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(57)  An air conditioning apparatus (1) includes a re-
frigerant circuit (150) and a controller (200). The refrig-
erant circuit (150) is configured to allow refrigerant to
circulate through a compressor (10), a condenser (40,
20), an LEV (111), and an evaporator (20, 40). The LEV
(111) has an opening degree variable from a lower limit
opening degree to an upper limit opening degree. The

FIG.1

controller (200) is configured to control the LEV (111) to
alternately repeat a firstopening degree (CvA) and a sec-
ond opening degree (CvB)in arange of less than orequal
to a quarter of the upper limit opening degree, the second
opening degree (CvB) being smaller than the first open-
ing degree (CvA).
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to an air condi-
tioning apparatus.

BACKGROUND ART

[0002] Inrecentyears, houses have been increasingly
airtight and thermally insulated, aiming at a ZEH (net Ze-
ro-Energy House). For highly insulated houses, the rated
capacity sufficient for the floor areaiis still required during
air conditioning in midsummer and midwinter, while the
air conditioningload when the room temperature is stable
is extremely small.

[0003] Inordertoimplement stable air conditioning un-
der an extremely small air conditioning load, an air con-
ditioning apparatus may be operated with a low frequen-
cy of its compressor. A lower frequency of the compres-
sor, however, results ina smaller difference between high
and low pressures in arefrigerant circuit and a lower tem-
perature and alower superheat of discharged refrigerant.
The lower superheat of discharged refrigerant causes a
lower temperature and a lower superheat of sucked re-
frigerant, which is likely to cause a liquid-gas two-phase
state of the refrigerant sucked into the compressor. Such
a state may lead to failure of the compressor. While the
state of the sucked refrigerant may usually be converted
from the two-phase state to a single gas phase by nar-
rowing the opening of an electronic expansion valve, it
has been difficult to precisely control the electronic ex-
pansion valve, particularly when the valve has a small
opening degree, due to manufacture variation of the elec-
tronic expansion valve.

[0004] WO2013/103061 (PTL 1)discloses an electron-
ic expansion valve with an attached barcode represent-
ing property data reflecting manufacture variation, in or-
der to stabilize air conditioning control, as well as an air
conditioning apparatus including the electronic expan-
sion valve.

CITATION LIST
PATENT LITERATURE
[0005] PTL 1: WO2013/103061

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0006] For the electronic expansion valve disclosed in
WO02013/103061 (PTL 1), the valve opening point of
each electronic expansion valve is measured in advance
and its data is recorded in the form of a barcode, in order

to correct for the manufacture variation of the valve open-
ing point. During manufacture of an air conditioning ap-
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paratus, it is necessary to read the barcode and reflect
the read data on a control program for the electronic ex-
pansion valve. This, however, results in increase of the
manufacturing steps for the air conditioning apparatus.
[0007] The presentdisclosure is made in order to solve
the problem as described above, and its object is to dis-
close an air conditioning apparatus that can implement
a low-capacity operation, while avoiding complication of
the manufacturing steps.

SOLUTION TO PROBLEM

[0008] The present disclosure relates to an air condi-
tioning apparatus. The air conditioning apparatus in-
cludes a refrigerant circuit and a controller. The refriger-
ant circuit is configured to allow refrigerant to circulate
through a compressor, a condenser, an expansion valve,
and an evaporator. The expansion valve has an opening
degree variable from a lower limit opening degree to an
upper limit opening degree. The controller is configured
to control the expansion valve to alternately repeat a first
opening degree and a second opening degree in arange
of less than or equal to a quarter of the upper limit opening
degree, where the second opening degree is smaller than
the first opening degree.

ADVANTAGEOUS EFFECTS OF INVENTION

[0009] The air conditioning apparatus of the present
disclosure repeatedly increases and decreases the
opening degree of the expansion valve, in arange of less
than or equal to a quarter of the upper limit opening de-
gree. Thus, the air conditioning apparatus capable of low-
capacity operation while avoiding complication of the
manufacturing steps can be implemented.

BRIEF DESCRIPTION OF DRAWINGS
[0010]

Fig. 1 shows a configuration of an air conditioning
apparatus according to Embodiment 1.

Fig. 2 is a block diagram showing configurations of
a controller and an LEV.

Fig. 3 is a waveform chart illustrating change of the
opening degree of an electronic expansion valve.
Fig. 4 illustrates a relation between the Cv value of
LEV 111 and the number of pulses representing the
opening degree of LEV 111.

Fig. 5illustrates respective positions of CvA and CvB
in Fig. 3 for respective opening degrees shown in
Fig. 4.

Fig. 6 is a flowchart illustrating control for operating
mode switching performed by an air conditioning
system according to Embodiment 1.

Fig. 7 is a flowchart showing an example of details
of a process in step S3 of Fig. 6.

Fig. 8 is a flowchart illustrating a process performed
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in Embodiment 2.

Fig. 9 shows an example of a map M1 used in Em-
bodiment 2.

Fig. 10 shows another map M1A used in Embodi-
ment 2.

Fig. 11 shows a relation between the operating fre-
quency of a compressor and a desired Cv value.
Fig. 12 illustrates control of a time ratio performed in
Embodiment 3.

Fig. 13 is a flowchartillustrating control for operating
mode switching performed by an air conditioning
system according to Embodiment 4.

Fig. 14 is a flowchart illustrating a process in step
S3B of Fig. 13.

Fig. 15 shows an example of a map M2 used in Em-
bodiment 4.

DESCRIPTION OF EMBODIMENTS

[0011] Embodiments of the present disclosure are
hereinafter described in detail with reference to the draw-
ings. In the following, a plurality of embodiments are de-
scribed, and it is originally intended that characteristics
described in connection with the embodiments each are
combined as appropriate. In the drawings, the same or
corresponding parts are denoted by the same reference
characters, and adescription thereof is not herein repeat-
ed. In the following drawings, the relation between com-
ponents in terms of the size may be different from the
actual one.

Embodiment 1

[0012] Fig. 1 shows a configuration of an air condition-
ing apparatus according to Embodiment 1. Air condition-
ing apparatus 1 includes a refrigerant circuit 150, and
refrigerant circuit 150 includes a compressor 10, an in-
door heat exchanger 20, an electronic expansion valve
(LEV: Linear Expansion Valve) 111, an outdoor heat ex-
changer 40, pipes 90, 92, 94, 96, 97, 99, and a four-way
valve 100. Four-way valve 100 has ports E to H.

[0013] Pipe 90 is connected between port H of four-
way valve 100 and a port P1 of indoor heat exchanger
20. Pipe 92 is connected between a port P4 of indoor
heat exchanger 20 and LEV 111. Pipe 94 is connected
between LEV 111 and a port P3 of outdoor heat exchang-
er 40.

[0014] Pipe 96 is connected between a port P2 of out-
door heat exchanger 40, and port F of four-way valve
100. Pipe 97 is connected between a suction port of com-
pressor 10 and port E of four-way valve 100. Pipe 99 is
connected between a discharge port of compressor 10
and port G of four-way valve 100.

[0015] Compressor 10, LEV 111, outdoor heat ex-
changer 40, pipes 94, 96, 97, 99, and four-way valve 100
are contained in outdoor unit 2. Indoor heat exchanger
20 is contained in indoor unit 3. Outdoor unit 2 and indoor
unit 3 are connected to each other through pipes 90, 92.
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[0016] Air conditioning apparatus 1 further includes
temperature sensors 101 to 103, 106, 107, and a con-
troller 200. Temperature sensor 101 is placed on pipe 99
to measure a discharge temperature TH. Temperature
sensor 102 is placed near indoor heat exchanger 20 to
measure an indoor temperature Tr. Temperature sensor
103 is placed nearoutdoor heat exchanger 40 to measure
an outdoor temperature Te. Temperature sensor 106 is
placed on a refrigerant pipe of indoor heat exchanger 20
to measure a temperature T1 of refrigerant in the two-
phase region. Temperature sensor 107 is placed on a
refrigerant pipe of outdoor heat exchanger 40 to measure
a temperature T2 of refrigerant in the two-phase region.
In accordance with an operation command signal provid-
ed from a user and outputs of various sensors, controller
200 controls compressor 10, four-way valve 100, and
LEV 111.

[0017] Compressor 10 is configured to change its op-
erating frequency, in accordance with a control signal
received from controller 200. Specifically, compressor 10
includes therein a drive motor variable in rotational speed
under inverter control and, when the operating frequency
is changed, the rotational speed of the drive motor is
changed. The operating frequency of compressor 10 is
changed so as to adjust the output of compressor 10.
Compressor 10 of any of various types such as rotary
type, reciprocating type, scroll type, and screw type, for
example, may be employed.

[0018] Four-way valve 100 is controlled into one of a
cooling operation state and a heating operation state, by
a control signal received from controller 200. The cooling
operation state refers to a state in which port E and port
H communicate with each other and port F and port G
communicate with each other. The heating operation
state refers to a state in which port E and port F commu-
nicate with each other and port H and port G communi-
cate with each other. In the cooling operation state, com-
pressor 10 is operated to cause refrigerant to circulate
in the refrigerant circuit in the direction indicated by the
solid-line arrows. In the heating operation state, com-
pressor 10 is operated to cause refrigerant to circulate
in the refrigerant circuit in the direction indicated by the
broken-line arrows.

[0019] LEV 111 has its opening degree controlled to
adjust the SH (superheat) of refrigerant at an outlet of an
evaporator, by a control signal received from controller
200.

[0020] Fig.2isablockdiagram showing configurations
of the controller and the LEV. As shown in Fig. 2, con-
troller 200 has a configuration including a CPU (Central
Processing Unit) 201, a memory 202 (ROM (Read Only
Memory) and a RAM (Random Access Memory)), and
an input/output buffer (not shown), for example. CPU 201
deploys and executes, on the RAM for example, pro-
grams stored in the ROM. The programs stored in the
ROM are programs in which a process procedure for con-
troller 200 is specified. In accordance with these pro-
grams, controller 200 performs control of each device in
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air conditioning apparatus 1. This control is not limited to
processing by software, but may be performed by dedi-
cated hardware (electronic circuit).

[0021] Controller 200 is configured to control a motor
drive circuit 203 based on outdoor temperature Te, indoor
temperature Tr, discharge temperature TH, and temper-
atures T 1, T2 of refrigerant in the two-phase region.
[0022] LEV 111 includes a stepping motor 112 and a
valve body 113 having its opening degree varied in re-
sponse to change of the needle position caused by rota-
tion of stepping motor 112. Stepping motor 112 is driven
by motor drive circuit 203. Controller 200 outputs, to mo-
tor drive circuit 203, the number of pulses as a command
value representing the opening degree of valve body 113.
[0023] Referring again to Fig. 1, flow of refrigerant in-
dicated by the broken-line arrows during heating opera-
tion is described. Gas refrigerant discharged from com-
pressor 10 flows through pipe 90 into indoor heat ex-
changer 20. The gas refrigerant entering indoor heat ex-
changer 20 exchanges heat with air flowing on the fin
side of indoor heat exchanger 20 to be converted into
liquid refrigerant. The liquefied refrigerant flows through
pipe 92 into LEV 111 and undergoes adiabatic expan-
sion.

[0024] The gas-liquid two-phase refrigerant having un-
dergone adiabatic expansion in LEV 111 flows through
pipe 94 into outdoor heat exchanger 40. The gas-liquid
two-phase refrigerant entering outdoor heat exchanger
40 exchanges heat with air flowing on the fin side of out-
door heat exchanger 40 to be converted into gas refrig-
erant. The gasified refrigerant flows through pipe 96, four-
way valve 100, and pipe 97 and returns to compressor 10.
[0025] A case where the air conditioning load decreas-
es and the operating frequency of compressor 10 de-
creases, for example, is described.

[0026] When the air conditioning load is small, control-
ler 200 lowers the operating frequency of compressor 10
until the air conditioning capacity matches the air condi-
tioning load. When the operating frequency of compres-
sor 10 decreases, the amount of refrigerant circulating
in refrigerant circuit 150 decreases. As the amount of
circulating refrigerant decreases, the air conditioning ca-
pacity (= amount of circulating refrigerant X indoor-unit
enthalpy difference) decreases.

[0027] As the operating frequency of compressor 10
decreases, the pressure difference generated in com-
pressor 10 decreases, resulting in a smaller temperature
difference between the refrigerant temperature and the
air temperature in indoor heat exchanger 20 and outdoor
heat exchanger 40. The decrease of the temperature dif-
ference causes less heat exchange and hence less in-
crease of the discharge temperature, resulting in de-
crease of the superheat of discharged refrigerant.
[0028] In view of the above, controller 200 performs
control to narrow the opening of LEV 111 and thereby
ensure an adequate pressure difference, in order to en-
sure an adequate temperature difference.

[0029] When compressor 10 is operated at a reduced
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frequency in order to precisely implement a low output
of 1 kW or less of the air conditioning capacity, however,
it is required to precisely control the opening degree of
LEV 111 into a smaller opening degree. In this case, it
is required to reduce the number of pulses representing
the opening degree to be transmitted as a command from
controller 200 to motor drive circuit 203. The valve open-
ing point at which the electronic expansion valve transi-
tions from the closed state to the opened state is different
for each electronic expansion valve. Such a difference
in valve opening point is caused by a difference in the
manner of attaching the stepping motor, the size of the
valve body, and the size of the valve seat. Use in aregion
where the number of pulses is small is therefore not rec-
ommended, because an unintended valve opening state
may be generated due to manufacture variation of the
valve opening point.

[0030] WO2013/103061 therefore discloses that the
properties of the expansion valve are measured individ-
ually in advance and data of the valve opening point is
provided in the form of a barcode. Individual measure-
ment in advance of the properties of the expansion valve
and/or registration of the properties of the expansion
valve in the controller of the air conditioning apparatus,
however, increases the manufacturing steps.

[0031] Accordingtothe presentembodiment, whenthe
opening degree of LEV 111 has been decreased to a
certain opening degree close to the lower limit at which
stable use is possible, and the superheat of discharged
refrigerant is insufficient, LEV 111 is fully closed or set
to a second opening degree close to the fully closed state
and thereafter the opening degree is increased to a first
opening, and this is repeated.

[0032] Fig. 3 is a waveform chart illustrating change of
the opening degree of the electronic expansion valve. In
Fig. 3, the horizontal axis represents time, and the vertical
axis represents the Cv value corresponding to the open-
ing degree of the electronic expansion valve. The Cv val-
ue represents the valve capacity coefficient.

[0033] When a time duration during which the opening
degree of LEV 111 is set to a first opening degree (Cv
value = CvA), and a time duration during which the open-
ing degree of LEV 111 is set to a second opening degree
(Cv value = CvB), at a certain time ratio in a period tC
are repeated, any average opening degree (Cv value =
CvC) between the first opening degree and the second
opening degree can be achieved, depending on the time
ratio.

[0034] In order to achieve a desired superheat of dis-
charged refrigerant while the air conditioning load is
small, controller 200 adjusts time durations tA, tB in Fig.
3 such that the Cv value of LEV 111 reaches a desired
Cv value. More specifically, the Cv value varies depend-
ing on the time ratio (tA/tC or tB/tC), and therefore, con-
troller 200 changes the time ratio to obtain a desired Cv
value.

[0035] Fig. 4 illustrates arelation between the Cv value
of LEV 111 and the number of pulses representing the
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opening degree of LEV 111. Controller 200 outputs, to
motor drive circuit 203, the number of pulses correspond-
ing to the opening degree of the valve, as a command
value. The number of pulses can be changed from 0 to
n. The number of n varies depending on the specification,
for example, of the electronic expansion valve, and this
number in the example of Fig. 4, for example, is n = 500,
and 1/4 X n = 125. It is supposed that the Cv value of
the opening degree specified by a command value of 0
is Cvmin, and the Cv value of the opening degree spec-
ified by a command value of 500, which is the maximum
number of pulses, is Cvmax. Then, Cvmin may be zero,
ormay also be a value larger than zero and close to zero.
Aslong as Cvmin < Cvmax is satisfied, Cvmin and Cvmax
can be defined appropriately.

[0036] Fig.5illustrates respective positions of CvA and
CvB in Fig. 3 for respective opening degrees shown in
Fig.4.InFig. 5, itisillustrated that both a command value
A corresponding to CvA and a command value B corre-
sponding to CvB are the number of pulses of less than
or equal to a quarter (125 for example) of the number of
pulses n (500 for example) corresponding to the control-
lable maximum opening degree.

[0037] As shown in Fig. 3, the opening degree of the
expansion valve corresponding to the Cv value = CvC
achieved by controlling the pulses is used when the air
conditioning load is extremely small, and is used when
there is a possibility that open-valve state occurs unin-
tentionally due to variation of the valve opening point of
the expansion valve. Therefore, when the number of
pulses A, B is larger than 1/4 of n, such Cv value cannot
be achieved.

[0038] For example, although the number of pulses B
may be set to zero and the number of pulses A may be
set to 500 to make tA in Fig. 3 extremely shorter than tB,
it is difficult to precisely achieve a desired Cv value, be-
cause the response speed of the expansion valve is low
and the response speed at which the Cv value is changed
in response to change of the opening degree of the ex-
pansion valve is low.

[0039] In view of the above, the present embodiment
defines command values A, B as having the relation: 0
<B <A <n X 1/4. Moreover, an excessively long period
tC in Fig. 3 makes it impossible to achieve the average
value CvC, and therefore, it is desired to set period tC to
one minute or less.

[0040] Fig. 6 is a flowchart illustrating control for oper-
ating mode switching performed by an air conditioning
system according to Embodiment 1.

[0041] In step S1, controller 200 determines whether
or not the magnitude of the difference between indoor
temperature Tr and set temperature Tset is smaller than
a reference value Tth1. Thus, the magnitude of the air
conditioning load is determined.

[0042] When [t-Tset| < Tth1 is satisfied (YES in S1),
controller 200 determines, in step S2, whether or not the
superheat of discharged refrigerant (hereinafter referred
to as discharge SH) is smaller than a reference value
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Tth2. Thus, the state of refrigerant circuit 150 is deter-
mined.

[0043] When discharge SH < Tth2 is satisfied (YES in
S2), controller 200 repeatedly outputs, in step S3, com-
mand values A and B as described above with reference
to Figs. 3 to 5, to thereby control LEV 111, such that the
opening degree of LEV 111 regularly repeats H (first
opening degree, CV value = CvA) and L (second opening
degree, Cv value = CvB). Thus, the opening degree of
the average Cv value = CvC is achieved.

[0044] Incontrast, when |t-Tset| > Tth1 is satisfied (NO
in S1) or discharge SH > Tth2 is satisfied (NO in S2),
normal control for specifying the opening degree of LEV
111 by one command value is performed in step S4.
[0045] While the time ratio tA/tC in Fig. 3 may be a
fixed value (50% for example), the time ratio can be
changed to change the average opening degree of LEV
111 with finer precision.

[0046] Fig. 7 is a flowchart showing an example of the
details of the process in step S3 of Fig. 6. Initially, in step
S11, controller 200 determines whether or not discharge
SH is smaller than reference value Tth2.

[0047] When discharge SH < Tth2 is satisfied (YES in
S11), controller 200 reduces, in step S12, the duration
of time tA in which the opening degree of the LEV is high
first opening degree CvA to thereby reduce time ratio
tA/tC. The operation in step S11 is then performed again.
[0048] The initial value of the time ratio in step S12
may be set to 100%, so that the time ratio is adjusted to
set discharge SH to a desired value and, after the time
ratio is adjusted (YES in S11), the LEV opening degree
H/L repetitive operation is performed for a certain time
at the time ratio fixed to the adjusted time ratio (S13).
[0049] As described above, Embodiment 1 enables
control of LEV 111 which is set to the narrowed state
corresponding to the low-opening-degree region (the re-
gion of 1/4 or less of the upper limit opening degree) in
which the proper relation between a pulse command val-
ue and the opening degree of LEV 111 or the Cv value
is difficult to achieve. Thus, the low capacity operation
where the operating frequency of the compressor is set
low is facilitated.

Embodiment 2

[0050] According to Embodiment 1 as shown in Fig. 7,
the time ratio is changed while detecting the value of
discharge SH, to determine a proper time ratio.

[0051] In connection with Embodiment 2, a refrigera-
tion cycle apparatus is described that is characterized
by: storing, in memory 202 of controller 200, the Cv value
of the expansion valve for making discharge SH more
than or equal to a specified value based on the indoor
and outdoor temperatures, measuring the indoor and out-
door temperatures, and adjusting the time ratio of the
opening degree of LEV 111 within a certain time based
on the measured temperatures, to thereby obtain a de-
sired Cv value (CvC).
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[0052] The flow and the state of refrigerant in the re-
frigeration cycle apparatus are similar to those of Em-
bodiment 1, and therefore, the description thereof is not
herein repeated.

[0053] Fig. 8 is a flowchart illustrating a process per-
formed in Embodiment 2. Fig. 8 shows the process of
step S3A performed in Embodiment 2 instead of step S3
shown in Fig. 7.

[0054] Initially, in step S21, controller 200 obtains out-
door temperature Te from temperature sensor 103 and
obtains indoor temperature Tr from temperature sensor
102. In step S22, controller 200 determines the Cv value
from a map M1 stored in advance in memory 202, and
calculates the time ratio corresponding to the Cv value
determined in step S23.

[0055] Fig. 9 shows an example of map M1 used in
Embodiment 2. As shown in Fig. 9, the Cv value corre-
sponding to the expansion valve opening degree asso-
ciated with a respective combination of the indoor tem-
perature and the outdoor temperature is stored, in the
form of a table, in memory 202 incorporated in controller
200. Controller 200 measures the indoor and outdoor air
temperatures Tr and Te with temperature sensors 102
and 103 such as thermistor, and calculates the time ratio
implementing the Cv value appropriate for the air tem-
perature, to control LEV 111.

[0056] While the map in Fig. 9 stores the Cv value, the
time ratio associated with the air temperatures may be
stored directly instead of the Cv value. Fig. 10 shows
another map M1A used in Embodiment 2. In Fig. 9, the
higher the outdoor temperature and the lower the indoor
temperature (the direction toward the upper left in Fig.
9), the Cv value decreases and, the lower the outdoor
temperature and the higher the indoor temperature (the
direction toward the lower right in Fig. 9), the Cv value
increases. Thus, the Cv value can be reduced by increas-
ing time tB in Fig. 3 and increasing the time ratio (tB/tC
in Fig. 3). Therefore, in map M1A of Fig. 10, the higher
the outdoor temperature and the lower the indoor tem-
perature (the direction toward the upper left in Fig. 10),
time ratio RB (= tB/tC) increases and, the lower the out-
door temperature and the higher the indoor temperature
(the direction toward the lower right in Fig. 10), time ratio
RB decreases.

[0057] According to Embodiment 2, the time ratio can
be used to control LEV 111, similarly to Embodiment 1,
so that the Cv value of a small opening degree which is
difficult to control can be implemented by the average
time and thereby ensure adequate discharge SH. Fur-
ther, a desired Cv value which varies depending on the
indoor and outdoor air temperatures is stored in the form
of a table in memory 202 in advance, and therefore, for
the actual products, the time ratio can be determined
immediately by merely measuring the indoor and outdoor
temperatures by temperature sensors 102 and 103, and
accordingly, more speedy control can be implemented.
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Embodiment 3

[0058] Embodiment 3 is characterized by adjusting the
time ratio (tB/tC in Fig. 3) of the opening degree of LEV
111 within a certain time, based on the operating fre-
quency of compressor 10, to thereby obtain a desired Cv
value (CvC).

[0059] The flow and the state of refrigerant in the re-
frigeration cycle apparatus under general control are sim-
ilar to those of Embodiment 1, and therefore, the descrip-
tion thereof is not herein repeated.

[0060] Fig. 11 shows a relation between the operating
frequency of the compressor and the desired Cv value.
Generally, as the operating frequency is increased, the
desired Cv value is also increased, as shown in Fig. 11.
As described above in connection with Embodiment 1,
the opening degree of the expansion valve having a small
Cv value is difficult to control. Therefore, in Embodiment
3, at a frequency where a small Cv value is required, the
time ratio shown in Fig. 3 is changed to obtain the desired
Cv value.

[0061] Fig. 12 illustrates control of the time ratio per-
formed in Embodiment 3. According to Embodiment 3,
the time ratio (tB/tC) of the expansion valve opening de-
gree associated with each operating frequency of com-
pressor 10 is stored, in the form of a table, in memory
202 incorporated in controller 200. Controller 200 calls,
from memory 202, the time ratio associated with the op-
erating frequency to perform control.

[0062] According to Embodiment 1, the time ratio is
tA/tC, and therefore, a time ratio of 100% is a state in
which the large opening degree continues. In contrast,
in Fig. 12, the time ratio is tB/tC and therefore, a time
ratio of 0% is the state in which the large opening degree
continues.

[0063] Therefore, in Fig. 12, while the operating fre-
quency falls in the range from fth to fmax, LEV 111 is
continuously operated at a single opening degree com-
mand value, like the normal control and, when the oper-
ating frequency becomes less than or equal to fth, the
first opening degree (corresponding to CvA) and the sec-
ond opening degree (corresponding to CvB) are repeat-
ed. As the operating frequency decreases from fth to
fmin, the time ratio tB/tC increases and the Cv value de-
creases.

[0064] According to Embodiment 3, the opening de-
gree command value is controlled such that the opening
degree of LEV 111 is repeated between the first opening
degree and the second opening degree at a certain time
ratio, similarly to Embodiment 1. Thus, the Cv value in
the region smaller than the minimum Cv value that can
be controlled stably can be implemented by the time av-
erage, so that adequate discharge SH can be ensured.
Further, the desired Cv value that varies depending on
the operating frequency can be stored in the form of a
table in advance, and therefore, for the actual products,
better control can be implemented by merely reading the
time ratio associated with the frequency.



11 EP 4 296 593 A1 12

Embodiment 4

[0065] Embodiment 4 is characterized by combining
Embodiments 1 to 3 to control LEV 111 based on the
time ratio associated with the indoor air temperature, the
outdoor air temperature, and the operating frequency.
[0066] The general flow and state of refrigerant in the
refrigeration cycle apparatus are similar to those of Em-
bodiment 1, and therefore, the description thereof is not
herein repeated.

[0067] Fig. 13 is a flowchart illustrating control for op-
erating mode switching performed by an air conditioning
system according to Embodiment 4. The flowchart of Fig.
13 corresponds to the flowchart of Fig. 6 except that step
S2A is added after step S2 and step S3B is performed
instead of step S3.

[0068] Initially, in step S1, controller 200 determines
whether or not the magnitude of the difference between
indoor temperature Tr and set temperature Tset is small-
er than reference value Tth1. Thus, the magnitude of the
air conditioning load is determined.

[0069] When |t-Tset| < Tth1 is satisfied (YES in S1),
controller 200 determines in step S2 whether or not dis-
charge SH is smaller than reference value Tth2. Thus,
the state of refrigerant circuit 150 is determined.

[0070] When discharge SH < Tth2 is satisfied (YES in
S2), controller 200 determines, in step S2A, whether or
not operating frequency f of compressor 10 is lower than
a reference value fth. Thus, it is determined whether or
not a frequency range of fmin to fth is obtained for which
the time ration control as shown in Fig. 12 is introduced.
[0071] When f<fthis satisfied (YES in S2A), controller
200 outputs, in step S3B, command values A and B re-
peatedly to control LEV 111, so that the opening degree
of LEV 111 regularly repeats between H (first opening
degree, Cv value = CvA) and L (second opening degree,
Cv value = CvB). In this way, the opening degree of Cv
value = CvC is implemented as an average value.
[0072] Incontrast, when [t-Tset| > Tth1 is satisfied (NO
in S1), or when discharge SH > Tth2 is satisfied (NO in
S2) or f > fth is satisfied (NO in S2A), normal control of
specifying the opening degree of LEV 111 by a single
command value is performed in step S4.

[0073] Fig. 14 is a flowchart illustrating the process in
step S3B in Fig. 13. Initially, in step S31, controller 200
obtains outdoortemperature Te from temperature sensor
103 and obtains indoor temperature Tr from temperature
sensor 102, and further obtains operating frequency f
from a control process routine of compressor 10. Then,
in step S32, controller 200 determines the Cv value from
a map M2 stored in advance in memory 202 and, in step
S33, calculates the time ratio corresponding to the de-
termined Cv value.

[0074] Fig. 15 shows an example of map M2 used in
Embodiment 4. As shown in Fig. 15, the Cv value corre-
sponding to the expansion valve opening degree asso-
ciated with the combination of the indoor and outdoor
temperatures and the operating frequency is stored in
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the form of a table in memory 202 incorporated in con-
troller 200. Controller 200 calculates the time ratio that
implements the Cv value associated with air tempera-
tures Tr, Te and operating frequency f to control LEV 111.
[0075] While the Cv value is stored in the map of Fig.
15, the time ratio associated with the air temperatures
may directly be stored, instead of the Cv value.

[0076] As described above, in Embodiment 4, the Cv
value of the expansion valve opening degree or the time
ratio associated with air temperatures Tr, Te and oper-
ating frequency fis stored in the form of a table in memory
202. Controller 200 calls, from memory 202, the Cv value
or the time ratio associated with air temperatures Tr, Te
and operating frequency f during operation, to control
LEV 111.

[0077] According to Embodiment 4, the opening de-
gree command value is controlled such that the opening
degree of LEV 111 is repeated between the first opening
degree and the second opening degree at a certain time
ratio, similarly to Embodiment 1. Thus, the Cv value in
the region smaller than the minimum Cv value that can
be controlled stably can be implemented by the time av-
erage, so that adequate discharge SH can be ensured.
Further, Embodiment 2 and Embodiment 3 can be com-
bined to implement still better control.

Summary

[0078] Air conditioning apparatus 1 of the present em-
bodiment includes refrigerant circuit 150 and controller
200. Refrigerant circuit 150 is configured to allow refrig-
erant to circulate through compressor 10, condenser 40,
20, LEV 111, and evaporator 20, 40. LEV 111 has an
opening degree variable from a lower limit opening de-
gree to an upper limit opening degree. Controller 200 is
configured to control LEV 111 to alternately repeat a first
opening degree CvA and a second opening degree CvB
in a range of less than or equal to a quarter of the upper
limit opening degree, second opening degree CvB being
smaller than first opening degree CvA.

[0079] Preferably, controller 200 specifies a plurality
of opening degrees from the lower limit opening degree
Cvmin to the upper limit opening degree Cvmax, by re-
spective command values from 0to n, where nis anatural
number. Controller 200 outputs the command values to
alternately repeat a first command value A and a second
command value B in a range of less than or equal to a
quarter of n, the second command value being smaller
than the first command value.

[0080] Preferably, air conditioning apparatus 1 further
includes: outdoor unit 2 containing one of condenser 40,
20 and evaporator 20,40 and containing the compressor;
and indoor unit 3 containing the other one of condenser
40, 20 and evaporator 20, 40. Controller 200 controls
LEV 111 to alternately repeat first opening degree CvB
and second opening degree CvA, when a low-capacity
operating condition including a first condition is satisfied,
the first condition being a condition that a magnitude of
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a difference between set temperature Tset and temper-
ature Tr of air sucked into indoor unit 3 is smaller than
threshold value Tth1 (Fig. 6, YES in S1).

[0081] More preferably, the low-capacity operating
condition is satisfied, when the first condition is satisfied
and a second condition is satisfied, the second condition
being a condition that a value of superheat of the refrig-
erant discharged from compressor 10 is less than or
equal to a specified value Tth2 (Fig. 6, YES in S2).
[0082] Still more preferably, as shown in Fig. 7, con-
troller 200 adjusts a time ratio between the first opening
degree and the second opening degree in a period that
are alternately repeated, to cause the value of superheat
to approach specified value Tth2.

[0083] Preferably, controller 200 includes processor
201 and memory 202. Memory 202 stores a map as
shown in Fig. 9, input data to the map is an indoor tem-
perature and an outdoor air temperature, and output data
from the map is a time ratio between the first opening
degree and the second opening degree in a period that
are alternately repeated, or the output data is a capacity
coefficient (Cv value) of LEV 111 corresponding to the
time ratio. Processor 201 controls LEV 111 using the
map.

[0084] Preferably, controller 200 includes processor
201 and memory 202. Memory 202 stores a map, input
data to the map is an operating frequency of compressor
10, and output data from the map is a time ratio between
the first opening degree and the second opening degree
in a period that are alternately repeated, or the output
data is a capacity coefficient (Cv value) of the expansion
valve corresponding to the time ratio. Processor 201 con-
trols LEV 111 using the map.

[0085] Preferably, controller 200 includes processor
201 and memory 202. Memory 202 stores a map, as
shown in Fig. 15, input data to the map is an indoor tem-
perature, an outdoor air temperature, and an operating
frequency of the compressor, and output data from the
map is a time ratio between the first opening degree and
the second opening degree in a period that are alternately
repeated, or the output data is a capacity coefficient of
the expansion valve corresponding to the time ratio.
Processor 201 controls LEV 111 using the map.

[0086] It should be construed that the embodiments
disclosed herein are given by way of illustration in all
respects, not by way of limitation. It is intended that the
scope of the present invention is defined by claims, not
by the above description of the embodiments, and en-
compasses all modifications and variations equivalentin
meaning and scope to the claims.

REFERENCE SIGNS LIST

[0087] 1 air conditioning apparatus; 2 outdoor unit; 3
indoor unit; 10 compressor; 20, 40 heat exchanger; 90,
92, 94, 96, 97, 99 pipe; 100 four-way valve; 101, 102,
103, 106, 107 temperature sensor; 111 LEV; 112 step-
ping motor; 113 valve body; 150 refrigerant circuit; 200
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controller; 201 processor; 202 memory; 203 motor drive
circuit; E, F, G, H, P1, P3, P4 port

Claims
1. An air conditioning apparatus comprising:

a refrigerant circuit configured to allow refriger-
ant to circulate through a compressor, a con-
denser, an expansion valve, and an evaporator;
and

a controller configured to control the expansion
valve, wherein

the expansion valve has an opening degree var-
iable from a lower limit opening degree to an
upper limit opening degree, and

the controller is configured to control the expan-
sion valve to alternately repeat a first opening
degree and a second opening degree in arange
of less than or equal to a quarter of the upper
limit opening degree, the second opening de-
gree being smaller than the firstopening degree.

2. The air conditioning apparatus according to claim 1,
wherein

the controller specifies a plurality of opening de-
grees from the lower limit opening degree to the
upper limit opening degree, by respective com-
mand values from 0 to n, where n is a natural
number, and

the controller outputs the command values to
alternately repeat a first command value and a
second command value in a range of less than
or equal to a quarter of n, the second command
value being smaller than the first command val-
ue.

3. The air conditioning apparatus according to claim 1,
further comprising:

an outdoor unit containing one of the condenser
and the evaporator and containing the compres-
sor; and

an indoor unit containing the other one of the
condenser and the evaporator, wherein

the controller controls the expansion valve to al-
ternately repeat the first opening degree and the
second opening degree, when a low-capacity
operating condition including a first condition is
satisfied, the first condition being a condition that
a magnitude of a difference between a set tem-
perature and a temperature of air sucked into
the indoor unit is smaller than a threshold value.

4. The air conditioning apparatus according to claim 3,
wherein the low-capacity operating condition is sat-
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isfied, when the first condition is satisfied and a sec- sponding to the time ratio, and

ond condition is satisfied, the second condition being the processor controls the expansion valve us-
acondition that a value of superheat of the refrigerant ing the map.

discharged from the compressoris less than or equal

to a specified value. 5

5. The air conditioning apparatus according to claim 4,
wherein the controller adjusts a time ratio between
the first opening degree and the second opening de-
gree in a period that are alternately repeated, to 10
cause the value of superheat to approach the spec-
ified value.

6. The air conditioning apparatus according to claim 1,
wherein 15

the controller comprises a processor and a
memory,

the memory stores a map, input data to the map

is anindoor temperature and an outdoor airtem- 20
perature, and output data from the map is a time
ratio between the first opening degree and the
second opening degree in a period that are al-
ternately repeated, or the output data is a ca-
pacity coefficient of the expansion valve corre- 25
sponding to the time ratio, and

the processor controls the expansion valve us-

ing the map.

7. The air conditioning apparatus according to claim 1, 30
wherein

the controller comprises a processor and a

memory,

the memory stores a map, input data tothe map 35

is an operating frequency of the compressor,

and output data from the map is a time ratio be-

tween the first opening degree and the second

opening degree in a period that are alternately

repeated, or the output data is a capacity coef- 40

ficient of the expansion valve corresponding to

the time ratio, and

the processor controls the expansion valve us-

ing the map.

45
8. The air conditioning apparatus according to claim 1,
wherein

the controller comprises a processor and a
memory, 50
the memory stores a map, input data to the map
is an indoor temperature, an outdoor air temper-
ature, and an operating frequency of the com-
pressor, and output data from the map is a time
ratio between the first opening degree and the 55
second opening degree in a period that are al-
ternately repeated, or the output data is a ca-
pacity coefficient of the expansion valve corre-
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