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(54) CONTROL DEVICE, CONTROL METHOD, AND PROGRAM

(57) A temperature variation control unit performs a
control for varying the temperature of water in a facility
on the basis of the amount of variation in the water tem-
perature, the device performance, the target outlet water
temperature, the measured value of the inlet water tem-
perature, and the measured value of the outlet water tem-
perature. A variation amount allocation determining unit

determines the amount of variation allocated to a plurality
of heat pump devices other than the heat pump device
furthest downstream so that the amount of variation al-
located to the heat pump device furthest downstream is
smaller than the amount of variation during normal cir-
cumstances.
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Description

Technical Field

[0001] The present invention relates to a control de-
vice, a control method, and a program.
[0002] Priority is claimed on Japanese Patent Applica-
tion No. 2015-082357 filed on April 14, 2015, the content
of which is incorporated herein by reference.

Background Art

[0003] There is a heat pump system in which each of
a plurality of heat pump devices heats water circulating
through water piping.
[0004] The related art is disclosed in PTL 1. The device
disclosed in PTL 1 attempts to attain efficient operation
and improvement in reliability in the heat pump system
in which each of the plurality of heat pump devices heats
water circulating through water piping.

Citation List

Patent Literature

[0005] [PTL 1] Japanese Unexamined Patent Applica-
tion Publication No. 2013-113556

Summary of Invention

Technical Problem

[0006] In a heat pump system in which each of a plu-
rality of heat pump devices connected in series heats
circulating water, the circulating water becomes higher
in pressure at a high temperature as the heat pump de-
vice in the heat pump system is located further down-
stream in a water circulation path. Each of the heat pump
devices needs to raise the temperature of water by per-
forming heat exchange while the water passes through
the inside of the device itself. In a case of reducing the
manufacturing cost of the heat pump device which is used
in this manner, in general, downsizing is considered in
order to reduce a material cost. However, in a case where
the heat pump device is downsized, the capacity (vol-
ume) of a heat exchanger through which a refrigerant
passes is reduced. For this reason, the pressure of the
refrigerant in the heat exchanger becomes higher as the
heat pump device is located further downstream in the
water circulation path and as the heat pump device be-
comes smaller.
[0007] As a result, in the heat exchanger of the heat
pump device which is located furthest downstream,
among the plurality of heat pump devices connected in
series, expensive parts which can withstand the high
pressure of the refrigerant are used, and thus it is difficult
to reduce the manufacturing cost of the heat pump sys-
tem.

[0008] The present invention has an object to provide
a control device, a control method, and a program which
can solve the above problem.

Solution to Problem

[0009] According to a first aspect of the present inven-
tion, there is provided a control device that controls a
plurality of heat pump devices which are disposed in or-
der in a circulation path to vary a temperature of circu-
lating water, and include a most downstream heat pump
device disposed furthest downstream in the circulation
path, the control device including: a temperature variation
control unit that performs control for varying the temper-
ature of the water, on the basis of a variation amount of
a water temperature in a facility, equipment capacity of
each of the heat pump devices, a target outlet water tem-
perature in each of the heat pump devices, an actually
measured value of an inlet water temperature of each of
the heat pump devices, and an actually measured value
of an outlet water temperature of each of the heat pump
devices; and a variation amount allocation determining
unit that determines a variation amount allocated to the
plurality of heat pump devices other than the most down-
stream heat pump device such that a variation amount
allocated to the most downstream heat pump device is
smaller than a variation amount at the normal time.
[0010] According to a second aspect of the present
invention, the control device according to the first aspect
may further include: a variation amount reading unit that
reads a variation amount which varies the temperature
of the water in all of the plurality of heat pump devices
from a storage unit, and the variation amount allocation
determining unit may equally divide the variation amount
read from the storage unit by the variation amount read-
ing unit by the number of the plurality of heat pump de-
vices, at the normal time, and determine a variation
amount allocated to the plurality of heat pump devices
other than the most downstream heat pump device such
that a variation amount allocated to the most downstream
heat pump device is smaller than the variation amount
at the normal time, at a predetermined timing.
[0011] According to a third aspect of the present inven-
tion, in the control device according to the second aspect,
the variation amount allocation determining unit may de-
termine a variation amount allocated to the plurality of
heat pump devices other than the most downstream heat
pump device such that a variation amount allocated to
the most downstream heat pump device at the predeter-
mined timing is smaller than the variation amount at the
normal time, in a case where a target temperature of the
water at output of the most downstream heat pump de-
vice exceeds a first set temperature.
[0012] According to a fourth aspect of the present in-
vention, in the control device according to the third as-
pect, the variation amount allocation determining unit
may determine a variation amount allocated to the plu-
rality of heat pump devices other than the most down-
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stream heat pump device such that a variation amount
allocated to the most downstream heat pump device at
a timing when the temperature of the water at the output
of the most downstream heat pump device exceeds a
second set temperature is smaller than the variation
amount at the normal time, in a case where the target
temperature of the water at the output of the most down-
stream heat pump device exceeds the first set tempera-
ture.
[0013] According to a fifth aspect of the present inven-
tion, the control device according to any one of the sec-
ond to fourth aspects may further include: a variation
amount allocation setting unit that sets the allocated var-
iation amounts which are allocated to the most down-
stream heat pump device and the plurality of heat pump
devices other than the most downstream heat pump de-
vice, on the basis of the allocated variation amount de-
termined by the variation amount allocation determining
unit.
[0014] According to a sixth aspect of the present in-
vention, there is provided a control method of a control
device that controls a plurality of heat pump devices
which are disposed in order in a circulation path to vary
a temperature of circulating water, and include a most
downstream heat pump device disposed furthest down-
stream in the circulation path, the control method includ-
ing: performing control for varying the temperature of the
water, on the basis of a variation amount of a water tem-
perature in a facility, equipment capacity of each of the
heat pump devices, a target outlet water temperature in
each of the heat pump devices, an actually measured
value of an inlet water temperature of each of the heat
pump devices, and an actually measured value of an
outlet water temperature of each of the heat pump de-
vices; and determining a variation amount allocated to
the plurality of heat pump devices other than the most
downstream heat pump device such that a variation
amount allocated to the most downstream heat pump
device is smaller than a variation amount at the normal
time.
[0015] According to a seventh aspect of the present
invention, there is provided a program that causes a com-
puter of a control device that controls a plurality of heat
pump devices which are disposed in order in a circulation
path to vary a temperature of circulating water, and in-
clude a most downstream heat pump device disposed
furthest downstream in the circulation path, to execute
control for varying the temperature of the water, on the
basis of a variation amount of a water temperature in a
facility, equipment capacity of each of the heat pump de-
vices, a target outlet water temperature in each of the
heat pump devices, an actually measured value of an
inlet water temperature of each of the heat pump devices,
and an actually measured value of an outlet water tem-
perature of each of the heat pump devices; and determine
a variation amount allocated to the plurality of heat pump
devices other than the most downstream heat pump de-
vice such that a variation amount allocated to the most

downstream heat pump device is smaller than a variation
amount at the normal time.

Advantageous Effects of Invention

[0016] According to the control device, the control
method and the program described above, it is possible
to use inexpensive parts in a heat exchanger of the heat
pump device located furthest downstream, among a plu-
rality of heat pump devices connected in series in a heat
pump system, and it is possible to perform downsizing
of the heat pump system and a reduction in the manu-
facturing cost of the heat pump system.

Brief Description of Drawings

[0017]

Fig. 1 is a diagram showing the configuration of a
heat pump system according to a first embodiment
of the present invention.
Fig. 2 is a diagram showing the configuration of a
heat pump device according to the first embodiment
of the present invention.
Fig. 3 is a diagram showing the configuration of a
control device according to the first embodiment of
the present invention.
Fig. 4 is a diagram showing a data table which is
stored in a storage unit according to the first embod-
iment of the present invention.
Fig. 5 is a diagram showing a processing flow of the
control device according to the first embodiment of
the present invention.
Fig. 6 is a diagram showing the configuration of a
heat pump system according to a second embodi-
ment of the present invention.
Fig. 7 is a diagram showing the configuration of a
control device according to a third embodiment of
the present invention.

Description of Embodiments

<First Embodiment>

[0018] Hereinafter, embodiments will be described in
detail with reference to the drawings.
[0019] The configuration of a heat pump system which
is provided with a control device according to a first em-
bodiment of the present invention will be described.
[0020] A heat pump system 1 according to the first em-
bodiment of the present invention is provided with a fa-
cility 10, a first heat pump device 20a1, a second heat
pump device 20a2, ..., a (n-1)-th heat pump device
20a(n-1), an n-th heat pump device 20an, a control device
30, and water piping 40, as shown in Fig. 1.
[0021] The facility 10 changes the temperature of water
by ΔT. For example, the facility 10 is an office, a factory,
or the like, and in the facility 10, the temperature of water
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is changed by ΔT by using an air conditioner, boiler equip-
ment, a freezer, or the like. In a case of lowering the
temperature of water by ΔT, it means cooling of water.
In a case of raising the temperature of water by ΔT, it
means heating of water.
[0022] The facility 10 outputs, for example, water with
the temperature lowered by ΔT to the first heat pump
device 20a1 through the water piping 40. Further, water
is input from the n-th heat pump device 20an to the facility
10 through the water piping 40. For example, the water
heated to a water temperature which is required for the
facility 10 is supplied from the n-th heat pump device
20an to the facility 10 through the water piping 40.
[0023] The first heat pump device 20a1 heats the water
input from the facility 10 by heat exchange. The first heat
pump device 20a1 outputs the heated water to the sec-
ond heat pump device 20a2 through the water piping 40.
[0024] The second heat pump device 20a2 heats the
water input from the first heat pump device 20a1 by heat
exchange. The second heat pump device 20a2 outputs
the heated water to a third heat pump device 20a3
through the water piping 40.
[0025] Similarly, the third heat pump device 20a3 heats
the water input from the second heat pump device 20a2
by heat exchange. The third heat pump device 20a3 out-
puts the heated water to a fourth heat pump device 20a4
through the water piping 40.
[0026] Similarly, the (n-1)-th heat pump device 20a(n-
1) heats the water input from the (n-2)-th heat pump de-
vice 20a(n-2) by heat exchange. The (n-1)-th heat pump
device 20a(n-1) outputs the heated water to the n-th heat
pump device 20an through the water piping 40. The n-th
heat pump device 20an is the most downstream heat
pump device disposed furthest downstream in a water
circulation path.
[0027] The n-th heat pump device 20an heats the water
input from the (n-1)-th heat pump device 20a(n-1) by heat
exchange. The n-th heat pump device 20an outputs the
heated water to the facility 10 through the water piping
40. The first heat pump device 20a1, the second heat
pump device 20a2, ..., the (n-1)-th heat pump device
20a(n-1), and the n-th heat pump device 20an are col-
lectively referred to as a heat pump device 20.
[0028] In Fig. 1, an arrow in the water piping 40 indi-
cates a flow direction of water in the water circulation
path.
[0029] The control device 30 controls each of the first
heat pump device 20a1, the second heat pump device
20a2, ..., and the n-th heat pump device 20an. Specifi-
cally, the control device 30 determines a target outlet
water temperature in each of the first heat pump device
20a1, the second heat pump device 20a2, ..., and the (n-
1)-th heat pump device 20a(n-1), that is, allocation of a
variation amount in each heat pump device, on the basis
of a temperature decrease ΔT of water in the facility 10,
equipment capacity indicating the capacity of varying a
water temperature, of each of the first heat pump device
20a1, the second heat pump device 20a2, ..., and the n-

th heat pump device 20an, an input water temperature
of the first heat pump device 20a1 disposed furthest up-
stream, and a target outlet water temperature of the n-th
heat pump device 20an disposed furthest downstream.
The allocation of the variation amount is an amount in-
dicating the variation amount of a water temperature in
which the variation amount ΔT of the water temperature
in the facility 10 (in this case, the temperature decrease
ΔT of water in the facility 10) is allocated to each of the
first heat pump device 20a1, the second heat pump de-
vice 20a2, ..., and the (n-1)-th heat pump device 20a(n-
1), and is a variation amount which is shown by a differ-
ence between the target outlet water temperature and
the inlet water temperature in each heat pump device.
The control device 30 generates a control command for
the allocation of the variation amount in each of the first
heat pump device 20a1, the second heat pump device
20a2, ..., and the (n-1)-th heat pump device 20a(n-1) on
the basis of each of the target outlet water temperature,
the actually measured value of the inlet water tempera-
ture, and the actually measured value of the outlet water
temperature in each of the first heat pump device 20a1,
the second heat pump device 20a2, ..., and the (n-1)-th
heat pump device 20a(n-1). The control device 30 trans-
mits the generated control command to the correspond-
ing heat pump device 20.
[0030] In Fig. 1, a broken line indicates a communica-
tion path between each of the heat pump devices 20 and
the control device 30. The control device 30 transmits
and receives information to and from the facility 10
through the communication path. The control device 30
transmits a control signal for the target outlet water tem-
perature or the like to the heat pump device 20 through
this communication path. The communication path may
be wired or wireless.
[0031] The configuration of the heat pump device 20
according to this embodiment will be described.
[0032] Each of the heat pump devices 20 is provided
with a compressor 201, a four-way valve 202, a water
heat exchanger 203, an expansion valve 204, an air heat
exchanger 205, an accumulator 206, a refrigerant pipe
207, a first temperature sensor 208, and a second tem-
perature sensor 209, as shown in Fig. 2. The compressor
201, the four-way valve 202, the water heat exchanger
203, the expansion valve 204, the air heat exchanger
205, and the accumulator 206 are connected by the re-
frigerant pipe 207 to configure a refrigerant circuit.
[0033] The compressor 201 is provided between the
four-way valve 202 and the accumulator 206. In the com-
pressor 201, a motor is driven by an inverter. In the com-
pressor 201, the rotational speed of the motor, that is,
the discharge amount of the refrigerant is adjusted by
the output frequency of the inverter.
[0034] The water heat exchanger 203 performs heat
exchange between the water in the water piping 40
through which water flows from the heat pump device 20
on the upstream side to the heat pump device 20 on the
downstream side, and the refrigerant in the refrigerant
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pipe 207 between the four-way valve 202 and the expan-
sion valve 204.
[0035] The expansion valve 204 is provided between
the water heat exchanger 203 and the air heat exchanger
205. The expansion valve 204 converts a liquid refriger-
ant having a pressure P, which is input at a certain tem-
perature T, to a refrigerant having a pressure lower than
the pressure P at a temperature lower than the temper-
ature T.
[0036] The air heat exchanger 205 is provided between
the four-way valve 202 and the expansion valve 204. The
air heat exchanger 205 performs heat exchange between
the outside air and the refrigerant.
[0037] The accumulator 206 is provided between the
compressor 201 and the four-way valve 202. The accu-
mulator 206 prevents the refrigerant that has not been
completely gasified in an evaporator (the water heat ex-
changer 203 or the air heat exchanger 205) from being
drawn into the compressor 201 in a liquid state.
[0038] The first temperature sensor 208 is provided at
the inlet of the water piping 40 in the water heat exchanger
203 through which water flows from the heat pump device
20 on the upstream side (in the case of the first heat
pump device 20a1, from the facility 10). The water tem-
perature detected by the first temperature sensor 208 is
transmitted to the control device 30 as the actually meas-
ured value of the inlet water temperature in the water
piping 40.
[0039] The second temperature sensor 209 is provided
at the outlet of the water piping 40 in the water heat ex-
changer 203 through which water flows to the heat pump
device 20 on the downstream side (in the case of the n-
th heat pump device 20an, to the facility 10). The water
temperature detected by the second temperature sensor
209 is transmitted to the control device 30 as the actually
measured value of the output water temperature in the
water piping 40.
[0040] In the heat pump device 20, a heating operation
and a cooling (or defrosting) operation are switched by
switching the four-way valve 202 to change the flow di-
rection of the refrigerant. At the time of the heating op-
eration, the refrigerant discharged from the compressor
201 flows through the water heat exchanger 203, the
expansion valve 204, the air heat exchanger 205, and
the accumulator 206 in this order. The water heat ex-
changer 203 acts as a condenser and the air heat ex-
changer 205 acts as an evaporator. Then, the water heat-
ed in the water heat exchanger 203 is output to the next
heat pump device 20 on the downstream side in the water
circulation path or the facility 10 through the water piping
40.
[0041] The configuration of the control device 30 ac-
cording to this embodiment will be described.
[0042] The control device 30 is provided with a com-
munication unit 301, a storage unit 302, a communication
control unit 303, a temperature variation control unit 304,
a variation amount allocation determining unit 305, a var-
iation amount reading unit 306, and a variation amount

allocation setting unit 307, as shown in Fig. 3.
[0043] The communication unit 301 transmits and re-
ceives information necessary for the control device 30 to
control each of the heat pump devices 20 to and from
each of the heat pump devices 20. For example, the com-
munication unit 301 receives the actually measured value
of the inlet water temperature detected by the first tem-
perature sensor 208 in each of the first heat pump device
20a1, the second heat pump device 20a2, ..., and the (n-
1)-th heat pump device 20a(n-1), and the actually meas-
ured values of the outlet water temperature detected by
the second temperature sensor 209 in each heat pump
device. Further, the communication unit 301 transmits
the control command to each of the first heat pump device
20a1, the second heat pump device 20a2, ..., and the (n-
1)-th heat pump device 20a(n-1).
[0044] The storage unit 302 stores various kinds of in-
formation necessary for the processing to be performed
by the control device 30. For example, a data table TBL1
showing the variation amount of the water temperature
to be varied in all of the first heat pump device 20a1, the
second heat pump device 20a2, ..., and the n-th heat
pump device 20an is stored in the storage unit 302 in
advance. The variation amount of the water temperature
to be varied in all of the first heat pump device 20a1, the
second heat pump device 20a2, ..., and the n-th heat
pump device 20an is, for example, the variation amount
ΔT of the water temperature to be cooled in the facility 10.
[0045] The communication control unit 303 controls
communication which is performed by the control device
30 through the communication unit 301. Even in a case
where the fact that the communication control unit 303
controls the communication which is performed through
the communication unit 301 of the control device 30 is
not specifically described in the following description, the
communication control unit 303 controls the communi-
cation which is performed by the control device 30
through the communication unit 301.
[0046] The temperature variation control unit 304 de-
termines the target outlet water temperature in each of
the first heat pump device 20a1, the second heat pump
device 20a2, ..., and the (n-1)-th heat pump device
20a(n-1) on the basis of the variation amount ΔT of the
water temperature in the facility 10, the equipment ca-
pacity of each of the heat pump devices 20, the input
water temperature of the first heat pump device 20a1
disposed furthest upstream, and the target outlet water
temperature of the n-th heat pump device 20an disposed
furthest downstream. The temperature variation control
unit 304 generate a control command for each of the first
heat pump device 20a1, the second heat pump device
20a2, ..., and the (n-1)-th heat pump device 20a(n-1) on
the basis of the variation amount ΔT of the water tem-
perature in the facility 10, the equipment capacity of each
of the heat pump devices 20, the variation amount ΔT of
the water temperature in the facility 10, and each of the
target outlet water temperature, the actually measured
value of the inlet water temperature, and the actually
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measured value of the outlet water temperature in each
of the first heat pump device 20a1, the second heat pump
device 20a2, ..., and the (n-1)-th heat pump device
20a(n-1). The control device 30 transmits the generated
control command to the corresponding heat pump device
20 and controls the heat pump device 20. The tempera-
ture variation control unit 304 generates a control com-
mand for varying the temperature of water on the basis
of the variation amount ΔT of the water temperature in
the facility 10, the equipment capacity of each of the heat
pump devices 20, the variation amount ΔT of the water
temperature in the facility 10, and each of the target outlet
water temperature, the actually measured value of the
inlet water temperature, and the actually measured value
of the outlet water temperature in each of the first heat
pump device 20a1, the second heat pump device 20a2,
..., and the (n-1)-th heat pump device 20a(n-1) and per-
forms control. Specifically, temperature variation control
unit 304 generates a control command for varying the
temperature of the water by the allocation of the variation
amount which is set to each of the heat pump devices
20 by the variation amount allocation setting unit 307,
and controls each of the heat pump devices 20.
[0047] The variation amount allocation determining
unit 305 determines the allocation of the variation
amounts of the heat pump devices 20 other than the n-
th heat pump device 20an such that the variation amount
allocated to the n-th heat pump device 20an is smaller
than the variation amount allocated at the normal time,
with respect to the allocation of the variation amounts of
the n-th heat pump device 20an disposed furthest down-
stream in the water circulation path, among the heat
pump devices 20, and each of the heat pump devices 20
other than the n-th heat pump device 20an.
[0048] For example, the variation amount allocation
determining unit 305 equally divides the variation amount
read from the storage unit 302 by the variation amount
reading unit 306 by the number n of the heat pump de-
vices 20, at the normal time, and determines the alloca-
tion of the variation amounts of the heat pump devices
20 other than the n-th heat pump device 20an such that
the variation amount allocated to the n-th heat pump de-
vice 20an is smaller than the variation amount allocated
at the normal time, at a predetermined timing.
[0049] Specifically, for example, in a case where the
target temperature of water at the output of the n-th heat
pump device 20an exceeds a first set temperature and
each of the heat pump devices 20 heats the water and
outputs the increased pressure, the variation amount al-
location determining unit 305 determines the allocation
of the variation amounts of the heat pump devices 20
other than the n-th heat pump device 20an such that the
variation amount allocated to the n-th heat pump device
20an is smaller than the variation amount allocated at
the normal time, at the predetermined timing. Further, for
example, in a case where the target temperature of water
at the output of the n-th heat pump device 20an exceeds
the first set temperature and each of the heat pump de-

vices 20 heats the water and outputs the increased pres-
sure, the variation amount allocation determining unit 305
may determine the allocation of the variation amounts of
the heat pump devices 20 other than the n-th heat pump
device 20an such that the variation amount allocated to
the n-th heat pump device 20an is smaller than the var-
iation amount allocated at the normal time, at a timing
when the actually measured value of the temperature of
water at the output of the n-th heat pump device 20an
exceeds a second set temperature.
[0050] The variation amount reading unit 306 reads
the variation amount for varying the temperature of water
in all of the first heat pump device 20a1, the second heat
pump device 20a2, ..., and the n-th heat pump device
20an, from the storage unit 302. For example, the vari-
ation amount reading unit 306 reads the data table TBL1
from the storage unit 302.
[0051] The variation amount allocation setting unit 307
sets the allocation of the variation amounts to be allocat-
ed to the n-th heat pump device 20an and the heat pump
devices 20 other than the n-th heat pump device 20an
on the basis of the allocation of the variation amount de-
termined by the variation amount allocation determining
unit 305.
[0052] Next, the data table TBL1 which is stored in the
storage unit 302 according to this embodiment will be
described.
[0053] The data table TBL1 shows the variation
amount ΔT for varying the temperature of water in all of
the first heat pump device 20a1, the second heat pump
device 20a2, ..., and the n-th heat pump device 20an.
For example, the data table TBL1 shows the correspond-
ence relationship between the respective facilities (the
facility 10, a facility 300, ...) and the variation amount ΔT
of the temperature of water in each facility, as shown in
Fig. 4.
[0054] Next, the processing in the heat pump system
1 according to this embodiment will be described.
[0055] Here, a processing flow of Fig. 5 showing the
processing of the control device 30 which heats water by
controlling each of the heat pump devices 20 in a case
where in the heat pump system 1 according to this em-
bodiment, the facility 10 cools water and the temperature
of the water is lowered by ΔT will be described. It is known
in advance that the facility 10 cools water which is input
from the n-th heat pump device 20an through the water
piping 40 and lowers the temperature of the water by ΔT,
and the storage unit 302 stores the variation amount ΔT
in the data table TBL1. Here, the variation amount ΔT
recorded in the data table TBL1 of the storage unit 302
by the facility 10 is the variation amount for varying the
temperature of water in all of the first heat pump device
20a1, the second heat pump device 20a2, ..., and the n-
th heat pump device 20an.
[0056] The variation amount reading unit 306 reads
the variation amount ΔT corresponding to the facility 10
from the data table TBL1 of the storage unit 302 (step
S1). For example, in the case of the data table TBL1
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shown in Fig. 4, the variation amount reading unit 306
searches the facility 10 in order from the top of the facil-
ities in the data table TBL1 to specify it and specifies and
reads a variation amount ΔT1 corresponding to the spec-
ified facility 10 as the variation amount ΔT of the facility 10.
[0057] The variation amount reading unit 306 outputs
the read variation amount ΔT to the variation amount al-
location determining unit 305.
[0058] If the variation amount ΔT is input from the var-
iation amount reading unit 306, the variation amount al-
location determining unit 305 determines the allocation
of the variation amount of each of the heat pump devices
20 at the normal time on the basis of the input variation
amount ΔT, the equipment capacity of each of the first
heat pump device 20a1, the second heat pump device
20a2, ..., and the n-th heat pump device 20an, the input
water temperature of the first heat pump device 20a1
disposed furthest upstream, and the target outlet water
temperature of the n-th heat pump device 20an disposed
furthest downstream (step S2). For example, the varia-
tion amount allocation determining unit 305 determines,
at the normal time, allocation ΔT4n of the variation
amount obtained by equally dividing the variation amount
ΔT by the number n of the heat pump devices 20 as the
allocation of the variation amount of each of the heat
pump devices 20.
[0059] The variation amount allocation determining
unit 305 outputs the allocation of the variation amount of
each of the heat pump devices 20 determined at the nor-
mal time to the variation amount allocation setting unit
307.
[0060] If the allocation of the variation amount of each
of the heat pump devices 20 at the normal time is input
from the variation amount allocation determining unit
305, the variation amount allocation setting unit 307 sets
the input allocation of the variation amount of each of the
heat pump devices 20 to each of the heat pump devices
20 (step S3). For example, in a case where the variation
amount allocation determining unit 305 determines the
allocation of the variation amount of each of the heat
pump devices 20 to be ΔT4n, the variation amount allo-
cation setting unit 307 sets the allocation of the variation
amount of each of the heat pump devices 20 at the normal
time to be ΔT4n.
[0061] If the variation amount allocation setting unit
307 sets the allocation of the variation amount of each
of the heat pump devices 20 at the normal time, the tem-
perature variation control unit 304 generates a control
command for varying the temperature of water, on the
basis of the variation amount ΔT of the water temperature
in the facility 10, the equipment capacity of each of the
heat pump devices 20, the variation amount ΔT of the
water temperature in the facility 10, and each of the target
outlet water temperature, the actually measured value of
the inlet water temperature, and the actually measured
value of the outlet water temperature in each of the first
heat pump device 20a1, the second heat pump device
20a2, ..., and the (n-1)-th heat pump device 20a(n-1),

and controls each of the heat pump devices 20 (step S4).
[0062] If the temperature variation control unit 304 gen-
erates a control command for varying the temperature of
water and controls each of the heat pump devices 20 at
the normal time, each of the heat pump devices 20 out-
puts water heated and having increased pressure to the
heat pump device 20 on the downstream side in the water
circulation path or the facility 10.
[0063] The variation amount allocation determining
unit 305 determines whether or not the predetermined
timing has been reached when each of the heat pump
devices 20 heats water and outputs the increased pres-
sure at the normal time (step S5). Specifically, for exam-
ple, the variation amount allocation determining unit 305
determines whether or not a timing at which the target
temperature of water at the output of the n-th heat pump
device 20an exceeds the first set temperature and the
actually measured value of the temperature of water at
the output of the n-th heat pump device 20an exceeds
the second set temperature has been reached. More spe-
cifically, for example, the variation amount allocation de-
termining unit 305 determines whether or not a timing at
which the target temperature of water at the output of the
n-th heat pump device 20an exceeds the first set tem-
perature, 55 degrees, (for example, the target tempera-
ture of water is 60 degrees) and the actually measured
value of the temperature of water at the output of the n-
th heat pump device 20an exceeds the second set tem-
perature, 50 degrees, has been reached.
[0064] At the normal time, in a case where it is deter-
mined that the predetermined timing has not been
reached (NO in step S5), the variation amount allocation
determining unit 305 returns to the processing of step S5.
[0065] Further, at the normal time, in a case where it
is determined that the predetermined timing has been
reached when each of the heat pump devices 20 heats
water and outputs the increased pressure (YES in step
S5), at the determination timing (the predetermined tim-
ing), the variation amount allocation determining unit 305
determines the allocation of the variation amounts of the
heat pump devices 20 other than the n-th heat pump
device 20an such that the variation amount allocated to
the n-th heat pump device 20an is smaller than the var-
iation amount allocated at the normal time (step S6). For
example, in a case where the variation amount allocation
determining unit 305 has determined the allocation of the
variation amount of each of the heat pump devices 20 at
the normal time to be ΔT4n, at the predetermined timing,
the variation amount allocation determining unit 305 de-
termines the allocation of the variation amount of the n-
th heat pump device 20an to be lower than ΔT4n and
performs a determination such that the allocation of the
variation amounts of one or more heat pump devices 20
other than the n-th heat pump device 20an is increased
by an amount corresponding to the decrease in the allo-
cation of the variation amount of the n-th heat pump de-
vice 20an. More specifically, the variation amount allo-
cation determining unit 305 determines the allocation of
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the variation amount which is lower than the allocation
of the variation amount of the n-th heat pump device 20an
at the normal time and can be easily realized per unit
time even in the high-temperature and high-pressure
state in the n-th heat pump device 20an.
[0066] The variation amount allocation determining
unit 305 outputs the determined allocation of the variation
amount of each of the heat pump device 20 to the vari-
ation amount allocation setting unit 307.
[0067] If the allocation of the variation amount of each
of the heat pump devices 20 determined at the predeter-
mined timing is input from the variation amount allocation
determining unit 305, the variation amount allocation set-
ting unit 307 sets the input allocation of the variation
amount of each of the heat pump devices 20 to each of
the heat pump devices 20 (step S7).
[0068] If the variation amount allocation setting unit
307 sets the allocation of the variation amount of each
of the heat pump devices 20 determined at the predeter-
mined timing, the temperature variation control unit 304
generates a control command for varying the tempera-
ture of water, on the basis of the variation amount ΔT of
the water temperature in the facility 10, the equipment
capacity of each of the heat pump devices 20, the vari-
ation amount ΔT of the water temperature in the facility
10, and each of the target outlet water temperature, the
actually measured value of the inlet water temperature,
and the actually measured value of the outlet water tem-
perature in each of the first heat pump device 20a1, the
second heat pump device 20a2, ..., and the (n-1)-th heat
pump device 20a(n-1), and controls each of the heat
pump devices 20 (step S8).
[0069] The number n of the heat pump devices 20 may
be any number as long as it is two or more.
[0070] The processing of the control device 30 accord-
ing to the first embodiment of the present invention has
been described above. According to the processing of
the control device 30 of this embodiment, the tempera-
ture variation control unit 304 generates a control com-
mand for varying the temperature of water, on the basis
of the variation amount ΔT of the water temperature in
the facility 10, the equipment capacity of each of the heat
pump devices 20, the variation amount ΔT of the water
temperature in the facility 10, and each of the target outlet
water temperature, the actually measured value of the
inlet water temperature, and the actually measured value
of the outlet water temperature in each of the first heat
pump device 20a1, the second heat pump device 20a2,
..., and the (n-1)-th heat pump device 20a(n-1), and con-
trols each of the heat pump devices 20. The variation
amount allocation determining unit 305 determines the
allocation of the variation amount of the heat pump de-
vices 20 other than the n-th heat pump device 20an such
that the variation amount allocated to the n-th heat pump
device 20an is smaller than the variation amount allocat-
ed at the normal time, with respect to the allocation of
the variation amounts of the n-th heat pump device 20an
disposed furthest downstream in the water circulation

path, among the heat pump devices 20, and each of the
heat pump devices 20 other than the n-th heat pump
device 20an.
[0071] In this way, it is possible to use inexpensive
parts in the heat exchanger of the heat pump device lo-
cated furthest downstream, among the plurality of heat
pump devices connected in series in the heat pump sys-
tem, and it is possible to perform downsizing of the heat
pump system and a reduction in the manufacturing cost
of the heat pump system.

<Second Embodiment>

[0072] The configuration of a heat pump system which
is provided with a control device according to a second
embodiment of the present invention will be described.
[0073] The heat pump system 1 according to this em-
bodiment is provided with the facility 10, the first heat
pump device 20a1, the second heat pump device 20a2,
..., the (n-1)-th heat pump device 20a(n-1), the n-th heat
pump device 20an, the control device 30, and the water
piping 40, as shown in Fig. 6, similar to the heat pump
system 1 according to the first embodiment.
[0074] However, the facility 10 in this embodiment is
provided with a temperature sensor 101, a temperature
sensor 102, a temperature difference calculation unit
103, and a temperature difference transmitter 104, in ad-
dition to the facility 10 in the first embodiment.
[0075] The temperature sensor 101 is installed at an
input portion of the water piping 40 from the n-th heat
pump device 20an and detects the temperature of the
water in the water piping 40.
[0076] The temperature sensor 102 is installed at an
output portion of the water piping 40 to the first heat pump
device 20a1 and detects the temperature of the water in
the water piping 40.
[0077] The temperature difference calculation unit 103
calculates the decrease temperature ΔT of the water in
the facility 10 by subtracting the temperature of the water
detected by the temperature sensor 102 from the tem-
perature detected by the temperature sensor 101.
[0078] The temperature difference transmitter 104
transmits the decrease temperature ΔT of the water in
the facility 10 calculated by the temperature difference
calculation unit 103 to the control device 30.
[0079] Each of the communication unit 301, the com-
munication control unit 303, the temperature variation
control unit 304, the variation amount allocation deter-
mining unit 305, the variation amount reading unit 306,
and the variation amount allocation setting unit 307 pro-
vided in the control device 30 performs processing in real
time by using the decrease temperature ΔT of the water
in the facility 10, which is transmitted in real time by the
temperature difference transmitter 104 through the com-
munication unit 301, instead of the water temperature ΔT
lowered by the facility 10, shown in the data table TBL1
stored in the storage unit 302. Others are the same as
those in the control device 30 according to the first em-
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bodiment, and the processing flow of the control device
30 according to this embodiment is also the same as the
processing flow of the control device 30 according to the
first embodiment.
[0080] The processing of the control device 30 accord-
ing to the second embodiment of the present invention
has been described above. According to the processing
of the control device 30 of this embodiment, the temper-
ature variation control unit 304 generates a control com-
mand for varying the temperature of water, on the basis
of the variation amount ΔT of the water temperature in
the facility 10, the equipment capacity of each of the heat
pump devices 20, the variation amount ΔT of the water
temperature in the facility 10, and each of the target outlet
water temperature, the actually measured value of the
inlet water temperature, and the actually measured value
of the outlet water temperature in each of the first heat
pump device 20a1, the second heat pump device 20a2,
..., and the (n-1)-th heat pump device 20a(n-1), and con-
trols each of the heat pump devices 20. The variation
amount allocation determining unit 305 determines the
allocation of the variation amount of the heat pump de-
vices 20 other than the n-th heat pump device 20an such
that the variation amount allocated to the n-th heat pump
device 20an is smaller than the variation amount allocat-
ed at the normal time, with respect to the allocation of
the variation amounts of the n-th heat pump device 20an
disposed furthest downstream in the water circulation
path, among the heat pump devices 20, and each of the
heat pump devices 20 other than the n-th heat pump
device 20an.
[0081] In this way, it is possible to use inexpensive
parts in the heat exchanger of the heat pump device lo-
cated furthest downstream, among the plurality of heat
pump devices connected in series in the heat pump sys-
tem, and it is possible to perform downsizing of the heat
pump system and a reduction in the manufacturing cost
of the heat pump system.
[0082] Further, the temperature sensor 101 is installed
at the input portion of the water piping 40 from the n-th
heat pump device 20an and detects the temperature of
the water in the water piping 40. The temperature sensor
102 is installed at the output portion of the water piping
40 to the first heat pump device 20a1 and detects the
temperature of the water in the water piping 40.
[0083] The temperature difference calculation unit 103
calculates the variation amount ΔT (the decrease tem-
perature ΔT of the water) in the facility 10 by subtracting
the temperature of the water detected by the temperature
sensor 102 from the temperature detected by the tem-
perature sensor 101. The temperature difference trans-
mitter 104 transmits the variation amount ΔT in the facility
10 calculated by the temperature difference calculation
unit 103 to the control device 30. Each of the communi-
cation unit 301, the communication control unit 303, the
temperature variation control unit 304, the variation
amount allocation determining unit 305, the variation
amount reading unit 306, and the variation amount allo-

cation setting unit 307 provided in the control device 30
performs processing in real time by using the variation
amount ΔT in the facility 10, which is transmitted in real
time by the temperature difference transmitter 104
through the communication unit 301, instead of the var-
iation amount ΔT in the facility 10, shown in the data table
TBL1 stored in the storage unit 302.
[0084] In this way, it is possible to more accurately de-
termine the allocation of the variation amount.

<Third Embodiment>

[0085] The configuration of a heat pump system which
is provided with a control device according to a third em-
bodiment of the present invention will be described.
[0086] The heat pump system 1 according to this em-
bodiment is provided with the facility 10, the first heat
pump device 20a1, the second heat pump device 20a2,
..., the (n-1)-th heat pump device 20a(n-1), the n-th heat
pump device 20an, the control device 30, and the water
piping 40, as shown in Fig. 1, similar to the heat pump
system 1 according to the first embodiment.
[0087] However, the control device 30 according to this
embodiment is provided with an outside air temperature
measuring unit 308 in addition to the control device 30
according to the first embodiment, as shown in Fig. 7.
[0088] The outside air temperature measuring unit 308
detects the outside air temperature of the heat pump de-
vice 20 provided with the outside air temperature meas-
uring unit 308.
[0089] The variation amount allocation determining
unit 305 provided in the control device 30 acquires the
outside air temperature detected by the outside air tem-
perature measuring unit 308 provided in each of the heat
pump devices 20. Then, the variation amount allocation
determining unit 305 corrects the influence of the ac-
quired outside air temperature on a temperature change
of the water in each of the heat pump devices 20 and
determines the allocation of the variation amount of each
of the heat pump devices 20. Others are the same as
those in the control device 30 according to the first em-
bodiment, and the processing flow of the control device
30 according to this embodiment is also the same as the
processing flow of the control device 30 according to the
first embodiment.
[0090] The processing of the control device 30 accord-
ing to the third embodiment of the present invention has
been described above. According to the processing of
the control device 30 of this embodiment, the tempera-
ture variation control unit 304 generates a control com-
mand for varying the temperature of water on the basis
of the variation amount ΔT of the water temperature in
the facility 10, the equipment capacity of each of the heat
pump devices 20, the variation amount ΔT of the water
temperature in the facility 10, and each of the target outlet
water temperature, the actually measured value of the
inlet water temperature, and the actually measured value
of the outlet water temperature in each of the first heat
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pump device 20a1, the second heat pump device 20a2,
..., and the (n-1)-th heat pump device 20a(n-1), and con-
trols each of the heat pump devices 20. The variation
amount allocation determining unit 305 determines the
allocation of the variation amount of the heat pump de-
vices 20 other than the n-th heat pump device 20an such
that the variation amount allocated to the n-th heat pump
device 20an is smaller than the variation amount allocat-
ed at the normal time, with respect to the allocation of
the variation amounts of the n-th heat pump device 20an
disposed furthest downstream in the water circulation
path, among the heat pump devices 20, and each of the
heat pump devices 20 other than the n-th heat pump
device 20an.
[0091] In this way, it is possible to use inexpensive
parts in the heat exchanger of the heat pump device lo-
cated furthest downstream, among the plurality of heat
pump devices connected in series in the heat pump sys-
tem, and it is possible to perform downsizing of the heat
pump system and a reduction in the manufacturing cost
of the heat pump system.
[0092] Further, the control device 30 is provided with
the outside air temperature measuring unit 308 in addi-
tion to the control device 30 according to the first embod-
iment. The outside air temperature measuring unit 308
detects the outside air temperature of the heat pump de-
vice 20 provided with the outside air temperature meas-
uring unit 308. The variation amount allocation determin-
ing unit 305 provided in the control device 30 acquires
the outside air temperature detected by the outside air
temperature measuring unit 308 provided in each of the
heat pump devices 20. Then, the variation amount allo-
cation determining unit 305 corrects the influence of the
acquired outside air temperature on a temperature
change of the water in each of the heat pump devices 20
and determines the allocation of the variation amount of
each of the heat pump devices 20.
[0093] In this way, it is possible to more accurately de-
termine the allocation of the variation amount.
[0094] The storage unit 302 in the embodiments of the
present invention may be provided anywhere within a
range where appropriate transmission and reception of
information are performed. Further, a plurality of storage
units 302 may be present in a range where appropriate
transmission and reception of information are performed,
and store data in a dispersed manner.
[0095] In the processing flows in the embodiments of
the present invention, the order of processing may be
changed within a range where appropriate processing is
performed.
[0096] The embodiments of the present invention have
been described. However, each of the speed control units
104 and 104a, the automatic train operation devices 102,
102a, and 102b, and the ATP device 20 described above
has a computer system inside thereof. Further, the proc-
ess of the processing described above is stored in a com-
puter readable recording medium in the form of a pro-
gram, and a computer reads and executes the program,

whereby the above processing is performed. Here, the
computer readable recording medium refers to a mag-
netic disk, a magnetooptical disc, a CD-ROM, a DVD-
ROM, a semiconductor memory, or the like. Further, a
configuration may be made such that the computer pro-
gram is delivered to a computer through a communication
line and the computer which has received the delivery
executes the program.
[0097] Further, the program may realize some of the
above-described functions. Further, the program may be
a so-called differential file (differential program) which is
a file capable of realizing the above-described functions
by a combination with a program already recorded in a
computer system.
[0098] Several embodiments of the present invention
have been described. However, these embodiments are
examples and do not limit the scope of the invention. In
these embodiments, various omissions, substitutions, or
changes may be made within a scope which does not
depart from the gist of the invention.

Industrial Applicability

[0099] According to the control device, the control
method and the program described above, it is possible
to use inexpensive parts in the heat exchanger of the
heat pump device located furthest downstream, among
the plurality of heat pump devices connected in series in
the heat pump system, and it is possible to perform down-
sizing of the heat pump system and a reduction in the
manufacturing cost of the heat pump system.

Reference Signs List

[0100]

1: heat pump system
10: facility
20: heat pump device
20a1: first heat pump device
20a2: second heat pump device
20a(n-1): (n-1)-th heat pump device
20an: n-th heat pump device
30: control device
40: water piping
102, 208: temperature sensor
103: temperature difference calculation unit
104: temperature difference transmitter
201: compressor
202: four-way valve
203: water heat exchanger
204: expansion valve
205: air heat exchanger
206: accumulator
207: refrigerant pipe
301: communication unit
302: storage unit
303: communication control unit
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304: temperature variation control unit
305: variation amount allocation determining unit
306: variation amount reading unit
307: variation amount allocation setting unit
308: outside air temperature measuring unit

Claims

1. A control device that controls a plurality of heat pump
devices which are disposed in order in a circulation
path to vary a temperature of circulating water, and
include a most downstream heat pump device dis-
posed furthest downstream in the circulation path,
the control device comprising:

a temperature variation control unit that per-
forms control for varying the temperature of the
water, on the basis of a variation amount of a
water temperature in a facility, equipment ca-
pacity of each of the heat pump devices, a target
outlet water temperature in each of the heat
pump devices, an actually measured value of
an inlet water temperature of each of the heat
pump devices, and an actually measured value
of an outlet water temperature of each of the
heat pump devices; and
a variation amount allocation determining unit
that determines a variation amount allocated to
the plurality of heat pump devices other than the
most downstream heat pump device such that
a variation amount allocated to the most down-
stream heat pump device is smaller than a var-
iation amount at the normal time.

2. The control device according to claim 1, further com-
prising:

a variation amount reading unit that reads a var-
iation amount which varies the temperature of
the water in all of the plurality of heat pump de-
vices from a storage unit,
wherein the variation amount allocation deter-
mining unit equally divides the variation amount
read from the storage unit by the variation
amount reading unit by the number of the plu-
rality of heat pump devices, at the normal time,
and determines a variation amount allocated to
the plurality of heat pump devices other than the
most downstream heat pump device such that
a variation amount allocated to the most down-
stream heat pump device is smaller than the var-
iation amount at the normal time, at a predeter-
mined timing.

3. The control device according to claim 2, wherein the
variation amount allocation determining unit deter-
mines a variation amount allocated to the plurality of

heat pump devices other than the most downstream
heat pump device such that a variation amount allo-
cated to the most downstream heat pump device at
the predetermined timing is smaller than the variation
amount at the normal time, in a case where a target
temperature of the water at output of the most down-
stream heat pump device exceeds a first set tem-
perature.

4. The control device according to claim 3, wherein the
variation amount allocation determining unit deter-
mines a variation amount allocated to the plurality of
heat pump devices other than the most downstream
heat pump device such that a variation amount allo-
cated to the most downstream heat pump device at
a timing when the temperature of the water at the
output of the most downstream heat pump device
exceeds a second set temperature is smaller than
the variation amount at the normal time, in a case
where the target temperature of the water at the out-
put of the most downstream heat pump device ex-
ceeds the first set temperature.

5. The control device according to any one of claims 2
to 4, further comprising:

a variation amount allocation setting unit that
sets the allocated variation amounts which are
allocated to the most downstream heat pump
device and the plurality of heat pump devices
other than the most downstream heat pump de-
vice, on the basis of the allocated variation
amount determined by the variation amount al-
location determining unit.

6. A control method of a control device that controls a
plurality of heat pump devices which are disposed
in order in a circulation path to vary a temperature
of circulating water, and include a most downstream
heat pump device disposed furthest downstream in
the circulation path, the control method comprising:

performing control for varying the temperature
of the water, on the basis of a variation amount
of a water temperature in a facility, equipment
capacity of each of the heat pump devices, a
target outlet water temperature in each of the
heat pump devices, an actually measured value
of an inlet water temperature of each of the heat
pump devices, and an actually measured value
of an outlet water temperature of each of the
heat pump devices; and
determining a variation amount allocated to the
plurality of heat pump devices other than the
most downstream heat pump device such that
a variation amount allocated to the most down-
stream heat pump device is smaller than a var-
iation amount at the normal time.
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7. A program that causes a computer of a control device
that controls a plurality of heat pump devices which
are disposed in order in a circulation path to vary a
temperature of circulating water, and include a most
downstream heat pump device disposed furthest
downstream in the circulation path,
to execute control for varying the temperature of the
water, on the basis of a variation amount of a water
temperature in a facility, equipment capacity of each
of the heat pump devices, a target outlet water tem-
perature in each of the heat pump devices, an actu-
ally measured value of an inlet water temperature of
each of the heat pump devices, and an actually
measured value of an outlet water temperature of
each of the heat pump devices; and
determine a variation amount allocated to the plural-
ity of heat pump devices other than the most down-
stream heat pump device such that a variation
amount allocated to the most downstream heat
pump device is smaller than a variation amount at
the normal time.

Amended claims under Art. 19.1 PCT

1. (Amended) A control device that controls a plurality
of heat pump devices which are disposed in order in
a circulation path to vary a temperature of circulating
water, and include a most downstream heat pump
device disposed furthest downstream in the circula-
tion path, the control device comprising:

a temperature variation control unit that per-
forms control for varying the temperature of the
water, on the basis of a variation amount of a
water temperature in a facility, equipment ca-
pacity of each of the heat pump devices, a target
outlet water temperature in each of the heat
pump devices, an actually measured value of
an inlet water temperature of each of the heat
pump devices, and an actually measured value
of an outlet water temperature of each of the
heat pump devices; and
a variation amount allocation determining unit
that determines a variation amount allocated to
the plurality of heat pump devices other than the
most downstream heat pump device such that
a variation amount allocated to the most down-
stream heat pump device at a predetermined
timing is smaller than a variation amount at the
normal time, in a case where a target tempera-
ture of the water at output of the most down-
stream heat pump device exceeds a first set
temperature.

2. The control device according to claim 1, further com-
prising:

a variation amount reading unit that reads a var-
iation amount which varies the temperature of
the water in all of the plurality of heat pump de-
vices from a storage unit,
wherein the variation amount allocation deter-
mining unit equally divides the variation amount
read from the storage unit by the variation
amount reading unit by the number of the plu-
rality of heat pump devices, at the normal time,
and determines a variation amount allocated to
the plurality of heat pump devices other than the
most downstream heat pump device such that
a variation amount allocated to the most down-
stream heat pump device is smaller than the var-
iation amount at the normal time, at a predeter-
mined timing.

3. (Cancelled)

4. (Amended) The control device according to claim 1
or 2, wherein the variation amount allocation deter-
mining unit determines a variation amount allocated
to the plurality of heat pump devices other than the
most downstream heat pump device such that a var-
iation amount allocated to the most downstream heat
pump device at a timing when the temperature of the
water at the output of the most downstream heat
pump device exceeds a second set temperature is
smaller than the variation amount at the normal time,
in a case where the target temperature of the water
at the output of the most downstream heat pump
device exceeds the first set temperature.

5. (Amended) The control device according to any one
of claims 1, 2, and 4, further comprising:

a variation amount allocation setting unit that
sets the allocated variation amounts which are
allocated to the most downstream heat pump
device and the plurality of heat pump devices
other than the most downstream heat pump de-
vice, on the basis of the allocated variation
amount determined by the variation amount al-
location determining unit.

6. (Amended) A control method of a control device that
controls a plurality of heat pump devices which are
disposed in order in a circulation path to vary a tem-
perature of circulating water, and include a most
downstream heat pump device disposed furthest
downstream in the circulation path, the control meth-
od comprising:

performing control for varying the temperature
of the water, on the basis of a variation amount
of a water temperature in a facility, equipment
capacity of each of the heat pump devices, a
target outlet water temperature in each of the
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heat pump devices, an actually measured value
of an inlet water temperature of each of the heat
pump devices, and an actually measured value
of an outlet water temperature of each of the
heat pump devices; and
determining a variation amount allocated to the
plurality of heat pump devices other than the
most downstream heat pump device such that
a variation amount allocated to the most down-
stream heat pump device at a predetermined
timing is smaller than a variation amount at the
normal time, in a case where a target tempera-
ture of the water at output of the most down-
stream heat pump device exceeds a first set
temperature.

7. (Amended) A program that causes a computer of a
control device that controls a plurality of heat pump
devices which are disposed in order in a circulation
path to vary a temperature of circulating water, and
include a most downstream heat pump device dis-
posed furthest downstream in the circulation path,
to execute control for varying the temperature of the
water, on the basis of a variation amount of a water
temperature in a facility, equipment capacity of each
of the heat pump devices, a target outlet water tem-
perature in each of the heat pump devices, an actu-
ally measured value of an inlet water temperature of
each of the heat pump devices, and an actually
measured value of an outlet water temperature of
each of the heat pump devices; and
determine a variation amount allocated to the plural-
ity of heat pump devices other than the most down-
stream heat pump device such that a variation
amount allocated to the most downstream heat
pump device at a predetermined timing is smaller
than a variation amount at the normal time, in a case
where a target temperature of the water at output of
the most downstream heat pump device exceeds a
first set temperature.
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