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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an electro-
magnet drive apparatus which drives a relay used for
controlling the switching on or off of the supply of elec-
trical power to loads in; e.g., an electromobile.

Related Art

[0002] In reference to Figures 8 through 17, the prior
art will be described. Figure 8 is a circuit diagram illus-
trating the configuration of an electromagnet drive ap-
paratus in the conventional art. Figure 9 is a timing chart
of the electromagnet drive apparatus, wherein (A) rep-
resents an on state of a switch, (B) represents the state
of a pulse signal, (C) represents the state of an electrical
current flowing through a coil, and (D) represents the
state of a contact. Figure 10 is a timing chart of the elec-
tromagnet drive apparatus, wherein (A) represents the
state of the switch which is switched to an off state from
an on state during the course of an operation, (B) rep-
resents the state of the pulse signal, (C) represents the
state of the electrical current flowing through the coil,
and (D) represents the state of the contact. Figure 11 is
a circuit diagram illustrating the configuration of a con-
ventional electromagnet drive apparatus. Figure 12 is a
timing chart of the electromagnet drive system, wherein
(A) represents the state of the switch which is changed
to an off state from an on state during the course of the
operation, (B) represents the state of the pulse signal,
(C) represents the state of a second transistor, (D) rep-
resents the state of the electrical current flowing through
the coil, and (E) represents the state of the contact. Fig-
ure 13 is a timing chart of the electromagnet drive ap-
paratus, wherein (A) represents the state of the switch
which changes to an off state from an on state and fur-
ther changes to the on state again during the course of
the operation, (B) represents the state of the pulse sig-
nal, (C) represents the state of the second transistor, (D)
represents the state of the electrical current flowing
through the coil, and (E) and (F) represent the states of
the contact, Figure 14 is a circuit diagram illustrating the
configuration of an electromagnet drive apparatus in an-
other conventional art relating to Fig. 8,
[0003] Figure 15 is a timing chart of the electromagnet
drive apparatus, wherein (A) represents an on state of
a switch, (B) represents the state of an electrical current
flowing through a coil, and (C) represents the state of a
contact, Figure 16 is a circuit diagram illustrating the
configuration of an electromagnet drive apparatus in an-
other conventional art relating to Fig. 11, Figure 17 is a
timing chart of the electromagnet drive apparatus,
wherein (A) represents an on state of a switch, (B) rep-
resents the state of an electrical current flowing through

a coil, and (C) represents the state of a contact.
[0004] Electromagnet drive apparatuses have al-
ready been used in electromobiles or industrial equip-
ment, wherein a plunger for closing or opening a contact
is driven by an electromagnet within a relay for control-
ling the switching on or off of the supply of electrical pow-
er to loads.
[0005] A first example of this type of conventional
electromagnet drive apparatus is illustrated in Figure 8.
This electromagnet drive apparatus is provided for a re-
lay in order to close or open its contact U. The electro-
magnet drive apparatus is comprised of a field-effect
transistor A which is connected in series with a coil X of
the electromagnet and serves as a switching element,
a pulse signal generation circuit B which generates a
pulse signal for use in driving and turning on the tran-
sistor A on a predetermined cycle, and a regenerative
circuit D which consists of a diode C serving as an elec-
trical power absorbing element and is connected in par-
allel with the coil X so as to permit the flow of a regen-
erated electrical current when the field-effect transistor
A is in an off state. Specifically, a switch Z is provided
between a power supply Y and the coil X.
[0006] Next, the operation of the above-described
electromagnet drive apparatus will be described. As il-
lustrated in Figure 9A, while the switch Z is in an on
state, a voltage is applied to the coil X from the power
supply Y, permitting flow of an electrical current through
the coil X. As a result, the coil X is excited. As illustrated
in Figure 9C, the electrical current flowing through the
coil X is maintained substantially constant as a result of
switching on/off or so-called chopping operations in
which the transistor A is turned on when it is driven on
a predetermined cycle by a pulse signal in Figure 9B
received from the pulse signal generation circuit B. If the
transistor A is in an on state, an electrical current flows
into the coil X, so that the coil X is excited. Then, as
illustrated in Figure 9D, the contact U is turned on or is
held in an on state, an electrical current flows into a load
W from the power supply V. When the transistor A is
turned off, the electrical current flowing through the coil
X is regenerated by flowing through the diode C using
a counter electromotive force developed in the coil X as
a supply source. Therefore, even while the transistor A
is in an off state, the coil X is excited, thereby turning on
the contact U or maintaining the contact U in an on state
as illustrated in Figure 9D. Resultingly, an electrical cur-
rent flows to the load W from the power supply V.
[0007] In contrast, when the switch Z is turned off as
at time T1 in Figure 10A, the electrical current flowing
through the coil X gradually decreases as illustrated in
Figure 10C. At the same time, the attraction of the elec-
tromagnet also decreases gradually. When the electri-
cal current decreases to a value less than a predeter-
mined value I1 as illustrated in Figure 10C, the contact
U is opened as at time T2 in Figure 10D after a slight
delay (for example, 10 msec from time T1), thereby in-
terrupting flow of an electrical current to the load W from
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the power supply V.
[0008] As shown in Fig. 14 and 15 (A) to (C), another
conventional electromagnetic drive apparatus will be
described. In Fig. 14, components which have substan-
tially the same features as those of the components in
the conventional art as shown in Fig. 8 are the same
numerals, except of omitting the pulse signal generation
circuit.
[0009] The operation of the device in Fig. 14, when
the voltage is applied to a coil X, a direct current flows
without a regenerating. If the power supply Y turns off,
a regenerated electrical current flows through the regen-
erative diode D. As shown in Fig. 15 (A) to (C), the time
of period for turning off the contact U is in 10 msec from
time T1.
[0010] A second example of the same type of conven-
tional electromagnet drive apparatus is illustrated in Fig-
ure 11. This electromagnet drive apparatus is provided
for a relay in order to close or open a contact U of the
relay. The electromagnet drive apparatus is comprised
of a first field-effect transistor A connected in series with
a coil X of an electromagnet; a pulse signal generation
circuit B which generates a pulse signal for use in driving
and turning on the transistor A on a predetermined cy-
cle; a regenerative circuit D which includes a diode C
connected in series with a second transistor E and a
Zener diode F, both of which are connected in parallel
with each other, and is connected in parallel with the coil
X so as to permit the flow of a regenerated electrical
current when the field-effect transistor A is in an off state;
and a third transistor G which controls the switching on
or off of the second transistor E. Specifically, a switch Z
is provided between a power supply Y and the coil X.
[0011] Next, the operation of the above-described
electromagnet drive apparatus will be described. Similar
to the first conventional example, while the switch Z is
in an on state, a voltage is applied to the coil X from the
power supply Y, permitting flow of an electrical current
through the coil X. As a result, the coil X is excited. As
in the case of the first conventional example, the elec-
trical current flowing through the coil X is maintained
constant as a result of chopping operations. While the
transistor A is in an off state, the electrical current flow-
ing through the coil X is regenerated by flowing through
the regenerative circuit D using the counter electromo-
tive force developed in the coil X as a supply source.
Therefore, while the switch Z is in an on state, the coil
X is excited, thereby turning on the contact U. Result-
ingly, an electrical current flows to the load W from the
power supply V.
[0012] When the switch Z is turned off as at time T3
in Figure 12A, the operation of the pulse signal genera-
tion circuit B is stopped as illustrated in Figure 12B,
thereby turning the first transistor A off. Further, if the
switch Z is turned off, the third transistor G is also turned
off, which in turn turns off the second transistor E as il-
lustrated in Figure 12C. At this time, the energy stored
in the coil X causes an electrical current to flow to the

Zener diode F and the diode C which form the regener-
ative circuit D. The Zener diode F quickly consumes the
energy that is stored in the coil X when the switch Z is
turned off, and hence the electrical current flowing
through the coil X by means of the counter electromotive
force decreases immediately as illustrated in Figure
12D. Therefore, when the switch Z is turned off, the elec-
trical current flowing through the coil X decreases im-
mediately, so that the contact U is turned off immediately
as at time T4 in Figure 12E. As a result, the flow of the
electrical current to the load W from the power supply V
is interrupted. The time interval between time T3 and
time T4 (for example, 0.5 msec) is shorter than the time
interval between time T1 and time T2 in the first conven-
tional example. Therefore, the second conventional ex-
ample is improved as compared to the first conventional
example in terms of an opening speed.
[0013] As shown in Fig. 16 and 17 (A) to (C), another
conventional electromagnetic drive apparatus will be
described. In Fig. 16, components which have substan-
tially the same features as those of the components in
the conventional art as shown in Fig. 11 are the same
numerals, except of omitting the pulse signal generation
circuit.
[0014] The operation of the device in Fig. 16 when the
voltage is applied to a coil X, a direct current flows with-
out a regenerating. If the power supply Y turns off, a re-
generated electrical current flows through the regener-
ative diode D and Zener diode F. As shown in Fig. 15
(A) to (C), the time of period for turning off the contact
U is in 0.5 msec from time T1".
[0015] In the electromagnet drive apparatus of the
previously-described first conventional example, the
electrical current flowing through the coil X is regener-
ated by flowing through the diode C using the counter
electromotive force developed in the coil X as a supply
source when the switch Z is turned off. However, the
electrical current does not decrease very immediately
and therefore continues flowing through the coil X by
way of the diode C for a while. Consequently, the elec-
tromagnet remains in an on state, which may results in
the risk of delayed opening of the contact of the relay.
More specifically, the electrical current flowing through
the coil X decreases mildly, and the attraction of the
electromagnet also decreases mildly. Therefore, the
opening speed of the contact of the relay is slow, thereby
resulting in low breaking capability. For the case of such
a slow opening speed, even in the event that it is nec-
essary to immediately open the contact for reasons of
a short circuit occurred in the circuit of the load W, there
is a risk of a dangerous condition because the contact
is not opened for a while. More specifically, for example,
in case an electromobile causes a car accident or there
are accidents to industrial equipment, a dangerous con-
dition will result from a short circuit unless a relay pro-
vided in a circuit of a motor which is a power source is
opened immediately.
[0016] In the electromagnet drive apparatus of the
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second conventional example, the Zener diode F imme-
diately consumes the energy stored in the coil X when
the switch Z is turned off, and the electrical current that
flows through the coil X by means of the counter elec-
tromotive force decreases immediately. Therefore, the
electromagnet can be turned off immediately. In other
words, the electrical current flowing through the coil X
decreases immediately, and the attraction of the elec-
tromagnet also decreases immediately. Therefore, the
opening speed of the contact of the relay is improved,
thereby resulting in improved breaking capability.
[0017] However, in this electromagnet drive appara-
tus, a contact switch or a semiconductor switch is used
as the switch Z for controlling the switching on or off of
the application of a supply voltage. For the case of the
contact switch, there is a risk of momentarily erroneous
switching off of the switch due to physical shock. Fur-
ther, for the case of the semiconductor switch, there is
a risk of momentarily erroneous switching off of the
switch due to external noise or to faulty operations in-
duced by a signal used for actuating the switch. More
specifically, in a case where such an electromagnet
drive apparatus is used with an electromobile or the like,
the contact may be momentarily opened by vibrations
resulting from the driving of the electromobile if the
switch Z is a contact switch. Further, even in the case
where the switch Z is a semiconductor switch, the switch
may be momentarily interrupted by external noise
caused by variations in the external environment asso-
ciated with the driving of the electromobile.
[0018] As described above, even if there is uninten-
tional turning off of the switch Z, there is a risk of imme-
diate and erroneous switching off of the electromagnet,
thereby resulting in abnormal operations of the contact
of the relay.
[0019] More specifically, as illustrated in Figures 13A
to 13C, even in a case where the switch Z is turned off
unintentionally at time T5 for some reasons, and where
the switch Z is turned on again at time T7 (for example,
after 1 msec from T5) immediately after the switch Z has
been turned off, the electrical current flowing through the
coil X decreases immediately as illustrated in Figure
13D. As illustrated in Figure 13E, the contact U is
opened at time T6 between time T5 and time T7 (for
example, after 0.5 msec from T5).
[0020] In a case where the electrical current to main-
tain the contact U in an on state is set to a value larger
than an electrical current required to close the contact
U, if an electrical current which is larger than the prede-
termined value 11 and is necessary to turn the power on
flows again as illustrated in Figure 13E, the contact point
U is turned on. In contrast, if an electrical current larger
than the electrical current that maintains the contact
point U in an on state is necessary to close the contact
point U, the contact point U is not closed by the flow of
the electrical current illustrated in Figure 13D. As a re-
sult, the contact point U is continuously maintained in
an off state after time T6 as illustrated in Figure 13F.

[0021] The present invention has been conceived in
terms of the foregoing drawbacks in the background art,
and the object of the present invention is to provide an
electromagnet drive apparatus which is capable of turn-
ing off an electromagnet immediately at a desired time
and prevents the electromagnet from being erroneously
turned off even if there is momentarily interruption of the
supply of electrical power.
[0022] To solve the foregoing drawbacks, an electro-
magnet drive apparatus is provided as defined in claim
1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

Figure 1 is a circuit diagram illustrating a first em-
bodiment of the present invetion;
Figures 2 (A) are timing charts of the electromagnet
drive apparatus of the present invention, wherein
(A) represents the state of a switch which changes
to an off state from an on state during the course of
an operation, (B) represents the state of a pulse sig-
nal, (C) represents the state of a second transistor,
(D) represents the state of an electrical current flow-
ing through a coil, and (E) represents the state of a
contact;
Figures 3 are timing charts of the electromagnet
drive apparatus of the present invention, wherein
(A) represents the state of the switch which chang-
es to an off state from an on state and further chang-
es to the on state again during the course of the
operation, (B) represents the state of the pulse sig-
nal, (C) represents the state of the second transis-
tor, (D) represents the state of the electrical current
flowing through the coil, and (E) represent the
states of the contact;
Figure 4 is a circuit diagram illustrating the config-
uration of an electromagnet drive apparatus ac-
cording to a second embodiment of the present in-
vention;
Figure 5 is a circuit diagram illustrating the config-
uration of an electromagnet drive apparatus ac-
cording to a third embodiment of the present inven-
tion;
Figure 6 is a circuit diagram illustrating the config-
uration of an electromagnet drive apparatus ac-
cording to a modification of the present invention;
Figure 7 is a circuit diagram illustrating the config-
uration of an electromagnet drive apparatus ac-
cording to a modification of the present invention;
Figure 8 is a circuit diagram illustrating the config-
uration of an electromagnet drive apparatus in the
conventional art;
Figure 9 are timing charts of the electromagnet
drive apparatus of the conventional art, wherein (A)
represents an on state of a switch, (B) represents
the state of a pulse signal, (C) represents the state
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of an electrical current flowing through a coil, and
(D) represents the state of a contact;
Figure 10 are timing charts of the electromagnet
drive apparatus, wherein (A) represents the state of
the switch which is switched to an off state from an
on state during the course of an operation, (B) rep-
resents the state of the pulse signal, (C) represents
the state of the electrical current flowing through the
coil, and (D) represents the state of the contact;
Figure 11 is a circuit diagram illustrating the config-
uration of a conventional electromagnet drive appa-
ratus;
Figure 12 is a timing chart of the electromagnet
drive system of the conventional art, wherein (A)
represents the state of the switch which is changed
to an off state from an on state during the course of
the operation, (B) represents the state of the pulse
signal, (C) represents the state of a second transis-
tor, (D) represents the state of the electrical current
flowing through the coil, and (E) represents the
state of the contact; and
Figure 13 is a timing chart of the electromagnet
drive apparatus of the conventional art, wherein (A)
represents the state of the switch which changes to
an off state from an on state and further changes to
the on state again during the course of the opera-
tion, (B) represents the state of the pulse signal, (C)
represents the state of the second transistor, (D)
represents the state of the electrical current flowing
through the coil, and (E) and (F) represent the
states of the contact.
Figure 14 is a showing a circuit diagrams of another
conventional electromagnetic drive apparatus;
Figure 15 (A) to (C) are timing charts of the another
conventional electromagnetic drive apparatus;
Figure 16 is a showing a circuit diagrams of another
conventional electromagnetic drive apparatus;
Figures 17 (A) to (C) are timing charts of the another
conventional electromagnetic drive apparatus;
Figures 18 to 21 are shows circuit diagrams of the
modified embodiments of the present invention;
Figures 22 is a showing circuit diagrams of the
present invention with the timer circuit;
Figures 23 and 24 are shows circuit diagrams of an-
other modified embodiments of the present inven-
tion; and
Figures 25 and 26 are timing charts of another mod-
ified embodiments of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIEMENTS

First Embodiment

[0024] An electromagnet drive apparatus according
to a first embodiment of the present invention will be de-
scribed in reference to Fig. 1 to 3.
[0025] Figure 1 is a circuit diagram illustrating the con-

figuration of an electromagnet drive apparatus, and Fig-
ure 2 is a timing chart of the electromagnet drive appa-
ratus, wherein (A) represents the state of a switch which
changes to an off state from an on state during the
course of an operation, (B) represents the state of a
pulse signal (a voltage between a gate and source in a
switching element), (C) represents the state of a second
transistor, (D) represents the state of an electrical cur-
rent flowing through a coil, and (E) represents the state
of a contact. Figure 3 is a timing chart of the electromag-
net drive apparatus, wherein (A) represents the state of
the switch which changes to an off state from an on state
and further changes to the on state again during the
course of the operation, (B) represents the state of the
pulse signal (a voltage between a gate and source in a
switching element), (C) represents the state of the sec-
ond transistor, (D) represents the state of the electrical
current flowing through the coil, and (E) represent the
states of the contact.
[0026] This electromagnet drive system is provided
for a relay in order to open and close its contact U.
[0027] Reference numeral 1 designates a first field-
effect transistor (a switching element) connected in se-
ries with a coil 3 of an electromagnet to which a supply
voltage Vin of a power supply 2 is applied. This first field-
effect transistor is capable of controlling the switching
on or off of the supply of an electrical current to the coil
3 from the power supply 2.
[0028] Reference numeral 4 designates a regenera-
tive circuit comprised of a diode 7 connected in series
with a parallel circuit which includes a switch section 24
and a first Zener diode 6 corresponding to a power ab-
sorbing element.
[0029] The switch section 24 is comprised of a pho-
tocoupler 8 and a second transistor 5. The photocoupler
8 is made up of a light-emitting diode 9 and a phototran-
sistor 10 whose switching operation is controlled by light
emitted from the light-emitting diode 9.
[0030] More specifically, the diode 7 has its anode
connected to an anode of the first Zener diode 6 as well
as to an emitter of the second transistor 5. The regen-
erative circuit 4 is connected in parallel with the coil 3.
The light-emitting diode 9 has its anode connected to
one end of a discharge resistor 13 of the delay circuit
11, which will be described later. The cathode of the
light-emitting diode 9 is grounded. The phototransistor
10 has its emitter connected to the base of the second
transistor 5 and has its collector connected to the col-
lector of the second transistor 5. The collector of the sec-
ond transistor is also connected to the cathode of the
first Zener diode 6.
[0031] Reference numeral 11 designates a delay cir-
cuit which is comprised of a charge resistor 12, the dis-
charge resistor 13, a second Zener diode 14, and a ca-
pacitor 15. More specifically, the charge resistor 12 is
connected at one end to the coil 3 and is connected at
the other end to the other end of the discharge resistor
13. The second Zener diode 14 has its cathode connect-
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ed to the charge resistor 12 as well as to the other end
of the discharge resistor 13. The anode of the second
Zener diode 14 is grounded. The capacitor 15 is ground-
ed at one end and is connected at the other end to the
cathode of the second Zener diode 14. In short, the ca-
pacitor 15 is connected in parallel with the second Zener
diode 14.
[0032] Reference numeral 16 designates a pulse sig-
nal generation circuit which operates upon receipt of the
supply voltage Vin from the power supply 2 and is con-
nected to the gate of the first transistor 1. As illustrated
in Figures 2B and 3B, the pulse signal generation circuit
16 produces a pulse signal to drive and turn on the first
transistor 1 on predetermined cycles.
[0033] Reference numeral 17 designates a switch
which is comprised of a contact switch or a semiconduc-
tor switch and is used for switching on or off the appli-
cation of the supply voltage Vin from the power supply
2 to the coil 3, the delay circuit 11, and the pulse signal
generation circuit 16.
[0034] Next, the operation of the electromagnet drive
apparatus having the foregoing circuit configuration will
be described. When the switch 17 is turned on, the sup-
ply voltage Vin is applied from the power supply 2 to the
coil 3, the delay circuit 11, and the pulse signal genera-
tion circuit 16, respectively. At the outset, the pulse sig-
nal generation circuit 16 increases a duty ratio so as to
increase an exciting current, so that a drive force is in-
creased to momentarily turn on the contact U. Once the
contact U has been turned on, only a small amount of
exciting current is required to maintain the contact U in
an on state. Therefore, the pulse signal generation cir-
cuit 16 decreases the duty ratio so as to save energy.
The initial coil exciting current is always larger than the
predetermined current I1 (opening current).
[0035] The capacitor 15 of the delay circuit 11 is
charged with electric charges via the charge resistor 12
until the voltage across the capacitor 15 becomes equal
to a Zener voltage of the second Zener diode 14. If the
voltage across the capacitor 15 becomes higher than
an operating voltage of the light-emitting diode 9 during
the course of charging of the capacitor 15, the light-emit-
ting diode 9 emits light. The phototransistor 10 is turned
on by the thus-emitted light, which in turn turns on the
second transistor 5.
[0036] As illustrated in Figure 2A, if the switch 17 is
turned on, the pulse signal generation circuit 16 oper-
ates simultaneously with the previously described se-
ries of operations and outputs a pulse signal to drive and
turn on the first transistor 1 on predetermined cycles as
illustrated in Figure 2B (for example, a frequeccy is in
20 KHz, this depends upon the coil inductance and the
resistance. As a result, the switching on or off of the first
transistor 1 is controlled, whereby an electrical current
flowing to the coil 3 is controlled in a chopping manner
so as to be substantially maintained to a given value.
More specifically, while the first transistor 1 is in an on
state, an electrical current is supplied to the coil 3 from

the power supply 2, thereby turning on the electromag-
net. In contrast, while the first transistor 1 is in an off
state, the electrical current flowing through the coil 3 is
regenerated through a series circuit, which consists of
the second transistor 5 being in an on state and the di-
ode 7, in the manner as previously described using the
counter electromotive force developed in the coil 3 as a
supply source. Through the series of previously-de-
scribed operations, the coil 3 is excited while the switch
17 is in an on state. As illustrated in Figure 2E, the con-
tact U is turned on, whereby an electrical current flows
to the load W from the power supply V.
[0037] Next, when the switch 17 is turned off as at time
T8 in Figure 2A, the operation of the pulse signal gen-
eration circuit 16 is stopped as illustrated in Figure 2B,
thereby turning off the first transistor 1. Simultaneously
with the series of operation, the electrical charges stored
in the capacitor 15 are discharged via the discharge re-
sistor 13. Accordingly, the voltage across the capacitor
15 decreases to zero from the Zener voltage of the sec-
ond Zener diode 14. While the voltage across the ca-
pacitor 15 is higher than the operating voltage of the
light-emitting diode 9, the light-emitting diode 9 contin-
ues emitting light, thereby turning on the phototransistor
10. Associated with this, the second transistor 5 is main-
tained in an on state (Figure 2C). At this time, as illus-
trated in Figure 2D, the energy stored in the coil 3 caus-
es the electrical current to continuously flow through a
direct circuit which consists of the second transistor 5
and the diode 7 and is connected in parallel with the coil
3. Consequently, as illustrated in Figure 2E, the electro-
magnet is still maintained in the on state.
[0038] As indicated by time T9 in Figure 2C, if a pre-
determined period of time T10 (for example, 1.5 msec
which depends upon the coil inductance and the resist-
ance.) has elapsed since the switch 17 was turned off,
and if the voltage across the capacitor 15 becomes
smaller than the operating voltage of the light-emitting
diode 9, the light-emitting diode 9 stops emitting light,
turning off the phototransistor 10. Resultingly, as illus-
trated in Figure 2C, the second transistor 5 is turned off,
so that the energy stored in the coil 3 is consumed by
flowing an electrical current to a series circuit which con-
sists of the first Zener diode 6 and the diode 7 and is
connected in parallel with the coil 3. The first Zener di-
ode 6 consumes the energy stored in the coil 3 imme-
diately, whence the electrical current flowing through the
coil 3 decreases immediately, turning off the electro-
magnet. For example, as shown in Fig. 2E, a period of
time of turning on the electromagnet is 2 msec from the
time T8.
[0039] In this electromagnet drive apparatus, even if
there is unintentional and momentarily interruption of
the application of a voltage from the power supply 2, the
delay circuit 11 continues flowing an electrical current to
the light-emitting diode 9 until the predetermined period
of time T10 elapses, and hence the light-emitting diode
9 continues emitting light. Therefore, the phototransistor
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10 is maintained in an on state, and the second transis-
tor 5 is also maintained in an on state. As a result, a
regenerated electrical current can be delivered to the
coil 3 even if the second transistor 5 is turned on. The
coil 3 is continuously excited, thereby turning on the
electromagnet. Further, after the predetermined period
of time T10 has elapsed, the electrical current flowing
to the coil 3 is regenerated by flowing through the sec-
ond Zener diode 14 of the regenerative circuit 4 using
the counter electromotive force developed in the coil 3
as the supply source, and the thus-regenerated electri-
cal current decreases immediately.
[0040] In contrast, as illustrated in Figure 3A, if the
switch 17 is turned off at time T8, and if it is turned on
again at time T11 before a lapse of the period of time
T10 (for example, 1 msec from the time T8), the second
transistor 5 is maintained in an on state as illustrated in
Figure 2C. Therefore, as illustrated in Figure 2D, the re-
generated electrical current flows to the coil 3 until the
supply of an electrical current to the coil 3 from the power
supply 2 is resumed, thereby energizing the coil 3. The
contact U is maintained in an on state, and an electrical
current flows to the load W from the power supply V.
[0041] Resultingly, the electromagnet can be turned
off immediately, and it is possible to prevent the electro-
magnet from being erroneously turned off even when
there is momentarily opening of the switch 17.
[0042] The voltage across the capacitor 15 connected
in parallel with the second Zener diode 14 is maintained
at the Zener voltage even if there are variations in the
supply voltage Vin. Therefore, the amount of electrical
charges stored in the capacitor 15 becomes stable,
whence the amount of electrical charges discharged to
the light-emitting diode 9 becomes also constant after
the application of the voltage has been stopped, thereby
resulting in a constant discharge duration. Accordingly,
it is possible to control a predetermined time period dur-
ing which the light-emitting diode 9 continues emitting
light by setting the capacitance of the capacitor 15 as
required.

Second Embodiment

[0043] Figure 4 is a circuit diagram illustrating the con-
figuration of an electromagnet drive apparatus. In Figure
4, components which have substantially the same fea-
tures as those of the components in the first embodi-
ment are assigned the same reference numerals, and
only the different components are illustrated.
[0044] In addition to the components in the first em-
bodiment, the electromagnet drive apparatus of the sec-
ond embodiment is provided with a reference voltage
circuit 18 for outputting a reference voltage, a compara-
tor 19 which compares the reference voltage with a volt-
age across the capacitor 15 and outputs a light emission
control signal for controlling a light-emitting state of the
light-emitting diode 9, and an internal power supply cir-
cuit 20 which drives the comparator 19 and outputs an

internal supply voltage Vf for activating the reference
voltage circuit 18.
[0045] More specifically, the comparator 19 has its
noninvertible output terminal connected to the other ter-
minal of the capacitor 15 and has its invertible output
terminal connected to the reference voltage circuit 18.
An output terminal of the comparator 19 is connected to
the anode of the light-emitting diode 9 through the re-
sistance. The comparator 19 compares the voltage
across the capacitor 15 with the reference voltage. If the
voltage across the capacitor 15 is higher than the refer-
ence voltage, the comparator 19 outputs a "high-level"
light emission control signal to the light-emitting diode
9. In contrast, if the voltage across the capacitor 15 is
lower than the reference voltage, the comparator 19 out-
puts a "low-level" light emission control signal to the
light-emitting diode 9.
[0046] The discharge resistor 13 is grounded at one
end and is connected at the other end to the other ter-
minal of the capacitor 15. In short, the discharge resistor
13 is connected in parallel with the capacitor 15.
[0047] The internal power supply circuit 20 continues
outputting the internal power supply voltage Vf for a
while by means of the energy stored in it while the switch
17 is in an on state even if the switch 17 is turned off.
Therefore, even if the switch 17 is turned off, it is possi-
ble to cause the comparator 19 and the reference volt-
age circuit 18 to operate continuously for a while.
[0048] Next, the operation of the above-described
electromagnet drive apparatus will be described. As in
the case of the first embodiment, when the switch 17 is
turned on, the supply voltage Vin of the power supply 2
is applied to the coil 3, the delay circuit 11, and the pulse
signal generation circuit 16, respectively. The capacitor
15 of the delay circuit 11 is charged via the charge re-
sistor 12. If the voltage across the capacitor 15 becomes
higher than the reference voltage of the reference volt-
age circuit 18 during the course of the charging of the
capacitor 15, the comparator 19 outputs the "high-level"
light emission control signal, so that the light-emitting
diode 9 emits light. The phototransistor 10 is then turned
on, and the second transistor 5 is also turned on.
[0049] As in the case of the first embodiment, while
the switch 17 is in an on state, the pulse signal genera-
tion circuit 16 operates and produces a pulse signal si-
multaneously with the series of above-described oper-
ations. The first transistor 1 is turned on or off, whereby
the electrical current flowing to the coil 3 is controlled in
a chopping manner and is maintained at substantially a
constant value. As a result, the electromagnet is main-
tained in an on state.
[0050] Next, when the switch 17 is turned off, the op-
eration of the pulse signal generation circuit 16 is
stopped, and the first transistor 1 is turned off. Simulta-
neously with the series of operations, the electrical
charges stored in the capacitor 15 are discharged via
the discharge resistor 13. Therefore, the voltage across
the capacitor 15 decreases to zero from the Zener volt-
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age of the second Zener diode 14. While the voltage
across the capacitor 15 is larger than the reference volt-
age of the reference voltage circuit 18, the comparator
19 outputs the "high-level" light emission control signal
from its output terminal to the light-emitting diode 9, so
that the light-emitting diode 9 continues emitting light.
The phototransistor 10 is turned on, which in turn main-
tains the second transistor 5 in the on state. At this time,
the energy stored in the coil 3 still continuously causes
an electrical current to flow through a series circuit which
consists of the second transistor 5 and the diode 7 and
is connected in parallel with the coil 3, whereby the elec-
tromagnet is maintained in the on state.
[0051] If a predetermined time has elapsed while the
switch 17 is in an off state, and if the voltage across the
capacitor 15 becomes lower than the reference voltage
of the reference voltage circuit 18, the comparator 19
outputs from its output terminal the "low-level" light
emission control signal to the light-emitting diode 9, so
that the light-emitting diode 9 stops emitting light. As a
result, the phototransistor 10 is turned off, which in turn
brings the second transistor 5 into an off state. The en-
ergy stored in the coil 3 is consumed by flowing an elec-
trical current to a series circuit which consists of the first
Zener diode 6 and the diode 7 and is connected in par-
allel with the coil 3. The first Zener diode 6 consumes
the energy stored in the coil 3 immediately, as a result
of which the electrical current flowing through the coil 3
decreases immediately, thereby turning off the electro-
magnet.
[0052] As in the case of the first embodiment, the elec-
tromagnet drive apparatus having the previously-de-
scribed configuration is capable of turning off the elec-
tromagnet immediately at a desired time without a mal-
function.
[0053] Further, as is the case with the first embodi-
ment, it is possible to control a predetermined time pe-
riod during which the light-emitting diode 9 continues
emitting light by setting the capacitance of the capacitor
15 as required.
[0054] The emission of light of the light-emitting diode
9 is controlled not by the voltage across the capacitor
15 which decreases after discharging but by the light
emission control signal which is output by the compara-
tor 19 according to the result of a comparison between
the reference voltage and the voltage across the capac-
itor 15. In other words, even if there is a gradual reduc-
tion in the voltage across the capacitor 15, the compa-
rator 19 outputs the "high-level" light emission control
signal while the voltage across the capacitor 15 is higher
than the reference voltage, so that the light-emitting di-
ode 9 emits light. If the voltage across the capacitor 15
becomes lower than the reference voltage, the compa-
rator 19 outputs the "low-level" light emission control
signal, thereby interrupting the emission of light of the
light-emitting diode 9. Consequently, a light-emitting
state of the light-emitting diode 9 can be controlled rel-
ative to the reference voltage, and therefore the accu-

racy of the predetermined time period during which the
light-emitting diode 9 continues emitting light can be im-
proved.

Third Embodiment

[0055] Figures 5 through 7 are circuit diagrams illus-
trating the configuration of an electromagnet drive ap-
paratus. In Figures 5 through 7, components having
substantially the same features as those of the compo-
nents in the second embodiment are assigned the same
reference numerals, and only the different components
are illustrated.
[0056] In contradistinction to the second embodiment
in which the electromagnet drive apparatus is provided
with the second Zener diode 14, the electromagnet drive
apparatus according to a third embodiment is provided
with a supply voltage detection circuit 21.
[0057] More specifically, the supply voltage detection
circuit 21 is driven using the internal power supply circuit
20 as a stable power supply and detects the state of
application of a voltage from the power supply 2. When
there is application of the supply voltage Vin, the supply
voltage detection circuit 21 outputs a "high-level" charge
control signal which is made of the internal supply volt-
age Vf output from the internal power supply circuit 20
and has a given voltage. In contrast, there is no appli-
cation of the supply voltage Vin, the supply voltage de-
tection circuit 21 outputs a "low-level" charge control sig-
nal having a given voltage. This supply voltage detection
circuit 21 is connected to the respective terminals of the
pulse signal generation circuit 16 and the charge resis-
tor 12.
[0058] Next, the operation of the above-described
electromagnet drive apparatus will be described. When
the switch 17 is turned on, the supply voltage detection
circuit 21 detects the state of application of the voltage
from the power supply 2 and outputs the "high-level"
charge control signal having a given voltage. The "high-
level" charge control signal is applied across the capac-
itor 15, and the capacitor 15 is charged via the charge
resistor 12 until the voltage across the capacitor 15 be-
comes equal to the voltage of the "high-level" charge
control signal. During the course of the charging of the
capacitor 15, the comparator 19 outputs from its output
terminal the "high-level" light emission control signal
when the charged voltage of the capacitor 15 becomes
higher than the reference voltage of the reference volt-
age circuit 18 connected to the invertible input terminal.
The "high-level" light emission control signal is applied
to the light-emitting diode 9, so that the light-emitting di-
ode 9 emits light. As a result, the phototransistor 10 is
turned on, which in turn turns on the second transistor 5.
[0059] As in the case of the second embodiment,
while the switch 17 is in an on state, the pulse signal
generation circuit 16 operates and produces a pulse sig-
nal simultaneously with the series of above-described
operations. The first transistor 1 is turned on or off,
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whereby the electrical current flowing to the coil 3 is con-
trolled in a chopping manner and is maintained at sub-
stantially a constant value. As a result, the electromag-
net is maintained in an on state.
[0060] Next, when the switch 17 is turned off, the sup-
ply voltage detection circuit 21 detects the state of ap-
plication of a voltage from the power supply 2 and out-
puts the "low-level" charge control signal having a given
voltage. The operation of the pulse signal generation cir-
cuit 16 is stopped, and the first transistor 1 is turned off.
Simultaneously with the series of operations, the elec-
trical charges stored in the capacitor 15 are discharged
via the discharge resistor 13. Therefore, the voltage
across the capacitor 15 decreases to zero from the volt-
age of the "high-level" charge control signal. As in the
case of the second embodiment, the electromagnet is
maintained in the on state.
[0061] If a predetermined time has elapsed while the
switch 17 is in an off state, and if the voltage across the
capacitor 15 becomes lower than the reference voltage,
the energy stored in the coil 3 is consumed by flowing
an electrical current to a series circuit which consists of
the first Zener diode 6 and the diode 7 and is connected
in parallel with the coil 3, as does in the second embod-
iment. The first Zener diode 6 consumes the energy
stored in the coil 3 immediately, as a result of which the
electrical current flowing through the coil 3 decreases
immediately, thereby turning off the electromagnet.
[0062] Similar to the second embodiments, the elec-
tromagnet drive apparatus having the previously-de-
scribed configuration is capable of turning off the elec-
tromagnet immediately at a desired time without a mal-
function.
[0063] Further, as is the case with the first and second
embodiments, since it is possible to control the light-
emitting state of the light-emitting diode 9 relative to the
reference voltage, it is possible to improve the accuracy
of a predetermined time period during which the light-
emitting diode 9 continues emitting light.
[0064] The charging state of the capacitor 15 is con-
trolled not by the variable supply voltage Vin but by the
charge control signal having a given voltage which is
output by the supply voltage detection circuit 21 accord-
ing to the state of application of a voltage from the power
supply 2. Therefore, even if there are variations in the
supply voltage Vin, the amount of electrical charges
stored in the capacitor 15 becomes constant, thereby
resulting in a constant amount of electrical charges dis-
charged to the light-emitting diode 9 after the application
of the power has been stopped. As a result, the dis-
charge duration becomes constant. Accordingly, it is
possible to control the predetermined time period during
which the light-emitting diode 9 continues emitting light
by setting the capacitance of the capacitor 15 as re-
quired.
[0065] Although the delay circuit 11 is provided with
the capacitor 15 capable of being charged during the
application of a voltage from the power supply 2 and of

discharging an electrical current to the light-emitting di-
ode 9 until a predetermined period of time has elapsed
after the application of the voltage has been stopped in
each of the previous first through third embodiments, the
present invention is not limited to this type of delay cir-
cuit. The delay circuit may be formed from a power sup-
ply differing from the power supply 2 and a timer circuit
as shown in Fig. 22.
[0066] Although the capacitor 5 of the delay circuit 11
is connected in parallel with the second Zener diode 14
in both the first and second embodiments, the second
Zener diode 14 may not be connected in parallel with
the capacitor 15; e.g., in a case where it is not required
to very rigorously control the predetermined time period
during which the light-emitting diode 9 continues emit-
ting light. In this case, the number of parts can be re-
duced.
[0067] As illustrated in Figure 6, the switch section 24
may be comprised of the phototransistor 10 which dou-
bles as the second transistor 5 used in the first through
third embodiments. In this case, for a case where a rel-
atively current is applied to the coil 3, the second tran-
sistor 5 used in the first through third embodiments can
be omitted, and hence the number of parts can be re-
duced.
[0068] As illustrated in Figure 7, the switch section 24
may be comprised of the photodiode 22 without use of
the phototransistor 10 used in the first through third em-
bodiments. In this case, the photodiode 22 produces a
voltage as a result of emission of light of the light-emit-
ting diode 9, thereby turning on the field-effect transistor
23.
[0069] Figs 18 to 21. show modified examples based
on the circuit diagram shown in Fig. 1 of the first embod-
iment. In Fig. 18, a connecting portion of a regenerative
circuit switching portion is changed. In Fig. 19, the
switching element is disposed on the positive side of the
power source 2. In Fig. 20, a connecting portion of a
regenerative circuit switching portion is changed and the
switching element is disposed on the positive side of the
power source 2. These circuits are also traced on the
timing chart shown in Figs 2 (A) to (E) and Figs 3 (A) to
(E). Specifically, photocoupler 8 is not always provided
is the circuit diagram as shown in Fig. 1. More detailed
circuit diagram relating to Fig. 20 is shown in Fig. 21. In
these examples, when the regenerated electrical cur-
rent flows, the regenerative circuits in circuit diagrams
are in the same construction.
[0070] The operation of the device in Fig. 21 are as
follows. When the power source voltage is applied, a
base current is supplied from the power source through
the resistor 13 to turn on the transistor 5 so that the coil
current is controlled in a switching operation. When the
application of the power source voltage is stopped, the
electrical charges stored in the capacitor 15 is applied
as the base current of the transistor 5. Thus, the tran-
sistor 5 is turned on in the predetermined time of period
to suppress the attenuation of the coil current.
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[0071] After passing the predetermined time of period
from stopping the application of the power source volt-
age, the electrical charges store in the capacitor 15 is
decreased. Thus, it is impossible to supply the base cur-
rent which maintains the transistor 5 in turning on state
to the transistor 5. Then, the transistor 5 turns off and
the coil current is rapidly attenuated through the Zener
diode 6.
[0072] It is capable for replacing the transistor 5 by
FET. If the FET is employed, the electrical charges is
stored in the capacitor 15. Thus, before passing the pre-
determined time of period from stopping the application
of the power source voltage, it is possible to supply the
voltage to the gate of the FET to turn on the FET in the
predetermined the time of period. After passing the pre-
determined time of period, the electrical charges stored
in the capacitor 15 is discharged to decrease the voltage
applied to the gate so as to turn off the FET. In general,
the photocoupler 8 is expensive. When the FET is em-
ployed to decrease manufacturing cost.
[0073] The concept of the modified Examples are also
applicable for second and third embodiment of the
present invention.
[0074] The following another embodiments also
achieve the object of the present invention.
[0075] In Figs. 23 and 24 showing another embodi-
ments of the present invention, components which have
substantially the same features as those of the compo-
nents in the first embodiment of the present invention
as shown in Fig. 1 are the same numerals, except of
omitting the pulse signal generation circuit 16 and the
photocoupler 8 from the switch portion 24.
[0076] The operation of the device in Figs. 23 and 24
are as the same. when the application of the voltage
from the power supply 2 is stopped, the regenerating
electrical current flows through the switch portion 24 and
the regenerative diode 7 to suppress the attenuation of
the coil current. After that, when a predetermined time
of period is expired, the switch portion 24 turns off so
that the regenerated electrical current flows through the
Zener diode 6 to rapidly attenuate the coil current.
[0077] Figs. 25 (A) to (D) show timing charts of the
electromagnet drive apparatus in a normal turning off
state of the switch 17. As similar to the first embodiment
of the present invention, a time of period T10' is in 1.5
msec from the time T8'.
[0078] Figs. 26 (A) to (D) show timing charts of the
electromagnet drive apparatus in a unintentional and
momentarily interruption of the application of a voltage
from the power supply. As similar to the first embodiment
of the present invention, a time of period T11' is in 1
msec from the time T8'. In general, the photocoupler 8
is expensive. When the photocoupler 8 is omitted to de-
crease manufacturing cost.
[0079] In these embodiments, the switching frequen-
cy and the delay time are set in 20kHz and 1.5 msec.
However, the present invention is not limited by these
values. These value are changed in view of the induct-

ance and the resistance of the electromagnetic coil.
When the resistance of the electromagnetic coil is lower
than that of the inductance, the energy consumed by the
resistance of the coil is in small and the energy stored
in the coil is in large due to the large coil inductance.
Thus, there is increased the attenuation amount of the
regenerated electrical current on time processing basis
in the off state (regenerative mode). Namely, a time for
reaching the coil current to the current for opening the
electromagnet from turning off the switching becomes
in long so that the switching frequency is in small and
the delay time is set in the long time of period.
[0080] Further, under the condition that the heat gen-
eration of the electromagnet do not cause the problem,
if an average current of the coil holding the electromag-
net becomes in large, a time for reaching the coil current
to the current for opening the electromagnet from turn-
ing off the switching becomes in long so that the switch-
ing frequency is in small and the delay time is set in the
long time of period.
[0081] According to the present invention, even if
there is momentarily and unintentional interruption of
application of a supply voltage, a delay circuit continu-
ously maintain a switch section in an on state until a pre-
determined time period elapses even when the applica-
tion of the supply voltage is momentarily interrupted. An
electrical current flowing through a coil is regenerated
by flowing through the switch section using a counter
electromotive force developed in the coil as a supply
source, thereby energizing the coil continuously. As a
result, an electromagnet can be maintained in an on
state. Further, after the predetermined time period has
elapsed, the electrical current flowing through the coil is
regenerated by flowing into a power absorbing element
of a regenerative circuit, using the counter electromotive
force developed in the coil as the supply source. Then,
the thus-regenerated electrical current decreases im-
mediately. Consequently, the driving of the electromag-
net can be terminated immediately at a desired time,
and the coil current can be attenuated immediately. For
these reasons, a contact opening speed of the relay can
be improved, and the breaking capability of the relay is
also improved. Further, even if there is unintentional and
momentarily interruption of a supply voltage, the elec-
tromagnet is prevented from erroneously opening.
[0082] According to the present invention, the switch
section is comprised of a transistor connected in parallel
with the power absorbing element, a phototransistor
connected between a base and a collector of the tran-
sistor, and a light-emitting diode which emits light so as
to control the switching on or off of the phototransistor.
By virtue of this configuration, there is achieved an effect
of being possible to use a regenerated electrical current
as a base current for driving the transistor when there
is interruption of application of the supply voltage, there-
by enabling the transistor to operate without need of a
separate power supply for driving the transistor.
[0083] According to the present invention, even if
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there is momentarily and unintentional interruption of
application of a supply voltage, a delay circuit continues
supplying an electrical current to a light-emitting diode
until a predetermined time period elapses, thereby
maintaining the light-emitting diode in a light-emitting
state. Resultingly, the phototransistor is maintained in
an on state, turning on the transistor. Then, the regen-
erated electrical current flows to the coil, and the coil is
maintained in an excited state continuously. Further, af-
ter the predetermined time period has elapsed, the elec-
trical current flowing through the coil is regenerated by
flowing into a power absorbing element of a regenera-
tive circuit, using the counter electromotive force devel-
oped in the coil as the supply source. Then, the thus-
regenerated electrical current decreases immediately.
Consequently, the driving of the electromagnet can be
terminated immediately at a desired time, and the coil
current can be attenuated immediately. For these rea-
sons, a contact opening speed of the relay can be im-
proved, and the breaking capability of the relay is also
improved. Further, even if there is unintentional and mo-
mentarily interruption of a supply voltage, the electro-
magnet is prevented from erroneously opening.
[0084] According to the present invention, the voltage
across the capacitor connected in parallel with a Zener
diode is maintained at a Zener voltage even when there
are variations in the supply voltage. By virtue of this con-
figuration, there is achieved an effect of charging of the
capacitor with a constant amount of electrical charges,
resulting in a constant electrical current flowing toward
the light-emitting diode after the application of a voltage
has been stopped. Therefore, a discharge duration be-
comes constant. Accordingly, a predetermined time pe-
riod during which the light-emitting diode continues
emitting light can be controlled by setting the capaci-
tance of the capacitor as required.
[0085] According to the present invention, a charging
state of the capacitor is controlled not by the variable
supply voltage but by a charge control signal having a
constant voltage which is output by a supply voltage de-
tection circuit according to the state of application of a
supply voltage. By virtue of this configuration, there is
achieved an effect of charging of the capacitor with a
constant amount of electrical charges, resulting in a con-
stant electrical current flowing toward the light-emitting
diode after the application of a voltage has been
stopped. Therefore, a discharge duration becomes con-
stant. Accordingly, a predetermined time period during
which the light-emitting diode continues emitting light
can be controlled by setting the capacitance of the ca-
pacitor as required.
[0086] According to the present invention, a light-
emitting state of the light-emitting diode is controlled not
by a voltage across the capacitor which decreases after
discharging but by a light emission control signal which
is output by a comparator according to the result of a
comparison between a reference voltage and the volt-
age across the capacitor. By virtue of this configuration,

there is achieved an effect of being possible to momen-
tarily control the state of light emission of the light-emit-
ting diode through use of the light emission control sig-
nal even if there is a gradual reduction in the voltage
across the capacitor. Therefore, the accuracy of the pre-
determined time period during which the light-emitting
diode continues emitting light can be improved.
[0087] An electromagnet drive apparatus being char-
acterized by comprising a switching element 1 connect-
ed in series with a coil 3 of an electromagnet; a pulse
signal generation circuit 16 which generates, on prede-
termined cycles; a pulse signal used for turning on the
switching element; a regenerative circuit 4 which per-
mits flow of a regenerated electrical current when the
switch section is turned on and the switching element is
turned off from a state in which the switch section and
the switching element are in an on state and a source
voltage is applied to the coil of the electromagnet, and
which causes the power absorbing element to immedi-
ately reduce the regenerated electrical current flowing
through the coil of the electromagnet when the switch
section and the switching element are turned off; and a
delay circuit 11 which turns on the switch section by ap-
plication of the supply voltage and maintains the switch
section in an on state until a predetermined period of
time elapses after the application of the supply voltage
has been stopped.

Claims

1. An electromagnet drive apparatus comprising:

an electromagnet with a coil (3);
a regenerative circuit (4) permitting a flow of a
regenerated electrical current when the appli-
cation of a voltage to said electromagnet drive
apparatus is stopped, and attenuating said re-
generated electrical current after a predeter-
mined time of period elapses after the applica-
tion of said voltage to said electromagnet drive
apparatus is stopped;

characterised in that the apparatus also compris-
es a delay circuit (11) maintaining said regen-
erating circuit in an on state until said predeter-
mined time of period elapses after the application
of said voltage to said electromagnet drive appara-
tus is stopped.

2. An electromagnet drive apparatus according to
claim 1, further comprising:

a switching element (17) connected in series
with said coil of said electromagnet; and
a pulse signal generation circuit (16) for gener-
ating, on predetermined cycles, a pulse signal
used for turning on the switching element,
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wherein said regenerative circuit includes a
switch portion (5) and a power absorbing element
(6) forming a parallel circuit to which a diode (7) is
connected in series, and

wherein said regenerative circuit permits flow
of said regenerated electrical current to said coil
when said switch portion is turned on and said
switching element is turned off from a state in which
the switch portion and the switching element are in
said on state, and which causes said power absorb-
ing element to immediately reduce said regenerat-
ed electrical current flowing through said coil of said
electromagnet when said switch portion and said
switching element are turned off.

3. The electromagnet drive apparatus according to
claim 2, wherein the switch portion includes:

a transistor (5) connected in parallel with the
power absorbing element (6);
a phototransistor (10) connected between a
base and a collector of said transistor; and
a light-emitting diode (9) for emitting light so as
to control the switching on or off of said pho-
totransistor.

4. The electromagnet drive apparatus according to
claim 2, wherein said delay circuit includes a capac-
itor (15) which is capable of being charged during
the application of said voltage to said electromagnet
drive apparatus and discharging an electrical cur-
rent to said switch portion until a predetermined pe-
riod of time elapses after the application of said volt-
age to said electromagnet drive apparatus is
stopped and a Zener diode (14) connected in par-
allel with the capacitor.

5. The electromagnet drive apparatus according to
claim 2, wherein the delay circuit includes a capac-
itor which is capable of being charged during the
application of said voltage to said electromagnet
drive apparatus and discharging an electrical cur-
rent to said switch portion until a predetermined pe-
riod of time elapses after the application of said volt-
age to said electromagnet drive apparatus is
stopped; and further comprising:

a source voltage detection circuit for applying
a predetermined charging voltage to said ca-
pacitor if a source voltage is higher than a pre-
determined voltage and for terminating the ap-
plication of a voltage to the capacitor if the
source voltage is lower than a predetermined
voltage.

6. The electromagnet drive apparatus according to
claim 4 further comprising:

a reference voltage circuit for outputting a ref-
erence voltage; and
a comparator (19) for comparing said reference
voltage with the voltage across the capacitor
and for outputting a control signal for controlling
the switching on or off of said switch portion.

7. The electromagnet drive apparatus according to
claim 1, further comprising:

a switching element connected in series with
said coil of an electromagnet;
a pulse signal generation circuit for generating,
on predetermined cycles, a pulse signal used
for turning on the switching element; and
a diode connecting said power absorbing ele-
ment to form a series circuit and said coil of said
electromagnet connected in parallel to said se-
ries circuit,

wherein said regenerative circuit includes a
switch portion and a power absorbing element form-
ing a parallel circuit, to which a diode is connected
in series.

8. The electromagnet drive apparatus according to
claim 1, further comprising:

a switching element connected in series with
said coil of an electromagnet;
a pulse signal generation circuit for generating,
on predetermined cycles, a pulse signal used
for turning on the switching element; and
a diode connected in parallel to a series circuit
connecting said power absorbing element and
said coil,

wherein said regenerative circuit includes a
switch portion and a power absorbing element form-
ing a parallel circuit, to which a diode is connected
in series.

Patentansprüche

1. Elektromagnet-Ansteuervorrichtung, mit
einem Elektromagneten mit einer Spule (3),

und
einer Regenerierschaltung (4), die bei Been-

digung der Zuführung einer Spannung zu der Elek-
tromagnet-Ansteuervorrichtung das Fließen eines
regenerierten elektrischen Stroms ermöglicht und
den regenerierten elektrischen Strom nach Ablauf
einer vorgegebenen Zeitdauer nach der Beendi-
gung der Zuführung der Spannung zu der Elektro-
magnet-Ansteuervorrichtung dämpft, gekenn-
zeichnet durch

eine Verzögerungsschaltung (11), die die Re-
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generierschaltung bis zum Ablauf der vorgegebe-
nen Zeitdauer nach der Beendigung der Zuführung
der Spannung zu der Elektromagnet-Ansteuervor-
richtung im Einschaltzustand hält.

2. Elektromagnet-Ansteuervorrichtung nach An-
spruch 1, mit

einem Schaltelement (17), das mit der Spule
des Elektromagneten in Reihe geschaltet ist, und

einer Impulsgeneratorschaltung (16), die in
vorgegebenen Perioden ein zum Einschalten des
Schaltelementes dienendes Impulssignal erzeugt,
wobei

die Regenerierschaltung einen Schalterbe-
reich (5) und ein Leistungsabsorptionselement (6)
aufweist, die eine Parallelschaltung bilden, mit der
eine Diode (7) in Reihe geschaltet ist, und

die Regenerierschaltung das Fließen des re-
generierten elektrischen Stromes zu der Spule er-
möglicht, wenn nach einem Zustand, bei dem sich
der Schalterbereich und das Schaltelement im Ein-
schaltzustand befinden, der Schalterbereich einge-
schaltet und das Schaltelement abgeschaltet wer-
den, und eine sofortige Verringerung des über die
Spule des Elektromagneten fließenden regenerier-
ten elektrischen Stromes über das Leistungsab-
sorptionselement herbeiführt, wenn der Schalter-
bereich und das Schaltelement abgeschaltet wer-
den.

3. Elektromagnet-Ansteuervorrichtung nach An-
spruch 2, bei der der Schalterbereich

einen dem Leistungsabsorptionselement (6)
parallel geschalteten Transistor (5),

einen zwischen die Basis und den Kollektor
des Transistors geschalteten Fototransistor (10),
und

eine Leuchtdiode (9) aufweist, die Licht zur
Steuerung des Durchschaltens oder Sperrens des
Fototransistors abgibt.

4. Elektromagnet-Ansteuervorrichtung nach An-
spruch 2, bei der die Verzögerungsschaltung einen
Kondensator (15), der während der Zuführung der
Spannung zu der Elektromagnet-Ansteuervorrich-
tung aufladbar ist und bei Entladung dem Schalter-
bereich einen elektrischen Strom bis zum Ablauf ei-
ner vorgegebenen Zeitdauer nach der Beendigung
der Zuführung der Spannung zu der Elektroma-
gnet-Ansteuervorrichtung zuführt, und eine dem
Kondensator parallel geschaltete Zenerdiode (14)
aufweist.

5. Elektromagnet-Ansteuervorrichtung nach An-
spruch 2, bei der die Verzögerungsschaltung einen
Kondensator aufweist, der während der Zuführung
der Spannung zu der Elektromagnet-Ansteuervor-
richtung aufladbar ist und bei Entladung dem Schal-

terbereich bis zum Ablauf einer vorgegebenen Zeit-
dauer nach der Beendigung der Zuführung der
Spannung zu der Elektromagnet-Ansteuervorrich-
tung einen elektrischen Strom zuführt, und

eine Quellenspannungs-Detektorschaltung
vorgesehen ist, die dem Kondensator eine vorge-
gebene Ladespannung zuführt, wenn eine Quellen-
spannung höher als eine vorgegebene Spannung
ist, und die Zuführung der Spannung zu dem Kon-
densator beendet, wenn die Quellenspannung
niedriger als eine vorgegebene Spannung ist.

6. Elektromagnet-Ansteuervorrichtung nach An-
spruch 4, mit

einer Bezugsspannungsschaltung zur Abga-
be einer Bezugsspannung, und

einem Vergleicher (19) zum Vergleich der Be-
zugsspannung mit der an dem Kondensator anlie-
genden Spannung und Abgabe eines Steuersignals
zur Steuerung des Einschaltens oder Abschaltens
des Schalterbereiches.

7. Elektromagnet-Ansteuervorrichtung nach An-
spruch 1, mit

einem Schaltelement, das mit der Spule des
Elektromagneten in Reihe geschaltet ist,

einer Impulsgeneratorschaltung, die in vorge-
gebenen Perioden ein zum Einschalten des Schal-
telementes dienendes Impulssignal erzeugt, und

einer Diode, die mit einem Leistungsabsorp-
tionselement in Form einer Reihenschaltung ver-
bunden ist, wobei

die Spule des Elektromagneten der Reihen-
schaltung parallel geschaltet ist, und

die Regenerierschaltung einen Schalterbe-
reich und ein Leistungsabsorptionselement auf-
weist, die eine Parallelschaltung bilden, mit der eine
Diode in Reihe geschaltet ist.

8. Elektromagnet-Ansteuervorrichtung nach An-
spruch 1, mit

einem Schaltelement, das mit der Spule des
Elektromagneten in Reihe geschaltet ist,

einer Impulsgeneratorschaltung, die in vorge-
gebenen Perioden ein zum Einschalten des Schal-
telementes dienendes Impulssignal erzeugt, und

einer Diode, die einer Reihenschaltung eines
Leistungsabsorptionselementes mit der Spule par-
allel geschaltet ist, wobei

die Regenerierschaltung einen Schalterbe-
reich und ein Leistungsabsorptionselement auf-
weist, die eine Parallelschaltung bilden, mit der eine
Diode in Reihe geschaltet ist.

Revendications

1. Dispositif de commande électromagnétique
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comprenant :

un électroaimant comportant une bobine (3) ;
un circuit de régénération (4) permettant une
circulation d'un courant électrique régénéré
lorsque l'application d'une tension audit dispo-
sitif de commande électromagnétique est arrê-
tée et atténuant ledit courant électrique régé-
néré après qu'une période de temps prédéter-
minée se soit écoulée après l'arrêt de l'applica-
tion de ladite tension audit dispositif de com-
mande électromagnétique ;

caractérisé en ce que le dispositif comprend
également :

un circuit à retard (11) maintenant ledit circuit
de régénération dans un état de marche jus-
qu'à ce que ladite période de temps prédéter-
minée se soit écoulée après l'arrêt de l'applica-
tion de ladite tension audit dispositif de com-
mande électromagnétique.

2. Dispositif de commande électromagnétique selon
la revendication 1, comprenant en outre :

un élément de commutation (17) connecté en
série avec ladite bobine dudit électroaimant ; et
un circuit de génération de signal impulsionnel
(16) pour générer, pendant des cycles prédé-
terminés, un signal impulsionnel utilisé pour ac-
tiver l'élément de commutation,

dans lequel ledit circuit de régénération com-
prend une partie de commutateur (5) et un élément
d'absorption de puissance (6) formant un circuit pa-
rallèle auquel une diode (7) est connectée en série,
et

dans lequel ledit circuit de régénération per-
met la circulation dudit courant électrique régénéré
vers ladite bobine lorsque ladite partie de commu-
tateur est activée et ledit élément de commutation
est désactivé à partir d'un état dans lequel la partie
de commutateur et l'élément de commutation sont
dans ledit état activé, et qui amène ledit élément
d'absorption de puissance à réduire immédiate-
ment la circulation dudit courant électrique régéné-
ré à travers ladite bobine dudit électroaimant lors-
que ladite partie de commutateur et ledit élément
de commutation sont désactivés.

3. Dispositif de commande électromagnétique selon
la revendication 2, dans lequel la partie de commu-
tateur comprend :

un transistor (5) connecté en parallèle avec
l'élément d'absorption de puissance (6) ;
un phototransistor (10) connecté entre une ba-

se et un collecteur dudit transistor ; et
une diode électroluminescente (9) pour émet-
tre une lumière de manière à commander l'ac-
tivation ou la désactivation dudit phototransis-
tor.

4. Dispositif de commande électromagnétique selon
la revendication 2, dans lequel ledit circuit à retard
comprend un condensateur (15), qui peut être char-
gé pendant l'application de ladite tension audit dis-
positif de commande électromagnétique et qui est
capable de décharger un courant électrique vers la-
dite partie de commutateur jusqu'à ce qu'une pério-
de de temps prédéterminée se soit écoulée après
l'arrêt de l'application de ladite tension audit dispo-
sitif de commande électromagnétique, et une diode
Zener (14) connectée en parallèle avec le conden-
sateur.

5. Dispositif de commande électromagnétique selon
la revendication 2, dans lequel le circuit à retard
comprend un condensateur qui peut être chargé
pendant l'application de ladite tension audit dispo-
sitif de commande électromagnétique et qui est ca-
pable de décharger un courant électrique vers ladi-
te partie de commutateur jusqu'à ce qu'une période
de temps prédéterminée se soit écoulée après l'ar-
rêt de l'application de ladite tension audit dispositif
de commande électromagnétique ; et

comprenant en outre :

un circuit de détection de tension de source
pour appliquer une tension de charge prédéter-
minée audit condensateur si une tension de
source est supérieure à une tension prédéter-
minée et pour mettre fin à l'application d'une
tension au condensateur si la tension de source
est inférieure à une tension prédéterminée.

6. Dispositif de commande électromagnétique selon
la revendication 4, comprenant en outre :

un circuit de tension de référence pour délivrer
une tension de référence ; et
un comparateur (19) pour comparer ladite ten-
sion de référence à la tension aux bornes du
condensateur et pour délivrer un signal de com-
mande pour commander l'activation ou la dé-
sactivation de ladite partie de commutateur.

7. Dispositif de commande électromagnétique selon
la revendication 1, comprenant en outre :

un élément de commutation connecté en série
avec ladite bobine d'un électroaimant ;
un circuit de génération de signal impulsionnel
pour générer, pendant des cycles prédétermi-
nés, un signal impulsionnel utilisé pour activer
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l'élément de commutation ; et
une diode connectant ledit élément d'absorp-
tion de puissance afin de former un circuit série
et ladite bobine dudit électroaimant connectée
en parallèle audit circuit série,

dans lequel ledit circuit de régénération com-
prend une partie de commutateur et un élément
d'absorption de puissance formant un circuit paral-
lèle auquel une diode est connectée en série.

8. Dispositif de commande électromagnétique selon
la revendication 1, comprenant en outre :

un élément de commutation connecté en série
avec ladite bobine d'un électroaimant ;
un circuit de génération de signal impulsionnel
pour générer, pendant des cycles prédétermi-
nés, un signal impulsionnel utilisé pour activer
l'élément de commutation ; et
une diode connectée en parallèle à un circuit
série connectant ledit élément d'absorption de
puissance et ladite bobine,

dans lequel ledit circuit de régénération com-
prend une partie de commutateur et un élément
d'absorption de puissance formant un circuit paral-
lèle auquel une diode est connectée en série.
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