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(54) CONTROL DEVICE AND CONTROL METHOD

(57) A control device includes: an acquisition unit
configured to acquire the number of relays to be driven
having an identical specification; and an output unit con-

figured to output a pulse current to a plurality of relays to

be driven, at shifted output timings in a case where the
number of relays acquired by the acquisition unitis plural.
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to a control de-
vice and a control method capable of controlling a plu-
rality of relays.

BACKGROUND ART

[0002] PatentLiterature 1discloses arelay drive circuit
including a single relay. In the relay drive circuit of Patent
Literature 1, the relay includes a switching element, and
a pulse voltage is applied to a control terminal of the
switching element.

PATENT DOCUMENT
PATENT LITERATURE

[0003] Patent Literature 1: JP 2006-114446 A

SUMMARY
TECHNICAL PROBLEM

[0004] When the relay drive circuit of Patent Literature
1includes a plurality of relays and all the relays are turned
on and off simultaneously, an amount of current supplied
to the relays increases in proportion to the number of
relays. In this case, charging and discharging of a power
supply that supplies the current to the relays increase,
and ripple of the power supply may undesirably increase.
[0005] An object of the present disclosure is to provide
a control device and a control method capable of con-
trolling a plurality of relays while suppressing ripple of a
power supply.

SOLUTION TO PROBLEM

[0006] A control device according to an aspect of the
present disclosure includes:

an acquisition unit configured to acquire the number
of relays to be driven having an identical specifica-
tion; and

an output unit configured to output a pulse current
to a plurality of relays to be driven, at shifted output
timings in a case where the number of relays ac-
quired by the acquisition unit is plural, wherein

the output unitis configured to determine a difference
in output timing of the pulse current between relays
adjacent in an order of output of the pulse current
based on a duty ratio of the pulse current and the
number of relays acquired by the acquisition unit.

[0007] A control method according to an aspect of the
present disclosure includes:

10

15

20

25

30

35

40

45

50

55

acquiring the number of relays to be driven having
an identical specification; and

outputting a pulse current to a plurality of relays to
be driven, at shifted output timings in a case where
the acquired number of relays is plural, wherein

a difference in output timing of the pulse current be-
tween relays adjacent in an order of output of the
pulse current is determined based on a duty ratio of
the pulse current and the acquired number of relays.

ADVANTAGEOUS EFFECTS OF INVENTION

[0008] According to the control device according to the
aspect, it is possible to realize a control device capable
of controlling a plurality of relays while suppressing ripple
of a power supply.

[0009] According to the control method according to
the aspect, it is possible to realize a control method ca-
pable of controlling a plurality of relays while suppressing
ripple of a power supply.

BRIEF DESCRIPTION OF DRAWINGS
[0010]

Fig. 1is ablock diagramillustrating a circuitincluding
a control device according to an embodiment of the
present disclosure;

Fig. 2 is a first timing diagram of a pulse current out-
put by the control device of Fig. 1;

Fig. 3 is a second timing diagram of a pulse current
output by the control device of Fig. 1;

Fig. 4 is a third timing diagram of a pulse current
output by the control device of Fig. 1;

Fig. 5 is a fourth timing diagram of a pulse current
output by the control device of Fig. 1;

Fig. 6 is a fifth timing diagram of a pulse current out-
put by the control device of Fig. 1; and

Fig. 7 is a flowchart for explaining a method for con-
trolling a relay by using the control device of Fig. 1.

DETAILED DESCRIPTION

[0011] Hereinafter, an example of the present disclo-
sure will be described with reference to the accompany-
ing drawings. The following description is merely exem-
plary in nature and is not intended to limit the present
disclosure, its application, or its use. The drawings are
schematic, and ratios of dimensions and the like do not
necessarily match actual ones.

[0012] As illustrated in Fig. 1, a control device 100 ac-
cording to an embodiment of the present disclosure con-
stitutes a part of a circuit 1 configured to drive a plurality
of relays 10 having an identical specification. In the
presentembodiment, the circuit 1 includes five relays 10,
a power supply 20 configured to supply a current to each
relay 10, five switching elements 30, five diodes D1, and
a generation circuit 200. Each switching element 30 is
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connected in series with a coil 11 of a corresponding one
of the relays 10. Each diode D1 is connected in antipar-
allel with the coil 11 of a corresponding one of the relays
10. The control device 100 is configured to control the
switching element 30 corresponding to the relay 10 to be
driven, to output a pulse current to the coil 11 of the relay
10 to be driven.

[0013] Eachrelay 10 includes the coil 11 and a contact
12. For example, the contact 12 is switched from an off
state to an on state when a pulse current is input to the
coil 11. Eachrelay 10is a relay having optionally-selected
specifications (for example, input voltage, load voltage,
and maximum load current). The power supply 20 in-
cludes, for example, a battery, and each switching ele-
ment 30 includes, for example, an npn transistor. The
generation circuit 200 generates, for example, a pulse
voltage having a constant amplitude. A pulse width and
the amplitude of the pulse voltage are set so that a max-
imum value of a current flowing through the coil 11 of
each relay 10 becomes equal to or larger than a value
necessary for turning on the relay 10.

[0014] As illustrated in Fig. 1, the control device 100
includes a processor 101, a storage device 102, and a
communication device 103. Examples of the processor
101 include a CPU, an MPU, a GPU, a DSP, an FPGA,
and an ASIC. The storage device 102 includes, for ex-
ample, an internal recording medium or an external re-
cording medium. Examples of the internal recording me-
dium include a non-volatile memory. Examples of the ex-
ternal recording medium include a hard disk (HDD), a
solid state drive (SSD), and an optical disk device. The
communication device 103 includes, forexample, a com-
munication circuit or a communication module for trans-
mitting and receiving data to and from an external device
such as a server.

[0015] The control device 100 includes an acquisition
unit 110 and an output unit 120. The acquisition unit 110
and the output unit 120 are realized, for example, by ex-
ecution of a program stored in the storage device 102 by
the processor 101.

[0016] The acquisition unit 110 is configured to acquire
the number of relays 10 to be driven having an identical
specification. The number of relays 10 to be driven may
be acquired, for example, from a voltage of the circuit 1
at a time of output of a pulse current to each switching
element 30 or may be acquired, for example, from data
concerning the relay 10 to be driven input by a user or
the like.

[0017] The output unit 120 is configured to output a
pulse current to a plurality of relays 10 to be driven, at
shifted or different output timings in a case where the
number of relays 10 acquired by the acquisition unit 110
is plural (that is, two or more). In the presentembodiment,
the output unit 120 is configured to apply the pulse volt-
age generated by the generation circuit 200 to each
switching element 30 and configured to output the pulse
current to the coil 11 of the corresponding relay 10.
[0018] The output unit 120 is configured to determine
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a difference in output timing of the pulse current between
the relays 10 adjacent in an order of output of the pulse
current on the basis of a duty ratio of the pulse current
and the number of relays 10 acquired by the acquisition
unit 110. For example, the output unit 120 determines
the difference in output timing of the pulse current by at
least one of the following methods (A) to (C).

[0019] (A)Ina case where the product of the duty ratio
(%) of the pulse current and the number of relays 10
acquired by the acquisition unit 110 is smaller than one
hundred, the output unit 120 determines a time defined
by "Expression (1): A/B" as the difference in output timing
of the pulse current. A is a cycle (mS) of the pulse current,
and B is the number of relays 10 acquired by the acqui-
sition unit 110.

[0020] Ina case of A =100 ms, A=30%,and B = 2,
the difference in timing of the pulse currentis 100/2 = 50
ms. In this case, as illustrated in Fig. 2, a pulse current
is output to one relay 10, and there is an ON/OFF gap in
which no pulse current is output to any relay 10. That s,
the ripple of the power supply 20 is suppressed to ripple
in a case where the pulse currentis outputto onerelay 10.
[0021] (B)Ina case where the product of the duty ratio
(%) of the pulse current and the number of relays 10
acquired by the acquisition unit 110 is equal to one hun-
dred, the output unit 120 determines a time defined by
"Expression (2): A X A" as the difference in output timing
of the pulse current. A is the duty ratio (%) of the pulse
current.

[0022] Ina case of A =100 ms, A=20%,and B =5,
the difference in timing of the pulse currentis 100 X 0.2
= 20 ms. In this case, as illustrated in Fig. 3, the pulse
currentis always output to one relay 10. Thatis, theripple
of the power supply 20 is suppressed to be smaller than
ripple in a case where the pulse current is output to one
relay 10.

[0023] (C)Inacase where the product of the duty ratio
(%) of the pulse current and the number of relays 10
acquired by the acquisition unit 110 is larger than one
hundred, the output unit 120 determines a time defined
by "Expression (3): A/(A X B X 2)" as the difference in
output timing of the pulse current.

[0024] Inacase of A =100 ms, A =25%,and B =5,
the difference in timing of the pulse current is 100/(0.25
X 5 X 2) =25 ms. In this case, as illustrated in Fig. 4,
the pulse current is always concurrently output to one
relay 10 or two relays 10. That is, the ripple of the power
supply 20 is suppressed to ripple in a case where the
pulse current is output to one relay 10.

[0025] Ina case of A =100 ms, A =50%, and B = 4,
the difference in timing of the pulse currentis 100/(0.5 X
4 X 2) =25 ms. In this case, as illustrated in Fig. 5, the
pulse current is output to two relays 10, and the pulse
current is not simultaneously output to three or more re-
lays 10. That is, the ripple of the power supply 20 is sup-
pressed to be smaller than ripple in a case where the
pulse current is output to one relay 10.

[0026] In a case of A =100 ms, A =50%, and B =5,
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the difference in timing of the pulse currentis 100/(0.5 X
5 X 2) = 20 ms. In this case, as illustrated in Fig. 6, the
pulse current is simultaneously output to two or three
relays 10. That is, the ripple of the power supply 20 is
suppressed to ripple in a case where the pulse current
is output to one relay 10.

[0027] The output unit 120 determines an amount by
which output timings are shifted, assuming that the
number of relays 10 acquired by the acquisition unit 110
is a threshold value in a case where the number of relays
10 acquired by the acquisition unit 110 is larger than the
threshold value. In a case where the number of relays
10 is larger than the threshold value, an excess relay 10
is regarded as any of relays 10 within the threshold value.
[0028] Forexample, in a case where the threshold val-
ue is 8 and B = 13, the output unit 120 determines the
difference in timing of the pulse current assuming that B
= 8. Excess relays, that is, the ninth to thirteenth relays
10 are each regarded as any of relays 10 within the
threshold value. That is, the output unit 120 outputs the
pulse current assuming that there are two relays 10 as
each of the first to fifth relays 10 and there is one relay
10 as each of the sixth to eighth relays 10. As a result,
the ripple of the power supply 20 is suppressed to ripple
in a case where the pulse current is output to one relay
10 at a maximum.

[0029] The threshold value may be optionally set. Itis
preferable to set the threshold value so as not to make
it difficult to divide or subdivide a cycle of the pulse current
in consideration of a length of the cycle of the pulse cur-
rent and the like.

[0030] An example of a method for controlling the re-
lays 10 by using the control device 100 will be described
with reference to Fig. 7. The method for controlling the
relays 10 described below is realized, for example, by
execution of a predetermined program by the processor
101.

[0031] As illustrated in Fig. 7, when output timing de-
termination processing is started, the acquisition unit 110
acquires the number of relays 10 to be driven (step S1).
[0032] When the number of relays 10 to be driven is
acquired, the output unit 120 determines whether or not
the acquired number ofrelays 10 is two or more (step S2).
[0033] In a case where it is determined that the ac-
quired number of the relays 10 is two or more, the output
unit 120 determines a difference in output timing of the
pulse current between the relays 10 adjacent in an order
of output of the pulse current on the basis of a duty ratio
of the pulse current and the acquired number of relays
10 (step S3).

[0034] In a case where the acquired number of relays
10 is two or more, the output unit 120 outputs the pulse
current to the plurality of relays 10 to be driven at shifted
output timings on the basis of the difference in output
timing of the pulse current determined in step S3 (step
S4), and the pulse current output process ends. In a case
where it is not determined that the number of relays 10
acquired in step S2 is two or more, the output unit 120
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outputs a pulse current of a preset duty ratio to one relay
10 to be driven (step S4), and the pulse current output
process ends.

[0035] The control device 100 can exhibit the following
advantageous effects.

[0036] The control device 100 includes the acquisition
unit 110 configured to acquire the number of relays 10
to be driven having an identical specification, and the
output unit 120 configured to output a pulse current to a
plurality of relays 10 to be driven, at shifted output timings
in a case where the number of relays 10 to be driven
acquired by the acquisition unit 110 is plural. The output
unit 120 is configured to determine a difference in output
timing of the pulse current between relays 10 adjacent
in an order of output of the pulse current on the basis of
a duty ratio of the pulse current and the number of relays
10 acquired by the acquisition unit 110. According to such
a configuration, the ripple of the power supply 20 is sup-
pressed to ripple in a case where the pulse current is
output to one relay 10 at a maximum. As a result, it is
possible to realize the control device 100 capable of con-
trolling the plurality of relays 10 while suppressing the
ripple of the power supply 20.

[0037] The control device 100 may optionally adopt
any one or more of the following plurality of configura-
tions. That is, any one or more of the following plurality
of configurations can be optionally deleted whenincluded
in the embodiment, and can be optionally added when
notincluded in the embodiment. By adopting such a con-
figuration, it is possible to realize the control device 100
capable of controlling the plurality of relays 10 while sup-
pressing the ripple of the power supply 20 with more cer-
tainty.

[0038] Inacase where the product of the duty ratio (%)
of the pulse current and the number of relays 10 acquired
by the acquisition unit 110 is smaller than one hundred,
the output unit 120 determines a time defined by Expres-
sion (1): A/B [in Expression (1), A is a cycle (mS) of the
pulse current, and B is the number of relays 10 acquired
by the acquisition unit 110] as the difference in output
timing of the pulse current.

[0039] Inacase where the product of the duty ratio (%)
of the pulse current and the number of relays 10 acquired
by the acquisition unit 110 is equal to one hundred, the
output unit 120 determines a time defined by Expression
(2): & X A [in Expression (2), A is a cycle (mS) of the
pulse current, and A is the duty ratio (%) of the pulse
current] as the difference in output timing of the pulse
current.

[0040] Inacase where the product of the duty ratio (%)
of the pulse current and the number of relays 10 acquired
by the acquisition unit 110 is larger than one hundred,
the output unit 120 determines a time defined by Expres-
sion (3): A/(A X B X 2) [in Expression (3), A is a cycle
(mS) of the pulse current, A is the duty ratio (%) of the
pulse current, and B is the number of relays 10 acquired
by the acquisition unit 110] as the difference in output
timing of the pulse current.
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[0041] In a case where the number of relays 10 ac-
quired by the acquisition unit 110 is larger than a thresh-
old value, the output unit 120 determines the difference
in output timing of the pulse current assuming that the
number of relays 10 acquired by the acquisition unit 110
is the threshold value.

[0042] The control method can exhibitthe following ad-
vantageous effects.

[0043] The control method includes acquiring the
number ofrelays 10 to be driven having an identical spec-
ification and outputting a pulse current to a plurality of
relays 10 to be driven, at shifted output timings in a case
where the acquired number of relays 10 is plural, and a
difference in output timing of the pulse current between
relays 10 adjacent in an order of output of the pulse cur-
rent is determined on the basis of a duty ratio of the pulse
current and the acquired number of relays 10. According
to such a configuration, the ripple of the power supply 20
is suppressed to ripple in a case where the pulse current
is output to one relay 10 at a maximum. As a result, it is
possible to realize the control method capable of control-
ling the plurality of relays 10 while suppressing the ripple
of the power supply 20.

[0044] The control device 100 may be configured as
follows.
[0045] The difference in output timing of the pulse cur-

rent between the relays 10 adjacentin the order of output
of the pulse current may be determined by any method
based on the duty ratio of the pulse current and the ac-
quired number of relays 10.

[0046] The control device 100 may be applied not only
to the circuit 1, but also to a circuit having any configu-
ration in which a plurality of relays 10 having an identical
specification are driven by a pulse current.

[0047] The present disclosure encompasses a pro-
gram for causing a computer to execute the control meth-
od.

[0048] Various embodiments of the present disclosure
have been described above in detail with reference to
the drawings. Finally, various aspects of the present dis-
closure will be described. In the following description, as
an example, reference signs are also added.

[0049] A control device 100 according to a first aspect
of the present disclosure includes:

an acquisition unit 110 configured to acquire the
number of relays to be driven having an identical
specification; and

an output unit 120 configured to output a pulse cur-
rent to a plurality of relays to be driven, at shifted
output timings in a case where the number of relays
acquired by the acquisition unit 110 is plural, wherein
the output unit 120 is configured to determine a dif-
ference in output timing of the pulse current between
relays adjacent in an order of output of the pulse
current based on a duty ratio of the pulse currentand
the number of relays acquired by the acquisition unit
110.
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[0050] The control device 100 according to a second
aspect of the present disclosure is configured such that
in a case where the product of the duty ratio (%) of the
pulse current and the number of relays acquired by the
acquisition unit 110 is smaller than one hundred, the out-
put unit 120 determines a time defined by the following
Expression (1) as the difference in output timing:

AMB Expression (1)

[in Expression (1), A is a cycle (mS) of the pulse current,
and B is the number of relays acquired by the acquisition
unit 110].

[0051] The control device 100 according to a third as-
pect of the present disclosure is configured such that in
a case where the product of the duty ratio (%) of the pulse
current and the number of relays acquired by the acqui-
sition unit 110 is equal to one hundred, the output unit
120 determines a time defined by the following Expres-
sion (2) as the difference in output timing:

AXA Expression (2)

[in Expression (2), A is a cycle (mS) of the pulse current,
and A is the duty ratio (%) of the pulse current].

[0052] The control device 100 according to a fourth
aspect of the present disclosure is configured such that
in a case where the product of the duty ratio (%) of the
pulse current and the number of relays acquired by the
acquisition unit 110 is larger than one hundred, the output
unit 120 determines a time defined by the following Ex-
pression (3) as the difference in output timing:

MA x B x2) Expression (3)

[in Expression (3), A is a cycle (mS) of the pulse current,
A is the duty ratio (%) of the pulse current, and B is the
number of relays acquired by the acquisition unit 110].
[0053] The control device 100 according to a fifth as-
pect of the present disclosure is configured such that in
a case where the number of relays acquired by the ac-
quisition unit 110 is larger than a threshold value, the
output unit 120 determines the difference in output timing
assuming that the number of relays acquired by the ac-
quisition unit 110 is the threshold value.

[0054] A control method according to a sixth aspect of
the present disclosure includes:

acquiring the number of relays to be driven having
an identical specification; and

outputting a pulse current to a plurality of relays to
be driven, at shifted output timings in a case where
the acquired number of relays is plural, wherein

a difference in output timing of the pulse current be-
tween relays adjacent in an order of output of the
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pulse current is determined on the basis of a duty
ratio of the pulse current and the acquired number
of relays.

[0055] By appropriately combining any embodiments
or modifications among the various embodiments or
modifications, effects of the embodiments or modifica-
tions can be produced. In addition, combinations of em-
bodiments, combinations of examples, or combinations
of an embodiments and an example are possible, and
combinations of features in different embodiments or ex-
amples are also possible.

[0056] Although the present disclosure has been fully
described in connection with preferred embodiments with
reference to the accompanying drawings, various chang-
es and modifications will be apparent to those skilled in
the art. Such variations and modifications should be un-
derstood as being encompassed within the scope of the
present disclosure as set forth in the appended claims.

INDUSTRIAL APPLICABILITY
[0057] The control device and the control method of
the present disclosure can be, for example, applied to an

on-vehicle relay.

REFERENCE SIGNS LIST

[0058]

1 circuit
10 relay
1 coil

12 contact

20 power supply

30 switching element
100  control device

101  processor

102  storage device

103  communication device
110  acquisition unit

120  output unit

200 generation circuit

Claims

1. A control device (100), characterized by compris-
ing:

an acquisition unit (110) configured to acquire
the number of relays to be driven having an iden-
tical specification; and

an output unit (120) configured to output a pulse
current to a plurality of relays to be driven, at
shifted output timings in a case where the
number of relays acquired by the acquisition unit
(110) is plural, wherein
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the output unit (120) is configured to determine
a difference in output timing of the pulse current
between relays adjacent in an order of output of
the pulse current based on a duty ratio of the
pulse current and the number of relays acquired
by the acquisition unit (110).

The control device (100) according to claim 1, where-
in

the output unit (120) determines a time defined by
the following Expression (1) as the difference in out-
put timing in a case where the product of the duty
ratio (%) of the pulse current and the number of re-
lays acquired by the acquisition unit (110) is smaller
than one hundred:

AMB Expression (1)

[in Expression (1), A is a cycle (mS) of the pulse
current, and B is the number of relays acquired by
the acquisition unit (110)].

The control device (100) according to claim 1 or 2,
wherein

the output unit (120) determines a time defined by
the following Expression (2) as the difference in out-
put timing in a case where the product of the duty
ratio (%) of the pulse current and the number of re-
lays acquired by the acquisition unit(110) is one hun-
dred:

AXA Expression (2)

[in Expression (2), A is a cycle (mS) of the pulse
current, and A is the duty ratio (%) of the pulse cur-
rent].

The control device (100) according to any one of
claims 1 to 3, wherein

the output unit (120) determines a time defined by
Expression (3) as the difference in output timing in
a case where the product of the duty ratio (%) of the
pulse current and the number of relays acquired by
the acquisition unit(110)is largerthan one hundred,:

MA x B x2) Expression (3)

[in Expression (3), A is a cycle (mS) of the pulse
current, A is the duty ratio (%) of the pulse current,
and B is the number of relays acquired by the acqui-
sition unit (110)].

The control device (100) according to any one of
claims 2 to 4, wherein
the output unit (120) determines the difference in out-
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put timing assuming that the number of relays ac-
quired by the acquisition unit (110) is a threshold
value in a case where the number of relays acquired
by the acquisition unit (110) is larger than the thresh-
old value.

A control method, comprising:

acquiring the number of relays to be driven hav-
ing an identical specification; and

outputting a pulse current to a plurality of relays
to be driven, at shifted output timings in a case
where the acquired number of relays is plural,
wherein

a difference in output timing of the pulse current
between relays adjacentin an order of output of
the pulse current is determined based on a duty
ratio of the pulse current and the acquired
number of relays.
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