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(54) Air conditioner and method for controlling the same

(57) There is disclosed an air conditioner having an
outdoor unit (A) and plural indoor units (a,b) connected
by refrigerant pipes. The plural indoor units (a,b) include
a first unit having an expansion valve (5) and a heat ex-
changer (4) incorporated therein, and a second indoor
unit having a heat exchanger (4) incorporated therein. A
decompression device including an expansion valve (6)
and an on-off valve (7) is connected at the middle of the
outward and inward refrigerant pipes connecting the sec-
ond indoor unit (b) with the outdoor unit (A). This makes
it possible to connect different types of indoor units,
namely, the first indoor units (a) having the decompres-
sion device (5) incorporated therein and the second in-
door units having no decompression device incorporated
therein.
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Description

Background of the Invention

[0001] The present invention relates to a multi-type air
conditioner having plural indoor units combined with a
single outdoor unit, and to a method for controlling such
an air conditioner.
[0002] In known multi-type air conditioners having plu-
ral indoor units connected to a single outdoor unit, the
operation states of indoor units as well as the load states
of corresponding rooms are different. For this reason, it
is necessary to finely adjust the amount of refrigerant
(heating medium) by a compressor in each indoor unit,
in order to prevent an imbalance from occurring in the
refrigerant flowing into each indoor unit. In the conven-
tional technology, it has been difficult to achieve coexist-
ence of indoor units having a decompression device in-
corporated therein (package air conditioners), and indoor
units having no decompression device incorporated
therein (room air conditioners) that are not capable of
adjusting the amount of refrigerant flowing therein.
[0003] Japanese Patent No. 2925694 discloses a mul-
ti-type air conditioner having plural indoor units connect-
ed to a single outdoor unit, in which one of the indoor
units has a decompression valve and heat exchanger
incorporated therein, and the other indoor unit has only
a heat exchanger incorporated therein with a decompres-
sion valve provided in a refrigerant pipe connected to the
other indoor unit. In this air conditioner, the other indoor
unit has no decompression valve, but instead the decom-
pression valve connected to the refrigerant pipe adjusts
the amount of refrigerant. This allows coexistence of dif-
ferent types of indoor units such as package air condi-
tioners and room air conditioners.
[0004] In Japanese Patent No. 2925694, different
types of indoor units can coexist. However, assuming
that all the indoor units are simultaneously operated, the
number of indoor units to be connected is limited so that
the total capacity of all the indoor units does not exceed
the capacity of a single indoor unit.
[0005] This is because, even if plural indoor units are
not typically operated at a time, but if all the indoor units
are simultaneously operated on site, the heat exchange
capacity of the indoor units is excessive relative to the
heat exchange capacity of the outdoor unit. The cycle
balance is lost, resulting in lack of refrigerant in the cool-
ing-heating cycle. The lack of refrigerant in the cooling
cycle or heating cycle (cooling-heating cycle) has nega-
tive effects, such as degradation of insulation due to in-
sufficient cooling in a compressor motor, degradation of
freezer oil and refrigerant due to increase of discharge
gas temperature, and degradation of air conditioning per-
formance due to reduction of refrigerant circulation
amount. The lack of refrigerant in the cooling-heating cy-
cle is solved by adding an appropriate amount of refrig-
erant. However, the amount of refrigerant is excessive
relative to the capacity of a compressor as well as the

capacity of a refrigerant receiver tank and its accessories,
causing a phenomenon that excess liquid refrigerant not
evaporated in an evaporator returns to the compressor,
or liquid-back operation. This has led to lower reliability
associated with lower viscosity of freezer oil, bearing fric-
tion due to lack of lubrication in the compressor, and com-
pressor failure.

Brief Summary of the Invention

[0006] The present invention aims at providing an air
conditioner designed to increase flexibility in installation
of indoor units, by allowing connection of a predeter-
mined number or more of indoor units to a single outdoor
unit, or connection of indoor units whose total capacity
exceeds the capacity of an outdoor unit, and providing a
method for controlling such an air conditioner.
[0007] The present invention is an air conditioner hav-
ing an outdoor unit and plural indoor units connected by
refrigerant pipes. In the air conditioner, an expansion
valve is provided in one of plural refrigerant pipes con-
necting an arbitrary one of the indoor units with the out-
door unit, and an on-off valve is provided in another re-
frigerant pipe.
[0008] Further, the present invention is an air condi-
tioner having an outdoor unit and plural indoor units con-
nected by refrigerant pipes. In the air conditioner, the
plural indoor units include a first indoor unit having an
expansion valve and heat exchanger incorporated there-
in, and a second indoor unit having a heat exchanger but
no expansion valve incorporated therein. Further, an ex-
pansion valve is provided in one of plural refrigerant pipes
connecting the second indoor unit with the outdoor unit,
and an on-off valve is provided in another refrigerant pipe.
[0009] Further, the present invention is an air condi-
tioner having an outdoor unit and plural indoor units con-
nected by refrigerant pipes. In the air conditioner, the
plural indoor units include a first indoor unit having an
expansion valve and a heat exchanger incorporated
therein, and a second indoor unit having a heat exchang-
er but no expansion valve incorporated therein. Further,
an on-off valve is connected to one of plural refrigerant
pipes connecting the outdoor unit with the first indoor
unit, which is other than the refrigerant pipe in which the
expansion valve of the first indoor unit is provided.
[0010] Further, the present invention is a method for
controlling an air conditioner having an outdoor unit and
plural indoor units connected by refrigerant pipes. In the
air conditioner, an expansion valve is provided in one of
plural refrigerant pipes connecting an arbitrary one of the
indoor units with the outdoor unit, and an on-off valve is
provided in another refrigerant pipe. The method includes
the steps of: closing, when stopping the arbitrary indoor
unit, the valve provided in one of the plural refrigerant
pipes, which is assigned to the outward flow, while open-
ing the valve provided in the other refrigerant pipe; op-
erating the arbitrary indoor unit for a predetermined pe-
riod of time in such a state; and collecting the refrigerant
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from the arbitrary indoor unit into the outdoor unit via the
open valve. In this case, the open valve provided in the
other refrigerant pipe is closed after the operation for col-
lecting the refrigerant from the indoor unit into the outdoor
unit is performed for a predetermined period of time.
[0011] Further, the present invention is a method for
controlling an air conditioner having an outdoor unit and
plural indoor units connected by refrigerant pipes. In the
air conditioner, the plurality indoor units include a first
indoor unit hiving an expansion valve and a heart ex-
changer incorporated therein, and a second indoor unit
having a heart exchanger but not expansion valve incor-
porated therein. Further, an expansion valve is provided
in one of plural refrigerant pipes connecting the second
indoor unit with the outdoor unit, and an on-off valve is
provided in another refrigerant pipe. The method includes
the steps of: opening the valve provided in one of the
plural refrigerant pipes connected to the second unit,
which is assigned to the outward flow, while closing the
valve provided in the other refrigerant pipe; operating the
second indoor unit for a predetermined time in such a
state; and collecting the refrigerant from the second in-
door unit into the outdoor unit via the open valve. In this
case, the valve provided in the other refrigerant pipe is
closed after the refrigerant in the second indoor unit is
collected in the outdoor unit.
[0012] Further, the present invention is a method for
controlling an air conditioner having an outdoor unit and
plural indoor units connected by refrigerant pipes. In the
air conditioner, the plurality indoor units include a first
indoor unit hiving an expansion valve and a heart ex-
changer incorporated therein, and a second indoor unit
having a heart exchanger but not expansion valve incor-
porated therein. Further, an on-off valve is connected to
one of plural refrigerant pipes connecting the first indoor
unit with the outdoor unit, which is other than the refrig-
erant pipe in which the expansion valve of the first indoor
unit is provided. The method includes the steps of: closing
the expansion valve of the first indoor unit while opening
the on-off valve; operating the first indoor unit for a pre-
determined period of time in such a state; and collecting
the refrigerant from the first indoor unit into the outdoor
unit via the open on-off valve. In this case, the on-off
valve is closed after the refrigerant in the first indoor unit
is collected in the outdoor unit.
[0013] According to the present invention, it is possible
to provide an air conditioner designed to increase flexi-
bility in installation of indoor units, by allowing connection
of a predetermined number or more of indoor units to a
single outdoor unit, or connection of indoor units whose
total capacity exceeds the capacity of an outdoor unit,
without suffering from a lack of refrigerant in the cooling-
heating cycle.

Brief Description of the Several View of the Drawing

[0014]

Fig. 1 is a configuration diagram of a refrigeration
cycle according to an embodiment of the present in-
vention;
Fig. 2 is a control block diagram according to an em-
bodiment of the present invention;
Fig. 3 is a control system diagram according to an
embodiment of the present invention; and
Fig. 4 is a control flowchart according to an embod-
iment of the present invention.

Detailed Description of the Invention

[0015] Fig. 1 is a configuration diagram of a cooling-
heating cycle of a multi-air conditioner (a multi-type air
conditioner) according to an embodiment of the present
invention.
[0016] The multi-air conditioner includes an outdoor
unit A, plural indoor units a (a1, a2, and an) and b (b1,
b2, and bn), and refrigerant pipes D1 D2 for connecting
each of the units. The refrigerant pipes D1 D2 are
branched and connected with a gas-side branch pipe 8
and a liquid-side branch pipe 9, respectively, to distribute
and supply refrigerant to the indoor units a and b. The
refrigerant pipe D1 is connected to a gas side stop valve
1 of the outdoor unit A, and the refrigerant pipe D2 is
connected to a liquid side stop valve 2 thereof. In this
way, a cooling-heating cycle system is formed.
[0017] The indoor unit a is an indoor unit having a de-
compression device (indoor expansion valve 5) incorpo-
rated therein, and including an indoor fan 3 and an indoor
heat exchanger 4. The indoor unit b is an indoor unit
having no decompression device (indoor expansion
valve 5) incorporated therein, and including the indoor
fan 3 and the indoor heat exchanger 4. The indoor unit
b is connected with an external decompression device
C at the middle of the refrigerant pipes D2, D1 which are
respectively connected to the liquid side branch pipe 9
and the gas side branch pipe 8. The external decompres-
sion device C has an expansion valve 6 externally con-
nected to the refrigerant pipe D2, and an electromagnetic
valve (on-off valve) 7 externally connected to the refrig-
erant pipe D1. In this embodiment, the indoor unit a is
referred to as a first indoor unit, and the indoor unit b as
a second indoor unit.
[0018] In the outdoor unit A, reference numeral 10 de-
notes a compressor, 11 denotes a four-way valve, 12
denotes an outdoor fan, 13 denotes an outdoor heat ex-
changer, 14 denotes an outdoor expansion valve, 15 de-
notes a refrigerant tank, and 16 denotes an accumulator.
The arrows indicate the directions of the refrigerant flow-
ing through the refrigerant pipes. More specifically, the
solid arrows indicate the flow in cooling operation, and
the dotted arrows in the opposite direction indicate the
flow in heating operation. The refrigerant flow direction
is determined by switching of the four-way valve 11 in
the outdoor unit A.
[0019] Fig. 2 is a control block diagram according to
an embodiment of the present invention. Reference nu-
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meral 17 denotes a remote control for providing operation
instructions (such as operation, stop, operation mode,
air volume/direction setting, and temperature setting) to
the indoor units a, b. Reference numeral 18 denotes a
remote control line. Reference numeral 20 denotes a
central control unit for controlling the entire operation of
the multi-air conditioner. Reference numeral 23 denotes
a controller of the outdoor unit A. Reference numeral 24
denotes a controller of the indoor unit a. Reference nu-
meral 25 denotes a controller of the indoor unit b. Refer-
ence numeral 21 denotes a central control transmission
line for connecting the central control unit 20 and the
controller 23. Reference numeral 19 denotes an indoor-
outdoor transmission line for connecting the outdoor unit
A and the indoor units a, b. Reference numeral 22 de-
notes an external decompression device transmission
line for connecting the controller 25 and the external de-
compression device C.
[0020] Fig. 3 is a control system diagram according to
an embodiment of the present invention. In the control
block diagram of Fig. 2, the remote control 17 first issues
an operation instruction to the indoor unit a. Then, the
controller 24 transmits the information about the state of
the indoor unit a as well as the instruction of the remote
control 17, to the outdoor unit A. Based on this transmis-
sion, the controller 23 of the outdoor unit A transmits the
information of the outdoor unit A, the information of the
indoor unit a, and the information (instruction) of the re-
mote control 17, to the central control unit 20.
[0021] Upon receiving such information, the central
control unit 20 transmits an instruction (such as opera-
tion, stop, operation mode, air volume/direction setting,
temperature setting, or remote control permission/prohi-
bition), to the controller 23 in order to collectively manage
the indoor units based on a control program stored in
advance. The controller 23 transmits the instruction from
the indoor unit A to the controller 24, based on the in-
struction of the central control unit 20. The controller 24
transmits the information of the indoor unit a as well as
the information of the outdoor unit A, to the remote control
17. At the same time, the controller 24 transmits an in-
struction for controlling the opening degree of the expan-
sion valve, to the expansion valve 5 of the indoor unit a.
[0022] When the remote control 17 issues an operation
instruction to the indoor unit b, the controller 25 transmits
the information about the state of the indoor unit b as well
as the instruction of the remote control 17, to the outdoor
unit A in a similar way as described above. Based on this
transmission, the controller 23 transmits the information
of the outdoor unit A, the information of the indoor unit
b, and the information (instruction) of the remote control
17, to the central control unit 20.
[0023] Upon receiving such information, the central
control unit 20 transmits an instruction (such as opera-
tion, stop, operation mode, air volume/direction setting,
temperature setting, or remote control permission/prohi-
bition) to the controller 23 in order to collectively manage
the indoor units, based on a control program stored in

advance. The controller 23 transmits the instruction from
the indoor unit A to the controller 25 of the indoor unit b,
based on the instruction of the central control unit 20.
The controller 25 transmits the information of the indoor
unit b as well as the information of the outdoor unit A, to
the remote control 17. At the same time, the controller
25 transmits an instruction for controlling the opening de-
gree of the expansion valve, to the expansion valve 6 of
the external decompression device C. Further, the con-
troller 25 transmits an instruction for controlling on/off of
the electromagnetic valve, to the electromagnetic valve
7 of the external decompression device C. In addition,
through the central control unit 20 and the outdoor unit
A in this control system, the remote control information
is exchanged between the remote controls 17, and the
indoor unit information is exchanged between the indoor
units 24 and 25.
[0024] As described above, air conditioning operation
of the control system is started by an operation instruction
from the remote control 17 or from the central control unit
20. The air conditioning operation is continued with the
entire system monitored by the central control unit 20.
[0025] Next, the operation will be described based on
the control flowchart shown in Fig. 4 according to an em-
bodiment of the present invention. In this embodiment,
it is assumed that the total capacity of the plural indoor
units a (a1, a2, and an) and b (b1, b2, and bn) exceeds
the capacity of the single outdoor unit A.
[0026] In the control block diagram of Fig. 2 and in the
control system diagram of Fig. 3, the remote control 1 or
the central control unit 20 first issues an operation in-
struction, and the operation is finally started in step 101
based on the instruction of the central control unit 20.
Next, it is determined whether there is a (stopped) indoor
unit to which the operation instruction is not issued from
the central control unit 20 in step 102. This determination
is made by the central control unit 20 by collecting infor-
mation of the indoor units a, b from the controllers 24, 25.
[0027] When the determination result is NO, all the in-
door units a, b will be operated, namely, the single out-
door unit A will be operated exceeding its capacity. In
order to prevent this, in step 120, all the indoor units are
stopped from starting operation, and a warning is issued.
When YES in step 102, the process proceeds to step 103
to determine whether the total capacity of the indoor units
to be operated exceeds the capacity of the outdoor unit A.
[0028] When the determination result is NO in step
103, the total capacity does not exceed the capacity of
the outdoor unit A, so that it is possible to operate the
indoor units to be operated. Thus, normal operation is
started in step 121. When YES in step 103, the total ca-
pacity of the indoor units to be operated will exceed the
capacity of the outdoor unit A, resulting in lack of refrig-
erant in the cooling-heating cycle. Thus, in order to en-
sure the necessary amount of refrigerant, a refrigerant
collection operation control is started in step 104 to collect
the refrigerant in (stopped) indoor units to which no op-
eration instruction is issued from the central control unit
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20. Then, the process proceeds to step 105.
[0029] In step 105, the connection state of the external
decompression device of each stopped indoor unit from
which the refrigerant is to be collected, is confirmed. In
other words, it is determined whether the external de-
compression device C including the expansion valve 6
and the electromagnetic on-off valve 7 is connected to
each of the corresponding indoor units. This determina-
tion is made by the central control unit 20, based on the
information of the indoor unit a or based on the informa-
tion of the indoor unit b in the system diagram of Fig. 3.
The indoor units from which the refrigerant is to be col-
lected, correspond to the stopped indoor units whose to-
tal amount of refrigerant calculated by the central control
unit 20 reaches the amount to be collected.
[0030] When the determination result is both YES and
NO in step 105, the process proceeds to step 106 and
step 115 to start operations of the corresponding indoor
units from which the refrigerant is to be collected. When
YES in step 105, the process moves from step 106 to
step 107 to determine whether the operation mode is
cooling. When the cooling operation mode is determined
(YES), the expansion valve 6 of the decompression de-
vice C is closed in step 108. Then, the cooling operation
is continued for a predetermined period of time in step
109. In the case of YES in step 105, the corresponding
indoor unit is connected with the external decompression
device C, namely, any of the indoor units b1, b2 and bn
in Fig. 1.
[0031] The cooling operation will be described taking
an example in which the refrigerant is collected from the
indoor unit b1 in Fig. 1. In this cooling operation, the re-
frigerant pipe D2 is assigned to the outward flow and the
refrigerant pipe D1 is assigned to the inward flow.
[0032] In step 108, the expansion valve 6 is closed,
but the electromagnetic valve 7 is opened because the
cooling operation is performed. When the cooling oper-
ation is continued in this state, the refrigerant flows into
the outdoor unit A in the direction of the solid arrow,
through the refrigerant pipe D1 via the electromagnetic
valve 7. On the other hand, the refrigerant in the refrig-
erant pipe D2 is stopped from flowing by the expansion
valve 6. In this way, the refrigerant in the indoor unit b1
is collected in the refrigerant tank 15 of the outdoor unit
A from the heat exchanger 4 and from the refrigerant pipe
connected thereto.
[0033] The cooling operation is performed for a prede-
termined period of time in step 109, and then the elec-
tromagnetic valve 7 is closed in step 110. The cooling
operation of the indoor unit b1 is stopped in step 111,
and the refrigerant collection operation control is com-
pleted. In this case, the electromagnetic valve 7 is closed
to prevent unwanted penetration of refrigerant into the
heat exchanger 4 and the like in the indoor unit b1 during
normal air conditioning operation.
[0034] When NO (heating operation mode) in step 107,
the electromagnetic valve 7 of the decompression device
C is closed in step 112. Then, the heating operation is

continued for a predetermined period of time in step 113.
In this heating operation, the refrigerant pipe D1 is as-
signed to the outward flow and the refrigerant D2 is as-
signed to the inward flow.
[0035] The heating operation will be described taking
an example in which the refrigerant is collected from the
indoor unit b1 in Fig. 1. The electromagnetic valve 7 is
closed in step 112, but the expansion valve 6 is opened
because the heating operation is performed. When the
heating operation is continued in this state, the refrigerant
flows into the outdoor unit A in the dotted arrow direction
through the refrigerant pipe D2 via the expansion valve
6. On the other hand, the refrigerant in the refrigerant
pipe D1 is stopped from flowing by the electromagnetic
valve 7. In this way, the refrigerant in the indoor unit b1,
namely, the refrigerant contained in the heat exchanger
4 and in the refrigerant pipe connected thereto, is col-
lected in the refrigerant tank 15 of the outdoor unit A.
[0036] The heat operation is performed for a predeter-
mined period of time in step 113, and then the expansion
valve 6 is closed in step 114. The heating operation of
the indoor unit b1 is stopped in step 111, and the refrig-
erant collection operation control is completed. In this
case, the expansion valve 6 is closed to prevent unwant-
ed penetration of refrigerant into the heat exchanger 4
and the like in the indoor unit b1 during normal air con-
ditioning operation.
[0037] Returning back to step 105 and when the an-
swer is NO, the operation of the corresponding indoor
unit is started in step 115. Then, it is determined whether
the operation mode is cooling in step 116. When the cool-
ing operation mode is determined (YES), the expansion
valve 5 is closed in step 117, and the cooling operation
is continued for a predetermined period of time in step
118. In the case of NO in step 105, the indoor unit is not
connected with the external decompression device C,
namely, any of the indoor units a1, a2, and an in Fig. 1.
[0038] The cooling operation will be described taking
an example in which the refrigerant is collected from the
indoor unit a2 in Fig. 1. When the cooling operation is
performed with the expansion valve 5 closed, the refrig-
erant flows into the outdoor unit A in the solid arrow di-
rection through the refrigerant pipe D1 from the indoor
unit a2. On the other hand, the refrigerant in the refrig-
erant pipe D2 is stopped from flowing by the expansion
valve 5. In this way, the refrigerant in the indoor unit a2,
namely, the refrigerant contained in the indoor heat ex-
changer 4 and in the refrigerant pipe D1 connected there-
to, is collected in the refrigerant tank 15 of the outdoor
unit A.
[0039] The cooling operation is performed for a prede-
termined period of time in step 118, and then the cooling
operation of the indoor unit a2 is stopped in step 111.
The refrigerant collection operation control is completed
in a state in which the refrigerant pipe D1 on the side
opposite to the expansion valve 5 is opened. Thus, there
is a possibility that the refrigerant flows into the indoor
heat exchanger 4 of the indoor unit a2 through the refrig-
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erant pipe D1 during normal air conditioning operation.
In order to surely prevent this, the electromagnetic valve
7 is additionally connected to the refrigerant pipe D1 of
the indoor unit a2, as shown by the dotted line in Fig. 1,
so that the electromagnetic valve 7 is closed in step 122.
[0040] When NO in step 116, the indoor unit a2 is in
the heating operation and the refrigerant flows in the dot-
ted arrow direction. Because the refrigerant pipe D1 has
no electromagnetic valve 7 to stop the flow, the refrigerant
can flow through the refrigerant pipe D1 via the open
expansion valve 5 without being collected from the indoor
unit a2. For this reason, the operation of the indoor unit
a2 is stopped in step 119, and a warning is issued.
[0041] In order to collect the refrigerant in the indoor
unit a2 during the heating operation, the electromagnetic
valve 7 is additionally connected to the refrigerant pipe
D1, as shown by the dotted line in Fig. 1. The electro-
magnetic valve 7 is closed in step 123, instead of pro-
ceeding to step 119, and the heating operation is contin-
ued for a predetermined period of time in step 124. When
the heating operation is performed with the electromag-
netic valve 7 closed and the expansion valve 5 opened,
the refrigerant flows in the dotted arrow direction through
the refrigerant pipe D2 via the expansion valve 5. Be-
cause the flow in the refrigerant pipe D1 is stopped by
the electromagnetic valve 7, the refrigerant in the indoor
unit a1, namely, the refrigerant contained in the heat ex-
changer 4 and in the refrigerant pipe D2 connected there-
to, is collected in the refrigerant tank 15 of the outdoor
unit A.
[0042] The heating operation is performed for a pre-
determined period of time in step 124, and then the ex-
pansion valve 5 is closed in step 125. The heating oper-
ation of the indoor unit a2 is stopped in step 111, and the
refrigerant collection operation control is completed. In
this case, the expansion valve 5 is closed to prevent un-
wanted penetration of refrigerant into the indoor unit a2
during normal air conditioning operation.
[0043] The above described refrigerant collection op-
eration can be performed for plural corresponding indoor
units at a time, and completed by closing the necessary
valve when the collected refrigerant reaches the neces-
sary amount. However, the refrigerant collection opera-
tion may also be performed on a one-by-one basis in
order to surely collect the refrigerant from each of the
corresponding indoor units.
[0044] After the refrigerant is collected as described
above, the normal operation of the air conditioner is start-
ed in step 121. In this operation, the refrigerant does not
flow into the stopped indoor units from which the refrig-
erant has been collected. Thus, there is no shortage of
refrigerant circulating during the operation, thereby pre-
venting lack of refrigerant in the cooling-heating cycle.
[0045] In the above describe embodiment, the external
decompression device C including the expansion valve
6 and the electromagnetic valve 7, is connected at the
middle of the refrigerant pipes D2 connected to the indoor
unit b having no decompression device incorporated

therein. With this configuration, it is possible to adjust the
amount of refrigerant flowing into the indoor unit b by the
expansion valve 6 of the external decompression device
C, even in the case in which the operation state of each
indoor unit b as well as the load state and the like of each
room are different. This allows connection of different
types of indoor units, namely, the indoor units b having
no decompression device incorporated therein and the
indoor units a having the decompression device incor-
porated therein.
[0046] Further, this also allows connection of a prede-
termined number or more of indoor units to a single out-
door unit, or connection of indoor units whose total ca-
pacity exceeds the predetermined amount of capacity.
[0047] Incidentally, the external decompression de-
vice C including the expansion valve 6 and the electro-
magnetic valve 7, may be connected at the middle of the
refrigerant pipes D1, D2 connecting the outdoor unit A
and the indoor unit a having the decompression device
incorporated therein. With this configuration, it is possible
to eliminate the refrigerant flow noise and vibration from
the indoor expansion valve 5, by using the expansion
valve 6 of the external decompression device C instead
of the indoor expansion valve 5 of the indoor unit a. As
a result, it is possible to improve quietness and comfort
in the use of the air conditioner. Incidentally, the expan-
sion valve 6 of the decompression device C is connected
to the refrigerant pipe D1, D2 of the indoor unit b, so that
there is no refrigerant flow noise and vibration in the in-
door unit b.

Claims

1. An air conditioner having an outdoor unit and a plu-
rality of indoor units connected by refrigerant pipes,
wherein an expansion valve is provided in one of a
plurality of refrigerant pipes connecting an arbitrary
one of the indoor units with the outdoor unit, and an
on-off valve is provided in another refrigerant pipe.

2. An air conditioner having an outdoor unit and a plu-
rality of indoor units connected by refrigerant pipes,
wherein the plurality of indoor units include a first
indoor unit having an expansion valve and heat ex-
changer incorporated therein, and a second indoor
unit having a heat exchanger but no expansion valve
incorporated therein,
wherein an expansion valve is provided in one of a
plurality of refrigerant pipes connecting the second
indoor unit with the outdoor unit, and an on-off valve
is provided in another refrigerant pipe.

3. An air conditioner having an outdoor unit and a plu-
rality of indoor units connected by refrigerant pipes,
wherein the plurality of indoor units include a first
indoor unit having an expansion valve and a heat
exchanger incorporated therein, and a second in-
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door unit having a heat exchanger but no expansion
valve incorporated therein,
wherein an on-off valve is connected to one of a plu-
rality of refrigerant pipes connecting the first indoor
unit with the outdoor unit, which is other than the
refrigerant pipe in which the expansion valve of the
first indoor unit is provided.

4. A method for controlling an air conditioner having an
outdoor unit and a plurality of indoor units connected
by refrigerant pipes, wherein an expansion valve is
provided in one of a plurality of refrigerant pipes con-
necting an arbitrary one of the indoor units with the
outdoor unit, and an on-off valve is provided in an-
other refrigerant pipe,
the method comprising the steps of:

closing, when stopping the arbitrary indoor unit,
the valve provided in an outward pipe of the plu-
rality of refrigerant pipes, while opening the
valve provided in the other refrigerant pipe;
operating the arbitrary indoor unit for a prede-
termined period of time in such a state; and
collecting the refrigerant from the arbitrary in-
door unit into the outdoor unit via the open valve.

5. The method for controlling the air conditioner accord-
ing to claim 4, the method further comprising the step
of closing the open valve provided in the other re-
frigerant pipe, after performing the operation of col-
lecting the refrigerant from the indoor unit into the
outdoor unit for a predetermined period of time.

6. A method for controlling an air conditioner having an
outdoor unit and a plurality of indoor units connected
by refrigerant pipes, wherein the plurality of indoor
units include a first indoor unit having an expansion
valve and a heat exchanger incorporated therein,
and a second indoor unit having a heat exchanger
but no expansion valve incorporated therein, an ex-
pansion valve is provided in one of a plurality of re-
frigerant pipes connecting the second indoor unit
with the outdoor unit, and an on-off valve is provided
in another refrigerant pipe,
the method comprising the steps of:

closing the valve provided in one of the plurality
of refrigerant pipes connected to the second in-
door unit, which is assigned to the outward flow,
while opening the valve provided in the other
refrigerant pipe;
operating the second indoor unit for a predeter-
mined period of time in such a state; and
collecting the refrigerant from the second indoor
unit into the outdoor unit via the open valve.

7. The method for controlling the air conditioner accord-
ing to claim 6, the method further comprising the step

of closing the valve provided in the other refrigerant
pipe after collecting the refrigerant from the second
indoor unit into the outdoor unit.

8. A method for controlling an air conditioner having an
outdoor unit and a plurality of indoor units connected
by refrigerant pipes, wherein the plurality of indoor
units include a first indoor unit having an expansion
valve and a heat exchanger incorporated therein,
and a second indoor unit having a heat exchanger
but no expansion valve incorporated therein, where-
in an on-off valve is connected to one of a plurality
of refrigerant pipes connecting the first indoor unit
with the outdoor unit, which is other than the refrig-
erant pipe in which the expansion valve of the first
indoor unit is provided,
the method comprising the steps of:

closing the expansion valve of the first indoor
unit while opening the on-off valve;
operating the first indoor unit for a predeter-
mined period of time in such a state; and
collecting the refrigerant from the first indoor unit
into the outdoor unit via the open on-off valve.

9. The method for controlling the air conditioner accord-
ing to claim 8, the method further comprising the step
of closing the on-off valve after collecting the refrig-
erant from the first unit into the outdoor unit.
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