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DESCRIPTION

INCORPORATED DEVICE AND

METHOD FOR CONTROLLING INCORPORATED DEVICE

TECHNICAL FIELD
[0001]

The present invention relates to an incorporated device in which an electrolytic
cell for producing, by performing electrolysis on a raw material solution, electrolysis water
to be used for sterilized water and the like, and a power control device that supplies electric
power to this electrolytic cell are incorporated, and to a method for controlling an
incorporated device. Priority is claimed on Japanese Patent Application No. 2014-228806,

filed November 11, 2014, the contents of which are incorporated herein by reference.

BACKGROUND ART
[0002]

Heretofore, electrolytic cells and power control devices have been available on
the market as stand-alone devices (electrolysis modules). However, attention is being
drawn to incorporating these into an existing device or system, for example, a device (an
incorporated device) that requires sterilized water such as a washing machine, an air
conditioner, a dish washer, and a nursing-purposed modular bath.

[0003]

In the case of electrolysis in an electrolytic cell, there is a problem of heat

generation in the electrolytic cell when operated continuously. In a sintered electrode plate

of platinum or iridium, when the temperature exceeds 60°C, its coating becomes detached
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and the life of the electrode becomes significantly reduced. Heretofore, there has been an
example of providing a cooling jacket for electrolytic cell cooling, such as the electrolytic
cell disclosed in Patent Document 1 in which a coolant flows on the outer side of the
electrolytic cell.

[Prior Art Documents]

[Patent Documents]

[0004]

[Patent Document 1] Japanese Patent No. 3986820

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention
[0005]

However, since there is a case where the temperature of the coolant is extremely
low, warm, or changes depending on the outside temperature, it is difficult to maintain
temperature control of the electrolytic cell at a constant level, and it may not only disable
stable electrolysis but also may reduce the life of the electrode in some cases. In this type
of case, temperature must be measured and a means for cooling must be provided.
However, measuring the central temperature of the electrolytic cell is difficult, and also a
complex system needs to be built in order to keep the temperature of the electrolytic cell
constant and prevent a temperature rise.

[0006]

Moreover, in those cases where an electrolytic cell is incorporated into an
incorporated device, the temperature of the portion which is on the inner side of the
incorporated device and is on the outer side of the electrolytic cell (environmental

temperature) is determined by heat generation of the incorporated device. As a result, the
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temperature of the electrolytic cell may rise in some cases depending on the environmental
temperature.
[0007]

The present invention takes into consideration the above point, and is to provide
an incorporated device in which an electrolytic cell and a power control device that is
capable of suppressing temperature rise in the electrolytic cell to thereby suppress a
reduction in the life of electrodes are incorporated, and a method for controlling an

incorporated device.

Means for Solving the Problem
[0008]

In order to solve the above problem, an incorporated device of the present
invention incorporates therein: an electrolytic cell that manufactures electrolysis water by
electrolysis on a raw material solution by means of electric current applied between an
anode and a cathode, and a power control device that supplies electrolysis current to the
electrolytic cell based on input direct-current power, the power control device includes: a
voltage-current control circuit that supplies, in a constant current control mode, the
electrolysis current to the electrolytic cell while the voltage-current control circuit controls
the electrolysis current not to exceed a current value of a reference current, the current
value of the reference current being preliminary set according to a rated current of a unit
cell constituting the electrolytic cell; and a temperature detecting part that detects an
environmental temperature of an outside of the electrolytic cell, the environmental
temperature being a temperature of an inside of the incorporated device, and the
voltage-current control circuit stops supply of the electrolysis current when a detected

temperature of the temperature detecting part falls outside of a preliminarily set rated
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temperature range, and resumes supply of the electrolysis current when the detected
temperature of the temperature detecting part returns within the rated temperature range.
[0009]

The incorporated device of the present invention is such that the power control
device further includes: a current detecting part that is connected to an output terminal of
the voltage-current control circuit and detects a voltage arising between both ends thereof;
and a current limiting part that generates the reference current, and the voltage-current
control circuit includes: a voltage-current detection circuit that calculates the electrolysis
current flowing through the electrolytic cell, based on a voltage between both ends of the
current detecting part and a resistance value of the current detecting part; a comparator
circuit that compares the electrolysis current with the reference current generated by the
current limiting part to output a current comparison result signal indicating a comparison
result; and a voltage control circuit that supplies the electrolysis current from the output
terminal to the electrolytic cell while the voltage control circuit controls the electrolysis
current not to exceed the reference current based on the current comparison result signal.
[0010]

Moreover, the incorporated device of the present invention is such that the power
control device further includes: a voltage-current monitor circuit that outputs analog data
that indicates an electric current value of the electrolysis current, to an outside.

[0011]

Furthermore, a method of the present invention is for controlling an incorporated
device, the incorporated device incorporating therein: an electrolytic cell that
manufactures electrolysis water by electrolysis on a raw material solution by means of
electric current applied between an anode and a cathode, and a power control device that

supplies electrolysis current to the electrolytic cell based on input direct-current power, the
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power control device includes: a voltage-current control circuit that supplies, in a constant
current control mode, the electrolysis current to the electrolytic cell while the
voltage-current control circuit controls the electrolysis current not to exceed a current
value of a reference current, the current value of the reference current being preliminary set
according to a rated current of a unit cell constituting the electrolytic cell; and a
temperature detecting part that detects an environmental temperature of an outside of the
electrolytic cell, the environmental temperature being a temperature of an inside of the
incorporated device, and the voltage-current control circuit stops supply of the electrolysis
current when a detected temperature of the temperature detecting part falls outside of a
preliminarily set rated temperature range, and resumes supply of the electrolysis current
when the detected temperature of the temperature detecting part returns within the rated

temperature range.

Effect of the Invention
[0012]

In a power control device to be incorporated into an incorporated device of the
present invention, a voltage-current control circuit stops supply of electrolysis current
when an environmental temperature falls outside a preliminarily set rated temperature
range, and resumes supply of the electrolysis current when the environmental temperature
returns within the rated temperature range. Thereby, it is possible to suppress temperature
rise in an electrolytic cell without measuring a temperature in the electrolytic cell. As a
result, according to the present invention, it is possible to provide an incorporated device
that incorporates therein an electrolytic cell and a power control device that is capable of
suppressing temperature rise in the electrolytic cell to thereby suppress a reduction in the

life of electrodes, and a method for controlling an incorporated device.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

FIG. 1 is a diagram showing a schematic configuration of an electrolytic cell
constant-voltage constant-current power source circuit 10 according to a present
embodiment.

FIG. 2 is a diagram showing a schematic configuration of a switching CVCC
power supply circuit 20 shown in FIG. 1.

FIG. 3 is a diagram for describing controls performed by the electrolytic cell
constant-voltage constant-current power source circuit 10.

FIG. 4 is an enlarged view of the portion of switching from the constant current
control to the constant voltage control shown in FIG. 3.

FIG. 5 is a diagram showing a configuration of an incorporated device 100 in
which an electrolytic cell and a constant current control board incorporated.

FIG. 6 is a diagram showing changes in the electric current value over time when
the environmental temperature was 30°C.

FIG. 7 is a diagram showing changes in the electric current value over time when
the environmental temperature was 35°C.

FIG. 8 is a diagram showing changes in the electric current value over time when
the environmental temperature was 40°C.

FIG. 9 is a diagram showing changes in the electric current value over time when
the environmental temperature was 42.5°C.

FIG. 10 is a diagram showing changes in the electric current value over time when
the environmental temperature was 45°C.

FIG. 11 is a diagram showing changes in the electric current value over time when
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FIG. 12 is a diagram showing changes in the electric current value over time when
the environmental temperature was 50°C.

FIG. 13 is a diagram showing changes in the average current value, the effective
chlorine concentration, and the electrolytic cell temperature with respect to the
environmental temperature.

FIG. 14 is a diagram showing a relationship between the average current value and

the effective chlorine concentration.

EMBODIMENTS FOR CARRYING OUT THE INVENTION
[0014]

Hereunder, an embodiment of the present invention is described in detail, with
reference to the drawings.

In the normal constant voltage electrolysis, when a constant voltage from a power
supply is applied to an electrolytic cell filled with an electrolyte solution, a high current
flows in the initial period of electrolysis, and then the current gradually attenuates.
Therefore, in order to maintain a constant current, it is necessary to adjust the
concentration of the electrolyte solution. On the other hand, in the normal constant current
electrolysis, voltage is adjusted by adjusting the concentration of the electrolyte solution,
or electric current is adjusted by means of ON or OFF control of the power supply itself.
[0015]

In contrast, the electrolysis that uses the power control device of the embodiment
of the present invention performs electrolysis with a constant-current and constant-voltage
electrolysis method, as described in detail later. In this method, when electrolysis voltage

is low (when current exceeds a set value and voltage drops), electric current is limited to a
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constant level, and when and after the electrolysis voltage reaches a set voltage,
electrolysis is performed at the maximum electrolysis voltage.

The maximum electrolysis voltage (rated voltage) is designed preferably to 2.0V
(1.5Vto 2.5V) per 1 cell, according to the electrolytic cell design (cell configuration).
Moreover, the maximum electrolysis current (rated amperage) is designed preferably to the
current value (current density) per electrode area according to the catalyst ability of the
electrode. However, without being limited to these rated amperage and rated voltage, the
power control device is capable of performing constant-current and constant-voltage
electrolysis regardless of the cell configuration of the electrolytic cell.

[0016]

Hereunder, first, the configuration of an electrolytic cell constant-voltage
constant-current power source circuit 10 (power control device) is described, with
reference to FIG. 1 and FIG. 2. FIG. 1 is a diagram showing a schematic configuration of
the electrolytic cell constant-voltage constant-current power source circuit 10 according to
the present embodiment. Moreover, FIG. 2 is a diagram showing a schematic
configuration of a switching CVCC (constant voltage constant current) power supply
circuit 20 (voltage-current control circuit) shown in FIG. 1.

The electrolytic cell constant-voltage constant-current power source circuit 10
includes the switching CVCC power supply circuit 20, a current detecting resistor 30
(current detecting unit), a current limiting resistor 40 (current limiting unit), a voltage
division resistor 50 (voltage division unit), a current limit switching circuit 60, and a
thermistor resistor 70 (temperature detecting unit).

[0017]
The switching CVCC power supply circuit 20, within a range that is preliminarily

set for each power supply, automatically performs a constant voltage or constant current
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operation for the electrolytic cell 1, according to a loaded condition (the concentration of
the electrolyte solution within the electrolytic cell 1) within a range of a preliminarily set
reference voltage value and reference current value, which is described in detail later.
Accordingly, the switching CVCC power supply circuit 20 includes no. 1 pin 20 1 to no.
19 pin 20_19 serving as terminals for connecting to respective circuits and the electrolytic
cell 1 shown in FIG. 1. Moreover, as shown in FIG. 2, the switching CVCC power supply
circuit 20 includes a voltage-current control circuit 21 and a voltage-current monitor
circuit 25. Among these, the voltage-current control circuit 21 includes a voltage control
circuit 22, a voltage-current detection circuit 23, and an amplifier and comparator circuit
24 (hereunder, referred to simply as comparator circuit). The comparator circuit 24 has a
function of amplifying input signals.

[0018]

As shown in FIG. 1, the no. 1 pin 20 1 is connected to an anode 1a of the
electrolytic cell 1 via the current detecting resistor 30. Moreover, the no. 1 pin 20 1 is
connected to ano. 1 pin 22_1 of the voltage control circuit 22 shown in FIG. 2.

The voltage control circuit 22 of the switching CVCC power supply circuit 20 is a
circuit that supplies electric power (electrolysis voltage, electrolysis current) from the no. 1
pin 20 1 to the anode 1a of the electrolytic cell 1. As described later, the voltage control
circuit 22 supplies electric power to the electrolytic cell 1 so as not to exceed the reference
current value in the constant current mode (that is to say, by means of constant current),
and not to exceed the reference voltage value in the constant voltage mode (that is to say,
by means of constant voltage).

[0019]
As shown in FIG. 1, the no. 2 pin 20_2 is connected to one end of the current

detecting resistor 30 (where the resistance value between both ends thereof is denoted as
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Rs), and is connected to the no. 1 pin 23 1 of the voltage-current detection circuit 23
shown in FIG. 2.

Moreover, the no. 3 pin 20_3 is connected to the other end of the current detecting
resistor 30, and is connected to the no. 2 pin 23 2 of the voltage-current detection circuit
23 shown in FIG. 2.

Here, the voltage-current detection circuit 23 converts the voltage arising between
both ends of the current detecting resistor 30 (the voltage between both ends thereof) into a
current value of the electrolysis current flowing in the electrolytic cell 1 (calculated from
the voltage between both ends and resistance value Rs), and outputs the current value after
the conversion, from the no. 3 pin 23_3 to the no. 1 pin 24 1 of the comparator circuit 24.
[0020]

As shown in FIG. 1, the no. 4 pin 20 4 is connected to a cathode 1b of the
electrolytic cell 1. Moreover, the no. 4 pin 20 4 is a GND (ground) terminal and is
grounded. Furthermore, as shown in FIG. 2, the no. 13 pin 20 13 connected to the no. 4
pin 20 4 is a GND (ground) terminal as with the no. 4 pin 20 4, and is connected to OV.

The no. 5 pin 20_5 1s connected to the anode 1a of the electrolytic cell 1.
Moreover, the no. 5 pin 20 5 is connected to the no. 1 pin 25 1 of the voltage-current
monitor circuit 25. The voltage-current monitor circuit 25, as one of its functions, outputs
to outside, analog data indicating the voltage value of the voltage applied to the electrolytic
cell 1 (electrolysis voltage).

[0021]

As shown in FIG. 1, the current limiting resistor 40 is configured with a series
resistance of a current limiting resistor 40a (denoted as resistance value RP1) and a current
limiting resistor 40b (denoted as resistance value RP2).

The no. 6 pin 20_6 is connected to one end of the current limiting resistor 40a.
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Moreover, the no. 6 pin 20_6 is connected to the no. 2 pin 24 2 of the comparator circuit
24.

The no. 7 pin 20_7 is connected to the common connection point of the other end
of the current limiting resistor 40a and one end of the current limiting resistor 40b. As
shown in FIG. 1 and FIG. 2, the no. 7 pin 20_7 is connected to the no. 1 pin 60 1 of the
current limit switching circuit 60 via the no. 14 pin 20 _14.

The no. 8 pin 20_8 is connected to the other end of the current limiting resistor
40b. Moreover, the no. 8 pin 20 8 is connected to the no. 3 pin 24 3 of the comparator
circuit 24.

[0022]

Here, the current limiting resistor 40 is a resistor that determines the current
flowing to the electrolytic cell 1. Here, the relationship between the resistance set between
the no. 6 pin 20_6 and the no. 7 pin 20_7 (denoted as resistance value Rprog) and the
electrolysis current Ielectrolytic is expressed as a set current formula, which is provided in
the comparator circuit 24, shown as Equation (1) below, using current comparison
reference voltage Vref of a current error amplifier and resistance value Rs of the current
detecting resistor 30 for example.

Equation (1) Rprog = Vref(V) x constant k / (Rs (m€2) x Ielectrolytic)

Accordingly, each of the resistance values PR1 and PR2 of the current limiting
resistor 40 are set based on Equations (2) and (3) below, using; the reference voltage used
for comparison against the electrolysis current (hereunder, referred to as current
comparison reference voltage), the current values desired to be flowed to the electrolytic
cell 1 (referred to as high side reference current value and low side reference current value
respectively), and the internal offset voltage of the comparator circuit 24.

Equation (2) RPI1 = (current comparison reference voltage x constant k) / (Rs x
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high side reference current + internal offset voltage)

Equation (3) RP1 + RP2 = (current comparison reference voltage x constant k)
/ (Rs x low side reference current + internal offset voltage)

The high side reference current is an upper limit value of the electrolysis current
to be supplied to the electrolytic cell 1, and the low side reference current is a lower limit
value of the electrolysis current to be supplied to the electrolytic cell 1 (a current value
smaller than the high side reference current, and greater than 0). Moreover, these reference
currents are currents that flow between the no. 2 pin 24 2 and the no. 3 pin 24 3 of the
comparator circuit 24.

[0023]

Switching of the respective reference currents above is controlled by the current
limit switching circuit 60. As shown in FIG. 1 and FIG. 2, in the current limit switching
circuit 60, the no. 1 pin 60 1 is connected to the common connection point of the other end
of the current limiting resistor 40a and one end of the current limiting resistor 40b via the
no. 14 pin 20 _14 and the no. 7 pin 20 7 of the switching CVCC power supply circuit 20.
Moreover, the no. 2 pin 60_2 is connected to OV via the no. 13 pin 20 13 of the switching
CVCC power supply circuit 20. Also, the no. 3 pin 60 3 receives input of an ON/OFF
control signal (pulse signal of controlled duty ratio) from outside. The current limit
switching circuit 60 performs control to cause the current limiting resistor 40 to generate
the high side reference current mentioned above, according to the ON state of the ON/OFF
control signal (the state where the pulse signal level is H). Moreover, the current limit
switching circuit 60 performs control to cause the current limiting resistor 40 to generate
the low side reference current mentioned above, according to the OFF state of the ON/OFF
control signal (the state where the pulse signal level is L).

[0024]
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As shown in FIG. 1, the voltage division resistor 50 is configured with a series
resistance of a voltage division resistor 50a (denoted as resistance value R1) and a voltage
division resistor 50b (denoted as resistance value R2).

The no. 9 pin 20_9 is connected to one end of the voltage division resistor 50a.
Moreover, the no. 9 pin 20 _9 is connected, for example, to the no. 1 pin 20 _1, and receives
an input of electrolysis voltage (monitor voltage Vmoni; detection voltage) that is applied
to the electrolytic cell 1. Furthermore, the no. 9 pin 20_9 is connected to the no. 4 pin 24 4
of the comparator circuit 24 shown in FIG. 2.

The no. 10 pin 20 _10 is connected to the common connection point of the other
end of the voltage division resistor 50a and one end of the voltage division resistor 50b.
This common connection point is connected to the no. 5 pin 24 5 of the comparator circuit
24 via the no. 10 pin 20 _10. The divided voltage that arises at this common connection
point is hereunder referred to as feedback voltage VFB.

The no. 11 pin 20 _11 is connected to the other end of the voltage division resistor
50b. Moreover, the no. 11 pin 20 11 is a GND terminal, and is connected to OV. The no.
11 pin 20_11 1s connected to the no. 6 pin 24 6 of the comparator circuit 24.

[0025]

Here, the voltage division resistor 50 is a resistor that determines the maximum
voltage to be applied to the electrolytic cell 1.

The respective resistor values R1 and R2 of the voltage division resistor 50, for
example, in a return error amplifier provided in the comparator circuit 24, are set based on
Equation (4) below, using the reference voltage used for comparison against the
electrolysis voltage (denoted as the voltage comparison reference voltage), and the voltage
value at the highest level that may be applied to the electrolytic cell 1 (denoted as the

maximum voltage value of the electrolytic cell).
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Equation (4) Maximum voltage value of electrolytic cell = voltage comparison
reference voltagex(1+R1/R2)

That is to say, the voltage division resistor 50 detects, at the no. 9 pin 20_9, the
voltage of the no. 1 pin 20 1 (control terminal) as a monitor voltage Vmoni. The voltage
division resistor 50 divides this detected monitor voltage Vmoni to thereby cause the
feedback voltage VFB to arise at the no. 10 pin 20_10. The voltage division resistor 50
outputs the feedback voltage VFB to the no. 5 pin 24 5 of the comparator circuit 24. The
comparator circuit 24 receives an input of this feedback voltage VFB, and compares the
feedback voltage VFB with the voltage comparison reference voltage mentioned above.
[0026]

Returning to FIG. 1, the no. 12 pin 20 12 and the no. 13 pin 20 13 are connected
respectively to the positive terminal and the negative terminal of an external direct-current
power supply (not shown in FIG. 1) of the electrolytic cell constant-voltage
constant-current power source circuit 10, and receive an input of DC power. This input
power that is input (voltage and current) are set according to the rating of the electrolytic
cell 1, that is, the rated current, the rated voltage, and the number of cells that constitute the
electrolytic cell 1. For example, in the present embodiment, the per-cell rated voltage of
the cells that constitute the electrolytic cell 1 is taken as 2V, which is a value between 1.5V
and 2.5V for example, and the value yielded by multiplying this value by the number of
cells, is set as an input voltage. The value of the rated voltage is not limited to the value
range above, and is the total value of theoretical electrolysis voltage per single cell, over
voltage, and voltage drops due to solution resistance.

[0027]
The no. 15 pin 20 15 tono. 17 pin 20 _17 are terminals for outputting electrolytic

cell voltage monitoring, electrolytic cell current monitoring, and current detection signals
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respectively, to the external control device.

As shown in FIG. 2, these no. 15 pin 20 15 to no. 17 pin 20_17 are connected
respectively to the no. 3 pin 25_3 to no. 5 pin 25_5, which are output terminals of the
voltage-current monitor circuit 25.

In the voltage-current monitor circuit 25, the no. 1 pin 25 1 is connected to the no.
5 pin 20_5 of the switching CVCC power supply circuit 20 as described above. Moreover,
the no. 2 pin 25_2 is connected to the no. 8 pin 24 8 of the comparator circuit 24.

[0028]

The voltage-current monitor circuit 25 outputs analog data that indicates the
voltage being applied to the electrolytic cell 1, from the no. 3 pin 25_3 to the outside via
the no. 15 pin 20 15 of the switching CVCC power supply circuit 20.

Moreover, the voltage-current monitor circuit 25 outputs analog data that
indicates the current being input from the comparator circuit 24 and flowing to the
electrolytic cell (the current after conversion performed by the voltage-current detection
circuit 23), from the no. 4 pin 25 4 to the outside via the no. 16 pin 20 _16 of the switching
CVCC power supply circuit 20.

Furthermore, based on the comparison result input from the comparator circuit 24
(the result of the current after conversion performed by the voltage-current detection
circuit 23 being below the high side reference current mentioned above), the
voltage-current monitor circuit 25 outputs a current detection signal that indicates that the
switching CVCC power supply circuit 20 is not supplying constant current to the
electrolytic cell 1, from the no. 5 pin 25 _5 to the outside via the no. 17 pin 20 17 of the
switching CVCC power supply circuit 20. The current detection signal format may be a
format in which the contact point (pin) is turned ON when indicating an abnormality (for

example, turned to the H level), or it may be a format in which it is turned to the H level
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when operating normally and to the L level when operating abnormally, from a fail-safe
standpoint.
[0029]

Returning to FIG. 1, the no. 18 pin 20 18 and the no. 19 pin 20 19 are connected
respectively to both ends of the thermistor resistor 70. The other end of the thermistor
resistor 70 is connected to the no. 6 pin 24 6 of the comparator circuit 24 via the no. 19 pin
20 19, and is grounded as with the no. 11 pin 20_11. On the other hand, one end of the
thermistor resistor 70 is connected to the no. 7 pin 24 7 of the comparator circuit 24 via the
no. 18 pin 20 _18.

When the temperature detected by the thermistor resistor 70 falls outside the
preliminarily set rated temperature range of the electrolytic cell 1, the comparator circuit
24 outputs to the voltage control circuit 22, a control signal that instructs temporary stop of
the electrolysis. Upon receiving an input of this control signal, the voltage control circuit
22 stops voltage supply to the electrolytic cell 1, and the electrolytic cell 1 stops
electrolysis. Moreover, when the detected temperature of the thermistor resistor 70 returns
within the rated temperature range, the comparator circuit 24 outputs to the voltage control
circuit 22, a control signal that instructs to resume the electrolysis. Upon receiving an
input of this control signal, the voltage control circuit 22 resumes voltage supply to the
electrolytic cell 1, and the electrolytic cell 1 automatically resumes electrolysis.

[0030]

As described above, the comparator circuit 24 shown in FIG. 2 has eight input
terminals, namely no. 1 pin 24 1 to no. 8 pin 24 _8, and an output terminal no. 9 pin 24 9.

The comparator circuit 24 compares the current after the conversion performed by
the voltage-current detection circuit 23 that is input to the no. 1 pin 24 1 (electrolysis

current), with the current flowing between the no. 1 pin 24 1 and the no. 3 pin 24 3 (the
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high side reference current and low side reference current flowing to the current limiting
resistor 40), and outputs from the no. 9 pin 24 9, a current comparison result signal that
indicates the comparison result.

Moreover, the comparator circuit 24 compares the feedback voltage VFB input to
the no. 5 pin 24 5 with the voltage comparison reference voltage (the preliminarily set
reference voltage), and outputs from the no. 9 pin 24 9, a voltage comparison result signal
that indicates the comparison result.

[0031]

The voltage control circuit 22 has ano. 3 pin 22 3 and ano. 4 pin 22_4, which are
the input terminals, and ano. 1 pin 22 _1, which is an output terminal, described above, and
ano. 2 pin 22 2, which is an input terminal connected to the no. 9 pin 24 9 of the
comparator circuit 24.

Based on the current comparison result signal input from the no. 2 pin 222, the
voltage control circuit 22 supplies electrolysis current from the no. 1 pin 22 1 to the
electrolytic cell 1 via the no. 1 pin 20 1 of the switching CVCC power supply circuit 20, in
a manner that does not allow the current after the conversion performed by the
voltage-current detection circuit 23 (electrolysis current) to exceed the high side reference
current. That is to say, the voltage control circuit 22 supplies constant current to the
electrolytic cell 1. Moreover, based on the current comparison result signal, the voltage
control circuit 22 supplies electrolysis current from the no. 1 pin 22 1 to the electrolytic
cell 1 via the no. 1 pin 20_1 of the switching CVCC power supply circuit 20, in a manner
that does not allow the electrolysis current to fall below the low side reference current.
[0032]

Also, based on the voltage comparison result signal, the voltage control circuit 22

supplies electrolysis voltage to the electrolytic cell 1 in a manner that does not allow the
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feedback voltage VFB to exceed the reference voltage. That is to say, constant voltage is
applied to the electrolytic cell 1 in a manner that does not allow the voltage applied to the
electrolytic cell 1 to exceed the maximum electrolysis voltage.

[0033]

The electrolytic cell constant-voltage constant-current power source circuit 10
(power control device) has the circuit configuration described above. Accordingly, it can
switch between the constant current control mode and the constant voltage control mode
according to changes in the concentration of the electrolyte solution in the electrolytic cell
1, and supply an applied voltage to the electrolytic cell 1. Hereunder, the constant current
control mode and the constant voltage control mode are described.

(Constant Current Control Mode)

The electrolysis current control in the electrolytic cell 1 is performed by
controlling the electrolysis current detected by the current detecting resistor 30 to not
exceed the set maximum electrolysis current (high side reference current). For example, if
an output voltage Vout is applied from the no. 1 pin 20_1 of the switching CVCC circuit 20
to the electrolytic cell 1, the current detecting resistor 30 senses an output current to the
electrolytic cell 1. The current detecting resistor (sensing resistor) measures the voltage of
both ends, converts the voltage to a current signal by means of the current amplifier in the
voltage-current detection circuit 23 for example, and outputs this current signal to the
comparator circuit 24.

[0034]

For example, the current error amplifier present in the comparator circuit 24
compares this current signal with the reference current that is set to the current limiting
resistor 40 (programmable resistor), and outputs to the no. 2 pin 22 2 of the voltage control

circuit 22, a signal that instructs to correct the output current (comparison result signal).
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Since there are a low side reference current and a high side reference current as described
above, the voltage control circuit 22 includes a function to output from the no. 1 pin 20 1
(control terminal), an output voltage signal (output voltage Vout) which has been
pulse-width modulated so as to correspond to the ON state and the OFF state of the pulse
signal (ON/OFF control signal).

[0035]

(Constant Voltage Control Mode)

If the concentration of the electrolyte solution becomes low in the electrolytic cell
1, the voltage rises in order to maintain a constant current. If the maximum electrolysis
voltage is reached, the voltage regulating function is exerted as described above, and
control is switched to constant voltage control. The maximum electrolysis voltage level is
set, using the voltage comparison reference voltage which is preliminarily set in the
comparator circuit 24, and the voltage division resistor 50 (return resistance division)
present in the comparator circuit 24, which is provided between the inputs of the return
error amplifier. The feedback voltage VFB of this voltage division resistor 50 is compared
by the voltage return error amplifier in the comparator circuit 24 against the reference
voltage as described above, and the output voltage from the no. 1 pin 20 1 of the voltage
control circuit 22 is controlled.

[0036]
(Description of Embodiment)

Next, with reference to FIG. 3 and FIG. 4, is described an operation of the
electrolytic cell constant-voltage constant-current power source circuit 10 in which the
constant current control mode and the constant voltage control mode are switched
according to changes in the concentration of the electrolyte solution in the electrolytic cell

1, to supply an applied voltage to the electrolytic cell 1. FIG. 3 is a diagram for describing
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controls performed by the electrolytic cell constant-voltage constant-current power source
circuit 10. FIG. 4 is an enlarged view of the portion of switching from the constant current
control to the constant voltage control shown in FIG. 3. In FIG. 3 and FIG. 4, times on the
horizontal axis are different. These figures show the control having been performed under
the same conditions on different days and at different times.

FIG. 3 shows electrolysis in the electrolytic cell 1 that uses the electrolytic cell
constant-voltage constant-current power source circuit 10 according to an embodiment of
the present invention. In the graph in FIG. 3, the horizontal axis represents time,
electrolysis current (electrolysis current) is plotted on the left vertical axis, and electrolytic
cell voltage is plotted on the right vertical axis.

In FIG. 3, changes in electrolytic cell voltage according to time are shown on the
upper portion, and changes in electrolytic cell current are shown on the lower portion. This
example shown in FIG. 3 shows an electrolysis cycle in which the electrolytic cell 1 filled
with hydrochloric acid serving as an electrolyte solution undergoes electrolysis. The
electrolyte solution that fills the electrolytic cell 1 is not limited to hydrochloric acid.

In the electrolytic cell 1, hydrochloric acid undergoes electrolysis by means of
two types of controls, namely a constant current control (Atl) region and a constant
voltage control (At2) region.

In the example shown in FIG. 3, the design is made so that the maximum current
value of the circuit is 2.94 A and the maximum voltage is 24V where the number of cells of
the electrolytic cell 1 is 12. If the electrolytic cell 1 is excessively filled with hydrochloric
acid, normally an inrush current (over current) arises. However, constant current can be
maintained by means of the constant current control described above, and therefore, inrush
current can be prevented.

[0037]
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Making reference to FIG. 3, when the voltage of the electrolytic cell 1 reaches the
maximum value (at approximately 480 sec in FIG. 3), the electrolytic cell constant-voltage
constant-current power source circuit 10 shifts from the constant current control to the
constant voltage control. In this manner, constant voltage (preliminarily set voltage
comparison reference voltage described above) is automatically supplied to the electrolytic
cell 1. When the electrolytic cell constant-voltage constant-current power source circuit
10 shifts to the constant voltage control, the current to the electrolytic cell 1 gradually
attenuates as shown in the At2 region because the hydrochloric acid concentration
decreases as the electrolysis progresses.

At this time, if the electrolytic cell 1 is a batch type electrolytic cell, completion of
electrolysis can be shown using the current detection signal output from the no. 17 pin
20 17 after the current reaches the minimum threshold value, and the cycle of electrolysis
can be ended.

[0038]

On the other hand, without ending the electrolysis cycle, if hydrochloric acid is
supplied to the electrolytic cell 1 during the constant voltage operation, with a current
detection signal serving as an operation signal of a hydrochloric acid pump that supplies
hydrochloric acid to the electrolytic cell 1, the current rises to the electrolysis current value,
and the control shifts to the constant current control again. By repeating the cycle of the
constant current control and the constant voltage control, it is possible to perform
continuous electrolysis (the range AA shown in FIG. 4).

Furthermore, the current is maintained constant when the voltage of the
electrolytic cell 1 increases (the range AV shown in FIG. 4). Utilizing this fact, by
supplying an appropriate amount of hydrochloric acid to the electrolytic cell 1, it is also

possible to perform continuous electrolysis with constant current.
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[0039]

As described above, the electrolytic cell constant-voltage constant-current power
source circuit 10 of the embodiment of the present invention is a power control device that
supplies electrolysis voltage and electrolysis current to the electrolytic cell 1 for producing
electrolysis water by means of performing electrolysis on a raw material solution by
passing an electric current between the anode 1a and the cathode 1b, based on an input of
direct-current power. The electrolytic cell constant-voltage constant-current power source
circuit 10 has a constant current control mode in which electrolysis current is supplied to
the electrolytic cell 1 while performing control so that the electrolysis current does not
exceed the current value of the current comparison reference current (reference current
preliminarily set according to the rated amperage per unit cell that constitutes the
electrolytic cell 1). Moreover, the electrolytic cell constant-voltage constant-current
power source circuit 10 has a constant voltage control mode in which electrolysis voltage
is supplied to the electrolytic cell 1 while performing control so that the electrolysis
voltage does not exceed the voltage value of the current comparison reference voltage
(reference voltage preliminarily set according to the rated voltage per unit cell that
constitutes the electrolytic cell 1, and the number of unit cells). The electrolytic cell
constant-voltage constant-current power source circuit 10 applies power to the electrolytic
cell 1 while switching between the constant current control mode and the constant voltage
control mode according to the concentration of the electrolyte solution in the electrolytic
cell.

[0040]

According to the electrolytic cell constant-voltage constant-current power source

circuit 10 of the embodiment of the present invention, the electric current and the electric

voltage are supplied to the electrolytic cell, based on the current comparison reference
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voltage and the voltage comparison reference voltage (reference values preliminarily set
according to the rated amperage and rated voltage per unit cell that constitutes the
electrolytic cell 1, and the number of unit cells). As a result, according to the embodiment
of the present invention, it is possible to provide a power control device that can be
commonly used for electrolytic cells of different cell configurations.

[0041]

Moreover, in the embodiment of the present invention, by providing the current
limit switching circuit 60, when the pulse signal of controlled duty ratio is ON (the H level),
the current limiting resistor 40 (programming resistor) is set to RP1, to control the
comparator circuit 24 to the set current value (high side reference current). On the other
hand, when the pulse signal of controlled duty ratio is OFF (the L level), the current
limiting resistor 40 is set to RP1 + RP2, so that the value of electric current flowing to the
electrolytic cell 1 can be controlled to a value that is above OA and not less than a set
current value (low side reference current), and that is also the closest possible to 0A.
[0042]

Furthermore, the electrolytic cell constant-voltage constant-current power source
circuit 10 of the embodiment of the present invention may be configured with minimum
number of components (a resistor, a voltage-current conversion circuit, a comparator, and
so forth) as described above. As a result, it is possible to provide the electrolytic cell
constant-voltage constant-current power source circuit 10 of the embodiment of the
present invention, as a low-cost and compact component of an electrolysis water making
apparatus.

[0043]
(Description of Second Embodiment)

In a second embodiment, there is described a constant current control board that
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prevents temperature rise in an electrolytic cell by performing throttling control of
electrolysis according to an environmental temperature, without directly measuring the
temperature of the interior and the surface of an electrolytic cell.

FIG. 5 is a diagram showing a configuration of an incorporated device 100 in
which an electrolytic cell and a constant current control board are incorporated therein.

The electrolytic cell is equivalent to the electrolytic cell 1 described above, and
the constant current control board is equivalent to the electrolytic cell constant-voltage
constant-current power source circuit 10 in the above description (power control device).
The incorporated device 100 is a device that uses electrolysis water produced in the
electrolytic cell 1, and has the electrolytic cell 1 and the electrolytic cell constant-voltage
constant-current power source circuit 10 incorporated therein.

In FIG. 5, a potion shown in FIG. 1 and FIG. 2 are shown with regard to the
switching CVCC power supply circuit 20 (voltage-current control circuit). In FIG. 5, the
omitted portions have been described with use of FIG. 1 and FIG. 2, and therefore,
description of those portions are omitted.

As shown in FIG. 5, the electrolytic cell constant-voltage constant-current power
source circuit 10 includes the thermistor resistor 70 in the above description. However, in
the second embodiment, the thermistor resistor 70 is arranged in a position to detect an
environmental temperature. Here, the environmental temperature refers to a temperature
of the inner side of the incorporated device 100 that uses electrolysis water, which is also a
temperature of the outside of the electrolytic cell. That is to say, the thermistor resistor 70
is not to directly measure the temperature of the interior and the surface of the electrolytic
cell 1, but is to detect an environmental temperature. Also, another type of temperature
sensor such as a thermostat may be used instead of a thermistor.

[0044]
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The throttling control corresponds to intermittent control in which the electrolytic
cell constant-voltage constant-current power source circuit 10 causes the constant current
control to occur and stop at intervals of certain time, according to the environmental
temperature.

That is to say, when the environmental temperature detected by the thermistor
resistor 70 falls outside the preliminarily set rated temperature range of the electrolytic cell
1, the comparator circuit 24 outputs to the voltage control circuit 22, a control signal that
instructs temporary stop of the electrolysis. Upon receiving an input of this control signal,
the voltage control circuit 22 stops constant current supply to the electrolytic cell 1, and the
electrolytic cell 1 stops electrolysis. Moreover, when the environmental temperature
detected by the thermistor resistor 70 returns to the rated temperature range, the
comparator circuit 24 outputs to the voltage control circuit 22, a control signal that
instructs to resume the electrolysis. Upon receiving an input of this control signal, the
voltage control circuit 22 resumes constant current supply to the electrolytic cell 1, and the
electrolytic cell 1 automatically resumes electrolysis.

Here, the value of constant electric current in the constant current control is a high
side reference current value determined by the current limit switching circuit 60 where the
ON state of the pulse signal is 100% and the OFF state is 0%. Moreover, in the state where
constant current control is stopped, a OA electric current, rather than a low side reference
current value determined by the current limit switching circuit 60, flows into the
electrolytic cell 1, as a result of the electrolytic cell constant-voltage constant-current
power source circuit 10 and the current limit switching circuit 60 being cutoff. That is to
say, the electrolytic cell constant-voltage constant-current power source circuit 10 is
capable of performing the throttling control in which the constant current control is

stopped when the environmental temperature exceeds the rated temperature, and the
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constant current control is resumed when the environmental temperature becomes below
the rated temperature after the constant current control was stopped.

[0045]

(Example of Experiment)

Here is described an example of an experiment in which the throttling control was
performed, using the electrolytic cell 1, the electrolytic cell constant-voltage
constant-current power source circuit 10, and the constant temperature reservoir
(incorporated device 100) having these incorporated therein, with reference to FIG. 6
through FIG. 14. FIG. 6 through FIG. 12 respectively show changes in the electric current
value observed over time at respective rated temperatures, where the rated temperatures
are 30°C to 50°C.

As the electrolytic cell 1, an electrolytic cell with six cells was used. An
adjustment was made by supplying 9% hydrochloric acid in the electrolytic cell 1, so that
the electrolysis voltage at the time of applying a 3 A electrolysis current to the switching
CVCC power supply circuit 20 would be 10V. Chlorine gas produced as a result of the
electrolysis was injected to water of a flow rate 20L per hour.

FIG. 6 is a diagram showing changes in the electric current value over time when
the environmental temperature was 30°C. FIG. 7 is a diagram showing changes in the
electric current value over time when the environmental temperature was 35°C. FIG. 8 is a
diagram showing changes in the electric current value over time when the environmental
the temperature was 40°C.

As shown in FIG. 6 to FIG. 8, when 40°C or lower, electrolysis was continuously
performed in the constant current control mode.

[0046]

FIG. 9 is a diagram showing changes in the electric current value over time when
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the environmental temperature was 42.5°C. FIG. 10 is a diagram showing changes in the
electric current value over time when the environmental temperature was 45°C. FIG. 11 is
a diagram showing changes in the electric current value over time when the environmental
temperature was 47.5°C. FIG. 12 is a diagram showing changes in the electric current
value over time when the environmental temperature was 50°C.

As shown in FIG. 9 to FIG. 12, throttling occurred more frequently as the
environmental temperature rose.

[0047]

FIG. 13 is a diagram showing changes in the average current value, the effective
chlorine concentration, and the electrolytic cell temperature with respect to the
environmental temperature. FIG. 14 is a diagram showing a relationship between the
average current value and the effective chlorine concentration.

Throttling occurs more frequently as the environmental temperature rises, and as
aresult, the average current value decreases as shown in FIG. 13. As shown in FIG. 14, the
effective chlorine concentration becomes lower in proportion to the average current value.
Moreover, as shown in FIG. 13, the occurrence of throttling keeps a balance between heat
generation and cooling, and ultimately, the temperature of the electrolytic cell did not rise
above 50°C even when the environmental temperature was 50°C.

[0048]

The issue of heat generation in an electrolytic cell when operated continuously
has been significant. When the temperature of an electrode exceeds 60°C, the coating
material is more likely to become detached, which has an influence on the life of the
electrolytic cell.

Heat generation of the electrolytic cell is influenced not only by the seasons but

also by the temperature of the usage environment. However, by performing throttling
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control on electrolysis, it has become possible to reliably suppress temperature rise in the
electrolytic cell due to heat generation in the electrolytic cell with respect to the
environmental temperature. Heretofore, when it is not possible to suppress temperature
rise in the electrolytic cell even after an attempt to provide cooling, electrolysis has to be
stopped for protection of the electrolytic cell. However, in the present embodiment, by
performing throttling control on electrolysis, it has become possible to suppress
temperature rise in the electrolytic cell and continue electrolysis until the environmental
temperature exceeds the rated temperature = the upper limit (50°C). As a result, in the
incorporated device that incorporates therein the electrolytic cell, and the power control
device capable of suppressing temperature rise in the electrolytic cell to suppress a
reduction in the life of the electrodes, it is possible to suppress temperature rise in the
electrolytic cell and suppress deterioration of the electrodes.

[0049]

Furthermore, there has been concern over a problem that depending on the
environmental temperature, if the temperature of a slightly acidic electrolysis water
exceeds 40°C, hypochlorite molecules, which are the principal component thereof, are
decomposed, and metals and resins used for the piping of the electrolytic cell and the
incorporated device will become corroded. However, in the present embodiment, if the
temperature of the electrolytic cell rises and the environmental temperature exceeds the
rated temperature = 40°C, causing throttling to occur, then the effective chlorine
concentration is lowered in proportion to the temperature rise, and thereby, suppression of
corrosion caused by the electrolysis water can also be achieved.

Moreover, it has also become possible to report the magnitude of temperature
abnormality (the magnitude of reduction in effective chlorine concentration according to

the temperature) to a user when throttling occurs. Analog data that indicates the electric
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current flowing to the electrolytic cell is output to the outside via the no. 16 pin 20 16 of
the switching CVCC power supply circuit 20. Since the constant current value
corresponding to each rated temperature, the length of time during which the constant
current flows, and the length of time of OA can be understood from this analog data, it is
possible to know the environmental temperature and the effective chlorine concentration
that correspond to each rated temperature, by calculating the average current value.
[0050]

While a detailed description of the embodiments of the present invention has been
given above with reference to the drawings, the specific configuration is not limited to the
embodiments described above, and various modifications and changes may be made

without departing the scope of the invention.

INDUSTRIAL APPLICABILITY
[0051]

In a power control device to be incorporated into an incorporated device of the
present invention, a voltage-current control circuit stops supply of electrolysis current
when an environmental temperature falls outside a preliminarily set rated temperature
range, and resumes supply of the electrolysis current when the environmental temperature
returns to the rated temperature range. Thereby, it is possible to suppress temperature rise
in an electrolytic cell. As a result, according to the present invention, it is possible to
provide an incorporated device that incorporates therein an electrolytic cell and a power
control device that is capable of suppressing temperature rise in the electrolytic cell to
thereby suppress a reduction in the life of electrodes, and a method for controlling an

incorporated device.
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[0052]

1: Electrolytic cell

10: Electrolytic cell constant-voltage constant-current power source circuit
20: Switching CVCC power supply circuit
21: Voltage-current control circuit

22: Voltage control circuit

23: Voltage-current detection circuit

24: Amplifier and comparator circuit

25: Voltage-current monitor circuit

30: Current detecting resistor

40: Current limiting resistor

50: Voltage division resistor

60: Current limit switching circuit

70: Thermistor resistor

100: Incorporated device
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CLAIMS

1. An incorporated device that incorporates therein:

an electrolytic cell that manufactures electrolysis water by electrolysis on a raw
material solution by means of electric current applied between an anode and a cathode, and

a power control device that supplies electrolysis current to the electrolytic cell
based on input direct-current power,

wherein the power control device comprises:

a voltage-current control circuit that supplies, in a constant current control mode,
the electrolysis current to the electrolytic cell while the voltage-current control circuit
controls the electrolysis current not to exceed a current value of a reference current, the
current value of the reference current being preliminary set according to a rated current of
a unit cell constituting the electrolytic cell; and

a temperature detecting part that detects an environmental temperature of an
outside of the electrolytic cell, the environmental temperature being a temperature of an
inside of the incorporated device, the environmental temperature changing according to
change in a temperature of the electrolytic cell, and

the voltage-current control circuit stops supply of the electrolysis current when a
detected temperature of the temperature detecting part falls outside of a preliminarily set
rated temperature range, and resumes supply of the electrolysis current when the detected

temperature of the temperature detecting part returns within the rated temperature range.

2. The incorporated device according to claim 1,
wherein the power control device further comprises:
a current detecting part that is connected to an output terminal of the
voltage-current control circuit and detects a voltage arising between both ends thereof; and
a current limiting part that generates the reference current, and
the voltage-current control circuit comprises:
a voltage-current detection circuit that calculates the electrolysis current flowing

through the electrolytic cell, based on a voltage between both ends of the current detecting
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part and a resistance value of the current detecting part;

a comparator circuit that compares the electrolysis current with the reference
current generated by the current limiting part to output a current comparison result signal
indicating a comparison result; and

a voltage control circuit that supplies the electrolysis current from the output
terminal to the electrolytic cell while the voltage control circuit controls the electrolysis

current not to exceed the reference current based on the current comparison result signal.

3. The incorporated device according to claim 2, wherein the power control device
further comprises:
a voltage-current monitor circuit that outputs analog data that indicates an electric

current value of the electrolysis current, to an outside.

4, A method for controlling an incorporated device, the incorporated device
incorporating therein:

an electrolytic cell that manufactures electrolysis water by electrolysis on a raw
material solution by means of electric current applied between an anode and a cathode; and

a power control device that supplies electrolysis current to the electrolytic cell
based on input direct-current power,

wherein the power control device comprises:

a voltage-current control circuit that supplies, in a constant current control mode,
the electrolysis current to the electrolytic cell while the voltage-current control circuit
controls the electrolysis current not to exceed a current value of a reference current, the
current value of the reference current being preliminary set according to a rated current of
a unit cell constituting the electrolytic cell; and

a temperature detecting part that detects an environmental temperature of an
outside of the electrolytic cell, the environmental temperature being a temperature of an
inside of the incorporated device, the environmental temperature changing according to

change in a temperature of the electrolytic cell, and
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the voltage-current control circuit stops supply of the electrolysis current when a
detected temperature of the temperature detecting part falls outside of a preliminarily set
rated temperature range, and resumes supply of the electrolysis current when the detected

temperature of the temperature detecting part returns within the rated temperature range.




