wo 2023/119505 A1 |0 00000 AP0 000 00 O 0

) FEFHAEZNICE TV T LRI N EREEE
(19) H 5 AP F HAR éi 00 OO

ERESE)S -
(10) REHBES
(“3) ERAFA %

202346 H29H(29.06.2023 WO 2023/119505 A1
Raltdal ) wWiPOIPCT
(51) EFRRFEr o 4A: Y REA: # ¥ 3K A b — (SATO INTER-

F25B 49/02 (2006.01) NATIONAL PATENT FIRM); T4600008 & %
Q1) ERHEEES PCT/IP2021/047634 RELEDHAXRUTHEOET 55 74 —7
(22) B D 1 HE 41—V EILZXtEYEH—EI Aichi (P).

IHEAR 2021412 A22H(22.12.2021

. ( D@1 s eE (EFOBVRY . £TOBEOENS

(29) EFRHRDEFE HANGE #EHHEE) 1 AE, AG, AL, AM, AO, AT, AU, AZ,
26) EEEABE D= - AAE BA, BB, BG, BH, BN, BR, BW, BY, BZ, CA, CH,

CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO, DZ,
EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH,
KN, KP,KR, KW, KZ, LA, LC,LK, LR, LS, LU, LY,
MA, MD, ME, MG, MK, MN, MW, MX, MY, MZ,

D HREA: R 2 ¥ ¥ U 7 % X £
#1 (TOSHIBA CARRIER CORPORATION) [JP/
JP]; T2128585 %I B I I == X 3 )I| BT
7 2 #FMh 3 4 Kanagawa (JP).

(72) BAE : (N X (Tuchi Akira); T4168521 # [# NA, NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT,
EEITHmERI3I3IGEM RZxv Y QA, RO, RS, RU, RW, SA, SC, SD, SE, SG, SK, SL,
TR &4 A Shizuoka (JP).

(54) Title: AIR CONDITIONER
(54) FEBADEFF : TR

Fig.1

i X 4101
(30

| A2 322G 9C
l_j) 31C
e 133G 300
! X 4102

8 5 TTTTTTTTTTos
(57) Abstract: An air conditioner 1 according to an embodiment of the present invention comprises: a blocking unit 4
that can block a flow of a refrigerant in refrigerant piping that connects an outdoor unit 2 and an indoor unit 3; a power
storage section 5 that can supply power to the blocking unit 4 if supply of power from an external power source 8 has been
interrupted; a refrigerant leak sensing section 30a that senses refrigerant leaks; and a power source interruption sensing
section 42a that senses interruption of power supply from the external power source 8. The blocking unit 4 comprises: a
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blocking valve 41 that is driven by a motor and blocks the flow of the refrigerant in the refrigerant piping; and a valve
control section 42 that controls operation of the blocking valve 41. If a refrigerant leak has been sensed or if interruption
of power supply from the external power source 8 has been sensed, the valve control section 42 closes the blocking valve
41, and controls the operation speed of the blocking valve 41 when a refrigerant leak has been sensed so as to be faster
than the operation speed of the blocking valve 41 when the interruption of power supply from the external power source
8 has been sensed.
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Description

Title of Invention: AIR CONDITIONER

Technical Field
[0001] An embodiment of the present invention relates to an

alr conditioner.

Background Art

[0002] In related art, some air conditioners which use
flammable refrigerants including slightly flammable
refrigerants include a shutoff valve for shutting off a flow
of a refrigerant to an indoor unit in which a leakage has
occurred when a refrigerant leakage is detected by a sensor
for safety. For example, Patent Literature 1 discloses an
alr conditioner which includes a shutoff valve formed with
an electromagnetic valve in refrigerant piping connecting an
indoor unit and an outdoor unit together. Further, it has
been discussed that in a case where power from an external
power source supplying power to the air conditioner, in
general a commercial alternating-current power source, is
shutoff, a flow of a refrigerant to the indoor unit is shut
off by causing the shutoff valve to act by using power from
a power storage unit, and even when the refrigerant leaks
from the indoor unit by any chance while the external power
source is shut off, a large amount of the refrigerant with
which an inside of a refrigeration cycle of the air

conditioner is filled is thereby prevented from leaking.



Citation List

Patent Literature

[0003]

Patent Literature 1: Japanese Patent Laid-Open No. 2020-

134005

Summary of Invention

Technical Problem

[0004] Incidentally, when an action speed of a shutoff wvalve
is slow, a refrigerant cannot quickly be shut off.
Accordingly, it is desirable that the shutoff valve be
caused to act at as high speed as possible.

[0005] However, 1in a case of the shutoff wvalve which 1is
driven to open or close by using a motor, driving the motor
at a high speed results in large power consumption. Thus,
in a case where supply of power from an external power
source is shut off and the shutoff valve is caused to act by
using power from a power storage unit, there is a
possibility that charged power of the power storage unit is
decreased by power consumption in driving the motor, stored
power i1s decreased when opening and closing of the shutoff
valve are often performed in a short time, and the shutoff
valve finally cannot be caused to act. Further, there is a
possibility that when the shutoff valve driven by a motor is
caused to act at a high speed, driving torgue of the motor
becomes small, a driving output to the motor is deviated

from an opening of the shutoff valve, and the shutoff wvalve



cannot accurately be caused to act and cannot completely be
closed.

[0006] Accordingly, an air conditioner is provided that can
quickly and certainly shut off a refrigerant in accordance

with a circumstance.

Solution to Problem

[0007] An air conditioner of an embodiment includes: an
outdoor unit; an indoor unit which is connected to the
outdoor unit by refrigerant piping; a shutoff unit which is
capable of shutting off a flow of a refrigerant in the
refrigerant piping between the outdoor unit and the indoor
unit; a power storage unit which is capable of supplying
power to the shutoff unit in a case where supply of power
from an external power source is shut off; a refrigerant
leakage detection unit which detects a refrigerant leakage;
and a power source shutoff detection unit which detects that
the supply of power from the external power source is shut
off. The shutoff unit includes a shutoff valve which shuts
off the flow of the refrigerant in the refrigerant piping
and a control unit which controls an action of the shutoff
valve. The shutoff valve is a motor-operated valve which is
driven by a motor. In a case where the refrigerant leakage
detection unit detects the refrigerant leakage and a case
where the power source shutoff detection unit detects that
the supply of power from the external power source is shut
off, the control unit blocks the shutoff valve and performs

control such that an action speed of the shutoff valve in a



case where the refrigerant leakage is detected becomes
faster than an action speed of the shutoff valve in a case
where shutoff of the supply of power from the external power

source 1is detected.

Brief Description of Drawings

[0008]

[Figure 1] Figure 1 is a diagram schematically illustrating
an outline configuration example of an air conditioner in an
embodiment.

[Figure 2] Figure 2 is a diagram schematically illustrating
an electrical configuration example of the air conditioner.
[Figure 3] Figure 3 is a diagram schematically illustrating
a cross section of a configuration example of a motor-
operated valve.

[Figure 4] Figure 4 is a control flowchart of a valve
control unit.

[Figure 5] Figure 5 is a diagram schematically illustrating
another outline configuration example of the air conditioner.
[Figure 6] Figure 6 is a diagram schematically illustrating
cross sections of a configuration example of another motor-
operated valve.

[Figure 7] Figure 7 is a diagram schematically illustrating
another electrical configuration example of the air

conditioner.

Description of Embodiments

[0009] An embodiment will hereinafter be described. As



illustrated in Figure 1, an air conditioner 1 of the present
embodiment has a multi-type configuration, and for example,
one outdoor unit 2 is connected to three indoor units, which
are an indoor unit 3A, an indoor unit 3B, and an indoor unit
3C, by first piping 6 and second piping 7 as refrigerant
piping through which a refrigerant flows. An inside of a
refrigeration cycle, which is connected by the first piping
6 and the second piping 7, is filled with a flammable
refrigerant, for example, a slightly flammable refrigerant
HFC-R32. 1In addition, the air conditioner 1 includes a
shutoff unit 4 which is capable of shutting off a flow of
the refrigerant between the outdoor unit 2 and the indoor
units 3 and a power storage unit 5. As the power storage
unit 5, a lithium-ion battery which is chargeable and
dischargeable is desirably used, but this is not restrictive,
and a large-capacity capacitor may be used. In the
following, in a case of making a description common to each
of the indoor units 3, the indoor unit will simply be
referred to as the indoor unit 3 without adding A, B, or C.
Further, in Figure 1, power supply paths from an external
power source 8 to the outdoor unit 2, the indoor units 3,
and the shutoff unit 4 are schematically illustrated by
relatively bold solid lines, and a power supply path from
the power storage unit 5 to the shutoff unit 4 is
schematically illustrated by a relatively bold broken line.
[0010] The outdoor unit 2 and the indoor units 3 are
connected together by the first piping 6 corresponding to

refrigerant piping through which a liguid refrigerant mainly



flows and the second piping 7 corresponding to gas
refrigerant piping through which a gaseous refrigerant
mainly flows. Those pieces of first piping 6 and second
piping 7 correspond to a refrigerant piping system which
connects the outdoor unit 2 and the indoor units 3 together.
The outdoor unit 2 includes an outdoor heat exchanger 21, an
outdoor expansion valve 22, an outdoor air blower 23, a
four-way valve 24, a compressor 25, and so forth. However,
a configuration of the outdoor unit 2 which is illustrated
in Figure 1 is one example, and a configuration is possible
which includes an accumulator, a pressure sensor, and so
forth, for example. Further, it is sufficient that the
number of indoor units 3 is one or more, and a plurality of
outdoor units 2 may further be connected in parallel in the
refrigeration cycle.

[0011] The indoor unit 3 includes an indoor control unit 30,
an indoor heat exchanger 31, an indoor expansion valve 32
which is provided on the first piping 6 side of the indoor
heat exchanger 31, an indoor air blower 33, and so forth.
The indoor control unit 30 is configured with a
microcomputer which is not illustrated and controls actions
of the indoor unit 3 such as start and stop of an operation
and actions of the indoor expansion valve 32 and the indoor
air blower 33, the actions accompanying the actions of the
indoor unit 3. The indoor control unit 30 is connected to a
manipulation panel, a so-called remote manipulation device,
by which a starting manipulation or a stopping manipulation

of an operation is input and a temperature of an air-



conditioning target space 100 is set and displayed and which
is not illustrated, and controls the air conditioner 1 in
accordance with an instruction by the manipulation panel.
[0012] Further, as illustrated in Figure 2, the indoor
control unit 30 is connected to a refrigerant leakage
detection unit 30a. The refrigerant leakage detection unit
30a includes a gas sensor 9, and when a signal indicating
that the refrigerant is detected is input from the gas
sensor 9, the refrigerant leakage detection unit 30a
determines that a refrigerant leakage is occurring in the
vicinity of the indoor unit 3.

[0013] Further, in the present embodiment, the gas sensor 9
is provided in the indoor unit 3, but the gas sensor 9 can
be installed in the air-conditioning target space 100 in
such a manner that the gas sensor 9 is installed in a lower
position in the air-conditioning target space 100, for
example, in order to detect a refrigerant which is in
general heavier than the air. In such a case, the indoor
control unit 30 and the refrigerant leakage detection unit
30a may be connected together by a signal cable or the like.
[0014]As illustrated in Figure 1, in the present embodiment,
the three indoor units 3A, 3B, and 3C are in parallel
connected to the single refrigerant piping system. Further,
in the present embodiment, it is assumed that the three
indoor units 3A to 3C respectively perform air conditioning
for air-conditioning target spaces 100a to 100c.

[0015] The refrigeration cycle for air conditioning for the

air-conditioning target spaces 100 is constructed with those



outdoor unit 2, indoor units 3, and refrigeration piping
system. However, a configuration of the refrigeration cycle
which is illustrated in Figure 1, the number of indoor units
3 to be connected to the refrigeration piping system, the
number of air-conditioning target spaces 100, the number of
indoor units 3 to be installed in the air-conditioning
target space 100, and so forth are examples, and those are
not restrictive. For example, a configuration is possible
in which a plurality of indoor units 3 perform air
conditioning for one air-conditioning target space 100.
[0016] In a cooling operation, the air conditioner 1
switches the four-way valve 24 such that as indicated by a
solid-line arrow C, the refrigerant discharged from the
compressor 25 is supplied to the indoor units 3 wvia the
outdoor heat exchanger 21, the outdoor expansion valve 22,
and the first piping 6 and such that the refrigerant flowing
out from the indoor units 3 returns to the compressor 25 via
the second piping 7.

[0017] On the other hand, in a heating operation, the air
conditioner 1 switches the four-way wvalve 24 such that as
indicated by a broken-line arrow H, the refrigerant
discharged from the compressor 25 is supplied to the indoor
units 3 via the second piping 7 and such that the
refrigerant flowing out from the indoor units 3 returns to
the outdoor heat exchanger 21 via the indoor expansion
valves 32, the first piping 6, and the outdoor expansion
valve 22. Note that switching of the four-way valve 24 and

an operation of the compressor 25 are controlled by an



outdoor-side control device which controls the refrigeration
cycle in accordance with an instruction from each of the
indoor control units 30 and which is not illustrated.

[0018] The shutoff unit 4 is configured with a plurality of
shutoff valves 41 which are capable of shutting off the flow
of the refrigerant between the outdoor unit 2 and the indoor
units 3 and a valve control unit 42 which controls actions
of the above shutoff valves 41. The shutoff valve 41 is a
so-called motor-operated valve which is driven by a motor
and is capable of adjusting an opening. Such a motor-
operated valve driven by the motor is also referred to as a
PMV (pulse motor valve).

[0019] The shutoff valves 41 are respectively provided on
the first piping 6 side and the second piping 7 side of each
of the indoor units 3. Specifically, on the first piping 6
side of the indoor unit 3A, a shutoff valve 41A1 is provided
between an indoor expansion valve 32A and the outdoor
expansion valve 22, and on the second piping 7 side, a
shutoff valve 41A2 is provided between an indoor heat
exchanger 31A and the four-way valve 24.

[0020] Similarly, on the first piping 6 side of the indoor
unit 3B, a shutoff valve 41B1 is provided between an indoor
expansion valve 32B and the outdoor expansion valve 22, and
on the second piping 7 side, a shutoff valve 41B2 is
provided between an indoor heat exchanger 31B and the four-
way valve 24. Further, on the first piping 6 side of the
indoor unit 3C, a shutoff valve 41Cl1 is provided between an

indoor expansion valve 32C and the outdoor expansion valve
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22, and on the second piping 7 side, a shutoff valve 41C2 is
provided between an indoor heat exchanger 31C and the four-
way valve 24. Note that in a so-called simultaneous
cooling-heating multi-type air conditioner in which each of
the plurality of indoor units 3 can freely select cooling or
heating, because the indoor units 3 are connected to the
outdoor unit 2 by three pieces of refrigerant piping, in
this case, the same as the number of pieces of refrigerant
piping, three shutoff valves 41 are necessary for the
respective indoor units 3.

[0021] Further, the air conditioner 1 causes those shutoff
valves 41 to perform blocking actions and thereby becomes
capable of shutting off the flow of the refrigerant between
the first piping 6 and the indoor units 3 and between the
second piping 7 and the indoor units 3. Accordingly, the
concerned indoor unit 3 can be separated from the
refrigeration cycle. In the following, in a case of making
a description common to each of the shutoff valves 41, the
shutoff valve will simply be referred to as the shutoff
valve 41 without adding Al or the like. The actions of
those shutoff valves 41 are controlled by the valve control
unit 42.

[0022] The valve control unit 42 is configured with a
microcomputer or the like which is not illustrated and
executes processes for controlling the actions of the
shutoff valves 41. In a case of the present embodiment, the
valve control unit 42 controls the actions of each of the

shutoff valves 41 provided in each of the indoor units 3.
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In other words, in the present embodiment, a configuration
is made such that the shared shutoff unit 4 is provided for
the plurality of indoor units 3 which are in parallel
connected to the single refrigerant piping system and as
illustrated in Figure 2, the shared valve control unit 42
performs centralized control of the actions of the shutoff
valves 41 which are correspondingly provided in the indoor
units 3.

[0023] Note that arrangement of the indoor units 3 is
different depending on a structure of a building, and there
is a case where the indoor units 3 are installed at
distances. Thus, the corresponding valve control unit 42
may be provided for each of the indoor units 3, and it is
also possible to install, in a combined manner, the wvalve
control unit 42 which performs centralized control for a few
indoor units 3 and the valve control unit 42 which
individually controls each of the indoor units 3. Note that
a portion except the external power source 8 and the indoor
unit 3 in Figure 2 corresponds to the shutoff unit 4. The
valve control unit 42 is connected to the indoor control
unit 30 by a communication line 42c¢ and is capable of mutual
exchange of signals. From the indoor control unit 30 to the
valve control unit 42, a signal about refrigerant leakage
detection and an opening instruction about the blocked
shutoff valve 41, which will be described later, are given.
[0024] The valve control unit 42 includes a power source
shutoff detection unit 42a which detects shutoff of supply

of power from the external power source 8. The power source
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shutoff detection unit 42a is realized by combining a
voltage detector of the external power source 8 and software
which is provided by execution of a program by the valve
control unit 42. However, a configuration is possible in
which the whole power source shutoff detection unit 42a is
realized with hardware.

[0025] The power source shutoff detection unit 42a monitors
the supply of power from the external power source 8 and
determines that a state where the supply of power from the
external power source 8 is shut off is established when
power from the external power source 8 is not supplied. 1In
the following, such a state will be referred to as power
source shutoff. Note that the power source shutoff is
assumed to occur due to a power outage, damage to a power
supply path, incorrect shutoff by a circuit breaker, or the
like, for example.

[0026] The power storage unit 5 is connected to the valve
control unit 42 by a signal line 42b and supplies power to
the shutoff unit 4 when the external power source 8 is shut
off due to a power outage or the like. Specifically, the
power storage unit 5 is constantly charged by power supplied
from the external power source 8 while the power is supplied
from the external power source 8 and stores power, and the
power storage unit 5 supplies the stored power to the wvalve
control unit 42 and the shutoff valves 41 of the shutoff
unit 4 based on a start instruction from the valve control
unit 42 which is output via the signal line 42b when the

power source shutoff is detected. Thus, the shutoff unit 4
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is configured such that the wvalve control unit 42 and the
shutoff valves 41 are capable of actions for a certain time
even in a case where the power source shutoff occurs. In
this case, in order to cause the valve control unit 42 to be
capable of actions in a period until the supply of power
from the power storage unit 5 is started after the external
power source 8 is shutoff, for example, an auxiliary power
source circuit such as a large-capacity capacitor, which is
not illustrated, can be provided. Alternatively, as a
configuration which constantly supplies power from the power
storage unit 5 to the valve control unit 42, a configuration
is possible which switches the supply of power from the
external power source 8 to the shutoff valves 41 to the
supply of power from the power storage unit 5 side in a case
where the external power source 8 is shutoff.

[0027] Note that in Figure 1, a configuration in which one
power storage unit 5 is provided for the shutoff unit 4 is
raised as an example, but a configuration is possible in
which a plurality of power storage units 5 are provided for
the air conditioner 1, such as a configuration in which one
power storage unit 5 is provided for each of the shutoff
valves 41 or a configuration in which one power storage unit
5 is provided for each of the indoor units 3 as illustrated
in Figure 5 described later, for example.

[0028] Here, details of the shutoff valve 41 will be
described. The shutoff valve 41 is different from a so-
called electromagnetic valve of a solenoid type and is a

motor-operated valve which controls opening and closing by
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rotation of a motor and which is also referred to as a pulse
motor valve. Thus, an action speed of the shutoff valve 41
for closing a flow path is slow compared to a common
electromagnetic valve. This is due to a structure of the
shutoff valve 41 as described below. Note that as a
technical meaning, the action speed mentioned here means a
time required until an opened flow path is closed or a time
required until the closed flow path is opened. For example,
this means that the action speed becomes faster as the time
required until the flow path is closed becomes shorter and
the action speed becomes slower as the time required until
the flow path is closed becomes longer.

[0028] As illustrated in Figure 3, the shutoff valve 41
includes a valve main body 41c which has a first connection
end 4la serving as an entrance or an exit of the refrigerant
and a second connection end 41b serving as an exit or an
entrance of the refrigerant. Note that in a case where the
first connection end 4la serves as the entrance of the
refrigerant, the second connection end 41b serves as the
exit of the refrigerant, and in a case where the first
connection end 4la serves as the exit of the refrigerant,
the second connection end 41b serves as the entrance of the
refrigerant.

[0030] In the valve main body 41lc, a valve seat 41d is
formed which is formed to be hollow and is a cylindrical
opening connected to the second connection end 41b. Further,
the valve main body 41c houses a valve rod 4le which is

arranged in a position coaxial with the valve seat 41d and
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which is relatively movable to the valve main body 41c in an
up-down direction in Figure 3. A surface on a distal end
side of the wvalve rod 4le, which is positioned on a lower
side in Figure 3, 1is formed as a male screw, the valve rod
4le is fixed to the valve main body 4lc and is caused to
pass through a bearing portion 41f, and a part of the
bearing portion 41f through which the valve rod 4le passes
through is formed as a female screw.

[0031] Further, an upper end side of the valve rod 4le in
Figure 3 is fixed to a rotor 41h of a pulse motor 41g. The
rotor 41h is a rotor which has a plurality of magnetic poles
and is provided to be integrally and coaxially rotatable
with the valve rod 4le and to be slidable in the up-down
direction in Figure 3 relatively to a casing body 41i.

[0032] An upper end side of the casing body 411 in Figure 3
is closed by a 1lid member 41j. Further, the casing body 411
is positioned in an outer periphery in a range in which the
rotor 41h is slidable, and a stator 41k of the pulse motor
41g is provided on the casing body 41i. The stator 41k is
formed with a coil 411 as is well known, and a lead wire 41lm
which is connected to the valve control unit 42 side as
illustrated in Figure 2 is led out from the coil 411.

[0033] In the shutoff valve 41 having such a configuration,
a predetermined energization pulse is output to the pulse
motor 41g when a control signal is input from the wvalve
control unit 42 side, the rotor 41h having the magnetic
poles thereby rotates together with the wvalve rod 4le, and

because a male screw portion in an intermediate portion of
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the valve rod 4le is inserted in a female screw portion of
the bearing portion 41f, the valve rod 4le moves in the up-
down direction in Figure 3 in accordance with the rotation.
Note that for simplifying the description, Figure 2 does not
illustrate a driving circuit which is for driving the pulse
motor 41g and is configured with a transistor bridge or the
like, for example.

[0034] In this case, the wvalve rod 4le is arranged in a
position coaxial with the valve seat 41d, and a distal end
of the valve rod 4le, which is positioned on the lower side
in Figure 3, is formed into a wedge shape, for example,
which is capable of being inserted in and pulled out from
the valve seat 41d. Further, when the distal end of the
valve rod 4le is put into the valve seat 41d and the valve
seat 41d is clogged by the valve rod 4le, the flow path of
the refrigerant between the first connection end 4la and the
second connection end 41b is blocked. This state
corresponds to a state where the shutoff valve 41 is closed.
In the following, a position of the valve rod 4le in the
state where the shutoff valve 41 is closed will be referred
to as a stoppage position.

[0035] On the other hand, in a case where a gap is present
between the wvalve rod 4le and the valve seat 41d, the flow
path of the refrigerant between the first connection end 4la
and the second connection end 41b is at least partially
opened. This state corresponds to a state where the shutoff
valve 41 is opened. In this case, a flow amount of the

refrigerant can be adjusted by changing the position of the
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valve rod 4le.

[0036] For example, when the valve rod 4le is slightly
lifted upward in Figure 3 from the stoppage position, the
flow path of the refrigerant is a little formed in a portion
of the valve seat 41d. This flow path becomes larger as the
valve rod 4le is further lifted upward in Figure 3 and
becomes a maximum when the valve rod 4le is completely
pulled out from the valve seat 41d. As described above, the
opening of the shutoff valve 41 can be adjusted by the
position of the valve 4le. In the following, the position
of the valve rod 4le which is lifted to an upper limit on
the upper side in Figure 3 will be referred to as an open
position.

[0037] Next, working of the above-described air conditioner
1 will be described.

[0038] The air conditioner 1 includes the shutoff valves 41
which are capable of shutting off the flow of the
refrigerant in the refrigerant piping system. Thus, for
example, in a case where the refrigerant leakage to the air-
conditioning target space 100 is detected, it is possible to
shut off the flow of the refrigerant which flows into the
indoor unit 3 and the flow of the refrigerant which flows
out from the indoor unit 3. Accordingly, it can be
considered that a further refrigerant leakage is inhibited
and safety in the air-conditioning target space 100 can
thereby be secured.

[0038] Incidentally, not only when the refrigerant leakage

is detected but also when the supply of power from the
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external power source 8 is shut off, the air conditioner 1
has to shut off the flow of the refrigerant by causing the
shutoff valves 41 to act. Thus, the power storage unit 5 is
provided in the air conditioner 1, and it thereby becomes
possible to shut off the flow of the refrigerant by causing
the valve control unit 42 and the shutoff valves 41 to act
for a certain time in a case where the external power source
8 is shutoff.

[0040] In a case where the shutoff valve 41 is blocked,
there is a possibility that when the action speed of the
shutoff valve 41 is slow, the refrigerant cannot quickly be
shut off. Accordingly, it is desirable that the shutoff
valve 41 be caused to act at as high speed as possible. On
the other hand, in a case of the shutoff valve 41 which is
driven to open or close by using a motor, driving the motor
at a high speed results in large power consumption. As a
result, in a case where the supply of power from the
external power source 8 is shut off and the shutoff valves
41 are caused to act by using power from the power storage
unit 5, charged power of the power storage unit 5 is rapidly
decreased by power consumption in driving the motors. Thus,
there is a possibility that when valve-closing actions of
the shutoff valves 41 are repeatedly performed in a short
time, a charge amount of the power storage unit 5 is
decreased, and the shutoff valves cannot be caused to act.
[0041] In addition, there is a possibility that when the
shutoff valves 41 driven by the motors are caused to act at

high speeds, driving torgues of the motors become small, and
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the shutoff valves 41 cannot be caused to accurately act and
cannot completely be closed. Further, in a case where a
pulse output speed of a pulse signal output from the valve
control unit 42 is fast, there is a possibility that even
when signals of the necessary number of pulses are output
from the valve control unit 42, so-called pulse omission
occurs because the rotations of the rotor 41h cannot respond
to the number of pulses, and the shutoff valve 41 does not
act to the stoppage position.

[0042] Accordingly, in the air conditioner 1, the wvalve
control unit 42 executes a process illustrated in a
flowchart in Figure 4 and is thereby enabled to quickly and
certainly shut off the refrigerant in accordance with a
circumstance. To put it simply, the air conditioner 1
reduces the possibility that the shutoff valve 41 cannot be
caused to act and is enabled to quickly shut off the
refrigerant. Note that processes illustrated in Figure 4
are executed by the valve control unit 42 while the above-
described indoor control unit 30, refrigerant leakage
detection unit 30a, valve control unit 42, and power source
shutoff detection unit 42a cooperate together.

[0043] In the processes illustrated in Figure 4, the wvalve
control unit 42 determines whether or not the refrigerant
leakage is detected (S1), and in a case where the valve
control unit 42 determines that the refrigerant leakage is
not detected (NC in S1), the wvalve control unit 42
determines whether or not the power source shutoff is

detected (S7). Here, detection of the refrigerant leakage



_20_

means that the refrigerant leakage detection unit 30a
detects a leakage of the refrigerant into a room and outputs
a refrigerant leakage detection signal to the indoor control
unit 30, the indoor control unit 30 transmits the
refrigerant leakage signal indicating that a refrigerant
leakage is detected to the valve control unit 42 wvia the
communication line 42c¢, and the valve control unit 42
receives the above refrigerant leakage signal.

[0044] In a case where the valve control unit 42 determines
that the power source shutoff is not detected (NO in S7),
the valve control unit 42 determines whether or not the
shutoff valves 41 have been closed (S4). Further, in a case
where the valve control unit 42 determines that the shutoff
valves 41 have been closed (YES in S4), the wvalve control
unit 42 determines whether the opening instruction for
opening the shutoff valves 41 is given (S5). Note that a
case where YES is obtained in step S4 is a case where the
refrigerant leakage is already detected or a power outage is
already detected.

[0045] The opening instruction is performed by a
notification from the indoor control unit 30 to the wvalve
control unit 42 via the communication line 42c¢, similarly to
refrigerant detection. A condition that the opening
instruction be transmitted from the indoor control unit 30
is completely different between a case where the refrigerant
leakage is already detected and a case where the operation
is restarted after the power source shutoff. In a case

where the refrigerant leakage is detected, the opening
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instruction is output only after the maintenance-inspection
worker confirms a leakage part and repairs that part and a
state is thereafter established where power is normally
supplied from the external power source 8. On the other
hand, in a case where the refrigerant leakage is not
detected and the shutoff valves 41 are closed only due to
the power source shutoff, when a state is established where
power i1s normally supplied from the external power source 8
or after a state has been established where power is
normally supplied from the external power source 8, a user
gives an instruction for a restart of operation by
manipulating a remote manipulation device or the like, and
the opening instruction is thereby given. In either case,
closing to opening of the shutoff valves 41 is carried out
in a state where power is normally supplied from the
external power source 8.

[0046] When the valve control unit 42 determines that the
opening instruction is given from the indoor control unit 30
via the communication line 42c¢ (YES in S5), the wvalve
control unit 42 opens the shutoff valves 41 (S6). In this
case, the valve control unit 42 outputs the pulse signals of
X pulses to the pulse motor 41g at a predetermined pulse
output speed (v4) and thereby opens the shutoff valve 41.

As is well known, the pulse output speed denotes a freguency
of the pulse signal in driving the pulse motor 41g and
corresponds to an action speed of the shutoff valve 41.
Thus, the action speed of the shutoff valve 41 becomes

faster as the pulse output speed becomes faster, and the
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action speed of the shutoff valve 41 becomes slower as the
pulse output speed becomes slower.

[0047] In this case, the pulse output speed (v4) is set
slower than a pulse output speed (vl) in a case where the
shutoff valve 41 is closed when the refrigerant leakage is
detected. In other words, the pulse output speeds satisfy a
relationship of v4 < vl. Further, the number of pulses (X)
to be output is the number of pulse signals which are
necessary for causing the shutoff valve 41 to act from a
stop position to the open position. Note that X also
denotes the number of pulse signals which are necessary for
causing the shutoff valve 41 to act from the open position
to the stop position.

[0048] The valve control unit 42 opens the shutoff valves 41
and thereafter performs a return. Further, in a case where
the valve control unit 42 determines that the shutoff valves
41 are already opened (YES in S4) and a case where the valve
control unit 42 determines that the shutoff valves 41 are
closed but the opening instruction is not given (NO in Sb5),
the valve control unit 42 also performs a return. Note that
it is described that a return is performed for easy
understanding of a flow of the process, but the valve
control unit 42 actually progresses to step S1 and
repeatedly executes the above process during the action of
the air conditioner 1.

[0049] Further, when the refrigerant leakage and the power
source shutoff do not occur and the air conditioner 1

normally acts, that is, when the shutoff valves 41 are in an
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open state, in a case where the valve control unit 42
determines that the refrigerant leakage is detected (YES in
S1), the valve control unit 42 outputs control signals of X
pulses to the pulse motors 41g at the pulse output speed
(vl) and thereby closes the shutoff wvalves 41 (S2).

[0050] In order to quickly shut off the refrigerant leakage,
the pulse output speed (vl) in the above case is set fastest
among other pulse output speeds in the processes. In other
words, in a case where power is supplied from the external
power source 8 and a case where the refrigerant leakage is
detected in any one of the indoor units 3, the valve control
unit 42 sets the action speed of the shutoff valve 41 as
fast as possible. As a result, the concerned indoor unit 3
is guickly separated from the refrigeration cycle, and a
large amount of the refrigerant with which the refrigeration
cycle is filled can thereby be prevented from leaking from
the above indoor unit 3 into the room.

[0051] Next, as retightening, the wvalve control unit 42
outputs the control signals of Y pulses to the pulse motor
41g at a pulse output speed (v2) and thereby certainly
closes the shutoff valve 41 (S3). In this case, in order to
secure a large torque, the pulse output speed (v2) is set
smaller than the pulse output speed (vl). Further, it is
desirable that the number of pulses (Y) be the same number
as the above-described number of pulses (X) or more, for
example.

[0052] In other words, the valve control unit 42 performs

the retightening by a whole displacement amount of the
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shutoff valve 41, which is caused to act from the open
position to a closed position, and thereby performs certain
blocking. However, a value of the number of pulses (Y) for
the retightening, which is described here, is one example
and may appropriately be set in a range which is allowed by
strength based on specifications of the shutoff wvalve 41.
[0053] Further, a process of the retightening has a
technical significance as a measure against the above-
described pulse omission in addition to a technical
significance of certain closing of the shutoff valve 41 for
prevention of the refrigerant leakage. That is, when the
pulse omission occurs by any chance as a result of making
faster the pulse output speed (vl) for causing the shutoff
valve to gquickly act, there is a possibility that the wvalve
rod 4le stops while not reaching the stoppage position and
cannot block the refrigerant piping and the refrigerant
keeps leaking although its amount is small.

[0054] On the other hand, even if the pulse omission occurs
and the valve rod 4le does not reach the stoppage position,
the valve rod 4le can be moved to the stoppage position side
by executing a process of the retightening in step S3. In
addition, because in the process of the retightening, the
control signals are output at the pulse output speed (v2)
which is slower than the pulse output speed (vl), tightening
torque becomes large, the valve rod 4le can more certainly
and strongly be rotated and pressed onto the valve seat 41d,
and the shutoff valve 41 can thereby certainly be set to a

closed state.
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[0055] Subsequently, the valve control unit 42 progresses to
step S4. In this case, because the refrigerant leakage is
detected and the shutoff valves 41 are closed, the wvalve
control unit 42 determines that the shutoff valves 41 are
closed (YES in S4). Here, when the opening instruction is
not given, the valve control unit 42 determines that the
opening instruction is not given (NO in S5) and performs a
return.

[0056] As described above, in a case where the refrigerant
leakage is detected, the valve control unit 42 executes
processes in order of YES in step S1, step S2, and step S3.
Further, 1in a case where the valve control unit 42
determines that the refrigerant leakage is not detected (NO
in S1) and a case where the valve control unit 42 determines
that the power source shutoff is detected (YES in S7), the
valve control unit 42 determines whether the shutoff valves
41 have been closed (S8). In a case where the valve control
unit 42 determines that the shutoff valves 41 have been
closed, that is, in a case where the refrigerant leakage is
already detected or a power outage is already detected (YES
in $88), the valve control unit 42 progresses to step S4.
However, because the same determination is made in step S8
and step S4, the wvalve control unit 42 may progress to step
S5 in a case of YES in step S8.

[0057] On the other hand, in a case where the valve control
unit 42 determines that the shutoff valves 41 are not closed,
that is, in a case where refrigerant leakage detection is

not previously made (NO in S8), the control signals of X
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pulses are output to the pulse motor 41g at a pulse output
speed (v3), and the shutoff valve 41 is thereby closed (S9).
In this case, the pulse output speed (v3) is set slower than
the pulse output speed (vl) in a case where the shutoff
valve 41 is closed when the refrigerant leakage is detected.
In other words, the pulse output speeds satisfy a
relationship of v4 < vl, and in a case where the power
source shutoff is detected, the valve control unit 42 sets
the action speed of the shutoff valve 41 lower than that in
a case where power is supplied from the external power
source 8 and the refrigerant leakage is detected.

[0058] This is for preventing insufficient supply of power
from the power storage unit 5 because in a case where the
power source shutoff is detected, power for causing the
shutoff valves 41 to act is supplied from the power storage
unit 5. Accordingly, even in a case where power 1is supplied
from the power storage unit 5, the valve control unit 42 is
enabled to cause the shutoff valves 41 to act.

[0058] Further, in the present embodiment, the relationship
among the pulse output speeds in the processes is vl > v2,
vl > v3, and vl > v4. 1In other words, at the pulse output
speed (vl), the action speed becomes fastest, and the torqgue
becomes smallest. Further, as for the other pulse output
speeds, for example, v2 = v3 = v4 can be set, or v2, v3, and
v4d can be set to different values. In other words, the
valve control unit 42 performs control such that the action
speed of the shutoff valve 41 in a case where power is

supplied from the external power source 8 and where the
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refrigerant leakage is detected becomes fastest. Note that
in a normal state where neither the refrigerant leakage nor
the power source shutoff is occurring, the valve control
unit 42 repeats NO in step S1, NO in S7, and NO in S4, and
the open state of the shutoff valves 41 is maintained.

[0060] As described above, as for the air conditioner 1, in
the shutoff unit 4, control is performed such that the
action speeds of the shutoff valves 41 become different
between a case where power is supplied from the external
power source 8 and a case where power from the power storage
unit 5 is supplied. Further, as for the air conditioner 1,
in the shutoff unit 4, control is performed such that the
action speeds of the shutoff valves 41 become different
between a case where the refrigerant leakage is detected and
a case where the power source shutoff is detected. Further,
as for the air conditioner 1, in the shutoff unit 4, control
is performed such that the action speeds of the shutoff
valves 41 become different between a case where the
refrigerant leakage is detected when power is supplied from
the external power source 8 and a case where the power
source shutoff is detected. By those pieces of control,
control of the shutoff valves 41 which corresponds to the
supplied power becomes possible.

[0061] By the air conditioner 1 described above, the
following effects can be obtained.

[0062] The air conditioner 1 includes the shutoff unit 4
which is capable of shutting off the flow of the refrigerant

in the refrigerant piping connecting the outdoor unit 2 and
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the indoor units 3 together, the power storage unit 5 which
is capable of supplying power to the shutoff unit 4 in a
case where power from the external power source 8 is shut
off, the refrigerant leakage detection unit 30a which
detects the refrigerant leakage, and the power source
shutoff detection unit 42a which detects that the supply of
power from the external power source 8 is shut off. The
shutoff unit 4 includes the shutoff valves 41 which are
driven by the motors and shut off the flow of the
refrigerant in the refrigerant piping and the valve control
unit 42 which controls the actions of the shutoff valves 41.
[0063] Further, in a case where the refrigerant leakage is
detected and a case where it i1s detected that the supply of
power from the external power source 8 is shut off, the
valve control unit 42 blocks the shutoff valves 41 and makes
the action speed of the shutoff valve 41 in a case where the
refrigerant leakage is detected become faster than the
action speed of the shutoff valve 41 in a case where it is
detected that the supply of power from the external power
source 8 1is shut off.

[0064] Accordingly, in a case where power is supplied from
the power storage unit 5 which has a small capacity compared
to power from the external power source 8, it becomes
possible to cause the shutoff valves 41 to act in accordance
with suppliable power. Consequently, a possibility can be
reduced that the shutoff valves 41 cannot be caused to act
due to a power shortage, the refrigerant can also guickly be

shut off, and further the retightening for more certainly
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shutting off the refrigerant leakage can be performed, for
example. It becomes possible to cause the shutoff valves 41
to certainly act, and the refrigerant can guickly and
certainly be shut off in accordance with a circumstance.
[0065] Further, the air conditioner 1 makes the action speed
in a period until the shutoff valve 41 is closed in a case
where the refrigerant leakage is detected become slower than
the action speed in a period until the shutoff valve 41 is
closed in a case where the power is supplied from the power
storage unit 5. Accordingly, the flow of the refrigerant
can quickly be shut off in the refrigerant leakage, a
further leakage of a flammable refrigerant can be inhibited,
and safety can be improved. Note that it is desirable that
the action speed be made fast in the power source shutoff,
but in order to avoid, as much as possible, a worst
situation where the shutoff valves cannot be manipulated due
to a power shortage of the power storage unit 5 at a
critical moment when the valve-closing action is necessary,
the action speed in the period until the shutoff valve 41 is
closed in a case where power 1is supplied from the power
storage unit 5 is made slow.

[0066]In addition, when the refrigerant leakage is detected,
the air conditioner 1 first causes the shutoff valves 41 to
perform the valve-closing action at a fast action speed and
thereafter carries out the retightening at a slower action
speed. Accordingly, the shutoff valves 41 can certainly be
closed.

[0067] Further, in the air conditioner 1 in the present
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embodiment, the plurality of indoor units 3 are provided in
parallel in the single refrigerant piping system, the
shutoff unit 4 is provided for the plurality of indoor units
3 in a shared manner, and the valve control unit 42 controls
the actions of the plurality of shutoff valves 41 which are
provided in each of the plurality of indoor units 3.
Accordingly, control about the plurality of indoor units 3
can collectively be performed, and a possibility that a
configuration becomes complicated can be reduced.

[0068] Further, the air conditioner 1 can appropriately be
changed without departing from the spirit and scope thereof.
[0068] For example, as illustrated in Figure 5, in a case
where the air conditioner 1 includes a plurality of indoor
units 3 in a single refrigerant piping system and where each
of the indoor units 3 is installed in the different air-
conditioning target space 100, the air conditioner 1 can
have a configuration in which the shutoff unit 4 is provided
for each of the indoor units 3. That is, in a case where
the plurality of indoor units 3 are provided in parallel in
the single refrigerant piping system, a configuration is
possible in which a plurality of shutoff units 4 are
individually provided for the plurality of indoor units 3
and the valve control unit 42 of each of the shutoff units 4
controls actions of the shutoff valves 41 which are provided
for the corresponding indoor unit 3.

[0070] In a case of such a configuration, a possibility can
be reduced that the shutoff wvalves 41 cannot be caused to

act due to a power shortage, the refrigerant can also
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quickly be shut off, and further the retightening for more
certainly shutting off the refrigerant leakage can be
performed, for example. It becomes possible to cause the
shutoff valves 41 to certainly act, and similar effects to
those of the embodiment can be obtained such as an effect in
which the refrigerant can quickly and certainly be shut off
in accordance with a circumstance.

[0071] Further, in the embodiment, the shutoff valve 41 of a
type in which the valve rod 4le is linearly moved 1is raised
as an example, but as the shutoff valve 41, for example, an
electric rotary valve 51 can be used, which is illustrated
in Figure 6 and is also referred to as a ball valve. The
electric rotary valve 51 has a housing portion 51c which is
formed with a first opening 5la serving as an entrance or an
exit of the refrigerant and a second opening 51b serving as
an exit or an entrance of the refrigerant and the rotating
body 51d which is arranged in the housing portion 5l1c. 1In
the present embodiment, the rotating body 51d is formed into
a spherical shape, and in its internal portion, an internal
flow path 5le is formed which is capable of connecting the
first opening 5la and the second opening 51b together. Note
that the rotating body 51d may be formed into a columnar
shape which is rotatable around a rotation axis (J1) as a
center.

[0072] Further, a position of the internal flow path 5le is
changed by rotating the rotating body 51d around the
rotation axis (J1), and switching can thereby be performed

between a state where the first opening 5la and the second
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opening 51b are connected together by the internal flow path
5le and the shutoff valve 41 is thereby opened, which is
illustrated as a flow-path open state, and a state where the
first opening 5la and the second opening 51b are not
connected together and the shutoff valve 41 is thereby
closed, which is illustrated as a flow-path closed state.
[0073] In this case, as illustrated as an open-condition
stopper state, the abutting portion 51f protruding from an
inner wall to an inner periphery side is formed in the
housing portion 51lc¢, and a groove portion 51g recessed to
the inner periphery side is formed in the rotating body 51d.
Further, when the rotating body 51d is rotated around the
rotation axis (J1), one end portion 51h of the groove
portion 51g thereby contacts with the abutting portion 51f,
and a state is established where rotation is stopped, the
first opening 5la and the second opening 51b are connected
together by the internal flow path 5le, and a state is
established where the shutoff valve 41 is opened. On the
other hand, when another end portion 51i of the groove
portion 51g contacts with the abutting portion 51f from an
opposite side and a state is established where rotation is
stopped, the first opening 5la and the second opening 51b
are not connected together by the internal flow path 5le,
and a state is established where the shutoff valve 41 is
closed.

[0074] In this case, as illustrated in Figure 7, in the
shutoff unit 4, a gear 517 as a speed reducer is arranged on

an output shaft of the pulse motor 41g, and a ball as the
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rotating body 51d is driven via the gear 51j. Accordingly,
torque for causing the rotating body 51d to rotate while
sliding on the inner wall of the housing portion 51c can be
exerted.

[0075] In a configuration in which such an electric rotary
valve 51 is used as the shutoff valve 41, control is
performed such that the action speed of the shutoff valve 41
in a case where the refrigerant leakage is detected becomes
faster than the action speed of the shutoff valve 41 in a
case where it is detected that the supply of power from the
external power source 8 is shut off, a possibility that the
shutoff valves 41 cannot be caused to act due to a power
shortage can thereby be reduced, and the refrigerant can
also quickly be shut off, for example. Similar effects to
those of the embodiment can be obtained. In other words, by
the configuration of the air conditioner 1, further effects
can be obtained in a case where the pulse motor valve or the
ball valve which is driven by the motor via the gear 513 is
used as the shutoff valve 41.

[0076] Further, in the embodiment, a configuration in which
the dedicated wvalve control unit 42 is provided in the
shutoff unit 4 is raised as an example, but a configuration
is possible in which the indoor control unit 30 concurrently
serves as the valve control unit 42, and a configuration is
possible in which a control unit of a manipulation panel
concurrently serves as the valve control unit 42, the
control unit of the manipulation panel accepting inputs of a

starting manipulation and a stopping manipulation of an
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operation of each of the indoor units 3 and displaying the
temperature of the air-conditioning target space 100. Note
that the control unit of the manipulation panel can
concurrently serve as the indoor control unit 30.

[0077] Further, in the embodiment, a configuration in which
the gas sensor 9 is provided in each of the indoor units 3
is raised as an example, but a configuration is possible in
which a plurality of gas sensors 9 are provided in one air-
conditioning target space 100. Further, the gas sensor ¢ is
not limited to a sensor which detects the refrigerant and
can have a configuration in which the leakage is detected
based on a pressure change or a flow amount change of the
refrigerant or a combination of those.

[0078] The embodiments described in the foregoing are
presented as examples and are not intended to limit the
scope of the invention. Those novel embodiments can be
carried out in other wvarious forms, and various kinds of
omission, substitutions, and changes can be performed
without departing from the spirit and scope of the invention.
Those embodiments and their modifications are included in
the spirit and scope of the invention and are included in
the invention recited in the claims and the equivalent scope
thereof. Further, configurations raised as examples in the

embodiments can appropriately be combined together.

Reference Signs List
[0079]

1 alr conditioner
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30

30a

41

42

42a
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outdoor unit

indoor unit

shutoff unit

power storage unit

first piping (refrigerant piping)
second piping (refrigerant piping)
external power source

outdoor heat exchanger

outdoor expansion valve

four-way valve

compressor

indoor control unit (control unit)
refrigerant leakage detection unit
shutoff valve

valve control unit (control unit)
power source shutoff detection unit

electric rotary valve (shutoff valve)
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Claims

[Claim 1]

An air conditioner comprising:

an outdoor unit;

an indoor unit which is connected to the outdoor unit
by refrigerant piping;

a shutoff unit which is capable of shutting off a flow
of a refrigerant in the refrigerant piping between the
outdoor unit and the indoor unit;

a power storage unit which is capable of supplying
power to the shutoff unit in a case where supply of power
from an external power source is shut off;

a refrigerant leakage detection unit which detects a
refrigerant leakage; and

a power source shutoff detection unit which detects
that the supply of power from the external power source is
shut off, wherein

the shutoff unit includes a shutoff valve which shuts
off the flow of the refrigerant in the refrigerant piping
and a control unit which controls an action of the shutoff
valve,

the shutoff valve is a motor-operated valve which is
driven by a motor, and

in a case where the refrigerant leakage detection unit
detects the refrigerant leakage and a case where the power
source shutoff detection unit detects that the supply of

power from the external power source is shut off, the
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control unit blocks the shutoff valve and performs control
such that an action speed of the shutoff valve in a case
where the refrigerant leakage is detected becomes faster
than an action speed of the shutoff valve in a case where
shutoff of the supply of power from the external power
source 1s detected.
[Claim 2]

The air conditioner according to claim 1, wherein

the refrigerant is a flammable refrigerant.
[Claim 3]

The air conditioner according to claim 1 or 2, wherein

the control unit controls the action of the shutoff
valve such that an action speed of the shutoff valve in a
case where power is supplied from the external power source
becomes faster than an action speed of the shutoff valve in
a case where power is supplied from the power storage unit.
[Claim 4]

The air conditioner according to any one of claims 1 to
3, wherein

the control unit retightens the shutoff valve in a case
where the refrigerant leakage is detected by the refrigerant
leakage detection unit.
[Claim 5]

The air conditioner according to any one of claims 1 to
4, wherein

a plurality of the indoor units are provided in
parallel in a single refrigerant piping system,

the shutoff unit is provided for the plurality of the
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indoor units in a shared manner, and

the control unit controls actions of a plurality of the
shutoff valves which are respectively provided in the
plurality of the indoor units.
[Claim 6]

The air conditioner according to any one of claims 1 to
4, wherein

a plurality of the indoor units are provided in
parallel in a single refrigerant piping system,

a plurality of the shutoff units are individually
provided for the plurality of the indoor units, and

the control unit of each of the shutoff units controls
the action of the shutoff valve which is provided in the
corresponding indoor unit.
[Claim 7]

The air conditioner according to any one of claims 1 to
6, wherein

the shutoff valve is a pulse motor valve or a ball

valve which is driven by a motor via a gear.
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