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(67)  Each of indoor units includes a first valve, con-
trols the first valve according to an instruction from an
outdoor unit, and transfers the instruction from the out-
door unit to a cooling-heating switching unit which is a
destination cooling-heating switching unit of the indoor
unit. Each of the cooling-heating switching units includes
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a second valve, and controls the second valve according
to the instruction transferred from the indoor unit. The
outdoor unit sets a communication rank of each of the
indoor units such that the indoor units connected in com-
bination are ranked consecutively.
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Description
Technical Field

[0001] Embodiments described hereinrelate generally
to an air conditioning apparatus in which a plurality of
cooling-heating switching units are connected to one out-
door unit, one or more indoor units are connected to each
of the cooling-heating switching units, and a shutdown,
a cooling operation and a heating operation can be con-
currently set in each of the indoor units.

Background Art

[0002] An air conditioning apparatus which can per-
form a shutdown, a cooling operation and a heating op-
eration in each of the indoor units by connecting a plurality
of cooling-heating switching units to one outdoor unit,
connecting one indoor unit to each of the cooling-heating
switching units, and switching a refrigerant channel be-
tween the outdoor unit and each of the indoor units by
each of the cooling-heating switching units has been
known. Further, a plurality of indoor units can be con-
nected in parallel to one cooling-heating switching unit.
[0003] Each of the indoor units includes, for example,
a flow control valve which controls the flow amount of a
refrigerant. Each of the cooling-heating switching units
includes one or more on-off valves which switch a refrig-
erant channel. In the indoor units whose connection des-
tinations are the same cooling-heating switching unit, the
same operation mode is set on the condition that priority
is given to the heating operation, and a refrigerant chan-
nel corresponding to this operation mode is set in the
cooling-heating switching unit.

[0004] In this air conditioning apparatus, the controller
of an outdoor unit is set as a master unit (host) and the
controllers of the indoor units are set as slave units (ter-
minals or clients), and inquiries are sequentially made
from the master unit to the slave units and responses to
the inquiries are received from the slave units by the mas-
ter unit, that is, so-called polling communication is peri-
odically repeated. The master unit controls the operation
of the master unit according to the responses from the
slave units, controls the slave units (indoor units) accord-
ing to the responses from the slave units, and also con-
trols the refrigerant channels of the cooling-heating
switching units connected to the indoor units via the in-
door units. The order of communications from the master
unit to the slave units is determined in advance based
on the addresses unique to the slave units.
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Summary of Invention
Technical Problem

[0006] The unique addresses of the slave units (indoor
units) are manually set by the contractor during the in-
stallation of the indoor units or are automatically assigned
by the outdoor unit during the first trial operation after all
the indoor units are installed. Therefore, the unique ad-
dresses of the indoor units are often set regardless of
connections to the cooling-heating switching units.
[0007] Therefore, two indoor units whose communica-
tion ranks are far from each other may be connected to
one cooling-heating switching unit. In this case, a time
difference is caused between the communication to the
high-communication-rank indoor unit and the communi-
cation to the low-communication-rank indoor unit. If the
time difference is large, the operations of the flow control
valves in both indoor units and the operation of the on-
off valve in the cooling-heating switching unit will be in-
appropriate. More specifically, the operation state (shut-
down, cooling operation and heating operation) set in
both indoor units and the refrigerant channel set in the
destination cooling-heating switching unit of both indoor
units will not match with each other. Further, in this case,
the flow control valves of both indoor units and the on-
off valve of the cooling-heating switching unit frequently
repeat operations, and the sound of the operations or the
flow sound of the refrigerant are frequently produced,
and the user may feel uncomfortable.

[0008] Embodiments described herein aim to provide
an air conditioning apparatus which can match an oper-
ation state set in each of indoor units and a refrigerant
channel set in each of cooling-heating switching units
without time delay and can thereby realize an appropriate
operation in each of indoor units and reduce an uncom-
fortable sound.

Solution to Problem

[0009] An air conditioning apparatus according to
Claim 1 comprises an outdoor unit, a plurality of cooling-
heating switching units connected to the outdoor unit,
and a plurality of indoor units connected alone or in com-
bination to the cooling-heating switching units, and can
perform a cooling operation and a heating operation for
each of the cooling-heating switching units by switching
a channel of a refrigerant between the outdoor unit and
each of the indoor units by each of the cooling-heating
switching units. Each of the indoor units includes a first
valve which controls an amount of the refrigerant flowing
in from the cooling-heating switching unit which is a des-
tination cooling-heating switching unit of the indoor unit,
controls the first valve according to an instruction from
the outdoor unit, and transfers the instruction from the
outdoor unit to the destination cooling-heating switching
unit. Each of the cooling-heating switching units includes
a second valve which switches the channel of the refrig-
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erant between the outdoor unit and each of the indoor
units, and controls the second valve according to the in-
struction transferred from the indoor unit. The outdoor
unit sets a communication rank to each of the indoor units
such that the indoor units connected in combination are
ranked consecutively, the outdoor unit sequentially per-
forms a communication including an inquiry to each of
the indoor units and a response to the inquiry from each
of the indoor units, with each of the indoor units, the out-
door unit determines an operation mode of each of the
indoor units and a refrigerant channel of each of the cool-
ing-heating switching units according to the responses
from all the indoor units, and the outdoor unit sequentially
performs a communication including an instruction for a
determined content, with each of the indoor units accord-
ing to the set communication rank.

Brief Description of Drawings
[0010]

FIG. 1 is a block diagram showing a structure ac-
cording to an embodiment.

FIG. 2is adiagram showing a piping connection state
of an outdoor unit, a plurality of cooling-heating
switching units and a plurality of indoor units on a
refrigeration cycle according to an embodiment.
FIG. 3 is a flowchart showing control of the outdoor
unit according to an embodiment.

FIG. 4 is a diagram showing a method of setting a
communication ranks according to an embodiment.
FIG. 5is atime chart showing polling communication
according to an embodiment.

Mode for Carrying Out the Invention

[0011] Embodiments of the present invention will be
described hereinafter with reference to the accompany-
ing drawings.

[0012] As shown in FIG. 1, an outdoor unit A includes
a refrigeration cycle unit 1 (hereinafter referred to as "a
refrigeration unit") including a compressor, a four-way
valve, an outdoor heat exchanger and the like. A liquid
pipe 11, a discharge gas pipe 12 and a suction gas pipe
13 are drawn out from the refrigeration unit 1. The liquid
pipe 11 guides a liquid refrigerant flowing out from the
outdoor heat exchanger to each of the indoor units which
will be described later in one case, and guides a liquid
refrigerant flowing out from each of the indoor units to
the outdoor heat exchanger in other case. The discharge
gas pipe 12 guides arefrigerantdischarged from the com-
pressor to each of the indoor units. The suction gas pipe
13 guides a gaseous refrigerant flowing out from each of
the indoor units to the suction side of the compressor.
[0013] A plurality of cooling-heating switching units B1
to B10 are connected to the liquid pipe 11, the discharge
gas pipe 12 and the suction gas pipe 13 via a plurality of
liquid pipes 21, a plurality of gas pipes 22, and a plurality
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of gas pipes 23. For example, 64 indoor units C1 to C64
are connected to the cooling-heating switching units B1
to B10 via liquid pipes 51 and gas pipes 52, respectively.
Depending on the installation place of the air conditioning
apparatus, etc., one indoor unit is connected alone to
one cooling-heating switching unit in one case, and a
plurality of indoor units are connected in parallel to one
cooling-heating switching unit in the other case. Parallel
connection is also referred to as combination connection.
At the stage of use after installation, some indoor units
may be added or replaced. Here, the cooling-heating
switching unitto which one indoor unitis connected alone
and the cooling-heating switching unit to which a plurality
of indoor units are connected in parallel are the same as
each other as the unititself. Further, the number of indoor
units which can be connected in parallel to one cooling-
heating switching unit is determined by the relationship
between the thickness of the refrigerant pipe in the des-
tination cooling-heating switching unit and the total re-
frigeration capacity of the indoor units to be connected,
and the upper limit is generally two.

[0014] FIG. 2 shows the piping connection state of the
outdoor unit A, the cooling-heating switching units B1 to
B10 and the indoor units C1 to C64 on the refrigeration
cycle. Two indoor units (second indoor units) C1 and C64
are connected in parallel to the cooling-heating switching
unit (second cooling-heating switching unit) B1 by piping,
and one indoor unit (first indoor unit) C2 is connected to
the cooling-heating switching unit (first cooling-heating
switching unit) B2 by piping. One indoor unit (first indoor
unit) C3 is connected to the cooling-heating switching
unit (first cooling-heating switching unit) B3 by piping,
and two indoor units (second indoor units) C4 and C21
are connected in parallel to the cooling-heating switching
unit (second cooling-heating switching unit) B4 by piping.
Further, two indoor units (second indoor units) C61 and
C62 are connected to the cooling-heating switching unit
(second cooling-heating switching unit) B9 by piping, and
one indoor unit (firstindoor unit) C63 is connected to the
cooling-heating switching unit (first cooling-heating
switching unit) B10 by piping.

[0015] The cooling-heating switching unit B1 includes
a liquid refrigerant channel L1 which guides a liquid re-
frigerant flowing out from the refrigeration unit 1 to the
liquid pipe 11 to the indoor units C1 and C64 and also
guides aliquid refrigerant flowing out from the indoor units
C1 and C64 to the liquid pipe 11, a double pipe 31 in
which one pipeline is arranged in the liquid refrigerant
channel L1, aheating channel L2 which guides agaseous
refrigerant flowing from the refrigeration unit 1 to the dis-
charge gas pipe 12 to the indoor units C1 and C64, an
on-off valve (second valve) 32 which opens and closes
the heating channel L2, a cooling channel L3 which
guides a gaseous refrigerant flowing out from the indoor
unit C1tothe suction gas pipe 13, an on-off valve (second
valve) 33 which opens and closes the cooling channel
L3, an subcooling circuit L4 which communicates be-
tween the liquid refrigerant channel L1 and the cooling
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channel L3 through the other pipeline of the double pipe
31, and a pulse motor valve (PMV) 34 which controls the
refrigerant flow amount of the subcooling circuit L4. The
on-off valves 32 and 33 are electromagnetic on-off valves
and have the function of switching the refrigerant chan-
nel. The electric expansion valve 34 is a pulse motor
valve (PWM) in which the degree of opening continuously
changes from fully closed to fully opened in accordance
with the number of input drive pulses, and has the func-
tion of controlling the degree of subcooling. The electric
expansion valve 34 will be hereinafter referred to as the
pulse motor valve 34. The actual parallel connection of
the indoor units C1 and C64 to the cooling-heating switch-
ing unit B1 is implemented by connecting branch pipes
to the liquid pipe 51 and the gas pipe 52 drawn from the
cooling-heating switching unit B1 and connecting the in-
door units C1 and C64 to these pipes. The parallel con-
nection of the indoor units C4 and C21 in the cooling-
heating switching unit B4 and the parallel connection of
the indoor units C61 and C62 in the cooling-heating
switching unit B9 are similarly implemented.

[0016] The other cooling-heating switching units B2,
B3 and B10 also have the same structure as that of the
cooling-heating switching unit B1 except that the number
of indoor units to be connected is one.

[0017] Theindoor unit C1 includes a flow control valve
(PMV; first valve) 61 and an indoor heat exchanger 62,
takes in a liquid refrigerant from the liquid pipe 51 of the
cooling-heating switching unit B1 via the flow control
valve 61 during cooling, flows the intake liquid refrigerant
to the indoor heat exchanger 62, and sends a gaseous
refrigerant evaporated in the indoor heat exchanger 62
to the gas pipe 52 of the cooling-heating switching unit
B1. During heating, the gaseous refrigerant is taken in
from the gas pipe 52 of the cooling-heating switching unit
B1 and is flown into the indoor heat exchanger 62, and
a liquid refrigerant condensed in the indoor heat ex-
changer 62 is sent out to the liquid pipe 51 of the cooling-
heating switching unit B1. The flow control valve 61 con-
trols the amount of the refrigerant flowing in from the cool-
ing-heating switching unit B1. The other indoor units C2
to C64 also have the same structure as that of the indoor
unit C1.

[0018] FIG. 1 shows a state in which the indoor units
C1, C63 and C64 execute cooling operations and the
indoor unit C2 executes a heating operation. In this case,
in the cooling-heating switching units B1 and B10 con-
nected to the indoor units C1, C63 and C64 in the cooling
operation, the on-off valves 32 are closed (which arefilled
in with solid black in the drawing) and the on-off valves
33 are opened (which are hollow in the drawing). In the
cooling-heating switching unit B2 connected to the indoor
unit C2 in the heating operation, the on-off valve 32 is
opened (which is hollow in the drawing), and the on-off
valve 33 is closed (which is filled in with solid black in the
drawing).

[0019] In the meantime, the outdoor unit A includes a
controller 2, the cooling-heating switching units B1to B10
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include controllers 30, and the indoor units C1 to C64
include controllers 60. Remote-control operation units 70
are provided in the indoor units C1 to C64, respectively,
and signal lines 71 for communication are arranged be-
tween the operation units 70 and the controllers 60 of the
indoor units C1 to C64, respectively. The operation unit
70 of the indoor unit C1 operates on a power voltage
supplied from the indoor unit C1, and instructs an oper-
ation mode (a shutdown mode, a cooling operation mode
and a heating operation mode) and an indoor set tem-
perature to the controller 60 of the inner unit C1 through
the signal line 71 for communication. The operation units
70 of the other indoor units C2 to C64 also have the same
function.

[0020] The signalline 71 is arranged as the first signal
line for communication between the controller 30 of the
cooling-heating switching unit B2 and the controller 60
of one indoor unit C2. A signal line 72 is arranged as the
second signal line for communication between the con-
troller 30 of the cooling-heating switching unit B1 and the
controller 60 of one of the two indoor units C1 and C64,
for example, the indoor unit C1. Therefore, between the
indoor units C1 and C64 connected in parallel by piping,
the controller 30 of the cooling-heating switching unit B1
can communicate with the controller 60 of the indoor unit
C1 but cannot communicate with the controller 60 of the
other indoor unit C64. Further, signal lines 73 are se-
quentially arranged as the third signal lines for commu-
nication between the controller 2 of the outdoor unit A
and the controllers 60 of the indoor units C1 to C64.
[0021] The controller 60 of the indoor unit C1 receives
an instruction to the indoor unit C1 from the outdoor unit
Aviathe signalline 73 and controls the degree of opening
of the flow control valve 61 according to the instruction,
and also receives an instruction to the destination cool-
ing-heating switching unit B1 from the outdoor unit A via
the signal line 73 and transfers the instruction to the des-
tination cooling-heating switching unit B1 via the signal
line 72. The controller 60 of the indoor unit C64 receives
an instruction from the outdoor unit A to the indoor unit
C1viathe signal line 73, and controls the degree of open-
ing of the flow control valve 61 according to the instruc-
tion.

[0022] The controller 30 of the cooling-heating switch-
ing unit B1 controls the on-off valves 32 and 33 according
to the instruction transferred from the controller 60 of the
indoor unit C1. That is, when the controller 30 of the cool-
ing-heating switching unit B1 receives an instruction for
the cooling operation mode from the controller 60 of the
indoor unit C1, the controller 30 of the cooling-heating
switching unit B1 controls the opening and closing of the
on-off valves 32 and 33 such that a refrigerant channel
for the cooling operation shown in FIG. 1 will be formed
for the indoor units C1 and C64. Further, when the con-
troller 30 of the cooling-heating switching unit B1 receives
an instruction for the heating operation mode from the
controller 60 of the indoor unit C1, the controller 30 of
the cooling-heating switching unit B1 controls the open-



7 EP 3 467 393 A1 8

ing and closing of the on-off valves 32 and 33 such that
a refrigerant channel for the heating operation will be
formed for the indoor units C1 and C64. Still further, when
the controller 30 of the cooling-heating switching unit B1
receives an instruction for the shutdown mode from the
controller 60 of the indoor unit C1, the controller 30 of
the cooling-heating switching unit B1 fully closes the on-
off valves 32 and 33.

[0023] The controller 60 of the indoor unit C2 receives
an instruction to the indoor unit C2 from the outdoor unit
Aviathe signal line 73 and controls the degree of opening
of the flow control valve 61 according to the instruction,
and also receives an instruction to the destination cool-
ing-heating switching unit B2 from the outdoor unit A via
the signal line 73 and transfers the instruction to the des-
tination cooling-heating switching unit B2 via the signal
line 71.

[0024] The controller 30 of the cooling-heating switch-
ing unit B2 controls the on-off valves 32 and 33 according
to the instruction transferred from the controller 60 of the
indoor unit C2. Thatis, when the controller 30 of the cool-
ing-heating switching unit B2 receives an instruction for
the heating operation mode from the controller 60 of the
indoor unit C2, the controller 30 of the cooling-heating
switching unit B2 controls the opening and closing of the
on-off valves 32 and 33 such that a refrigeration channel
for the heat operation shown in FIG. 1 will be formed for
the indoor unit C2. Further, when the controller 30 of the
cooling-heating switching unit B2 receives an instruction
for the shutdown mode from the controller 60 of the indoor
unit C2, the controller 30 of the cooling-heating switching
unit B2 fully closes the on-off valves 32 and 33.

[0025] The controller 60 of the indoor unit C63 receives
an instruction to the indoor unit C63 from the outdoor unit
Aviathe signal line 73 and controls the degree of opening
of the flow control valve 61 according to the instruction,
and also receives an instruction to the destination cool-
ing-heating switching unit B10 via the signal line 73 and
transfers the instruction to the destination cold-heating
switching unit B10 via the signal line 71.

[0026] The controller 30 of the cooling-heating switch-
ing unit B10 controls the on-off valves 32 and 33 accord-
ing to the instruction transferred from the controller 60 of
the indoor unit C63. That is, when the controller 30 of the
cooling-heating switching unit B10 receives an instruc-
tion for the cooling operation mode from the controller 60
of the indoor unit C63, the controller 30 of the cooling-
heating switching unit B10 controls the opening and clos-
ing of the on-off valves 32 and 33 such that a refrigerant
channel for the cooling operation shown in FIG. 1 will be
formed for the indoor unit C63. Further, when the con-
troller 30 of the cooling-heating switching unit B10 re-
ceives an instruction for the shutdown mode from the
controller 60 of the indoor unit C63, the controller 30 of
the cooling-heating switching unit B10 fully closes the
on-off valves 32 and 33.

[0027] The coolingoperation and the heating operation
can be performed for each of the cooling-heating switch-
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ing units. The operation can be stopped for each of the
indoor units.

[0028] The controller 2 of the outdoor unit A includes
a detection section 2a, a setting section 2b, a communi-
cation section 2c, a determination section 2d, a commu-
nication section 2e and a control section 2f as main func-
tions.

[0029] When the outdoor unit A is powered on, the de-
tection section 2a detects the indoor units C1, C64, C4,
C21, ..., C61 and C62 connected in combination (con-
nected in parallel) to the cooling-heating switching units
by initial communications with all the indoor units C1 to
C64. The setting section 2b sets the communication
ranks of all the indoor units C1 to C64 such that the con-
nection ranks of the indoor units C1, C64, C4, C21, ...,
C61 and C62 which are connected in combination and
are detected by the detection section 2a will be consec-
utive in the destination cooling-heating switching units
B1, B4, B9 ... of the indoor units C1, C64, C4, C21, ...,
C61 and C62. The communication section 2c performs
communications including inquiries to all the indoor units
C1to C64 and responses to the inquiries from the indoor
units C1 to C64 sequentially with all the indoor units C1
to C64 according to the communication ranks set in the
setting section 2b.

[0030] Among the above-described responses re-
ceived in the communication section 2c, according to the
responses from the indoor units except the indoor units
C1, C64, C4, C21, ..., C61 and C62 connected in com-
bination and detected by the detection section 2a, that
is, according to the responses from the indoor units C2,
C3, ..., C63 connected alone, the determination section
2d determines the operation modes of the indoor units
C2, C3, ..., C63 connected alone and the refrigerant
channels of the cooling-heating switching units (first cool-
ing-heating switching units) B2, B3, ... , B10 connected
to the indoor units C2, C3, ..., C63. Further, according
to the mutual relationship of the responses from the in-
doorunitsC1,C64,C4,C21, ... ,C61and C62 connected
in combination and detected by the detection section 2a,
the determination section 2d determines the operation
modes of the indoor units C1, C64, C4,C21, ... ,C61and
C62 connected in combination and the refrigerant chan-
nels of the cooling-heating switching units B1, B4, ... , B9
connected to the indoor units C1, C64, C4, C21, ..., C61
and C62. The communication section 2e sequentially
performs communications including instructions for the
contents determined in the determination section 2d with
all the indoor units C1 to C64 according to the commu-
nication ranks set in the setting section 2b. The control
section 2f controls the operation of the outdoor unit A
according to the responses received in the communica-
tion section 2c.

[0031] Note that the sequential communications be-
tween the outdoor unit A and the indoor units C1 to C64
are periodic polling communication which includes the
above-described "inquiries", "responses" and "instruc-
tions" respectively in the communications.
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[0032] Next, the control executed by the controller 2 of
the outdoor unit A will be described with reference to the
flowchart of FIG. 3.

[0033] When the power is turned on (YES in Step S1),
the controller 2 of the outdoor unit A, which is the master
unit, performs initial communications with the indoor units
C1 to C64, which are the slave units, in a predetermined
communication order based on the addresses unique to
the indoor units C1 to C64 (Step S2). In the initial com-
munications, the controller 2 acquires common unit set-
ting codes for detecting the arrangement order of the
connections of the indoor units C1 to C64 to the cooling-
heating switching units B1 to B10, from the controllers
60 of the indoor units C1 to C64. The addresses unique
to the indoor units C1 to C64 are preliminarily registered
in the internal memory of the controller 2 in association
with, for example, the device IDs which are the identifi-
cation information of the indoor units C1 to C64.

[0034] When a plurality of indoor units are connected
to one cooling-heating switching unit, the common unit
setting code is registered for each of the indoor units to
be connected, for example, by the operation on the op-
eration unit 70 by the worker who does the work. When
oneindoor unitis connected alone to one cooling-heating
switching unit, the common unit setting code is not reg-
istered. Inthe examples of FIGS. 1and 2, when the indoor
units C1 and C64 are connected in combination to the
cooling-heating switching unit B1, a common unit setting
code "1" indicative of the first combination connection is
registered in each of the controllers 60 of the indoor units
C1 and C64. When the indoor units C4 and C21 are con-
nected in combination to the cooling-heating switching
unit B4, a common unit setting code "2" indicative of the
second combination connection is registered in each of
the controllers 60 of the indoor units C4 and C21. When
the indoor units C61 and C62 are connected in combi-
nation to the cooling-heating switching unit B9, for exam-
ple, a common unit setting code "18" indicative of the
eighteenth combination connection is registered in each
of the controllers 60 of the indoor units C61 and C62.
[0035] After the initial communications, the controller
2 executes rank setting processes of Steps S3 to S12.
That is, the controller 2 sets an initial value "1" to a rank
number J (Step S3), sets an initial value "1" to a code
number Xn (Step S4) and sets an initial value "1" as an
indoor unit number Cn (Step S5). The controller 2 then
determines whether or not the common unit setting code
"1" corresponding to the code number Xn (= "1") is reg-
istered for the indoor unit C1 whose indoor unit number
Cnis "1" (Step S6).

[0036] Since the common unit setting code "1" is reg-
istered for the indoor unit C1 (YES in Step S6), the con-
troller 2 sets the communication rank of the indoor unit
C1to"1" corresponding to the rank number J (="1") (Step
S7). Along with this setting, the controller 2 increases the
rank number J by "1" to "2" (Step S8) and increases the
indoor unit number Cn by "1" to "2" (Step S9). The con-
troller 2 then determines whether or not the new indoor
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unit number Cn (= "2") has reached the maximum value
Cns (= "64") (Step S10).

[0037] Since the indoor unit number Cn (= "2") has not
reached the maximum value Cns (= "64") (NO in Step
S10), the controller 2 returns to Step S6 and determines
whether or not the common unit setting code Xn (= "1")
is registered for the indoor unit C2 whose indoor unit
number Cn is "2".

[0038] Since the common unit setting code "1" is not
registered for the indoor unit C2 (NO in Step S6), the
controller 2 increases the indoor unit number Cn by "1"
to "3" without performing the processes of Steps S7 and
S8 (Step S9). The controller 2 then determines whether
or notthe new indoor unit number Cn (="3") has reached
the maximum value Cns (= "64") (Step S10).

[0039] Since the indoor unit number Cn (= "3") has not
reached the maximum value Cns (= "64") (NO in Step
S10), the controller 2 returns to Step S6 and determines
whether or not the common unit setting code Xn (= "1")
is registered for the indoor unit C3 whose indoor unit
number Cn is "3".

[0040] Since the common unit setting code "1" is not
registered for the indoor unit C3 (NO in Step S6), the
controller 2 increases the indoor unit number Cn by "1"
to "4" without performing the processes of Steps S7 and
S8 (Step S9). The controller 2 then determines whether
or notthe new indoor unit number Cn (="4") has reached
the maximum value Cns (= "64") (Step S10).

[0041] Since the indoor unit number Cn (= "4") has not
reached the maximum value Cns (= "64") (NO in Step
S10), the controller 2 returns to Step S6 and determines
whether or not the common unit setting code Xn (= "1")
is registered for the indoor unit C4 whose indoor unit
number Cn is "4".

[0042] Since the common unit setting code "1" is not
registered for the indoor unit C4 (NO in Step S6), the
controller 2 increases the indoor unit number Cn by "1"
to "5" without performing the processes of Steps S7 and
S8 (Step S9). The controller 2 then determines whether
or notthe new indoor unit number Cn (="5") has reached
the maximum value Cns (= "64") (Step S10).

[0043] When the indoor unit number Cn is repeatedly
increased by "1" and the indoor unit number Cn reaches
the maximum value Cns (= "64") (YES in Step S10), the
controller 2 increases the code number Xn by "1" to "2"
(Step S11). The controller 2 then determines whether or
not the code number Xn (= "2") has exceeded the set
value Xns (= "18") corresponding to the maximum value
of the registered common unit setting code (for example,
"18") (Step S12).

[0044] Since the new code number Xn (= "2") has not
exceeded the set value Xns (= "18") (NO in Step S12),
the controller 2 returns to Step S5 and sets the initial
value "1" to the indoor unit number Cn again. The con-
troller 2 then determines whether or not the common unit
setting code "2" corresponding to the new code number
Xn (="2")isregistered for the indoor unit C1 whose indoor
unit number Cn is "1" (Step S6).
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[0045] Since the common unit setting code "2" is not
registered for the indoor unit C1 (NO in Step S6), the
controller 2 increases the indoor unit number Cn by "1"
to "2" without performing the processes of Steps S7 and
S8 (Step S9). The controller 2 then determines whether
or not the new indoor unit number Cn (="2") has reached
the maximum value Cns (= "64") (Step S10).

[0046] Since the indoor unit number Cn (="2") has not
reached the maximum value Cns (= "64") (NO in Step
S10), the controller 2 returns to Step S6 and determines
whether or not the common unit setting code Xn (= "2")
is registered for the indoor unit C2 whose indoor unit
number Cn is "2".

[0047] Since the common unit setting code "2" is not
registered for the indoor unit C2 (NO in Step S6), the
controller 2 increases the indoor unit number Cn by "1"
to "3" without performing the processes of Steps S7 and
S8 (Step S9). The controller 2 then determines whether
or not the new indoor unit number Cn (="3") has reached
the maximum value Cns (= "64") (Step S10).

[0048] Since the indoor unit number Cn (="3") has not
reached the maximum value Cns (= "64") (NO in Step
S10), the controller 2 returns to Step S6 and determines
whether or not the common unit setting code Xn (= "2")
is registered for the indoor unit C3 whose indoor unit
number Cn is "3".

[0049] Since the common unit setting code "2" is not
registered for the indoor unit C3 (NO in step S6), the
controller 2 increases the indoor unit number Cn by "1"
to "4" without performing the processes of Steps S7 and
S8 (Step S9). The controller 2 then determines whether
or not the new indoor unit number Cn (= "4") has reached
the maximum value Cns (= "64") (Step S10).

[0050] Since the indoor unit number Cn (="4") has not
reached the maximum value Cns (= "64") (NO in Step
S10), the controller 2 returns to Step S6 and determines
whether or not the common unit setting code Xn (= "2")
is registered for the indoor unit C4 whose indoor unit
number is "4".

[0051] Since the common unit setting code "2" is reg-
istered for the indoor unit C4 (YES in Step S6), the con-
troller 2 sets the communication rank of the indoor unit
C4to"2" corresponding to the rank number J (="2") (Step
S7). Along with this determination, the controller 2 in-
creases the rank number J by "1" to "3" (Step S8) and
increases the indoor unit number Cn by "1" to "5" (Step
S9). The controller 2 then determines whether or not the
new indoor unit number Cn (= "5") has reached the max-
imum value Cns (= "64") (Step S10).

[0052] When these processes are repeated and the
code number Xn (= "2") exceeds the set value Xns (=
"18") corresponding to the maximum value of the com-
mon unit setting code (for example, "18") (YES in Step
S12), the communication rank setting is completed.
[0053] FIG. 4 shows the relationship between the com-
mon unit setting codes registered for the indoor units C1
to C64 and the communication ranks set to the indoor
units C1 to C64 based on the common unit setting codes.
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The set communication order corresponds directly to the
arrangement order of the connections of the indoor units
C1 to C64 to the cooling-heating switching units B1 to
B10.

[0054] Thecontroller 2 updates and stores the set com-
munication ranks in the internal memory and executes
periodic communications according to the communica-
tion ranks and control based on the periodic communi-
cations (Step S13). That s, as shown in FIG. 5, the con-
troller 2 periodically repeats polling communication to se-
quentially perform communications of inquiries to the in-
door units C1 to C64 according to the set communication
ranks and successively receive responses to the inquir-
ies from the indoor units C1 to C64. The controller 2 then
determines the operation modes of the indoor units C1
to C64 and the refrigerant channels of the cooling-heating
switching units B1 to B10 according to the received re-
sponses, and provides instructions for the determined
contents to the indoor units C1 to C64 and the cooling-
heating switching units B1 to B10 and thereby controls
the flow control valves 61 of the indoor units C1 to C64
and the on-off valves 32 and 33 of the cooling-heating
switching units B1 to B10.

[0055] A time t1 required for one round of the polling
communication from the start of the communication with
the indoor unit C1 ranked first in the communication order
until the completion of the communication with the indoor
unit C63 ranked last in the communication order is, for
example, about 10 seconds. The controller 2 repeats the
polling communication every set time t2. In the commu-
nication with one indoor unit, the "inquiry", the "response"
and the "instruction" are included. The operation modes
of the indoor units C1 to C63 and the refrigerant channels
of the cooling-heating switching units B1 to B10 are de-
termined according to the contents of the "responses”
during the communications in the first round, and the con-
trol of the outdoor unit A itself such as the number of
revolutions of the compressor, the opening and closing
and the degree of opening of the valve, and the switching
direction of the four-way valve are also determined and
executed according to the contents of the "responses".
The "instructions" for the operation modes of the indoor
units C1 to C63 and the refrigerant channels of the cool-
ing-heating switching units B1to B10 determined accord-
ing to the contents of "responses" during the communi-
cations in the first round are included in the communica-
tions in the second round. The operation modes and the
refrigerant channels are determined again according to
the contents of the "responses" during the communica-
tions in the second round, and the "instructions" for the
determined contents are included in the communications
in the third round. Thereafter, similar processes will be
repeated.

[0056] Through the above operation, the communica-
tions with the indoor units C1 and C64 connected in com-
bination to the cooling-heating switching unit B1 will be
successively performed without the interval of the time
t1 required for one round of the polling communication.
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Therefore, the controller 2 can receive the response from
the indoor unit C1 and the response from the indoor unit
C64 at substantially the same time. At this time, the con-
troller 2 does not respond each time the controller 2 re-
ceives responses respectively from the indoor units C1
and C64, but determines the operation mode and the
refrigerant channel based on the mutual relationship of
responses received respectively from the indoor units C1
and C64. The controller 2 then provides an instruction
for controlling the flow control valves 61 of the indoor
units C1 and C64 to the degree of opening corresponding
to the determined operation mode, and an instruction for
controlling the on-off valves 32 and 33 of the cooling-
heating switching unit B1 to the opening-closing state
corresponding to the determined refrigerant channel.
The communications for these instructions are also suc-
cessively performed without the interval of the time t1
required for one round of the polling communication.
[0057] Thatis, the operation state (shutdown, cooling
operation and heating operation) set in the indoor units
C1 and C64 and the refrigerant channel set in the desti-
nation cooling-heating switching unit B1 of the indoor
units C1 and C64 can be matched with each other almost
without any time delay. As aresult, the flow control valves
61 of the indoor units C1 and C64 and the on-off valves
32, 33 of the cooling-heating switching unit B1 will not
repeat operations frequently, and unpleasant sounds
such as the sound of operations and the flow sound of
refrigerants can be reduced. Further, it is possible to pre-
vent instability of the refrigeration cycle control associat-
ed with delay in providing instructions to various valves
provided in the cooling-heating switching unit B1 and the
indoor units C1 and C64. For example, when the indoor
units C1 and C64 are concurrently switched from the
cooling operation to the heating operation, such a time
lag that one indoor unit switches to the cooling operation,
and after the time t1 required for one round of the polling
communication, the other indoor unit switches from the
heating operation to the cooling operation will not occur.
[0058] Alongwith the periodic communications andthe
control based on the periodic communications, the con-
troller 2 monitors the power shutdown (Step S14). If the
power is not turned off (NO in Step S14), the controller
2 returns to Step S13 and repeats the periodic commu-
nications and the control based on the periodic commu-
nications. If the power is turned off (YES in Step S14),
the controller 2 ends the processes.

[0059] The embodimenthas been described based on
the assumption that the number of outdoor units A is 1,
the number of cooling-heating switching units Bis 10 and
the number of indoor units C is 64. However, these num-
bers are in no way restrictive.

[0060] Further, the embodiment has been described
based onthe assumption that a cooling-heating switching
unit to which a plurality of indoor units are connected in
combination and a cooling-heating switching unit to
which anindoor unitis connected alone existon the same
refrigeration cycle. However, also when a plurality of in-

10

15

20

25

30

35

40

45

50

55

door units are connected in combination to each of all
the cooling-heating switching units, for example, two in-
door units are connected to each of ten cooling-heating
switching units in combination (twenty indoor units in to-
tal), the embodiment can be similarly implemented.

[0061] While certain embodiments and modifications
have been described, these embodiments have been
presented by way of example only, and are not intended
to limit the scope of the inventions. Indeed, the novel
embodiments and modifications described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form
of the embodiments and modifications described herein
may be made without departing from the spirit of the in-
ventions. The accompanying claims and their equiva-
lents are intended to cover such forms or modifications
as would fall within the scope and spirit of the inventions.

Reference Signs List

[0062] A---outdoor unit, B1 to B10--cooling-heating
switching units, C1 to C64---indoor units, 1---refrigeration
unit, 2---controller, 11---liquid pipe, 12---discharge gas
pipe, 13--'suction gas pipe, L1---liquid refrigerant chan-
nel, L2:--heating channel, L3---cooling channel, L4+--sub-
cooling circuit, 31---double pipe, 32::-on-off valve (second
valve), 33---on-off valve (second valve), 34---pulse motor
valve, 30---controller, 61--flow control valve (first valve),
62---indoor heat exchanger, and 60---controller.

Claims

1. Anair conditioning apparatus comprising an outdoor
unit, a plurality of cooling-heating switching units
connected to the outdoor unit, and a plurality of in-
door units connected alone or in combination to the
cooling-heating switching units, and configured to
perform a cooling operation and a heating operation
for each of the cooling-heating switching units by
switching a channel of a refrigerant between the out-
door unit and each of the indoor units by each of the
cooling-heating switching units, characterized in
that
each of the indoor units includes a first valve which
controls an amount of the refrigerant flowing in from
the cooling-heating switching unit which is a desti-
nation cooling-heating switching unit of the indoor
unit, controls the first valve according to an instruc-
tion from the outdoor unit, and transfers the instruc-
tion from the outdoor unit to the destination cooling-
heating switching unit,
each of the cooling-heating switching units includes
a second valve which switches the channel of the
refrigerant between the outdoor unit and each of the
indoor units, and controls the second valve accord-
ing to the instruction transferred from the indoor unit,
the outdoor unit sets a communication rank to each
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of the indoor units such that the indoor units con-
nected in combination are ranked consecutively,
the outdoor unit sequentially performs a communi-
cation including an inquiry to each of the indoor units
and a response to the inquiry from each of the indoor
units, with each of the indoor units,

the outdoor unit determines an operation mode of
each of the indoor units and a refrigerant channel of
each of the cooling-heating switching units accord-
ing to the responses from all the indoor units, and
the outdoor unit sequentially performs a communi-
cation including an instruction for a determined con-
tent, with each of the indoor units according to the
set communication rank.

The air conditioning apparatus of Claim 1, charac-
terized in that

the outdoor unit detects the indoor units connected
in combination by an initial communication with each
of the indoor units, and

the outdoor unit sets the communicationrank to each
of the indoor units such that communications are
successively performed with the detected indoor
units.

The air conditioning apparatus of Claim 1, charac-
terized in that

the first valve is a pulse motor valve whose degree
of opening continuously changes from fully closed
to fully opened, and

the second valve is a plurality of on-off valves.

The air conditioning apparatus of Claim 1, charac-
terized in that the communication sequentially per-
formed between the outdoor unit and each of the
indoor units is periodic polling communicationinclud-
ing the inquiry, the response and the instruction.

The air conditioning apparatus of Claim 1, charac-
terized in thatthe outdoor unit sequentially performs
the communication including the inquiry to each of
the indoor units and the response to the inquiry from
each of the indoor units according to the set com-
munication rank.

The air conditioning apparatus of Claim 1, charac-
terized in that each of the cooling-heating switching
units is connected to one of the indoor units connect-
ed in combination by a signal line, and receives the
instruction from the indoor unit connected via the sig-
nal line.
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