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(54) Multi-unit air conditioner and method for controlling the same

(57) An air conditioner having an outdoor unit (100)
and a plurality of indoor units (200a-d) connected to the
outdoor unit (100), and a method of controlling an oper-
ation of the air conditioner. The air conditioner includes
an outdoor control unit (120) and a plurality of indoor
control units (210a-d). The indoor control units (210a-d)
output operational loads to be borne by the indoor units
(200a-d), and the outdoor control unit (120) controls an
opening ratio of an outdoor expansion valve (102) in re-
sponse to the operational loads to be borne by the in-
door units (200a-d), thus appropriately controlling the
amounts of refrigerant fed from compressors (103a/b)
to indoor units (200a-d) operating in a cooling mode and
indoor units (200a-d) operating in a heating mode. The
outdoor control unit (120) further determines a desired
compression capacity of the compressors (103a/b) ac-
cording to outdoor air temperatures, and controls the
rpm of an outdoor fan (113) according to an output re-
frigerant pressure of the compressors (103a/b), thus op-
timally operating the compressors (103a/b) in response
to variations in the outdoor air temperatures.
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Description

[0001] The present invention relates, in general, to air
conditioners and methods of controlling the air condi-
tioners and, more particularly, to an air conditioner which
has an outdoor unit and a plurality of indoor units con-
nected to the outdoor unit such that some indoor units
may operate in a cooling mode and some other indoor
units may operate in a heating mode, at the same time,
and to a method of controlling an operation of the air
conditioner.
[0002] Generally, conventional multiunit-type air con-
ditioners include one outdoor unit and a plurality of in-
door units connected to the outdoor unit to operate in a
cooling mode and/or a heating mode to cool and/or heat
indoor air, thus controlling the atmosphere of indoor
spaces. In the conventional multiunit-type air condition-
ers, the outdoor unit includes a plurality of compressors,
a plurality of outdoor heat exchangers and an outdoor
expansion valve, while each of the plurality of indoor
units includes an indoor heat exchanger and an indoor
expansion valve. The outdoor and indoor expansion
valves are automatic expansion valves.
[0003] Users presenting in rooms having the indoor
units of a conventional multiunit-type air conditioner may
differently select the operating modes of the indoor units
between the cooling mode and the heating mode, as de-
sired.
[0004] For example, because the users presenting in
the rooms differently sense temperatures of indoor air,
according to a variation in the temperatures of the indoor
air during a change of season or to a variation in the
environmental conditions of the indoor spaces, the con-
ventional multiunit-type air conditioner may operate in a
combined mode in which some indoor units operate in
the cooling mode to cool the indoor air and, at the same
time, some other indoor units operate in the heating
mode to heat the indoor air, according to selections of
the users.
[0005] During a combined-mode operation, the con-
ventional multiunit-type air conditioner may operate in a
cooling major mode in which the major part of the indoor
units operates in the cooling mode and the minor part
operates in the heating mode, or in a heating major
mode in which the major part of the indoor units operates
in the heating mode and the minor part operates in the
cooling mode. In the following description, the combined
mode with the cooling major mode is referred to as a
cooling major combined-mode, while the combined
mode with the heating major mode is referred to as a
heating major combined-mode.
[0006] During the combined-mode operation of the
conventional multiunit-type air conditioner, an output re-
frigerant discharged from the compressors is divided in-
to two parts which are respectively fed to a first group
of indoor units which operate in the cooling mode and
to a second group of indoor units which operate in the
heating mode. In other words, some of the output refrig-

erant discharged from the compressors of the outdoor
unit is fed to the outdoor heat exchangers acting as con-
densers, while a remaining part of the output refrigerant
is fed to the indoor heat exchangers of some indoor units
which operate in the heating mode, without passing
through the outdoor heat exchangers.
[0007] When an indoor unit operates in the cooling
mode or the heating mode, an operational load to be
borne by the indoor unit frequently varies. Therefore,
even when the number of the indoor units operating in
the heating mode is less than that of the indoor units
operating in the cooling mode, the total operational load
to be borne by the indoor units operating in the heating
mode may increase much higher than the total opera-
tional load to be borne by the indoor units operating in
the cooling mode. During the combined-mode operation
of the conventional multiunit-type air conditioner, the
output refrigerant discharged from the compressors
must be appropriately divided into two parts which meet
the total operational loads to be borne by the two groups
of indoor units which respectively operate in the cooling
mode and the heating mode.
[0008] However, the conventional multiunit-type air
conditioner controls amounts of divided parts of the out-
put refrigerant, according to only the numbers of the two
groups of the indoor units which respectively operate in
the cooling mode and the heating mode. Therefore, the
conventional multiunit-type air conditioner cannot pre-
cisely control the amounts of the divided parts of the out-
put refrigerant, which meet the total operational loads to
be borne by the two groups of the indoor units which
respectively operate in the cooling mode and the heat-
ing mode.
[0009] Thus, the conventional multiunit-type air con-
ditioner may supply an excessive amount of output re-
frigerant to the first group of indoor units that operates
in the cooling mode, while the amount of the refrigerant
fed to the second group of indoor units operating in the
heating mode may be deficient. In the above state, the
heating-mode performances of the indoor units that op-
erate in the heating mode, as well as the cooling-mode
performances of the indoor units that operate in the cool-
ing mode, may be reduced.
[0010] Additional aspects and/or advantages of the
invention will be set forth in part in the description which
follows and, in part, will be obvious from the description,
or may be learned by practice of the invention.
[0011] Accordingly, it is an aspect of the present in-
vention to provide an air conditioner and a method of
controlling the air conditioner, in which an output refrig-
erant discharged from the compressors during a com-
bined-mode operation of the air conditioner, is appropri-
ately controlled in consideration of operational loads to
be borne by two groups of indoor units respectively op-
erating in a cooling mode and a heating mode, thus the
output refrigerant is accurately divided into two parts
that are respectively fed to the two groups of indoor
units.
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[0012] The above and/or other aspects are achieved
by providing an air conditioner, including: an outdoor unit
having a compressor, an outdoor heat exchanger, an
outdoor expansion valve and an ON/OFF valve; a plu-
rality of indoor units respectively having a plurality of in-
door heat exchangers; a first refrigerant line through
which a refrigerant discharged from the compressor
flows from the compressor to the plurality of indoor units
while passing through the ON/OFF valve; a second re-
frigerant line through which the refrigerant discharged
from the compressor flows from the compressor to the
plurality of indoor units while passing through the out-
door heat exchanger and the outdoor expansion valve;
and a control unit to control an amount of the refrigerant
flowing through the first refrigerant line and an amount
of the refrigerant flowing through the second refrigerant
line, according to operational loads to be borne by the
plurality of indoor units.
[0013] The ON/OFF valve may be connected at an in-
let thereof to a position between the compressor and the
outdoor heat exchanger, and may be connected at an
outlet thereof to the plurality of indoor units.
[0014] The outdoor expansion valve may be connect-
ed to an outlet of the outdoor heat exchanger.
[0015] The control unit may control the ON/OFF valve
and the outdoor expansion valve so as to control the
amount of the refrigerant flowing through the first refrig-
erant line and the amount of the refrigerant flowing
through the second refrigerant line.
[0016] The control unit may include: an indoor control
unit to provide the operational loads to be borne by the
plurality of indoor units operating in a cooling mode or
a heating mode; and an outdoor control unit to control
the ON/OFF valve and an opening ratio of the outdoor
expansion valve, in response to the operational loads
provided by the indoor control unit.
[0017] The outdoor control unit may determine the
opening ratio of the outdoor expansion valve, so as to
optimize operational performances of the indoor units
operating in the cooling mode and operational perform-
ances of all the indoor units which include the indoor
units operating in the cooling mode and the. indoor units
operating in the heating mode, during a cooling major
combined-mode operation in which a major part of the
indoor units operates in the cooling mode and a minor
part of the indoor units operates in the heating mode.
[0018] The plurality of indoor units may further include
a plurality of indoor temperature sensors, respectively,
and the indoor control unit may provide the operational
loads, which are borne by the plurality of indoor units,
according to differences between indoor temperatures
around the indoor units and preset reference tempera-
tures.
[0019] The outdoor control unit may compare a total
operational load to be borne by the indoor units operat-
ing in the heating mode to a total operational load to be
borne by the indoor units operating in the cooling mode,
prior to determining the opening ratio of the outdoor ex-

pansion valve according to a result of the total opera-
tional load comparison.
[0020] The above and/or other aspects are achieved
by providing an air conditioner, including: an outdoor unit
having a compressor, an outdoor heat exchanger, an
outdoor expansion valve, an ON/OFF valve, an outdoor
fan, an outdoor temperature sensor and a pressure sen-
sor; a plurality of indoor units each having an indoor tem-
perature sensor and an indoor heat exchanger; a first
refrigerant line through which a refrigerant discharged
from the compressor flows from the compressor to the
plurality of indoor units while passing through the ON/
OFF valve; a second refrigerant line through which the
refrigerant discharged from the compressor flows from
the compressor to the plurality of indoor units while
passing through the outdoor heat exchanger and the
outdoor expansion valve; an indoor control unit to pro-
vide operational loads, which are borne by the plurality
of indoor units, according to differences between indoor
temperatures sensed by the indoor temperature sen-
sors of the indoor units and preset reference tempera-
tures; and an outdoor control unit to control the ON/OFF
valve and an opening ratio of the outdoor expansion
valve in response to the operational loads provided by
the indoor control unit, and to determine a desired com-
pression capacity of the compressor according to an
outdoor temperature sensed by the outdoor tempera-
ture sensor, and to control a rotating speed of the out-
door fan according to an output refrigerant pressure of
the compressor which is sensed by the pressure sensor
when the compressor operates according to the desired
compression capacity.
[0021] The outdoor control unit may determine the de-
sired compression capacity of the compressor to be
higher as the outdoor temperature, sensed by the out-
door temperature sensor, is higher.
[0022] The outdoor control unit may increase the ro-
tating speed of the outdoor fan to reduce the output re-
frigerant pressure of the compressor, and may reduce
the rotating speed of the outdoor fan to increase the out-
put refrigerant pressure of the compressor.
[0023] The outdoor unit may further include a speed
sensor to sense the rotating speed of the outdoor fan,
and the outdoor control unit may control the outdoor fan
according to the rotating speed of the outdoor fan which
is sensed by the speed sensor.
[0024] The above and/or other aspects are achieved
by providing a method of controlling an air conditioner,
the air conditioner having an outdoor unit having a com-
pressor, an outdoor heat exchanger, an outdoor expan-
sion valve and an ON/OFF valve; a plurality of indoor
units respectively having a plurality of indoor heat ex-
changers; a first refrigerant line through which a refrig-
erant discharged from the compressor flows from the
compressor to the plurality of indoor units while passing
through the ON/OFF valve; and a second refrigerant line
through which the refrigerant discharged from the com-
pressor flows from the compressor to the plurality of in-
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door units while passing through the outdoor heat ex-
changer and the outdoor expansion valve, the method
including: calculating operational loads to be borne by
the plurality of indoor units; and controlling an amount
of the refrigerant flowing through the first refrigerant line
and an amount of the refrigerant flowing through the
second refrigerant line, according to the operational
loads to be borne by the plurality of indoor units.
[0025] In the method, the operational loads to be
borne by the plurality of indoor units may be calculated
according to differences between indoor temperatures
around the indoor units and preset reference tempera-
tures.
[0026] The calculating of the operational loads and
the controlling of the amounts of the refrigerant may in-
clude: calculating a total operational load to be borne by
indoor units operating in a cooling mode and a total op-
erational load to be borne by indoor units operating in a
heating mode during a cooling major combined-mode
operation in which a major part of the plurality of indoor
units operates in the cooling mode and a minor part of
the plurality of indoor units operates in the heating
mode; comparing the total operational load to be borne
by the indoor units operating in the cooling mode to the
total operational load to be borne by the indoor units op-
erating in the heating mode; and controlling the ON/OFF
valve and an opening ratio of the outdoor expansion
valve according to a result of the comparing of the total
operational loads.
[0027] The controlling of the opening ratio of the out-
door expansion valve may be executed to optimize op-
erational performances of the indoor units operating in
the cooling mode and operational performances of all
the indoor units which include the indoor units operating
in the cooling mode and the indoor units operating in the
heating mode, during the cooling major combined-mode
operation.
[0028] The method may further include: sensing an
outdoor temperature by an outdoor temperature sensor
provided in the outdoor unit, after the controlling of the
amounts of the refrigerant; and determining a desired
compression capacity of the compressor according to
the outdoor temperature sensed by the outdoor temper-
ature sensor.
[0029] The method may further include: sensing an
output refrigerant pressure of the compressor when the
compressor operates according to the desired compres-
sion capacity; and controlling a rotating speed of an out-
door fan provided in the outdoor unit, according to the
output refrigerant pressure of the compressor.
[0030] The controlling of the rotating speed of the out-
door fan may include: comparing the output refrigerant
pressure of the compressor to a preset reference pres-
sure; and increasing the rotating speed of the outdoor
fan when the output refrigerant pressure of the compres-
sor is higher than the preset reference pressure, and
reducing the rotating speed of the outdoor fan when the
output refrigerant pressure of the compressor is lower

than the preset reference pressure.
[0031] These and other aspects and advantages of
the invention will become apparent and more readily ap-
preciated from the following description of the preferred
embodiments, taken in conjunction with the accompa-
nying drawings of which:

FIG. 1 is a diagram of a refrigeration circuit of an air
conditioner, according to an embodiment of the
present invention;

FIG. 2 is a diagram of the refrigeration circuit of FIG.
1, which shows a flowing direction of a refrigerant
in the refrigeration circuit when the air conditioner
operates in a cooling major combined-mode;

FIG. 3 is a graph showing an operational perform-
ance of indoor units of the air conditioner of the
present invention as a function of an opening ratio
of an outdoor expansion valve when a total opera-
tional load to be borne by indoor units operating in
a heating mode is larger than a total operational
load to be borne by indoor units operating in a cool-
ing mode;

FIG. 4 is a graph showing the operational perform-
ance of the indoor units of the air conditioner of the
present invention as a function of the opening ratio
of the outdoor expansion valve when the total op-
erational load to be borne by the indoor units oper-
ating in the heating mode is not larger than the total
operational load to be borne by the indoor units op-
erating in the cooling mode; and

FIGS. 5A and 5B are flowcharts of a method of con-
trolling the air conditioner, according to the present
invention.

[0032] Reference will now be made in detail to the
present preferred embodiments of the present inven-
tion, an example of which is illustrated in the accompa-
nying drawings, wherein the same reference numerals
refer to the same elements throughout. The embodi-
ment is described below in order to explain the present
invention by referring to the figures.
[0033] In the embodiment, the present invention is
adapted to a multiunit-type air conditioner that has an
outdoor unit and a plurality of indoor units connected to
the outdoor unit.
[0034] As shown in FIG. 1, a refrigeration circuit of the
multiunit-type air conditioner according to the embodi-
ment of the present invention includes one outdoor unit
100, and four indoor units which are first, second, third
and fourth indoor units 200a, 200b, 200c and 200d con-
nected to the outdoor unit 100, with a refrigerant switch-
ing unit 300 interposed between the outdoor unit 100
and the four indoor units 200a, 200b, 200c and 200d to
switch a flow of a refrigerant in the refrigeration circuit.
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[0035] The outdoor unit 100 includes a plurality of out-
door heat exchangers 101a and 101b, an outdoor fan
113, and an outdoor expansion valve 102 connected to
outlets of the outdoor heat exchangers 101a and 101b.
The outdoor unit 100 further includes a first ON/OFF
valve 111 and a first check valve 112 connected to the
outlet of the outdoor heat exchangers 101a and 101b in
parallel to the outdoor expansion valve 102, a plurality
of variable capacity compressors 103a and 103b, a four-
way valve 104, a receiver 106 and an accumulator 107.
The outdoor unit 100 further includes a second ON/OFF
valve 109 and a second check valve 110 to bypass an
output refrigerant discharged from the compressors
103a and 103b to indoor units that operate in a heating
mode, without allowing the output refrigerant to pass
through the outdoor heat exchangers 101a and 101b.
[0036] The outdoor unit 100 further includes an out-
door temperature sensor 108 to sense a temperature of
outdoor air, a speed sensor which is an rpm sensor 114
to sense a rotating speed (rpm) of the outdoor fan 113,
and a pressure sensor 105 to sense a pressure of the
output refrigerant discharged from the compressors
103a and 103b.
[0037] The air conditioner of the present invention fur-
ther includes an outdoor control unit 120 to control an
operation of the outdoor unit 100.
[0038] The outdoor control unit 120 controls an open-
ing ratio of the outdoor expansion valve 102, based on
information data signals which are output from a plurality
of indoor control units 210a, 210b, 210c and 210d and
represent operational loads to be borne by the indoor
units 200a, 200b, 200c and 200d, thus the outdoor con-
trol unit 120 appropriately controls the amounts of divid-
ed parts of the output refrigerant which are respectively
fed to indoor units operating in the heating and cooling
modes, respectively. The outdoor control unit 120 also
controls the compressors 103a and 103b and the out-
door fan 113, based on information data signals output
from the outdoor temperature sensor 108, rpm sensor
114 and the pressure sensor 105.
[0039] The first to fourth indoor units 200a, 200b, 200c
and 200d each include an indoor heat exchanger 201a,
201b, 201c, 201d, an indoor expansion valve 202a,
202b, 202c, 202d, and an indoor temperature sensor
203a, 203b, 203c, 203d to sense a temperature of in-
door air of each of the rooms in which the indoor units
200a, 200b, 200c and 200d are respectively installed.
The outdoor and indoor expansion valves 102, 202a,
202b, 202c and 202d are automatic expansion valves.
[0040] The plurality of indoor control units which are
the first, second, third and fourth indoor control units
210a, 210b, 210c and 210d, are provided in the air con-
ditioner of the present invention to respectively inde-
pendently control the first to fourth indoor units 200a,
200b, 200c and 200d.
[0041] The first to fourth indoor control units 210a,
210b, 210c and 210d respectively calculate operational
loads to be borne by the first to fourth indoor units 200a,

200b, 200c and 200d, based on differences between the
indoor air temperatures sensed by the indoor tempera-
ture sensors 203a, 203b, 203c and 203d and reference
indoor temperatures preset by users with function keys
of the indoor units 200a, 200b, 200c and 200d or remote
controllers for the indoor units 200a, 200b, 200c and
200d. After the calculation of the operational loads to be
borne by the indoor units 200a, 200b, 200c and 200d,
the indoor control units 210a, 210b, 210c and 210d out-
put the information data signals representing the oper-
ational loads to the outdoor control unit 120.
[0042] The first to fourth indoor control units 210a,
210b, 210c and 210d also control a plurality of indoor
fans (not shown) and the indoor expansion valves 202a,
202b, 202c and 202d, in conjunction with the outdoor
control unit 120.
[0043] The refrigerant switching unit 300 includes a
plurality of high-pressure gas valves 301a, 301b, 301c
and 301d, a plurality of low-pressure gas valves 302a,
302b, 302c and 302d, and an expansion valve 303. The
plurality of high-pressure gas valves 301a, 301b, 301c
and 301d are respectively mounted on a plurality of
branch lines of a high-pressure pipe HPP extending be-
tween the outdoor unit 100 and the indoor units 200a,
200b, 200c and 200d. The plurality of low-pressure gas
valves 302a, 302b, 302c and 302d are respectively
mounted on a plurality of branch lines of a low-pressure
pipe LPP extending between the outdoor unit 100 and
the indoor units 200a, 200b, 200c and 200d. The expan-
sion valve 303 which is an automatic expansion valve,
is mounted on a common liquid pressure pipe which ex-
tends from and the indoor units 200a, 200b, 200c and
200d to the outdoor unit 100. The outdoor control unit
120 controls all the valves of the refrigerant switching
unit 300.
[0044] The plurality of high-pressure gas valves 301a,
301b, 301c and 301d of the refrigerant switching unit
300 are connected to an end of the four-way valve 104
of the outdoor unit 100 via the high-pressure pipe HPP.
The plurality of low-pressure gas valves 302a, 302b,
302c and 302d of the refrigerant switching unit 300 are
connected to the accumulator 107 of the outdoor unit
100 via the low-pressure pipe LPP.
[0045] The refrigerant switching unit 300 is connected
to the outdoor heat exchangers 101a and 101b of the
outdoor unit 100 via a return pipe RP, with the outdoor
expansion valve 102 mounted on the return pipe RP.
The first ON/OFF valve 111 which is mounted on the
return pipe RP in parallel to the outdoor expansion valve
102, is a valve to control a flow rate of the refrigerant.
[0046] The return pipe RP is connected to a plurality
of pipes EP1, EP2, EP3 and EP4 extending from the
indoor units 200a, 200b, 200c and 200d.
[0047] FIG. 2 is a diagram of the refrigeration circuit
of FIG. 1, which shows a flowing direction of the refrig-
erant in the refrigeration circuit when the air conditioner
operates in a cooling major combined-mode.
[0048] In FIG. 2, the air conditioner executes a cooling
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major combined-mode operation, with the first indoor
unit 200a operating in the heating mode and the second
to fourth indoor units 200b, 200c and 200d operating in
the cooling mode. To execute the cooling major com-
bined-mode operation, the compressors 103a and 103b
starts operations thereof. In the above state, the outdoor
expansion valve 102 is opened at a predetermined
opening ratio, the second ON/OFF valve 109 is opened,
and the high-pressure gas valve 301a of the first indoor
unit 200a operating in the heating mode is opened. Fur-
thermore, the high-pressure gas valves 301b, 301c and
301d of the second to fourth indoor units 200b, 200c and
200d operating in the cooling mode are closed, the low-
pressure gas valve 302a of the first indoor unit 200a is
closed, and the low-pressure gas valves 302b, 302c and
302d of the second to fourth indoor units 200b, 200c and
200d are opened.
[0049] The output refrigerant discharged from the
compressors 103a and 103b is thus divided into first and
second parts of which the first part passes through the
outdoor heat exchangers 101a and 101b, at which heat
transfers between the output refrigerant and the outdoor
air. Thereafter, the first part of the output refrigerant is
fed to the second to fourth indoor units 200b, 200c and
200d operating in the cooling mode, via the outdoor ex-
pansion valve 102. The second part of the output refrig-
erant discharged from the compressors 103a and 103b
is fed to the first indoor unit 200a operating in the heating
mode, after sequentially passing through the second
ON/OFF valve 109 and the second check valve 110.
[0050] In the above state, the outdoor control unit 120
determines the opening ratio of the outdoor expansion
valve 102 while regarding the total operational load to
be borne by the first indoor unit 200a operating in the
heating mode and the total operational load to be borne
by the second to fourth indoor units 200b, 200c and
200d operating in the cooling mode. The outdoor control
unit 120 thus appropriately controls the amounts of first
and second parts of the output refrigerant which are re-
spectively fed to the second to fourth indoor units 200b,
200c and 200d operating in the cooling mode and the
first indoor unit 200a operating in the heating mode.
[0051] The determination of the opening ratio of the
outdoor expansion valve 102 to control the amounts of
the first and second parts of the output refrigerant will
be described in detail herein below, with reference to
FIGS. 3 and 4.
[0052] The outdoor control unit 120 controls the open-
ing ratio of the outdoor expansion valve 102, in consid-
eration of the total operational load to be borne by the
first indoor unit 100a operating in the heating mode and
the total operational load to be borne by the second to
fourth indoor units 100b, 100c and 100d operating in the
cooling mode.
[0053] For an example, when the total operational
load to be borne by the first indoor unit 100a operating
in the heating mode is larger than the total operational
load to be borne by the second to fourth indoor units

100b, 100c and 100d operating in the cooling mode, the
opening ratio of the outdoor expansion valve 102 is set
to a first level. In the air conditioner of the present inven-
tion, the first level of the opening ratio of the outdoor
expansion valve 102 is stored, as data obtained from
tests, in a memory of the outdoor control unit 120. The
tests to determine the first level of the opening ratio of
the outdoor expansion valve 102 were executed at an
indoor air temperature of 20°C(dry-bulb temperature)/
15°C(wet-bulb temperature) and an outdoor air temper-
ature of -5°C. When the first level of the opening ratio
of the outdoor expansion valve 102 is set to 50% in the
tests, the operational performances of the second to
fourth indoor units 100b, 100c and 100d operating in the
cooling mode and the operational performances of all
the indoor units 100a, 100b, 100c and 100d, which in-
clude the indoor unit operating in the heating mode and
the indoor units operating in the cooling mode, are op-
timized, as shown by the points A of FIG. 3.
[0054] For another example, when the total operation-
al load to be borne by the first indoor unit 100a operating
in the heating mode is not larger than the total opera-
tional load to be borne by the second to fourth indoor
units 100b, 100c and 100d operating in the cooling
mode, the opening ratio of the outdoor expansion valve
102 is set to a second level. In the air conditioner of the
present invention, the second level of the opening ratio
of the outdoor expansion valve 102 is stored, as data
obtained from tests, in the memory of the outdoor control
unit 120. The tests to determine the second level of the
opening ratio of the outdoor expansion valve 102 were
executed at an indoor air temperature of 27°C(dry-bulb
temperature)/19.5°C(wet-bulb temperature) and an out-
door air temperature of 15°C(dry-bulb temperature)/
10°C(wet-bulb temperature). When the second level of
the opening ratio of the outdoor expansion valve 102 is
set to 35% in the tests, the operational performances of
the second to fourth indoor units 100b, 100c and 100d
operating in the cooling mode and the operational per-
formances of all the indoor units 100a, 100b, 100c and
100d, which include the indoor unit operating in the heat-
ing mode and the indoor units operating in the cooling
mode, are optimized, as shown by the points B of FIG. 4.
[0055] After controlling the amounts of the first and
second parts of the output refrigerant to be respectively
fed to the second to fourth indoor units 200b, 200c and
200d operating in the cooling mode and the first indoor
unit 200a operating in the heating mode, the outdoor
control unit 120 compares a sensed outdoor air temper-
ature to a preset reference outdoor temperature. There-
after, the outdoor control unit 120 determines a desired
compression capacity of the compressors 103a and
103b according to a temperature comparison result, and
drives the compressors 103a and 103b based on the
desired compression capacity. For example, when the
sensed outdoor air temperature is higher than the refer-
ence outdoor temperature, the outdoor control unit 120
drives the compressors 103a and 103b to provide a first
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compression capacity. However, when the sensed out-
door air temperature is not higher than the reference
outdoor temperature, the outdoor control unit 120 drives
the compressors 103a and 103b to provide a second
compression capacity smaller than the first compres-
sion capacity. The outdoor control unit 120 thus controls
the desired compression capacity of the compressors
103a and 103b according to a variation in the outdoor
air temperature.
[0056] After the desired compression capacity of the
compressors 103a and 103b is determined, the outdoor
control unit 120 compares the pressure of the output re-
frigerant discharged from the compressors 103a and
103b to a preset reference pressure while driving the
compressors 103a and 103b to provide the desired
compression capacity, and controls the rpm of the out-
door fan 113, based on the pressure comparison result.
For example, when the output refrigerant pressure is in-
cluded between the upper and lower limits of the refer-
ence pressure, the outdoor control unit 120 continues
the operations of the compressors 103a and 103b with-
out change. However, when the output refrigerant pres-
sure is higher than the upper limit of the reference pres-
sure, the outdoor control unit 120 increases the rpm of
the outdoor fan 113, thus enhancing the heat exchang-
ing efficiency of the outdoor heat exchangers 101a and
101b and thereby reducing the output refrigerant pres-
sure. When the output refrigerant pressure is lower than
the lower limit of the reference pressure, the outdoor
control unit 120 reduces the rpm of the outdoor fan 113,
thus reducing the heat exchanging efficiency of the out-
door heat exchangers 101a and 101b and thereby in-
creasing the output refrigerant pressure. The outdoor
control unit 120 thus controls the pressure of the output
refrigerant discharged from the compressors 103a and
103b to meet the reference pressure.
[0057] A method of controlling the air conditioner hav-
ing the above-mentioned construction will be described
herein below, with reference to FIGS. 5A and 5B.
[0058] FIGS. 5A and 5B are flowcharts of the method
of controlling the air conditioner, when the air conditioner
operates in the cooling major combined-mode, with the
first indoor unit 200a operating in the heating mode and
the second to fourth indoor units 200b, 200c and 200d
operating in the cooling mode. In the following descrip-
tion, the indoor unit(s) operating in the heating mode are
referred to simply as the heating-mode indoor unit(s),
and the indoor unit(s) operating in the cooling mode are
referred to as the cooling-mode indoor unit(s), for ease
of description.
[0059] When the air conditioner is powered on, the
outdoor control unit 120 initializes the air conditioner in
operation 10, to drive the compressors 103a and 103b
and control a variety of valves, according to a preset
control program.
[0060] After the initialization in operation 10, the first
to fourth indoor control units 210a, 210b, 210c and 210d
respectively output mode signals to the outdoor control

unit 120, in operation 12. In the above state, the mode
signals respectively represent designated operating
modes of the first to fourth indoor units 200a, 200b, 200c
and 200d, thus the outdoor control unit 120 recognizes
the designated operating modes of the first to fourth in-
door units 200a, 200b, 200c and 200d, based on the
mode signals.
[0061] Thereafter, the outdoor control unit 120 deter-
mines, in operation 14, whether a number Nc of the cool-
ing-mode indoor units is larger than a number Nh of the
heating-mode indoor units.
[0062] When the number Nc of the cooling-mode in-
door units is not larger than the number Nh of the heat-
ing-mode indoor units, the air conditioner operates in a
designated operating mode which is a heating major
combined-mode, in operation 15. The operation of the
air conditioner in the heating major combined-mode is
not described in the following.
[0063] However, when the number Nc of the cooling-
mode indoor units is larger than the number Nh of the
heating-mode indoor units, the outdoor control unit 120
controls the four-way valve 104 and opens the second
ON/OFF valve 109, in operation 16, to execute the cool
major combined-mode operation of the air conditioner.
Therefore, the output refrigerant discharged from the
compressors 103a and 103b is divided into first and sec-
ond parts of which the first part sequentially passes
through the outdoor heat exchangers 101a and 101b
acting as condensers, and the outdoor expansion valve
102, prior to being fed to the cooling-mode indoor units
200b, 200c and 200d. The second part of the output re-
frigerant discharged from the compressors 103a and
103b is bypassed to reach the heating-mode indoor unit
200a, without passing through the outdoor heat ex-
changers 101a and 101b.
[0064] The first to fourth indoor control units 210a,
210b, 210c and 210d respectively calculate operational
loads to be borne by the first to fourth indoor units 200a,
200b, 200c and 200d, based on differences between the
indoor air temperatures sensed by the indoor tempera-
ture sensors 203a, 203b, 203c and 203d and the refer-
ence indoor temperatures, and respectively output in-
formation data signals representing the operational
loads to be borne by the first to fourth indoor units 200a,
200b, 200c and 200d to the outdoor control unit 120, in
operation 18.
[0065] The outdoor control unit 120 determines, in op-
eration 20, whether the total operational load LTh to be
borne by the heating-mode indoor unit 200a is larger
than the total operational load LTc to be borne by the
cooling-mode indoor units 200b, 200c and 200d. When
the total operational load LTh to be borne by the heating-
mode indoor unit 200a is larger than the total operational
load LTc to be borne by the cooling-mode indoor units
200b, 200c and 200d, the outdoor control unit 120 sets
the opening ratio V0 of the outdoor expansion valve 102
to the first level V1, in operation 22. However, when the
total operational load LTh to be borne by the heating-
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mode indoor unit 200a is not larger than the total oper-
ational load LTc to be borne by the cooling-mode indoor
units 200b, 200c and 200d, the outdoor control unit 120
sets the opening ratio V0 of the outdoor expansion valve
102 to the second level V2, in operation 24. In the air
conditioner of the present invention, the first and second
levels V1 and V2 of the opening ratio of the outdoor ex-
pansion valve 102 are stored, as data obtained from
tests, in the memory of the outdoor control unit 120.
[0066] Thereafter, the outdoor control unit 120 drives
the outdoor expansion valve 102 according to the preset
first or second level V1 or V2, in operation 26, thus con-
trolling the opening ratio V0 of outdoor expansion valve
102.
[0067] After the control for the opening ratio V0 of out-
door expansion valve 102, the outdoor control unit 120
recognizes a sensed outdoor air temperature, in opera-
tion 28, based on an outdoor temperature signal output
from the outdoor temperature sensor 108.
[0068] In operation 30, the outdoor control unit 120
determines whether the sensed outdoor air temperature
Mo is higher than the preset reference outdoor temper-
ature Mr. In the embodiment of the present invention,
the preset reference outdoor temperature Mr is 0°C.
[0069] When the sensed outdoor air temperature Mo
has been determined to be higher than the preset refer-
ence outdoor temperature Mr in operation 30, the out-
door control unit 120 sets the desired compression ca-
pacity CP of the compressors 103a and 103b to the first
compression capacity CP1, in operation 32.
[0070] Thereafter, the outdoor control unit 120 drives
the compressors 103a and 103b to provide the first com-
pression capacity CP1, in operation 34. The outdoor
control unit 120 further recognizes a sensed output re-
frigerant pressure Pd in operation 36, based on an out-
put refrigerant pressure signal output from the pressure
sensor 105.
[0071] Thereafter, the outdoor control unit 120 deter-
mines, in operation 38, whether the sensed output re-
frigerant pressure Pd is included between the lower and
upper limits P1 and P2 of a first reference pressure.
When the sensed output refrigerant pressure Pd is lower
than the lower limit P1 or higher than the higher limit P2
of the first reference pressure, the outdoor control unit
120 controls the rpm of the outdoor fan 113 in operation
40, thus controlling the output refrigerant pressure. In a
detailed description, when the sensed output refrigerant
pressure Pd is higher than the upper limit P2 of the first
reference pressure, the outdoor control unit 120 in-
creases the rpm of the outdoor fan 113, thus enhancing
the heat exchanging efficiency of the outdoor heat ex-
changers 101a and 101b and thereby reducing the out-
put refrigerant pressure. However, when the sensed
output refrigerant pressure Pd is lower than the lower
limit P1 of the first reference pressure, the outdoor con-
trol unit 120 reduces the rpm of the outdoor fan 113, thus
reducing the heat exchanging efficiency of the outdoor
heat exchangers 101a and 101b and thereby increasing

the output refrigerant pressure. In the above state, the
outdoor control unit 120 controls the rpm of the outdoor
fan 113, based on an rpm signal output from the rpm
sensor 114. After the control for the rpm of the outdoor
fan 113 of operation 40, the process is returned to op-
eration 36.
[0072] When the sensed outdoor air temperature Mo
has been determined to be not higher than the preset
reference outdoor temperature Mr in operation 30, the
outdoor control unit 120 sets the desired compression
capacity CP of the compressors 103a and 103b to the
second compression capacity CP2 smaller than the first
compression capacity CP1, in operation 42. The out-
door control unit 120 thus appropriately determines the
desired compression capacity CP of the compressors
103a and 103b, according to a variation in the outdoor
air temperatures, thereby enhancing the operational
performance of the air conditioner.
[0073] After setting the desired compression capacity
CP of the compressors 103a and 103b to the second
compression capacity CP2, the outdoor control unit 120
drives the compressors 103a and 103b to provide the
second compression capacity CP2, in operation 44. The
outdoor control unit 120 further recognizes a sensed
output refrigerant pressure Pd in operation 46, based
on an output refrigerant pressure signal output from the
pressure sensor 105. Thereafter, the outdoor control
unit 120 determines, in operation 48, whether the
sensed output refrigerant pressure Pd is included be-
tween the lower and upper limits P11 and P12 of a sec-
ond reference pressure.
[0074] When the sensed output refrigerant pressure
Pd is lower than the lower limit P11 or higher than the
higher limit P12 of the second reference pressure, the
outdoor control unit 120 controls the rpm of the outdoor
fan 113 in operation 50, thus controlling the output re-
frigerant pressure. In other words, when the sensed out-
put refrigerant pressure Pd is higher than the upper limit
P12 of the second reference pressure, the outdoor con-
trol unit 120 increases the rpm of the outdoor fan 113,
thus enhancing the heat exchanging efficiency of the
outdoor heat exchangers 101a and 101b and thereby
reducing the output refrigerant pressure. However,
when the sensed output refrigerant pressure Pd is lower
than the lower limit P11 of the second reference pres-
sure, the outdoor control unit 120 reduces the rpm of the
outdoor fan 113, thus reducing the heat exchanging ef-
ficiency of the outdoor heat exchangers 101a and 101b
and thereby increasing the output refrigerant pressure.
After the control for the rpm of the outdoor fan 113 of
operation 50, the process is returned to operation 46.
[0075] When the outdoor control unit 120 determines,
in operation 38 or 48, that the sensed output refrigerant
pressure Pd is included between the lower and upper
limits P1 and P2 of the first reference pressure, or be-
tween the lower and upper limits P11 and P12 of the
second reference pressure, the outdoor control unit 120
determines, in operation 52, whether the cooling major
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combined-mode operation of the air conditioner must be
stopped or not. When the outdoor control unit 120 de-
termined that the cooling major combined-mode opera-
tion of the air conditioner must be continued, the process
is retuned to operation 12 so as to continue the cooling
major combined-mode operation of the air conditioner.
[0076] However, when the outdoor control unit 120
determined that the cooling major combined-mode op-
eration of the air conditioner must be stopped, the out-
door control unit 120 stops the operations of the com-
pressors 103a and 103b, the outdoor fan 113, and other
drive parts, thus stopping the cooling major combined-
mode operation of the air conditioner.
[0077] As apparent from the above description, the
present invention provides an air conditioner having an
outdoor unit and a plurality of indoor units connected to
the outdoor unit, and a method of controlling an opera-
tion of the air conditioner. In the air conditioner and the
control method thereof, an outdoor control unit controls
amounts of refrigerant fed from compressors to the in-
door units, in response to operational loads to be borne
by the indoor units, thus appropriately responding to var-
iations in the operational loads to be borne by the indoor
units. Particularly when the air conditioner operates in
a combined mode in which some indoor units operate
in a cooling mode and some other indoor units operate
in a heating mode, at the same time, the cooling-mode
performance and the heating-mode performance of the
indoor units are optimized. The air conditioner thus op-
timally operates in the combined mode. Furthermore,
the outdoor control unit of the air conditioner determines
a desired compression capacity of the compressors ac-
cording to outdoor air temperatures, and controls an rpm
of an outdoor fan according to pressures of the output
refrigerant discharged from the compressors, thus opti-
mally operating the compressors in response to varia-
tions in the outdoor air temperatures.
[0078] Although a preferred embodiment of the
present invention has been shown and described, it
would be appreciated by those skilled in the art that
changes may be made in these embodiments without
departing from the principles and spirit of the invention,
the scope of which is defined in the claims and their
equivalents.
[0079] Attention is directed to all papers and docu-
ments which are filed concurrently with or previous to
this specification in connection with this application and
which are open to public inspection with this specifica-
tion, and the contents of all such papers and documents
are incorporated herein by reference.
[0080] All of the features disclosed in this specifica-
tion (including any accompanying claims, abstract and
drawings), and/or all of the steps of any method or proc-
ess so disclosed, may be combined in any combination,
except combinations where at least some of such fea-
tures and/or steps are mutually exclusive.
[0081] Each feature disclosed in this specification (in-
cluding any accompanying claims, abstract and draw-

ings) may be replaced by alternative features serving
the same, equivalent or similar purpose, unless ex-
pressly stated otherwise. Thus, unless expressly stated
otherwise, each feature disclosed is one example only
of a generic series of equivalent or similar features.
[0082] The invention is not restricted to the details of
the foregoing embodiment(s). The invention extends to
any novel one, or any novel combination, of the features
disclosed in this specification (including any accompa-
nying claims, abstract and drawings), or to any novel
one, or any novel combination, of the steps of any meth-
od or process so disclosed.

Claims

1. An air conditioner, comprising:

an outdoor unit (100) having a compressor
(103a/b), an outdoor heat exchanger (101a/b),
an outdoor expansion valve (102) and an ON/
OFF valve (109);
a plurality of indoor units (200a-d) respectively
having a plurality of indoor heat exchangers
(201a-d);
a first refrigerant line (HPP) through which a re-
frigerant discharged from the compressor
(103a/b) flows from the compressor (103a/b) to
the plurality of indoor units (200a-d) while pass-
ing through the ON/OFF valve (109);
a second refrigerant line (RP) through which
the refrigerant discharged from the compressor
(103a/b) flows from the compressor (103a/b) to
the plurality of indoor units (200a-d) while pass-
ing through the outdoor heat exchanger (101a/
b) and the outdoor expansion valve (102); and
a control unit (120, 210a-d) to control an
amount of the refrigerant flowing through the
first refrigerant line (HPP) and an amount of the
refrigerant flowing through the second refriger-
ant line (RP), according to operational loads to
be borne by the plurality of indoor units (200a-
d).

2. The air conditioner according to claim 1, wherein
the ON/OFF valve (109) is connected at an inlet
thereof to a position between the compressor
(103a/b) and the outdoor heat exchanger (101a/b),
and is connected at an outlet thereof to the plurality
of indoor units (200a-d).

3. The air conditioner according to claim 1 or claim 2,
wherein the outdoor expansion valve (102) is con-
nected to an outlet of the outdoor heat exchanger
(101a/b).

4. The air conditioner according to any preceding
claim, wherein the control unit (120, 210a-d) con-
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trols the ON/OFF valve (109) and the outdoor ex-
pansion valve (102) so as to control the amount of
the refrigerant flowing through the first refrigerant
line (HPP) and the amount of the refrigerant flowing
through the second refrigerant line (RP).

5. The air conditioner according to any preceding
claim, wherein the control unit (120, 210a-d) com-
prises:

an indoor control unit (210a-d) to provide the
operational loads to be borne by the plurality of
indoor units (200a-d) operating in a cooling
mode or a heating mode; and
an outdoor control unit (120) to control the ON/
OFF valve (109) and an opening ratio of the out-
door expansion valve (102), in response to the
operational loads provided by the indoor control
unit (210a-d).

6. The air conditioner according to claim 5, wherein
the outdoor control unit (120) determines the open-
ing ratio of the outdoor expansion valve (102), so
as to optimize operational performances of the in-
door units (200a-d) operating in the cooling mode
and operational performances of all the indoor units
(200a-d) which include the indoor units (200a-d) op-
erating in the cooling mode and the indoor units
(200a-d) operating in the heating mode, during a
cooling major combined-mode operation in which a
major part of the indoor units (200a-d) operates in
the cooling mode and a minor part of the indoor
units (200a-d) operates in the heating mode.

7. The air conditioner according to claim 5 or claim 6,
wherein the plurality of indoor units (200a-d) further
comprise a plurality of indoor temperature sensors
(203a-d), respectively, and the indoor control unit
(210a-d) provides the operational loads, which are
borne by the plurality of indoor units (200a-d), ac-
cording to differences between indoor temperatures
around the indoor units (200a-d) and preset refer-
ence temperatures.

8. The air conditioner according to any one of claims
5 to 7, wherein the outdoor control unit (120) com-
pares a total operational load to be borne by the in-
door units (200a-d) operating in the heating mode
to a total operational load to be borne by the indoor
units (200a-d) operating in the cooling mode, and
determines the opening ratio of the outdoor expan-
sion valve (102) according to a result of the total
operational load comparison.

9. An air conditioner, comprising:

an outdoor unit (100) having a compressor
(103a/b), an outdoor heat exchanger (101a/b),

an outdoor expansion valve (102), an ON/OFF
valve (109), an outdoor fan (113), an outdoor
temperature sensor (108) and a pressure sen-
sor (105);
a plurality of indoor units (200a-d) each having
an indoor temperature sensor (203a-d) and an
indoor heat exchanger (201a-d);
a first refrigerant line (HPP) through which a re-
frigerant discharged from the compressor
(103a/b) flows from the compressor (103a/b) to
the plurality of indoor units (200a-d) while pass-
ing through the ON/OFF valve (109);
a second refrigerant line (RP) through which
the refrigerant discharged from the compressor
(103a/b) flows from the compressor (103a/b) to
the plurality of indoor units (200a-d) while pass-
ing through the outdoor heat exchanger (101a/
b) and the outdoor expansion valve (102);
an indoor control unit (210a-d) to provide oper-
ational loads, which are borne by the plurality
of indoor units (200a-d), according to differenc-
es between indoor temperatures sensed by the
indoor temperature sensors (203a-d) of the in-
door units (200a-d) and preset reference tem-
peratures; and
an outdoor control unit (120) to control the ON/
OFF valve (109) and an opening ratio of the out-
door expansion valve (102) in response to the
operational loads provided by the indoor control
unit (210a-d), and to determine a desired com-
pression capacity of the compressor (103a/b)
according to an outdoor temperature sensed by
the outdoor temperature sensor (108), and to
control a rotating speed of the outdoor fan (113)
according to an output refrigerant pressure of
the compressor (103a/b) which is sensed by
the pressure sensor (105) when the compres-
sor (103a/b) operates according to the desired
compression capacity.

10. The air conditioner according to claim 9, wherein
the outdoor control unit (120) determines the de-
sired compression capacity of the compressor
(103a/b) to be higher as the outdoor temperature,
sensed by the outdoor temperature sensor (108), is
higher.

11. The air conditioner according to claim 10, wherein
the outdoor control unit (120) increases the rotating
speed of the outdoor fan (113) to reduce the output
refrigerant pressure of the compressor (103a/b),
and reduces the rotating speed of the outdoor fan
(113) to increase the output refrigerant pressure of
the compressor (103a/b).

12. The air conditioner according to claim 11, wherein
the outdoor unit (100) further comprises a speed
sensor (114) to sense the rotating speed of the out-
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door fan (113), and the outdoor control unit (12) con-
trols the outdoor fan (113) according to the rotating
speed of the outdoor fan (113) which is sensed by
the speed sensor (114).

13. A method of controlling an air conditioner, the air
conditioner having an outdoor unit (100) having a
compressor (103a/b), an outdoor heat exchanger
(101a/b), an outdoor expansion valve (102) and an
ON/OFF valve (109); a plurality of indoor units
(200a-d) respectively having a plurality of indoor
heat exchangers (201a-d); a first refrigerant line
(HPP) through which a refrigerant discharged from
the compressor (103a/b) flows from the compressor
(103a/b) to the plurality of indoor units (200a-d)
while passing through the ON/OFF valve (109); and
a second refrigerant line (RP) through which the re-
frigerant discharged from the compressor (103a/b)
flows from the compressor to the plurality of indoor
units (200a-d) while passing through the outdoor
heat exchanger (101a/b) and the outdoor expan-
sion valve (102), the method comprising:

calculating operational loads to be borne by the
plurality of indoor units (200a-d); and
controlling an amount of the refrigerant flowing
through the first refrigerant line (HPP) and an
amount of the refrigerant flowing through the
second refrigerant line (RP), according to the
operational loads to be borne by the plurality of
indoor units (200a-d).

14. The method according to claim 13, wherein the op-
erational loads to be borne by the plurality of indoor
units (200a-d) are calculated according to differenc-
es between indoor temperatures around the indoor
units (200a-d) and preset reference temperatures.

15. The method according to claim 13 or claim 14,
wherein the calculating of the operational loads and
the controlling of the amounts of the refrigerant
comprise:

calculating a total operational load to be borne
by indoor units (200a-d) operating in a cooling
mode and a total operational load to be borne
by indoor units (200a-d) operating in a heating
mode during a cooling major combined-mode
operation in which a major part of the plurality
of indoor units (200a-d) operates in the cooling
mode and a minor part of the plurality of indoor
units (200a-d) operates in the heating mode;
comparing the total operational load to be
borne by the indoor units (200a-d) operating in
the cooling mode to the total operational load
to be borne by the indoor units (200a-d) oper-
ating in the heating mode; and
controlling the ON/OFF valve (109) and an

opening ratio of the outdoor expansion valve
(102) according to a result of the comparing of
the total operational loads.

16. The method according to claim 15, wherein the con-
trolling of the opening ratio of the outdoor expansion
valve (102) is executed to optimize operational per-
formances of the indoor units (200a-d) operating in
the cooling mode and operational performances of
all the indoor units (200a-d) which include the in-
door units (200a-d) operating in the cooling mode
and the indoor units operating in the heating mode,
during the cooling major combined-mode opera-
tion.

17. The method according to any one of claims 13 to
16, further comprising:

sensing an outdoor temperature by an outdoor
temperature sensor (108) provided in the out-
door unit (100), after the controlling of the
amounts of the refrigerant; and
determining a desired compression capacity of
the compressor (103a/b) according to the out-
door temperature sensed by the outdoor tem-
perature sensor (108).

18. The method according to claim 17, further compris-
ing:

sensing an output refrigerant pressure of the
compressor (103a/b) when the compressor
(103a/b) operates according to the desired
compression capacity; and
controlling a rotating speed of an outdoor fan
(113) provided in the outdoor unit (100), accord-
ing to the output refrigerant pressure of the
compressor (103a/b).

19. The method according to claim 18, wherein the con-
trolling of the rotating speed of the outdoor fan (113)
comprises:

comparing the output refrigerant pressure of
the compressor (103a/b) to a preset reference
pressure; and
increasing the rotating speed of the outdoor fan
(113) when the output refrigerant pressure of
the compressor (103a/b) is higher than the pre-
set reference pressure, and reducing the rotat-
ing speed of the outdoor fan (113) when the out-
put refrigerant pressure of the compressor
(103a/b) is lower than the preset reference
pressure.
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