EP 3 376 126 A1

Patent Office

e brvess (11) EP 3376 126 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(1 9) ’ e Hllm”“l”m||m||‘||H‘||HHH||‘| |H|H‘|‘|H|‘| |H|‘H||H‘|H||‘
Patentamt
0 European

(43) Date of publication: (51) IntCl.:
19.09.2018 Bulletin 2018/38 F24F 11/02 (2006.07)
(21) Application number: 16864307.0 (86) International application number:
PCT/JP2016/083368

(22) Date of filing: 10.11.2016
(87) International publication number:

WO 2017/082346 (18.05.2017 Gazette 2017/20)

(84) Designated Contracting States: (71) Applicant: Toshiba Carrier Corporation
AL AT BE BG CH CY CZDE DK EE ES FI FR GB Kawasaki-shi, Kanagawa 212-8585 (JP)
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR (72) Inventor: MATSUBARA Kentaro
Designated Extension States: Fuji-shi
BA ME Shizuoka 416-8521 (JP)

Designated Validation States:
MA MD (74) Representative: AWA Sweden AB
Junkersgatan 1
(30) Priority: 12.11.2015 JP 2015221940 582 35 Linkdping (SE)

(54) AIR CONDITIONING SYSTEM

(67)  An air conditioning system of the embodiment

includes an outdoor unit, a first indoor unit, a second in- 1 20-1 FIG. 1
doorunit, afirst temperature determination unit, a second N 3537 = ;
temp.era.ture dgtermlnatlon unit, a third temp.eraFure d§- - ,%%1 -
termination unit, a fourth temperature determination unit, <= |LHEAT EXCHANGR [
and a control unit. The control unit is configured to de- Dj‘13‘81_1 i
termine whether at least one of a refrigerant pipe system ‘
connected to the first indoor unit and a first communica- | 23022
tion line connected to the first indoor unit is correctly con- ﬁ‘%_z 39-2
nected, when a first temperature difference between the :}: DO, e =>
temperature determined by the first temperature deter- 34-2
mination unitand the temperature determined by the third 37382
temperature determination unit is equal to or higher than :
a first threshold value, and a second temperature differ- | | L ..30-n
ence between the temperature determined by the second Ifl36-n an
temperature determination unit and the temperature de- i TNDOOR SIDE
: s e TG | HEAT EXCHANGRR [ ¢
termined by the fourth temperature determination unit is 991 5 U |
less than a second threshold value. 27 ot C1—38-n {212
S
18-n
DA :
N7 i
12 |
14 !
A 16 1.
=
«

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 376 126 A1 2

Description
[Technical Field]

[0001] Embodiments of the present invention relate to
an air conditioning system.

[0002] Priority is claimed on Japanese Patent Applica-
tion No. 2015-221940, filed November 12, 2015, the con-
tent of which is incorporated herein by reference.

[Background Art]

[0003] Conventionally, an air conditioning system in
which a plurality of indoor units are connected to one
outdoor unit through a refrigerant pipe and a communi-
cation line is known. In this type of air conditioning sys-
tem, in some cases, it is determined whether or not the
connection between the pipe and the communication line
is correct, on the basis of a change in the refrigerant
temperature before and after supplying the refrigerant to
the pipe which is acquired from a sensor that detects a
refrigerant temperature via a heat exchanger.

[Citation List]
[Patent Literature]

[0004] [Patent Document 1]
Japanese Unexamined Patent Application, First Publica-
tion No. H5-33982

[Summary of Invention]
[Technical Problem]

[0005] However, in this conventional air conditioning
system, there is a case in which it is not possible to ac-
curately determine whether the pipe or the communica-
tion line is correctly connected.

[0006] An object to be solved by the present invention
is to provide an air conditioning system capable of more
accurately determining whether a pipe or a communica-
tion line is correctly connected.

[Solution to Problem]

[0007] An air conditioning system according to an em-
bodiment includes an outdoor unit, a first indoor unit, a
second indoor unit, a firsttemperature determination unit,
a second temperature determination unit, a third temper-
ature determination unit, a fourth temperature determi-
nation unit, and a control unit. The outdoor unit has at
least a compressor and is connectable to a refrigerant
pipe system. The firstindoor unit has afirstheat exchang-
er and is connectable to the refrigerant pipe system. The
second indoor unit has a second heat exchanger and is
connectable to the refrigerant pipe system. The first tem-
perature determination unit is configured to determine
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the temperature of the first heat exchanger. The second
temperature determination unit is configured to deter-
mine the temperature of the second heat exchanger. The
third temperature determination unit is provided for the
first indoor unit and configured to determine the temper-
ature of an air conditioning target space associated with
thefirstindoor unit. The fourth temperature determination
unit is provided for the second indoor unit and configured
to determine the temperature of an air conditioning target
space associated with the second indoor unit. The control
unit configured to determine whether at least one of a
first refrigerant pipe connected to the first indoor unit of
the refrigerant pipe system connected to the first indoor
unit and a first communication line connected to the first
indoor unit is correctly connected, when a first tempera-
ture difference between the temperature determined by
the first temperature determination unit and the temper-
ature determined by the third temperature determination
unit is equal to or higher than a first threshold value, and
a second temperature difference between the tempera-
ture determined by the second temperature determina-
tion unit and the temperature determined by the fourth
temperature determination unit is less than a second
threshold value.

[Brief Description of Drawings]
[0008]

Fig. 1 is a diagram showing a configuration of an air
conditioning system 1.

Fig. 2 is a diagram showing a configuration of a con-
trol unit of the air conditioning system 1.

Fig. 3 is a flowchart showing a flow of processing of
a check operation executed by an outdoor side con-
trol unit 28.

Fig. 4 is a diagram showing an overview of the check
operation performed by the outdoor side control unit
28.

Fig. 5is aflowchart showing the flow of a determining
process executed by the outdoor side control unit 28.
Fig. 6 is a flowchart showing the flow of processing
executed by the outdoor side control unit 28 accord-
ing to a second embodiment.

Fig. 7 is a diagram showing an overview of a check
operation performed by an outdoor side control unit
28 according to the second embodiment.

[Description of Embodiments]

[0009] Hereinafter, an air conditioning system of an
embodiment will be described with reference to the draw-
ings.

(First embodiment)

[0010] Fig. 1 is a diagram showing a configuration of
an air conditioning system 1. The air conditioning system
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1 may include an outdoor unit 10, and indoor units 30-1,
30-2, ... 30-n. Hereinafter, when the indoor units are not
distinguished from other indoor units, they are simply re-
ferred to as indoor units 30. The indoor units 30 are in-
stalled, for example, in different rooms. The outdoor unit
10and eachindoor unit 30-1 are connected to connection
pipes 2-1-1, 2-1-2, ... 2-n-2.

[0011] The outdoor unit 10 includes a compressor 12,
an accumulator 13, a four-way valve 14, an outdoor side
heat exchanger 16, and expansion valves 18-1 to 18-n.
[0012] The compressor 12 compresses the refrigerant
and discharges the refrigerant to the refrigerant pipe 20
via the four-way valve 14. The compressor 12 circulates
the refrigerant in the direction of an arrow in the drawing.
The refrigerant is, for example, R410A, or R32. Further,
the refrigerant may be a refrigerant containing 50% or
more of R32. In the drawings, white arrows indicate the
flow of the refrigerant at the time of cooling, and black
arrows indicate the flow of the refrigerant at the time of
heating. In the present embodiment, as an example, the
operation during cooling of the air conditioning system 1
will be mainly described. The accumulator 13 is provided
to be adjacent to the compressor 12. The accumulator
13 separates the refrigerant returning to the compressor
12 into a gas-phase refrigerant and a liquid-phase refrig-
erant.

[0013] The four-way valve 14 switches the direction in
which the refrigerant discharged from the compressor 12
is circulated. The four-way valve 14 switches between a
state in which the compressor 12 and the outdoor side
heatexchanger 16 are electrically connected to each oth-
er, and a state in which the compressor 12 and the indoor
side heatexchanger 32 are electrically connected to each
other. For example, the four-way valve 14 may circulate
the refrigerant discharged from the compressor 12 to the
outdoor side heat exchanger 16. Further, the four-way
valve 14 circulates the refrigerant discharged from the
compressor 12 to the connection pipes 2-1-1 and 2-n-1.
[0014] The four-way valve 14, the outdoor side heat
exchanger 16, and the expansion valves 18-1to 18-nare
connected to each other via the refrigerant pipes 20 and
21. When the expansion valves 18-1 to 18-n are not dis-
tinguished, they are simply referred to as expansion
valves 18. The outdoor side heat exchanger 16 liquefies
the refrigerant discharged from the compressor 12 and
releases the heat contained in the refrigerant. The ex-
pansion valve 18 is connected to the indoor unit 30 via
the connection pipe 2. The expansion valve 18 sets the
temperature of the liquid refrigerant to low and sets the
pressure of the liquid refrigerant to low, by controlling the
pressure reduction and the flow rate of the refrigerant
which has become the liquid discharged from the outdoor
side heat exchanger 16.

[0015] Theindoor unit 30 includes an indoor side heat
exchanger 32, a fan 34, an indoor side heat exchanger
temperature sensor 36, and an indoor side temperature
sensor 38. The indoor side heat exchanger 32 performs
heat-exchange between the refrigerant discharged from
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the expansion valve 18 and air to evaporate the refriger-
ant. The fan 34 blows the air having undergone heat ex-
change via the indoor side heat exchanger 32 to an air
conditioning target space The indoor side heat exchang-
er temperature sensor 36 determines the temperature of
the indoor side heat exchanger 32. The indoor side tem-
perature sensor 38 determines the temperature of the
room in which the indoor unit 30 is installed.

[0016] Fig. 2 is a diagram showing a configuration of
a control unit of the air conditioning system 1. In addition
to the configuration described in Fig. 1, the air condition-
ing system 1 further includes an outdoor side operation
unit 26, an outdoor side control unit 28, an indoor side
operation unit 40, and an indoor side control unit42. The
outdoor side control unit 28 and the indoor side control
unit 42 are connected to each other through a commu-
nication line and an electrical line.

[0017] The outdoor side control unit 28 or the indoor
side control unit 42 is, for example, a processor such as
a central processing unit (CPU). In addition, the outdoor
side control unit 28 or the indoor side control unit 42 may
be hardware such as a large scale integration (LSI) or
an application specific integrated circuit (ASIC).

[0018] The outdoor side operation unit 26 includes a
mode switching button, a display unit, and the like. The
outdoor side operation unit 26 supplies a signal corre-
sponding to the operation of the user to the outdoor side
control unit 28. When the check operation is instructed,
the outdoor side operation unit 26 supplies a signal indi-
cating that the instruction for the check operation has
been given to the outdoor side control unit 28. The check
operation is an operation of determining whether or not
the pipe and the communication line between the outdoor
unit 10 and the indoor unit 30 are connected normally
(correctly)(details will be described later). Further, the
display unit of the outdoor side operation unit 26 displays
the results of the check operation or information indicat-
ing the abnormality of an air conditioning system 1.
[0019] Indoor side operation units 40 are provided to
correspond to each of the plurality of indoor units 30. The
indoor side operation unit 40 includes a setting temper-
ature changing button of an air conditioning target space
of the indoor unit 30, an operation mode switching button,
an indoor side display unit, and the like. The indoor side
operation unit 40 supplies a signal corresponding to the
user’s operation to the indoor side control unit 42. The
display unit of the indoor side operation unit 40 displays
the operation state of the indoor unit 30, the state of the
air conditioning target space, the set operation mode,
and the like.

[0020] The outdoor side control unit 28 controls the
driving of the compressor 12. The outdoor side control
unit 28 controls an opening degree of the valve of the
expansion valve 18. The outdoor side control unit 28 gen-
erates an instruction signal, on the basis of the signal
supplied from the indoor side operation unit 40 or infor-
mation acquired from the indoor side control unit 42. The
outdoor side control unit 28 supplies instruction signals
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to the compressor 12, the expansion valve 18, the out-
door side operation unit 26, and the indoor side control
unit 42. Details of processes of the outdoor side control
unit 28 will be described later.

[0021] Indoor side control units 42 are provided to cor-
respond to each of the plurality of indoor units 30. The
indoor side control unit 42 controls each unit included in
the indoor unit 30 on the basis of an instruction signal
supplied from the outdoor side control unit 28. The indoor
side control unit 42 supplies information or signals ac-
quired from the indoor side heat exchanger temperature
sensor 36, the indoor side temperature sensor 38, and
the indoor side operation unit 40 to the outdoor side con-
trol unit 28.

[0022] Fig. 3 is a flowchart showing the flow of a check
operation (determination of whether or not the connection
of the pipe or the communication line is normal) executed
by the outdoor side control unit 28. First, the outdoor side
control unit 28 selects an indoor unit 30 in which the de-
termination of the connection state has not been com-
pleted, among the plurality ofindoor units 30 (step S100).
[0023] The outdoor side control unit 28 controls the fan
34 of the indoor unit 30 selected in step S100 in an ON
state (step S102), and controls the expansion valves 18
of all the indoor units 30 in an open state (step S104).
The outdoor side control unit 28 controls the air condi-
tioning system 1 in a standby state for a predetermined
time (step S106). Next, the outdoor side control unit 28
executes a determining process of the connection state
(step S108). Details of the determining process will be
described later.

[0024] Next, the outdoor side control unit 28 deter-
mines whether or not the connection state of all the indoor
units 30 has been determined (step S110). When the
connection state of all the indoor units 30 has not been
determined, the process returns to step S100. When the
connection state of all the indoor units 30 has been de-
termined, the process of the flowchart ends.

[0025] Fig. 4 is a diagram showing an overview of the
check operation performed by the outdoor side control
unit 28. For example, an indoor unit 30-1 having a room
A as an air conditioning target space, an indoor unit 30-2
having a room B as an air conditioning target space, and
anindoor unit 30-3 having aroom C as an air conditioning
target space will be described as being subjected to the
check operation. Also, it is assumed that the determining
process is executed one by one in order from the room
A to the room C. In the shown example, the temperature
change (TC-Ato TC-C in the drawings) of the indoor side
heat exchanger 32 in the chambers A and C from the
start to the end of the check operation is shown. In ad-
dition, the open and closed states (PMV A to PMV C in
the drawings) of the expansion valve 18 which circulates
the refrigerant in the chambers A and C for each time,
and the operation state of the compressor 12 for each
time are shown.

[0026] First, the outdoor side control unit 28 controls
the compressor 12 in an ON state, and controls the ex-
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pansion valve 18, which circulates the refrigerant in the
indoor unit 30-1, in a predetermined open state. The out-
door side control unit 28 executes the determining proc-
ess of the room A, and when the determining process of
the room A ends, the outdoor side control unit 28 sets
the compressor 12 to an OFF state and controls at least
the fan 34 of the indoor unit 30-2 to the ON state. Here,
the fans 34 of all the indoor units 30-1 and 30-3 may be
controlled to the ON state. Further, the outdoor side con-
trol unit 28 controls the expansion valves 18 of the indoor
units 30-1 and 30-3 to the open state. These states are
maintained for a predetermined time. Hereinafter, the in-
terval time indicates the time for maintaining the com-
pressor 12 is in the OFF state, maintaining at least the
fan 34 of the indoor unit 30 as being subjected to the
determining process of the connected state next is in the
ON state, and maintaining all the expansion valves 18 is
in the open state for the predetermined time

[0027] Theintervaltime is, for example, the time which
is set for returning from the lowered temperature, on the
assumption that the temperature of the indoor side heat
exchanger 32 of the indoor unit 30-2, which becomes the
target of the determining process of the connection state
next, is lowered during the determining process of the
indoor unit 30-1 which is the target of the immediately
preceding determining process. The interval time may
be a preset time. Further, the interval time may be a time
determined by the outdoor side control unit 28 on the
basis of the detection results of the indoor side heat ex-
changer temperature sensor 36 or the indoor side tem-
perature sensor 38.

[0028] By controlling the fan 34 to the ON state during
the interval time, the temperature of the indoor side heat
exchanger 32 of the indoor unit 30 or the air conditioning
target space is easily returned to that of a state before
the determining process of the connection state was
started. Further, by controlling the expansion valves 18
of the indoor units 30-1 to 30-3 to the open state, it is
possible to suppress the temperature change or the like
occurring in the indoor unit 30 connected to the part other
than the pipe in which the refrigerant is circulated by the
residual refrigerant in the pipe or the pressure change in
the pipe.

[0029] Afterelapse of theinterval time, the determining
process of the connection state of the room B is executed,
and after the interval time has elapsed, the determining
process of the connection state of the room Cis executed.
Thus, itis determined whether or not the pipe ofthe indoor
unit 30 connected to the outdoor unit 10 and the commu-
nication line are connected normally.

[0030] In the air conditioning system 1 of the embodi-
ment, an indoor side expansion valve may be further pro-
vided between the connection pipe 2 of the indoor unit
30 and the indoor side heat exchanger 32, in addition to
the expansion valve 18. In this case, when the determin-
ing process of the connection state is executed, an indoor
side expansion valve different from the indoor side ex-
pansion valve included in the indoor unit 30 subject to
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the determining process may be controlled to the closed
state. Thus, it is possible to reduce the influence of re-
sidual refrigerant and pressure change occurring in the
indoor unit 30 other than the determination target through
the determining process of the connection state.

[0031] Fig. 5 is a flowchart showing the flow of a de-
termining process executed by the outdoor side control
unit 28. First, the outdoor side control unit 28 controls the
compressor 12 for the ON state and controls the expan-
sion valve 18-1 of the indoor unit 30-1, which is a deter-
mination target of the connection state, to the predeter-
mined open state (step S150). Here, the indoor unit 30-1,
which is a determination target for the connection state,
corresponds to the "first indoor unit" in the claims, and
the indoor units 30-2 and 30-3 which are not determina-
tion targets of the connection state correspond to "an
indoor unit other than the first indoor unit" in the claims.
The indoor side heat exchanger 32-1 corresponds to the
"first heat exchanger" in the claims, the indoor side heat
exchanger temperature sensor 36-1 corresponds to the
"first temperature determination unit," and the indoor side
temperature sensor 38-1 corresponds to the "third tem-
perature determination unit" in the claims. The indoor
side heat exchangers 32-2 and 32-3 correspond to the
"second heat exchanger" in the claims, the indoor side
heat exchanger temperature sensors 36-2 and 36-3 cor-
respond to the "second temperature determination unit,"
and the indoor side temperature sensors 38-2 and 38-3
correspond to the "fourth temperature determination unit"
in the claims.

[0032] The rotational speed of the compressor 12 is,
for example, 25% or less of the maximum rotational
speed of the compressor 12. By suppressing the rota-
tional speed of the compressor 12, it is possible to sup-
press the amount of refrigerant liquid returning to the ac-
cumulator 13 during the check operation, and it is possi-
ble to reduce the load applied to the compressor 12. The
opening degree of the expansion valve 18-1 is, for ex-
ample, 25% or less of the maximum flow opening degree
of the expansion valve 18. By setting the opening degree
of the expansion valve 18-1 to 25% or less, the decrease
in the temperature of the indoor side3 heat exchanger
32 oftheindoorunit 30-1 which is the determination target
becomes gentle, and it is possible to suppress an in-
crease in processing time.

[0033] Next, the outdoor side control unit 28 deter-
mines whether or not a temperature difference AT is
equal to or higher than a temperature T1 (step S152).
The temperature difference AT is a difference between
the temperature TA detected by the indoor side temper-
ature sensor 38-1 of the indoor unit 30-1 on which deter-
mination is to be performed and the temperature TC de-
tected by the indoor side heat exchanger temperature
sensor 36-1 of the indoor unit 30-1 on which determina-
tion is to be performed.

[0034] When the temperature difference AT is not
equal to or higher than the temperature T1, the outdoor
side control unit 28 determines whether or not a prede-
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termined time has elapsed (step S154). When the pre-
determined time has not elapsed, the process of step
S152 is repeated. When the predetermined time has
elapsed, the outdoor side control unit 28 determines that
there is a possibility that an abnormality may exist in the
connection state of the pipe and the communication line
of the indoor unit 30-1 on which determination is to be
performed (step S166). This is because the temperature
determined by the indoor side heat exchanger tempera-
ture sensor 36-1 has not decreased by more than a pre-
determined temperature even though the refrigerant is
circulated in the indoor unit 30-1 on which determination
is to be performed. In this case, the outdoor side control
unit 28 and the communication line with the indoor side
controlunit42 are misconnected, and there is a possibility
that a difference may occur between the indoor side con-
trol unit 42 to be controlled and the indoor side control
unit 42 that is actually controlled. In addition, the pipe
between the indoor unit 30-1 and the outdoor unit 10 is
erroneously connected, and there is a possibility that a
difference may occur between the indoor unit 30-1 of the
target through which the refrigerant is circulated and the
indoor unit 30 in which the refrigerant is actually circulat-
ed.

[0035] When the temperature difference AT is equal to
or higher than the temperature T1, the outdoor side con-
trol unit 28 determines whether or not the temperature
difference ATn is equal to or higher than the temperature
T2 for all the other indoor units 30 (step S156). The tem-
perature difference ATn is a difference between the tem-
perature TAn detected by the indoor side temperature
sensor 38 of the indoor unit 30 which is not the determi-
nation target for the connection state and the temperature
TCn detected by the indoor side heat exchanger temper-
ature sensor 36 of the indoor unit 30 which is not the
determination target for the connection state. In the case
in which there are a plurality of indoor units 30 which are
not the determination targets, the outdoor side control
unit 28 calculates the temperature difference ATn be-
tween the temperature TAn detected by the indoor side
temperature sensor 38 provided in each of the indoor
units 30 which are not the determination targets and the
temperature TCn detected by the indoor side heat ex-
changer temperature sensor 36 provided in each of the
indoor units 30 which are not the determination targets.
The outdoor side control unit 28 determines whether or
not all the calculated temperature differences ATn are
equal to or higher than the temperature T2. When any
one of the calculated temperature differences ATn is
equal to or higher than the temperature T2, the process
proceeds to step S160. When all the calculated temper-
ature differences ATn are not equal to or higher than the
temperature T2, the process proceeds to step S158.
[0036] When all the temperature differences ATn are
not equal to or higher than the temperature T2, the out-
door side control unit 28 determines that the indoor unit
30-1 is connected to the outdoor unit 10 normally (step
S158). In this case, the outdoor side control unit 28 con-
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trols the compressor 12 to the OFF state (step S168).
This is because since the temperature determined by the
indoor side heat exchanger temperature sensor 36,
which is not the determination target, is not lowered by
the temperature T2 or more, it is presumed that the re-
frigerant is not circulated in the indoor unit 30 that is not
the determination target. For example, the temperature
T2 may be lower than the temperature T1.

[0037] When any one of the calculated temperature
differences ATnis equal to or higher than the temperature
T2, the outdoor side control unit 28 waits until a prede-
termined time elapses (step S160). When the predeter-
mined time has elapsed, the outdoor side control unit 28
determines whether or not the temperature TC is equal
to or lower than the temperature TCn (step S162). When
there are a plurality of indoor units 30 which are not the
determination targets, the outdoor side control unit 28
compares the temperature TC detected by the indoor
side heat exchanger temperature sensor 36 of the indoor
unit 30-1 on which determination is to be performed with
the temperature TCn detected by the indoor side heat
exchanger temperature sensor 36 provided in each of
the indoor units 30 which are not the determination target.
If the temperature TC is equal to or lower than all the
other temperatures TCn, the process proceeds to step
S164. If the temperature TC is not equal to or lower than
onetemperature of all the temperatures TCn, the process
proceeds to step S166.

[0038] Whenthetemperature TCis notequalto orlow-
er than the temperature TCn, the outdoor side control
unit 28 determines that there is a possibility that an ab-
normality may exist in the connection state of the pipe
and the communication line of the indoor unit 30-1 on
which determination is to be performed (step S166), and
the process proceeds to S168. When the temperature
TC is equal to or lower than the temperature TCn, the
outdoor side control unit 28 determines that the indoor
unit 30-1 on which determination is to be performed is
connected to the outdoor unit 10 normally (step S164),
and controls the compressor 12 to a turned-off state (step
S168). In this case, a temperature difference equal to or
greater than the predetermined temperature occurs be-
tween the temperature of the indoor side temperature
sensor 38 of the indoor unit 30 which is not the determi-
nation target and the temperature of the indoor side heat
exchanger temperature sensor 36 of the indoor unit 30
which is not the determination target. However, since the
temperature of the indoor side temperature sensor 38-1
of the indoor unit 30-1 on which determination is to be
performed is lower than the temperature of the indoor
side temperature sensor 38 of the other indoor unit 30,
the refrigerant is presumed to circulate to the indoor unit
30-1 on which determination is to be performed. As a
result, the processing of this flowchart ends.

[0039] When the determining process of one indoor
unit 30-1 is completed as described above, for example,
the determining process of the next indoor unit 30-2 is
executed. In the determining process of the next indoor
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unit 30-2, the indoor unit 30-1, which is determined to be
connected to the outdoor unit 10 normally, is excluded
from the comparison target in the determining process.
For example, in the process of determining whether or
not the temperature difference ATn in step S156 is equal
to or higher than the temperature T2 and in the process
of determining whether or not the temperature TC in step
S162 is equal to or lower than the temperature TCn, the
indoor unit 30-1 determined to be normally connected to
the outdoor unit 10 is excluded from comparison. On the
other hand, if it is determined that there is a possibility
that an abnormality may exist in the connection state of
the pipe and the communication line between the outdoor
unit 10 and the indoor unit 30-1, the indoor unit 30-1 is
included in the comparison targets, in the process of de-
termining that the temperature difference ATn in step
S156 is equal to or higher than the temperature T2 and
the process of determining whether or not the tempera-
ture TC in step S162 is equal to or lower than the tem-
perature TCn.

[0040] Further, when the determining process of the
connection state is executed for all the indoor units 30,
and the check operation is completed, the outdoor side
control unit 28 displays the results of the check operation
on the display unit of the outdoor side operation unit 26.
For example, information indicating the presence or ab-
sence of the indoor units 30 that may not be connected
to the outdoor unit 10 normally is displayed on the display
unit of the outdoor side operation unit 26. Further, iden-
tification information of the indoor unit 30 that is not con-
nected to the outdoor unit 10 normally is displayed on
the display unit of the outdoor side operation unit 26.
[0041] Meanwhile, there is a case where it is deter-
mined whether the connection of the pipe and the signal
line between the indoor unit and the outdoor unitis normal
on the basis of the temperature change of the indoor side
heat exchanger. In this case, due to the influence of the
refrigerant remaining in the indoor side heat exchanger,
the temperature of the indoor side heat exchanger
through which the refrigerant does not flow may also
change, and there is a case in which it is not possible to
more accurately determine whether the connection of the
pipe and the communication line between the outdoor
unit 10 and the indoor unit 30 is normal.

[0042] In contrast, in the air conditioning system 1 of
the present embodiment, even if there is a residual re-
frigerant by the above-described determining process
and there is a temperature change in the indoor unit 30
and the air conditioning target space different from the
target of the determining process, it is possible to more
accurately determine whether the connection of the pipe
and the communication line between the outdoor unit 10
and the indoor unit 30 is normal. Furthermore, in the air
conditioning system 1 of the present embodiment, since
the determining process is performed in a state in which
the temperature of the indoor side heat exchanger 32 of
the indoor unit 30 is maintained at a predetermined level
or higher, it is possible to more accurately determine
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whether the connection of the pipe and the communica-
tion line between the outdoor unit 10 and the indoor unit
30 is normal.

[0043] According to the first embodiment described
above, the outdoor side control unit 28 determines that
the connection state of the refrigerant pipe or the com-
munication line connected to the indoor unit 30 which is
the determination target is normal, when the temperature
difference AT of the indoor unit 30, which is the determi-
nation target for the connection state, is equal to or higher
than the temperature T1, and the temperature difference
ATn of the indoor side control unit 30 which is not the
determination target is not equal to or higher than the
temperature T2. Further, even when the temperature dif-
ference ATn of the indoor unit 30, which is not the deter-
mination target for the connection state, is equal to or
higher than the temperature T2, the outdoor side control
unit 28 determines that the connection state of the refrig-
erant pipe or the communication line connected to the
indoor unit 30 on which determination is to be performed
is normal, when the temperature TC is equal to or lower
than the temperature TCn after a lapse of a predeter-
mined time. As a result, the air conditioning system 1 can
more accurately determine whether the connection of the
pipe or the communication line between the outdoor unit
10 and the indoor unit 30 is normal.

(Second embodiment)

[0044] A second embodiment will be described below.
Here, differences from the firstembodiment will be mainly
described, and the description of the functions and the
like common with the first embodiment will be omitted.
In the first embodiment, in the interval time, the fan 34 is
maintained in the ON state and all the expansion valves
18 are controlled to the open state. In contrast, in the
second embodiment, in the interval time, the fan 34 is
maintained in the OFF state, the expansion valve 18 for
circulating the refrigerant to the indoor unit 30 subject to
the determining process is controlled to the open state,
and the other expansion valve 18 is controlled to the
closed state. Hereinafter, differences from the first em-
bodiment will be mainly described.

[0045] Fig.6is aflowchart showing the flow of process-
ing executed by the outdoor side control unit 28 of the
second embodiment. First, the outdoor side control unit
28 selects an indoor unit 30, in which the determination
of the connection state has not been completed, among
the plurality of indoor units 30 (step S200).

[0046] The outdoor side control unit 28 controls the
expansion valve 18 of the indoor unit 30 selected in step
S200 to the open state (step S202). The outdoor side
control unit 28 controls the air conditioning system 1 to
a standby state for a predetermined time (step S204).
Next, the outdoor side control unit 28 executes a deter-
mining process of the connection state (step S206).
Since the determining process is the same as the proc-
esses from the steps S150 to S168 described in the first
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embodiment, a description thereof will be omitted.
[0047] Next, the outdoor side control unit 28 deter-
mines whether or not the connection state of all the indoor
units 30 has been determined (step S208). If the connec-
tion state of all the indoor units 30 has not been deter-
mined, the process returns to step S200. When the con-
nection state of all the indoor units 30 has been deter-
mined, the process of this flowchart ends. As a result,
the processing executed by this flowchart ends.

[0048] Fig. 7 is a diagram showing an overview of the
check operation performed by the outdoor side control
unit 28 according to the second embodiment. For exam-
ple, the indoor unit 30-1 having the room A as an air
conditioning target space, the indoor unit 30-2 having the
room B as an air conditioning target space, and the indoor
unit 30-3 having the room C as an air conditioning target
will be described as being subjected to the check oper-
ation. Also, it is assumed that the determining process
is executed one by one in order from room A to room C.
[0049] First, the outdoor side control unit 28 controls
the compressor 12 to the ON state, and controls the ex-
pansion valve 18-1 for circulating the refrigerant in the
indoor unit 30-1 to the predetermined open state. When
the determining process of the room A is completed, the
outdoor side control unit 28 sets the compressor 12 to
the OFF state, controls the expansion valve 18 of the
indoor unit 30-2 of the next determination target to the
predetermined open state and controls the other expan-
sion valve 18 to the closed state. After the lapse of the
interval time, the determining process of the room B is
executed, and after the lapse of the interval time, the
determining process of the room C is executed. In the
second embodiment, the fan 34 is controlled to the OFF
state during the interval time. Thus, it is possible to exe-
cute the check operation, without making the user in the
room subjected to the determining process feel that the
check operation is performed.

[0050] Accordingtothe second embodimentdescribed
above, in order to maintain the fan 34 in the OFF state
in the interval time, the outdoor side control unit 28 can
perform the check operation, without making the person
in the air conditioning target space feel that the check
operation is performed. In addition, the outdoor side con-
trol unit 28 controls the expansion valve 18 for circulating
the refrigerant to the indoor unit 30, which is the target
of the determining process, to the open state, and con-
trols the other expansion valve 18 to the closed state,
thereby making it possible to execute the next determin-
ing process in a state in which the influence of the refrig-
erant remaining in the refrigerant pipe is reduced.
[0051] Inthe air conditioning system 1 according to the
first embodiment and the second embodiment, the de-
termining process at the time of the cooling operation
has been described, but the first embodiment and the
second embodiment are also applied at the time of the
heating operation. In this case, the outdoor side control
unit 28 determines whether the temperature difference
AT is equal to or lower than the temperature T1 (AT <
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T1) in step S152 of the determining process. Further, the
outdoor side control unit 28 determines whether the tem-
perature difference ATn is equal to or lower than the tem-
perature T2 (ATn < T2) in step S156 of the determining
process. Further, the outdoor side control unit 28 deter-
mines whether the temperature TC is equal to or higher
than the temperature TCn (TC > TCn) in step S162 of
the determining process.

[0052] In addition, in the air conditioning system 1 ac-
cording to the first embodiment and the second embod-
iment, the description has been given of a case where
the outdoor side control unit 28 performs the determina-
tion of step S152 (determination as to whether the tem-
perature difference AT is equal to or higher than the tem-
perature TI), the determination of step S156 (determina-
tion as to whetherthe temperature difference ATn is equal
to or higher than the temperature T2 for all the other in-
door units 30), and the determination of step S162 (de-
termination as to whether the temperature TC is equal
to or lower than the temperature TCn). However, the out-
door side control unit 28 may acquire one or more deter-
mination results from the above-described respective
steps from another device, and determine whether at
least one of the pipe and the communication line is cor-
rectly connected on the basis of the acquired determina-
tion result. In this case, the other device acquires the
detection result of the indoor side heat exchanger tem-
perature sensor 36 included in the indoor unit 30 and the
detection result of the indoor side temperature sensor
38, performs one or more determinations among the re-
spective steps on the basis of the acquired detection re-
sults, and transmits the determination result to the out-
door side control unit 28 via a network such as a local
area network (LAN).

[0053] According to at least one embodiment de-
scribed above, by including an outdoor unit having at
least a compressor and connectable to a refrigerant pipe
system, a first indoor unit having a first heat exchanger
and connectable to the refrigerant pipe system, a second
indoor unit having a second heat exchanger and con-
nectable to the refrigerant pipe system, a first tempera-
ture determination unit which is configured to determine
the temperature of the first heat exchanger, a second
temperature determination unit which is configured to de-
termine the temperature of the second heat exchanger,
a third temperature determination unit provided for the
first indoor unit and configured to determine the temper-
ature of an air conditioning target space associated with
the first indoor unit, a fourth temperature determination
unit provided for the second indoor unit and configured
to determine the temperature of an air conditioning target
space associated with the second indoor unit, and a con-
trol unit configured to determine whether at least one of
a first refrigerant pipe connected to the first indoor unit
ofthe refrigerant pipe system connected to the firstindoor
unit and a first communication line connected to the first
indoor unit is correctly connected, when a first tempera-
ture difference between the temperature determined by
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the first temperature determination unit and the temper-
ature determined by the third temperature determination
unit is equal to or higher than a first threshold value, and
a second temperature difference between the tempera-
ture determined by the second temperature determina-
tion unit and the temperature determined by the fourth
temperature determination unit is less than a second
threshold value, it is possible to determine whether the
pipe or the connection pipe is correctly connected.
[0054] While several embodiments of the present in-
vention have been described, these embodiments have
been presented by way of example and are not intended
to limit the scope of the invention. These embodiments
can be implemented in various other forms, and various
omissions, replacements, and modifications can be
made without departing from the gist of the invention.
These embodiments and modifications thereof are in-
cluded in the scope and gist of the invention, as well as
within the scope of the invention described in the claims
and their equivalents.

Claims
1. An air conditioning system comprising:

an outdoor unit having at least a compressor
and connectable to a refrigerant pipe system;
a first indoor unit having a first heat exchanger
and connectable to the refrigerant pipe system;
a second indoor unit having a second heat ex-
changer and connectable to the refrigerant pipe
system;

afirsttemperature determination unit configured
to determine the temperature of the first heat
exchanger;

a second temperature determination unit con-
figured to determine the temperature of the sec-
ond heat exchanger;

a third temperature determination unit provided
for the first indoor unit and configured to deter-
mine the temperature of an air conditioning tar-
get space associated with the first indoor unit;
a fourth temperature determination unit provid-
ed for the second indoor unit and configured to
determine the temperature of an air conditioning
target space associated with the second indoor
unit; and

a control unit configured to determine whether
at least one of a first refrigerant pipe connected
to the firstindoor unit of the refrigerant pipe sys-
tem connected to the first indoor unit and a first
communication line connected to the first indoor
unit is correctly connected, when a first temper-
ature difference between the temperature deter-
mined by the first temperature determination
unitand the temperature determined by the third
temperature determination unit is equal to or
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higher than a first threshold value, and a second
temperature difference between the tempera-
ture determined by the second temperature de-
termination unit and the temperature deter-
mined by the fourth temperature determination
unit is less than a second threshold value.

The air conditioning system according to claim 1,
wherein the control unit is configured to determine
whether the first temperature difference between the
temperature determined by the first temperature de-
termination unit and the temperature determined by
the third temperature determination unit is equal to
or higher than the first threshold value, and is con-
figured to determine whether the second tempera-
ture difference between the temperature determined
by the second temperature determination unit and
the temperature determined by the fourth tempera-
ture determination unit is less than the second
threshold value.

The air conditioning system according to claim 1,
wherein, when the first temperature difference is
equal to or higher than the first threshold value until
a predetermined time has elapsed after the first tem-
perature difference is determined to be less than the
first threshold value, if the second temperature dif-
ference is less than the second threshold value, the
control unit is configured to determine that at least
one of the first refrigerant pipe of the refrigerant pipe
system connected to the firstindoor unit and the first
communication line connected to the first indoor unit
is correctly connected.

The air conditioning system according to claim 3,
wherein, when the first temperature difference is
equal to or higher than the first threshold value and
the second temperature difference is equal to or
higher than the second threshold value, after the
lapse of a predetermined time from the determina-
tion, when the temperature determined by the first
temperature determination unit provided corre-
sponding to the first indoor unit is equal to or less
than the temperature determined by the second tem-
perature determination unit provided corresponding
to the second indoor unit, the control unit is config-
ured to determine that at least one of the first refrig-
erant pipe and the first communication line is cor-
rectly connected.

The air conditioning system according to claim 4,
wherein the control unit is configured to determine
whether at least one of a second refrigerant pipe of
the refrigerant pipe system connected to the second
indoor unit and a second communication line con-
nected to the second indoor unitis correctly connect-
ed after performing the determination on the first in-
door unit.
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6. The air conditioning system according to claim 1,

further comprising:

a third indoor unit having a third heat exchanger
and connectable to the refrigerant pipe system;
afifth temperature determination unit configured
to determine the temperature of the third heat
exchanger; and

a sixth temperature determination unit provided
for the third indoor unit and configured to deter-
mine the temperature of an air conditioning tar-
get space associated with the third indoor unit,
wherein, when it is determined that at least one
of the first refrigerant pipe and the first commu-
nication line connected to the first indoor unit is
correctly connected,

in a case where a third temperature difference
between the temperature determined by the
second temperature determination unit and the
temperature determined by the fourth tempera-
ture determination unit is equal to or higher than
the first threshold value, and a fourth tempera-
ture difference between the temperature deter-
mined by the fifth temperature determination
unitand the temperature determined by the sixth
temperature determination unit is less than the
second threshold value, the control unit is con-
figured to determine that at least one of the sec-
ond refrigerant pipe of the refrigerant pipe sys-
tem connected to the second indoor unitand the
second communication line connected to the
second indoor unit connected to the second in-
door unit is correctly connected.

The air conditioning system according to claim 1,
wherein, when it is determined that at least one of
the first refrigerant pipe and the first communication
line is correctly connected, the control unit does not
use the temperature determined by the first temper-
ature determination unit and the temperature deter-
mined by the third first temperature determination
unit, when determining whether least one of the sec-
ond refrigerant pipe connected to the second indoor
unit and the second communication line connected
to the second indoor unit is correctly connected.

The air conditioning system according to claim 5,
wherein the control unit is configured to determine
whether at least one of the first refrigerant pipe con-
nected to the first indoor unit and the first communi-
cation line connected to the first indoor unit is cor-
rectly connected, after performing determination for
the first indoor unit, waits for a predetermined time
after the determination, and is configured to deter-
mine whether at least one of the second refrigerant
pipe and the second communication line is correctly
connected.
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9. The air conditioning system according to claim 1,

wherein the first indoor unit includes a first fan

is configured to blow the air having undergone
heat exchange via the first heat exchanger to 5
the air conditioning target space associated with

the first indoor unit,

the second indoor unit includes a second fan is
configured to blow the air having undergone
heat exchange via the second heat exchanger 10
to the air conditioning target space associated
with the second indoor unit, and

the control unit is configured to control at least

the second fan to an ON state, while waiting for

a predetermined time after determining the first 75
indoor unit.

10. The air conditioning system according to claim 1,
further comprising:
20
a first expansion valve provided between the
compressor and the first heat exchanger and
configured to control a flow rate at which a re-
frigerant discharged from the compressor flows
to the first heat exchanger; and 25
asecond expansion valve provided between the
compressor and the second heatexchanger and
configured to control a flow rate at which the
refrigerant discharged from the compressor
flows to the second heat exchanger, 30
wherein the control unit is configured to control
the first expansion valve and the second expan-
sion valve to an open state, while waiting for a
predetermined time after determining the firstin-
door unit. 35
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