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(54)  Air conditioner and method of controlling the same

(57) Disclosed herein are a simultaneous cooling
and heating type multi-system air conditioner and a meth- Fig.1
od of controlling the same that can minimize noise gen-
erated when operation mode of each indoor unit is
changed. The air conditioner includes a compressor, at
least one indoor unit, a mode change unit having a cool-
ing valve openable to perform a cooling operation of the
indoor unit and a heating valve openable to perform a
heating operation of the indoor unit, a refrigerant cycle
to connect the compressor, the mode change unit, and
the indoor unit, a hot gas bypass valve disposed between
inlet and outlet sides of the compressor, and a controller
to control the cooling valve to be turned off for a first
predetermined time around the point of time when the
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of Korean
Patent Application No. 2006-2278, filed on January 9,
2006 in the Korean Intellectual Property Office, the dis-
closure of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0002] The present invention relates to an air condi-
tioner and a method of controlling the same, and, more
particularly, to a simultaneous cooling and heating type
multi-system air conditioner that includes a plurality of
indoor units and that is capable of performing simultane-
ous cooling and heating, and a method of controlling the
same.

2. Description of the Related Art

[0003] A simultaneous cooling and heating type multi-
system air conditioner is constructed in a structure in
which a plurality of indoor units are connected in parallel
with at least one outdoor unit. The indoor units are elec-
trically connected to the at least one outdoor unit via a
communication line and a power line. The indoor units
and the at least one outdoor unit includes a plurality of
refrigerant pipes and valves to control the flow and the
amount of refrigerant.

[0004] Simultaneous cooling and heating means that
a cooling or heating operation is selectively performed in
each indoor unit. In performing such simultaneous cool-
ing and heating, cooling or heating is selectively per-
formed in each indoor unit depending upon the need of
a user or indoor environment. A cooling valve and a heat-
ing valve are used to perform one of the cooling and
heating operations. Specifically, when the cooling valve
is opened, the corresponding indoor unit performs the
cooling operation. When the heating valve is opened, the
corresponding indoor unit performs the heating opera-
tion.

[0005] Inthis way, the cooling operation or the heating
operation is performed in each indoor unit. To this end,
each indoor unit needs necessary cooling capacity or
heating capacity from the at least one outdoor unit. When
the total cooling capacity needed by the indoor units is
greater than the total heating capacity, a main cooling
operation is performed in the at least one outdoor unit.
On the other hand, when the total heating capacity need-
ed by the indoor units is greater than the total cooling
capacity, a main heating operation is performed in the at
least one outdoor unit. When there is switch between the
main cooling operation and the main heating operation
in the at least one outdoor unit, the flow direction of re-
frigerant discharged from a compressor is also changed.
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At this time, a four-way valve is used.

[0006] During the operation of the at least one outdoor
unit, when the cooling valve is closed and, at the same
time, the heating valve is opened such that the operation
mode is changed from the cooling mode to the heating
mode in the indoor units, or when the heating valve is
closed and, at the same time, the cooling valve is opened
such that the operation mode is changed from the heating
mode to the cooling mode in the indoor units, high-pres-
sure refrigerant discharged from the compressor flows
abruptly through the opened valve, and therefore, refrig-
erant flow noise is generated.

[0007] Furthermore, in the simultaneous cooling and
heating type multi-system air conditioner, the valve open-
ing and closing operations for switching between the
cooling and heating operations in the respective indoor
units are more frequently performed as the number of
the indoor units is increased. As a result, discomfort of a
user due to abrupt refrigerant flow noise is further in-
creased.

SUMMARY OF THE INVENTION

[0008] Therefore, itis an aspect of the invention to min-
imize noise generated when operation mode of each in-
door unitis changed in a simultaneous cooling and heat-
ing type multi-system air conditioner.

[0009] In accordance with one aspect, the present in-
vention provides an air conditioner comprising: a com-
pressor; at least one indoor unit; a mode change unit
including a cooling valve openable to perform a cooling
operation of the indoor unit and a heating valve openable
to perform a heating operation of the indoor unit; a refrig-
erant cycle to connect the compressor, the mode change
unit, and the indoor unit; a hot gas bypass valve disposed
between inlet and outlet sides of the compressor; and a
controller to control the cooling valve to be turned off for
a first predetermined time around the point of time when
the hot gas bypass valve is turned on, when operation
mode of the indoor unit is changed from cooling mode to
heating mode, so as to minimize the difference between
the pressure of a high-pressure section of the refrigerant
cycle and the pressure of an outlet side of the indoor unit.
[0010] Preferably, the controller controls the compres-
sor to be turned off around the point of time when the hot
gas bypass valve is turned on.

[0011] Preferably, the controller controls the compres-
sor to be turned on and the cooling valve to be turned off
when a second predetermined time has elapsed after the
cooling valve and the heating valve are turned on.
[0012] Preferably, the controller controls the hot gas
bypass valve to be turned off when a third predetermined
time has elapsed after the compressor is turned on.
[0013] Preferably, the controller controls the cooling
valve and the heating valve to be turned on after the first
predetermined time has elapsed.

[0014] Preferably, the cooling valve and the heating
valve are normally closed type valves, which are turned
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on to make refrigerant forcibly flow in a predetermined
direction.

[0015] Preferably, the atleast one indoor unit compris-
es a plurality of indoor units, and, when the total heating
capacity needed in the indoor units is greater than the
total cooling capacity, the controller controls the cooling
valve to be turned off so as to minimize the difference
between the pressure of a high-pressure section of the
refrigerant cycle and the pressure of outlet sides of the
indoor units.

[0016] Preferably, the controller controls the cooling
valve to be turned off for the first predetermined time such
that the pressure of the high-pressure section of the re-
frigerant cycle and the pressure of the outlet side of the
indoor unit can be increased in unison to a middle pres-
sure, which is between a low pressure and a high pres-
sure.

[0017] Inaccordance with another aspect, the present
invention provides a method of controlling an air condi-
tioner comprising a compressor, at least one indoor unit,
a mode change unit including a cooling valve openable
to perform a cooling operation of the indoor unit and a
heating valve openable to perform a heating operation
of the indoor unit, a refrigerant cycle to connect the com-
pressor, the mode change unit, and the indoor unit, and
a hot gas bypass valve disposed between inlet and outlet
sides of the compressor, wherein the method comprises
controlling the cooling valve to be turned off for a first
predetermined time around the point of time when the
hot gas bypass valve is turned on, when operation mode
ofthe indoor unitis changed from cooling mode to heating
mode, so as to minimize the difference between the pres-
sure of a high-pressure section of the refrigerant cycle
and the pressure of an outlet side of the indoor unit.
[0018] Preferably, the method further comprises: con-
trolling the compressor to be turned off around the point
of time when the hot gas bypass valve is turned on.
[0019] Preferably, the method further comprises: con-
trolling the compressor to be turned on and the cooling
valve to be turned off when a second predetermined time
has elapsed after the cooling valve and the heating valve
are turned on.

[0020] Preferably, the method further comprises: con-
trolling the hot gas bypass valve to be turned off when a
third predetermined time has elapsed after the compres-
sor is turned on.

[0021] Preferably, the method further comprises: con-
trolling the cooling valve and the heating valve to be
turned on after the first predetermined time has elapsed.
[0022] Preferably, the cooling valve and the heating
valve are normally closed type valves, which are turned
on to make refrigerant forcibly flow in a predetermined
direction.

[0023] Preferably, the atleast one indoor unit compris-
es a plurality of indoor units, and the method further com-
prises: when the total heating capacity needed in the in-
door units is greater than the total cooling capacity, con-
trolling the cooling valve to be turned off so as to minimize
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the difference between the pressure of a high-pressure
section of the refrigerant cycle and the pressure of outlet
sides of the indoor units.

[0024] Preferably, the method further comprises: con-
trolling the cooling valve to be turned off for the first pre-
determined time such that the pressure of the high-pres-
sure section of the refrigerant cycle and the pressure of
the outlet side of the indoor unit can be increased in uni-
son to a middle pressure, which is between a low pres-
sure and a high pressure.

[0025] Additional aspects and/or advantages of the in-
vention 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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] These and/or other aspects and advantages of
the invention will become apparent and more readily ap-
preciated from the following description of the embodi-
ments, taken in conjunction with the accompanying draw-
ings, of which:

FIG. 1 is a view illustrating a refrigerant cycle of an
air conditioner according to an embodiment of the
present invention;

FIG. 2 is a view illustrating a control system of the
air conditioner shown in FIG. 1;

FIG. 3 is a flow chartillustrating a method of control-
ling an air conditioner according to an embodiment
of the present invention;

FIG. 4 is a flow chart illustrating a control method
when operation mode is changed from main cooling
mode to heating mode in the method of controlling
the air conditioner shown in FIG. 3;

FIG. 5 is a timing chart illustrating the operation and
pressure characteristics of respective components
in the control method shown in FIG. 4;

FIG. 6 is a flow chart illustrating a control method
when operation mode is changed from main cooling
mode to main heating mode in the method of con-
trolling the air conditioner shown in FIG. 3; and
FIG. 7 is a timing chart illustrating the operation and
pressure characteristics of respective components
in the control method shown in FIG. 6.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0027] Reference will now be made in detail to the em-
bodiment of the presentinvention, examples of which are
illustrated in the accompanying drawings. The embodi-
ment is described below to explain the present invention
by referring to the figures.

[0028] FIG. 1 is a view illustrating a refrigerant cycle
of an air conditioner according to an embodiment of the
presentinvention. As shown in FIG. 1, the air conditioner
includes an outdoor unit 120, first to third indoor units
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140a, 140b, and 140c, and a mode change unit (MCU)
160.

[0029] In the outdoor unit 120 is provided a four-way
valve 124, which decides the flow direction of refrigerant
discharged from a compressor 122. Specifically, the four-
way valve 124 is constructed in a structure in which its
refrigerant channel is changed such that high-tempera-
ture and high-pressure refrigerant discharged from the
compressor 122 flows to a high-pressure gas pipe elec-
tronic valve 186a and an outdoor heat exchanger 126
during a main cooling operation, and its refrigerant chan-
nelis changed such that refrigerant is supplied to the first
to third indoor units 140a, 140b, and 140c through a
check valve 188 and the mode change unit 160 during a
main heating operation. The outdoor heat exchanger 126
performs heat exchange between outdoor air introduced
into the outdoor unit 120 through an outdoor unit fan 102
and the refrigerant. In the outdoor unit 120 is also pro-
vided an outdoor electronic expansion valve 128 to ex-
pand refrigerant, a liquid receiver 130 to separate liquid-
state refrigerant from gas-state refrigerant, and an accu-
mulator 132. The refrigerant flow between the first to third
indoor units 140a, 140b, and 140c and the outdoor unit
120 is achieved through a high-pressure gas pipe 134
and a low-pressure gas pipe 136.

[0030] The piping and the valve location in the outdoor
unit 120 are as follows. The low-pressure gas pipe 136
is connected to the inlet side of the compressor 122 via
the accumulator 132, and a high-pressure liquid pipe 138
is connected to the outdoor electronic expansion valve
128 via the liquid received 130. An outdoor electronic
valve 182a and a check valve 182b, which are connected
in parallel to the outdoor electronic expansion valve 128,
are opened during the cooling operation. As a result, the
liquid refrigerant discharged from the outdoor heat ex-
changer 126 flows through the outdoor electronic valve
182a and the check valve 182b, i.e., the refrigerant by-
passes the outdoor electronic expansion valve 128. Con-
sequently, the refrigerant is supplied to the MCU 160
without loss of pressure. On the other hand, the outdoor
electronic valve 182a is fully closed during the heating
operation. Consequently, the refrigerant flows through
the outdoor electronic expansion valve 128 such that the
refrigerant is expanded.

[0031] Between the four-way valve 124 and the inlet
of the outdoor heat exchanger 126 is connected a high-
pressure branch pipe 184, which diverges from the high-
pressure gas pipe 134. On the high-pressure branch pipe
184 are mounted the high-pressure gas pipe electronic
valve 186a, which is an opening and closing valve, and
a check valve 186b to prevent backward-flow of the re-
frigerant from the high-pressure gas pipe 134. Between
the four-way valve 124 and the high-pressure liquid pipe
138 is also mounted another check valve 188 to prevent
backward-flow of the refrigerant.

[0032] The first to third indoor units 140a, 140b, and
140c are connected in parallel to the outdoor unit 120.
Thefirstto thirdindoor units 140a, 140b, and 140cinclude
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first to third indoor heat exchangers 142a, 142b, and
142c, and first to third indoor electronic expansion valves
144a, 144b, and 144c, respectively.

[0033] The MCU 160 serves to switch between the
cooling and heating operations of the first to third indoor
units 140a, 140b, and 140c. The MCU 160 includes first
to third high-pressure gas branch pipes 166a, 166b, and
166¢, which diverge from the high-pressure gas pipe 134.
First to third heating valves 162a, 162b, and 162c are
mounted on the first to third high-pressure gas branch
pipes 166a, 166b, and 166¢c, respectively. The MCU 160
further includes first to third low-pressure gas branch
pipes 168a, 168b, and 168c, which diverge from the low-
pressure gas pipe 136. First to third cooling valves 164a,
164b, and 164c are mounted on the first to third low-
pressure gas branch pipes 168a, 168b, and 168c, re-
spectively.

[0034] Thefirstheating valve 162a and the first cooling
valve 164a are connected to a first refrigerant pipe 170a,
which is connected to the first indoor heat exchanger
142a. The second and third heating valves 162b and
162c and the second and third cooling valves 164b and
164c are connected to second and third refrigerant pipes
170b and 170c in consecutive order. An MCU electronic
valve 104 is mounted on the refrigerant pipe between the
respective firstto third indoor electronic expansion valves
144a, 144b, and 144c and the liquid receiver 130 of the
outdoor unit 120. The MCU electronic valve 104 is
opened, when the number of the indoor units performing
the cooling operation is greater than the number of the
indoor units performing the heating operation, to control
the refrigerant discharged from the indoor unit performing
the cooling operation not to be excessively supplied to
the indoor unit performing the heating operation.

[0035] FIG. 2 is a view illustrating a control system of
the air conditioner shown in FIG. 1. As shown in FIG. 2,
the outdoor unit 120 further includes an outdoor unit mi-
crocomputer 202 to control components of the outdoor
unit 120. The first to third indoor units 140a, 140b, and
140c further include first to third indoor unit microcom-
puters 206a, 206b, and 206¢ to control components of
the first to third indoor units, respectively. The MCU 160
further includes a MCU microcomputer 204 to control the
first to third cooling valves 164a, 164b, and 164c and the
first to third heating valves 162a, 162b, and 162c.
[0036] The outdoor unit 120 is operated in any one of
"cooling mode," "heating mode," "main cooling mode,"
and "main heating mode" depending upon the ratio of
cooling capacity to heating capacity needed by the indoor
units 140a, 140b, and 140c. The "cooling mode" is an
operation mode performed when only the cooling capac-
ity is needed by the indoor units 140a, 140b, and 140c,
but the heating capacity is not needed by the indoor units
140a, 140b, and 140c. The "heating mode" is an opera-
tion mode performed when only the heating capacity is
needed by the indoor units 140a, 140b, and 140c, but
the cooling capacity is not needed by the indoor units
140a, 140b, and 140c. The "main cooling mode" is an
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operation mode performed when the cooling capacity
needed by the indoor units 140a, 140b, and 140cis great-
er than the heating capacity needed by the indoor units
140a, 140b, and 140c. The "main heating mode" is an
operation mode performed when the heating capacity
needed by the indoor units 140a, 140b, and 140cis great-
er than the cooling capacity needed by the indoor units
140a, 140b, and 140c.

[0037] FIG. 3 is a flow chart illustrating a method of
controlling an air conditioner according to an embodiment
of the present invention. As shown in FIG. 3, indoor air
temperature and outdoor air temperature are measured,
and user-set temperatures set for the respective indoor
units 140a, 140b, and 140c are determined (302). Based
on the indoor air temperature, the outdoor air tempera-
ture, and the user-set temperatures for the indoor units,
necessary cooling capacity and heating capacity are cal-
culated (304). FIG. 3 shows that the operation is initiated
in the "main cooling mode," and the operation mode is
changed to the "heating mode" and the "main heating
mode."

[0038] Specifically, when the cooling operation is
needed in the firstindoor unit 140a and the second indoor
unit 140b, the heating operation is needed in the third
indoor unit 140c, and the total cooling capacity needed
by the first indoor unit 140a and the second indoor unit
140b is greater than the heating capacity needed by the
third indoor unit 140c, as a result of the calculation of
necessary cooling capacity and heating capacity, the air
conditioner is operated in the "main cooling mode" (306).
At this time, the cooling operation is performed in the first
indoor unit 140a and the second indoor unit 140b, and
the heating operation is performed in the third indoor unit
140c.

[0039] When the heating operation is needed in the
first indoor unit 140a ('yes’ of 308), and the heating op-
eration is needed in the second indoor unit 140b ('yes’
of 310) during the operation in the "main cooling mode,"
the operation mode is changed from the "main cooling
mode" to the "heating mode" (312). At this time, the heat-
ing operation is performed in all the indoor units 140a,
140b, and 140c.

[0040] On the other hand, when the heating operation
is needed in the first indoor unit 140a, which is in the
cooling operation ('no’ of 310), or the heating operation
is needed in the second indoor unit 140b ('yes’ of 314),
the operation mode is changed from the "main cooling
mode" to the "main heating mode" (316). At this time, the
cooling operation is performed in one of the first and sec-
ond indoor units 140a and 140b, and the heating opera-
tion is performed in the other indoor units.

[0041] Whenthe cooling operation is continuously per-
formed in the first indoor unit 140a and the second indoor
unit 140b ('no’ of 314), the air conditioner is continuously
operated in the "main cooling mode" without changing
the operation mode (318).

[0042] The cooling valves 164a, 164b, and 164c and
the heating valves 162a, 162b, and 162c are normally

10

15

20

25

30

35

40

45

50

55

closed type valves, which use power only when the
valves are opened, thereby reducing power consump-
tion. When the normally closed type valves are turned
on (opened), refrigerant forcibly flows in a predetermined
direction. When the normally closed type valves are
turned off, however, the refrigerant may flow backward
from the high-pressure side to the low-pressure side ir-
respective of the predetermined direction. Due to the
backward-flow of the refrigerant, chattering noise is gen-
erated from the valves.

[0043] In the embodiment of the present invention, a
control method, which will be described below in detail
with reference to FIGS. 4 to 7, is performed to reduce
the chattering noise generated when the operation mode
is changed from the "main cooling mode" to the "heating
mode" or the "main heating mode" (312 and 316 of FIG.
3).

[0044] FIG. 4 is aflow chart illustrating a control meth-
od when the operation mode is changed from the "main
cooling mode" to the "heating mode" in the method of
controlling the air conditioner shown in FIG. 3. As shown
in FIG. 4, the compressor 122 is turned off (stopped), a
hot gas bypass valve 106 is turned on (opened), and the
firstand second cooling valves 164a and 164b are turned
off (closed) so as to change the operation mode from the
"main cooling mode" to the "heating mode" (402). In this
state, when a first predetermined time t1 (for example,
approximately 1 minute) has elapsed ('yes’ of 404), all
of the cooling valves and the heating valves of the indoor
units performing the operation are turned on (406). In this
embodiment, the first to third cooling valves 162a, 162b,
and 162c and the first and second heating valves 164a
and 164b are turned on (opened) except for the third
heating valve 164c of the third indoor unit 140c, which
has already been turned on.

[0045] Inthis state, whena second predetermined time
t2 (for example, approximately 2 minutes) has elapsed
('yes’ of 408), the compressor 122 is turned on such that
the operation is performed in the "heating mode," and
the first to third cooling valves 164a, 164b, and 164c are
all turned off (410). At this time, the first to third heating
valves 162a, 162b, and 162c remain off. The hot gas
bypass valve 106 remains on for a third predetermined
time t3 (for example, approximately 1 minute) even after
the compressor 122 has been turned on. When the third
predetermined time has elapsed ('yes’ of 412), the hot
gas bypass valve 106 is turned off (414). The reason why
there is a gap between the point of time when the com-
pressor 122 is turned on and the point of time when the
hot gas bypass valve 106 is turned off is to smoothly
operate the compressor 122. As the hot gas bypass valve
106 is turn off while the compressor 122 is on, the low-
pressure section of the refrigerant cycle is maintained at
low pressure, the high-pressure section of the refrigerant
cycle is maintained at high pressure, and the needed
heating operation is performed in the respective indoor
units (416).

[0046] FIG.5is atiming chartillustrating the operation
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and pressure characteristics of the respective compo-
nents in the control method shown in FIG. 4. As shown
in FIG. 5, when the cooling valves 164a and 164b of the
first and second indoor units 140a and 140b, which need
to be changed from the cooling operation to the heating
operation, are turned off at the point of time when the
compressor 122 is turned off and around the point of time
when the hot gas bypass valve 106 is turned on (prefer-
ably, at the same time), the pressure of the low-pressure
section of the refrigerant cycle (for example, approxi-
mately 5 kg/cm?) is gradually increased to a middle pres-
sure (for example, approximately 10 kg/cm?). As a result,
the outlet-side pressure of the first and second indoor
units 140a and 140b, which have performed the cooling
operation, is also gradually increased from the low pres-
sure (approximately 5 kg/cm2) to the middle pressure
(approximately 10 kg/cm?).

[0047] On the other hand, when the cooling valves
164a and 164b of the first and second indoor units 140a
and 140b, which have performed the cooling operation,
are not turned off at the point of time when the compressor
122 is turned off and around the point of time when the
hot gas bypass valve 106 is turned on, but, as indicated
by an arrow 502 of FIG. 5, the cooling valves 164a and
164b are turned off later than the point of time when the
compressor 122 is turned off and the point of time when
the hot gas bypass valve 106 is turned on, the outlet-side
pressure of the first and second indoor units 140a and
140b, which have performed the cooling operation, has
a pressure characteristic 504 as indicated by a dotted
line of FIG. 5(l). Specifically, the outlet-side pressure of
the first and second indoor units 140a and 140b, which
have performed the cooling operation, is maintained at
the low pressure (approximately 5 kg/cm?) until the point
of time when the cooling valves 140a and 140b are turned
off is reached. On the other hand, the pressure of the
low-pressure section (i.e., the low-pressure gas pipe 136)
is increased to the middle pressure (approximately 10
kg/cm2) by the pressure equilibrium between the low-
pressure section and the high-pressure section due to
the turn-on of the hot gas bypass valve 106. When the
cooling valves 164a and 164b of the first and second
indoor units 140a and 140b, which have performed the
cooling operation, are turned off, while the outlet-side
pressure of the first and second indoor units 140a and
140b, which have performed the cooling operation, is the
lower pressure (approximately 5 kg/cm?2), the pressure
of the low-pressure section is the middle pressure (ap-
proximately 10 kg/cm?2), and therefore, the pressure dif-
ference is great, as described above, the pressure dif-
ference between opposite ends of the respective first and
second cooling valves 164a and 164b is increased to
approximately 5 kg/cmZ2. Due to this pressure difference,
refrigerant flows backward from the low-pressure section
of the refrigerant cycle to the first and second indoor units
140a and 140b through the first and second cooling
valves 164a and 164b. This backward-flow of the refrig-
erant generates chattering noise from the first and sec-
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ond cooling valves 164a and 164b.

[0048] Consequently,asshowninFIGS.4and5, when
the cooling valves 164a and 164b of the first and second
indoor units 140a and 140b, which need to be changed
from the cooling mode to the heating mode, are turned
off at the point of time when the compressor 122 is turned
off and around the point of time when the hot gas bypass
valve 106 is turned on (preferably, at the same time), the
pressure of the low-pressure section of the refrigerant
cycle and the outlet-side pressure of the first and second
indoor units 140a and 140b are gradually increased in
unison from the low pressure (approximately 5 kg/cm?)
to the middle pressure (approximately 10 kg/cm?). As a
result, the backward-flow of the refrigerant due to the
pressure difference does not occur, and therefore, the
chattering noise due to the backward-flow of the refrig-
erant is hardly generated.

[0049] FIG. 6is a flow chart illustrating a control meth-
od when the operation mode is changed from the "main
cooling mode" to the "main heating mode" in the method
of controlling the air conditioner shown in FIG. 3. As
shown in FIG. 6, the compressor 122 is turned off
(stopped), the hot gas bypass valve 106 is turned on
(opened), and the first cooling valve 164a of the first in-
door unit 140a, which needs to be changed from the cool-
ing mode to the heating mode, are turned off (closed) so
as to change the operation mode from the "main cooling
mode" to the "main heating mode" (602). In this state,
when the first predetermined time t1 (for example, ap-
proximately 1 minute) has elapsed ('yes’ of 604), all of
the cooling valves and the heating valves of the indoor
units performing the operation are turned on (606). In this
embodiment, the first cooling valve 164a, the first heating
valve 162a, the second heating valve 162b, and the third
cooling valve 164 are turned on (opened).

[0050] In this state, when the second predetermined
time t2 (for example, approximately 2 minutes) has
elapsed ('yes’ of 608), the compressor 122 is turned on
such that the operation is performed in the "main heating
mode," the first and third cooling valves 164a and 164c
and the second heating valve 162b are turned off, the
first and third heating valves 162a and 162c and the sec-
ond cooling valve 164b remain on (610). The hot gas
bypass valve 106 remains on for the third predetermined
time t3 (for example, approximately 1 minute) even after
the compressor 122 has been turned on. When the third
predetermined time has elapsed ('yes’' of 612), the hot
gas bypass valve 106 is turned off (614). As the hot gas
bypass valve 106 is turn off while the compressor 122 is
on, the low-pressure section of the refrigerant cycle is
maintained at low pressure, the high-pressure section of
the refrigerant cycle is maintained at high pressure, and
the needed heating operation is selectively performed in
the respective indoor units (616).

[0051] FIG. 7 is atiming chart illustrating the operation
and pressure characteristics of the respective compo-
nents in the control method shown in FIG. 6. As shown
in FIG. 7, when the first cooling valve 164a of the first
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indoor unit 140a, which needs to be changed from the
cooling operation to the heating operation, is turned off
at the point of time when the compressor 122 is turned
off and around the point of time when the hot gas bypass
valve 106 is turned on (preferably, at the same time), the
pressure of the low-pressure section of the refrigerant
cycle (approximately 5 kg/cm?2) is gradually increased to
the middle pressure (approximately 10 kg/cm?). As a re-
sult, the outlet-side pressure of the first indoor unit 140a,
which has performed the cooling operation, is also grad-
ually increased from the low pressure (approximately 5
kg/lcm2) to the middle pressure (approximately 10
kg/cm?2) as in the low-pressure section.

[0052] On the other hand, when the first cooling valve
164a of the first indoor unit 140a, which has performed
the cooling operation, is not turned off at the point of time
when the compressor 122 is turned off and around the
point of time when the hot gas bypass valve 106 is turned
on, but, as indicated by an arrow 702 of FIG. 7, the first
cooling valve 164a is turned off later than the point of
time when the compressor 122 is turned off and the point
of time when the hot gas bypass valve 106 is turned on,
the outlet-side pressure of the firstindoor unit 140a, which
has performed the cooling operation, has a pressure
characteristic 704 as indicated by a dotted line of FIG. 7
(). As a result, chattering noise is generated as previ-
ously described with reference to FIG. 5.

[0053] Consequently, as shown in FIG. 7, when the
first cooling valve 164a of the firstindoor unit 140a, which
needs to be changed from the cooling mode to the heat-
ing mode, is turned off at the point of time when the com-
pressor 122 is turned off and around the point of time
when the hot gas bypass valve 106 is turned on (prefer-
ably, at the same time), the pressure of the low-pressure
section of the refrigerant cycle and the outlet-side pres-
sure of the first indoor unit 140a are gradually increased
in unison from the low pressure (approximately 5 kg/cm?2)
to the middle pressure (approximately 10 kg/cm2). As a
result, the backward-flow of the refrigerant due to the
pressure difference does not occur, and therefore, the
chattering noise due to the backward-flow of the refrig-
erant is not generated.

[0054] As apparent from the above description, the
cooling valves of the indoor units, which need to be
changed from the cooling mode to the heating mode, are
turned off at the point of time when the compressor is
turned off and around the point of time when the hot gas
bypass valve is turned on. Consequently, the preset in-
vention has the effect of reducing the pressure difference
between the high-pressure and low-pressure sections of
the refrigerant cycle, greatly reducing the chattering
noise generated due to the backward-flow of the refrig-
erantin the cooling valves, and therefore, greatly improv-
ing satisfaction of users (consumers).

[0055] Although a few embodiments of the present in-
vention have been shown and described, it would be ap-
preciated by those skilled in the art that changes may be
made in this embodiment without departing from the prin-
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ciples and spirit of the invention, the scope of which is
defined in the claims and their equivalents.

Claims
1. An air conditioner comprising:

a compressor;
at least one indoor unit;

a mode change unit including a cooling valve
openable to perform a cooling operation of the
indoor unit and a heating valve openable to per-
form a heating operation of the indoor unit;

a refrigerant cycle to connect the compressor,
the mode change unit, and the indoor unit;

a hot gas bypass valve disposed between inlet
and outlet sides of the compressor; and

a controller to control the cooling valve to be
turned off for a first predetermined time around
the point of time when the hot gas bypass valve
is turned on, when operation mode of the indoor
unit is changed from cooling mode to heating
mode, so as to minimize the difference between
the pressure of a high-pressure section of the
refrigerant cycle and the pressure of an outlet
side of the indoor unit.

2. The air conditioner according to claim 1, wherein the
controller controls the compressor to be turned off
around the point of time when the hot gas bypass
valve is turned on.

3. The air conditioner according to claim 2, wherein the
controller controls the compressor to be turned on
and the cooling valve to be turned off when a second
predetermined time has elapsed after the cooling
valve and the heating valve are turned on.

4. The air conditioner according to claim 3, wherein the
controller controls the hot gas bypass valve to be
turned off when a third predetermined time has
elapsed after the compressor is turned on.

5. The air conditioner according to claim 1, wherein the
controller controls the cooling valve and the heating
valve to be turned on after the first predetermined
time has elapsed.

6. The air conditioner according to claim 1, wherein the
cooling valve and the heating valve are normally
closed type valves, which are turned on to make re-
frigerant forcibly flow in a predetermined direction.

7. The air conditioner according to claim 1, wherein,
the at least one indoor unit comprises a plurality of
indoor units, and, when the total heating capacity
needed in the indoor units is greater than the total
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cooling capacity, the controller controls the cooling
valve to be turned off so as to minimize the difference
between the pressure of a high-pressure section of
the refrigerant cycle and the pressure of outlet sides
of the indoor units.

The air conditioner according to claim 1, wherein the
controller controls the cooling valve to be turned off
for the first predetermined time such that the pres-
sure of the high-pressure section of the refrigerant
cycle and the pressure of the outlet side of the indoor
unit can be increased in unison to a middle pressure,
whichis between alow pressure and a high pressure.

A method of controlling an air conditioner comprising
a compressor, at least one indoor unit, a mode
change unit including a cooling valve openable to
perform a cooling operation of the indoor unit and a
heating valve openable to perform a heating opera-
tion of the indoor unit, a refrigerant cycle to connect
the compressor, the mode change unit, and the in-
door unit, and a hot gas bypass valve disposed be-
tween inlet and outlet sides of the compressor,
wherein the method comprises

controlling the cooling valve to be turned off for a first
predetermined time around the point of time when
the hot gas bypass valve is turned on, when opera-
tion mode of the indoor unit is changed from cooling
mode to heating mode, so as to minimize the differ-
ence between the pressure of a high-pressure sec-
tion of the refrigerant cycle and the pressure of an
outlet side of the indoor unit.

The method according to claim 9, further comprising:

controlling the compressor to be turned off
around the point of time when the hotgas bypass
valve is turned on.

The method according to claim 10, further compris-
ing:

controlling the compressor to be turned on and
the cooling valve to be turned off when a second
predetermined time has elapsed after the cool-
ing valve and the heating valve are turned on.

The method according to claim 11, further compris-
ing:
controlling the hot gas bypass valve to be turned
off when a third predetermined time has elapsed
after the compressor is turned on.

The method according to claim 9, further comprising:

controlling the cooling valve and the heating
valve to be turned on after the first predeter-
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14.

15.

16.

mined time has elapsed.

The method according to claim 9, wherein the cool-
ing valve and the heating valve are normally closed
type valves, which are turned on to make refrigerant
forcibly flow in a predetermined direction.

The method according to claim 9, whereinthe atleast
one indoor unit comprises a plurality of indoor units,
and the method further comprises:

when the total heating capacity needed in the
indoor units is greater than the total cooling ca-
pacity, controlling the cooling valve to be turned
off so as to minimize the difference between the
pressure of a high-pressure section of the refrig-
erant cycle and the pressure of outlet sides of
the indoor units.

The method according to claim 9, further comprising:

controlling the cooling valve to be turned off for
the first predetermined time such that the pres-
sure of the high-pressure section of the refrig-
erant cycle and the pressure of the outlet side
of the indoor unit can be increased in unison to
a middle pressure, which is between a low pres-
sure and a high pressure.
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Fig.3
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Fig.4
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Fig.6

602—

COMPRESSOR —> OFF
HOT GAS BYPASS VALVE —> ON
FIRST COOLING VALVE -> OFF

FIRST PRECETERMINED TINE (T1)
ELAPSED?

606

FIRST TO THIRD COOLING VALVES AND
FIRST TO THIRD HEATING VALVES —> ON

SECOND PREDETERNINED TIME (T2)
ELAPSED?

610—

CONPRESSOR —> ON

FIRST AND THIRD COOLING VALVES AND
SECOND HEATING VALVE-> OFF

4

THIRD PREDETERMINED TIME (13)
ELAPSED?

614{

HOT GAS BYPASS VALVE —> OFF |

1
616~ AERFORM OPERAT ION IN HAIN HEATING Hooe |

NO (MAIN COOLING MODE > MAIN HEATING MODE)

14



{A) COMPRESSOR

{B) HOT GAS BYPASS VALVE

{C) FIRST COOLING VALVE

(D) FIRST HEATING VALVE

{E] SECOMD COOLING VALVE

{F) SECOND HEATING VALVE

{6} THIRD COOLING VALVE

{H) THIRD HEATING VALVE

{1} PRESSURE CHARACTERISTICS OF
FIRST INDOOR UNITS

{J) PRESSURE CHARACTERISTIC OF
LOW-PRESSURE SECTION

EP 1

806 549 A1

lg'
-
-
. ,
; ‘
; |
|
.
;
.
;
,
|
(
i '
,
: ;
. ,
; x
: :
H i
l j
H ¢ :
H i x
. .
: :
.......................... e
, :
: :
\ :
; ;
; :
i t
; |
: l
! .
x :
: ,
: ,
i .
I ! H
‘
. .
‘ -
SN S A } S I U
; ,
H 702 H i
! :
H 704 H H
i : H
!
o i i
sl ) P e S
» T bkglor | j
i b H i
" ! 10 kgj o : h
________ ;
:
;
'

15



E=N

EPO FORM 1503 03.82 (P04C01)

D)

EP 1 806 549 A1

European Patent
Office

EUROPEAN SEARCH REPORT

Application Number

EP 06 12 3375

DOCUMENTS CONSIDERED TO BE RELEVANT
Categor Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (IPC)
P,X |[EP 1 655 552 A (SAMSUNG ELECTRONICS CO LTD|1,2, INV.
[KR]) 10 May 2006 (2006-05-10) 7-10,15,| F25B13/00
16
* the whole document *
A EP 1 391 660 A (LG ELECTRONICS INC [KR]) [1-16
25 February 2004 (2004-02-25)
* abstract *
A GB 2 241 315 A (TOKYO SHIBAURA ELECTRIC CO|1-16
[JP]; TOSHIBA AUDIO VIDEO ENG [JP])
28 August 1991 (1991-08-28)
* abstract *
A GB 2 230 873 A (TOKYO SHIBAURA ELECTRIC CO|1-16
[JP]) 31 October 1990 (1990-10-31)
* abstract *
TECHNICAL FIELDS
SEARCHED (IPC)
F25B
F24F
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
Munich 18 April 2007 Valenza, Davide
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A:technological background e e e ettt e
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document

16




EPO FORM P0459

EP 1 806 549 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 06 12 3375

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

18-04-2007
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 1655552 A 10-05-2006  CN 1755258 A 05-04-2006
KR 20060029566 A 06-04-2006
EP 1391660 A 25-02-2004  CN 1477345 A 25-02-2004
JP 2004085177 A 18-03-2004
KR 20040017602 A 27-02-2004
GB 2241315 A 28-08-1991 JP 2823297 B2 11-11-1998
JP 3244978 A 31-10-1991
US 5040376 A 20-08-1991
GB 2230873 A 31-10-1990 AU 601121 Bl 30-08-1990
us 5050396 A 24-09-1991

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

17



EP 1 806 549 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

KR 20062278 [0001]

18



	bibliography
	description
	claims
	drawings
	search report

