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(54) Indoor unit and air conditioner

(57) An an indoor unit and air conditioner which are
capable of reducing the work load required for carrying
out maintenance on an air filter are provided. The indoor
unit includes a chassis installed on a ceiling, an air inlet
section configured to allow indoor air to flow into the chas-
sis, an air filter configured to collect dust in the air flowing
from the air inlet section, a dust-removing unit configured
to remove dust attached to the air filter, a collecting unit
configured to collect the dust removed by the dust-re-
moving unit, and a raising unit configured to raise and
lower the collecting unit to and from the chassis.
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Description

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION

[0001] The present invention relates to an indoor unit
and an air conditioner.
[0002] This application is based on Japanese Patent
Application No. 2005-195208 and Japanese Patent Ap-
plication No. 2005-377295, the content of which is incor-
porated herein by reference.

2. DESCRIPTION OF RELATED ART

[0003] A known indoor unit of an air conditioner takes
in indoor air, regulates the temperature of the air taken
in, and sends out the temperature-regulated air into the
room again. To prevent dust in the indoor air from enter-
ing the indoor unit, an air filter configured to collect dust
is provided at the air inlet of the indoor unit.
[0004] By continuously operating the indoor unit, the
collected dust accumulates on the air filter. As a result,
there are problems in that the circulation resistance of
the air filter for the indoor air increases, thus decreasing
the efficiency of the indoor unit. Furthermore, there is
also a possibility of fungus growing on the accumulated
dust.
[0005] To solve the above-identified problems, dust
accumulated at the air filter must be removed.
[0006] However, usually, an indoor unit is installed at
an overhead location, making cleaning of the air filter
difficult. In particular, for a ceiling-embedded indoor unit
or a ceiling-suspended indoor unit, cleaning of the air
filter is especially difficult since the indoor unit is installed
close to the ceiling.
[0007] Therefore, various techniques related to clean-
ing an air filter installed at an overhead location have
been proposed.
[0008] Japanese Patent No. 3297422 discloses a wire
structure configured to hang an air inlet grill including an
air filter from a ceiling-embedded air conditioner and a
motor configured to wind the wire up and down.
[0009] According to this structure, the air filter of the
air conditioner disposed at an overhead location can be
cleaned by lowering only the air inlet grill including the
air filter.
[0010] However, according to this structure, every time
dust attaches to the air filter, the air filter has to be
cleaned. In other words, there is a problem in that the
required cleaning frequency of the air filter is high. Ac-
cording to this structure, if the cleaning frequency of the
air filter is lowered, the circulation resistance of the air
filter increases, causing a reduction in the performance
of the air conditioner.

BRIEF SUMMARY OF THE INVENTION

[0011] To solve the above-identified problems, the
present invention provide an indoor unit and an air con-
ditioner capable of reducing the work load required for
carrying out maintenance on an air filter.
[0012] To achieve such an object, the present inven-
tion provides the following solutions.
[0013] An indoor unit according to a first aspect of the
present invention includes a chassis installed on a ceil-
ing, an air inlet section configured to allow indoor air to
flow into the chassis, an air filter configured to collect dust
in the air flowing from the air inlet section, a dust-remov-
ing unit configured to remove dust attached to the air
filter, a collecting unit configured to collect the dust re-
moved by the dust-removing unit, and a raising unit con-
figured to support the collecting unit and to raise and
lower the collecting unit to and from the chassis.
[0014] According to the present invention, since dust
attached to the air filter can be removed by the dust-
removing unit, when cleaning the air filter, the air filter
does not have to be removed from the chassis embedded
in the ceiling. In this way, the operator does not have to
climb up high, and less effort is required for carrying out
maintenance of the air filter.
[0015] Dust removed by the dust-removing unit is col-
lected by the collecting unit and can be lowered from the
chassis together with the collecting unit by the raising
unit. In this way, the operator does not have to climb up
high in order to remove the collecting unit that has col-
lected dust from the chassis, and less effort is required
for carrying out maintenance of the air filter.
[0016] Since the collecting unit is capable of tempo-
rarily storing dust, dust does not have to be removed from
the collecting unit each time the air filter is cleaned. More
specifically, removal of the dust from the collecting unit
only has to be carried out every several times that clean-
ing of the air filter is carried out. In this way, less effort is
required for carrying out maintenance of the air filter.
[0017] In the a first aspect of the present invention de-
scribed above, preferably, the raising unit holds the col-
lecting unit and the air filter and is capable of raising and
lowering the collecting unit and the air filter.
[0018] In the first aspect of the present invention de-
scribed above, preferably, an air inlet and a panel con-
figured to support the air filter are provided on the air inlet
section, and the raising unit holds the collecting unit and
the panel in a manner such that the collecting unit and
the panel are raised and lowered.
[0019] Accordingly, since the air filter can be raised or
lowered from the chassis by the raising unit, the operator
can directly and easily clean the air filter. Furthermore,
the operator can remove any dust remaining in areas on
the air filter that were not cleaned by the dust-removing
unit.
[0020] In the first aspect of the present invention de-
scribed above, preferably, a driving unit configured to
move the dust-removing unit and the air filter relative to
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each other is further included.
[0021] Accordingly, the driving unit can move the dust-
removing unit and the air filter relative to each other so
as to remove dust attached to the air filter.
[0022] In the above-described structure, preferably,
the driving unit is disposed on the chassis.
[0023] Accordingly, since the driving unit is disposed
on the chassis, the load applied to the raising unit con-
figured to raise and lower the collecting unit and so on
can be reduced.
[0024] An indoor unit according to a second aspect of
the present invention includes a chassis installed in a
ceiling, an air inlet section configured to take in air and
provided on a lower panel of the chassis, an air filter
configured to collect dust in the air taken in and detach-
ably attached to the air inlet section, a cleaning unit that
is movable along a surface on the air inlet side of the air
filter and that includes a dust-removing unit configured
to remove dust collected on the air filter and a collecting
unit configured to temporarily store the dust removed
from the air filter, a driving unit configured to generate a
driving force for moving the cleaning unit, a reciprocating
unit driven in a reciprocating manner by the driving unit,
a first transmitting unit configured to receive the driving
force from the reciprocating unit, and a second transmit-
ting unit configured to transmit the driving force from the
first transmitting unit to the cleaning unit. The driving unit,
the reciprocating unit, and the first transmitting unit are
disposed on the chassis, and the cleaning unit and the
second transmitting unit are disposed on the air filter, and
the first transmitting unit and the second transmitting unit
are capable of engaging and disengaging.
[0025] According to this aspect of the present inven-
tion, a driving force that is generated at the driving unit
is transmitted to the cleaning unit via the reciprocating
unit, the first transmitting unit, and the second transmit-
ting unit. Consequently, the driving force transmitted from
the driving unit causes the cleaning unit to move along
the surface of the air filter on the air inlet side. In this way,
dust collected on the air filter can be removed by the dust-
removing unit.
[0026] The driving unit, the reciprocating unit, and the
first transmitting unit are disposed on the chassis. The
cleaning unit and the second transmitting unit are dis-
posed on the air filter. The first transmitting unit and the
second transmitting unit can be engaged and disen-
gaged. Therefore, both detachment of the air filter from
the chassis and driving of the cleaning unit by the driving
unit can be achieved.
[0027] More specifically, since the first transmitting unit
and the second transmitting unit are disengaged when
the air filter is detached from the chassis, detachment
and attachment of the air filter is not hindered. Moreover,
since the first transmitting unit and the second transmit-
ting unit are engaged again when the air filter that has
been detached is re-attached to the chassis, the driving
of the cleaning unit by the driving unit is not hindered.
[0028] According to this structure, it is possible to re-

move only the cleaning unit that requires maintenance
from the chassis. In this way, the work load required for
carrying out maintenance on an air filter and so on can
be reduced.
[0029] In the second aspect of the present invention
described above, preferably, the second transmitting unit
is disposed on the surface of the air filter on the air outlet
side and the second transmitting unit is detachably joined
with the cleaning unit.
[0030] Accordingly, since the second transmitting unit
is disposed on the surface of the air filter on the air outlet
side, the air filter is interposed between the second trans-
mitting unit and the cleaning unit. In this way, the air filter
and the cleaning unit can be removed from the chassis
together with the second transmitting unit as a unit.
[0031] Since the second transmitting unit is detachably
joined with the cleaning unit, after removing the air filter,
the cleaning unit, and the second transmitting unit from
the chassis as a unit, the air filter and the cleaning unit
can be removed individually. In this way, maintenance
of the cleaning unit and the air filter can be easily carried
out.
[0032] In the second aspect of the present invention
described above, preferably, the dust-removing unit in-
cludes a rotary brush having a rotary shaft rotating around
the central axial line and a brush unit extending in the
radial direction of the rotary shaft, and the collecting unit
covers the rotary brush and has an opening where the
rotary brush contacts the air filter.
[0033] Accordingly, since the rotary brush includes the
rotary shaft on which the dust-removing unit rotates
around the longitudinal axis thereof and the brush unit
that extends in the radial direction of the rotary shaft, the
rotation of the rotary shaft causes the brush unit to rotate
so as to remove dust collected on the air filter.
[0034] The collecting unit covers the rotary brush and
temporarily stores dust removed from the air filter by the
rotary brush. Since the collecting unit has an opening
where the rotary brush and the air filter come into contact,
the rotary brush can contact the air filter so as to remove
dust collected on the air filter.
[0035] In the above-described structure, preferably,
pinion gears rotatable around the central axial line are
provided at both ends of the rotary shaft and rotary rack
gears engageable with the pinion gears are provided on
the air filter.
[0036] Accordingly, since the pinion gears provided at
both ends of the rotary shaft and the rotary rack gears
engageable with the pinion gears are provided on the air
filter, a driving force for moving the cleaning unit along
the surface of the air filter can be converted into a rota-
tional driving force for the rotary brush.
[0037] More specifically, when the cleaning unit is
moved, the rotary brush also moves along the surface of
the air filter. At this time, since the pinion gears are en-
gaged with the rotary rack gears, the driving force for
moving the rotary brush along the surface of the air filter
is converted into a rotational driving force for rotating the
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rotary brush.
[0038] Since the pinion gears are provided at both
ends of the rotary shaft, the rotational driving force for
rotating the rotary brush is generated at both ends of the
rotary shaft. In this way, compared to when a rotational
force is generated at only one end of the rotary shaft, the
rotary brush can be more stably rotated.
[0039] In the above-described structure, preferably,
the collecting unit includes scrapers extending from the
inner surface of the collecting unit toward the rotary
brush.
[0040] Accordingly, since scrapers extending from the
inner surface of the collecting unit toward the rotary brush
are provided on the collecting unit, dust attached to the
rotary brush can be removed. More specifically, when
the rotary brush rotates, the brush unit passes through
the gap between the scrapers to remove dust attached
to the brush unit.
[0041] Dust removed by the scrapers is temporarily
stored in the collecting unit. The scrapers function as a
cover for preventing the dust temporarily stored in the
collecting unit from escaping.
[0042] In the above-described structure, preferably,
the difference between the rotational speed of the tips of
the brush unit of the rotary brush and the speed of the
rotary brush moving along the surface of the air filter on
the air inlet side is a predetermined value.
[0043] Accordingly, since the rotational speed of the
tips of the brush unit of the rotary brush and the speed
of the rotary brush moving along the surface of the air
filter on the air inlet side differ by a predetermined value,
the entire surface of the air filter can be cleaned. More
specifically, since the rotational speed of the tips of the
brush unit and the speed of the rotary brush differ by a
predetermined value, the tips of the brush unit are capa-
ble of wiping the entire surface of the air filter at a pre-
determined speed. In this way, compared to when the
difference between the rotational speed of the tips of the
brush unit and the speed of the rotary brush is small, the
brush unit of the rotary brush contacts the entire air filter
and more thoroughly cleans the entire surface of the air
filter.
[0044] In the above-described structure, preferably, a
sliding unit configured to reduce sliding resistance due
to the rotation of the rotary shaft is interposed between
the rotary shaft and the collecting unit.
[0045] Accordingly, since the sliding unit configured to
reduce sliding resistance due to the rotation of the rotary
shaft is provided between the rotary shaft and the col-
lecting unit, the life of the rotary brush and the life of the
collecting unit can be extended. More specifically, by pro-
viding the sliding unit, friction generated at the contact
area of the rotary shaft and the collecting unit is reduced,
and the amount of abrasion at the contact area is re-
duced. In this way, the life of the rotary brush and the life
of the collecting unit can be extended.
[0046] In the second aspect of the present invention
described above, preferably, a dust-amount detecting

unit configured to detect the amount of dust collected in
the collecting unit is further included.
[0047] Accordingly, since the dust-amount detecting
unit is provided, the amount of dust stored in the collecting
unit can be detected. In this way, the collecting unit can
be prevented from being filled with dust, and a reduction
in the ability to remove dust by the cleaning unit can be
prevented.
[0048] In the second aspect of the present invention
described above, preferably, the collecting unit includes
a dust-amount detecting unit configured to detect the
amount of dust stored in the collecting unit and a through-
hole, wherein the dust-amount detecting unit includes a
fan configured to take in air from the through-hole through
the collecting unit and a sensor configured to detect at
least one of the flow rate of the air taken in by the fan
and the pressure of the air.
[0049] Accordingly, since the dust-amount detecting
unit includes the fan and the sensor, dust stored in the
collecting unit can be detected. More specifically, if a
small amount of dust is stored in the collecting unit, the
flow rate of the air sucked in by the fan is increased or
the pressure of the air is increased. Conversely, if a large
amount of dust is stored in the collecting unit, the flow
rate of the air sucked in by the fan is reduced or the
pressure of the air is reduced. By detecting the flow rate
or pressure of the air by the sensor, the dust stored in
the collecting unit can be estimated.
[0050] In the second aspect of the present invention
described above, preferably, the reciprocating unit is dis-
posed in substantially the central area of the cleaning
unit in the direction intersecting with the longitudinal di-
rection of the cleaning unit, and the driving force of the
reciprocating unit is transmitted to both ends of the clean-
ing unit.
[0051] Accordingly, since the reciprocating unit is dis-
posed in substantially the central area of the cleaning
unit in the direction intersecting with the longitudinal di-
rection of the cleaning unit and the driving force of the
reciprocating unit is transmitted to both ends of the clean-
ing unit, and the cleaning unit can be stably moved. More
specifically, compared to a case in which the driving force
is transmitted to substantially the center of the cleaning
unit, the same amount of driving force can be transmitted
to both ends of the cleaning unit, and the cleaning unit
can be more stably driven.
[0052] Furthermore, compared to a case in which re-
ciprocating units are provided on both ends of the clean-
ing unit, the number of reciprocating units can be re-
duced, and, thus, the size of the indoor unit can be re-
duced.
[0053] In the second aspect of the present invention
described above, preferably, two of the reciprocating
units are disposed in the vicinities of both ends of the
cleaning unit to extend in the direction intersecting with
the longitudinal direction of the cleaning unit, and the
driving force of the reciprocating unit is transmitted to
both ends of the cleaning unit.
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[0054] Accordingly, since two of the reciprocating units
are disposed in the vicinities of both ends of the cleaning
unit to extend in the direction intersecting with the longi-
tudinal direction of the cleaning unit, the driving force of
the reciprocating units is transmitted to both ends of the
cleaning unit, and the cleaning unit can be stably moved.
More specifically, compared to a case in which the driving
force is transmitted to substantially the central area of
the cleaning unit, the same amount of driving force can
be transmitted to both ends of the cleaning unit, and the
cleaning unit can be more stably driven.
[0055] Furthermore, compared to in a case in which
only one reciprocating unit is provided in substantially
the central area of the cleaning unit, the size of each
reciprocating unit can be reduced.
[0056] In the second aspect of the present invention
described above, preferably, the reciprocating unit is a
belt-driven mechanism and the driving force of the recip-
rocating unit is transmitted to the first transmitting unit.
[0057] Accordingly, since the reciprocating unit is, for
example, a belt-driven mechanism, the structure can be
simplified compared to a structure in which the recipro-
cating unit is constituted of a driving shaft, a rack gear,
and a worm gear. Furthermore, the driving motor provid-
ed for the belt driving mechanism can be selected more
freely.
[0058] Since the driving force of the reciprocating unit
is transmitted to the first transmitting unit, the cleaning
unit can be driven by the belt driving mechanism.
[0059] In the second aspect of the present invention
described above, preferably, the reciprocating unit in-
cludes a driving shaft configured to rotate around the
center axial line, a worm gear rotated by the driving shaft,
and a driving rack gear fixed on the chassis, wherein the
worm gear and the driving rack gear are engaged, and
the worm gear is connected to the first transmitting unit.
[0060] Accordingly, since the driving rack gear en-
gaged with the worm gear is rotationally driven by the
driving shaft, the driving rack gear is reciprocated in the
extending direction of the driving rack gear. Since the
reciprocating movement of the worm gear is transmitted
to the cleaning unit via the first transmitting unit, the clean-
ing unit is driven in a reciprocating manner.
[0061] In the second aspect of the present invention
described above, preferably, the reciprocating unit in-
cludes a driving shaft configured to rotate around the
center axial line, a worm gear rotated by the driving shaft,
and a driving rack gear fixed on the chassis, wherein the
worm gear and the driving rack gear are engaged, the
worm gear is connected to the first transmitting unit, and
the reciprocating unit includes an adjusting unit config-
ured to adjust the distance between the worm gear and
the driving rack gear.
[0062] Accordingly, since the adjusting unit is provid-
ed, for example, the distance between the worm gear
and the driving rack gear is prevented from being in-
creased, and, in this way, the worm gear can be prevent-
ed from disengaging from the driving rack gear.

[0063] In the second aspect of the present invention
described above, preferably, the reciprocating unit in-
cludes a driving shaft configured to rotate around the
center axial line, a worm gear rotated by the driving shaft,
and a driving rack gear fixed on the chassis. The worm
gear and the driving rack gear are engaged, the worm
gear is connected to the first transmitting unit, and a dis-
engagement-prevention unit configured to prevent the
first transmitting unit from disengaging from the worm
gear is provided.
[0064] Accordingly, since the disengagement-preven-
tion unit is provided, the first transmitting unit can be pre-
vented from disengaging from the worm gear. For exam-
ple, when a sliding load generated between the worm
gear and the first transmitting unit and a resistive force
generated when the cleaning unit moves are applied to
the first transmitting unit, the first transmitting unit is pre-
vented from disengaging from the worm gear.
[0065] In the second aspect of the present invention
described above, preferably, the air inlet section includes
an air inlet and a panel configured to support the air filter.
[0066] Accordingly, since the air filter can be removed
from the chassis together with the panel because the air
filter is supported by the panel, the air filter can be easily
removed from the chassis.
[0067] In the second aspect of the present invention
described above, preferably, the air filter is pivotably sup-
ported at one of the edges thereof.
[0068] Accordingly, since the air filter is pivotably sup-
ported at one of the edges, the cleaning unit can be easily
attached to and detached from the air filter.
[0069] In the second aspect of the present invention
described above, preferably, the air inlet section includes
an air inlet and a panel configured to support the air filter
and a raising unit configured to support the panel and
the air filter in a manner such that the panel and the air
filter are raised to and lowered from the chassis.
[0070] Accordingly, since the panel and the air filter
are supported by the raising unit in a manner such that
the panel and the air filter are raised to and lowered from
the chassis, the operator can directly and easily clean
the air filter. Moreover, the operator can clean areas in
the air filter where the cleaning unit cannot reach.
[0071] An air conditioner according to a third aspect of
the invention includes an indoor unit according to the first
aspect of the present invention or an indoor unit accord-
ing to the second aspect of the present invention and an
outdoor unit, wherein the indoor unit and the outdoor unit
together constitute a refrigerant circuit configured to cir-
culate a refrigerant.
[0072] According to the third aspect of the present in-
vention, by using the indoor unit according to the first
aspect of the present invention or the indoor unit accord-
ing to the second aspect of the present invention, the
operator does not have to climb up high for carrying out
maintenance of the air filter. In this way, less effort is
required for carrying out maintenance of the air filter.
[0073] Removal of the dust from the collecting unit only
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has to be carried out every several times that cleaning
of the air filter is carried out. In this way, less effort is
required for carrying out maintenance of the air filter.
[0074] According to the indoor unit according to the
first aspect of the present invention or the indoor unit
according to the second aspect of the present invention,
and the air conditioner according to the present invention,
dust attached to the air filter can be removed by the dust-
removing unit. Therefore, the operator does not have to
climb up high, and less effort is required for carrying out
maintenance of the air filter.
[0075] Dust removed by the dust-removing unit is col-
lected in the collecting unit, and the collecting unit con-
taining the dust can be lowered from the chassis by the
raising unit. Therefore, the operator does not have to
climb up high, and less effort is required for carrying out
maintenance of the air filter.
[0076] Removal of the dust from the collecting unit only
has to be carried out every several times that cleaning
of the air filter is carried out. In this way, less effort is
required for carrying out maintenance of the air filter.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS

[0077]

Fig. 1 is a schematic view of the overall structure of
an air conditioner according to a first embodiment of
the present invention.
Fig. 2 is a cross-sectional schematic view of an in-
door unit illustrated in Fig. 1.
Fig. 3 is a partial perspective schematic view of the
structure of an air inlet grill of the indoor unit illustrat-
ed in Fig. 2.
Fig. 4 is a partial top view of the structure of a driving
unit configured to drive a dust box illustrated in Fig. 2.
Fig. 5 is a cross-sectional view showing the engage-
ment of the dust box and a split nut illustrated in Fig.
4.
Fig. 6 is a perspective view of a detecting unit con-
figured to detect the amount of dust collected in the
dust box illustrated in Fig. 3.
Fig. 7 is a cross-sectional view of the detecting unit
illustrated in Fig. 6.
Fig. 8 illustrates the structure and operation of a
brush unit and a dust box in an indoor unit according
to a second embodiment of the present invention.
Fig. 9 illustrates the removal of dust from the dust
box illustrated in Fig. 8.
Fig. 10 illustrates the engagement of a dust box and
a driving unit in an indoor unit according to a third
embodiment of the present invention.
Fig. 11 illustrates the engagement of a dust box and
a driving unit in an indoor unit according to a fourth
embodiment of the present invention.
Fig. 12 illustrates the structure of a dust box and a
driving unit in an indoor unit according to a fifth em-

bodiment of the present invention.
Fig. 13 illustrates the structure of a dust box and a
detecting unit in an indoor unit according to a sixth
embodiment of the present invention.
Fig. 14 illustrates the structure of a dust box and a
detecting unit in an indoor unit according to a seventh
embodiment of the present invention.
Fig. 15 is a cross-sectional view illustrating the struc-
ture of an indoor unit according to an eighth embod-
iment of the present invention.
Fig. 16 is a partial perspective view illustrating the
structure of raising units, an air filter, and a dust box
of the indoor unit illustrated in Fig. 15.
Fig. 17 is a perspective view illustrating the structure
of the dust box and a brush unit illustrated in Fig. 16.
Fig. 18 is a partial cross-sectional view of a driving
unit of the indoor unit illustrated in Fig. 15.
Fig. 19 is a cross-sectional view illustrating the struc-
ture of an indoor unit according to a ninth embodi-
ment of the present invention.
Fig. 20 is a partial perspective view illustrating the
structure of raising units, an air filter, and a dust box
of an indoor unit illustrated in Fig. 19.
Fig. 21 is a cross-sectional view illustrating the struc-
ture of an indoor unit according to a tenth embodi-
ment of the present invention.
Fig. 22 is a partial perspective view illustrating the
structure of an air inlet grill, a top panel, and a spacer
of the indoor unit illustrated in Fig. 21.
Fig. 23 is an exploded perspective view illustrating
the structure of the spacer illustrated in Fig. 22.
Fig. 24 is a partial cross-sectional view illustrating
the structure of an upper transmitting unit illustrated
in Fig. 23.
Fig. 25 is a partial perspective view illustrating a com-
bination of the upper transmitting unit illustrated in
Fig. 23 and a worm gear.
Fig. 26 is a partial exploded perspective view illus-
trating the structure of an air inlet grill, an air filter,
and a cleaning unit illustrated in Fig. 22.
Fig. 27 is a plan view illustrating the structure of a
base illustrated in Fig. 26.
Fig. 28 is a cross-sectional view, which is taken along
line A-A in Fig. 27, illustrating the shape of a rotary
rack gear.
Fig. 29 is a cross-sectional view, which is taken along
line B-B in Fig. 27, illustrating an engagement of the
base and the cleaning unit.
Fig. 30 is a cross-sectional view illustrating the struc-
ture of a rotary brush and a collecting unit of the
cleaning unit illustrated in Fig. 26.
Fig. 31 is a cross-sectional view illustrating another
structure of scrapers illustrated in Fig. 30.
Fig. 32 is a plan view illustrating the structure of a
dust-amount detecting unit provided on the air inlet
grill illustrated in Fig. 22.
Fig. 33 is a cross-sectional view illustrating the struc-
ture of the dust-amount detecting unit illustrated in
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Fig. 32.
Fig. 34 illustrates a method of removing the cleaning
unit from the air filter illustrated in Fig. 22.
Fig. 35 illustrates a method of removing the cleaning
unit from the air filter illustrated in Fig. 22.
Fig. 36 illustrates a method of removing the cleaning
unit from the air filter illustrated in Fig. 22.

DETAILED DESCRIPTION OF THE INVENTION

First Embodiment

[0078] An air conditioner according to a first embodi-
ment of the present invention will be described below
with reference to Figs. 1 to 7.
[0079] Fig. 1 illustrates the overall structure of the air
conditioner according to this embodiment.
[0080] As shown in Fig. 1, an air conditioner 1 includes
an indoor unit 3 disposed on a ceiling, an outdoor unit 5
disposed outdoors, and a refrigerant channel 7 config-
ured to circulate a refrigerant between the indoor unit 3
and the outdoor unit 5.
[0081] The outdoor unit 5, as illustrated in Fig. 1, in-
cludes a compressor 9 configured to compress the re-
frigerant, an outdoor heat-exchanger 11 configured to
exchange heat between the refrigerant and the outside
air, and an outdoor fan 13.
[0082] Fig. 2 is a cross-sectional view illustrating the
overall structure of the indoor unit 3 shown in Fig. 1.
[0083] As shown in Figs. 1 and 2, the indoor unit 3
includes a top panel 14 in the lower area; a chassis 15
embedded in the ceiling; an air inlet grill (panel) 19 pro-
vided on an air inlet section 16 of the top panel 14 and
having an air inlet 17 configured to take in indoor air; an
indoor fan 21 configured to take in and send out indoor
air; and an indoor heat-exchanger 23 configured to carry
out heat exchange between the indoor air and a refrig-
erant.
[0084] In substantially the center of the upper surface
inside the chassis 15, a fan motor 25 configured to drive
the indoor fan 21 is disposed. Around the indoor fan 21
and the fan motor 25, the indoor heat-exchanger 23 is
disposed. Below the indoor fan 21 (lower area in Fig. 2),
a bellmouth 27 configured to adjust the flow of the indoor
air flowing in from the indoor fan 21 is disposed. Below
the bellmouth 27, the air inlet grill 19 is disposed. Around
the air inlet grill 19 provided on the top panel 14, air outlets
29 configured to let indoor air that has entered the indoor
fan 21 and has passed through the indoor heat-exchang-
er 23 flow out from the chassis 15 are provided.
[0085] Fig. 3 is a partial perspective view illustrating
the structure of the air inlet grill 19 of the indoor unit 3
illustrated in Fig. 2.
[0086] As shown in Figs. 2 and 3, the air inlet 17 is
provided at substantially the central area of the air inlet
grill 19. In the frame area of the air inlet grill 19, a pair of
support members 33 supporting an air filter 31 configured
to collect dust and guide rails, described below, is pro-

vided.
[0087] Between the air inlet grill 19 and the air filter 31,
a brush unit (dust-removing unit) 35 configured to remove
dust attached to the air filter 31 and a dust box (collecting
unit) 37 configured to cover the brush unit 35 from below
are disposed. On the surface of the air inlet grill 19, guide
rails 39 configured to limit the movement of the brush
unit 35 and the dust box 37 are disposed in a manner
such that the guide rails 39 are engaged with the dust
box 37 and connect the pair of support members 33.
[0088] Fig. 4 is a partial top view illustrating the struc-
ture of a driving unit configured to drive the dust box 37
shown in Fig. 2.
[0089] As shown in Figs. 2 and 4, between the air inlet
grill 19 and the air outlets 29 of the chassis 15, a driving
unit 41 configured to drive the brush unit 35 and the dust
box 37 is disposed. The driving unit 41 includes a split
nut 43 configured to drive the dust box 37, a driving screw
45 engaged with the split nut 43, and a driving motor 47
configured to rotationally drive the driving screw 45 in the
clockwise and counterclockwise directions.
[0090] The driving unit 41 is disposed so that it does
not overlap with the air filter 31 when viewed from the
top (refer to Fig. 4).
[0091] The driving screw 45 is disposed substantially
parallel to the guide rails 39. The driving motor 47 is con-
nected at one end of the driving screw 45. The other end
is rotatably supported by the chassis 15.
[0092] The split nut 43 is embedded in the dust box 37.
[0093] As shown in Figs. 2 and 3, the brush unit 35
includes a brush extending upwards and a body to which
the brush is fixed. The brush unit 35 is disposed in such
a manner that it extends in a direction substantially or-
thogonal to the guide rails 39. It is desirable to set the
length of the brush unit 35 in the longitudinal direction to
be substantially the same as the length of the air filter 31
in the same direction.
[0094] Fig. 5 is a cross-sectional view illustrating the
engagement of the dust box 37 and the split nut 43 illus-
trated in Fig. 4.
[0095] The dust box 37 is disposed so that it is sub-
stantially orthogonal to the guide rails 39, in the same
manner as the brush unit 35. As shown in Fig. 4, the dust
box 37 is long enough to cover the area extending from
where the driving unit 41 is provided to the area where
the air filter 31 is provided.
[0096] As shown in Fig. 5, the dust box 37 is tapered
so that its side walls are disposed further away from each
other toward their upper sides where they are engaged
with the split nut 43. The side walls of the split nut 43 may
be formed so that they are provided parallel to the side
walls of the dust box 37 or they may be formed so that
the split nut 43 has a cross-section with a width small
enough to be fitted inside the dust box 37.
[0097] Fig. 6 is a perspective view of a detecting unit
configured to detect the amount of dust collected in the
dust box 37 illustrated in Fig. 3. Fig. 7 is a cross-sectional
view of the detecting unit illustrated in Fig. 6.
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[0098] A partition 49 that is movable in the longitudinal
direction of the dust box 37 and a detecting unit 51 con-
figured to detect the amount of collected dust on the basis
of the displacement of the partition 49 are disposed inside
the dust box 37.
[0099] The inside of the dust box 37 is separated by
the partition 49 into an area where the dust is collected
and an area where the detecting unit 51 is disposed. The
partition 49 is urged by an urging member 53, such as a
spring, toward the area where the dust is collected and
moves toward the area where the detecting unit 51 is
disposed as dust is collected in the dust box 37.
[0100] In the detecting unit 51, a linking unit 55 that
protrudes upward and moves further upwards as the par-
tition 49 moves toward the detecting unit 51 is disposed.
By detecting the protrusion of the linking unit 55, the
amount of collected dust can be detected.
[0101] When the detecting unit 51 detects that a pre-
determined amount of dust is collected in the dust box
37, this will be notified by an appropriate notifying unit
provided on, for example, the indoor unit 3, a remote
controller (not shown in the drawings), and/or a central
controller.
[0102] As shown in Fig. 3, between the chassis 15 and
the air inlet grill 19, raising units 57 configured to raise
and lower the air inlet grill 19, the brush unit 35 disposed
on the air inlet grill 19, the dust box 37, and the air filter
31 are provided.
[0103] Each of the raising units 57 includes a lifting
motor 59 disposed on the chassis 15, pulleys 61 disposed
on the air inlet grill 19, and a wire 63 passing through the
pulleys 61 and whose ends are fixed to the lifting motor
59 and the chassis 15.
[0104] A sprawl 65 configured to wind and unwind the
wire 63 is disposed on the lifting motor 59.
[0105] The pulleys 61 movably support the wire 63 by
rotating. One pulley 61 is provided at each of the four
corners of the air inlet grill 19.
[0106] The wire 63 is passed through two pulleys 61
from the chassis 15, where one end of the wire 63 is
fixed, along one side of the air inlet grill 19, and to the
sprawl 65, around which the wire is wound.
[0107] Next, the operation of the air conditioner 1 hav-
ing the above-described structure will be described.
[0108] First, the operation of the air conditioner 1 in a
cooling mode will be described.
[0109] As illustrated in Fig. 1, the refrigerant is com-
pressed by the compressor 9 and is sent toward the out-
door heat-exchanger 11 at high temperature and pres-
sure. At the outdoor heat-exchanger 11, the refrigerant
radiates heat to the outdoor air, condenses, and liquefies.
The liquefied refrigerant is depressurized as it passes
through an expansion valve and flows into the indoor
heat-exchanger 23. At the indoor heat-exchanger 23, the
refrigerant draws heat from the indoor air and vaporizes.
The vaporized refrigerant flows into the compressor 9
again and repeats the above-described cycle.
[0110] Next, the operation of the air conditioner 1 in a

heating mode will be described.
[0111] The refrigerant is compressed by the compres-
sor 9 and is sent to the indoor heat-exchanger 23. At the
indoor heat-exchanger 23, the refrigerant radiates heat
to the indoor air, condenses, and liquefies. The liquefied
refrigerant is depressurized as it passes through the ex-
pansion valve and flows into the outdoor heat-exchanger
11. At the outdoor heat-exchanger 11, the refrigerant
draws heat from the outdoor heat-exchanger 11 and va-
porizes. The vaporized refrigerant flows into the com-
pressor 9 again and repeats the above-described cycle .
[0112] Next, the flow of the indoor air inside the indoor
unit 3 will be described.
[0113] As shown in Fig. 2, the indoor air flows from the
air inlet 17 into the chassis 15 as the indoor fan 21 is
rotated by the fan motor 25. The indoor air flowing into
the chassis 15 passes through the air filter 31, and the
dust included in this indoor air is collected at the air filter
31. The indoor air that passes through the air filter 31
passes through the bellmouth 27 and is taken in by the
indoor fan 21. The indoor air taken in by the indoor fan
21 is sent outwards in the radial direction of the indoor
fan 21 and passes through the indoor heat-exchanger 23.
[0114] In a cooling mode, the indoor air is cooled when
it passes through the indoor heat-exchanger 23, and its
heat is absorbed by the refrigerant. In a heating mode,
the indoor air is heated when it passes through the indoor
heat-exchanger 23 and receives heat from the refriger-
ant.
[0115] The indoor air that passes through the indoor
heat-exchanger 23 flows out from the air outlets 29 into
the room.
[0116] Next, the cleaning operation of the air filter 31
characterizing this embodiment will be described.
[0117] As described above, dust attached to the air
filter 31 during the operation of the indoor unit 3 is re-
moved by reciprocating the brush unit 35, as shown in
Fig. 2.
[0118] More specifically, as shown in Figs. 2 and 3,
the driving screw 45 is rotationally driven by the driving
motor 47. The rotation of the driving screw 45 is converted
into a reciprocating movement by the split nut 43. The
reciprocating movement of the split nut 43 is transmitted
to the dust box 37 that is engaged with the split nut 43.
Since the brush unit 35 reciprocates together with the
dust box 37, dust attached to the air filter 31 is scraped
off and collected in the dust box 37.
[0119] The dust removal, as described above, can be
suitably carried out by driving the driving motor 47 by
detecting clogging of the air filter 31, the total operating
time of the indoor unit 3, and/or shut-off of the indoor unit
3.
[0120] As shown in Figs. 6 and 7, the dust collected in
the dust box 37 causes the partition 49 to move toward
the detecting unit 51. When a predetermined amount of
dust is collected in the dust box 37, the linking unit 55,
upon receiving the movement of the partition 49, pro-
trudes upward by a predetermined amount. The detect-
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ing unit 51 detects the amount of dust collected by de-
tecting the protrusion of the linking unit 55 and, when a
predetermined amount of dust is collected, notifies this
in a predetermined manner, as described above.
[0121] When it is detected that a predetermined
amount of dust is collected in the dust box 37, the dust
in the dust box 37 is removed.
[0122] First, as shown in Fig. 3, the rotation of the lifting
motors 59 is controlled by operating a remote controller,
and the wires 63 wound around the sprawls 65 are let
out. As the wires 63 are let out, the pulleys 61 turn and
the air inlet grill 19 is lowered from the chassis 15 while
maintaining a substantially horizontal orientation. At this
time, the air filter 31, the brush unit 35, and the dust box
37 disposed on the air inlet grill 19 are lowered together
with the air inlet grill 19.
[0123] As shown in Fig. 5, since the split nut 43 is sim-
ply fitted into the dust box 37, as the dust box 37 moves
downward, the split nut 43 and the dust box 37 are dis-
engaged.
[0124] When the air inlet grill 19 is lowered close to the
floor, as shown in Fig. 3, the operator can remove the
dust from the dust box 37. If necessary, any dust remain-
ing on the air filter 31 can be directly removed.
[0125] After completing this procedure, the wires 63
are wound around the sprawls 65 by driving the lifting
motors 59. As the wires 63 are wound up, the air inlet
grill 19 moves upward while maintaining a substantially
horizontal orientation and is finally stored inside the chas-
sis 15.
[0126] As shown in Fig. 5, the side surfaces of the dust
box 37 are inclined away from each other so that they
are furthest apart at the upper edge of the dust box 37.
Therefore, the dust box 37 and the split nut 43 are en-
gaged by adjusting their relative positions against the
inclined surfaces.
[0127] According to the above-described structure,
dust attached to the air filter 31 can be removed by the
brush unit 35. Therefore, when cleaning the air filter 31,
the air filter 31 does not have to be removed from the
chassis 15. In this way, the operator does not have to
climb up high, and less effort is required for carrying out
maintenance of the air filter 31.
[0128] The dust removed by the brush unit 35 is col-
lected in the dust box 37. The raising units 57 allow the
chassis 15 to be lowered together with the dust box 37.
Therefore, the operator does not have to climb up high
to remove the dust box 37, which holds the dust, from
the chassis 15. In this way, less effort is required for car-
rying out maintenance of the air filter 31.
[0129] Since the removed dust can be collected in the
dust box 37, the dust box 37 does not have to be removed
each time the air filter 31 is cleaned. In other words, re-
moval of the dust from the dust box 37 only has to be
carried out every several times that cleaning of the air
filter 31 is carried out. In this way, less effort is required
for carrying out maintenance of the air filter 31.
[0130] The brush unit 35 and the air filter 31 can be

moved relative to each other by the driving unit 41 to
remove dust attached to the air filter 31.
[0131] Since the driving motor 47 and other compo-
nents are disposed on the chassis 15, the load applied
to the raising units 57 when lifting and lowering the dust
box 37 can be reduced.
[0132] Since the air filter 31 is supported so that it can
be raised to or lowered from the chassis 15 by the raising
units 57, the operator can directly and easily clean the
air filter 31. Moreover, the operator can clean areas in
the air filter 31 where the brush unit 35 cannot reach.
[0133] As shown in Fig. 4, one driving unit 41 may be
disposed on one side on the frame of the air inlet grill 19,
or a pair of driving units may be disposed on opposing
sides on the frame of the air inlet grill 19. The number
and position of the driving unit 41 are not limited.

Second Embodiment

[0134] Next, a second embodiment of the present in-
vention will be described with reference to Figs. 8 and 9.
[0135] The basic structure of an air conditioner accord-
ing to this embodiment is the same as that according to
the first embodiment. However, the structures of the
brush unit and the dust box differ from those according
to the first embodiment. In this embodiment, the structure
of the brush unit and the dust box will be described with
reference to Figs. 8 and 9, and descriptions of the other
structures will be omitted.
[0136] Figs. 8A to 8D illustrate the structures of a brush
unit and a dust box in an indoor unit according to this
embodiment.
[0137] Components that are the same as those ac-
cording to the first embodiment are indicated by the same
reference numerals as those according to the first em-
bodiment, and descriptions thereof are not repeated.
[0138] As shown in Fig. 8A, on an indoor unit 103 of
an air conditioner 101, a brush unit (dust-removing unit)
135 configured to remove dust attached to the air filter
31 and a dust box (collecting unit) 137 configured to cover
the brush unit 135 from below are provided.
[0139] The brush unit 135 includes a brush extending
in the vertical direction and a body to which the brush is
fixed.
[0140] The dust box 137 is tapered, in at least the area
engaged with a split nut 43, so that the inner side walls
of the dust box 137 are disposed further away from each
other toward the upper side of the side walls. The struc-
ture is not limited to this, however; the entire area of the
side walls may be tapered in a manner similar to the first
embodiment.
[0141] The operation of the air conditioner 101 having
the above-described structure will be described below.
[0142] The operation of the air conditioner 101 in a
cooling mode and a heating mode and the indoor air flow
inside the indoor unit 103 are the same as those accord-
ing to the first embodiment, and, therefore, descriptions
thereof are not repeated here.
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[0143] The cleaning operation of the air filter 31 of the
indoor unit 103 will be described below.
[0144] When dust attaches to the air filter 31, as shown
in Fig. 8A, the driving screw 45 is rotationally driven by
the driving motor 47. The rotation of the driving screw 45
is converted into a movement of the split nut 43 in a di-
rection along the driving screw 45. The movement of the
split nut 43 is transmitted to the dust box 137 engaged
with the split nut 43, and the dust box 137 moves together
with the brush unit 135. By moving in this way, the brush
unit 135 scrapes off the dust attached to the air filter 31.
The scraped off dust is collected in the dust box 137.
[0145] Then, as shown in Fig. 8B, the brush unit 135
and the dust box 137 move to an area at the end of the
driving screw 45 where the air filter 31 is not disposed.
As shown in Figs. 8B and 8C, the brush unit 135 that has
moved to the edge is rotated by substantially 180° so that
the dust is pushed downward into the dust box 137. Si-
multaneously, the detecting unit 51 detects the amount
of dust collected in the dust box 137.
[0146] When the rotation of the brush unit 135 and the
detection of the amount of dust are completed, the brush
unit 135 and the dust box 137 are driven to the opposite
side (i.e., the side where the driving motor 47 is dis-
posed), as shown in Fig. 8D. More specifically, by revers-
ing the rotational direction of the driving motor 47 and
the driving screw 45 so that the split nut 43 moves toward
the driving motor 47, the brush unit 135 and the dust box
137 are moved in the opposite direction.
[0147] Fig. 9 illustrates the removal of dust in the dust
box 137 illustrated in Fig. 8.
[0148] When a predetermined amount of dust is col-
lected in the dust box 137, the dust in the dust box 137
is removed. More specifically, as shown in Fig. 9, the
brush unit 135 and the dust box 137 are lowered together
with the air filter 31 by raising units 57 in the same manner
as in the first embodiment. The description of this lower-
ing operation is not repeated.
[0149] According to the above-described structure, by
rotating the brush unit 135 by half a revolution, the dust
can be pushed downward into the dust box 137. In this
way, the dust can be prevented from falling out of the
dust box 137 and into the room.
[0150] Since dust is pushed into the dust box 137, a
large amount of dust can be collected in the dust box
137. In this way, dust can be removed from the dust box
137 less often, and less effort is required for carrying out
maintenance of the air filter 31.

Third Embodiment

[0151] Next, a third embodiment of the present inven-
tion will be described with reference to Fig. 10.
[0152] The basic structure of an air conditioner accord-
ing to this embodiment is the same as that according to
the first embodiment. Only the engagement structure of
the dust box and the driving unit differs from the first em-
bodiment. Therefore, in this embodiment, the engage-

ment structure of the dust box and the driving unit will be
described with reference to Fig. 10, and descriptions of
the other structures will not be repeated.
[0153] Fig. 10 illustrates the engagement structure of
a dust box and a driving unit in an indoor unit according
to this embodiment.
[0154] Components that are the same as those ac-
cording to the first embodiment are indicated by the same
reference numerals as those according to the first em-
bodiment, and descriptions thereof are not repeated.
[0155] An indoor unit 153 of an air conditioner 151 in-
cludes a dust box (collecting unit) 187 accommodating
a brush unit (not shown in the drawing) configured to
remove dust attached to the air filter 31 and a driving unit
191 configured to drive the dust box 187 along the air
filter 31, as shown in Fig. 10.
[0156] The dust box 187 has a protrusion 189 protrud-
ing upward in at least the area where the driving unit 191
is engaged with the dust box 187. The protrusion 189
has inclined surfaces that come closer to each other to-
ward the top.
[0157] The driving unit 191 includes a split nut 193 con-
figured to drive the dust box 187, a driving screw 45 en-
gaged with the split nut 193, and a driving motor 47 con-
figured to rotationally drive the driving screw 45.
[0158] The split nut 193 has a depression 195 that is
engaged with the protrusion 189 of the dust box 187. The
depression 195 is formed so that it matches the shape
of the protrusion 189.
[0159] The operation of the air conditioner 151 having
the above-described structure will now be described.
[0160] The operation of the air conditioner 151 in a
cooling mode and a heating mode and the indoor air flow
inside the indoor unit 153 are the same as those accord-
ing to the first embodiment, and, therefore, descriptions
thereof are not repeated here.
[0161] The cleaning operation of the air filter 31 of the
indoor unit 153 will be described below.
[0162] When dust attaches to the air filter 31, as shown
in Fig. 10, the driving screw 45 is rotationally driven by
the driving motor 47. The rotation of the driving screw 45
is converted into a movement of the split nut 193 in the
direction along the driving screw 45. The movement of
the split nut 193 is transmitted to the dust box 187 through
the engagement of the protrusion 189 and the depression
195. The dust box 187 moves together with the brush
unit to scrape off dust attached to the air filter 31. The
scraped off dust is collected in the dust box 187.
[0163] When a predetermined amount of dust is col-
lected in the dust box 187, the dust inside the dust box
187 is removed. When the dust box 187 is lowered, the
dust box 187 and the split nut 193 are disengaged and
the driving unit 191 is left inside the indoor unit 153.
[0164] When the dust box 187 is raised, the protrusion
189 and the depression 195 are engaged again. At this
time, even if the protrusion 189 and the depression 195
are not exactly aligned relative to each other, the inclined
surfaces of the protrusion 189 guide the depression 195
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so that the dust box 187 and the split nut 193 align.
[0165] According to the above-described structure, the
dust box 187 and the split nut 193 of the driving unit 191
are engaged by the protrusion 189 and the depression
195. Therefore, by lifting and lowering the dust box 187,
the dust box 187 and the driving unit 191 can be easily
engaged and disengaged.
[0166] Since the driving unit 191 remains inside the
indoor unit 153 when the dust box 187 is lowered or
raised, the load applied to the raising units 57 when lifting
and lowering the dust box 187 can be reduced.

Fourth Embodiment

[0167] Next, a fourth embodiment of the present inven-
tion will be described with reference to Fig. 11.
[0168] The basic structure of an air conditioner accord-
ing to this embodiment is the same as that according to
the first embodiment. Only the engagement structure of
the dust box and the driving unit differs from the first em-
bodiment. Therefore, in this embodiment, the engage-
ment structure of the dust box and the driving unit will be
described with reference to Fig. 11, and descriptions of
the other structures will not be repeated.
[0169] Fig. 11 illustrates the engagement structure of
a dust box and a driving unit in an indoor unit according
to this embodiment.
[0170] Components that are the same as those ac-
cording to the first embodiment are indicated by the same
reference numerals as those according to the first em-
bodiment, and descriptions thereof are not repeated.
[0171] As shown in Fig. 11, an indoor unit 203 of an
air conditioner 201 includes a dust box (collecting unit)
237 accommodating a brush unit (not shown in the draw-
ing) configured to remove dust attached to an air filter 31
and a driving unit 241 configured to drive the dust box
237 along the air filter 31.
[0172] The driving unit 241 includes a driving screw
245 configured to drive the dust box 237 and a driving
motor 47 configured to rotationally drive the driving screw
245. The driving screw 245 has a thread 247 with spiral
protrusions.
[0173] The dust box 237 has a female screw section
239 where the thread 247 of the driving screw 245 is
engaged.
[0174] The operation of the air conditioner 201 having
the above-described structure will be described.
[0175] The operation of the air conditioner 201 in a
cooling mode and a heating mode and the indoor air flow
inside the indoor unit 203 are the same as those accord-
ing to the first embodiment, and, therefore, descriptions
thereof are not repeated here.
[0176] The cleaning operation of the air filter 31 of the
indoor unit 203 will now be described below.
[0177] When dust attaches to the air filter 31, as shown
in Fig. 11, the driving screw 245 is rotationally driven by
the driving motor 47. The rotation of the driving screw
245 is converted into a movement in the direction along

the driving screw 245 by the engagement of the thread
247 and the female screw section 239. The dust box 237
moves together with the brush unit to scrape off dust
attached to the air filter 31. The scraped off dust is col-
lected in the dust box 237.
[0178] When a predetermined amount of dust is col-
lected in the dust box 237, the dust inside the dust box
237 is removed. When the dust box 237 is lowered, the
dust box 237 and the driving screw 245 are disengaged,
and the driving unit 241 is left inside the indoor unit 203.
[0179] When the dust box 237 is raised, the thread 247
and the female screw section 239 are engaged again. At
this time, even if the thread 247 and the female screw
section 239 are not exactly aligned relative to each other,
the engagement of the thread 247 and the female screw
section 239 is not affected.
[0180] According to the above-described structure, the
dust box 237 and the driving screw 245 of the driving unit
241 are engaged by the female screw section 239 and
the thread 247. Therefore, by lowering and raising the
dust box 237, the dust box 237 and the driving unit 241
can be easily disengaged and engaged.
[0181] Since the driving unit 241 remains inside the
indoor unit 203 when the dust box 237 is lowered or
raised, the load applied to the raising units 57 when lifting
and lowering the dust box 237 can be reduced.

Fifth Embodiment

[0182] Next, a fifth embodiment of the present inven-
tion will be described with reference to Fig. 12.
[0183] The basic structure of an air conditioner accord-
ing to this embodiment is the same as that according to
the first embodiment. Only the structure of the dust box
and the driving unit differs from the first embodiment.
Therefore, in this embodiment, the structure of the dust
box and the driving unit will be described with reference
to Fig. 12, and descriptions of the other structures are
not repeated.
[0184] Fig. 12 illustrates the structure of a dust box and
a driving unit in an indoor unit according to this embodi-
ment.
[0185] Components that are the same as those ac-
cording to the first embodiment are indicated by the same
reference numerals as those according to the first em-
bodiment, and descriptions thereof are not repeated.
[0186] As shown in Fig. 12, an indoor unit 253 of an
air conditioner 251 includes a dust box (collecting unit)
287 accommodating a brush unit (not shown in the draw-
ing) configured to remove dust attached to an air filter 31
and a driving unit 291 configured to drive the dust box
287 along the air filter 31.
[0187] The driving unit 291 includes a rail 293, a mov-
ing unit 295 that reciprocates along the rail 293, and a
wiring unit 297 that extends from the moving unit 295 to
the indoor unit 253. One of the ends of the wiring unit
297 is fixed to the moving unit 295, and the other end is
attached to the indoor unit 253 by the magnetic force of
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a magnet 299.
[0188] The entire driving unit 291 is disposed on an air
inlet grill 19 and is raised and lowered together with the
air inlet grill 19.
[0189] The dust box 287 accommodates the brush unit
and the moving unit 295.
[0190] The operation of the air conditioner 251 having
the above-described structure will now be described.
[0191] The operation of the air conditioner 251 in a
cooling mode and a heating mode and the indoor air flow
inside the indoor unit 253 are the same as those accord-
ing to the first embodiment, and, therefore, descriptions
thereof are not repeated here.
[0192] The cleaning operation of the air filter 31 of the
indoor unit 253 will be described below.
[0193] When dust attaches to the air filter 31, as shown
in Fig. 12, the moving unit 295 moves along the rail 293.
When the moving unit 295 moves, the dust box 287
moves together with the brush unit so as to scrape off
the dust attached to the air filter 31. The scraped off dust
is collected in the dust box 287.
[0194] When a predetermined amount of dust is col-
lected in the dust box 287, the dust in the dust box 287
is removed.
[0195] When the air inlet grill 19 is lowered, the driving
unit 291 disposed on the air inlet grill 19 is also lowered.
Since the wiring unit 297 of the driving unit 291 is attached
only by the magnetic force of the magnet 299, the wiring
unit 297 is easily separated from the indoor unit 253 when
pulled.
[0196] When the wiring unit 297 moves close to the
indoor unit 253 when the air inlet grill 19 is raised, the
magnetic force of the magnet 299 is applied to the wiring
unit 297 to guide the wiring unit 297 to a predetermined
connecting part so that the wiring unit 297 is attached to
the indoor unit 253.
[0197] According to the above-described structure, the
indoor unit 253 and the driving unit 291 are attached by
the magnet 299 of the wiring unit 297. Therefore, when
the driving unit 291 is lowered and raised, the indoor unit
253 and the driving unit 291 can be easily separated and
connected at the magnet of the wiring unit 297.
[0198] Since the driving unit 291 is lowered and raised
together with the dust box 287, the dust box 287 and the
driving unit 291 are not misaligned, and the dust box 287
can be reliably driven.

Sixth Embodiment

[0199] Next, a sixth embodiment of the present inven-
tion will be described with reference to Fig. 13.
[0200] The basic structure of an air conditioner accord-
ing to this embodiment is the same as that according to
the first embodiment. Only the structure of the detecting
unit of the dust box differs from the first embodiment.
Therefore, in this embodiment, the structure of the de-
tecting unit of the dust box will be described with refer-
ence to Fig. 13, and descriptions of the other structures

are not repeated.
[0201] Fig. 13 illustrates the structure of a detecting
unit of a dust box in an indoor unit according to this em-
bodiment.
[0202] Components that are the same as those ac-
cording to the first embodiment are indicated by the same
reference numerals as those according to the first em-
bodiment, and descriptions thereof are not repeated.
[0203] As shown in Fig. 13, an indoor unit 303 of an
air conditioner 301 includes a dust box (collecting unit)
337 accommodating a brush unit (not shown in the draw-
ing) configured to remove dust attached to an air filter 31
and a detecting unit 339 configured to detect the amount
of dust accumulated in the dust box 337.
[0204] At one of the ends of the dust box 337, a cover
341 configured to cover part of an opening is disposed,
and, on the lower surface of the cover 341, the detecting
unit 339 configured to detect the amount of dust is dis-
posed. The detecting unit 339 may be a contact sensor
configured to detect the amount of dust by contacting the
dust.
[0205] An air conditioner 301 having the above-de-
scribed structure will be described below.
[0206] The operation of the air conditioner 301 in a
cooling mode and a heating mode and the indoor air flow
inside the indoor unit 303 are the same as those accord-
ing to the first embodiment, and, therefore, descriptions
thereof are not repeated here.
[0207] The cleaning operation of the air filter 31 of the
indoor unit 303 will be described below.
[0208] When dust is collected in the dust box 337, the
dust accumulates inside the dust box 337. The accumu-
lated dust comes into contact with the detecting unit 339
disposed below the cover 341. The detecting unit 339
outputs a dust-detection signal.
[0209] The operator can remove the dust collected in
the dust box 337 on the basis of this dust-detection signal.
[0210] According to the above-described structure, by
disposing the detecting unit 339 below the cover 341 of
the dust box 337, the detecting unit 339 can directly de-
tect the amount of dust collected in the dust box 337.
Therefore, the amount of dust in the dust box 337 can
be reliably detected.

Seventh Embodiment

[0211] Next, a seventh embodiment of the present in-
vention will be described with reference to Fig. 14.
[0212] The basic structure of an air conditioner accord-
ing to this embodiment is the same as that according to
the first embodiment. Only the structure of the detecting
unit of the dust box differs from the first embodiment.
Therefore, in this embodiment, the structure of the de-
tecting unit of the dust box will be described with refer-
ence to Fig. 14, and descriptions of the other structures
are not repeated.
[0213] Fig. 14 illustrates the structure of a detecting
unit of a dust box in an indoor unit according to this em-
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bodiment.
[0214] Components that are the same as those ac-
cording to the first embodiment are indicated by the same
reference numerals as those according to the first em-
bodiment, and descriptions thereof are not repeated.
[0215] As shown in Fig. 14, an indoor unit 353 of an
air conditioner 351 includes a dust box (collecting unit)
387 accommodating a brush unit (not shown in the draw-
ing) configured to remove dust attached to an air filter 31
and a detecting unit 389 configured to detect the amount
of dust accumulated in the dust box 387.
[0216] On the side surfaces of the dust box 387, bel-
low-like folded sections 391 and support members 393
holding the folded sections 391 in contracted positions
are provided. The support members 393 may be strips
of adhesive tape.
[0217] The detecting unit 389 is disposed below the
dust box 387 with a predetermined gap provided between
the detecting unit 389 and the dust box 387. The detecting
unit 389 is capable of detecting the lowering of the bottom
surface of the dust box 387. The detecting unit 389 may
be a contact sensor capable of detecting the button sur-
face of the dust box 387 by contact.
[0218] The air conditioner 351 having the above-de-
scribed structure will be described below.
[0219] The operation of the air conditioner 351 in a
cooling mode and a heating mode and the indoor air flow
inside the indoor unit 353 are the same as those accord-
ing to the first embodiment, and, therefore, descriptions
thereof are not repeated here.
[0220] The cleaning operation of the air filter 31 of the
indoor unit 353 will now be described below.
[0221] When dust is collected in the dust box 387, the
bottom surface of the dust box 387 is pushed downward.
When a predetermined amount of dust is collected in the
dust box 387, the support members 393 detach and the
folded sections 391 extend, causing the bottom surface
of the dust box 387 to be lowered.
[0222] When the bottom surface of the dust box 387
is lowered, the bottom surface contacts the detecting unit
389, and the detecting unit 389 outputs a detection signal.
[0223] The operator can remove the dust collected in
the dust box 387 on the basis of this detection signal.
[0224] According to the above-described structure,
since the detecting unit 389 detects the bottom surface
of the dust box 387 that is lowered by the dust collected
in the dust box 387, the amount of dust can be detected
reliably compared to when the dust is directly detected.

Eighth Embodiment

[0225] Next, an eighth embodiment of the present in-
vention will be described with reference to Figs. 15 to 18.
[0226] The basic structure of an air conditioner accord-
ing to this embodiment is the same as that according to
the first embodiment. Only the structures of the air inlet
grill, the dust box, and its vicinity differ from the first em-
bodiment. Therefore, in this embodiment, the structures

of the air inlet grill, the dust box, and its vicinity will be
described with reference to Figs. 15 to 18, and descrip-
tions of the other structures are not repeated.
[0227] Fig. 15 illustrates the structure of an indoor unit
according to this embodiment.
[0228] Components that are the same as those ac-
cording to the first embodiment are indicated by the same
reference numerals as those according to the first em-
bodiment, and descriptions thereof are not repeated.
[0229] As shown in Fig. 15, an indoor unit 403 of an
air conditioner 401 includes a top panel 14 in the lower
area, a chassis 15 embedded in the ceiling, an air filter
431 provided on an air inlet section 16 of the top panel
14 so as to take in indoor air, an indoor fan 21 configured
to take in and send out indoor air, and an indoor heat-
exchanger 23 configured to carry out heat exchange be-
tween the indoor air and a refrigerant.
[0230] In substantially the center of the upper surface
inside the chassis 15, a fan motor 25 configured to drive
the indoor fan 21 is disposed. The indoor heat-exchanger
23 is disposed around the indoor fan 21 and the fan motor
25. At the lower area of the indoor fan 21, a bellmouth
27 configured to adjust the flow of the indoor air to the
indoor fan 21 is disposed. At the lower area of the bell-
mouth 27, the air filter 431 is disposed. Around the air
filter 431 disposed on the top panel 14, air outlets 29
configured to let indoor air that has entered the indoor
fan 21 and has passed through the indoor heat-exchang-
er 23 flow out from the chassis 15 are provided.
[0231] Fig. 16 is a partial perspective view illustrating
the structure of a raising unit, the air filter 431, and a dust
box 437 of the indoor unit 403 illustrated in Fig. 15.
[0232] As shown in Figs. 15 and 16, the air filter 431
includes a filter surface 433a that catches dust in the
indoor air and a frame 433b supporting the filter surface
433a.
[0233] On the lower surface of the air filter 431, a brush
unit 35 configured to remove the dust attached to the
filter surface 433a and the dust box (collecting unit) 437
configured to cover the brush unit 35 from below are dis-
posed.
[0234] Fig. 17 is a perspective view illustrating the
structures of the dust box 437 and the brush unit 35 il-
lustrated in Fig. 16.
[0235] As shown in Fig. 17, the brush unit 35 includes
a brush extending upward and a body to which the brush
is fixed. As shown in Figs. 16 and 17, the dust box 437
is shaped as a box surrounding the brush unit 35. At both
ends of the dust box 437, holders 439 that are hooked
onto the frame 433b of the air filter 431 are provided. On
the upper surface of one of the holders 439, a female
screw section 439a that is engaged with a driving screw,
described below, is formed.
[0236] As shown in Fig. 16, between the indoor unit
403 and the air filter 431, raising units 457 configured to
raise and lower the air filter 431 and the dust box 437 are
provided.
[0237] Each of the raising units 457 includes a lifting
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motor 59 disposed on the chassis 15, pulleys 61 disposed
on the frame 433b of the air filter 431, and a wire 63 that
are passed through the pulleys 61 and whose ends are
fixed to the lifting motor 59 and the chassis 15.
[0238] A sprawl 65 configured to wind and unwind the
wire 63 is disposed on the lifting motor 59. The pulleys
61 movably support the wire 63 by rotating. One pulley
61 is provided at each of the four corners of the frame
433b.
[0239] Fig. 18 is a partial cross-sectional view illustrat-
ing a driving unit of the indoor unit 403 illustrated in Fig.
15.
[0240] As shown in Figs. 14 and 18, between the air
filter 431 and the air outlets 29 of the chassis 15, a driving
unit 441 configured to drive the brush unit 35 and the
dust box 437 is disposed. The driving unit 441 includes
a driving screw 445 configured to drive the dust box 437
and a driving motor 447 configured to rotationally drive
the driving screw 445 in the clockwise or counterclock-
wise direction.
[0241] The driving screw 445 includes a thread 445a
that is engaged with the female screw section 439a, de-
scribed above.
[0242] The air conditioner 401 having the above-de-
scribed structure will be described below.
[0243] The operation of the air conditioner 401 in a
cooling mode and a heating mode and the indoor air flow
inside the indoor unit 403 are the same as those accord-
ing to the first embodiment, and, therefore, descriptions
thereof are not repeated here.
[0244] The cleaning operation of the air filter 431 of
the indoor unit 403 will now be described below.
[0245] When dust attaches to the air filter 431, as
shown in Fig. 18, the driving screw 445 is rotationally
driven by the driving motor 447. The rotation of the driving
screw 445 is converted into a movement along the driving
screw 445 by the engagement of the thread 445a and
the female screw section 439a.
[0246] By the engagement of the thread 445a and the
female screw section 439a, the dust box 437 moves to-
gether with the brush unit 35. By moving in this way, the
brush unit 35 scrapes off the dust attached to the air filter
431. The scraped off dust is collected in the dust box 437.
[0247] When it is detected that a predetermined
amount of dust is collected in the dust box 437, the dust
in the dust box 437 is removed.
[0248] First, as shown in Fig. 16, the rotation of the
lifting motor 59 is controlled to let out the wire 63 wound
around the sprawl 65. As the wire 63 is let out, the pulleys
61 turn and the air filter 431 is lowered from the chassis
15 while maintaining a substantially horizontal orienta-
tion. At this time, the brush unit 35 and the dust box 437
disposed on the air filter 431 are lowered together with
the air filter 431.
[0249] As shown in Fig. 18, since the dust box 437 and
the driving screw 445 are simply fitted together, as the
dust box 437 moves downward, the dust box 437 and
the driving screw 445 are disengaged.

[0250] When the air filter 431 and so on is lowered
close to the floor, as shown in Fig. 16, the operator can
remove the dust from the dust box 437. If necessary, any
dust remaining on the air filter 431 can be directly re-
moved.
[0251] After completing this operation, the wire 63 is
wound around the sprawl 65 by driving the lifting motor
59. As the wire 63 is wound up, the air filter 431 moves
upward while maintaining a substantially horizontal ori-
entation and is stored inside the chassis 15.
[0252] When the dust box 437 is raised, the thread
445a and the female screw section 439a are engaged
again. Even if the thread 445a and the female screw sec-
tion 439a are not aligned relative to each other, the en-
gagement of the thread 445a and the female screw sec-
tion 439a is not affected.
[0253] According to the above-described structure,
since the raising units 457 raise and lower only the air
filter 431, the dust box 437, and the brush unit 35, the
load applied to the raising units 457 can be reduced com-
pared to the structure according to the first embodiment
in which the air inlet grill 19 is also raised and lowered
(refer to Fig. 4).

Ninth Embodiment

[0254] Next, a ninth embodiment of the present inven-
tion will be described with reference to Figs. 19 to 20.
[0255] The basic structure of an air conditioner accord-
ing to this embodiment is the same as that according to
the first embodiment. Only the structures of the air inlet
grill, the dust box, and the vicinity thereof differ from the
first embodiment. Therefore, in this embodiment, the
structures of the air inlet grill, the dust box, and the vicinity
thereof will be described with reference to Figs. 19 and
20, and descriptions of the other structures are not re-
peated.
[0256] Fig. 19 illustrates the structure of an indoor unit
according to this embodiment.
[0257] Components that are the same as those ac-
cording to the first embodiment are indicated by the same
reference numerals as those according to the first em-
bodiment, and descriptions thereof are not repeated.
[0258] As shown in Fig. 19, an indoor unit 503 of an
air conditioner 501 includes a top panel 14 in the lower
area, a chassis 15 embedded in the ceiling, an air filter
531 provided on an air inlet section 16 of the top panel
14 so as to take in indoor air, an indoor fan 21 configured
to take in and send out indoor air, and an indoor heat-
exchanger 23 configured to carry out heat exchange be-
tween the indoor air and a refrigerant.
[0259] In substantially the center of the upper surface
inside the chassis 15, a fan motor 25 configured to drive
the indoor fan 21 is disposed. The indoor heat-exchanger
23 is disposed around the indoor fan 21 and the fan motor
25. At the lower area of the indoor fan 21, a bellmouth
27 configured to adjust the flow of the indoor air to the
indoor fan 21 is disposed. At the lower area of the bell-
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mouth 27, the air filter 531 is disposed. Around the air
filter 531 disposed on the top panel 14, air outlets 29
configured to let indoor air that has entered the indoor
fan 21 and has passed through the indoor heat-exchang-
er 23 flow out from the chassis 15 are provided.
[0260] Fig. 20 is a partial perspective view illustrating
the structure of a raising unit, an air filter 431, and a dust
box 537 of the indoor unit 503 illustrated in Fig. 19.
[0261] As shown in Figs. 19 and 20, the air filter 531
includes a filter surface 433a that catches dust in the
indoor air, a frame 533a supporting the filter surface
433a, and a separatable portion 533b that can be sepa-
rated from the frame 533a.
[0262] On the lower surface of the air filter 531, a brush
unit 35 for remove the dust attached to the filter surface
433a and the dust box 437 configured to cover the brush
unit 35 from below are disposed.
[0263] As shown in Fig. 20, between the indoor unit
503 and the air filter 531, a raising unit 557 configured
to raise and lower the dust box 437 is provided.
[0264] The raising unit 557 includes a lifting motor 559
disposed on the chassis 15, pulleys 561 disposed on the
separatable portion 533b of the air filter 531, and a wire
563 that is passed through pulleys 561 and whose ends
are fixed to the lifting motor 559 and the chassis 15.
[0265] A sprawl 565 configured to wind and unwind
the wire 563 is disposed on the lifting motor 559. The
pulleys 561 movably support the wire 563 by rotating.
The pulleys 61 are provided at both ends of the separa-
table portion 533b.
[0266] The air conditioner 501 having the above-de-
scribed structure will be described below.
[0267] The operation of the air conditioner 501 in a
cooling mode and a heating mode and the indoor air flow
inside the indoor unit 503 are the same as those accord-
ing to the first embodiment, and, therefore, descriptions
thereof are not repeated here.
[0268] The operation of removing dust attached to the
air filter 531 is the same as that according to the eighth
embodiment, and, therefore, a description thereof is not
repeated here.
[0269] The cleaning operation of the air filter 531 of
the indoor unit 503 will be described below.
[0270] When a predetermined amount of dust is col-
lected in the dust box 437, the dust in the dust box 437
is removed.
[0271] First, as shown in Fig. 20, the dust box 437 is
moved to the position of the separatable portion 533b of
the air filter 531. Then, the rotation of the lifting motor
559 is controlled to let out the wire 563 wound around
the sprawl 565. As the wire 563 is let out, the pulleys 561
turn and the separatable portion 533b and the dust box
437 are separated and lowered from the air filter 531
while maintaining a substantially horizontal orientation.
[0272] When dust box 437 is lowered close to the floor,
the operator can remove the dust from the dust box 437.
[0273] After completing this operation, the wire 563 is
wound around the sprawl 565 by driving the lifting motor

559. As the wire 563 is wound up, the separatable portion
533b and the dust box 437 move upward while maintain-
ing a substantially horizontal orientation and are connect-
ed to the air filter 531.
[0274] According to the above-described structure,
since the raising units 557 raise and lower only the sep-
aratable portion 533b, the dust box 437, and the brush
unit 35, the load applied to the raising units 557 can be
reduced compared to the structure according to the
eighth embodiment in which the air filter 431 is also raised
and lowered (refer to Fig. 16).
[0275] The scope of the present invention is not limited
to the above-described embodiments, and various mod-
ifications may be provided within the scope of the present
invention.
[0276] For example, according to the above-described
embodiments, the indoor unit is embedded in the ceiling.
However, the indoor unit is not limited to a ceiling-em-
bedded type indoor unit and may be any other type of
indoor unit that is installed on the ceiling, such as a ceil-
ing-suspended indoor unit.
[0277] According to the above-described embodi-
ments, the air filter is fixed and the brush unit (dust-re-
moving unit) configured to remove the collected dust is
moveable. However, instead, the dust-removing unit may
be fixed, and the air filter may be moved to remove dust.
Moreover, the dust-removing unit is not limited to a brush.

Tenth Embodiment

[0278] Next, a tenth embodiment of the present inven-
tion will be described with reference to Figs. 21 to 36.
[0279] The basic structure of an air conditioner accord-
ing to this embodiment is the same as that according to
the first embodiment. Only the structure of the air inlet
grill and the vicinity thereof differs from the first embod-
iment. Therefore, in this embodiment, the structure of the
air inlet grill and the vicinity thereof will be described with
reference to Figs. 21 to 36, and descriptions of the other
structures will be omitted.
[0280] Fig. 21 is a cross-sectional view illustrating the
structure of an indoor unit according to this embodiment.
[0281] Components that are the same as those ac-
cording to the first embodiment are indicated by the same
reference numerals as those according to the first em-
bodiment and descriptions thereof are not repeated.
[0282] As shown in Fig. 21, an indoor unit 603 of an
air conditioner 601 includes a top panel 14 in the lower
area, a spacer 614, a chassis 15 embedded in the ceiling,
an air inlet grill (panel) 19 having an air inlet 17 configured
to take in indoor air, an indoor fan 21 configured to take
in and send out indoor air, and an indoor heat-exchanger
23 configured to carry out heat exchange between the
indoor air and a refrigerant.
[0283] In substantially the center of the upper surface
on the inner side of the chassis 15, a fan motor 25 con-
figured to drive the indoor fan 21 is disposed. The indoor
heat-exchanger 23 is disposed around the indoor fan 21
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and the fan motor 25. At the lower area of the indoor fan
21 (lower area in Fig. 21), a bellmouth 27 configured to
adjust the flow of the indoor air to the indoor fan 21 is
disposed. At the lower area of the bellmouth 27, an air
inlet grill 19 is disposed. Around the air inlet grill 19 dis-
posed on the top panel 14, air outlets 29 are provided to
let indoor air that has entered the indoor fan 21 and has
passed through the indoor heat-exchanger 23 flow out
from the chassis 15 are provided.
[0284] Fig. 22 is a partial perspective view illustrating
the structures of the air inlet grill 19, the top panel 14,
and the spacer 614 illustrated in Fig. 21.
[0285] As shown in Fig. 22, the air inlet grill 19 includes
an air filter 631 configured to remove dust included in the
air taken in and a cleaning unit 633 configured to clean
the air filter 631. The air filter 631 is provided at substan-
tially the central area of the air inlet grill 19. Wires 63
configured to lower and raise the air inlet grill 19 are pro-
vided at the four corners of a frame of the air inlet grill
19. The spacer 614 having a predetermined thickness is
disposed on the top panel 14. In the space defined by
the spacer 614, a driving motor (driving unit) 635 config-
ured to generate a rotational driving force for driving the
cleaning unit 633, as described below, and a reciprocat-
ing unit 637 configured to convert the rotational driving
force into a reciprocative driving force, and an upper
transmitting unit (first transmitting unit) 639 that receives
the reciprocative driving force are disposed and support-
ed on a frame (chassis) 641 disposed on the top panel 14.
[0286] Fig. 23 is an exploded perspective view of the
structures of the spacer 614 and the frame (chassis) 641
disposed on the top panel 14, illustrated in Fig. 22.
[0287] As shown in Fig. 23, the spacer 614 is consti-
tuted of a rectangular frame body. In the space surround-
ed by the frame body, a frame (chassis) 641 holding the
driving motor 635 and the reciprocating unit 637 are dis-
posed. A through-hole formed in the center of the spacer
614 serves as an air channel for letting air flow into the
indoor unit 603. Four through-holes formed in the periph-
ery of the spacer 614 serve as air channels for letting air
flow out from the indoor unit 603.
[0288] On the frame 641 disposed on the top panel 14,
a pair of support members 643 configured to support the
driving motor 635 and the reciprocating unit 637 is pro-
vided. The support members 643 are provided at sub-
stantially the center of opposing sides of the frame 641.
The support members 643 are protruding members that
protrude inward from the inner periphery of the frame 641
to support the driving motor 635 and the reciprocating
unit 637. The driving motor 635 is interposed between
the frame 641 and one of the support members 643. The
reciprocating unit 637 is interposed between the pair of
support members 643.
[0289] As described above, the support members 643
may be provided on the frame 641 so as to support the
driving motor 635 and the reciprocating unit 637. How-
ever, the supporting structure is not limited to this con-
figuration, and the driving motor 635 and the reciprocat-

ing unit 637 may be directly supported by the frame 641
without providing the support members 643.
[0290] As shown in Fig. 23, the reciprocating unit 637
includes a driving shaft 645 that is rotationally driven by
the driving motor 635, a worm gear 647 that is rotationally
driven by the driving shaft 645, and a driving rack gear
649 that is engaged with the worm gear 647.
[0291] The driving shaft 645 is a pillar-like member
having a polygonal (e.g., hexagonal) cross-section and
is rotatably supported between the pair of support mem-
bers 643.
[0292] The worm gear 647 is rotationally driven by the
driving shaft 645 and is disposed on the driving shaft 645
so that the worm gear 647 is movable along the longitu-
dinal direction of the driving shaft 645. More specifically,
a through-hole having the same shape as the cross-sec-
tion of the driving shaft 645 is formed in the worm gear
647, and the driving shaft 645 is passed through this
through-hole. In this way, the rotational driving force of
the driving shaft 645 is transmitted to the worm gear 647,
and, at the same time, the worm gear 647 is movable
along the longitudinal direction of the driving shaft 645.
On the worm gear 647, cylindrical portions 651 are pro-
vided on both ends of the area where threads are pro-
vided. The outer peripheral surfaces of the cylindrical por-
tions 651 contact the upper transmitting unit 639, de-
scribed below, so as to prevent the worm gear 647 from
separating from the driving rack gear 649.
[0293] The driving rack gear 649 is engaged with the
worm gear 647 so as to generate a driving force for mov-
ing the worm gear 647 in a reciprocating manner. The
driving rack gear 649 is fixed between the pair of support
members 643. The driving rack gear 649 has a substan-
tially H-shaped cross-section. Rack gear threads that en-
gage with the worm gear 647 are provided in the center
of the H-shaped cross-section. The cross-sectional
shape of the driving rack gear 649 may be substantially
H-shaped, as mentioned above, or may be any other
shape. The cross-sectional shape of the driving rack gear
649 is not limited.
[0294] Fig. 24 is a partial cross-sectional view illustrat-
ing the structure of the upper transmitting unit 639 illus-
trated in Fig. 23.
[0295] As shown in Fig. 23, the upper transmitting unit
639 includes a driving-force transmitting unit 653 that re-
ceives the reciprocative driving force from the worm gear
647, an adjusting unit (disengagement-prevention unit)
655 that holds the driving rack gear 649 against the driv-
ing-force transmitting unit 653 (refer to Fig. 24), and
screws (disengagement-prevention units) 657 config-
ured to join the driving-force transmitting unit 653 and
the adjusting unit 655.
[0296] Fig. 25 is a partial perspective view illustrating
the engagement of the upper transmitting unit 639 and
the worm gear 647.
[0297] The driving-force transmitting unit 653 includes
a top plate 659 receiving a reciprocative driving force
from the worm gear 647 and side plates 661 that transmit

29 30 



EP 1 741 992 A2

17

5

10

15

20

25

30

35

40

45

50

55

the reciprocative driving force to a lower transmitting unit
675, as described below.
[0298] The top plate 659 includes a rectangular
through-hole 663, substantially semicircular contact units
(disengagement-prevention units) 665 that are adjacent
to the through-hole 663, and a pair of screw holes 667
in which screws 657 are screwed. As shown in Fig. 25,
the threads of the worm gear 647 are disposed in the
through-hole 663 when the upper transmitting unit 639
and the reciprocating unit 637 are engaged. As shown
in Fig. 24, the contact units 665 are disposed in such a
manner that they contact the cylindrical portions 651 of
the worm gear 647.
[0299] As shown in Fig. 23, at the lower edges of the
side plates 661, upper engagement parts 669 that are
engaged with the lower transmitting unit 675, described
below, are provided. Each of the upper engagement parts
669 has an upper depression 671 and a pressing plate
673. The upper depressions 671 hold the lower transmit-
ting unit 675 against the upper engagement parts 669
and transmit the reciprocative driving force to the lower
transmitting unit 675, and the pressing plates 673 ex-
tends outward from the side plates 661 and adjust the
relative orientation of the upper transmitting unit 639 and
the lower transmitting unit 675.
[0300] As shown in Fig. 24, the adjusting unit 655 is a
member folded to form a U-shape. The adjusting unit 655
is mounted on the driving-force transmitting unit 653 so
that the driving rack gear 649 is disposed inside the de-
pression of the adjusting unit 655. The screws 657 are
used to mount the adjusting unit 655 on the driving-force
transmitting unit 653.
[0301] Fig. 26 is a partial exploded perspective view
illustrating the structure of the air filter 631 and the clean-
ing unit 633 provided on the air inlet grill 19 shown in Fig.
22.
[0302] As shown in Fig. 26, the air filter 631 configured
to remove dust included in the air taken in, the cleaning
unit 633 configured to clean the air filter 631, and the
lower transmitting unit (second transmitting unit) 675 con-
figured to transmit a reciprocating driving force to the
cleaning unit 633 are disposed on a base 619 formed of
a rectangular frame body. The base 619 is disposed on
the air inlet grill 19.
[0303] Fig. 27 is a plan view illustrating the structure
of the base 619 illustrated in Fig. 26. Fig. 28 is a cross-
sectional view of a rotary rack gear 677 taken along line
A-A in Fig. 27. Fig. 29 is a cross-sectional view of the
engagement of the base 619 and the cleaning unit 633,
taken along line B-B in Fig. 27.
[0304] The base 619 disposed on the air inlet grill 19
is a frame body supporting the air filter 631 and the clean-
ing unit 633. As shown in Fig. 27, a rectangular through-
hole in which the air filter 631 is disposed is formed in
substantially the center of the base 619. Also, rotary rack
gears 677 configured to apply a rotational driving force
to a rotary brush 685, described below, and guiding parts
679 configured to support the cleaning unit 633 are pro-

vided on the base 619. The guiding parts 679 and the
rotary rack gears 677 extend along opposing sides of the
through-hole.
[0305] As shown in Fig. 28, the rotary rack gears 677
are rack gears that extend along the surface of the base
619. As shown in Fig. 29, each of the rotary rack gears
677 is engaged with a pinion gear 693 of the rotary brush
685, described below.
[0306] As shown in Fig. 29, each of the guiding parts
679 includes a protruding guiding part 681 that is en-
gaged with a guiding groove 707 of a roller 703 provided
on a dust box 687, described below, and a supporting
surface 683 that supports the roller 703.
[0307] As shown in Fig. 26, the air filter 631 is disposed
in substantially the center of the base 619. The lower
transmitting unit 675 is disposed above (upper side in
Fig. 26) the air filter 631. The cleaning unit 633 is disposed
below (lower side in Fig. 26) the air filter 631.
[0308] As shown in Fig. 26, the cleaning unit 633 in-
cludes the rotary brush (dust-removing unit) 685 config-
ured to remove dust collected by the air filter 631 and the
dust box (collecting unit) 687 configured to temporarily
store dust removed by the rotary brush 685.
[0309] As shown in Fig. 29, the rotary brush 685 in-
cludes a rotary shaft 689 rotationally driven along the
surface of the air filter 631, a brush member 691 config-
ured to scrape off dust collected on the air filter 631, the
pinion gears 693 configured to rotationally drive the rotary
shaft 689, and sliding parts 695 that are in contact with
the dust box 687.
[0310] As shown in Fig. 26, the pinion gears 693 are
disposed on both ends of the rotary shaft 689. The sliding
units 695 are disposed adjacent to the inner side of the
pinion gears 693. On the rotary shaft 689 interposed be-
tween the sliding units 695, the brush unit 691 that extend
outward in the radial direction of the rotary shaft 689 is
disposed. According to this embodiment, the brush unit
691 is provided with four members along the central axis
of the rotary shaft 689 around the circumference of the
rotary shaft 689, with equal angular intervals therebe-
tween.
[0311] The members of the brush unit 691 may extend
parallel to the central axis line, as described above, or
may be helically disposed around the rotary shaft 689.
The structure of the members of the brush unit 691 is not
limited. Also, the number of members of the brush unit
691 is not limited to four, and more or less than four mem-
bers may be provided.
[0312] The pinion gears 693 are engaged with the ro-
tary rack gears 677 and generate a rotational driving force
for rotating the rotary shaft 689 as the rotary brush 685
move along the surface of the air filter 631.
[0313] By contacting the dust box 687, the sliding units
695 transmit the reciprocative driving force from the dust
box 687 to the rotary brush 685. Depressions in which
the dust box 687 is fitted are provided on the sliding units
695. By engaging the depressions and the dust box 687,
the relative positions of the rotary brush 685 and the dust
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box 687 are set. To improve slidability, it is desirable to
construct the sliding units 695 of a material different from
the material constituting the dust box 687. For example,
if the dust box 687 is composed of acrylonitrile butadiene
styrene resin (ABS resin), it is desirable to compose the
sliding unit 695 of Duracon resin (polyacetal resin).
[0314] Fig. 30 is a cross-sectional view illustrating the
structure of the rotary brush 685 and the dust box 687 of
the cleaning unit 633 illustrated in Fig. 26.
[0315] As shown in Fig. 26, the dust box 687 includes
a main body 697 that receives a reciprocative driving
force from the lower transmitting unit 675 and a retention
unit 699 configured to temporarily store dust. The rotary
brush 685 is rotatably held inside the main body 697 and
the retention unit 699.
[0316] The main body 697 includes brackets 701 that
are engaged with the lower transmitting unit 675 and roll-
ers 703 that are configured to support the main body 697
in a reciprocating manner, as shown in Fig. 29, and also
includes scrapers 705 configured to scrape off dust from
the brush unit 691, as shown in Fig. 30.
[0317] As shown in Fig. 26, the main body 697 is
formed as a frame with a through-hole provided in the
center. As shown in Fig. 29, depressions in which the
pinion gears 693 of the rotary brush 685 are disposed
are provided on both longitudinal ends of the main body
697.
[0318] The brackets 701 extend in the longitudinal di-
rection of the main body 697 and are disposed at both
ends having the above-described depressions. The tips
of the brackets 701 extend further outward than the edge
of the air filter 631. The tips of the brackets 701 are en-
gaged with the lower transmitting unit 675 in an area fur-
ther outward than the edge of the air filter 631.
[0319] The rollers 703 are rotatably disposed on the
outer surfaces of the ends having the depressions. The
rollers 703 are shaped as cylinders. On the surface of
each cylinders, the guiding groove 707 that is fitted with
the guiding part 681 of the guiding parts 679 is provided.
[0320] As shown in Fig. 30, the scrapers 705 are dis-
posed on the inner surface of the through-hole in the
main body 697 such that they extend inward and are
disposed along the longitudinal direction (i.e., in the di-
rection orthogonal to the surface of the page of Fig. 30)
of the main body 697 at equal intervals. The brush unit
691 of the rotary brush 685 moves through the gap be-
tween the scrapers 705 so that dust attached to the brush
unit 691 is removed. The sides of the scrapers 705 op-
posing the edge of the air filter 631 (i.e., the upper side
of the scrapers 705 in Fig. 30) are inclined toward the
rotary brush 685 and away from the air filter 631. Dust is
collected toward the central area by the inclined sides of
the scrapers 705 and is sent to the retention unit 699.
[0321] Fig. 31 is a cross-sectional view illustrating an-
other structure of the scrapers 705 illustrated in Fig. 30.
[0322] The scrapers 705 may be shaped as triangles
when viewed from the top, as shown in Fig. 30, or may
be shaped as rods when viewed from the top, as shown

in Fig. 31. The shape of the scrapers 705 is not limited.
Byproviding the scrapers 705 having the shape illustrated
in Fig. 31, the resistance when the brush unit 691 moves
through the gap between the scrapers 705 can be re-
duced.
[0323] The retention unit 699 covers the rotary brush
685 from below, as shown in Fig. 26, and is engaged with
the main body 697, as shown in Fig. 30. Dust removed
from the air filter 631 by the rotary brush 685 is temporarily
stored in the space defined by the retention unit 699, the
main body 697, and the rotary brush 685.
[0324] As shown in Fig. 26, the lower transmitting unit
675 is a rod-shaped member. On both ends of the lower
transmitting unit 675, grippers 709 configured to hold the
brackets 701 of the cleaning unit 633 are provided.
[0325] At substantially the center of the lower trans-
mitting unit 675, a lower engagement part 711 that is
engaged with the upper engagement parts 669 of the
upper transmitting unit 639 is provided. The lower en-
gagement part 711 has a smaller width compared to the
other parts of the lower transmitting unit 675. This narrow
part is engaged with the upper depression 671 of the
upper engagement part 669. As shown in Fig. 29, lower
depression 713 that are engaged with the cleaning unit
633 and hold the brackets 701 are provided at the tips
of the grippers 709.
[0326] Fig. 32 is a plan view illustrating the structure
of a dust-amount detecting unit provided on the base 619
of the air inlet grill 19 illustrated in Fig. 22. Fig. 33 is a
cross-sectional view illustrating the structure of the dust-
amount detecting unit illustrated in Fig. 32.
[0327] As shown in Fig. 32, a dust-amount detecting
unit 715 includes covers 717 configured to cover the
openings of the cleaning unit 633, a fan 719 configured
to take in air, and a flow sensor (sensor) 721 configured
to detect the flow rate of the air taken in by the fan 719.
[0328] As shown in Fig. 32, the covers 717 are dis-
posed opposite to the outer edges in the movement di-
rections (vertical direction in Fig. 32) of the cleaning unit
633 of the air filter 631. As shown in Fig. 33, the covers
717 are disposed on substantially the same plane as the
air filter 631.
[0329] The fan 719 and the flow sensor 721 are dis-
posed on the upper surface (upper side of Fig. 33) of one
of the covers 717. The fan 719 is rotated to suck out air
from the inside of the cleaning unit 633 through channels
(not shown in the drawings), i.e., through-holes, provided
in the covers 717. The flow sensor 721 detects the flow
rate of the air sucked out from the cleaning unit 633 by
the fan 719.
[0330] Through-holes having a small diameter are
formed in components such as the retention unit 699 of
the cleaning unit 633 so as to allow air to flow in from the
outside.
[0331] Next, the operation of the air conditioner 601
having the above-described structure will be described.
[0332] The operation of the air conditioner 601 in a
cooling mode and a heating mode and the indoor air flow
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inside the indoor unit 603 are the same as those accord-
ing to the first embodiment, and, therefore, descriptions
thereof are not repeated here.
[0333] Next, the cleaning operation of the air filter 631
characterizing this embodiment will be described below.
[0334] As described above, dust attached to the air
filter 631 while operating the indoor unit 603 is removed
by reciprocating the cleaning unit 633 along the surface
of the air filter 631.
[0335] More specifically, as shown in Fig. 23, the ro-
tational driving force of the driving motor 635 is transmit-
ted to the driving shaft 645, and the worm gear 647 is
rotationally driven. The worm gear 647 engaged with the
driving rack gear 649 is driven in a reciprocating manner
along the driving shaft. The driving direction of the worm
gear 647 is controlled by the rotational direction of the
driving motor 635. The reciprocating movement of the
worm gear 647 is transmitted to the upper transmitting
unit 639, and the upper transmitting unit 639 is moved in
a reciprocating manner together with the worm gear 647.
[0336] The cylindrical portions 651 of the worm gear
647 are in contact with the contact units 665 of the upper
transmitting unit 639, and, therefore, the worm gear 647
does not move more than a predetermined distance away
from the driving rack gear 649. Since the driving rack
gear 649 is interposed between the upper transmitting
unit 639 and the adjusting unit 655, the upper transmitting
unit 639 does not move more than a predetermined dis-
tance away from the driving rack gear 649.
[0337] As shown in Fig. 25, the reciprocating move-
ment transmitted to the upper transmitting unit 639 is
transmitted from the upper transmitting unit 639 to the
lower transmitting unit 675. Since the pressing plate 673
of the upper transmitting unit 639 is in contact with the
upper surface of the lower transmitting unit 675, the rel-
ative positions of the upper transmitting unit 639 and the
lower transmitting unit 675 do not change even when the
reciprocating movement is transmitted.
[0338] As shown in Fig. 29, the reciprocating move-
ment of the lower transmitting unit 675 is transmitted from
the grippers 709 to the brackets 701 of the cleaning unit
633 disposed on the lower surface of the air filter 631.
The reciprocating movement transmitted to the brackets
701 is transmitted from the dust box 687 to the rotary
brush 685.
[0339] The rotary brush 685 moves in a reciprocating
manner on the lower surface side of the air filter 631 and,
at the same time, is rotationally driven by engagement
of the pinion gears 693 and the rotary rack gears 677.
The reciprocating and rotational movements of the rotary
brush 685 cause the brush unit 691 of the rotary brush
685 to wipe the entire surface of the air filter 631 on the
air inlet side so as to remove the dust collected on the
air filter 631.
[0340] The speed of the reciprocating movement of
the rotary brush 685 and the rotational speed of the tips
of the brush unit 691 differ by a predetermined value.
This difference in speed enables the brush unit 691 to

wipe the entire surface of the air filter 631. As a method
of generating such a speed difference, for example, the
diameters of the pinion gears 693 and the brush unit 691
may be set to have a predetermined ratio.
[0341] Some of the dust removed by the brush unit 691
falls by gravity and the rest remains is attached to the
brush unit 691. As shown in Fig. 30, some of the dust
that has fallen drops through the gap between the scrap-
ers 705 into the retention unit 699, and the rest of the
dust that has fallen drops onto the scrapers 705 and
slides along the inclined sides of the scrapers 705 into
the retention unit 699.
[0342] The dust attached to the brush unit 691 is
scraped off from the brush unit 691 when the brush unit
691 passes through the gap between the scrapers 705.
The dust scraped off by the scrapers 705 drops through
the gap between the scrapers 705 to the retention unit
699.
[0343] Since the scrapers 705 and the rotary brush
685 are disposed above the dust accumulated inside the
retention unit 699 so that the dust is blocked by the scrap-
ers 705 and the rotary brush 685, the dust does not fall
outside the cleaning unit 633.
[0344] Next, a method of removing dust stored inside
the retention unit 699 will be described.
[0345] First, a method of detecting the amount of dust
stored inside the retention unit 699 will be described.
[0346] As shown in Fig. 33, the cleaning unit 633 that
has removed dust from the air filter 631 is moved from
an area where the air filter 631 is disposed to an area
where one of the covers 717 of the dust-amount detecting
unit 715 is disposed.
[0347] When the cleaning unit 633 is moved to the area
of the cover 717, the fan 719 rotates, and air is sucked
into the cleaning unit 633. The flow sensor 721 detects
the flow rate of the air sucked in by the fan 719 so as to
estimate the amount of dust stored, based on the flow
rate. While the cleaning unit 633 is cleaning the air filter
631, the fan 719 is turned off, and the amount of dust is
not detected.
[0348] For example, if a large amount of dust is stored
in the retention unit 699, the flow rate of the air sucked
in by the fan 719 is reduced, whereas, if a small amount
of dust is stored in the retention unit 699, the flow rate of
the air sucked in by the fan 719 is increased.
[0349] As described above, the flow sensor 721 con-
figured to detect the flow rate of the air sucked in by the
fan 719 may be provided on the dust-amount detecting
unit 715 or, instead, a pressure-loss sensor configured
to detect the pressure loss (pressure) in the air sucked
in by the fan 719 may be provided. The type of sensor is
not limited. In the case where a pressure-loss sensor is
used, if a large amount of dust is stored in the retention
unit 699, the pressure loss in the air flow sucked in by
the fan 719 is large, whereas, if a small amount of dust
is stored in the retention unit 699, the pressure loss in
the air flow sucked in by the fan 719 is small.
[0350] If the amount of dust detected by the dust-
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amount detecting unit 715 is more than a predetermined
amount, for example, the operator is warned by the indoor
unit 603 that the dust inside the retention unit 699 must
be removed.
[0351] To remove dust stored inside the retention unit
699, first, as shown in Fig. 22, the air inlet grill 19 is low-
ered from the top panel 14. Since the lowering procedure
of the air inlet grill 19 is the same as that according to
the first embodiment, a description thereof is not repeat-
ed.
[0352] Since the air inlet grill 19 includes the air filter
631, the cleaning unit 633, and the lower transmitting unit
675, by lowering the air inlet grill 19, the air filter 631, the
cleaning unit 633, and the lower transmitting unit 675 are
also simultaneously lowered from the top panel 14.
[0353] At this time, the transmission path of the driving
force from the driving motor 635 to the cleaning unit 633
is cut off between the upper transmitting unit 639 and the
lower transmitting unit 675. In other words, as shown in
Fig. 25, the upper transmitting unit 639 and the lower
transmitting unit 675 are disengaged by lowering the low-
er transmitting unit 675 together with the air filter 631 and
so on. Before lowering the air inlet grill 19 from the top
panel 14, the cleaning unit 633 is moved to one of the
edges (the right edge in Fig. 22) of the air filter 631.
[0354] Fig. 34 illustrates a method of removing the
cleaning unit 633 from the air filter 631 illustrated in Fig 22.
[0355] First, the lower transmitting unit 675 engaged
with the cleaning unit 633 on the lowered air inlet grill 19
is removed. As shown in Fig. 29, since the cleaning unit
633 and the lower transmitting unit 675 are engaged by
the grippers 709 holding the brackets 701 from above,
by pulling the grippers 709 upward, the lower transmitting
unit 675 can be removed from the cleaning unit 633.
[0356] Fig. 35 illustrates the method of removing the
cleaning unit 633 from the air filter 631 illustrated in Fig.
22.
[0357] When the lower transmitting unit 675 is dis-
posed on the upper surface of the air filter 631, as shown
in Fig. 35, the air filter 631 is pivoted on a first edge (the
right edge in Fig. 35) so as to lift a second edge (the left
edge in Fig. 35).
[0358] When the second edge of the air filter 631 is
raised, the cleaning unit 633 disposed on the lower sur-
face side of the air filter 631 is exposed. The cleaning
unit 633 is removed upward from the air inlet grill 19.
[0359] Fig. 36 illustrates the method of removing the
cleaning unit 633 from the air filter 631 illustrated in Fig.
22.
[0360] As shown in Fig. 36, the main body 697 of the
dust box 687 and the retention unit 699 of the cleaning
unit 633 removed from the air filter 631 are separated.
Then, the dust stored inside the retention unit 699 is re-
moved.
[0361] After removing the dust from the retention unit
699, the cleaning unit 633, the air filter 631, and the air
inlet grill 19 are re-assembled by following the above-
described steps in the reversed order. Then, the air inlet

grill 19 is raised.
[0362] According to the above-described structure, the
driving force generated at the driving motor 635 can be
transmitted to the cleaning unit 633 via the reciprocating
unit 637, the upper transmitting unit 639, and the lower
transmitting unit 675. Therefore, the cleaning unit 633
can be moved along the surface of the air filter 631 on
the air inlet side by the driving force transmitted from the
driving motor 635, and the rotary brush 685 can remove
dust collected on the air filter 631.
[0363] The driving motor 635, the reciprocating unit
637, and the upper transmitting unit 639 are disposed on
the frame 641 disposed on the top panel 14. The cleaning
unit 633 and the lower transmitting unit 675 are disposed
on the air filter 631. The upper transmitting unit 639 and
the lower transmitting unit 675 are detachably engaged
with each other. Therefore, both detachment of the air
inlet grill 19, including the air filter 631, from the chassis
15 and driving of the cleaning unit 633 by the driving
motor 635 can be achieved.
[0364] More specifically, since the upper transmitting
unit 639 and the lower transmitting unit 675 are disen-
gaged when the air inlet grill 19 is detached from the
chassis 15, the detachment of the air inlet grill 19 is not
hindered. Moreover, since the upper transmitting unit 639
and the lower transmitting unit 675 are engaged again
when the air inlet grill 19 that has been detached is re-
attached to the chassis 15, the driving of the cleaning
unit 633 by the driving motor 635 is not hindered.
[0365] According to this structure, it is possible to re-
move only the cleaning unit 633 and the air filter 631 that
require maintenance from the chassis 15. In this way,
the work load required for carrying out maintenance on
an air filter 631 and so on can be reduced.
[0366] Since the lower transmitting unit 675 is dis-
posed on the air outlet side of the air filter 631, the air
filter 631 is interposed between the cleaning unit 633 and
the lower transmitting unit 675. Therefore, the air filter
631, the cleaning unit 633, and the lower transmitting unit
675 can be detached from the chassis 15 as a unit.
[0367] Since the lower transmitting unit 675 is detach-
ably joined with the cleaning unit 633, the air filter 631
and the cleaning unit 633 can be removed independently
from the unit formed of the air filter 631, the cleaning unit
633, and the lower transmitting unit 675 removed from
the chassis 15. Therefore, maintenance of the cleaning
unit 633 and the air filter 631 can be easily carried out.
[0368] Since the rotary brush 685 includes the rotary
shaft 689 on which the rotary brush 685 rotates around
the longitudinal axis thereof and the brush unit 691 that
extends in the radial direction of the rotary shaft 689, by
rotating the rotary shaft 689, the brush unit 691 rotates
to remove dust collected on the air filter 631.
[0369] The dust box 687 covers the rotary brush 685
and is capable of temporarily storing the dust removed
from the air filter 631 by the rotary brush 685. Since the
dust box 687 has an opening where the rotary brush 685
can contact the air filter 631, by letting the rotary brush
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685 come into contact with the air filter 631, the dust
collected on the air filter 631 can be removed by the rotary
brush 685.
[0370] Since the pinion gears 693 are provided on both
ends of the rotary shaft 689 and the rotary rack gears
677 that are engaged with the pinion gears 693 are pro-
vided on the air filter 631, the driving force that moves
the cleaning unit 633 along the surface of the air filter
631 is converted into a rotational driving force for rotating
the rotary brush 685.
[0371] More specifically, when the cleaning unit 633
moves, the rotary brush 685 also moves along the sur-
face of the air filter 631. At this time, since the pinion
gears 693 and the rotary rack gears 677 are engaged,
the driving force that moves the rotary brush 685 along
the surface of the air filter 631 is converted into a rota-
tional driving force for rotating the rotary brush 685.
[0372] Since the pinion gears 693 are provided at both
ends of the rotary shaft 689, the rotational driving force
for rotating the rotary brush 685 is generated at both ends
of the rotary shaft 689. Therefore, the rotary brush 685
can be stably rotated compared to a case in which the
rotational driving force is generated at only one end of
the rotary shaft 689.
[0373] Since the scrapers 705 extending toward the
rotary brush 685 are provided on the inner surface of the
dust box 687, dust attached to the rotary brush 685 can
be removed. More specifically, dust attached to the brush
unit 691 is removed when the brush unit 691 passes
through the gap between the scrapers 705 while the ro-
tary brush 685 is rotating.
[0374] The dust removed by the scrapers 705 is tem-
porarily stored inside the dust box 687. The scrapers 705
function as covers that prevent the dust temporarily
stored in the dust box 687 from escaping.
[0375] Since the rotational speed of the tips of the
brush unit 691 and the speed of the rotary brush 685
moving along the surface of the air filter 631 differ by a
predetermined value, the entire surface of the air filter
631 can be cleaned. More specifically, since the rotation-
al speed of the tips of the brush unit 691 and the move-
ment speed of the rotary brush 685 have a predetermined
difference, the tips of the brush unit 691 are capable of
wiping the surface of the air filter 631 at a predetermined
speed. Therefore, the brush unit 691 of the rotary brush
685 contacts the entire air filter 631 and cleans the entire
surface of the air filter 631 more thoroughly compared to
when the difference between the rotational speed of the
tips of the brush unit 691 and the movement speed of
the rotary brush 685 is small.
[0376] Since the sliding units 695 configured to reduce
sliding resistance caused by the rotation of the rotary
shaft 689 are provided between the rotary shaft 689 and
the dust box 687, the life of the rotary shaft 689 and the
life of the dust box 687 can be extended. More specifi-
cally, by providing the sliding units 695, friction generated
at the contact area of the rotary shaft 689 and the dust
box 687 is reduced, and the amount of abrasion at the

contact area is reduced. Therefore, the life of the rotary
brush 685 and the life of the dust box 687 can be extend-
ed.
[0377] Since the dust-amount detecting unit 715 is pro-
vided, the amount of dust stored in the dust box 687 can
be detected. Therefore, the dust box 687 can be prevent-
ed from being filled with dust, and a reduction in the ability
to remove dust by the cleaning unit 633 can be prevented.
[0378] More specifically, the amount of dust stored in
the dust box 687 can be detected by the fan 719 and the
flow sensor 721 included in the dust-amount detecting
unit 715. If a small amount of dust is stored in the dust
box 687, the flow rate or the pressure of the air passing
through the dust box 687 increases. On the contrary, if
a large amount of dust is stored in the dust box 687, the
flow rate or the pressure of the air passing through the
dust box 687 decreases. By detecting the flow rate or
pressure of the air with the flow sensor 721, the amount
of dust stored in the dust box 687 can be estimated.
[0379] When the reciprocating unit 637 is disposed in
substantially the center of the cleaning unit 633 and ex-
tends toward the direction intersecting with the longitu-
dinal direction of the cleaning unit 633, the driving force
of the reciprocating unit 637 is transmitted to both ends
of the cleaning unit 633. Therefore, the cleaning unit 633
can be stably moved. In other words, the same amount
of driving force can be transmitted to both ends of the
cleaning unit 633 and the cleaning unit 633 can be stably
driven compared to a method in which the driving force
is transmitted to substantially the central area of the
cleaning unit 633.
[0380] Moreover, the number of reciprocating units
637 provided can be reduced and the size of the indoor
unit 603 can be reduced compared to a method in which
the driving force is transmitted to substantially the central
area of the cleaning unit 633.
[0381] Since the worm gear 647 engaged with the driv-
ing rack gear 649 is rotationally driven by the driving shaft
645, the worm gear 647 is reciprocated in the direction
parallel to the driving rack gear 649. Since the recipro-
cating movement of the worm gear 647 is transmitted to
the cleaning unit 633 via the upper transmitting unit 639
and the lower transmitting unit 675, the cleaning unit 633
is reciprocated.
[0382] Since the adjusting unit 655 is provided, for ex-
ample, the distance between the worm gear 647 and the
driving rack gear 649 can be prevented from increasing,
and, therefore, the worm gear 647 can be prevented from
disengaging from the driving rack gear 649.
[0383] Since the adjusting unit 655, the screws 657,
and the contact units 665 are provided, the upper trans-
mitting unit 639 can be prevented from disengaging from
the worm gear 647. For example, when sliding load gen-
erated between the worm gear 647 and the upper trans-
mitting unit 639 and a resistive force generated when the
cleaning unit 633 moves are applied to the upper trans-
mitting unit 639, the upper transmitting unit 639 is pre-
vented from disengaging from the worm gear 647.
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[0384] Since the air filter 631 is supported by the air
inlet grill 19, the air filter 631 can be removed from the
chassis 15 together with the air inlet grill 19. In this way,
the air filter 631 can be easily removed from the chassis
15.
[0385] Since one of the edges of the air filter 631 is
rotatably supported on the air inlet grill 19, the cleaning
unit 633 can be easily detached from and attached to the
air filter 631.
[0386] By providing the spacer 614 between the chas-
sis 15 and the top panel 14, a space can be provided in
the indoor unit 603 that contains the driving motor 635,
the reciprocating unit 637, the upper transmitting unit
639, the lower transmitting unit 675, and the cleaning unit
633.
[0387] In this way, the chassis 15, the indoor fan 21,
the indoor heat-exchanger 23, and the other components
included in the part of the indoor unit 603 that does not
include the cleaning unit 633 and the components of the
indoor unit 603 according to this embodiment can have
some common structures. As a result, the production
costs of the indoor unit 603 can be reduced.
[0388] The reciprocating unit 637 may be disposed in
substantially the central area of the cleaning unit 633, as
in this embodiment. However, the position of the recip-
rocating unit 637 is not limited thereto, and, instead, two
reciprocating units 637 may be disposed in the vicinities
of both ends of the cleaning unit 633 to extend in the
direction intersecting with the longitudinal direction of the
cleaning unit 633.
[0389] According to such a structure, since the driving
force of the reciprocating unit 637 is transmitted to both
ends of the cleaning unit 633, the cleaning unit 633 can
be moved stably. In this way, compared to the present
embodiment in which the driving force is transmitted to
substantially the central area of the cleaning unit 633,
the same amount of driving force can be transmitted to
both ends of the cleaning unit 633, and the cleaning unit
633 can be driven more stably.
[0390] Furthermore, in such a case, compared to the
present embodiment in which one reciprocating unit 637
is provided in substantially the central area of the cleaning
unit 633, each of the reciprocating unit 637 can be re-
duced in size.
[0391] The reciprocating unit 637 may be constituted
of the driving shaft 645, the driving rack gear 649, and
the worm gear 647, as in this embodiment. However, the
configuration of the reciprocating unit 637 is not limited
thereto, and, instead, the reciprocating unit 637 may have
a belt driving mechanism.
[0392] According to such a configuration, compared to
the present embodiment in which the reciprocating unit
637 is constituted of the driving shaft 645, the driving rack
gear 649, and the worm gear 647, the structure of the
reciprocating unit 637 can be simplified. Moreover, the
type of driving motor 635 provided for this belt driving
mechanism can be selected more freely.
[0393] An embodiment in which the spacer 614 is pro-

vided between the chassis 15 and the top panel 14 has
been described above. However, this spacer 614 is not
required. In other words, when the cleaning unit 633 is
provided as an optional component, the spacer 614 is
required for creating a space for disposing the cleaning
unit 633. However, when the cleaning unit 633 is provided
as a standard component, the cleaning unit 633 can be
incorporated into the indoor unit 603 without using a spac-
er.
[0394] The scope of the present invention is not limited
by the above-described embodiments, and various mod-
ifications of the present invention can be made within the
scope of the present invention.
[0395] For example, the air conditioner according to
the above-described embodiments includes one indoor
unit and one outdoor unit. However, the number of indoor
and outdoor units is not limited thereto, and the air con-
ditioner may include a plurality of indoor units and one
outdoor unit or may include a plurality of outdoor units
and one indoor unit.

Claims

1. An indoor unit comprising:

a chassis installed on a ceiling;
an air inlet section configured to allow indoor air
to flow into the chassis;
an air filter configured to collect dust in the air
flowing from the air inlet section;
a dust-removing unit configured to remove dust
attached to the air filter;
a collecting unit configured to collect the dust
removed by the dust-removing unit; and
a raising unit configured to support the collecting
unit and to raise and lower the collecting unit to
and from the chassis.

2. The indoor unit according to Claim 1, wherein the
raising unit holds the collecting unit and the air filter
and is capable of raising and lowering the collecting
unit and the air filter.

3. The indoor unit according to Claim 1, wherein,
an air inlet and a panel configured to support the air
filter are provided on the air inlet section, and
the raising unit supports the collecting unit and the
panel in a manner such that the collecting unit and
the panel are raised and lowered the collecting unit
and the air filter.

4. The indoor unit according to Claim 1, further com-
prising:

a driving unit configured to move the dust-re-
moving unit and the air filter relative to each oth-
er.
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5. The indoor unit according to Claim 4, wherein the
driving unit is disposed on the chassis.

6. An air conditioner comprising:

an indoor unit according to Claim 1; and
an outdoor unit,
wherein the indoor unit and the outdoor unit to-
gether constitute a refrigerant circuit configured
to circulate a refrigerant.

7. An indoor unit comprising:

a chassis installed on a ceiling;
an air inlet section configured to take in air and
provided on a lower panel of the chassis;
an air filter configured to collect dust in the air
taken in and detachably attached to the air inlet
section;
a cleaning unit movable along a surface on the
air inlet side of the air filter, the cleaning unit
including:

a dust-removing unit configured to remove
dust collected on the air filter; and
a collecting unit configured to temporarily
store the dust removed from the air filter;

a driving unit configured to generate a driving
force for moving the cleaning unit;
a reciprocating unit driven in a reciprocating
manner by the driving unit;
a first transmitting unit configured to receive the
driving force from the reciprocating unit; and
a second transmitting unit configured to transmit
the driving force from the first transmitting unit
to the cleaning unit, wherein
the driving unit, the reciprocating unit, and the
first transmitting unit are disposed on the chas-
sis, and the cleaning unit and the second trans-
mitting unit are disposed on the air filter, and
the first transmitting unit and the second trans-
mitting unit are capable of engaging and disen-
gaging.

8. The indoor unit according to Claim 7, wherein,
the second transmitting unit is disposed on the sur-
face of the air filter on the air outlet side, and
the second transmitting unit is detachably joined with
the cleaning unit.

9. The indoor unit according to Claim 7, wherein,
the dust-removing unit includes a rotary brush having
a rotary shaft rotating around the central axial line
and a brush unit extending in the radial direction of
the rotary shaft, and
the collecting unit covers the rotary brush and has
an opening where the rotary brush contacts the air

filter.

10. The indoor unit according to Claim 9, wherein,
pinion gears rotatable around the central axial line
are provided at both ends of the rotary shaft, and
rotary rack gears engageable with the pinion gears
are provided on the air filter.

11. The indoor unit according to Claim 9, wherein the
collecting unit includes scrapers extending from the
inner surface of the collecting unit toward the rotary
brush.

12. The indoor unit according to Claim 9, wherein the
difference between the rotational speed of the tips
of the brush unit of the rotary brush and the speed
of the rotary brush moving along the surface of the
air filter on the air inlet side is a predetermined value.

13. The indoor unit according to Claim 9, wherein a slid-
ing unit configured to reduce sliding resistance due
to the rotation of the rotary shaft is interposed be-
tween the rotary shaft and the collecting unit.

14. The indoor unit according to Claim 7, further com-
prising:

a dust-amount detecting unit configured to de-
tect the amount of dust collected in the collecting
unit.

15. The indoor unit according to Claim 14, wherein,
a through-hole is formed in the collecting unit, and
the dust-amount detecting unit includes:

a fan configured to take in air from the through-
hole through the collecting unit, and
a sensor configured to detect at least one of the
flow rate of the air taken in by the fan and the
pressure of the air.

16. The indoor unit according to Claim 7, wherein
the reciprocating unit is disposed in substantially the
central area of the cleaning unit in the direction in-
tersecting with the longitudinal direction of the clean-
ing unit, and
the driving force of the reciprocating unit is transmit-
ted to both ends of the cleaning unit.

17. The indoor unit according to Claim 7, wherein:

two of the reciprocating units are disposed in the
vicinities of both ends of the cleaning unit and
extend in the direction intersecting with the lon-
gitudinal direction of the cleaning unit, and
the driving force of the reciprocating units is
transmitted to both ends of the cleaning unit.
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18. The indoor unit according to Claim 7, wherein,
the reciprocating unit is a belt-driven mechanism,
and
the driving force of the reciprocating unit is transmit-
ted to the first transmitting unit.

19. The indoor unit according to Claim 7, wherein,
the reciprocating unit includes:

a driving shaft configured to rotate around the
center axial line;
a worm gear rotated by the driving shaft; and
a driving rack gear fixed on the chassis,

wherein, the worm gear and the driving rack gear
are engaged, and
the worm gear is connected to the first transmitting
unit.

20. The indoor unit according to Claim 19, wherein the
reciprocating unit includes an adjusting unit config-
ured to adjust the distance between the worm gear
and the driving rack gear.

21. The indoor unit according to Claim 19, further com-
prising:

a disengagement-prevention unit configured to
prevent the first transmitting unit from disengag-
ing from the worm gear.

22. The indoor unit according to Claim 7, wherein the air
inlet section includes an air inlet and a panel config-
ured to support the air filter.

23. The indoor unit according to Claim 7, wherein the air
filter is pivotably supported at one of the edges there-
of.

24. The indoor unit according to Claim 22, further com-
prising:

a raising unit configured to support the panel
and the air filter in a manner such that the panel
and the air filter are raised to and lowered from
the chassis.

25. An air conditioner comprising:

the indoor unit according to Claim 7; and
an outdoor unit,
wherein the indoor unit and the outdoor unit to-
gether constitute a refrigerant circuit configured
to circulate a refrigerant.
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