordance
with the first embodiment of the invention.
Fig. 6 A diagram showing the relation between the
correction coefficient and the applied voltage of the
electromagnet drive device in accordance with the
first embodiment of the invention.
Fig. 7 A circuit diagram showing the configuration of
an electromagnet drive device in accordance with a
second embodiment of the invention.
Fig. 8 An illustration for describing the voltage ap-
plied to the electromagnet drive device in accord-
ance with the second embodiment of the invention.
Fig. 9 A timing chart showing the operation of the
switching element and the semiconductor switch of
the electromagnet drive device in accordance with
the second embodiment of the invention.
Fig. 10 A timing chart showing the relation between
the voltage across the excitation current detection
resistor and the voltage across the capacitor of the
electromagnet drive device in accordance with the
second embodiment of the invention.
Fig. 11 A circuit diagram showing the configuration
of an electromagnet drive device in accordance with
a third embodiment of the invention.
Fig. 12 A timing chart showing the relation between
the current flowing in the excitation current detection
resistor and the current flowing in the input side of
the Photo-MOS relay of the electromagnet drive de-
vice in accordance with the third embodiment of the
invention.
Fig. 13 A timing chart showing the relation between
the current flowing in the excitation current detection
resistor and the current charging the capacitor of the
electromagnet drive device in accordance with the
third embodiment of the invention.
Fig. 14 A timing chart showing the relation between
the voltage across the excitation current detection
resistor and the voltage across the capacitor of the
electromagnet drive device in accordance with the
third embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0012] A preferred embodiment of an electromagnet
drive device in accordance with the invention is described
below with reference to the drawings.

First embodiment

[0013] Fig. 1 is a circuit diagram showing the configu-
ration of an electromagnet drive device in accordance
with a first embodiment of the invention.

[0014] In Fig. 1, an electromagnet 1 is connected to a
switching element 2. When the switching element 2 is in
on-state, DC power supply voltage is applied to the elec-
tromagnet 1 by a winding power supply circuit 3. When
the switching element 2 is in on-state, excitation current
flows in an excitation current detection resistor 4, then a
voltage drop proportional to the amount of excitation cur-
rent occurs across the excitation current detection resis-
tor 4. A flywheel diode 5 is connected in parallel with the
electromagnet 1 in order to cause excitation current to
flow in the electromagnet 1 using counter electromotive
force generated in the electromagnet 1 when the switch-
ing element 2 is in off-state. That is, a loop is formed by
the electromagnet 1 and the flywheel diode 5.
[0015] An excitation current control section 6a in-
cludes: a power supply voltage measurement circuit 10
that measures the DC power supply voltage of the wind-
ing power supply circuit 3; an excitation current meas-
urement circuit 11 that measures the voltage drop across
the excitation current detection resistor 4 and detects the
excitation current of the electromagnet 1 as an excitation
current detection means; a pulse drive circuit 12a that
pulse-controls the switching element 2; a control micro-
computer 13a that calculates the pulse width that can
cause excitation current necessary for holding the iron
core of the electromagnet 1 to flow based on the values
measured by the power supply voltage measurement cir-
cuit 10 and the excitation current measurement circuit 11
and controls the pulse width of the pulse drive circuit 12a;
and a control power supply circuit 14 that supplies power
to the control microcomputer 13a.
[0016] An alarm output circuit 7 outputs an alarm when
the winding resistance value is abnormal due to a layer
short circuit in the winding of the electromagnet 1 or the
like, or when the ambient temperature of the electromag-
net 1 increases due to an abnormal heat generation of
the current-carrying part of a breaker, causing increase
in the winding resistance value, or the like. A time-delay
operation capacitor 8 is a power-supply backup capaci-
tor. When the electromagnet drive device is used for an
under voltage trip device as an internal accessory device
of a breaker or the like, in order to cause time-delay op-
eration for maintaining iron core attraction of the electro-
magnet 1 for a predetermined time (for example, three
seconds or so) after the input power supply is cut off, the
time-delay operation capacitor 8 supplies excitation cur-
rent to the electromagnet 1 during time-delay operation.
[0017] The electromagnet drive device in accordance
with the first embodiment is configured as above. Next,
its operation is described.
[0018] When the winding power supply circuit 3 and
the control power supply circuit 14 are started to supply
power to the control microcomputer 13a, which is then
started, the control microcomputer 13a uses the power
supply voltage measurement circuit 10 to determine
whether or not the DC power supply voltage of the wind-
ing power supply circuit 3 has increased to a voltage at
which the iron core of the electromagnet 1 can be attract-
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ed, and is stable at a constant voltage Va. If determined
that the DC power supply voltage of the winding power
supply circuit 3 is stable at the constant value Va, the
control microcomputer 13a operates the pulse drive cir-
cuit 12a to perform the iron core attraction.
[0019] At the time of iron core initial attraction, large
excitation current needs to be caused to flow in the wind-
ing due to a gap of the magnetic circuit. So, the control
microcomputer 13a operates the pulse drive circuit 12a
with a pulse width of 100% for several hundred millisec-
onds, as indicated by Ta in Fig. 2 in which the horizontal
axis indicates time and the vertical axis indicates DC pow-
er supply voltage of the winding power supply circuit 3.
Then, the switching element 2 is maintained in on-state
for several hundred milliseconds, and the DC power sup-
ply voltage of the winding power supply circuit 3 is applied
to the electromagnet 1. At this time, excitation current
flowing in the electromagnet 1 is as shown in Fig. 3 in
which the horizontal axis indicates time and the vertical
axis indicates the excitation current. That is, the excita-
tion current starts to flow from the voltage application
start point indicated by T1. Then, as the gap between the
moving iron core and the stationary iron core decreases,
the magnetic resistance decreases and the magnetic flux
increases, then, when the moving iron core is attracted
to abut against the stationary iron core, the magnetic flux
rapidly increases to generate counter electromotive
force, which temporarily reduce coil current at a point
indicated by T2. After the moving iron core abuts against
the stationary iron core, the magnetic resistance be-
comes constant and the magnetic flux no longer chang-
es, then, when the counter electromotive force decreases
to zero, the excitation current of the electromagnet 1 be-
comes a constant value of applied voltage divided by the
winding resistance value as in the period indicated by T3.
[0020] At this time, a voltage drop Vb proportional to
the excitation current occurs across the excitation current
detection resistor 4. The control microcomputer 13a ob-
tains the measurement data of the voltage drop Vb from
the excitation current measurement circuit 11 and the
measurement data of the DC power supply voltage Va
of the winding power supply circuit 3 from the power sup-
ply voltage measurement circuit 10. The control micro-
computer 13a calculates the winding resistance value
Ra of the electromagnet 1 by the expression Ra = (Va -
Vb)/(Vb/Rb), where Rb is the resistance value of the ex-
citation current detection resistor 4. Here, the on-resist-
ance of the switching element 2 is several hundred mil-
liohms, which is negligibly small in comparison with the
winding resistance value of the electromagnet 1, so, the
voltage drop across the switching element 2 is omitted
in the calculation.
[0021] After the time of iron core initial attraction Ta of
Fig. 2 has passed and the iron core has been attracted,
the gap of the magnetic circuit has become small, so,
even with the flowing excitation current reduced, the at-
tracted state of the iron core can be maintained. Reduc-
tion in the excitation current is performed by the control

microcomputer 13a pulse-controlling the switching ele-
ment 2 through the pulse drive circuit 12a and transform-
ing the DC power supply voltage Va of the winding power
supply circuit 3 into pulsed voltage to be applied to the
electromagnet 1. However, the winding resistance value
Ra of the electromagnet 1 increases in proportion to the
ambient temperature as shown in Fig. 4, so, with a con-
stant pulse width, the excitation current decreases as the
ambient temperature increases. Also, when the DC pow-
er supply voltage Va of the winding power supply circuit
3 decreases due to an instantaneous power failure or the
like, the excitation current decreases.
[0022] In order to avoid this, the control microcomputer
13a uses the winding resistance value Ra obtained from
the above calculation and the measured value of the DC
power supply voltage Va of the winding power supply
circuit 3 to determine a correction coefficient K for the
on-duty of the pulse control and performs the pulse con-
trol with an on-duty of D1 x K, which is the fundamental
on-duty D1 multiplied by the correction coefficient K. Note
that the fundamental on-duty D1 is an on-duty with which
the iron core can be held attracted when the winding pow-
er supply circuit 3 stably operates at the ambient tem-
perature of 20°C, which is previously stored in the control
microcomputer 13a. On the other hand, the correction
coefficient K is calculated by the control microcomputer
13a by the expression K = K1 x K2, where K1 is a cor-
rection coefficient considering increase/decrease of the
winding resistance value due to the ambient temperature
and K2 is a correction coefficient considering reduction
in the DC power supply voltage Va of the winding power
supply circuit 3. K1 is given by the winding resistance
value Ra divided by a reference winding resistance value
R1. K2 is given by the DC power supply voltage Va di-
vided by a reference power supply voltage V1. The ref-
erence winding resistance value R1 is a resistance value
at the ambient temperature of 20°C. The reference power
supply voltage V1 is a voltage of the winding power sup-
ply circuit 3 in stable operation. As shown in Fig. 5, the
correction coefficient K1 performs correction so that the
on-duty increases in proportion to the winding resistance
value. On the other hand, as shown in Fig. 6, the correc-
tion coefficient K2 performs correction so that the on-duty
increases as the voltage applied to the winding decreas-
es.
[0023] The resistance value of the winding of the elec-
tromagnet 1 increases or decreases depending on the
ambient temperature. So, when the pulse control is per-
formed for a long time based on the winding resistance
value Ra calculated during the time of iron core initial
attraction Ta, the amount of flowing excitation current
may fall below the amount necessary for maintaining iron
core attraction, or the excess amount of excitation current
may flow to cause the electromagnet 1 to generate heat
or increase consumption current, or another problem
may occur. As such, control is performed to maintain the
excitation current constant, in which, as shown in Fig. 2,
during the period of several hundred milliseconds indi-
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cated by Tb at intervals of several tens of seconds, the
pulse drive circuit 12a is operated with a pulse width of
100% and the switching element 2 is caused to be in on-
state for several hundred milliseconds, then, when the
excitation current becomes constant as in the period in-
dicated by T4 in Fig. 3, the resistance value Ra of the
winding of the electromagnet 1 is recalculated to deter-
mine an on-duty for next several tens of seconds until
iron core re-attraction. Note that in an internal accessory
device or the like using the electromagnet of a breaker,
an external impact, such as a main body opening/closing
impact, hits the electromagnet, then the iron core shifted
from an original position by the external impact can also
be returned to the original position by the iron core re-
attraction at intervals of several tens of seconds.
[0024] When this electromagnet drive device is used
as an internal accessory device of a breaker or the like,
the winding resistance value of the electromagnet 1 in-
creases due to the influence of heat dissipation of the
current-carrying part or increase in the ambient temper-
ature. However, the control microcomputer 13a stores
the maximum variation range of the winding resistance
value, then, when the resistance value Ra of the winding
obtained from the above calculation falls below the lower
limit value due to a layer short circuit in the winding or
the like, or when the winding resistance value exceeds
the upper limit value due to increase in the ambient tem-
perature of the electromagnet 1 caused by an abnormal
heat generation of the current-carrying part, the control
microcomputer 13a outputs an alarm of an abnormal
winding resistance value through the alarm output circuit
7.
[0025] Also, the under voltage trip device as the inter-
nal accessory device of the breaker or the like may per-
form time-delay operation for maintaining iron core at-
traction of the electromagnet for three seconds or so after
the input power supply is cut off, in which, with the time-
delay operation capacitor 8 attached, the excitation cur-
rent is continuously caused to flow in the electromagnet
1 for a time-delay duration after the cut off of the input
power supply, using an electrical charge stored before
the cutoff. At this time, the voltage Va applied to the elec-
tromagnet 1 decreases as the charge of the time-delay
operation capacitor 8 is consumed. So, if the switching
pulse width of the switching element 2 is constant, the
excitation current decreases. As such, the pulse control
is performed with an on-duty that is the fundamental on-
duty D1 multiplied by the correction coefficient K, so the
on-duty increases as the voltage Va applied to the elec-
tromagnet 1 decreases, which can maintain the excita-
tion current constant.
[0026] As described above, according to the electro-
magnet drive device in accordance with the first embod-
iment, the excitation current detection resistor 4 is pro-
vided outside the loop formed by the electromagnet 1
and the flywheel diode 5, so, power consumption occurs
in the excitation current detection resistor 4 only when
the switching element 2 is in on-state, and does not occur

when the switching element 2 is in off-state, which can
suppress the power loss.
[0027] Furthermore, the excitation current is measured
by the excitation current measurement circuit 11 when
the excitation current is relatively large at the time of iron
core initial attraction and at the time of iron core re-at-
traction as indicated by T3 and T4 in Fig. 3, so, assuming
that the amount of excitation current at the time of iron
core initial attraction and at the time of iron core re-at-
traction is 5 times as large as that of the held-attraction
maintaining current, in order to obtain the same detected
voltage, the excitation current detection resistor 4 with a
resistance value one fifth as large as that of a resistor
used in a method of detecting the held-attraction main-
taining current can be used. Using a resistor with a small
resistance value can suppress power consumption in the
resistor, so a resistor having small normal rated power
can be used.
[0028] Furthermore, as shown in Fig. 2, the voltage
drop proportional to the excitation current occurring
across the excitation current detection resistor 4 occurs
only when the switching element 2 is in on-state. If the
pulse period of the pulse control at the time of held-at-
traction maintaining current flowing is set to 15 kHz or
higher in order to avoid the audible frequency range, the
pulse width would be as narrow as several microseconds
to several tens of microseconds. In order to choose a
control microcomputer that can sample this pulse several
times, a high-performance and high-cost microcomputer
must be chosen. For example, in order to sample a 10
ms pulse 10 times, a high-performance control microcom-
puter with a sampling frequency of 1 MHz or higher is
needed. However, with a duration of excitation current
detection T3 and T4 in Fig. 3 of 10 ms or longer, in order
to sample a 10-ms pulse 10 times, a control microcom-
puter with a sampling frequency of 1 kHz or higher can
be used, so, a low-cost general-purpose microcomputer
with a low sampling frequency can be used.
[0029] Furthermore, the control microcomputer 13a
stores the maximum variation range of the winding re-
sistance value and, when the winding resistance value
is out of the maximum variation range, outputs an alarm
of an abnormal winding resistance value through the
alarm output circuit 7. So, when an abnormal winding
resistance value due to a layer short circuit or the like
occurs or when the electromagnet drive device is used
as the internal accessory device of a breaker or the like
and the winding resistance value increases due to in-
crease in the ambient temperature of the electromagnet
1 caused by an abnormal heat generation of the current-
carrying part, the control microcomputer 13a can notify
of an abnormality by outputting an alarm.
[0030] Furthermore, after the iron core of the electro-
magnet 1 is attracted, the gap of the magnetic circuit
becomes small, so, even the flowing excitation current
is reduced, the iron core can be maintained attracted.
However, the control microcomputer 13a uses the meas-
ured value of the winding resistance value Ra and the
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DC power supply voltage Va of the winding power supply
circuit 3 to determine the on-duty correction coefficient,
then perform the pulse control with an on-duty that is the
fundamental on-duty multiplied by the correction coeffi-
cient, which can maintain the excitation current constant
even when the winding resistance value increases or de-
creases depending on the ambient temperature or when
the DC power supply voltage Va of the winding power
supply circuit 3 decreases.
[0031] Furthermore, the resistance value of the wind-
ing of the electromagnet 1 increases or decreases de-
pending on the ambient temperature, so, when the pulse
control is performed for a long time based on the winding
resistance value calculated at the time of iron core at-
traction, the amount of flowing excitation current may fall
below the amount necessary for maintaining iron core
attraction, or the excess amount of excitation current may
flow to cause the electromagnet 1 to generate heat or
increase consumption current, or another problem may
occur. As such, the excitation current can be maintained
constant by recalculating the resistance value of the
winding of the electromagnet 1 at intervals of several tens
of seconds to calculate the on-duty correction coefficient
for next several tens of seconds until iron core re-attrac-
tion, thereby determining an on-duty to perform the pulse
control.
[0032] Furthermore, when the electromagnet drive de-
vice in accordance with the first embodiment is used as
the internal accessory device of the breaker or the like,
an external impact, such as a main body opening/closing
impact, hits the electromagnet 1, however, the iron core
shifted from an original position by the external impact
can be returned to the original position by the iron core
re-attraction at intervals of several tens of seconds.
[0033] Furthermore, when the electromagnet drive de-
vice in accordance with the first embodiment is used for
time-delay operation for maintaining iron core attraction
of the electromagnet 1 for three seconds or so after the
input power supply is cut off in the under voltage trip
device as the internal accessory device within the break-
er or the like, the excitation current is continuously caused
to flow in the electromagnet 1 for a time-delay duration
after the cut off of the input power supply, using an elec-
trical charge stored in the time-delay operation capacitor
8. At this time, the DC supply voltage Va applied to the
electromagnet 1 decreases as the charge of the time-
delay operation capacitor 8 is consumed. As such, the
pulse control is performed with an on-duty that is the fun-
damental on-duty multiplied by the correction coefficient,
which can maintain the excitation current constant even
when the voltage applied to the electromagnet 1 decreas-
es.

Second embodiment

[0034] Next, an electromagnet drive device in accord-
ance with a second embodiment of the invention is de-
scribed.

[0035] Fig. 7 is a circuit diagram showing the configu-
ration of an electromagnet drive device in accordance
with the second embodiment. The second embodiment
is another embodiment of the excitation current control
section 6a of the first embodiment and provides various
effects similar to those of the first embodiment.
[0036] In Fig. 7, an excitation current control section
6b includes: a control microcomputer 13b that causes
excitation current necessary for holding the iron core of
an electromagnet 1 to flow by pulse-controlling a switch-
ing element 2; a control power supply 14 for the control
microcomputer 13b; a power supply voltage measure-
ment circuit 10 that measures DC power supply voltage
of a winding power supply circuit 3; a pulse drive circuit
12b that pulse-controls the switching element 2; and a
transistor 20, resistor 21 and zener diode 22 that pulse-
drive the switching element 2 using a pulse output from
the pulse drive circuit 12b.
[0037] The excitation current control section 6b further
includes: a capacitor 23 that holds a detected voltage
occurring across an excitation current detection resistor
4 in proportion to excitation current when the switching
element 2 is in on-state also during the period in which
the switching element 2 is in off-state; a resistor 24 that
prevents current from flowing from the capacitor 23 to-
ward the excitation current detection resistor 4 during the
period in which the switching element 2 is in off-state; a
semiconductor switch 25 that connects the capacitor 23
to the excitation current detection resistor 4 only when
the switching element 2 is in on-state; and a zener diode
26 and resistor 27 that cause the semiconductor switch
25 to operate only when the switching element 2 is in on-
state. Note that the remaining parts are configured in the
same way as the first embodiment and are denoted by
the same reference numerals with their description omit-
ted.
[0038] The electromagnet drive device in accordance
with the second embodiment is configured as above.
Next, its operation is described.
[0039] In the first embodiment, the pulse width of the
pulse control is determined by calculating the winding
resistance value of the electromagnet 1 from a voltage
drop occurring across the excitation current detection re-
sistor 4 when the pulse control is performed with a pulse
width of 100% at the time of iron core initial attraction and
in a period of several hundred milliseconds at intervals
of several tens of seconds. However, in the second em-
bodiment, the pulse width of the pulse control is deter-
mined from a voltage drop occurring across the excitation
current detection resistor 4 in a pulse control period Tc
shown in Fig. 8 in which the horizontal axis indicates time
and the vertical axis indicates DC power supply voltage
of the winding power supply circuit 3. At the time of iron
core initial attraction, the control microcomputer 13b cal-
culates the winding resistance value of the electromagnet
1 using the method described in the first embodiment to
determine the pulse width and start the pulse control.
The winding resistance value of the electromagnet 1 in-
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creases or decreases depending on the ambient temper-
ature. So, when the pulse control is performed for a long
time based on the winding resistance value calculated
at the time of iron core initial attraction, the amount of
flowing excitation current may fall below the amount nec-
essary for maintaining iron core attraction, or the excess
amount of excitation current may flow to cause the elec-
tromagnet 1 to generate heat or increase consumption
current, or another problem may occur. As such, the ca-
pacitor 23 holds a detected voltage occurring across the
excitation current detection resistor 4 in proportion to the
excitation current when the switching element 2 is in on-
state also during the period in which the switching ele-
ment 2 is in off-state, so, even a low-cost microcomputer
with a low sampling frequency can perform sampling.
[0040] The switching element 2 becomes in on-state
when the gate terminal voltage exceeds a threshold. The
semiconductor switch 25 becomes in on-state when the
control terminal voltage exceeds a threshold. The pulse
control is performed by the pulse drive circuit 12b turning
the transistor 20 on and off. When the transistor 20 is in
on-state, the zener diode 22 is short-circuited and no
voltage is applied to the gate terminal of the switching
element 2. When the transistor 20 is in off-state, current
flows from the resistor 21 to the zener diode 22, then the
same voltage as the zener voltage of the zener diode 22
is applied to the gate terminal of the switching element 2.
[0041] The zener diode 26 having a zener voltage char-
acteristics lower than the zener voltage of the zener diode
22 and the resistor 27 are connected in parallel with the
zener diode 22 and connected to the control terminal of
the semiconductor switch 25. With this configuration, as
shown in Fig. 9, until the gate terminal voltage of the
switching element 2 reaches the zener voltage of the
zener diode 26, no current flows in the zener diode 26
and no voltage occurs across the resistor 27. So, in rising,
the control terminal voltage of the semiconductor switch
25 rises later than the gate terminal voltage of the switch-
ing element 2, and, in falling, the control terminal voltage
of the semiconductor switch 25 falls earlier than the gate
terminal voltage of the switching element 2. Accordingly,
when the pulse control is performed, the semiconductor
switch 25 becomes in on-state after the switching ele-
ment 2 becomes in on-state, and the semiconductor
switch 25 becomes in off-state before the switching ele-
ment 2 becomes in off-state.
[0042] Accordingly, only when the switching element
2 is in on-state and a detected voltage proportional to the
excitation current occurs across the excitation current
detection resistor 4, the semiconductor switch 25 be-
comes in on-state and the capacitor 23 is charged to hold
the detected voltage. So, as shown in Fig. 10, a voltage
having a value within a range in which the voltage is sub-
stantially equal to the detected voltage of the excitation
current detection resistor 4 is held across the capacitor
23. As shown in Fig. 10, the voltage held by the capacitor
23 decreases during the period in which the switching
element 2 is in off-state due to leak current of the semi-

conductor switch 25 and self discharge of the capacitor
23 caused by its leak current. However, the excitation
current detection is possible by choosing a component
having a leak current characteristics enough not to affect
the excitation current detection.
[0043] When the switching element 2 and the semi-
conductor switch 25 become in on- or off-state substan-
tially at the same time and current flows from the capac-
itor 23 toward the excitation current detection resistor 4,
the resistor 24 serves to prevent the voltage held by the
capacitor 23 from rapidly decreasing to affect the detec-
tion. The control microcomputer 13b reads a voltage sig-
nal charged across the capacitor 23 proportional to the
excitation current of the electromagnet 1 and pulse-con-
trols the switching element 2 through the pulse drive cir-
cuit 12b with a pulse width in which excitation current
necessary for holding the iron core of the electromagnet
1 flows.
[0044] As described above, according to the electro-
magnet drive device in accordance with the second em-
bodiment, the excitation current detection resistor 4 is
provided outside the loop formed by the electromagnet
1 and the flywheel diode 5, so, power consumption occurs
in the excitation current detection resistor 4 only when
the switching element 2 is in on-state, and does not occur
when the switching element 2 is in off-state, which can
suppress the power loss.
[0045] Furthermore, a detected signal of the excitation
current of the electromagnet 1 is held also during the
period in which the switching element 2 is in off-state, so,
even a low-cost general-purpose microcomputer with a
low sampling frequency can detect the excitation current.
[0046] Furthermore, as with the first embodiment, the
winding resistance value of the electromagnet 1 is cal-
culated at the time of iron core initial attraction and the
time of iron core re-attraction of the electromagnet 1,
then, when the winding resistance value is out of the max-
imum variation range thereof, an alarm of an abnormal
winding resistance value is output from the alarm output
circuit 7. So, when an abnormal winding resistance value
due to a layer short circuit or the like occurs or when the
electromagnet drive device is used as the internal acces-
sory device of a breaker or the like and the winding re-
sistance value increases due to increase in the ambient
temperature of the electromagnet 1 caused by an abnor-
mal heat generation of the current-carrying part, an ab-
normality can be notified by outputting an alarm.
[0047] Furthermore, when the electromagnet drive de-
vice in accordance with the second embodiment is used
as the internal accessory device of the breaker or the
like, an external impact, such as a main body open-
ing/closing impact, hits the electromagnet 1, however,
the iron core shifted from an original position by the ex-
ternal impact can be returned to the original position by
the iron core re-attraction at intervals of several tens of
seconds.
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Third embodiment

[0048] Next, an electromagnet drive device in accord-
ance with a third embodiment of the invention is de-
scribed.
[0049] Fig. 11 is a circuit diagram showing the config-
uration of an electromagnet drive device in accordance
with the third embodiment. The third embodiment is still
another embodiment of the excitation current control sec-
tion 6a of the first embodiment and provides various ef-
fects similar to those of the first embodiment.
[0050] In Fig. 11, an excitation current control section
6c includes: a control microcomputer 13b that causes
excitation current necessary for holding the iron core of
an electromagnet 1 to flow by pulse-controlling a switch-
ing element 2; a control power supply 14 for the control
microcomputer 13b; a power supply voltage measure-
ment circuit 10 that measures DC power supply voltage
of a winding power supply circuit 3; a pulse drive circuit
12a that pulse-controls the switching element 2; a capac-
itor 23 that holds a detected voltage occurring across an
excitation current detection resistor 4 in proportion to ex-
citation current when the switching element 2 is in on-
state also during the period in which the switching ele-
ment 2 is in off-state; a resistor 24 that prevents current
from flowing from the capacitor 23 toward the excitation
current detection resistor 4 during the period in which the
switching element 2 is in off-state; a Photo-MOS relay
30 that connects the capacitor 23 to the excitation current
detection resistor 4 only when the switching element 2
is in on-state; a resistor 31 that causes operating current
of the Photo-MOS relay 30 to flow only when the switch-
ing element 2 is in on-state; and a resistor 32 for avoiding
malfunction of the Photo-MOS relay 30 due to distur-
bance. Note that the remaining parts are configured in
the same way as the first embodiment and are denoted
by the same reference numerals with their description
omitted.
[0051] The electromagnet drive device in accordance
with the third embodiment is configured as above. Next,
its operation is described. In the first embodiment, the
pulse width of the pulse control is determined by calcu-
lating the winding resistance value of the electromagnet
1 from a voltage drop occurring across the excitation cur-
rent detection resistor 4 when the pulse control is per-
formed with a pulse width of 100% at the time of iron core
initial attraction and in a period of several hundred milli-
seconds at intervals of several tens of seconds. However,
in the third embodiment, as with the second embodiment,
the pulse width of the pulse control is determined from a
voltage drop occurring across the excitation current de-
tection resistor 4 in a pulse control period Tc shown in
Fig. 8.
[0052] At the time of iron core initial attraction, the con-
trol microcomputer 13b calculates the winding resistance
value of the electromagnet 1 using the method described
in the first embodiment to determine the pulse width and
start the pulse control. The winding resistance value of

the electromagnet 1 increases or decreases depending
on the ambient temperature. So, when the pulse control
is performed for a long time based on the winding resist-
ance value calculated at the time of iron core initial at-
traction, the amount of flowing excitation current may fall
below the amount necessary for maintaining iron core
attraction, or the excess amount of excitation current may
flow to cause the electromagnet 1 to generate heat or
increase consumption current, or another problem may
occur. As such, the capacitor 23 holds a detected voltage
occurring across the excitation current detection resistor
4 in proportion to the excitation current when the switch-
ing element 2 is in on-state also during the period in which
the switching element 2 is in off-state, so, even a low-
cost microcomputer with a low sampling frequency can
perform sampling.
[0053] As shown in Fig. 12, when the switching ele-
ment 2 is in on-state and current shunted by the excitation
current detection resistor 4 and the resistor 31 flows in
the input side of the Photo-MOS relay 30, the output side
of the Photo-MOS relay 30 becomes in on-state. At this
time, the amount of current flowing in the resistor 31 is
caused to be one tenth or smaller in comparison with the
amount of current flowing in the excitation current detec-
tion resistor 4 so as not to affect the excitation current
detection of the electromagnet 1.
[0054] Furthermore, in order to prevent the Photo-
MOS relay 30 from malfunctioning due to very small cur-
rent caused by disturbance flowing in the input side of
the Photo-MOS relay 30 when the switching element 2
is in off-state, the resistor 32 is provided so that the Photo-
MOS relay 30 does not operate until a certain amount of
current flows in the input side of the Photo-MOS relay
30. Accordingly, as shown in Fig. 13, only when the
switching element 2 is in on-state and a detected voltage
proportional to the excitation current occurs across the
excitation current detection resistor 4, the output side of
the Photo-MOS relay 30 becomes in on-state and charg-
ing current flows in the capacitor 23, so, as shown in Fig.
14, a voltage having a value within a range in which the
voltage is substantially equal to the detected voltage of
the excitation current detection resistor 4 is held across
the capacitor 23.
[0055] As shown in Fig. 14, the voltage held by the
capacitor 23 decreases during the period in which the
switching element 2 is in off-state due to leak current of
the Photo-MOS relay 30 and self discharge of the capac-
itor 23 caused by its leak current. However, the excitation
current detection is possible by choosing a component
having a leak current characteristics enough not to affect
the excitation current detection. Furthermore, when the
switching element 2 and the Photo-MOS relay 30 be-
come in on- or off-state substantially at the same time
and current flows from the capacitor 23 toward the exci-
tation current detection resistor 4, the resistor 24 serves
to prevent the voltage held by the capacitor 23 from rap-
idly decreasing to affect the detection. The control micro-
computer 13b reads a voltage signal charged across the
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capacitor 23 proportional to the excitation current of the
electromagnet 1 and pulse-controls the switching ele-
ment 2 through the pulse drive circuit with a pulse width
in which excitation current necessary for holding the iron
core of the electromagnet 1 flows.
[0056] As described above, according to the electro-
magnet drive device in accordance with the third embod-
iment, the excitation current detection resistor 4 is pro-
vided outside the loop formed by the electromagnet 1
and the flywheel diode 5, so, power consumption occurs
in the excitation current detection resistor 4 only when
the switching element 2 is in on-state, and does not occur
when the switching element 2 is in off-state, which can
suppress the power loss.
[0057] Furthermore, a detected signal of the excitation
current of the electromagnet 1 is held also during the
period in which the switching element 2 is in off-state, so,
even a low-cost general-purpose microcomputer with a
low sampling frequency can detect the excitation current.
[0058] Furthermore, as with the first embodiment, the
winding resistance value of the electromagnet 1 is cal-
culated at the time of iron core initial attraction and the
time of iron core re-attraction of the electromagnet 1,
then, when the winding resistance value is out of the max-
imum variation range thereof, an alarm of an abnormal
winding resistance value is output from the alarm output
circuit 7. So, when an abnormal winding resistance value
due to a layer short circuit or the like occurs or when the
electromagnet drive device is used as the internal acces-
sory device of a breaker or the like and the winding re-
sistance value increases due to increase in the ambient
temperature of the electromagnet 1 caused by an abnor-
mal heat generation of the current-carrying part, an ab-
normality can be notified by outputting an alarm.
[0059] Furthermore, when the electromagnet drive de-
vice in accordance with the third embodiment is used as
the internal accessory device of the breaker or the like,
an external impact, such as a main body opening/closing
impact, hits the electromagnet 1, however, the iron core
shifted from an original position by the external impact
can be returned to the original position by the iron core
re-attraction at intervals of several tens of seconds.
[0060] The first to third embodiments of the invention
have been described. However, according to the inven-
tion, the embodiments may be freely combined or the
embodiments may be appropriately modified or omitted
within the scope of the invention.

Claims

1. An electromagnet drive device comprising:

a winding power supply circuit that outputs DC
power supply voltage to be applied to an elec-
tromagnet;
a power supply voltage measurement circuit that
measures the DC power supply voltage;

an excitation current detection resistor connect-
ed in series with the electromagnet, across
which a voltage drop proportional to the amount
of excitation current of the electromagnet oc-
curs; and
a control microcomputer that controls the exci-
tation current of the electromagnet through a
switching element,
wherein the control microcomputer,
at the time of iron core initial attraction and the
time of iron core re-attraction of the electromag-
net, calculates the winding resistance value of
the electromagnet from the measurements of a
voltage drop across the excitation current de-
tection resistor and the DC power supply volt-
age, and
in the time other than the time of iron core initial
attraction and the time of iron core re-attraction
of the electromagnet, performs pulse control in
which, based on the winding resistance value,
the DC power supply voltage is transformed into
pulsed voltage to be applied to the electromag-
net by the switching element.

2. The electromagnet drive device according to claim
1, comprising:

an alarm output circuit that outputs an alarm
when the winding resistance value of the elec-
tromagnet becomes abnormal.

3. The electromagnet drive device according to claim
1 or 2, comprising:

a time-delay operation capacitor that supplies
power for maintaining iron core attraction of the
electromagnet after the input power supply to
the winding power supply circuit is cut off.

4. The electromagnet drive device according to any one
of claims 1 to 3, comprising:

a flywheel diode connected in parallel with the
electromagnet,
wherein the excitation current detection resistor
is provided outside a loop formed by the elec-
tromagnet and the flywheel diode.

5. The electromagnet drive device according to any one
of claims 1 to 4,
wherein the control microcomputer determines a
correction coefficient for the on-duty of the pulse con-
trol, then performs the pulse control with an on-duty
that is a fundamental on-duty multiplied by the cor-
rection coefficient, thereby controlling the excitation
current to be constant even when the winding resist-
ance value of the electromagnet increases or de-
creases or when the DC power supply voltage de-
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creases.

6. The electromagnet drive device according to any one
of claims 1 to 5, comprising:

a semiconductor switch that becomes in on-
state only when the switching element is in on-
state and a detected voltage proportional to the
excitation current occurs across the excitation
current detection resistor; and
a capacitor connected to the control microcom-
puter,
wherein the capacitor is charged with a voltage
equal to the detected voltage of the excitation
current detection resistor and holds the charged
voltage.

7. The electromagnet drive device according to any one
of claims 1 to 5, comprising:

a Photo-MOS relay that becomes in on-state on-
ly when the switching element is in on-state and
a detected voltage proportional to the excitation
current occurs across the excitation current de-
tection resistor; and
a capacitor connected to the control microcom-
puter,
wherein the capacitor is charged with a voltage
equal to the detected voltage of the excitation
current detection resistor and holds the charged
voltage.

17 18 



EP 3 147 923 A1

11



EP 3 147 923 A1

12



EP 3 147 923 A1

13



EP 3 147 923 A1

14



EP 3 147 923 A1

15



EP 3 147 923 A1

16



EP 3 147 923 A1

17



EP 3 147 923 A1

18



EP 3 147 923 A1

19



EP 3 147 923 A1

20



EP 3 147 923 A1

21



EP 3 147 923 A1

22



EP 3 147 923 A1

23



EP 3 147 923 A1

24



EP 3 147 923 A1

25

5

10

15

20

25

30

35

40

45

50

55



EP 3 147 923 A1

26

5

10

15

20

25

30

35

40

45

50

55



EP 3 147 923 A1

27

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 6311637 A [0004]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

