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(57) Appropriate electrification control according to
the number of control channels simultaneously output-
ting conduction control signals is realized without chang-
ing a control period. A power control device (10) includes
a setting part (11), a calculation part (12) and a control
part (13). The setting part (11) receives settings of the
number of control channels simultaneously outputting
conduction control signals and a control period. The cal-
culation part (12) calculates an upper limit value of an
electrification quantity and a delay time in starting of con-
trol of each control channel using a total number of control
channels, the number of control channels simultaneously
outputting the conduction control signals and the control
period. The control part (13) executes conduction control
and disconnection control for each control channel using
the upper limit value of the electrification quantity of each
control channel and the delay time in starting of control
of each control channel.
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Description
BACKGROUND
Technical Field

[0001] The present disclosure relates to a technology
of electrification control for loads such as heaters.

Description of Related Art

[0002] Patent Document 1 discloses a power control
apparatus which controls electrifying time for a plurality
of heaters. The power control apparatusincludes a power
control calculation part and a plurality of switch elements.
[0003] The plurality of switches are provided to corre-
spond to the plurality of heaters one-to-one. The power
control calculation part sets an individual control channel
for each of the plurality of switch elements. The power
control calculation part controls opening and closing of
each of the plurality of switch elements using the control
channel. In this manner, an electrifying time, that is, an
electrification quantity, of each of the plurality of heaters
is controlled.

Patent Documents

[0004] [Patent Document 1] JP 4407616
SUMMARY
[0005] In such a power control system, limitation of an

electrification quantity for a load may be desired. For ex-
ample, there are cases in which an overall peak current
including a plurality of loads (e.g., heaters) is desired to
be limited and the like. In such cases, switch elements
which are simultaneously closed are limited. That is, the
number of control channels which simultaneously output
conduction control signals is limited.

[0006] However, in the conventional power control ap-
paratus, it is difficult to arbitrarily vary control channels
which simultaneously output conduction control signals
with respect to the total number of control channels.
[0007] Accordingly, an objective of the present disclo-
sure is to provide an electrification technology capable
of performing appropriate electrification control in re-
sponse to the number of control channels which simul-
taneously output conduction control signals.

[0008] According to an example of the present disclo-
sure, a power control device includes a setting part, a
calculation part, and a control part. The setting part re-
ceives a setting of the number of control channels simul-
taneously controlled to be conducted, and a setting of a
control period. The calculation part calculates an upper
limit value of an electrification quantity for each control
channel and a delay time in starting of control of each
control channel using a total number of control channels,
the number of control channels simultaneously output-
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ting conduction control signals, and the control period.
The control part executes conduction control and discon-
nection control for each control channel using the upper
limit value of the electrification quantity of each control
channel and the delay time in starting of control of each
control channel.

[0009] In this configuration, if the number of control
channels simultaneously outputting the conduction con-
trol signals and the control period are input, time of con-
duction control of each control channel is automatically
calculated. Accordingly, conduction control and discon-
nection control of each control channel according to lim-
itations on electrification quantities of loads are realized.
[0010] In addition, according to an example of the
present disclosure, the setting part receives setting of a
delay time between control channels. The calculation
part calculates an effective control period using a maxi-
mum number of available control channels, the delay
time between control channels and the control period.
The calculation part calculates the upper limit value of
the electrification quantity of each control channel and
the delay time in starting of control of each control chan-
nel on the basis of the effective control period.

[0011] In this configuration, time of conduction control
of each control channelis automatically calculated taking
into account the delay time between control channels.
Accordingly, it is possible to restrain electrification quan-
tities from exceeding limitation of electrification quantities
of loads more reliably.

[0012] In addition, according to an example of the
present disclosure, the calculation part acquires an elec-
trification quantity according to calculation for feedback
controlfor each control channel. The calculation part sets
an effective electrification quantity of a control channel
using the electrification quantity according to calculation
for feedback control and the upper limit value of the elec-
trification quantity.

[0013] In this configuration, it is possible to perform
conduction control and disconnection control adapted to
measured values of a plurality of loads while restraining
electrification quantities from exceeding limitations of
electrification quantities of loads.

[0014] According to the present disclosure, it is possi-
ble to perform appropriate control in response to the
number of control channels for simultaneous conduction.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

FIG. 1 is a functional block diagram showing an ex-
ample of a power control system and a power control
device according to an embodiment of the present
disclosure.

FIG. 2 is a flowchart showing an example of a power
control method according to an embodiment of the
present disclosure.

FIG. 3 is a flowchart showing an example of a setting
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process and a calculation process in the power con-
trol method according to an embodiment of the
present disclosure.

FIG. 4 is a flowchart showing an example of a cal-
culation process in the power control method accord-
ing to an embodiment of the present disclosure.
FIG. 5is a timing chart showing an example of a first
aspect of electrification control according to an em-
bodiment of the present disclosure.

FIG. 6 is a timing chart showing an example of a
second aspect of electrification control according to
an embodiment of the present disclosure.

FIG. 7 is a timing chart showing an example of a third
aspect of electrification control according to an em-
bodiment of the present disclosure.

FIG. 8 is a timing chart showing an example of a
fourth aspect of electrification control according to
an embodiment of the present disclosure.

DESCRIPTION OF THE EMBODIMENTS

[0016] Hereinafter,embodiments of the presentdisclo-
sure will be described with reference to the drawings.

» Example of application

[0017] First, an example of application of a power con-
trol device according to an embodiment of the present
disclosure will be described using the drawings.

[0018] FIG. 1is afunctional block diagram showing an
example of a power control system and a power control
device according to an embodiment of the present dis-
closure.

[0019] A power control device 10 includes a setting
part 11, a calculation part 12 and a control part 13. The
setting part 11 receives settings of a control period Ts
and the number n of control channels which simultane-
ously output conduction control signals.

[0020] The calculation part 12 calculates an upper limit
value tdm of an electrification quantity within the time of
the control period Ts of each control channel, that is,
upper limit value of electrification quantities of a switch
element 21, a switch element 22, a switch element 23
and a switch element 24 using the control period Ts, the
number n of simultaneously conducted control channels
and a total number N of control channels controlled by
the power control device 10 in a power control system 1.
In addition, the calculation part 12 calculates a delay time
tDN in starting of conduction control of each control chan-
nel with respect to a starting time of the control period Ts.
[0021] The control part 13 controls a period of conduc-
tion control and a period of disconnection control of each
control channel using the upper limit value tdm of the
electrification quantities and the delay time tDN. Accord-
ingly, closing and opening of the switch element 21, the
switch element 22, the switch element 23 and the switch
element 24 of an SSR 20 are controlled and electrification
quantities of a heater 31, a heater 32, a heater 33 and a
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heater 34 of a heating member 30 are controlled.

[0022] In this manner, conduction control and discon-
nection control of each control channel are automatically
executed in response to the number of switch elements
(the number of control channels) which are simultane-
ously controlled to be closed. Accordingly, it is possible
to perform appropriate control according to a limitation
of the electrification quantity of the heating member 30.

» Example of configuration

[0023] The power control device, the power control
system, a power control method and a power control pro-
gram according to an embodiment of the present disclo-
sure will be described with reference to the drawings. As
described above, FIG. 1 is a functional block diagram
showing an example of the power control system and the
power control device according to an embodiment of the
present disclosure. Meanwhile, although a case in which
the total number N of control channels, the number of
switch elements and the number of heaters are 4 will be
represented in the following description, the total number
N of control channels, the number of switch elements
and the number of heaters are not limited thereto as long
as they are plural in number.

[0024] The power control system 1 includes the power
control device 10, the SSR 20, the heating member 30,
a power source 40, and a sensor 50. The power control
device 10 includes the setting part 11, the calculation
part 12 and the control part 13.

[0025] The SSR 20 includes the switch element 21,
the switch element 22, the switch element 23 and the
switch element 24. The heating member 30 includes the
heater 31, the heater 32, the heater 33 and the heater 34.
[0026] The switch element 21 and the heater 31 are
serially connected to constitute a first serial circuit. The
switch element 22 and the heater 32 are serially connect-
ed to constitute a second serial circuit. The switch ele-
ment 23 and the heater 33 are serially connected to con-
stitute a third serial circuit. The switch element 24 and
the heater 34 are serially connected to constitute a fourth
serial circuit. The first serial circuit, the second serial cir-
cuit, the third serial circuit and the fourth serial circuit are
connected parallel to the power source 40.

[0027] The switch element 21, the switch element 22,
the switch element 23 and the switch element 24 are
connected to the control part 13. The switch element 21
is closed or opened by receiving a control signal of a
control channel CH1 from the control part 13. According-
ly, conduction or disconnection of the heater 31 and the
power source 40 is controlled and an electrification quan-
tity to the heater 31 is controlled. The switch element 22
is closed or opened by receiving a control signal of a
control channel CH2 from the control part 13. According-
ly, conduction or disconnection of the heater 32 and the
power source 40 is controlled and an electrification quan-
tity to the heater 32 is controlled. The switch element 23
is closed or opened by receiving a control signal of a
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control channel CH3 from the control part 13. According-
ly, conduction or disconnection of the heater 33 and the
power source 40 is controlled and an electrification quan-
tity to the heater 33 is controlled. The switch element 24
is closed or opened by receiving a control signal of a
control channel CH4 from the control part 13. According-
ly, conduction or disconnection of the heater 34 and the
power source 40 is controlled and an electrification quan-
tity to the heater 34 is controlled. These electrification
quantities are set by conduction time, that is, time dura-
tions of the control signals for closing the switch ele-
ments.

[0028] The sensor50 measures atemperature and the
like of a heating target of the heating member 30 and
outputs measurement data to the calculation part 12.
[0029] Inthis powercontrol system 1, the power control
device 10 includes the following configuration and exe-
cutes the following control.

[0030] For example, the setting part 11 includes oper-
ators such as a mouse, a keyboard and a touch panel.
The setting part 11 receives an operation input from a
user and outputs the operation input to the calculation
part 12. Specifically, the setting part 11 receives settings
of the total number N of control channels, a control period
Ts, and the number n of control channels simultaneously
outputting conduction control signals from the user. Fur-
ther, the total number N of control channels is not the
total number of control channels included in the power
control device 10 but is the total number of control chan-
nels connected to the heating member 30. Further, the
setting part 11 receives setting of a delay time tb between
control channels from the user.

[0031] The setting part 11 outputs the total number N
of control channels, the control period Ts, the number n
of control channels simultaneously outputting conduction
control signals and the delay time tb between control
channels to the calculation part 12.

[0032] For example, the calculation part 12 is realized
by an information processing IC and a program installed
in the IC.

[0033] The calculation part 12 calculates an effective
control period Te using the total number N of control
channels, the control period Ts, and the delay time tb
between control channels. Specifically, the calculation
part 12 calculates the effective control period Te as
Te=Ts+(tbXN).

[0034] The calculation part 12 calculates upper limit
value tdm of electrification quantities in the effective con-
trol period Te using the total number N of control channels
and the number n of control channels simultaneously out-
putting conduction control signals. The upper limit value
tdm of electrification quantities is set according to time
(conduction time). Specifically, the calculation part 12
calculates the upper limit value tdm of electrification
quantities as tdm=n/N. Further, the calculation part 12
calculates an upper limit value tdMm of an electrification
quantity of each control channel M by dividing the upper
limit value tdm of all electrification quantities by the
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number n of control channels simultaneously outputting
the conduction control signals.

[0035] The calculation part 12 calculates a delay time
tD in starting of control for each control channel using
the effective control period Te and the total number N of
control channels. Specifically, starting of control in order
from a control channel having a smaller number in the
effective control period Te is set, and the calculation part
12 calculates a delay time tDM in starting of control of a
control channel M as tDM=Te/(NX(M-1)).

[0036] Inaddition, the calculation part 12 performs cal-
culation for feedback control of bringing a measured val-
ue (measured temperature) from the sensor 50 close to
a target value (target temperature) using the measured
value and calculates an electrification quantity of each
control channel M in the next effective control period Te.
For example, the calculation part 12 may employ PID
control as feedback control. Meanwhile, a feedback con-
trol type is not limited to PID control.

[0037] The calculation part 12 compares the upper limit
value tdMm of the electrification quantity of the control
channel M with an electrification quantity obtained
through calculation for feedback control of the control
channel M. If the electrification quantity obtained through
calculation for feedback control is equal to or less than
the upper limit value tdMm of the electrification quantity,
the calculation part 12 sets the electrification quantity ob-
tained through calculation for feedback control to an ef-
fective electrification quantity td. If the electrification
quantity obtained through calculation for feedback con-
trol is greater than the upper limit value tdMm of the elec-
trification quantity, the calculation part 12 sets the upper
limit value tdMm of the electrification quantity to the ef-
fective electrification quantity td.

[0038] The calculation part 12 outputs the effective
control period Te, the effective electrification quantity (ef-
fective conduction time) td, and the delay time tDM in
starting of control of the control channel M to the control
part 13.

[0039] For example, the control part 13 is realized by
an information processing IC having a timer function and
aprogram installed in this IC. Meanwhile, the control part
13 may be formed using the IC same as the calculation
part 12.

[0040] The control part 13 determines a conduction
control signal output period for each control channel us-
ing the effective control period Te, the effective electrifi-
cation quantity (effective conduction time) td, and the de-
lay time tDM in starting of control of the control channel
M. Thatis, the control part 13 executes conduction control
and disconnection control for each control channel using
the effective control period Te, the effective electrification
quantity (effective conduction time) td, and the delay time
tDM in starting of control of the control channel M.
[0041] Itis possible to appropriately set the number of
control channels simultaneously outputting the conduc-
tion control signals using the aforementioned configura-
tion and process. In addition, it is possible to realize elec-
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trification control in response to the number of control
channels simultaneously outputting the conduction con-
trol signals. Accordingly, it is possible to realize electrifi-
cation control without exceeding the set upper limit value
of electrification quantities.

[0042] Furthermore, itis possible to prevent the effec-
tive electrification quantity from excessively decreasing.
Accordingly, it is possible to restrain occurrence of ad-
verse effects such as unwanted delay of arrival at a target
value and torealize appropriate electrification control ac-
cording to feedback control.

[0043] Meanwhile, although an aspectin which the cal-
culation part 12 and the control part 13 are realized using
an IC has been shown in the above description, they may
be realized by an information processing CPU, a program
executed by the CPU, and an information processing de-
vice having a storage means storing the program. In this
case, the information processing device may execute the
process described below. FIG. 2 is a flowchart showing
an example of a power control method according to an
embodiment of the present disclosure. FIG. 3 is a flow-
chart showing an example of a setting process and a
calculation process in the power control method accord-
ing to an embodiment of the present disclosure. FIG. 4
is a flowchart showing an example of a calculation proc-
ess in the power control method according to an embod-
iment of the present disclosure.

[0044] The information processing device executes
the process shown in FIG. 2 as a schematic process.
First, the information processing device sets control con-
ditions (S11). Specifically, the information processing de-
vice calculates the effective control period Te using the
total number N of control channels, the control period Ts
and the delay time tb between control channels. In ad-
dition, the information processing device calculates the
upper limit value tdm of electrification quantities in the
effective control period Te using the total number N of
control channels, and the number n of control channels
simultaneously outputting the conduction control signals.
Then, the information processing device calculates the
upper limit value tdMm of an electrification quantity of
each control channel M by dividing the upper limit value
tdm of all electrification quantities by the number n of
control channels simultaneously outputting the conduc-
tion control signals.

[0045] In addition, the information processing device
calculates a delay time tD in starting of control for each
control channel using the effective control period Te and
the total number N of control channels. Further, the in-
formation processing device performs calculation for
feedback control of bringing a measured value (meas-
ured temperature) from the sensor 50 close to a target
value (targettemperature) using the measured value and
calculates an electrification quantity of each control chan-
nel M in the next effective control period Te.

[0046] Subsequently, the information processing de-
vice calculates an electrification quantity (effective elec-
trification quantity td) for each control channel M (S12).
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Specifically, the information processing device compares
the upper limit value tdMm of the electrification quantity
of the control channel M with an electrification quantity
obtained through the calculation of feedback control and
calculates the electrification quantity (effective electrifi-
cation quantity td) of each control channel, as described
above.

[0047] Then, the information processing device exe-
cutes control of conduction for each control channel M
using the aforementioned control conditions and the elec-
trification quantity (effective electrification quantity td) of
each control channel M (S13).

[0048] For example, setting of the control conditions in
step S11 is performed through the process shown in FIG.
3, for example.

[0049] First, the information processing device re-
ceives the total number N of control channels (S101).
The information processing device receives the control
period Ts (S102). The information processing device re-
ceives the number n of control channels simultaneously
outputting the conduction control signals (S103). The in-
formation processing device receives the delay time tb
between control channels (S104). Meanwhile, the order
of execution of steps S101, S102, S103 and S104 by the
information processing device is not limited to the afore-
mentioned order.

[0050] Thereafter, the information processing device
calculates the effective control period Te using the
above-described method (S105).

[0051] Subsequently, the information processing de-
vice calculates the starting delay time tD for each control
channel using the above-described method (S106). The
information processing device calculates the upper limit
value tdm of electrification quantities using the above-
described method (S107). Meanwhile, the order of exe-
cution of steps S106 and S107 by the information
processing device is not limited to the aforementioned
order.

[0052] For example, calculation of the electrification
quantity for each control channel in step S12 is executed
through the process shown in FIG. 4.

[0053] The information processing device calculates
an electrification quantity tdc according to calculation for
feedback control (S201). The information processing de-
vice compares the electrification quantity tdc according
to calculation for feedback control with the upper limit
value tdMm of the electrification quantity of the control
channel M. The information processing device sets the
electrification quantity tdc as the effective electrification
quantity td (S203) if the electrification quantity tdc is equal
to or less than the upper limit value tdMm (S202: YES).
The information processing device sets the upper limit
value tdMm as the effective electrification quantity td
(S203) if the electrification quantity tdc is greater than
the upper limit value tdMm (S202: NO).

[0054] Next, specific aspects of control will be de-
scribed using timing charts.
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(1) Case in which the total number N of control chan-
nels is 4 (N=4) and the number n of control channels
simultaneously outputting conduction control signal
is 1(n=1)FIG.5is atiming chart showing an example
of a first aspect of electrification control according to
an embodiment of the present disclosure.

[0055] In the aspect shown in FIG. 5, the total number
N of control channels is 4 and the number n of control
channels simultaneously outputting the conduction con-
trol signals is 1, as described above. In addition, a delay
time between control channels is tb and a control period
is Ts.

[0056] In this case, the effective control period
Te=Ts+41b. Further, upper limit values tdim, td2m, td3m
and td4m of electrification quantities for control channels
CH1, CH2, CH3 and CH4 are calculated through the
above-described method. In addition, delay times tD1,
tD2, tD3 and tD4 in starting of control for the control chan-
nels CH1, CH2, CH3 and CH4 are calculated through
the above-described method.

[0057] Further, in the case of FIG. 5, the electrification
quantity according to calculation for feedback control is
equal to or greater than the upper limit values in the con-
trol channels CH1 and CH3. Accordingly, effective elec-
trification quantities td11 and td13 are set by the upper
limit values td1m and td3m in the control channels CH1
and CH3. On the other hand, the electrification quantity
according to calculation for feedback control is less than
the upper limit values in the control channels CH2 and
CH4. Accordingly, effective electrification quantities td12
and td14 are set by the electrification quantities according
to calculation for feedback control in the control channels
CH2 and CH4.

[0058] In a state in which the effective electrification
quantities have been determined, conduction control is
realized with the effective electrification quantity td11
from a time t11 having a delay time tD1 (substantially
"0") with respect to a starting timing of the effective control
period Te in the control channel CH1. Conduction control
is realized with the effective electrification quantity td12
from a time t12 having a delay time tD2 with respect to
the starting timing of the effective control period Te in the
control channel CH2. Conduction control is realized with
the effective electrification quantity td13 from a time t13
having a delay time tD3 with respect to the starting timing
of the effective control period Te in the control channel
CH3. Conduction control is realized with the effective
electrification quantity td14 from a time t14 having a delay
time tD4 with respect to the starting timing of the effective
control period Te in the control channel CH4.

[0059] When control is performed in this manner, a pe-
riod of conduction control of the control channel CH1, a
period of conduction control of the control channel CH2,
a period of conduction control of the control channel CH3
and a period of conduction control of the control channel
CH4 do not overlap.

[0060] Accordingly, in a configuration in which the total
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number of control channels is 4, it is possible to reliably
perform control of setting the number of control channels
simultaneously outputting the conduction control signals
to 1, thatis, control in which upper limit values of electri-
fication quantities have been designated according to
such conduction control. In addition, it is possible to re-
liably realize feedback control for each control channel.

(2) Case in which the total number N of control chan-
nels is 4 (N=4) and the number n of control channels
simultaneously outputting conduction control signal
is2 (n=2) FIG. 6 is atiming chart showing an example
of asecond aspect of electrification control according
to an embodiment of the present disclosure.

[0061] In the aspect shown in FIG. 6, the total number
N of control channels is 4 and the number n of control
channels simultaneously outputting conduction control
signal is 2, as described above. In addition, a delay time
between control channels is tb=0 and a control period is
Ts.

[0062] In this case, the effective control period Te=Ts.
Further, upper limit values tdim, td2m, td3m and td4m of
electrification quantities for control channels CH1, CH2,
CH3 and CH4 are calculated through the above-de-
scribed method. In addition, delay times tD1, tD2, tD3
and tD4 in starting of control for the control channels CH1,
CH2, CH3 and CH4 are calculated through the above-
described method.

[0063] Further, in the case of FIG. 6, the electrification
quantity according to calculation for feedback control is
equal to or greater than the upper limit values in the con-
trol channels CH1 and CH3. Accordingly, effective elec-
trification quantities td11 and td13 are set by the upper
limit values td1m and td3m in the control channels CH1
and CH3. On the other hand, the electrification quantity
according to calculation for feedback control is less than
the upper limit values in the control channels CH2 and
CH4. Accordingly, effective electrification quantities td12
and td14 are set by the electrification quantities according
to calculation for feedback control in the control channels
CH2 and CH4.

[0064] In a state in which the effective electrification
quantities have been determined, conduction control is
realized with the effective electrification quantity td11
from a time t11 having a delay time tD1 (substantially
"0") with respect to a starting timing of the effective control
period Te in the control channel CH1. Conduction control
is realized with the effective electrification quantity td12
from a time t12 having a delay time tD2 with respect to
the starting timing of the effective control period Te in the
control channel CH2. Conduction control is realized with
the effective electrification quantity td13 from a time t13
having a delay time tD3 with respect to the starting timing
of the effective control period Te in the control channel
CH3. Conduction control is realized with the effective
electrification quantity td14 from atime t14 having adelay
time tD4 with respect to the starting timing of the effective



11 EP 3 495 648 A1 12

control period Te in the control channel CH4.

[0065] When such a control is performed, a period in
which a period of conduction control of the control chan-
nel CH1 and a period of conduction control of the control
channel CH2 overlap may be present. On the other hand,
a period in which the period of conduction control of the
control channel CH1 and a period of conduction control
of the control channel CH3 overlap is not present.
[0066] Further, a period in which the period of conduc-
tion control of the control channel CH2 and the period of
conduction control of the control channel CH3 overlap
may be present. On the other hand, a period in which the
period of conduction control of the control channel CH2
and a period of conduction control of the control channel
CH4 overlap is not present.

[0067] In addition, a period in which the period of con-
duction control of the control channel CH3 and the period
of conduction control of the control channel CH4 overlap
may be present. On the other hand, a period in which the
period of conduction control of the control channel CH3
and a period of conduction control of the control channel
CH1 of the next effective control period overlap is not
present.

[0068] Further, a period in which the period of conduc-
tion control of the control channel CH4 and the period of
conduction control of the control channel CH1 of the next
effective control period overlap may be present. On the
other hand, a period in which the period of conduction
control of the control channel CH4 and a period of con-
duction control of the control channel CH2 of the next
effective control period overlap is not present.

[0069] In this manner, a period in which three or more
control channels overlap and conduction control is per-
formed is not present when performing this control.
[0070] Accordingly, in a configuration in which the total
number of control channels is 4, it is possible to reliably
perform control of setting the number of control channels
simultaneously outputting the conduction control signals
to 2, that is, control in which upper limit values of electri-
fication quantities have been designated according to
such conduction control. In addition, it is possible to re-
liably realize feedback control for each control channel.

(3) Case in which the total number N of control chan-
nels is 4 (N=4) and the number n of control channels
simultaneously outputting conduction control signal
is 3(n=3) FIG. 7 isatiming chart showing an example
of a third aspect of electrification control according
to an embodiment of the present disclosure.

[0071] Inthe aspect shown in FIG. 7, the total number
N of control channels is 4 and the number n of control
channels simultaneously outputting conduction control
signal is 3, as described above. In addition, a delay time
between control channels is tb and a control period is Ts.
[0072] In this case, the effective control period
Te=Ts+41b. Further, upper limit values tdim, td2m, td3m
and td4m of electrification quantities for control channels
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CH1, CH2, CH3 and CH4 are calculated through the
above-described method. In addition, delay times tD1,
tD2, tD3 and tD4 in starting of control for the control chan-
nels CH1, CH2, CH3 and CH4 are calculated through
the above-described method.

[0073] Further, in the case of FIG. 7, the electrification
quantity according to calculation for feedback control is
equal to or greater than the upper limit values in the con-
trol channels CH1 and CH2. Accordingly, effective elec-
trification quantities td11 and td12 are set by the upper
limit values td1m and td2m in the control channels CH1
and CH2. On the other hand, the electrification quantity
according to calculation for feedback control is less than
the upper limit values in the control channels CH3 and
CH4. Accordingly, effective electrification quantities td13
and td14 are set by the electrification quantities according
to calculation for feedback control in the control channels
CH3 and CH4.

[0074] In a state in which the effective electrification
quantities have been determined, conduction control is
realized with the effective electrification quantity td11
from a time t11 having a delay time tD1 (substantially
"0") with respect to a starting timing of the effective control
period Te in the control channel CH1. Conduction control
is realized with the effective electrification quantity td12
from a time t12 having a delay time tD2 with respect to
the starting timing of the effective control period Te in the
control channel CH2. Conduction control is realized with
the effective electrification quantity td13 from a time t13
having a delay time tD3 with respect to the starting timing
of the effective control period Te in the control channel
CH3. Conduction control is realized with the effective
electrification quantity td14 from atime t14 having adelay
time tD4 with respect to the starting timing of the effective
control period Te in the control channel CH4.

[0075] When control is performed in this manner, the
number of control channels which are simultaneously
controlled to be conducted is at most 3 and a period in
which the 4 control channels simultaneously overlap and
conduction control is performed is not present.

[0076] Accordingly, in a configuration in which the total
number of control channels is 4, it is possible to reliably
perform control of setting the number of control channels
simultaneously outputting the conduction control signals
to 3, that is, control in which upper limit values of electri-
fication quantities have been designated according to
such conduction control. In addition, it is possible to re-
liably realize feedback control for each control channel.
[0077] Meanwhile, in a configuration in which the total
number of control channels is 4, normal feedback control
may be executed when control of setting the number of
control channels simultaneously outputting the conduc-
tion control signals to 4, that is, simultaneous electrifica-
tion of all control channels connected to the heating mem-
ber 30, can be performed.

(4) Case in which the total number N of control chan-
nels is 2 (N=2) and the number n of control channels
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simultaneously outputting conduction control signal
is 1(n=1) FIG. 8is atiming chart showing an example
of a fourth aspect of electrification control according
to an embodiment of the present disclosure.

[0078] In the aspect shown in FIG. 8, the total number
N of control channels is 2 and the number n of control
channels simultaneously outputting conduction control
signal is 1, as described above. In addition, a delay time
between control channels is tb and a control period is Ts.
[0079] In this case, the effective control period
Te=Ts+2tb. Further, upper limit values td1m and td2m
of electrification quantities for control channels CH1 and
CH2 are calculated through the above-described meth-
od. In addition, delay times tD1 and tD2 in starting of
control for the control channels CH1 and CH2 are calcu-
lated through the above-described method.

[0080] Further, in the case of FIG. 8, the electrification
quantity according to calculation for feedback control is
equal to or greater than the upper limit value in the control
channel CH1. Accordingly, the effective electrification
quantity td11 is set by the upper limit value td1m in the
control channel CH1. On the other hand, the electrifica-
tion quantity according to calculation for feedback control
is less than the upper limit value in the control channel
CH2. Accordingly, the effective electrification quantity
td12 is set by the electrification quantity according to cal-
culation for feedback control in the control channel CH2.
[0081] In a state in which the effective electrification
quantities have been determined, conduction control is
realized with the effective electrification quantity td11
from a time t11 having a delay time tD1 (substantially
"0") with respect to a starting timing of the effective control
period Te in the control channel CH1. Conduction control
is realized with the effective electrification quantity td12
from a time t12 having a delay time tD2 with respect to
the starting timing of the effective control period Te in the
control channel CH2.

[0082] When such a control is performed, a period of
conduction control of the control channel CH1 and a pe-
riod of conduction control of the control channel CH2 do
not overlap.

[0083] Accordingly, in a configuration in which the total
number of control channels is set to 2, it is possible to
reliably perform control of setting the number of control
channels simultaneously outputting the conduction con-
trol signals to 1, that s, control in which upper limit values
of electrification quantities is designated according to
such conduction control. In addition, it is possible to re-
liably realize feedback control for each control channel.
[0084] Meanwhile, it is effective to execute the above-
described process when feedback control is performed,
and the process may not be executed when feedback
control is not performed.

[0085] Furthermore, although a case of temperature
control has been represented in the above description,
the present disclosure is not limited to temperature con-
trol as long as a system which performs control of con-
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duction and disconnection is adopted.

[Description of the Symbols]

[0086]

1 Power control system
10 Power control device
11 Setting part

12 Calculation part

13 Control part

20 SSR

21, 22,23,24  Switch element

30 Heating member

31, 32,33,34 Heater

40 Power source

50 Sensor

Claims

1. A power control device (10), characterized in that
the power control device (10) comprises:

a setting part (11) which receives a setting of
the number of control channels (CH1, CH2,
CH3, CH4) simultaneously outputting conduc-
tion control signals and a setting of a control pe-
riod (Ts);

a calculation part (12) which calculates an upper
limit value (tdMm) of an electrification quantity
for each control channel and a delay time (tDM)
in starting of control of each control channel us-
ing a total number of control channels (CH1,
CH2, CH3, CH4), the number of control chan-
nels (CH1, CH2, CH3, CH4) simultaneously out-
putting the conduction control signals, and the
control period (Ts); and

a control part (13) which executes conduction
control and disconnection control for each con-
trol channel using the upper limit value (tdMm)
of the electrification quantity of each control
channel and the delay time (tDM) in starting of
control of each control channel.

2. The power control device (10) according to claim 1,
wherein the setting part (11) receives setting of a
delay time (tb) between control channels (CH1,
CH2, CH3, CH4), and the calculation part (12) cal-
culates an effective control period (Te) using the total
number of control channels (CH1, CH2, CH3, CH4),
the delay time (tb) between control channels (CH1,
CH2, CH3, CH4) and the control period (Ts) and cal-
culates the upper limit value (tdMm) of the electrifi-
cation quantity for each control channel and the de-
lay time (tDM) in starting of control of each control
channel on the basis of the effective control period
(Te).
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The power control device (10) according to claim 1
or 2, wherein the calculation part (12) calculates a
conduction time according to calculation for feed-
back control for each control channel and sets an
effective electrification quantity of the control chan-
nel using an electrification quantity according to the
calculation for feedback control and the upper limit
value (tdMm) of the electrification quantity.

The power control device (10) according to claim 3,
wherein the calculation part (12) sets the effective
electrification quantity of the control channel to the
electrification quantity according to the calculation
for feedback control if the electrification quantity ac-
cording to the calculation for feedback control is
equal to or less than the upper limit value (tdMm) of
the electrification quantity.

The power control device (10) according to claim 3
or 4, wherein the calculation part (12) sets the effec-
tive electrification quantity of the control channel to
the upper limit value (tdMm) of the electrification
quantity if the electrification quantity according to the
calculation for feedback control is equal to or greater
than the upper limit value (tdMm) of the electrification
quantity.

A power control system (1), characterized in that
the power control system (1) comprises:

the power control device (10) according to any
one of claims 1 to 5;

a plurality of loads (31, 32, 33, 34) controlled to
be electrified;

apower source (40) which supplies power to the
plurality of loads (31, 32, 33, 34); and

a plurality of switch elements (21, 22, 23, 24)
which conduct or disconnect the power source
and each of the plurality of loads (31, 32, 33,
34), the plurality of switch elements (21, 22, 23,
24) are controlled by the plurality of control chan-
nels (CH1, CH2, CH3, CH4).

The power control system (1) according to claim 6,
comprising a sensor (50) which measures states of
the loads (31, 32, 33, 34) and feeds back the states
to the calculation part (12).

A power control method, characterized in that the
power control method comprises:

receiving a setting of a number of control chan-
nels (CH1, CH2, CH3, CH4) simultaneously out-
putting conduction control signals and a setting
of a control period (Ts);

calculating an upper limit value (tdMm) of an
electrification quantity of each control channel
and a delay time (tDM) in starting of control of
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each control channel using a maximum number
of available control channels (CH1, CH2, CH3,
CH4), the number of control channels (CH1,
CH2, CH3, CH4) simultaneously outputting the
conduction control signals, and the control pe-
riod (Ts); and

executing conduction control and disconnection
control for each control channel using the upper
limit value (tdMm) of the electrification quantity
for each control channel and the delay time
(tDM) in starting of control for each control chan-
nel.

9. A power control program, characterized in that the

power control program causes an information
processing device to execute:

a process of receiving a setting of a number of
control channels (CH1, CH2, CH3, CH4) simul-
taneously outputting conduction control signals
and a setting of a control period (Ts);

a process of calculating an upper limit value (td-
Mm) of an electrification quantity of each control
channel and a delay time (tDM) in starting of
control of each control channel using a total
number of control channels (CH1, CH2, CH3,
CH4), the number of control channels (CH1,
CH2, CH3, CH4) simultaneously outputting the
conduction control signals, and the control pe-
riod (Ts); and

a process of executing conduction control and
disconnection control for each control channel
using the upper limit value (tdMm) of the elec-
trification quantity of each control channel and
the delay time (tDM) in starting of control of each
control channel.
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