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(57)  Anin-ceiling type air conditioner (50) including
an unit body (2) which contains a heat exchanger (16)
and an air blower (10) and is mounted in the ceiling (1),
a decorative panel (7) provided on the ceiling face, an
elevating panel with an air filter (24) which is upwardly
and downwardly moved by an elevating motor (140), a
driver circuit for supplying an operating current to the
elevating motor to rotate the elevating motor (140) for-
wardly and backwardly, a controller (160) for outputting
a control signal to the driver circuit and controlling the
driver circuit (305) on the basis of the control signal, a
consumption current detector for detecting the con-

In-ceiling type air conditioner having controller for upward and downward motion of

sumption current (307) of the elevating motor (140) at all
times to output a detection result to the controller (160),
and a timer (309) for counting a predetermined time and
outputting the count result to the controller (160). When
the consumption current detected by the consumption
current detector exceeds a predetermined value during
the upward or downward motion of the elevating panel,
the controller outputs an operation stop instruction to
the driver circuit to stop the rotation of the elevating
motor (140) and thus stop the elevating panel.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an improvement of
an in-ceiling type air conditioner having a control system
for controlling the upward and downward motion of a
panel which is upwardly and downwardly movable
(hereinafter referred to as "elevating panel”) and pro-
vided with an air filter for cleaning suck-in air into the in-
ceiling type air conditioner.

2. Description of the Related Art

There has been generally known an in-ceiling type
air conditioner in which an air suction grill having an ele-
vating panel is supported so as to be freely upwardly
and downwardly moved relatively to the lower face of a
decorative panel by using an elevating motor. In this
type of air conditioner, a work for replacing an air filter
with a new one can be performed at a lower place
because an sir suction grill provided with the air filter is
controllable to be downwardly moved to the lower place.

The conventional in-ceiling type air conditioner as
described above is provided with upper and lower limits
switches for detecting the upper limit position and the
lower limit position of the elevating panel, respectively.
When the air suction grill is downwardly moved and
stopped at the lower limit position, the elevating motor is
stopped on the basis of a signal from the lower limit
switch which is adapted to detect the lower limit posi-
tion. On the other hand, when the air suction grill is
upwardly moved and stopped at the upper limit position,
the elevating motor is stopped on the basis of a signal
from the upper limit switch which is adapted to detect
the upper limit position.

Particularly when the air suction grill is stopped at
the upper limit position, the air suction grill is upwardly
moved until the four comers of the air suction grill uni-
formly come into contact with the lower face of the dec-
orative panel so that the air suction grill is not inclined,
and then stopped at that position while keeping a hori-
zontal position.

In the prior art, a limit switch must be provided to
stop the air suction grill at the upper limit position or the
lower limit position as described above, resulting in
increase of the number of parts and the number of elec-
trical wires and also disturbing the reduction in cost. In
addition, the rate of failure is also increased.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to
provide an in-ceiling type air conditioner in which the
number of parts and the number of electrical wires are
reduced, a air suction grill can be stopped at the upper
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limit position or the lower limit position at a low failure
rate and at a low cost, and also the inclination of the air
suction grill can be corrected when the air suction grill is
stopped at the upper limit position.

In order to attain the above object, according to the
present invention, an in-ceiling type air conditioner
includes a unit body which contains a heat exchanger
and an air blower and is mounted in the ceiling, a deco-
rative panel provided on the ceiling face, and an elevat-
ing panel with an air filter, to which one ends of
suspending ropes are fixed, the other ends of the sus-
pending ropes being fixed to pulleys which are rotation-
ally driven by an elevating motor, the suspending ropes
being unreeled/rewound by actuating the elevating
motor to move the elevating panel upwardly and down-
wardly, is characterized by further including consump-
tion current detecting means for detecting the
consumption current of the elevating motor, stop
instructing means for outputting an operation stop
instruction when the detection result of the consumption
current detecting means is over a predetermined set
value during the upward or downward motion of the ele-
vating panel, and motor stop control means for stopping
the elevating motor in response to the operation stop
instruction from the stop instruction means.

According to the present invention, when the ele-
vating panel is being upwardly moved, the consumption
current of the elevating motor is kept constant. However,
when the elevating panel arrives at the upper limit posi-
tion, the load imposed on the elevating motor increases,
and finally it is over a predetermined value. In this case,
the consumption current detecting means detects this
situation, the operation stop instruction is output to the
motor stop control means, and the motor stop control
means stops the elevating motor, whereby the elevating
panel is stopped at the upper lower limit position. Fur-
ther, when the elevating panel is downwardly moved to
the lower limit position, the rotation of the elevating
motor is continued. Therefore, the rotation of the pulleys
works to rewind the ropes after all the ropes are
unreeled. The load of the elevating motor when the
ropes are unreeled relatively small, and thus a relatively
small consumption current is detected by the consump-
tion current detecting means. However, the load on the
elevating motor when the ropes are rewound after the
ropes are unreeled, becomes relatively larger than the
dead weight of the elevating panel, and thus the con-
sumption current is increased. Therefore, the consump-
tion current detecting means detects a relatively large
consumption current. If the consumption current
detected by the consumption current detecting means
exceeds a predetermined set value, the operation stop
signal is output from the stop instruction means, and the
motor stop control means stops the elevating motor.

In the in-ceiling type air conditioner as described
above, the stop instruction means outputs the operation
stop instruction when the detection result of the con-
sumption current detecting means is over a first set
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value during the upward motion of the elevating panel,
or when the detection result of the consumption current
detecting means is over a second set value during the
downward motion of the elevating panel.

According to the above in-ceiling type air condi-
tioner as described above, for example when the load
on the elevating motor increases in the progress of the
upward motion of the elevating panel to the upper limit
position and the consumption current finally exceeds
the first set value, the timer is started, and the elevating
motor is stopped after the predetermined time elapses.
The first set value is set to a value larger than the con-
sumption current which is took by the elevating motor
when the elevating grill is upwardly moved, and it is pre-
determined in accordance with the load of the elevating
motor which is increased when the elevating panel
arrives at the upper limit position. Further, when the
load on the elevating motor is increased in the progress
of the lower limit position of the elevating panel and the
consumption current finally exceeds the second set
value, the elevating motor is immediately stopped. The
second set value is set to be smaller than the first set
value, and it is set on the basis of the consumption cur-
rent which is took by the elevating motor when the ele-
vating panel is upwardly moved.

In the in-ceiling type air conditioner as described
above, the motor stop control means stops the elevating
motor when a predetermined time elapses alter receiv-
ing the operation stop instruction from the stop instruc-
tion means.

According the above in-ceiling type air conditioner
as described above, the elevating motor is stopped after
the predetermined time elapses from the time when the
operation stop instruction is output from the stop
instruction means. Therefore, after the elevating panel
arrives at the upper limit position, the elevating motor is
rotated for the predetermined time to correct the inclina-
tion of the elevating panel.

The in-ceiling type air conditioner as described
above further includes a timer for counting the predeter-
mined time after the operation stop instruction is output,
wherein the motor stop control means stops the elevat-
ing motor in response to the output result of the timer.

Further, according to the present invention, a con-
trol device for controlling the upward and downward
motion of an elevating panel of an in-ceiling type air con-
ditioner, comprising, an elevating motor for moving the
elevating panel upwardly and downwardly, a driver cir-
cuit for supplying an operating current to the elevating
motor to rotate the elevating motor forwardly and back-
wardly, a controller for outputting a control signal to the
driver circuit and controlling the driver circuit on the
basis of the control signal, a consumption current detec-
tor for detecting the consumption current of the elevat-
ing motor at all times to output a detection result to the
controller, a timer for counting a predetermined time and
outputting the count result to the controller, wherein
when the consumption current detected by the con-
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sumption current detector exceeds a predetermined
value during the upward or downward motion of the ele-
vating panel, the controller outputs an operation stop
instruction to the driver circuit to stop the rotation of the
elevating motor and thus stop the elevating panel.

When the control device as described above is
installed into an in-ceiling type air conditioner, the same
effects as described above can be obtained.

According to the control device as described above,
the predetermined time is set to such an enough time
that the overall periphery of said elevating panel can
perfectly arrive at the upper limit position of the upward
motion or at the lower limit position of the downward
motion thereof. Therefore, the elevating panel can be
stopped at the upper or lower limit position while it is
surely kept in a horizontal position when arriving at the
upper limit position or lower limit position.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view showing an embodi-
ment of an in-ceiling type air conditioner;

Fig. 2 is a plane view showing a air suction grill;
Fig. 3 is a perspective view showing the state where
the air suction grill is suspended;

Fig. 4 is a longitudinal sectional view showing the
in-ceiling type air conditioner;

Fig. 5 is a block diagram showing a control system
for the air conditioner of the present invention;

Fig. 6 is a flowchart showing a processing flow at
the front stage of the present invention;

Fig. 7 is a flowchart showing a processing flow at
the rear stage of the present invention;

Fig. 8 is a perspective view showing another
embodiment of the in-ceiling type air conditioner of
the present invention;

Fig. 9 is a cross-sectional view showing the in-ceil-
ing type air conditioner shown in Fig. 8; and

Fig. 10 is a perspective view showing a center
panel.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments according to the present
invention will be described with reference to the accom-
panying drawings.

Fig. 4 is a longitudinal sectional view showing anin-
ceiling type air conditioner. In Fig. 4, reference numeral
50 represents an air conditioner.

The air conditioner 50 includes a unit main body 2
which is mounted in the ceiling 1 and formed of a metal
plate, a decorative panel 7 which has an air suck-in port
3 at the center thereof and air blow-out ports 4 on the
four sides of the peripheral portion thereof and provided
in the ceiling plane so as to dose a ceiling hole 5, and a
air suction grill 9 (elevating panel) having an air suck-in
port 8 at the center thereof.
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Reference numeral 10 represents an air blower
which comprises a turbo fan 11 and a fan motor 13
secured on the ceiling plate 12, reference numeral 14
represents a nozzle port for guiding indoor air from the
air suck-in port 8 to the turbo fan 11, reference numeral
15 represents a drain pan which has an inwardly pro-
jecting portion 15a and an outwardly projecting portion
15b and is formed of styrolfoam in a squared annular
form, and reference numeral 16 represents a plate fin
type heat exchanger which is disposed at the discharge
side of the turbo fan 11 so as to surround the fan annu-
larly. Reference numeral 17 represents a heat insulator
which is wound around the peripheral surface of the unit
body 2, reference numeral 21 represents an air guide
unit for guiding to an air blow-out port 4 air which is
heat-exchanged by the heat exchanger 16, reference
numeral 22 represents a suspending bolt through which
the unit body 2 is suspended from a ceiling girder by a
hook member, and reference numeral 24 represents an
air filter which is secured at the downstream side of the
air suction grill 9 and adapted to purity the suck-in air.

Referring to Figs. 1 to 3, the air suction grill 9 is sup-
ported to the unit body 2 through four suspending ropes
31 so as to be freely upwardly and downwardly moved.
Each of the four suspending ropes 31 is formed of a
resin wire or metal wire which is coated with vinyl coat-
ing on the outer periphery thereof, however, it may com-
prise a dial cord. As shown in Fig. 3, one ends 31a of
the four suspending ropes 31 are connected to hooks
90a of air suction grill reinforcing members 90 as shown
in Fig. 3, and the other ends 31c¢ of two suspending
ropes of the four suspending ropes 31 are wound
around main pulleys 100A while the other ends 31¢ of
the other two suspending ropes 31 are wound around
main pulleys 100B through rope guides 200 or auxiliary
pulleys (not shown), respectively.

The air suction grill reinforcing members 90 are
fixed to the two sides of the air suction grill 9 by screws
or the like and function as hooks for the four suspending
ropes 31. In addition, the air suction grill reinforcing
members 90 also function to reinforce the air suction
grill 9 and prevent the lateral displacement of the air fil-
ter 24 (Fig. 4) which is mounted on the suck-in face of
the air suction grill 9.

As shown in Fig. 2, the totally four main pulleys
100A and 100B are linked to both the end portions of a
shaft 110 while each pulley 100A and each pulley 100B
are paired. Each of the main pulleys 100A and 100B are
formed with a hole therein, and the shalt 110 is inserted
into the holes of these main pulleys 100A and 100B so
that the pulleys are freely rotatable around the shalt 110
through the holes. A fixing member 120 is fixed to the
shalt portion of the shalt 110 through plural screws or
the like, and a rotational force transmitting means such
as a leaf spring, an electromagnet or the like (hereinaf-
ter referred to as "coil spring”) 130 is interposed
between the fixing member 120 and the main pulley
100A, 100B.
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Reference numeral 125 represents a freely rotating
ring. In such a situation that only the dead weight of the
air suction grill 9 is applied to the four suspending ropes
31, the fixing members 120, the main pulleys 100A,
100B and the rings are kept to be frictionally linked to
one another by the spring force of the coil spring 130,
and the four suspending ropes 31 are
unreeled/rewound interlockingly with the rotation of the
shaft 110. However, when an excessive load is imposed
on the four suspending ropes 31, the main pulleys 100A
and 100B turn free against the spring force of the coil
spring 130.

Further, according to this embodiment, a mecha-
nism 150 for upwardly and downwardly moving the air
suction grill 9 (hereinafter referred to as "elevating
mechanism”), that is, the elevating mechanism 150
comprising the main pulleys 100A and 100B, the shalt
110, a clutch containing the rotational force transmitting
means 130 and a air suction grill elevating motor (DC
motor) 140 as described later, etc. are collectively dis-
posed on a support plate 151 which is provided so as to
extend in the open portion of the unit body 2.

As shown in Fig. 2, the support plate 151 is fixed to
the decorative panel 7, and the elevating mechanism
150 described above is fixed to the decorative panel
side. Further, a controller 160 for controlling the air con-
ditioner is provided in the open portion of the unit body
2 so as to confront the support plate 151. The controller
160 and the support plate 151 are disposed so as to
extend in the so-called air sucking open portion of the
unit body 2. That is, the support plate 151 is disposed
so as to extend in an area 190A while the controller 160
is disposed so as to extend in an area 190B, however,
the existence of the support plate 151 and the controller
160 do not disturb the air sucking function because the
air can be sufficiently sucked in through the residual
space 170. The elevating mechanism 150 described
above is fixed to the decorative panel 7, however, the
controller 160 is fixed to the unit body 2.

The elevating mechanism 150 will be hereunder
described in detail.

The shalt 110 is freely rotatably mounted on the
support plate 151 through two bearings 152. A gear 153
is fixed to the substantially center portion of the shaft
110. The gear 153 is engaged with a gear 154, and the
gear 154 is fixed to the output shaft of the motor 140 for
elevating (upwardly and downwardly moving) the air
suction grill as described above. Reference numeral
141 represents a capacitor for the motor, and reference
numeral 143 represents a timer for correction.

A pull switch (operating switch) is provided as an
instructing unit to move the air suction grill 9 upwardly
and downwardly as shown in Fig. 1. A rotary type pull
switch is used as the pull switch 51, upon repetitive pull
operation of the switch, the air suction grill elevating
motor 140 repetitively performs "forward rotation”,
"stop” and "backward rotation” in this order, and thus the
air suction grill 9 also repetitively performs "downward
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motion”, "stop”, "upward motion” and "stop” in this
order. As described above, the air suction grill repeats
"downward motion”, "stop”, "upward motion” and "stop”
in this order by operating the rotary switch, so that the
air suction grill can be stopped at any position by a sim-
ple operation.

Next, means for stopping the elevating motor 140
when the air suction grill 9 reaches the upper limit posi-
tion or the lower limit position will be described with ref-
erence to Fig. 5.

In response to an instruction from the pull switch
51, the controller 160 outputs to a driver circuit 305 a
control signal for controlling the forward rotation and the
backward rotation of the elevating motor 140. In
response to the control signal from the controller 160,
the driver circuit 305 drives the elevating motor 140 at a
predetermined speed.

When the elevating motor 140 is rotated in one
direction to upwardly move the air suction grill 9, the
consumption current IC output from the driver circuit
305 to the motor is equal to about 170mA while the air
suction grill does not reach the upper limit position.
However, when the air suction grill 9 reaches the upper
limit position (at least one corner (or side) of the air suc-
tion grill 9 abuts against the decorative panel 7), the ele-
vating motor 140 is rotated against the frictional force
which occurs between the main pulleys 100A and 100B
whose rotational speed is reduced or stopped and the
shalt 11 which continues to rotate, and thus the load
imposed on the elevating motor 140 is increased by the
amount corresponding to the frictional force. Therefore,
the consumption current IC output from the driver 305
for the elevating motor 140 is also increased. At this
time, for example, the consumption current IC of the
motor 140 ranges from about 300 mA to about 350 mA.

When the elevating motor 140 is rotated in the other
direction to downwardly move the air suction grill 9, the
consumption current IC for the elevating motor 140 is
equal to about 60 mA while the air suction grill 9 does
not reach the lower limit position. However, the elevating
motor 140 is still rotated by the driver circuit 305 even
when the air suction grill 9 reaches the lower limit posi-
tion, and thus the consumption current IC is increased
to the range from about 100 mA to about 170 mA. That
is, when the elevating motor 140 is still rotated even
alter the air suction grill 9 reaches the lower limit posi-
tion as described above, the pulleys 100A and 100B are
rotated to rewind the suspending ropes 31 alter the
whole suspending ropes are unreeled therefrom. When
the pulleys 100A and 100B are rotated to rewind the
suspending ropes 31, the substantially same load as
when the air suction grill 9 is upwardly moved is
imposed on the elevating motor 140, and thus the con-
sumption current IC of the elevating motor 140 is
increased to the range from about 100 mA to about 170
mA.

The driver circuit 305 is connected to consumption
current detecting means 307 through an amplifier 303.
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The consumption current detecting means 307 detects
the consumption current IC of the elevating motor 140 at
all times, and inputs the consumption current IC thus
detected to the controller 160.

When the air suction grill 9 is in the progress of the
upward motion and the consumption current IC is
increased from 170mA to 300mA (first set value X) or
more, the controller 160 outputs an operation stop com-
mand of the elevating motor 140, and also when the air
suction grill 9 is in the progress of the downward motion
and the consumption current IC is increased from 60mA
to 100mA (second set value Y) or more, the controller
160 outputs the operation stop command of the elevat-
ing motor 140.

When the operation stop command for the elevating
motor 140 is output, the output of the control signal to
the driver circuit 305 is intercepted to stop the driving of
the elevating motor 140. However, even if the operation
stop command for the elevating motor 140 is output
when the air suction grill is being upwardly moved and
the consumption current IC is increased from 170mA to
300maA (first set value X) or more, the output of the con-
trol signal to the driver circuit 305 is not intercepted
unless a predetermined time (for example, 4 seconds) is
counted by a timer 309, and at the time when the prede-
termined time (for example, 4 seconds) is counted, the
output of the control signal to the driver circuit 305 is
intercepted to stop the driving of the elevating motor
140.

In the case of the upward motion of the air suction
grill 9, in some cases a time difference may occur in
rewinding time among the four suspending ropes 31
fixed to the air suction grill 9, and thus even when the air
suction grill 9 arrives at the upper limit position at one
suspending rope side, it does not completely arrive at
the upper limit position at the other suspending rope
sides, so that the air suction grill 9 is not perfectly
upwardly moved to the upper limit position. The prede-
termined time as described above is set to an enough
time which is needed until the other suspending ropes
are also perfectly rewound up after one suspending
rope is perfectly rewound up.

Next, the operation of this embodiment will be
described with reference to Figs. 6 and 7.

In step S1, it is first judged whether the pull switch
51 is manipulated. The pull switch 51 may be manipu-
lated by using a pull-down rod or the like to pull the pull
switch 51. When it is judged that the pull switch 51 is
manipulated, in step S2 the control signal to rotate the
elevating motor 140 forwardly is output from the control-
ler 301, and input to the driver circuit 305 to forwardly
rotate the elevating motor 140 and downwardly move
the air suction grill 9. In step S3, the consumption cur-
rent IC for the elevating motor 140 which is output from
the driver circuit 305 is detected by the consumption
current detecting means 307. In this case, the air suc-
tion grill 9 is in the progress of the downward motion to
the lower limit position, and thus it detects the consump-
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tion current IC of about 60mA as a detection value.

In step S4, it is judged whether the pull switch 51 is
manipulated again. If the pull switch 51 is judged to be
manipulated, the process goes to step S8 to intercept
the current flow into the elevating motor 140 and stop
the air suction grill 9. However, if the pull switch 51 is not
manipulated, the process goes to step S5 and the con-
troller 160 judges whether the consumption current IC
increases to 100mA or more as the second set value Y.
If the consumption current IC does not increase to the
second set value Y, the process returns to the step S3.
On the other hand, if the consumption current IC
increases to the second set value Y, the process goes to
step S6 to output the operation stop signal from the con-
troller 160.

In step S7, the controller 301 intercepts the control
signal to be output to the driver circuit 305, whereby the
current to be supplied to the elevating motor 140 is inter-
cepted and the air suction grill 9 is stopped. Thereafter,
the process goes to step S9.

In step S9, it is judged whether the pull switch 51 is
manipulated. If the pull switch 51 is not manipulated, the
process returns to the step S8. However, if the pull
switch 51 is manipulated, the process goes to step S10
to output from the controller 301 the control signal for
backwardly rotating the elevating motor 140, and the
control signal is input to the driver circuit 305 to back-
wardly rotate the elevating motor 140 and upwardly the
air suction grill 9. In step S11, the consumption current
IC of the elevating motor 140 is detected by the con-
sumption current detecting means 307. In this case, the
air suction grill 9 is in the progress of the upward motion
to the upper limit position, and thus the detection value
of the consumption current IC is equal to about 170mA,
for example.

In step S12, it is judged whether the pull switch 51
is manipulated again. If the pull switch 51 is manipu-
lated, the process goes to step S13 in which the control-
ler 301 intercepts the current to be supplied to the
elevating motor 140 and the air suction grill 9 is stopped.
However, if the pull switch 51 is not manipulated, the
process goes to step S14 in which the controller 160
judges whether the consumption current IC increases to
the first set value X, for example, 300mA or more. If the
consumption current IC does not reach the first set
value X, the process returns to the step S10. However,
if the consumption current IC reaches the first set value
X, a start command is output from, the controller 160 to
the timer 309 in step S15, and then the process goes to
step S16.

In step S186, in response to the start command, the
timer 309 is started. The set time of the timer 309 is set
to 4 seconds, for example. In step S17, it is judged when
the time counted by the timer 309 reaches the set time
(for example, 4 seconds). If the count time of the timer
309 is beyond 4 seconds, the process goes to step S18
to output the operation stop signal from the controller
301, and then the process goes to step S19. In step
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819, the controller 301 which outputs the operation stop
signal intercepts the control signal to be output to the
driver circuit 305, whereby the elevating motor 140 is
stopped and thus the air suction grill 9 is stopped.
Thereafter, the process returns to the step S1.

That is, when the air suction grill 9 arrives at the
upper limit position, the timer 309 counts the set time (4
seconds) and then the elevating motor 140 is stopped.
Therefore, the elevating motor 140 continues to be
rotated for 4 seconds. During this time (4 seconds), the
main pulleys 100A and 100B are rotated while following
the rotation of the shaft, and the suspending ropes 31
are strongly rewound, whereby the four corners of the
air suction grill 9 is substantially surely brought into
close contact with the decorative panel 7.

According to this embodiment of the present inven-
tion, in the process of the downward motion of the air
suction grill 9, the downward motion of the air suction
grill 9 is stopped (S8) by pulling the pull switch 51 as
described above, so that the air suction grill 9 can be
temporarily stopped at any position. Although the illus-
tration is omitted from Fig. 1, the air cleaning filter 24
(Fig. 4) is mounted on the upper portion of the air suc-
tion grill 9. Therefore, when the air suction grill 9 is
pulled down from the ceiling 6 and temporarily stopped,
the works of replacing the filter 24, cleaning the filter 24,
etc. can be performed at a lower place. Accordingly as
compared with works at a higher place, not only the
works can be more readily performed, but also the
safety for the works can be enhanced.

That is, according to this embodiment, by operating
the pull switch 51 to drive the motor 140 for elevating the
air suction grill, the shalt 110 is driven to rotate the main
pulleys 100A and 100B which are linked through the
clutch to the shalt 110, and the suspending ropes 31
which are wound around the main pulleys 100A and
100B are unreeled/rewound to thereby automatically
move the air suction grill 9 upwardly and downwardly.
Therefore, when a maintenance work is performed on
the air cleaning filter 24, the work may be performed
after the air cleaning filter 24 is pulled down to the lower
position (or any position).

Further, it is sufficient to provide only one motor 140
for elevating the air suction grill, and thus the cost-up
can be suppressed, and the construction becomes sim-
pler and the trouble rate can be reduced to a smaller
level as compared with the case where plural motors
140 for elevating the air suction grill are provided. Fur-
ther, when an excessive load is imposed, the clutch
operates to make the shalt 110 turn free, so that the
burning of the motor 140 can be prevented.

According to this embodiment, when the air suction
grill 9 is downwardly moved, the consumption current IC
supplied to the elevating motor 140 is detected, and the
air suction grill 9 is regarded as arriving at the lower limit
position when the consumption current IC increases
from 60mA to 100mA At this time, the current to be sup-
plied to the elevating motor 140 is intercepted to stop
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the elevating motor 140, whereby the air suction grill 9 is
stopped. Therefore, as compared with the case where
the air suction grill 9 is stopped at the lower limit position
by using a mechanical mechanism such as a limit switch
or the like, the number of parts can be reduced to a
smaller value, the construction can be more simplified,
the cost can be more greatly reduced and the trouble
rate can be also more lowered.

Likewise, when the air suction grill 9 is upwardly
moved, the consumption current IC supplied to the ele-
vating motor 140 is detected, and the air suction grill 9
is regarded as arriving at the upper limit position when
the consumption current IC increases from 170mA to
300mA. At this time, the current to be supplied to the
elevating motor 140 is intercepted to stop the elevating
motor 140, whereby the air suction grill 9 is stopped.
Therefore, as compared with the case where the air
suction grill 9 is stopped at the lower limit position by
using a mechanical mechanism such as a limit switch or
the like, the number of parts can be reduced to a smaller
value, the construction can be more simplified, the cost
can be more greatly reduced and the trouble rate can be
also more lowered.

Further, when the air suction grill 9 is suspended by
the suspending ropes 31, the four suspending ropes are
not necessarily kept equal in length so that the air suc-
tion grill 9 is kept in a horizontal position. That is, the air
suction grill 9 may be lifted with being inclined. However,
according to this embodiment, even when the air suc-
tion grill 9 is lifted in an inclined position, the timer 309
operates to count the predetermined time (for example,
4 seconds) alter the air suction grill 9 arrives at the
upper limit position, and then the rotation of the elevat-
ing motor 140 is stopped after 4 seconds elapses. Dur-
ing this predetermined time, the rotation of the main
pulleys 100A and 100B is continued until all the sus-
pending ropes 31 are perfectly rewound, so that the air
suction grill 9 is perfectly lifted up until it is kept in a hor-
izontal position and brought into close contact with the
decorative panel 7. In this case, the main pulley 100A,
100B around which one of the four suspending ropes 31
has been perfectly rewound is stopped against the rota-
tion on the shaft portion of the shaft 110 as described
above.

Further, even if any unbalance in length occurs
between the four suspending ropes 31 in the progress
of the rewinding operation of the suspending ropes 31,
when the air suction grill 9 has been finally rewound, the
unbalance in length between the suspending ropes 31
is absorbed by the stop of the main pulleys 100A,100B,
so that the air suction grill 9 is brought into perfectly
close contact with the decorative panel 7 and no gap
occurs therebetween.

Still further, according to this embodiment, the con-
troller 160, the consumption current detecting means
307 and the timer 309, that is, a small number of parts
are used as a mechanism for stopping the air suction
grill 9 at the upper limit position after the air suction grill
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9is upwardly moved, so that the cost can be reduced by
the amount corresponding to the reduced number of
parts, and also the failure rate can be reduced.

The upwardly moved air suction grill 9 may be fixed
to the decorative panel through air suction grill lock
means (not shown). However, the lock means is not
indispensable, and it is omitted in this embodiment. As
a simple air suction grill lock means, a magnet 43 may
be provided to the decorative panel 7 as shown in Fig. 1
to lock the air suction grill 9 by the magnet 43.

The present invention is not limited to the above
embodiment, and various modifications may be made.

For example, the means for absorbing the different
in length between the suspending ropes fixed to the
right and left sides of the air suction grill 9 after the air
suction grill 9 arrives at the upper limit position is not
limited to the combination of the main pulleys 100A and
100B and the shaft 11 which are frictionally engaged
with each other, and the timer 309. For example, a lever
for pulling up the suspending ropes 31 by a spring force
may be provided between the main pulley 100B and the
rope guide 200.

In this case, when the air suction grill 9 arrives at
the upper limit position while being inclined, the tension
of the suspending rope 31 at one of the right and left
sides of the air suction grill 9, which first arrives at the
upper limit position, is increased, and it pulls down the
lever against the spring force. Therefore, the suspend-
ing rope 31 is rewound by the amount corresponding to
the pull-down of the lever. Accordingly, the other side of
the air suction grill 9 which does not reach the upper
limit position can be upwardly moved to the upper limit
position.

Besides, the rope guides 200 may be designed to
be upwardly urged by the spring force. In this case,
when the air suction grill 9 arrives at the upper limit posi-
tion while being inclined, the tension of the suspending
rope 31 at one of the right and left sides of the air suc-
tion grill 9, which first arrives at the upper limit position,
is increased, and it pushes down the rope guide 200
against the spring force. Therefore, the suspending
rope 31 is rewound by the amount corresponding to the
push-down of the rope guide 200. Accordingly, the other
side of the air suction grill 9 which does not reach the
upper limit position can be upwardly moved to the upper
limit position.

Further, the present invention is applied to an air
conditioner having no air suck-in port in the elevating
panel as shown in Figs. 8 to 10.

In Fig. 8, reference numeral 2000 represents a box
type unit body which is embedded in the ceiling. A heat
exchanger 1600, an air blower 1000, etc. are accommo-
dated in the unit body 2000 as shown in Fig. 9. Further,
a decorative panel 700 having air blow-out ports 400 at
the both ends thereof is fixed to the lower end of the unit
body 2000, and a filter receiving member 501 of metal
plate is engagedly held at an inward portion of the
center opening of the decorative panel 700. Further, air
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filters 240 are brought into contact with receiving por-
tions 501a of the filter receiving member 501, and a
center panel (elevating panel) 900 of metal plate is pro-
vided at the front portion of the center opening of the
decorative panel 700 so that a space serving as an air
suck-in port 300 remains at each of both the sides
thereof.

As shown in Fig. 8, the air filters 240 are mounted
on the center panel 900 through leg portions 100, and
these air filters 240 are suspended to the decorative
panel 700 through four ropes 310 so as to be freely
movable upwardly and downwardly relatively to the dec-
orative panel 700.

As shown in Fig. 10, respective one ends 310a of
the four suspending ropes 310 are fixed to the center
panel 900 at suitable four places thereof. The other
ends of the four suspending ropes 310 are extended
upwardly, wound around the rollers 210, extended in a
substantially horizontal direction and then linked to an
elevating mechanism 1500 having the same construc-
tion as the first embodiment. The elevating mechanism
1500 is fixed onto a metal plate 1510 which is bridged
substantially at the center of the open portion of the
decorative panel 700 as shown in Fig. 8.

According to the present invention, the air filters
240 are provided on the center panel 900 of metal plate
through the leg portions 100. Therefore, even when
vibration occurs during the upward or downward motion
of the center panel 900, dust which is attached to the air
filters 240 falls onto the upper surface of the center
panel, and collected there. Accordingly, during a work of
replacing the air filters 240 or the like, the dust attached
to the filters 240 is prevented from falling onto the floor,
and thus this makes the room very sanitary. Therefore,
even when the present invention is applied to air condi-
tioners in factories, stores, etc. for food, the trouble due
to falling of dust can be perfectly avoided.

According to the present invention, when the detec-
tion result of the consumption current detecting means
is beyond the predetermined set value in the progress of
the upward motion of the elevating panel, the operation
stop command is output to stop the elevating motor.
Therefore, when the elevating panel arrives at the upper
limit position, the elevating panel can be stopped. In this
case, the number of parts can be reduced, so that the
cost can be lowered and the failure rate can be also
reduced.

According to the present invention, when in the
progress of the downward motion of the elevating panel,
the elevating panel arrives at the lower limit position and
the consumption current is equal to the set value or
more, the elevating motor can be immediately stopped.
In this case, the number of parts can be also reduced,
so that the cost can be lowered and the failure rate can
be reduced.

According to the present invention, the motion of
the elevating panel can be freely switched between the
upward motion and the downward motion, and the
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above effect can be obtained in both the upward motion
and the downward motion of the elevating panel. When
the consumption panel is over the set value in the
progress of the upward motion of the elevating panel,
the elevating motor is set to be stopped after a predeter-
mined time elapses. Therefore, after the elevating panel
arrives at the upper limit position, the elevating panel
can be stopped alter the four corners of the elevating
panel can be brought into close contact with the bottom
face of the in-ceiling type air conditioner to correct the
inclination of the elevating panel. In this case, the
number of parts can be reduced, so that the cost can be
lowered and the failure rate can be also reduced.

According to the present invention, when the con-
sumption current is over the set value in the progress of
the upward motion of the elevating panel, the elevating
motor is set to be stopped alter a predetermined time
elapses. Therefore, after the elevating panel arrives at
the upper limit position, the elevating panel can be
stopped alter the four corners of the elevating panel can
be brought into close contact with the bottom face of the
in-ceiling type air conditioner to correct the inclination of
the elevating panel. In this case, the number of parts
can be reduced, so that the cost can be lowered and the
failure rate can be also reduced.

Claims

1. An in-ceiling type air conditioner including an unit
body which contains a heat exchanger and an air
blower and is mounted in the ceiling, a decorative
panel provided on the ceiling face, and an elevating
panel with an air filter, to which one ends of sus-
pending ropes are fixed, the other ends of the sus-
pending ropes being fixed to pulleys which are
rotationally driven by an elevating motor, said sus-
pending ropes being unreeled/rewound by actuat-
ing said elevating motor to move said elevating
panel upwardly and downwardly, characterized in
that said in-ceiling type air conditioner further
including:

consumption current detecting means for
detecting the consumption current of said ele-
vating motor;

stop instructing means for outputting an opera-
tion stop instruction when the detection result
of said consumption current detecting means is
over a predetermined set value during the
upward or downward motion of said elevating
panel; and

motor stop control means for stopping said ele-
vating motor in response to the operation stop
instruction from said stop instruction means.

2. The in-ceiling type air conditioner as claimed in
claim 1, wherein said stop instruction means out-
puts the operation stop instruction when the detec-
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tion result of said consumption current detecting
means is over a first set value during the upward
motion of said elevating panel, or when the detec-
tion result of said consumption current detecting
means is over a second set value during the down-
ward motion of said elevating panel.

The in-ceiling type air conditioner as claimed in
claim 1 or 2, wherein said motor stop control means
stops said elevating motor when a predetermined
time elapses alter receiving the operation stop
instruction from said stop instruction means.

The in-ceiling type air conditioner as claimed in
claim 3, further including a timer for counting the
predetermined time after the operation stop instruc-
tion is output, wherein said motor stop control
means stops said elevating motor in response to
the output result of said timer.

A control device for controlling the upward and
downward motion of an elevating panel of an in-
ceiling type air conditioner, comprising:

an elevating motor for moving said elevating
panel upwardly and downwardly;

a driver circuit for supplying an operating cur-
rent to said elevating motor to rotate said ele-
vating motor forwardly and backwardly;

a controller for outputting a control signal to
said driver circuit and controlling said driver cir-
cuit on the basis of the control signal;

a consumption current detector for detecting
the consumption current of said elevating
motor at all times to output a detection result to
said controller;

a timer for counting a predetermined time and
outputting the count result to said controller,
wherein  when the consumption current
detected by said consumption current detector
exceeds a predetermined value during the
upward or downward motion of said elevating
panel, said controller outputs an operation stop
instruction to said driver circuit to stop the rota-
tion of said elevating motor and thus stop said
elevating panel.

The control device as claimed in claim 5, wherein
the predetermined time is set to such an enough
time that the overall periphery of said elevating
panel can perfectly arrive at the upper limit position
of the upward motion or at the lower limit position of
the downward motion thereof, whereby said elevat-
ing panel is kept in a horizontal position when arriv-
ing at the upper limit position or lower limit position.
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FIG. 6
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