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Description
Technical Field

[0001] The presentinvention relates to an indoor unit
applied to, for example, a multi-air-conditioning appara-
tus for a building and to an air-conditioning apparatus
including the indoor unit.

Background Art

[0002] In a conventional air-conditioning apparatus
such as a multi-air-conditioning apparatus for a building,
for example, refrigerantis circulated between an outdoor
unit serving as a heat source unit disposed outside the
building and an indoor unit disposed inside the building.
In such an air-conditioning apparatus, an air-conditioning
target space is cooled or heated by air that is heated or
cooled by heat transfer or heat receiving of the refriger-
ant.

[0003] Intheindoor unit of such an air-conditioning ap-
paratus, multiple electrical components, such as a motor
of anindoor air-sending device, are mounted. In addition,
to operate these electric components, an inverter device
and a substrate are disposed in the indoor unit while be-
ing stored in an electric component box. The electric com-
ponent box has a slit or a hole provided in an upper or
lower surface, or includes alarge heat sink. This provides
a structure in which air flows into the electric components
to suppress the temperature rise due to the electronic
components in the electric component box.

[0004] In recent years, there has been a move to limit
the use of HFC refrigerant having high global warming
potential (for example, R410A, R404A, R407C, and
R134a) in view of global warming. Accordingly, there has
been proposed an air-conditioning apparatus that uses
refrigerant having low global warming potential (for ex-
ample, R32, HFO1234yf, HFO1234ze(E), and a mixture
of these refrigerants). However, all of these refrigerants
having low global warming potential are flammable, and
may enter the electric component box upon leakage.
[0005] To prepare for such a situation, there has been
disclosed a technique of using a non-contact switch in
an electric component and providing an electric compo-
nent box with a film that transmits only gas (see, for ex-
ample, Patent Literature 1).

Citation List
Patent Literature
[0006] PatentLiterature 1: Japanese Unexamined Pat-

ent Application Publication No. 6-101913 (for example,
[0030]-[0033], [0045])
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Summary of Invention
Technical Problem

[0007] However, when the non-contact switch is pro-
vided and the film that transmits only gas is used as in
the technique described in Patent Literature 1, the cost
significantly increases. Further, since the films are highly
susceptible to aged deterioration, it is difficult to ensure
long-term reliability. For this reason, films need to be pe-
riodically replaced, and the system requires much effort
and high maintenance cost.

[0008] The present invention has been made to solve
the above problems, and an object of the invention is to
provide an indoor unit with improved safety, suppressed
costincrease and an air-conditioning apparatus including
the indoor unit. Solution to Problem

[0009] Anindoor unitfor an air-conditioning apparatus
according to the present invention is an indoor unit that
forms a part of the air-conditioning apparatus using a
flammable refrigerant, and includes a housing, an indoor
air-sending device that takes air into the housing, a use-
side heat exchanger provided within the housing such
that the air is supplied thereto from the indoor air-sending
device, a controller that controls at least the indoor air-
sending device, and an electric component box disposed
in the housing to house at least the controller and an
electric component used to control a driving component
that constitutes the air-conditioning apparatus. The elec-
tric component box is disposed at a position such that a
bottom surface of the electric component box is higher
than a bottom surface of the housing by not less than
one third of a height of the housing. The controller and
the electric component are disposed at positions such
that bottom surfaces of the controller and the electric
component are higher than the bottom surface of the
electric component box by not less than one third of a
height of the electric component box.

Advantageous Effects of Invention

[0010] According to the indoor unit for the air-condi-
tioning apparatus of the present invention, the mount po-
sitions of the electric component box, and the controller
and the electric component (relay) housed in the electric
component box are specified. Hence, even if flammable
refrigerant leaks, not only the leakage refrigerant can be
considerably restricted from entering the electric compo-
nent box, but also the controller and the relay are not
exposed to the leakage refrigerant even if the refrigerant
enters the electric component box. Therefore, according
to the indoor unitofthe presentinvention, safety is greatly
improved while suppressing cost increase.

Brief Description of Drawings

[0011]
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[Fig. 1] Fig. 1is a schematic circuit configuration view
illustrating an exemplary circuit configuration of an
air-conditioning apparatus according to Embodi-
ment of the present invention.

[Fig. 2] Fig. 2 is a refrigerant circuit diagram illustrat-
ing the flow of refrigerantin a cooling operation mode
of the air-conditioning apparatus according to Em-
bodiment of the present invention.

[Fig. 3] Fig. 3 is a refrigerant circuit diagram illustrat-
ing the flow of refrigerantin a heating operation mode
of the air-conditioning apparatus according to Em-
bodiment of the present invention.

[Fig. 4] Fig. 4 is a circuit configuration view schemat-
ically explaining an electrical connection state of the
air-conditioning apparatus according to Embodi-
ment of the present invention.

[Fig. 5] Fig. 5 is a schematic perspective view illus-
trating an outward appearance image of an indoor
unit according to Embodiment of the present inven-
tion.

[Fig. 6] Fig. 6 is a side view illustrating a side surface
of the indoor unit illustrated in Fig. 5, where an elec-
tric component box is mounted.

[Fig. 7] Fig. 7(a) is a cross-sectional view of the in-
door unit, taken along line X-X of Fig. 5, and Fig. 7(b)
is a cross-sectional view of the indoor unit, taken
along line Y-Y of Fig. 5.

[Fig. 8] Fig. 8 is a schematic view schematically il-
lustrating the arrangement of electric components in
the electric component box mounted on the indoor
unit according to Embodiment of the present inven-
tion.

[Fig. 9] Fig. 9 includes schematic views schemati-
cally illustrating a mount example of a wide band-
gap semiconductor for forming at least a part of an
element that is included in a controller mounted in
the indoor unit according to Embodiment of the
present invention.

Description of Embodiments

[0012] Embodiment ofthe presentinvention will be de-
scribed below with reference to the drawings.

[0013] Fig. 1 is a schematic circuit configuration view
illustrating an exemplary circuit configuration of an air-
conditioning apparatus 100 according to Embodiment of
the present invention. A detailed circuit configuration of
the air-conditioning apparatus 100 will be described with
reference to Fig. 1. Fig. 1 illustrates an example in which
four indoor units 20 are connected. In Fig. 1 and subse-
quent drawings, the dimensional relationships of compo-
nents are sometimes different from the actual ones.
Moreover, in Fig. 1 and the subsequent drawings, com-
ponents denoted by the same reference numerals cor-
respond to the same or equivalent components. This is
common through the full text of the description. Further,
forms of components described in the full text of the de-
scription are mere examples, and the components are
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not limited to the described forms.

[0014] As illustrated in Fig. 1, the air-conditioning ap-
paratus 100 is configured such that an outdoor unit (heat
source unit) 10 and indoor units 20 (indoor units 20a to
20d) are connected by pipes. That is, in the air-condition-
ing apparatus 100, a plurality of indoor units 20 are con-
nected in parallel with the outdoor unit 10.

[0015] Itis assumed that, in the air-conditioning appa-
ratus 100, for example, R32, HFO1234yf,
HFO1234ze(E), a mixture of R32 and HFO1234yf, or a
mixture of R32 and HFO1234ze(E) is sealed as refriger-
ant. Two geometric isomers of HFO1234yf exists in, that
is, atrans-isomerin which F and CF3 are positioned sym-
metrically with respect to a double bond and a cis-isomer
in which F and CF3 are positioned on the same side. In
Embodiment, HFO1234ze(E) is a trans-isomer. Accord-
ing to IUPAC nomenclature, HFO1234ze(E) is trans-
1,3,3,3-tetrafluoro-1-propene.

[Outdoor Unit 10]

[0016] The outdoor unit 10 has a function of offering
heating or cooling to the indoor units 20. In this outdoor
unit 10, a compressor 1, an oil separator 2 for separating
refrigerant and refrigerating machine oil, a flow switching
device 3 such as a four-way valve, a heat-source-side
heat exchanger 4, a subcooling heat exchanger 6 for
enhancing performance by increasing the degree of sub-
cooling during cooling, an expansion device 7, an accu-
mulator 5, and an oil returning circuit 8, where the oil
separator 2 and a downstream pipe of the accumulator
5 are connected, are mounted while being connected by
pipes. In the outdoor unit 10, an opening and closing
valve 9 and an opening and closing valve 11 are set in
a high-pressure pipe and a low-pressure valve, respec-
tively. For example, the opening and closing valve 9 and
the opening and closing valve 11 are used by a worker
during service. The opening and closing valve 9 and the
opening and closing valve 11 may each be formed by a
solenoid valve, and may be turned on/off via below-de-
scribed relays 33.

[0017] The compressor 1 sucks refrigerant, compress-
es the refrigerant into a high-temperature and high-pres-
sure state, and conveys the refrigerant to a refrigerant
circuit. For example, the compressor 1 is preferably
formed by an inverter compressor capable of capacity
control. The oil separator 2 is provided on a discharge
side of the compressor 1, and separates, from the refrig-
erant, refrigerating machine oil discharged from the com-
pressor 1 together with the refrigerant. The refrigerating
machine oil separated by the oil separator 2 is guided
via the oil returning circuit 8 to a downstream side of the
accumulator 5, that is, to a suction side of the compressor
1. The flow switching device 3 is provided on arefrigerant
passage on the downstream side of the oil separator 2,
and switches between a flow of refrigerant in a heating
operation mode and a flow of refrigerant in a cooling op-
eration mode.
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[0018] The heat-source-side heatexchanger (outdoor-
side heat exchanger) 4 functions as an evaporator during
heating operation, functions as a radiator (or a condens-
er) during cooling operation, and exchanges heat be-
tween air supplied from an outdoor air sending device
such as a fan (not illustrated) and the refrigerant. The
accumulator 5 is provided on the suction side of the com-
pressor 1, and accumulates excess refrigerant due to a
difference between the heating operation mode and the
cooling operation mode or excess refrigerant due to a
transient change of operation (for example, a change in
number of indoor units 20 to be operated).

[0019] The subcooling heat exchanger 6 exchanges
heat between refrigerant flowing between the heat-
source-side heat exchanger 4 and the opening and clos-
ing valve 9 (hereinafter sometimes referred to as main
refrigerant) and refrigerant branching off between the
heat-source-side heat exchanger 4 and the opening and
closing valve 9 and reduced in pressure by the expansion
device 7 (hereinafter sometimes referred to as bypass
refrigerant), and thereby increases the degree of sub-
cooling during cooling. That is, the subcooling heat ex-
changer 6 exchanges heat between the refrigerants. The
bypass refrigerant is a refrigerant that branches off be-
tween the heat-source-side heat exchanger 4 and the
opening and closing valve 9 and flows through a bypass
12 connected to the expansion device 7, a bypass refrig-
erant side of the subcooling heat exchanger 6, and an
upstream side of the accumulator 5. The subcooling heat
exchanger 6 may be disposed at any position that allows
heat exchange between the refrigerants.

[0020] The expansion device 7 is disposed in the by-
pass 12, through which the bypass refrigerant flows, on
an upstream side of the subcooling heat exchanger 6.
The expansion device 7 reduces the pressure of the re-
frigerant flowing through the bypass 12, and adjusts the
flow rate of bypass refrigerant flowing into the subcooling
heat exchanger 6. The expansion device 7 is preferably
formed by an element capable of controlling the opening
degree, for example, an electronic expansion valve.
[0021] The oil returning circuit 8 is disposed to connect
a lower side of the oil separator 2 and the downstream
pipe of the accumulator 5. In the oil returning circuit 8, a
pressure reducing means 8a formed by, for example, a
capillary tube, is disposed. That is, the refrigerating ma-
chine oil separated by the oil separator 2 flows through
the oil returning circuit 8, is reduced in pressure by the
pressure reducing means 8a, and is then guided to the
downstream side of the accumulator 5.

[Indoor Units 20]

[0022] The indoor units 20 have a function of heating
or cooling an air-conditioning target space, such as the
inside of a room, by refrigerant supplied from the outdoor
unit 10. Each of the indoor units 20 includes at least a
use-side heat exchanger (indoor-side heat exchanger)
22 and an expansion device 21, which are mounted
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therein while being connected in series. Specifically, the
expansion device 21 and the use-side heat exchanger
22 are arranged in order and in series in a direction from
the opening and closing valve 9 to the opening and clos-
ing valve 11. Each indoor unit 20 further includes an in-
door air-sending device 44 for supplying air taken in the
indoor unit 20 to the use-side heat exchanger 22 (see
Fig. 7), and a controller 50 (controllers 50a to 50d) for
controlling, for example, the rotation speed of the indoor
air-sending device 44.

[0023] Relays 33 are mounted in the outdoor unit 10.
These relays 33 turn on/off a solenoid valve that is not
illustrated in Fig. 1, the opening and closing valve 9, the
opening and closing valve 11, etc. The relays 33 will be
described with reference to Fig. 8.

[0024] The use-side heat exchanger 22 functions as a
radiator (or a condenser) during heating operation, func-
tions as an evaporator during cooling operation, ex-
changes heat between air supplied from the indoor air-
sending device 44 such as an unillustrated fan (see Figs.
7(a)and 7(b)) and the refrigerant, and thereby generates
heating air or cooling air to be supplied to the air-condi-
tioning target space.

[0025] The expansion device 21 functions as a pres-
sure reducing valve and an expansion valve, and ex-
pands the refrigerant by pressure reduction. The expan-
sion device 21 is preferably formed by an element capa-
ble of changing the opening degree, for example, an elec-
tronic expansion valve. The unillustrated indoor air-send-
ing device and the expansion device 21 are controlled
by the controller 50.

[0026] Each controller 50 is mounted in the corre-
sponding indoor unit 20, and controls various devices
provided in the indoor unit 20. Controllers 50a to 50d are
communicatively connected by cable or wirelessly to be
able to perform cooperation control. The controllers 50
totally control the entire system of the air-conditioning
apparatus 100, for example, on the basis of detection
information of unillustrated detection elements and in-
structions from a remote control. Specifically, the con-
trollers 50 control the driving frequency of the compressor
1, switching of the flow switching device 3, the opening
degrees of the expansion devices 7 and 22, the rotation
speeds of the outdoor air-sending device, which is not
illustrated in Fig. 1, and the indoor air-sending devices
44, etc. That s, the controllers 50 control actuators (driv-
ing components such as compressor 1, flow switching
device 3, expansion devices 7 and 22, outdoor air-send-
ing device, and indoor air-sending devices 44).

[0027] In Embodiment, four indoor units 20 are con-
nected as an example, and are illustrated as an indoor
unit 20a, an indoor unit 20b, an indoor unit 20c, and an
indoor unit 20d in order from a left side (lower side) of
the plane of the drawing. In correspondence with the in-
door units 20a to 20d, use-side heat exchangers 22 are
also illustrated as a use-side heat exchanger 22a, a use-
side heatexchanger 22b, a use-side heat exchanger 22c,
and a use-side heat exchanger 22d in order from the left
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side (lower side) of the plane of the drawing. Similarly,
expansion devices 21 areillustrated as an expansion de-
vice 21 a, an expansion device 21 b, an expansion device
21c, and an expansion device 21 d in order from the left
side (lower side) of the plane of the drawing. The number
of indoor units 20 to be connected is not limited to four.
[0028] Operation modes to be executed by the air-con-
ditioning apparatus 100 will be described.

[Cooling Operation Mode]

[0029] Fig. 2 is a refrigerant circuit diagram illustrating
the flow of refrigerant in a cooling operation mode of the
air-conditioning apparatus 100. Fig. 2 illustrates an ex-
ample in which all of the indoor units 20 are driven. In
the cooling operation mode, the flow switching device 3
is switched such that the heat-source-side heat exchang-
er 4 operates as a radiator and the use-side heat ex-
changers 22 operate as evaporators. Specifically, the
flow switching device 3 is switched such that refrigerant
discharged from the compressor 1 flows into the heat-
source-side heat exchanger 4. In Fig. 2, a flowing direc-
tion of the refrigerant is shown by arrows.

[0030] Alow-temperature and low-pressure refrigerant
is compressed by the compressor 1, and is discharged
as a high-temperature and high-pressure gas refrigerant.
The high-temperature and high-pressure gas refrigerant
discharged from the compressor 1 flows into the heat-
source-side heat exchanger 4 via the oil separator 2 and
the flow switching device 3. In the oil separator 2, refrig-
erating machine oil discharged from the compressor 1
together with the refrigerant is separated from the refrig-
erant gas. The separated refrigerating machine oil flows
through the oil returning circuit 8 and is returned to a pipe
on a suction side of the compressor 1. In contrast, the
refrigerant gas separated by the oil separator 2 flows into
the flow switching device 3.

[0031] The high-temperature and high-pressure gas
refrigerant flowing in the heat-source-side heat exchang-
er 4 is turned into a liquid state by heat exchange with
air supplied from the outdoor air-sending device, and
flows out from the heat-source-side heat exchanger 4.
Part of the liquid refrigerant flows into the bypass 12, and
the remaining part thereof flows into the indoor units 20.
The liquid refrigerant (bypass refrigerant) flowing in the
bypass 12isreducedin pressure by the expansion device
7 to become a low-pressure two-phase gas-liquid refrig-
erant. This low-pressure two-phase gas-liquid refrigerant
flows into the subcooling heat exchanger 6, is turned into
a low-pressure gas refrigerant by heat exchange with a
high-pressure liquid refrigerant (main refrigerant), and
then flows out from the subcooling heat exchanger 6.
The main refrigerant flowing in the subcooling heat ex-
changer 6 is cooled by the bypass refrigerant to lower
the liquid temperature thereof (to increase the degree of
subcooling).

[0032] Although notillustrated, a pressure sensor and
a temperature sensor are provided at an outlet of the
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subcooling heat exchanger 6 in the bypass 12, and the
controllers 50 adjust the opening degree of the expansion
device 7 on the basis of information from these sensors
so that the degree of superheat at the outlet of the sub-
cooling heat exchanger 6 becomes about 5 degrees C.
[0033] The part of the liquid refrigerant that does not
flow in the bypass 12 passes through a pipe for connect-
ing the indoor units 20 and the outdoor unit 10, and flows
out from the outdoor unit 10. Then, the part of the liquid
refrigerant flows into the indoor units 20a to 20d. The
refrigerant flowing in the indoor units 20a to 20d is ex-
panded (reduced in pressure) into a low-temperature and
low-pressure two-phase gas-liquid state by the expan-
sion devices 21 a to 21 d, respectively. The two-phase
gas-liquid refrigerant flows into the use-side heat ex-
changers 22a to 22d. The two-phase gas-liquid refriger-
ant flowing in the use-side heat exchangers 22a to 22d
removes heat from air (indoor air) supplied from unillus-
trated indoor air-sending devices by exchanging heat
with the air, is thereby turned into a low-pressure gas
refrigerant, and flows out from the use-side heat ex-
changers 22a to 22d.

[0034] Although not illustrated here, in general, tem-
perature sensors are provided at a refrigerant entrance
and a refrigerant outlet of each of the use-side heat ex-
changers 22. The amount of refrigerant to be supplied to
the use-side heat exchanger 22 is adjusted by utilizing
temperature information from the temperature sensor
provided at the refrigerant entrance and the refrigerant
outlet of the use-side heat exchanger 22. Specifically,
each controller 50 calculates the degree of subheat (re-
frigerant temperature at the outlet - refrigerant tempera-
ture at the entrance) on the basis of the information from
the temperature sensor, determines the opening degree
of the expansion device 21 so that the degree of subheat
becomes about 2 to 5 degrees C, and adjusts the amount
ofrefrigerantto be supplied to the use-side heat exchang-
er 22.

[0035] The low-pressure gas refrigerant flowing out of
the use-side heat exchangers 22a to 22d flows out from
the indoor units 20a to 20d, and flows into the outdoor
unit 10 through the pipe that connects the indoor units
20 and the outdoor unit 10. The refrigerant flowing in the
outdoor unit 10 passes through the flow switching device
3, and flows into the accumulator 5. The refrigerant flow-
inginthe accumulator 5is separatedinto liquid refrigerant
and gas refrigerant, and the gas refrigerant is sucked into
the compressor 1 again.

[0036] In such a cooling operation mode, the liquid-
state refrigerant does not flow into the accumulator 5 be-
cause the degree of subheat is controlled in each of the
indoor units 20. However, in a transient state or when
any of the indoor units 20 is stopped, a small amount of
liquid-state (a quality of about 0.95) refrigerant some-
times flows into the accumulator 5. The liquid refrigerant
flowing in the accumulator 5 is evaporated and sucked
into the compressor 1, or is sucked into the compressor
1 via an oil return hole (not illustrated) provided in an
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outlet pipe of the accumulator 5.
[Heating Operation Mode]

[0037] Fig. 3 is a refrigerant circuit diagram illustrating
the flow of refrigerant in a heating operation mode of the
air-conditioning apparatus 100. Fig. 3 illustrates an ex-
ample in which all of the indoor units 20 are driven. In
the heating operation mode, the flow switching device 3
is switched such that the heat-source-side heat exchang-
er 4 operates as an evaporator and the use-side heat
exchangers 22 operate as radiators. Specifically, the flow
switching device 3 is switched such that refrigerant dis-
charged from the compressor 1 flows into the use-side
heat exchangers 22. In Fig. 3, a flowing direction of the
refrigerant is shown by arrows.

[0038] Alow-temperature and low-pressure refrigerant
is compressed by the compressor 1, and is discharged
as a high-temperature and high-pressure gas refrigerant.
The high-temperature and high-pressure gas refrigerant
discharged from the compressor 1 passes through the
oil separator and the flow switching device 3, flows
through the pipe that connects the indoor units 20 and
the outdoor unit 10, flows out from the outdoor unit 10,
and flows into the indoor units 20a to 20d. The operation
of the oil separator 2 is as described in conjunction with
the cooling operation mode.

[0039] The high-temperature and high-pressure gas
refrigerant flowing in the indoor units 20a to 20d transfers
heat to air (indoor air) supplied from the unillustrated in-
door air-sending devices in the use-side heat exchangers
22ato 22d by exchanging heat with the air, is turned into
a liquid state, and flows out from the use-side heat ex-
changers 22ato 22d. This high-pressure liquid refrigerant
is expanded (reduced in pressure) by the expansion de-
vices 21 ato 21 d, is turned into a low-temperature and
low-pressure two-phase gas-liquid state, and flows out
from the indoor units 20a to 20d.

[0040] Although not illustrated here, in general, a tem-
perature sensor and a pressure sensor are provided at
the refrigerant outlet of each of the use-side heat ex-
changers 22. The amount of refrigerant to be supplied to
the use-side heat exchangers 22 is adjusted by utilizing
information from the temperature sensor and the pres-
sure sensor provided at the refrigerant outlet of each of
the use-side heat exchangers 22. Specifically, each con-
trollers 50 calculates the degree of subcooling (saturation
temperature converted from the detected pressure of the
refrigerant at the outlet side - refrigerant temperature at
the outlet side) on the basis of information from these
sensors, determines the opening degrees of the expan-
sion device 21 so that the degree of subcooling becomes
about 2 to 5 degrees C, and adjusts the amount of refrig-
erant to be supplied to the use-side heat exchanger 22.
[0041] The low-temperature and low-pressure two-
phase gas-liquid refrigerant flowing out of the indoor units
20a to 20d passes through the pipe that connects the
indoor units 20 and the outdoor unit 10, and flows into
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the outdoor unit 10. This refrigerant flows into the heat-
source-side heat exchanger 4. The low-temperature and
low-pressure two-phase gas-liquid refrigerant flowing in
the heat-source-side heat exchanger 4 removes heat
from air supplied from the outdoor air-sending device by
exchanging heat with the air, and the quality thereof grad-
ually increases. Then, the refrigerant becomes a two-
phase gas-liquid refrigerant with high quality at the outlet
of the heat-source-side heat exchanger 4, and flows out
from the heat-source-side heat exchanger 4. The refrig-
erant flowing out of the heat-source-side heat exchanger
4 passes through the flow switching device 3, and flows
into the accumulator 5. The refrigerant flowing in the ac-
cumulator 5 is separated into liquid refrigerant and gas
refrigerant, and the gas refrigerantis sucked into the com-
pressor 1 again.

[Electric Configuration of Air-Conditioning Apparatus
100]

[0042] Fig. 4 is a circuit configuration view schemati-
cally illustrating an electric connection state of the air-
conditioning apparatus 100. The electric configuration of
the air-conditioning apparatus 100 will be described with
reference to Fig. 4. A mount position of an electric com-
ponent box 30 will be described in detail with reference
to Figs. 5t0 7.

[0043] Each of the controllers 50a to 50d serving as
the controllers 50 includes an inverter board 31 on which
arectifier 52 for converting an alternating-current voltage
of athree-phase alternating-current power supply 51 into
a direct-current voltage, a reactor 53 for improving the
power factor, a smoothing capacitor 54, an inverter main
circuit 55, a control circuit 56 for controlling the inverter
main circuit 55, etc. are mounted, and is connected to a
motor 57A of an indoor air-sending device 44 (see Figs.
7(a) and 7(b)).

[0044] The inverter main circuit 55 converts a direct-
current power smoothed by the smoothing capacitor 54
into an alternating-current power, and includes a plurality
of switching elements, for example, formed by a silicon
(Si) semiconductor or a wide band-gap semiconductor.
The wide band-gap semiconductor is a general term for
semiconductor elements having a band gap wider than
that of a silicon (Si) element, and examples thereof are
gallium nitride (GaN) and a diamond element as well as
silicon carbide (SiC). Each switching element in the in-
verter main circuit 55 performs switching operation on
the basis of actuating signals (PWM signal, gate signal)
sent from the control circuit 56.

[0045] The control circuit 56 is formed by, for example,
a microcomputer, actually controls driving of various ac-
tuators on the basis of detection information from unil-
lustrated detectors (for example, temperature sensorand
pressure sensor) and instructions from the remote con-
trol, and executes heating operation and cooling opera-
tion. InFig. 4, only the motor 57A of the indoor air-sending
device 44 is illustrated for convenience. Not only the
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switching elements, but also a diode element can be
formed by a wide band-gap semiconductor.

[Mount Position of Electric Component Box 30]

[0046] Fig. 5 is a schematic perspective view illustrat-
ing an outward appearance image of each indoor unit 20
according to Embodiment. Fig. 6 is a side view illustrating
a side surface of the indoor unit 20 illustrated in Fig. 5,
where the electric component box 30 is mounted. Fig.
7(a) is a cross-sectional view of the indoor unit 20, taken
along line X-X of Fig. 5, and Fig. 7(b) is a cross-sectional
view of the indoor unit 20, taken along line Y-Y of Fig. 5.
A mount position of the electric component box 30 will
be described in detail with reference to Figs. 5to 7. In
Figs. 7(a) and 7(b), flows of air are shown by arrows.
[0047] As described above, the indoor units 20 form a
part of the air-conditioning apparatus 100, and are con-
nected by refrigerant pipes. Cooling energy or heating
energy is supplied thereto from the outdoor unit 10 to
cool or heat the air-conditioning target space. In the fol-
lowing description, a surface viewed from a direction of
arrow A in Fig. 5 is referred to as a front surface of each
indoor unit 20.

[0048] As illustrated in Figs. 5 to 7, the indoor unit 20
includes a housing 10a shaped like a substantially rec-
tangular parallelepiped to form an outline of the indoor
unit 20, the use-side heat exchanger 22, a temperature
detecting means 91 for detecting the temperature of the
use-side heat exchanger 22, a drain pan 95 for storing
dew condensation water dripping from the use-side heat
exchanger 22 and the like, the indoor air-sending device
44 for supplying air taken in the housing 10a to the use-
side heat exchanger 22, a partition plate 94 for partition-
ing an inner space of the housing 10a, a rubber bush 92A
provided on a side surface at the electric component box
30, arubber bush 92B provided on the partition plate 94,
and the expansion device 21.

[0049] In the following description, a space on a front
side of the partition plate 94 and a space on a rear side
of the partition plate 94, of the inner space of the housing
10a partitioned by the partition plate 94, are referred to
as a space S1 and a space S2, respectively. Further, an
inner space of the electric component box 30 is referred
to as a space S3.

[0050] Whiletheindoor unit100is of a ceiling suspend-
ed type in Embodiment, as illustrated in Figs. 5 to 7, the
type of the indoor unit 106 is not limited thereto. For ex-
ample, the indoor unit 100 may be of a wall hanging type
or a ceiling concealed type.

[0051] The housing 10a forms an outline of the indoor
unit 20, and is shaped like a substantially rectangular
parallelepiped. A front surface of the housing 10a has an
air outlet 93A from which air subjected to heat exchange
in the use-side heat exchanger 22 is supplied to the air-
conditioning target space, and a lower surface of the
housing 10a has an air inlet 93B from which air is taken
into the housing 10a.
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[0052] To a side surface of the housing 10a on a right
side of the front surface, the electric component box 30
housing the controller 50 and so on is attached to open
and close on hinges. In the side surface of the housing
10a on the right side of the front surface, a pipe take-out
port 43 is open at a position closer to the front side than
the electric component box 30 such that refrigerant pipes
90a and 90B for connecting the indoor unit 20 and the
outdoor unit 10 are taken out therefrom. Further, the side
surface of the housing 10a on the right side of the front
surface has an aperture that allows the space S2 and
the space S3 to communicate with each other, and the
rubber bush 92A is provided in the aperture.

[0053] The use-side heat exchanger 22 is disposed in
the space S1. As illustrated in Fig. 7(a), the use-side heat
exchanger 22 is set in a tilting state in the housing 10a
such that a front side of the use-side heat exchanger 22
is located on an upper side and a rear side of the use-
side heat exchanger 22 is located on a lower side.
[0054] The use-side heat exchanger 22 is connected
to the refrigerant pipe 90A serving as a pipe connected
to the opening and closing valve 11 and the refrigerant
pipe 90B serving as a pipe connected to the opening and
closing valve 9 and the expansion device 21. The tem-
perature detecting means 91 is disposed on a side of the
use-side heat exchanger 22, the side where the electric
component box 30 is provided.

[0055] The temperature detecting means 91 detects
the temperature of the use-side heat exchanger 22, and
is formed by, for example, a thermistor. The temperature
detecting means 91 is disposed in the space S1 and on
the side of the use-side heat exchanger 22 where the
electric component box 30 is provided.

[0056] The temperature detecting means 91 is con-
nected to the controller 50 by a cable. More specifically,
the cable of the temperature detecting means 91 extends
from the space S1 to the space S2 via the rubber bush
92B, further extends from the space S2 to the space S3
in the electric componentbox 30 via the rubber bush 92A,
and is connected to the controller 50.

[0057] The drain pan 95 stores dew condensation wa-
ter dripping from the use-side heat exchanger 22 and so
on. The drain pan 95 is disposed in the space S1 and
below the use-side heat exchanger 22.

[0058] The indoor air-sending device 44 supplies, to
the use-side heat exchanger 22, air taken into the hous-
ing 10a through the air inlet 93B. The indoor air-sending
device 44 includes at least a motor 57A composed of a
stator, a rotor, and so on and a fan 57B to be rotated by
the motor 57A.

[0059] The motor 57A is provided in the space S2, and
the fan 57B is provided in the space S1. The motor 57A
is connected to the controller 50 by a cable. More spe-
cifically, the cable of the motor 57A extends from the
space S2 to the space S3 in the electric component box
30 via the rubber bush 92A, and is connected to the con-
troller 50.

[0060] The partition plate 94 partitions the inner space
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of the housing 10a into front and rear parts. That is, the
partition plate 94 partitions the inner space into the space
S1 and the space S2. In the space S1, the use-side heat
exchanger 22, the temperature detecting means 91, the
expansion device 21, a part of the refrigerant pipe 90A,
a part of the refrigerant pipe 90B, the drain pan 95, and
the fan 57B of the indoor air-sending device 44 are pro-
vided. In the space S2, the motor 57A of the indoor air-
sending device 44 is provided.

[0061] The partition plate 94 has an aperture that al-
lows the space S1 and the space S2 to communicate
with each other such that the expansion device 21 and
the controller 50 by the cable and the temperature de-
tecting means 91 and the controller 50 are connected by
the cable. The partition plate 94 is provided with the rub-
ber bush 92B that seals the aperture.

[0062] The rubber bush 92A restricts entry of the re-
frigerant from the space S1 into the space S2 while en-
suring a space through which the cable passes. The rub-
ber bush 92A is provided in the aperture of the partition
plate 94 that allows the space S1 and the space S2 to
communicate with each other.

[0063] The rubber bush 92B restricts entry of the re-
frigerant from the space S2 into the space S3 while en-
suring a space through which the cable passes. The rub-
ber bush 92B is provided in the aperture of the housing
10a that allows the space S1 and the space S2 to com-
municate with each other.

[0064] Owing to these rubber bushes 92A and 92B,
even when flammable refrigerant leaks, it can be consid-
erably restricted from entering from the space S1 and
the space S2 of the housing 10a into the space S3 of the
electric component box 30.

[0065] The expansion device 21 is disposed in the
space S1. The expansion device 21 is connected to the
controller 50 by a cable. More specifically, the cable of
the expansion device 21 extends from the space S1 to
the space S2 via the rubber bush 92B, further extends
from the space S2 to the space S3 in the electric com-
ponent box 30 via the rubber bush 92A, and is connected
to the controller 50.

[0066] The flow of air in the indoor unit 20 will be de-
scribed with reference to Figs. 7(a) and 7(b). When the
indoor air-sending device 44 is driven, air is sucked into
the housing 10a through the air inlet 93B. The air sucked
in the housing 10a passes through the use-side heat ex-
changer 22 disposed in the housing 10a, and exchanges
heat with the refrigerant supplied to the use-side heat
exchanger 22. The air that has exchanged heat in the
use-side heat exchanger 22 is discharged from the air
outlet 93A of the housing 10a to the outside of the indoor
unit 20 by the indoor air-sending device 44. This air flow
is formed by the indoor air-sending device 44, and the
air flows into the housing 10a from a lower side of the
paper of Fig. 7(a), and is blown toward the front of the
housing 10a.

[0067] Table 1 shows refrigerant gas densities at 25
degrees C and at the atmospheric pressure (101.3 kPa
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abs) of next-generation refrigerants that are now regard-
ed as promising. Physical properties are obtained from
REFPROP Version 9.0 released by NIST (National Insti-
tute of Standards and Technology).

[0068] [Table 1]

Table 1 List of Refrigerant Gas Densities

Refrigerant Density (kg/m3)
R32 2.1526
HFO1234yf 4.7654
HFO1234ze(E) 4.7738

[0069] Table 1shows thatthe gas densities of the next-
generation refrigerants that are now regarded as prom-
ising are higher than an air density of 1.2 (kg/m3). The
next-generation refrigerants that are now regarded as
promising are R32, HFO1234yf, and HFO1234ze(E), as
listed in Table 1. This means that the refrigerants listed
in Table 1 are heavier than air and are likely to stagnate
at the bottom of the indoor unit 20 upon leakage from the
outdoor unit 10. This shows that the electric component
box 30, which houses electric components that may be-
come ignition sources, should be disposed at as high a
position as possible on the housing 10a.

[0070] For example, when it is assumed that any re-
frigerant shown in Table 1 leaks in an indoor unit that is
now widely spread, itis known that the leakage refrigerant
stays at a height up to about 10 cm from the bottom sur-
face of the indoor unit. This shows that the electric com-
ponent box 30 should be disposed at a height of more
than 10 cm from the bottom surface of the indoor unit.
[0071] Here, the height of the indoor unit 20 is more
than 30 cm. For this reason, as illustrated in Fig. 6, the
electric component box 30 is disposed on the indoor unit
20 such that a bottom surface E1 of the electric compo-
nent box 30 is positioned higher than a bottom surface
E2 of the housing 10a by not less than one third of a
height h1 of the housing 10a (line F in Fig. 6). This can
prevent the electric component box 30 from being ex-
posed to an area, where the density is higher than the
lower explosion limit density, by leakage of the refrigerant
while suppressing deterioration of maintenance perform-
ance and operability for the user due to too low a mount
position of the electric component box 30.

[Arrangement of Electric Components in Electric Com-
ponent Box 30]

[0072] Fig. 8 is a schematic view schematically illus-
trating the arrangement of the electric components in the
electric component box 30. The arrangement of the elec-
tric components in the electric component box 30 will be
described with reference to Fig. 8. As described above,
the electric component box 30 houses the controller 50
serving as an electric component. The controller 50 in-
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cludes the inverter board 31. The electric component box
30 further houses electric components, such as relays
33a to 33d for turning on/off a solenoid valve that is not
illustrated in Figs. 1 to 3, the opening and closing valve
9, and the opening and closing valve 11, as well as the
controller 50. The controller 50 performs control to
change the rotation speed of a motor of the compressor
1 from several hertz to several hundred hertz.

[0073] A wide band-gap semiconductor is used for a
part of an electric component that constitutes the inverter
board 31, as described above. In Fig. 8, a wide band-
gap semiconductor mounted on the inverter board 31 is
illustrated as a wide band-gap semiconductor 32 for con-
venience. As described above, the wide band-gap sem-
iconductor 32 is formed by, for example, a gallium nitride
(GaN) element or a diamond element as well as a silicon
carbide (SiC) element.

[0074] A semiconductor element formed by the wide
band-gap semiconductor 32 (for example, the inverter
main circuit 55 illustrated in Fig. 4) can endure high tem-
perature because it has high heat resistance. For this
reason, a slit or a hole that conducts air for suppressing
the temperature rise in the electric component box 30 is
unnecessary, and a structure such that ambient air is
unlikely to enter can be obtained.

[0075] Accordingly, the electric component box 30 is
formed by a non-flammable material such as sheet metal,
and adopts a structure in which a cover of the electric
component box 30 can be removed with a screwdriver
or the like from the right side of the housing 10a with
respect to the front side in order to cope with service such
as connection of wires and replacement of electric com-
ponents. The aperture is provided to allow the space S3
in the electric component box 30 and the space S2in the
housing 10a to communicate with each other, and this
aperture is sealed with the rubber bush 92A. That s, the
electric component box 30 has a structure such that am-
bient air is unlikely to enter the space S3 in the electric
component box 30.

[0076] By giving such a structure to the electric com-
ponent box 30, even if the refrigerant leaks, it can be
considerably restricted from entering the electric compo-
nent box 30, and this can further enhance safety. That
is, as described above, the electric component box 30 is
disposed such that the bottom surface E1 of the electric
component box 30 is positioned higher than the bottom
surface E2 of the housing 10a by not less than one third
of the height h1 of the housing 10a. This arrangement
itself serves as measures against entry of the refrigerant.
In addition thereto, the electric component box 30 adopts
the structure such that ambient air is unlikely to enter,
and thereby further strengthens the measures against
entry of the refrigerant. Even when the electric compo-
nent box 30 adopts such a structure where ambient air
is unlikely to enter, since the wide band-gap semicon-
ductor 32 with high heat resistance is used, the temper-
ature rise in the electric component box 30 can be sup-
pressed only by heat transfer from the electric component
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box 30 to the surroundings.

[0077] Since the wide band-gap semiconductor 32 has
high heatresistance and is operable at high temperature,
a fanless structure or a structure without radiating-fins
(or a structure having a downsized radiating fin) can be
adopted. This allows the electric component box 30 to
have a substantially sealed structure. Further, since the
switching element or the diode element formed by the
wide band-gap semiconductor 32 has high voltage re-
sistance and high allowable currentdensity, the switching
element can be miniaturized, and the size of a semicon-
ductor module in which these elements are incorporated
can be reduced. Still further, since the wide band-gap
semiconductor 32 has low power loss, efficiency of the
switching element can be enhanced, and also efficiency
of the semiconductor module can be enhanced.

[0078] Asillustrated in Fig. 8, in the electric component
box 30, electric components, such as the relays 33a to
33d thatmay become ignition sources and the wide band-
gap semiconductor 32 whose temperature becomes
high, are disposed at as high positions as possible. Ac-
cordingly, the electric components are disposed in the
electric component box 30 such that bottom surfaces E4
and E5 of the electric components are higher than a bot-
tom surface E3 of the electric component box 30 by not
less than one third of a height h2 of the electric component
box 30 (line Gin Fig. 8). In this case, eveniftherefrigerant
leaks, the electric components are not exposed to the
area with a density higher than the lower explosion limit
density. According to such arrangement, even if the leak-
age refrigerant enters from a clearance of the electric
component box 30, it stays in the lower part of the electric
component box 30. Hence, safety is enhanced further.
[0079] When itis assumed that any refrigerant shown
in Table 1 enters an electric component box that is now
widely spread, it is known that the entering refrigerant
stays at a height up to about several ten centimeters from
the bottom surface of the electric component box. Ac-
cording to this, it is only necessary that the electric com-
ponents should be disposed at a height of more than
several ten centimeters from the bottom surface of the
electric component box. However, in the outdoor unit 10,
the electric components are disposed, in consideration
of not only safety but also maintenance performance and
operability, such that the bottom surfaces E4 and E5 of
the electric components are higher than the bottom sur-
face E3 of the electric component box 30 by not less than
one third of the height h2 of the electric component box
30.

[Suppression of Temperature Rise of Wide Band-Gap
Semiconductor 32]

[0080] Fig. 9 includes schematic views schematically
illustrating a setting example of the wide band-gap sem-
iconductor 32. With reference to Fig. 9, a description will
be given of a case in which safety is further enhanced
by suppressing the temperature rise of the wide band-
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gap semiconductor 32. Fig. 9(a) is a front transparent
view of the wide band-gap semiconductor 32 and a tem-
perature sensor 34, and Fig. 9(b) is a view of the wide
band-gap semiconductor 32 and the temperature sensor
34, as viewed from a direction H in Fig. 8.

[0081] Table 2 showsignitiontemperatures of the next-
generation refrigerants that are now regarded as prom-
ising.
[Table 2]
Table 2 List of Ignition Temperatures of Refrigerants
. Ignition temperature
Refrigerant (degrees C)
R32 648
HFO1234yf 405
HFO1234ze(E) 288-293

[0082] The ignition temperature shown in Table 2 is a
temperature at which the refrigerant itself ignites. That
is, when the temperature of the wide band-gap semicon-
ductor 32 becomes not less than the temperature shown
in Table 2 and the density of the refrigerant becomes not
less than the lower explosion limit density, the refrigerant
may ignite. This shows that the surface temperature of
the wide band-gap semiconductor 32, whose tempera-
ture becomes the highestamong the electriccomponents
in the electric component box 30, must be less than the
ignition temperature of the refrigerant used in the air-
conditioning apparatus 100.

[0083] Accordingly, the temperature sensor 34 is pref-
erably in contact with the surface of the wide band-gap
semiconductor 32 to appropriately detect the tempera-
ture of the wide band-gap semiconductor 32. As long as
the temperature of the wide band-gap semiconductor 32
can be appropriately detected, the temperature rise of
the wide band-gap semiconductor 32 can be suppressed
efficiently. For example, the temperature sensor 34 can
be stuck into contact with the surface of the wide band-
gap semiconductor 32 with a thermally conductive adhe-
sive. Alternatively, as illustrated in Fig. 9, the temperature
sensor 34 and the wide band-gap semiconductor 32 can
be made in contact with each other with an attachment
35 and stoppers 36.

[0084] A thermistor is preferably used as the temper-
ature sensor 34. Alternatively, another temperature sen-
sor, such as a thermocouple, may be used as the tem-
perature sensor 34. The materials, shapes, sizes, num-
bers, etc. of the attachment 35 and the stoppers 36 are
not limited to the illustrated ones, and it is only necessary
that the attachment 35 and the stoppers 36 should be
structured such that the wide band-gap semiconductor
32 and the temperature sensor 34 can be made in contact
with each other.

[0085] A description will be given of an operation for
suppressing the temperature rise of the wide band-gap
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semiconductor 32. When the temperature sensor 34 de-
tects that the surface temperature of the wide band-gap
semiconductor 32 is a predetermined temperature, the
controller 50 stops the operation of the air-conditioning
apparatus 100. Alternatively, the controller 50 decreases
the rotation speed of the compressor 1. This control can
restrict the wide band-gap semiconductor 32 from further
generating heat, and can suppress the temperature rise
of the wide band-gap semiconductor 32.

[0086] If the heat generation temperature of the wide
band-gap semiconductor 32 does not fall below the pre-
determined temperature even when this control is exe-
cuted, the controller 50 completely stops the air-condi-
tioning apparatus 100. That s, the controller 50 executes
controlto suppress the temperature rise of the wide band-
gap semiconductor 32 when the temperature of the wide
band-gap semiconductor 32 reaches a predetermined
temperature (suppression control start temperature)
used for a condition for starting the control for suppress-
ing the temperature rise of the wide band-gap semicon-
ductor 32. By executing such control, the risk at the time
of leakage of the refrigerant can be further reduced, and
the air-conditioning apparatus 100 with greatly improved
safety can be provided. When such control is executed,
it is better to inform the outside of the control by voice or
display.

[0087] Next, the predetermined temperature (suppres-
sion control starttemperature) will be described. The sup-
pression control start temperature serves as the prede-
termined temperature used for the condition for starting
the suppression control of the temperature rise of the
wide band-gap semiconductor 32, and needs to be de-
termined in consideration of, for example, variations of
the thermistor and attachment variations of the thermistor
and the wide band-gap semiconductor. Further, the ig-
nition temperature of the refrigerant also changes ac-
cording to the humidity and temperature around the re-
frigerant. That is, when the predetermined temperature
is set to be equal to the ignition temperature, it can be
supposed that the suppression control for the tempera-
ture rise of the wide band-gap semiconductor 32 is some-
times executed and is sometimes not executed depend-
ing on the conditions.

[0088] Forthisreason,the predetermined temperature
needs to be set with a large margin. From such a back-
ground, in the air-conditioning apparatus 100, the prede-
termined temperature is set at "ignition temperature of
used refrigerant - about 100 degrees C" in consideration
of all environmental influences, age-related degradation,
individual variations, etc. While the predetermined tem-
perature can be changed according to the used refriger-
ant, it is preferably set on the basis of HFO1234ze(E),
whose ignition temperature is the lowest among the re-
frigerants listed in Table 2, in consideration of versatility.
In this case, the predetermined temperature is about 188
degrees C.

[0089] Although the wide band-gap semiconductor 32
surely has high heat resistance, the possibility that the
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wide band-gap semiconductor 32 gets out of order in-
creases at 200 degrees C or more. Accordingly, to ensure
safety and to ensure reliability of the wide band-gap sem-
iconductor 32, the predetermined temperature is set at
about 150 degrees C. In this case, reliability of the wide
band-gap semiconductor 32 as well as safety is ensured,
and this greatly enhances reliability of the air-conditioning
apparatus 100.

[Advantageous Effects of Indoor Units 20 and Air-Con-
ditioning Apparatus 100]

[0090] Since the mount position of the electric compo-
nent box 30 is specified in each indoor unit 20 of the air-
conditioning apparatus 100 according to Embodiment,
even if flammable refrigerant leaks, the leakage refriger-
ant can be considerably restricted from entering the elec-
tric component box 30. Therefore, according to the indoor
unit 20 of the air-conditioning apparatus 100 of Embod-
iment, safety can be improved greatly.

[0091] Since the mount positions of the electric com-
ponents provided in the electric component box 30 are
specified in the indoor unit 20 of the air-conditioning ap-
paratus 100 according to Embodiment, even if flammable
refrigerant enters the electric component box 30, the
electric components are not exposed to an area with a
density exceeding the lower explosion limit density.
[0092] In the indoor unit 20 of the air-conditioning ap-
paratus 100 according to Embodiment, the housing 10a
is provided with the rubber bush 90A and the partition
plate 94 is provided with the rubber bush 90B. For this
reason, even if flammable refrigerant leaks, it can be con-
siderably restricted from flowing from the space S1 and
the space S2 of the housing 10a into the space S3 in the
electric component box 30. Therefore, according to the
indoor unit 20 of the air-conditioning apparatus 100 of
Embodiment, safety can be improved greatly.

[0093] In the indoor unit 20 of the air-conditioning ap-
paratus 100 according to Embodiment, the wide band-
gap semiconductor 32 is used in a part of the inverter
board 31, high heat resistance and high reliability can be
ensured.

[0094] In the indoor unit 20 of the air-conditioning ap-
paratus 100 according to Embodiment, since the wide
band-gap semiconductor 32 is used in a part of the in-
verter board 31, a fanless structure or a structure without
radiating-fins (or a structure having a downsized radiating
fin) can be adopted, and the electric component box 30
can have a substantially sealed structure. Thus, even if
an outside fire is caused for the indoor unit 20 in the
ceiling by an electric component of, for example, an ad-
jacent lighting device installed in the ceiling, the electric
component box 30 with the sealed structure can prevent
the fire from spreading owing to the catch of the fire.
[0095] Since the air-conditioning apparatus 100 ac-
cording to Embodimentincludes the indoor unit 20, it can
have greatly improved safety and reliability, similarly to
the indoor unit 20.
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Reference Signs List

[0096] 1:compressor, 2:oil separator, 3: flow switching
device, 4: heat-source-side heat exchanger, 5: accumu-
lator, 6: subcooling heat exchanger, 7: expansion device,
8: oil returning circuit, 8a: pressure reducing means, 9:
opening and closing valve, 10: outdoor unit, 10a: hous-
ing, 11: opening and closing valve, 12: bypass, 20: indoor
unit, 20a to 20d: indoor unit, 21: expansion device, 21 a
to 21 d: expansion device, 22: use-side heat exchanger,
22a to 22d: use-side heat exchanger, 30: electric com-
ponent box, 31: inverter board, 32: wide band-gap sem-
iconductor, 33: relay, 33a to 33d: relay, 34: temperature
sensor, 35: attachment, 36: stopper, 43: pipe take-out
port, 44: indoor air-sending device, 50: controller, 50a to
50d: controller, 51: three-phase alternating-current pow-
er supply, 52: rectifier; 53: reactor, 54: smoothing capac-
itor, 55: inverter main circuit, 56: control circuit, 57A: mo-
tor, 57B: fan, 90A, 90B: refrigerant pipe, 91: temperature
detecting means, 92A: rubber bush (first rubber bush),
92B: rubber bush (second rubber bush), 93A: air outlet,
93B: air inlet, 94: partition plate, 95: drain pan, 100: air-
conditioning apparatus, S1: space (first space), S2:
space (second space), S3: space.

Claims

1. Anindoor unit that forms a part of an air-conditioning
apparatus using a flammable refrigerant, the indoor
unit comprising:

a housing,

an indoor air-sending device that takes air into
the housing,

a use-side heat exchanger provided within the
housing such thatthe airis supplied thereto from
the indoor air-sending device,

a controller that controls at least the indoor air-
sending device, and

an electric componentbox disposed in the hous-
ing to house at least the controller and an electric
component used to control a driving component
that constitutes the air-conditioning apparatus,
wherein the electric component box is disposed
at a position such that a bottom surface of the
electric component box is higher than a bottom
surface of the housing by not less than one third
of a height of the housing, and

wherein the controller and the electric compo-
nent are disposed at positions such that bottom
surfaces of the controller and the electric com-
ponent are higher than the bottom surface of the
electriccomponent box by notless than one third
of a height of the electric component box.

2. The indoor unit of claim 1, further comprising:
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temperature detecting means provided in the
use-side heat exchanger to detect a tempera-
ture of the use-side heat exchanger;

an expansion device provided within the hous-
ing; and

a partition plate standing within the housing,
wherein the indoor air-sending device includes
a fan and a motor that rotates the fan, and
wherein the partition plate separates a first
space in which the use-side heat exchanger, the
temperature detecting means, the expansion
device, and the fan are provided, from a second
space in which the motor is provided.

The indoor unit of claim 2,

wherein a side surface of the housing where the elec-
tric component box is provided is provided with a first
rubber bush that seals the second space and an in-
side of the electric component box,

wherein the partition plate is provided with a second
rubber bush that seals the first space and the second
space,

wherein the controller is connected to the tempera-
ture detecting means and the expansion device via
the second rubber bush and the first rubber bush,
and

wherein the controller is connected to the indoor air-
sending device via the first rubber bush.

The indoor unit of claims 1 to 3,

wherein at least a part of an element that constitutes
the controller is formed by a wide band-gap semi-
conductor.

The indoor unit of claim 4, further comprising:

another temperature detecting means that de-
tects a temperature of the wide band-gap sem-
iconductor,

wherein the another temperature detecting
means is disposed in contact with a surface of
the wide band-gap semiconductor.

The indoor unit of claim 5,

wherein the controller stops operation of the air-con-
ditioning apparatus when the another temperature
detecting means detects a predetermined tempera-
ture set beforehand.

The indoor unit of any one of claim 6,
wherein the predetermined temperature is set to be
not less than 150 degrees C.

The indoor unit of any one of claims 4 to 7,
wherein the wide gap semiconductor is formed by at
least one of a silicon carbide element, a gallium ni-
tride element, and a diamond element.
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9.

10.

1.

12.

13.

14.

15.

16.

22

The indoor unit of any one of claims 1 to 8,
wherein R32 is used as the flammable refrigerant.

The indoor unit of any one of claims 1 to 8,
wherein HFO1234yfis used as the flammable refrig-
erant.

The indoor unit of any one of claims 1 to 8,
wherein HFO1234ze(E) is used as the flammable
refrigerant.

The indoor unit of any one of claims 1 to 8,
wherein a mixed refrigerant of R32 and HFO1234yf
is used as the flammabile refrigerant.

The indoor unit of any one of claims 1 to 8,
wherein  a mixed refrigerant of R32 and
HFO1234ze(E) is used as the flammable refrigerant.

An air-conditioning apparatus comprising:

the indoor unit of any one of claims 1 to 13; and
an outdoor unit including a compressor and a
heat-source-side heat exchanger and connect-
ed to the indoor unit by a refrigerant pipe.

The air-conditioning apparatus of claim 14 as de-
pendent on claim 5,

wherein the controller decreases a rotation speed of
the compressor from a current rotation speed when
the another temperature detecting means detects a
predetermined temperature set beforehand.

The air-conditioning apparatus of claim 15,
wherein the controller stops operation of the air-con-
ditioning apparatus when the temperature of the
wide band-gap semiconductor does not become
lower than the predetermined temperature after a
predetermined time elapses.
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