EP 3 892 929 A1

(19) Europdisches

Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 3 892 929 A1

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

(43) Date of publication: (51) IntCl.:

13.10.2021 Bulletin 2021/41

(21) Application number: 19893827.6

F24F 11/46 (2018.01) F24F 11/54(2018.01)
F24F 140/50 (2018.0%)

(86) International application number:

(22) Date of filing: 04.12.2019

PCT/JP2019/047475

(87) International publication number:

WO 2020/116530 (11.06.2020 Gazette 2020/24)

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FI FR GB
GRHRHUIEISITLILTLULVMC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(30) Priority: 06.12.2018 JP 2018229107

¢ KIKUCHI, Yasuhisa

Fuji-shi, Shizuoka 416-8521 (JP)
¢ HAMADA, Yoshinobu

Fuji-shi, Shizuoka 416-8521 (JP)
¢ UESHIGE, Jun

Fuji-shi, Shizuoka 416-8521 (JP)
* KOMURE, Shinya

Fuji-shi, Shizuoka 416-8521 (JP)
¢ ANDO, Hiroaki

Fuji-shi, Shizuoka 416-8521 (JP)

(71) Applicant: Toshiba Carrier Corporation (74) Representative: Gramm, Lins & Partner

Kawasaki-Shi,
Kanagawa 212-8585 (JP)

(72) Inventors:
¢ SUGISAKI, Satoko
Fuji-shi, Shizuoka 416-8521 (JP)

Patent- und Rechtsanwalte PartGmbB
Theodor-Heuss-Strafle 1
38122 Braunschweig (DE)

(54) AIR CONDITIONING DEVICE

(57)  Inthe presentinvention, provided are a plurality
of air conditioners which are disposed in the same
air-conditioning area. If the maximum air conditioning ca-

pacity from among the air conditioning capacities of the
plurality of air conditioners is a set value or greater, such
maximum air conditioning capacity is controlled.

18a

Outdoor 4 | Outdoor
controller controller

‘‘‘‘‘ Outdoor
A v controller i '
31~ 31~ 31
20~ 20+, 20+,
—24a 21 24b 21 24n 21
Indoor controller L—| % I—_J‘ Indo?lr L—[ g }—J In(tiocﬁr L\—I % I—J
Firstoontrol 1. 22 controller 22 controller So~22
R || [oaseston I 98 /\ 2508 [ %9
iSecond control+{-C2 /\ -t /
1___section __ 1 T
40 40
1
FIG.1 32A|j_'}vs3 ~ Air conditioning area ~

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 892 929 A1 2

Description
Technical Field

[0001] Embodiments described hereinrelate generally
to an air conditioning apparatus comprising a plurality of
air conditioners and air-conditioning one same air-con-
ditioned area with the air conditioners.

Background Art

[0002] In an air conditioning apparatus comprising a
plurality of air conditioners and air-conditioning one same
air-conditioned area with the air conditioners, air condi-
tioning load on each air conditioner is different depending
on installation locations of the respective air conditioners,
even in the same air-conditioned area. For example, the
air conditioning load on the air conditioner installed in a
place near a window is easily affected by the solar light
and the outside air temperature, and the air conditioning
load on the air conditioner installed in a place remote
from a window is hardly affected by the solar light and
the outside air temperature.

[0003] Forthisreason, the air conditioners running with
a high air conditioning capacity and the air conditioners
running with a low air conditioning capacity exist together
even in the same air-conditioned area. The energy effi-
ciency of the air conditioners running with a middle or
low air conditioning capacity is desirable, but the energy
efficiency of the air conditioners running with a high air
conditioning capacity is low. The degradation of the en-
ergy efficiency leads to namely increase in the power
consumption.

Citation List
Patent Literature

[0004] Patent Literature 1: JP 2011-89683 A

Summary of Invention
Technical Problem

[0005] Embodiments described herein aim to provide
an air conditioning apparatus capable of securing desir-
able energy efficiency of a plurality of air conditioners,
exerting an appropriate air conditioning capacity to sud-
den variation of the air conditioning load, and attempting
the improvement of comfort.

Solution to Problem

[0006] An air conditioning apparatus of claim 1 com-
prises: a plurality of air conditioners arranged inone same
air-conditioned area to control air conditioning capacities
in accordance with air conditioning loads, respectively;
and a controller which, when a maximum air conditioning
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capacity of the air conditioning capacities of the air con-
ditioners is higher than or equal to a set value, inhibits
the maximum air conditioning capacity.

Brief Description of Drawings
[0007]

FIG. 1 is a diagram showing a structure of an em-
bodiment.

FIG. 2 is a flowchart showing control which a master
unit executes in the embodiment.

FIG. 3 is a flowchart showing control which the mas-
ter unit and the slave units execute in the embodi-
ment.

FIG. 4 is a diagram showing a partial load factor of
each air conditioner in a case where power linkage
control is not executed in the embodiment.

FIG. 5 is a graph showing a relationship between a
partial load factor and the energy efficiency of the air
conditioner on a window side in FIG. 4.

FIG. 6 is a graph showing a relationship between a
partial load factor and the energy efficiency of the air
conditioner on a non-window side in FIG. 4.

FIG. 7 is a diagram showing a partial load factor of
each air conditioner in a case where power linkage
control is executed in the embodiment.

FIG. 8 is a graph showing a relationship between the
partial load factor and the energy efficiency of the air
conditioner on a window side in FIG. 7.

FIG.9is a graph showing a relationship between the
partial load factor and the energy efficiency of the air
conditioner on a non-window side in FIG. 7.

FIG. 10 is a chart showing variation of the partial load
factor of each air conditioner and variation in the in-
door temperature in the embodiment.

Mode for Carrying Out the Invention

[0008] One of embodiments will be described herein-
after with reference to the accompanying drawings.
[0009] As showninFIG. 1, indoor units 20 of a plurality
of air conditioners 1a, 1b, ... In configuring an air condi-
tioning apparatus are arranged in one same air-condi-
tioned area R.

[0010] An air conditioner 1a serving as a master unit
comprises a heat-pump-type refrigerating cycle formed
by sequentially connecting a compressor 11, a four-way
valve 12, an outdoor heat exchanger 13, a decompres-
sion device, for example, electric expansion valve 14,
and an indoor heat exchanger 21 by piping.

[0011] At the cooling operation, a refrigerant dis-
charged from the compressor 11 flows into the outdoor
heat exchanger (condenser) 13 through the four-way
valve 12, the refrigerant flowing out from the outdoor heat
exchanger 13 flows into the indoor heat exchanger (evap-
orator) 21 through the electric expansion valve 14, and
the refrigerant flowing out from the indoor heat exchanger
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21 is sucked into the compressor 11 through the four-
way valve 12.

[0012] At the heating operation, the refrigerant dis-
charged from the compressor 11 flows into the indoor
heat exchanger (condenser) 21 through the four-way
valve 12, the refrigerant flowing out from the indoor heat
exchanger 21 flows into the outdoor heat exchanger
(evaporator) 13 through the electric expansion valve 14,
and the refrigerant flowing out from the outdoor heat ex-
changer 13 is sucked into the compressor 11 through the
four-way valve 12, as represented by arrows, by change
of the flow path of the four-way valve 12.

[0013] Anoutdoorfan 15 sucking outdoor airand pass-
ing the outdoor air to the outdoor heat exchanger 13 is
arranged in the vicinity of the outdoor heat exchanger
13, and an outside air temperature sensor 16 detecting
an outside air temperature To is arranged in a suction air
path of the outdoor fan 15. An indoor fan 22 sucking the
indoor air of the air-conditioned area and passing the air
through the indoor heat exchanger 21 is arranged in the
vicinity of the indoor heat exchanger 21, and an indoor
temperature sensor 23 detecting a temperature (referred
to as an indoor temperature) Ta of the indoor air is ar-
ranged in a suction path of the indoor fan 22.

[0014] The compressor 11, the four-way valve 12, the
outdoor heat exchanger 13, the electric expansion valve
14, the outdoor fan 15, and the outside air temperature
sensor 16 are accommodated in an outdoor unit 10 to-
gether with an outdoor controller 18a, and the indoor unit
21, the indoor fan 22, and the indoor temperature sensor
23 are accommodated in the indoor unit 20 together with
an indoor controller 24a. The outdoor controller 18a and
the indoor controller 24a are interconnected through a
serial signal line 31 synchronous with a power supply
voltage, and a remote control-type operator (simply re-
ferred to as a remote controller) 33 for the operation and
for operating condition setting is connected to the indoor
controller 24a through a cable 32. The remote controller
33 is attached onto a wall surface of the air-conditioned
area or the like and can easily be controlled by the user.
[0015] The outdoor controller 18a is composed of a
microcomputer and peripheral circuits thereof, controls
the compressor 11, the four-way valve 12, the electric
expansion valve 14, and the outdoor fan 15 in response
to instructions from the indoor controller 24a, and sends
data such as the detection temperature (referred to as
an outside air temperature) To of the outside air temper-
ature sensor 16 and the detection temperature (referred
to as a heat exchanger temperature) Te of a heat ex-
change temperature sensor 17 to the indoor controller
24a by a serial signal line 31.

[0016] The indoor controller 24a is composed of a mi-
crocomputer and peripheral circuits thereof and controls
the operation of the air conditioner 1a in accordance with
control of the remote controller 33, the operating condi-
tion set by the remote controller 33, data transmitted from
the outdoor controller 18a, and the like. That is, the indoor
controller 24a recognizes a difference AT (=| Ts - Ta |)
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between a target indoor temperature Ts set with the re-
mote controller 33 and a detected temperature (indoor
temperature) Ta of the indoor temperature sensor 23 as
air conditioning load of the air conditioner 1a, and exe-
cutes indoor temperature control to control a capacity
(operation frequency) of the compressor 11, i.e., an air
conditioning capacity of the air conditioner 1a such that
the air conditioning load AT becomes zero, i.e., the indoor
temperature Ta becomes the target indoor temperature
Ts.

[0017] A bus line 40 for control and for data transmis-
sion is connected between the indoor controller 24a and
indoor controllers 24b to 24n.

[0018] Air conditioners 1b to In are merely different
from the air conditioner 1a with respect to a feature of
including outdoor controllers 18b to 18n and the indoor
controllers 24b to 24n and the basic structure thereof is
the same as that of the air conditioner 1a.

[0019] Theindoor controllers 24b to 24n are composed
of microcomputers and peripheral circuits thereof and
control the operations of the respective air conditioners
1b to In in response to the data transmitted from the re-
spective outdoor controllers 18b to 18n and the instruc-
tion from the indoor controller 24a. That is, the difference
AT (= | Ts - Ta |) between the target indoor temperature
Ts set with the remote controller 33 and the detected
temperature (indoor temperature) Ta of each indoor tem-
perature sensor 23 is recognized as the air conditioning
load of each of the air conditioners 1b to In, and the ca-
pacities (operation frequencies) of the respective com-
pressors 11, i.e., the air conditioning capacities of the air
conditioners 1b to In are controlled, respectively, such
that the air conditioning loads AT become zero.

[0020] When a group control mode of controlling the
air conditioners 1a, 1b, ... In as one group is set with the
remote controller 33, the indoor controller 24a of the air
conditioner 1a functions as the master unit which is the
center of the control, and the remaining air conditioners
1b to In and the indoor controllers 24b to 24n function as
slave units following the instructions of the master unit.
[0021] The indoor controller 24a of the air conditioner
1a comprises a first control section C1, a second control
section C2, a third control section C3, and a fourth control
section C4 as main functions relating to the power linkage
of the master unit and the slave units.

[0022] The first control section C1 executes commu-
nication with the indoor controllers 24a to 24n regularly
as needed through the data bus line 40.

[0023] When the air conditioning capacity of the air
conditioners 1b to In is detected by communication of the
first control section C1 and the maximum air conditioning
capacity (partial load factor L to be described later) of the
air conditioning capacities of the air conditioner 1a and
the air conditioners 1b to In is more than or equal to a
set value and when a difference between the maximum
air conditioning capacity and the minimum air condition-
ing capacity is more than or equal to a predetermined
value, the second control section C2 gradually inhibits
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the maximum air conditioning capacity by a predeter-
mined value (for example, 5%) and entrusts the operation
of the remaining air conditions except the air conditioner
which is targeted for the inhibition with the processing of
air conditioning load AT’ corresponding to the inhibition
of this air conditioning capacity, by determining that the
balance of high and low levels of each air conditioning
load AT relating to the air conditioners 1a to In is not
desirable for energy efficiency and should be solved. This
control is referred to as power linkage control. That is,
one or more remaining air conditioners except the air
conditioner which is targeted for the inhibition of the air
conditioning capacity takes in the air conditioning load
AT’ corresponding to the inhibition of the air conditioning
capacity, additionally and naturally, as the increase in
the air conditioning load AT of the air conditioner and
processes the taken air conditioning load AT’ together
with the original air conditioning load AT by temporary
increase of the course-like air conditioning capacity un-
der normal indoor temperature control of the air condi-
tioner. When remaining air conditioners except the air
conditioner which is targeted for the inhibition of the air
conditioning capacity is a plurality of air conditioners, the
air conditioning load AT’ is added in a state of being ap-
propriately distributed to a plurality of air conditioners.
Incidentally, at the inhibition of the air conditioning ca-
pacity, this second control section C2 determines the air
conditioning capacity lower than the air conditioning ca-
pacity (the above-mentioned maximum air conditioning
capacity) at the time of starting the inhibition by a prede-
termined value (for example, 20%) as a limit value (upper
limit load factor Ls to be described later) of inhibition, and
gradually inhibits the maximum air conditioning capacity
toward the limit value by each predetermined value (5%).
[0024] When the air conditioning load AT of the air con-
ditioner targeted for the inhibition becomes higher than
or equal to the threshold value while the air conditioning
capacity is being inhibited by the second control section
C2, the third control section C3 gradually increases the
air conditioning capacity which is being inhibited, toward
avalue corresponding to the current air conditioning load
AT of the air conditioner targeted for the inhibition.
[0025] Incidentally, more specifically, when the air con-
ditioning load AT of the air conditioner targeted for the
inhibition continues a condition more than or equal to a
first threshold (for example, 2°C) for a certain time (for
example, 30 minutes) or reaches a second threshold val-
ue (> first threshold value) higher than the first threshold
value, while the air conditioning capacity is being inhib-
ited by the second control section C2, the third control
section C3 gradually increases the air conditioning ca-
pacity which is being inhibited toward a value corre-
sponding to the current air conditioning load AT of the air
conditioner targeted for the inhibition by each predeter-
mined value (5%) .

[0026] When the remote control 33 is operated while
the air conditioning capacity is being inhibited by the sec-
ond control section C2, the fourth control section C4 grad-
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ually increases the air conditioning capacity which is be-
ing inhibited toward a value corresponding to the current
air conditioning load AT of the air conditioner targeted for
the inhibition, similarly to the third control section C3.

[Control of Master Unit]

[0027] The control which the indoor controller 24a of
the master unit executes will be described with reference
to a flowchart of FIG. 2. Steps S1, S2 ... in the flowchart
will be simply referred to as S1, S2 ...

[0028] When the start control of the cooling operation
or the heating operation is executed with the remote con-
troller 33 (YES in S1), the indoor controller 24a instructs
the indoor controllers 24b to 24n to start the operation
and notifies the indoor controllers 24b to 24n of a target
indoor temperature (also referred to as a setting temper-
ature) Ts set with the operation of the remote controller
33 (S2).

[0029] Then,theindoor controller24a sets "0" to a con-
trol flag f that is an index of whether the power linkage
control is being executed or not (S3) and detects each
of the air conditioning capacities that the air conditioners
1a to In are currently exerting as a partial load factor L
(%) (S4). The partial load factor L (%) refers to a rate of
the air conditioning capacities that the air conditioners
1a to In actually exert to rated air conditioning capacities
of the respective air conditioners 1a to 1n.

[0030] Then, since the control flag f is "0" at this time
(YES in S5), the indoor controller 24a selects a maximum
partial load factor (maximum air conditioning capacity)
Lmax of the partial load factors (air conditioning capaci-
ties) L of the respective air conditioners 1a to In and de-
termines whether the maximum partial load factor Lmax
is in a high load factor condition of being higher than or
equal to a set value (for example, 50%) or not (S6).
[0031] When the determination result of S6 is affirma-
tive (YES in S6), the indoor controller 24a selects a min-
imum partial load factor (minimum air conditioning ca-
pacity) Lmin of the partial load factors L of the respective
air conditioners 1a to In and determines whether a dif-
ference AL (=Lmax - Lmin) between the maximum partial
load factor Lmax and the minimum partial load factor
Lmin is in a state of being higher than or equal to a de-
termined value (for example, 20%) or not (S7).

[0032] When the determination result of S7 is affirma-
tive (YES in S7), the indoor controller 24a sets the partial
load factor L lower than the maximum partial load factor
Lmax by a predetermined value (for example, 20%) as
an upper limit load factor of the power linkage control and
notifies the indoor controller of the air conditioner (i.e.,
air conditioner targeted for the inhibition) running at the
maximum partial load factor Lmax of the upper limit load
factor Ls, by determining that the balance of the air con-
ditioning loads AT of the air conditioners 1a to In is un-
desirable in energy efficiency and should be solved
promptly (S8).

[0033] In accordance with the setting and notice of the
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upper limit load factor Ls, the indoor controller 24a sets
"1" to the control flag f (S9) and monitors the stop control
of the remote controller 33 (S10). When the stop control
of the remote controller 33 is not executed (NO in S10),
the indoor controller 24a monitors an "end of inhibition"
notice from the room controller of the air conditioner (i.e.,
the air conditioner targeted for the inhibition) running with
the maximum partial load factor Lmax (S12).

[0034] When the "end of inhibition" notice is not sent
(NO in S12), the indoor controller 24a return to S4, de-
tects the partial load factors L of the respective air con-
ditioners 1ato In again (S4) and confirms the control flag
f (S5). Since the control flag f at this time is "1" (NO in
S5), the indoor controller 24a bypasses the processes
of S6 to S9 and shifts to S10 and monitors the stop control
of the remote controller 33 (S10).

[0035] When the "end of inhibition" notice is sent (YES
in S12), the indoor controller 24a sets "0" to the control
flag f (S13). Then, the indoor controller 24a returns to
S4, and detects the partial load factors L of the respective
air conditioners 1a to In again (S4), and confirms the
control flag f (S5). Since the control flag f at this time is
"0" (YES in S5), the indoor controller 24a repeats the
processes of S6 to S10.

[0036] When the stop control of the remote controller
33 is executed (YES in S10), the indoor controller 24a
instructs the indoor controllers 24b to 24n to stop the
operation (S11).

[Control of Master Unit and Slave Units]

[0037] The control executed by the indoor controller
24a of the master unit and the indoor controllers 24b to
24n of the slave units will be described with reference to
a flowchart of FIG. 3.

[0038] When the instruction to start the operation is
sent (YES in S21), the indoor controllers 24a to 24n start
the operations of air conditioners 1a to In (S22). Then,
the indoor controllers 24a to 24n detect a difference AT
(=| Ta - Ts |) between the detected temperature (indoor
temperature) Ta of each indoor temperature sensor 23
and the target indoor temperature Ts as their respective
air conditioning loads AT, and control the partial load fac-
tors (air conditioning capacities) L of the air conditioners
1ato Inin accordance with the air conditioning loads AT,
respectively (S23).

[0039] When a certain time, for example, 15 minutes
have elapsed since the start of the operation and the
operations of the air conditioners 1a to In become stable
(YES in S24), the room controllers 24a to 24n monitor
whether the upper limit load factor Ls is set and notified
or not (S25). When the upper limit load factor Ls is not
set and notified (NO in S25), the indoor controllers 24a
to 24n monitor whether the instruction to stop the oper-
ation is sent or not (S35).

[0040] When the instruction to stop the operationis not
sent (NO in S35), the indoor controllers 24a to 24n return
to the process of S25 and monitors again whether the
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upper limit load factor Ls is set and notified or not (S25).
When the instruction to stop the operation is sent (YES
in S35), the indoor controllers 24a to 24n stop the oper-
ations of the air conditioners 1a to In (S36) .

[0041] The control in a case where, for example, the
airconditioning load AT of the air conditioner 1bincreases
rapidly and the partial load factor L of the air conditioner
1b becomes the maximum partial load factor Lmax ac-
cordingly will be described below.

[0042] When the maximum partial load factor Lmax is
in the high load factor state of being higher than or equal
to the set value (YES in S6) and when the difference AT
between the maximum partial load factor Lmax and the
minimum partial load factor Lmin is in a state of being
higher than or equal to the determined value (S7), the
upper limit load factor Ls is set in the room controller 24a
and is notified from the indoor controller 24a to the room
controller 24b (S8).

[0043] Whenreceivingthe notice ofthe upperlimitload
factor Ls from the indoor controller 24a (YES in S25), the
indoor controller 24b compares the upper limit load factor
Ls with the partial load factor L (= Lmax) of the air con-
ditioner 1b (S26). When the partial load factor L of the
air conditioner 1b is higher than the upper limit load factor
Ls (YES in S26), the indoor controller 24b inhibits the
partial load factor L of the air conditioner 1b by a prede-
termined value (5%) (S27) .

[0044] In this inhibition, the air conditioning load AT’
corresponding to the inhibition of the partial load factor
L, of the air conditioning load AT of air conditioner 1b, is
not processed in the air conditioner 1b. The processing
of this air conditioning load AT’ is entrusted to the oper-
ations of the air conditioners 1a and 1c to 1n present in
the same air-conditioned area R.

[0045] Thatis, the air conditioners 1a and 1cto 1n take
in air conditioning loads AT’ untreated by inhibiting the
partial load factor L of the air conditioner 1b, as the in-
crease of the air conditioning loads AT of the respective
air conditioners 1a and 1c to 1n, additionally and natu-
rally, and process the taken air conditioning loads AT’
together with the respective original air conditioning loads
AT by temporary increase of each partial load factor L
caused by the normal indoor temperature control of the
air conditioners 1a and 1c to 1n. In this case, the air con-
ditioners 1a and 1c to 1n only continue normal basic op-
erations to control the respective partial load factors L in
accordance with the respective air conditioning loads AT.
[0046] When 15 minutes have elapsed since start of
the inhibition of the partial load factor L of the air condi-
tioner 1b (YES in S28), the indoor controller 24b discrim-
inates whether the air conditioning load AT of the air con-
ditioner 1b continues the state of being higher than or
equal to the first threshold value (2°C) for a certain time
(30 minutes) or not (S29). When the determination result
is negative (NO in S29), the indoor controller 24b deter-
mines whether the air conditioning load AT of the air con-
ditioner 1b reaches a second threshold value (3°C) and
continues the state for a predetermined time (1 minute)
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or not (S30). When the determination result is negative
(NOin S30), the indoor controller 24b determines wheth-
erthe remote controller 33 is operated ornot (S31). When
the determination result is negative (NO in S31), the in-
door controller 24b returns to S26 and compares the par-
tial load factor L with the upper limit load factor Ls again
(S26).

[0047] When the partial load factor L is higher than the
upper limit load factor Ls (YES in S26), the indoor con-
troller 24b further inhibits the partial load factor L by a
predetermined value (5%) (S27) and shifts to the deter-
minations of S28 to S31. When all the determination re-
sults of S29, S30, and S31 are negative, inhibiting the
partial load factor L by the predetermined value (5%) in
S27 is repeated every 15 minutes.

[0048] When the inhibition advances and the partial
load factor L becomes lower than or equal to the upper
limit load factor Ls (NO in S26), the room controller 24b
shifts to the determination of S29 without executing the
processes of S27 and S28, and waits for either of the
determination results of S30 and S31 being affirmative
while keeping the inhibited state of the partial load factor
L.

[0049] When the air conditioning load AT of the air con-
ditioner 1b continues in the state of being higher than or
equal to the first (2°C) for a certain time (30 minutes)
(YES in S29), the indoor controller 24b increases the
partial load factor L which is being inhibited, by a prede-
termined value (5%), toward a value corresponding to
the current air conditioning load AT of the air conditioner
1b targeted for inhibition, by determining that the indoor
temperature Ta detected by the air conditioner 1b can
hardly be maintained at the target indoor temperature Ts
in the condition that the capacity of the air conditioner 1b
is slightly short (32).

[0050] When the air conditioning load AT of the air con-
ditioner 1b exceeds the first threshold value (2°C) and
reaches the second threshold value (3°C) and the state
continues for a predetermined time (1 minute) (NO in S29
and YES in S30), the indoor controller 24b increases the
partial load factor L which is being inhibited, by a prede-
termined value (5%), toward a value corresponding to
the current air conditioning load AT of the air conditioner
1b targeted for inhibition, by determining that shortage
of the capacity of the air conditioner 1b is serious and
the room temperature Ta at the room controller 24b can-
not be maintained at the target indoor temperature Ts
(32).

[0051] In the cooling, since even a small rise in the
indoor temperature Ta causes unpleasant feeling, the
determination processes of S29 and S30 relating to the
variation of the air conditioning load AT are essential. In
the heating, since a small decrease in the indoor tem-
perature Ta does not cause unpleasant feeling, the proc-
esses of S29 and S30 relating to the variation of the air
conditioning load AT do not need to be executed.
[0052] When any type of operation to the remote con-
troller 33 is executed by a resident of the air-conditioned
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area R (NO in S29, NO in S30, and YES in S31), the
indoor controller 24b increases the partial load factor L
which is being inhibited, by a predetermined value (5%),
toward a value corresponding to the current air condi-
tioning load AT of the air conditioner 1b targeted for in-
hibition, by determining that the comfortability of the air-
conditioned area R becomes worse (S32).

[0053] Following the increase of the partial load factor
L in S32, the indoor controller 24b determines whether
the increased partial load factor L reaches the value cor-
responding to the current air conditioning load AT of the
air conditioner 1b targeted for control or not (S33). When
the determination result is negative (NO in S33), the in-
door controller 24b repeats the increase of the partial
load factor L in S32 (S32).

[0054] When the determination result is affirmative
(YES in S33), the indoor controller 24b notifies the indoor
controller 24a of "end of inhibition" (S34) and monitors
the instruction to stop the operation from the indoor con-
troller 24a (S35). When the instruction to stop the oper-
ation is not sent (NO in S35), the indoor controller 24b
returns to S25 and monitors whether a new upper limit
load factor Ls is set and notified or not (S25). When the
instruction to stop the operation is sent (YES in S35), the
indoor controller 24b stops the operation of the air con-
ditioner 1b (S36).

[0055] As described above, when the air conditioning
load AT of the air conditioner 1b increases rapidly and
the partial load factor L (= Lmax) of the air conditioner
1b increases in a high load factor state of being higher
than or equal to the set value and when the difference
AL between the partial load factor L (= Lmax) and the
minimum partial load factor Lmin of the air conditioner
1b is in the state of being higher than or equal to the
predetermined value (20%), the partial load factor L of
the air conditioner 1b is inhibited and the air conditioning
load AT’ corresponding to the inhibition of the partial load
factor L is processed by the basic operation under the
normal indoor temperature control of the remaining air
conditioners 1a and 1c to 1n except the air conditioner
1b targeted for inhibition, by determining that the balance
of the air conditioning loads AT of the respective air con-
ditioners 1a to 1n is undesirable in energy efficiency and
should be solved promptly, inhibits partial load factor L
of air conditioner 1b and, therefore, even if the air con-
ditioning load AT of the air conditioner 1b increases rap-
idly, the appropriate air conditioning capacity that is not
delayed in response to the rapid increase of the air con-
ditioning load AT of the air conditioner 1b can be obtained
while preventing degradation of the energy efficiency of
the air conditioner 1b and while maintaining the desirable
energy efficiencies of the air conditioners 1a and 1c to
1n. Comfortability of the air-conditioned area R is im-
proved.

[0056] when the partial load factor L (= Lmax) is inhib-
ited, the inhibition is gradually executed by each prede-
termined value and, therefore, sudden decrease of the
indoor temperature Ta of a place where the air condition-
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er targeted for inhibition is present can be prevented.
Uncomfortable feeling is not given to the resident in the
air-conditioned area R.

[0057] When the partial load factor L (= Lmax) which
is being inhibited increases toward the value correspond-
ing to the current air conditioning load AT of the air con-
ditioner targeted for inhibition, the increase is gradually
executed by each predetermined value and, therefore,
sudden increase of the power consumption of the air con-
ditioner targeted for inhibition can be prevented.

[0058] As shownin FIG. 4, when the air conditioner 1a
is arranged at a place near a window which is well ex-
posed to solar light and the air conditioner 1b is arranged
at a place remote from the window and these air condi-
tioners 1a and 1b execute the cooling operation, the air
conditioning load AT of the air conditioner 1a becomes
larger than the air conditioning load AT of the air condi-
tioner 1b. In accordance with this, the air conditioner 1a
runs with the high air conditioning capacity of, for exam-
ple, partial load factor L = 80%, and the air conditioner
1b runs with the low air conditioning capacity of, for ex-
ample, partial load factor L = 30%. In this case, as shown
in FIG. 5 and FIG. 6, the energy efficiency of the air con-
ditioner 1b running with a low air conditioning capacity is
desirable, but the energy efficiency of the air conditioner
1a running with a high air conditioning capacity decreas-
es.

[0059] When the power linkage control of the embod-
iment is executed in such a situation, the air conditioner
1a shifts from the running of the previous partial load
factor L = 80% to the running with the middle air condi-
tioning capacity of the partial load factor L = 60%, and
the air conditioner 1b shifts from the running of the pre-
vious partial load factor L = 30% to the running with the
middle air conditioning capacity of the partial load factor
L = 50%, as shown in FIG. 7. In this case, as shown in
FIG. 8 and FIG. 9, the energy efficiency of the air condi-
tioner 1a increases and becomes desirable, and the en-
ergy efficiency of the air conditioner 1b is also kept in a
preferable condition. That s, the overall energy efficiency
of the air conditioning apparatus is improved.

[0060] Comparison of variations of the partial load fac-
tors L of the respective air conditioners 1a and 1b and
variation of the indoor temperature Ta at a place where
the air conditioner 1a is arranged are shown in FIG. 10
in a case where the power linkage control of the embod-
iment is provided and a case where the power linkage
control is not provided is shown in FIG. 10.

[0061] In the above-described embodiment, when the
maximum partial load factor Lmax is higher than or equal
to the set value and the difference between the maximum
partial load factor Lmax and the minimum partial load
factor Lmin is larger than or equal to the predetermined
value, the maximum partial load factor Lmax is inhibited
but, when the maximum partial load factor Lmax is higher
than or equal to the set value, the maximum partial load
factor Lmax may be promptly controlled to be inhibited.
[0062] Theabove embodiments and modified example
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described herein have been presented by way of exam-
ple only, and are not intended to limit the scope of the
inventions. Indeed, the novel embodiments described
herein may be embodied in a variety of other forms; fur-
thermore, various omissions, substitutions and changes
in the form of the embodiment described herein may be
made without departing from the spirit of the invention.
The accompanying claims and their equivalents are in-
tended to cover such forms or modifications as would fall
within the scope and spirit of the inventions.

Reference Signs List

[0063] 1ato 1n. .. Air conditioner, 10. .. Qutdoor unit,
11... Compressor, 13... Outdoor heat exchanger, 18a,
18b, ... 18n... Outdoor controller, 20... Indoor unit, 24a to
24n... Indoor controller, 33... Remote controller, 40... Bus
line.

Claims

1. An air conditioning apparatus characterized by
comprising:

a plurality of air conditioners arranged in one
same air-conditioned area to control air condi-
tioning capacities in accordance with air condi-
tioning loads, respectively; and

controller configured to inhibiting the maximum
air conditioning capacity when a maximum air
conditioning capacity of the air conditioning ca-
pacity of each of the air conditioners is higher
than or equal to a set value.

2. The air conditioning apparatus of claim 1, charac-
terized in that
one or more remaining air conditioners except the
air conditioner targeted for the inhibition, of each of
the air conditioners, processes the air conditioning
load corresponding to the inhibition of the air condi-
tioning capacity as the air conditioning load of the air
conditioner.

3. The air conditioning apparatus of claim 1, charac-
terized in that
the controller inhibits the maximum air conditioning
capacity when the maximum air conditioning capac-
ity is higher than or equal to the set value and a dif-
ference between the maximum air conditioning ca-
pacity and a minimum air conditioning capacity is
larger than or equal to a predetermined value.

4. The air conditioning apparatus of claim 1, charac-
terized in that
the controller gradually inhibits the maximum air con-
ditioning capacity by each predetermined value.



13 EP 3 892 929 A1

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

when the air conditioning load of the air conditioner
targeted for the inhibition becomes higher than or
equal to a threshold value while inhibiting the maxi-
mum air conditioning capacity, the controller gradu-
ally increases the air conditioning capacity which is
being inhibited, toward a value corresponding to the
air conditioning load of the air conditioner targeted
for the inhibition.

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

when the air conditioning load of the air conditioner
targeted for the inhibition continues in a state of being
higher than or equal to a first threshold value or
reaches a second threshold value higher than the
first threshold value while inhibiting the maximum air
conditioning capacity, the controller gradually in-
creases the air conditioning capacity which is being
inhibited, toward a value corresponding to the air
conditioning load of the air conditioner targeted for
the inhibition.

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

each of the air conditioners controls the air con-
ditioning capacity such that each suction air tem-
perature becomes a target indoor temperature
set with an operation unit, and

when the operation unit is operated while inhib-
iting the maximum air conditioning capacity, the
controller gradually increases the air condition-
ing capacity which is being inhibited, toward a
value corresponding to the air conditioning load
of the air conditioner targeted for the inhibition.
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