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(54) MOVABLE BODY DRIVE UNIT AND AUTOMATIC DRAWER DEVICE USING THE SAME

(57)  Provided is an automatic drawer device in which
advancement/retreating of a drawer (3) is immediately
stopped when the drawer (3) comes into contact with an
obstacle to thereby prevent damage of the obstacle and
the drawer (3) itself and secure a sufficient level of safety
for the user and the like. The automatic drawer device
includes a fixed frame body (2) ; the drawer (3) capable
of freely advancing and retreating with respect to the fixed
frame body (2); and a movable body drive unit (10) caus-
ing the drawer (3) to advance and retreat with respect to

the fixed frame body (2). The movable body drive unit
(10) is equipped with: aconveyanceroller (11) for causing
the drawer (3) to move; a drive means (16) for rotating
the conveyance roller (11); a control means (6) for gen-
erating a drive signal for the drive means (16) ; and ob-
struction detection means (5, 6) which makes a judge-
ment as to whether there is any obstruction to the ad-
vancement/retreating of the drawer (3), and which, upon
determining there is an obstruction, gives the control
means (6) a command to stop the drive means (16).

Fig. 3
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Description
TECHNICAL FIELD

[0001] The presentinventionrelatestoamovable body
drive unit provided between a pair of members making
relative reciprocating movement in a predetermined di-
rection such as sliding doors of fittings and drawers of
an article of furniture and adapted to cause those mem-
bers to advance and retreat relative to each other, and
an automatic drawer device using the same.

BACKGROUND OF THE INVENTION

[0002] There has conventionally been proposed a de-
vice which opens and closes a movable member such
as adrawer of an article of furniture or of a built-in kitchen
(JP 2003-189955 A, JP 2003-334120 A, etc.). More spe-
cifically, a movable member such as adraweris arranged
so as to be freely retractable with respect to a fixed frame
body such as an article of furniture, and the movable
member is equipped with a rack extending in the direction
in which the rack advances and retreats. On the other
hand, a gear that is in mesh with the rack is provided on
the fixed frame body, and through rotation of the gear
upon switch operation by a user, the drawer is caused
to advance or retreat according to the rotating direction
of the gear. In order that the user can operate the switch
unintentionally as if the user opens or closes the drawer
by hand, a grip of the drawer grasped by the user is
equipped with a measuring device for detecting a direc-
tion and a magnitude of a force applied thereto. Further,
the gear is rotated upon an output signal from the meas-
uring device, making it possible to automatically open
and close the drawer.

Patent Document 1: JP 2003-189955 A

Patent Document 2: JP 2003-334120 A

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0003] However, if, in a case in which there exists an
obstacle in an advancing/retreating route of the drawer,
the user does not notice it and performs switch operation,
the drawer, which advances or retreats irrespective of
the presence of the obstacle, will collide with the obstacle,
and there is a fear of the obstacle being damaged by
being pushed down or the like. Further, there is a danger
of the user or some other person having his finger inad-
vertently caught between the fixed frame body and the
drawer, whichmeans consideration for safety is rather
insufficient.

MEANS FOR SOLVING THE PROBLEMS

[0004] The present invention has been made in view
of the above problems. It is an object of the present in-
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vention to provide a movable body drive unit for causing
a movable member such as a drawer to advance and
retreat along a predetermined advancing/retreating
route, in which, even in a case where there exists an
obstacle in the advancing/retreating route of the movable
member, the movable member is caused to immediately
stop its advancing/retreating movement upon collision
with the obstacle to thereby prevent damage of the ob-
stacle and the movable member itself and secure a suf-
ficient level of safety for the user and the like.

[0005] Anotherobject of the presentinvention is to pro-
vide an automatic drawer device for opening and closing
a drawer by using the movable body drive unit, in which
when the drawer comes into contact with an obstacle,
the advancement/retreating of the drawer is immediately
stopped to thereby prevent damage of the obstacle and
the drawer itself and secure a sufficient level of safety
for the user and the like.

[0006] Thatis, the present invention relates to a mov-
able body drive unit mounted to a second member sup-
ported so as to be capable of making relative reciprocat-
ing movement relative to a first member and adapted to
cause the second member to advance and retreat rela-
tive to the first member. Here, the movable body drive
unit causes the second member to advance and retreat
relative to the first member, so it is possible for the first
member to be on a fixed side, with the movable body
drive unit advancing and retreating together with the sec-
ond member, or for the second member to be on the fixed
side, with the movable body drive unit causing solely the
first member to advance and retreat with respect to the
second member.

[0007] Further, the movable body drive unit includes:
a conveyance roller held in press contact with a traveling
surface provided on the first member; a drive means for
rotating the conveyance roller in a normal direction or a
reverse direction; a user input means for giving the drive
means a command to cause the second member to ad-
vance or retreat; a control means for generating a drive
signal for the drive means in response to an input signal
of the user input means; and an obstruction detection
means which makes a judgment as to whether there has
been generated any obstruction to relative advancement/
retreating of the first member and the second member,
and which, upon determining there is an obstruction,
gives the control means a command to stop the drive
means.

[0008] Forexample, inthe case in which the first mem-
ber is on the fixed side and in which the second member
advances and retreats with respect to the first member
together with the movable body drive unit, when there is
an obstacle in a route for the second member, and ad-
vancement of the second member is thereby hindered,
the obstruction detection means detects it. When it is
determined that there is an obstruction, a command is
given to the control means to stop the drive means. As
a result, the drive means is stopped irrespective of the
input signal of the user input means, and the rotation of
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the conveyance roller stops, thus stopping the movement
of the second member with respect to the first member.
As a result, it is possible to prevent damage of those
members due to contact of the second member with the
obstacle. Further, in the case in which the first member
is a fixed frame body of an article of furniture or the like
and in which the second member is a drawer retractable
to the fixed frame bodyi, if a finger is inadvertently caught
between the drawer and the fixed frame body, this does
not lead to serious injury since the drawer stops imme-
diately.

[0009] Here, it is only necessary for the obstruction
detection means to be capable of judging whether there
has been generated an obstruction to relative advancing
and retreating of the first member and the second mem-
ber. For example, in a case in which there is provided a
speed detection means for detecting an advancing/re-
treating speed of the second member with respect to the
first member, when it is judged from an output signal of
the speed detection means that the advancing/retreating
speed of the second member has been markedly re-
duced, it is determined that there is an obstruction. In this
case, it is possible for the speed detection means to be,
for example, a rotary encoder rotating according to the
advancing/retreating amount of the second member or
a linear encoder for reading a magnetic scale attached
to the first member as the second member moves. It is
possible to ascertain the advancing/retreating speed of
the second member from an output signal from such an
encoder. When the drive means is an electric motor, an-
other example of the obstruction detection means may
be one which detects generation of an obstruction from
fluctuations in the value of an electric current flowing
through the motor. Further, as a still another example of
the obstruction detection means, it is possible to provide
pressure sensors on the front and rear sides in the ad-
vancing/retreating direction of the second member in or-
der to directly detect contact with an obstacle, judging
the presence/absence of an obstacle from a change in
an output signal from the pressure sensors.

[0010] On the other hand, when the obstruction detec-
tion means judges an obstacle to be present and gives
the control means a command to stop the drive means,
if the first member or the second member stops in a state
in which it abuts against the obstacle, the operation of
removing the obstacle is rather hard to perform. In par-
ticular, in a case in which a finger is caught between the
fixed frame body being the first member and the drawer
being the second member, when the movement of the
drawer is stopped with the finger caught, this state will
be allowed to continue, resulting in an unexpected injury.
Thus, to facilitate the operation of removing the obstacle,
when the obstruction detection means judges the obsta-
cle tobe present and the drive means stops, itis desirable
to separate the first member or the second member im-
mediately from the obstacle after the stopping. However,
taking the trouble to perform control to reverse the con-
veyance roller in order to separate the first member or

10

15

20

25

30

35

40

45

50

55

the second member from the obstacle will result in a rath-
er complicated construction of the control portion gener-
ating the drive signal of the drive means.

[0011] Thus, from this point of view, it is desirable to
provide an absorption/repulsion means which absorbs
at least a part of torque transmitted from the drive means
to the conveyance roller from the point in time when the
first member or the second member abuts against the
obstacle and is locked in its movement until the point in
time when the drive means is stopped, and which, as the
drive means stops, separates the first member or the
second member from the obstacle by using a reaction
force of the absorbed torque. It is possible to realize the
absorption/repulsion means, for example, by covering
the surface of the conveyance roller with a soft and elastic
layer or by providing an elastic joint in the power trans-
mission route from the drive means to the conveyance
roller. Due to the provision of such an absorption/repul-
sionmeans, when the drive means is stopped by a com-
mand from the obstruction detection means after the first
member or the second member abuts against an obsta-
cle to be locked in its motion, the torque absorbed by the
absorption/repulsion means is released as a reaction
force, so the first member or the second member that
has abutted against the obstacle slightly retreats so as
to be separated from the obstacle. As a result, it is pos-
sible to cancel the state in which the first member or the
second member abuts against the obstacle without hav-
ing to perform any special control on the drive means,
soin a case in which, for example, a finger is caught, the
finger can be released immediately.

[0012] Further, in the case in which the first member
or the second member is thus caused to retreat from the
obstacle by the reaction force generated by the absorp-
tion/repulsion means, it is desirable to provide an elec-
tromagnetic clutch in the transmission route for the rota-
tional power from the drive means to the conveyance
roller, the control means separating the conveyance roll-
er from the drive means upon the stopping of the drive
means. In this construction, it is possible to mitigate the
drag load with respect to the reverse rotation of the con-
veyance roller, making it possible to smoothly effect re-
traction of the first member or the second member from
the obstacle by the absorption/repulsion means.

[0013] In addition, when the electromagnetic clutch
cuts off the connection between the conveyance roller
and the drive means while the drive means is at rest, the
user can move the first member relative to the second
member through manual operation without having to use
the movable body drive unit of the present invention,
thereby helping to achieve an improvement in terms of
convenience.

[0014] By using the movable body drive unit of the
present invention constructed as described above, it is
possible to easily form an automatic drawer device that
can open and close various drawers of built-in kitchens,
articles of furniture, or the like through switch operation.
Further, in such an automatic drawer device, when there
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exists an obstacle hindering the drawer opening/closing
operation, the opening/closing operation is automatically
stopped, making it possible to prevent damage of the
obstacle or the drawer itself and to avoid trouble such as
catching of the user’s finger.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

Fig. 1 is a plan view of an example of an automatic
drawer device equipped with a movable body drive
unit according to the present invention.

Fig. 2 is a side sectional view of the automatic drawer
device shown in Fig. 1.

Fig. 3 is a detailed sectional view of the movable
body drive unit.

Fig. 4 is a schematic diagram showing a construction
of a position switch mounted to the movable body
drive unit.

Fig. 5 is an enlarged sectional view of an example
of a speed detection means mounted to the movable
body drive unit.

Fig. 6 is a sectional view of a rotary encoder of the
speed detection means shown in Fig. 5.

Fig. 7 is a block diagram showing a control system
of the movable body drive unit.

Fig. 8 is a flowchart showing drawer stop control pro-
cedures.

Fig. 9 is a block diagram showing another example
of the control system of the movable body drive unit.

DESCRIPTION OF SYMBOLS

[0016] 1 --- automatic drawer device, 2 - fixed frame
body, 3 -+ drawer, 5 --- speed detection means, 11 -
conveyance roller, 14 --- switch panel, 16 -+ electric mo-
tor, 17 --- gear row, 18 --- electromagnetic clutch, 19 ---
soft and elastic layer, 51 - rotary encoder

BEST MODE FOR CARRYING OUT THE INVENTION

[0017] In the following, a movable body drive unit ac-
cording to the presentinvention and an automatic drawer
device using the same will be described in detail with
reference to the accompanying drawings.

[0018] Figs.1and?2areaplanviewand aside sectional
view, respectively, of an automatic drawer device 1
equipped with a movable body drive unit according to the
present invention. The automatic drawer device 1 in-
cludes a fixed frame body 2 formed in a box shape, a
drawer 3 drawn into and out of the fixed frame body 2 in
the horizontal direction as seen in the drawing, and a
movable body drive unit 10 for causing the drawer 3 to
advance and retreat with respect to the fixed frame body
2, the movable body drive unit 10 causing the drawer 3
to advance and retreat through switch operation.
[0019] The drawer 3 is supported by the fixed frame
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body 2 through the intermediation of a pair of slide de-
vices 4a, 4b. The slide devices 4a, 4b, for example, have
outer rails fixed to the fixed frame body 2, inner rails fixed
to the drawer 3, and a large number of balls rolling be-
tween those rails while bearing load, making it possible
to cause the drawer 3 to freely advance and retreat with
respect to the fixed frame body 2 with a very small force.
Regarding the slide devices 4a, 4b, itis possible to select
and use a well-known slide device construction as ap-
propriate.

[0020] On the other hand, the movable body drive unit
10 has a conveyance roller 11 fixed to a back plate 3a
of the drawer 3 and traveling on a bottom plate 2a of the
fixed frame body 2. By rotating the conveyance roller 11,
the movable body drive unit 10 runs of its own accord on
the bottom plate 2a of the fixed frame body 2 together
with the drawer 3. In order to prevent slippage of the
conveyance roller 11 with respect to the bottom plate 2a
of the fixed frame body 2, a roughened skidproof sheet
12 is attached to the traveling region of the bottom plate
2a for the conveyance roller 11.

[0021] Further, a power cord 13 extends from a back
plate 2b of the fixed frame body 2 to the movable body
drive unit 10, making it possible to supply electricity to
the movable body drive unit 10. As the power cord 13, a
curled cord is used, which expands and contracts as the
drawer 3 is opened and closed. Further, on a front plate
3b of the drawer 3, there is provided a switch panel 14
as the user input means; by operating the switch panel
14, an operational command is given to the movable body
drive unit 10. The switch panel 14 may be one equipped
with pushbutton switches respectively corresponding to
the operations of opening, closing and stopping the draw-
er 3, or one which allows operational input according to
the number of times by which a pushbutton switch is de-
pressed. Further, it is not necessary for the switch panel
14 to be mounted to the front plate 3b of the drawer 3;
according to the arrangement of the drawer 3 to be op-
erated, it may be provided on the fixed frame body 2 side
instead on the drawer 3 (movable body) side. Further,
the switch panel 14 may be formed as a foot switch al-
lowing operation with tiptoes. In the case of a foot switch,
itis possible for the user to open the drawer 3 even when
the user is holding with both hands the article to be ac-
commodated in the drawer 3, which leads to superiority
in convenience.

[0022] Fig. 3is a front sectional view of an example of
the movable body drive unit 10. The unit 10 is equipped
with a casing 15 fixed to the back plate 3a of the drawer
3, the conveyance roller 11 supported so as to be rotat-
able with respect to the casing 15, an electric motor 16
fixed to the casing 15 and serving as a drive means, a
gear row 17 including a plurality of gears 17a, 17b, 17¢
and adapted to transmit the rotational output of the elec-
tric motor 16 to the conveyance roller 11, and an elec-
tromagnetic clutch 18 provided between the electric mo-
tor 16 and the gear row 17. By energizing the electro-
magnetic clutch 18, the electric motor 16 and the gear
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row 17 are connected, making it possible to transmit the
torque of the electric motor 16 to the conveyance roller
11. As the electric motor 16, a DC motor is used; by
changing the direction in which voltage is applied to the
electric motor 16, the rotating direction of the electric mo-
tor 16 is reversed, making it possible to switch the rotating
direction of the conveyance roller 11.

[0023] The reason for thus providing the electromag-
netic clutch 18 in the power transmission route from the
electric motor 16 to the conveyance roller 11 is to lighten
the operational feel when the user opens/closes the
drawer 3 through manual operation without using the
movable body drive unit 10. If the electromagnetic clutch
18 is not provided and the electric motor 16 and the con-
veyance roller 17 are directly connected through the gear
row 17, opening/closing the drawer 3 manually without
energizing the electric motor 16 would cause the con-
veyance roller 11 to rotate the electric motor 16, thereby
making the operational feel in opening/closing the drawer
3 rather heavy.

[0024] A soft and elastic layer 19 formed of urethane
rubber or the like is provided on the surface of the con-
veyance roller 11. When the conveyance roller 11 is
pressed against the bottom plate 2a of the fixed frame
body 2, the soft and elastic layer 19 is slightly crushed,
thereby preventing slippage between the conveyance
roller 11 and the bottom plate 2a. While in Fig. 3 the
rotation of the conveyance roller 11 is directly supported
by the casing 15, it is also possible to provide a saddle
plate supported by the casing 15 through the intermedi-
ation of a spring, supporting the conveyance roller 11 by
this saddle plate. That is, with the construction using the
saddle plate, even when the conveyance roller 11 is tilted
with respect to the bottom plate 2a of the fixed frame
body 2, it is possible to reliably bring the conveyance
roller 11 into contact with the bottom plate 2a through
expansion and contraction of the spring, making it pos-
sible to more reliably prevent slippage between the con-
veyance roller 11 and the bottom plate 2a.

[0025] Further, the movable body drive unit 10 has, on
the front and rear sides in the moving direction of the
drawer, a pair of position switches 20a, 20b for detecting
the end positions in the advancement and retreating of
the drawer 3, that is, the state in which the drawer 3 has
been completely accommodated in the fixed frame body
2 and the state in which it has been completed drawn out
of the fixed frame body 2. Fig. 4 shows those position
switches in detail. Movable blocks 21a, 21b are respec-
tively provided on the front surfaces of actuators of the
position switches 20a, 20b, and the movable blocks 21a,
21b are retained so as to be vertically movable with re-
spect to the casing 15. On the other hand, switch dogs
22a, 22b are fixed to the bottom plate 2a of the fixed
frame body 2 in correspondence with both ends of the
advancing/retreating stroke of the drawer 3. When the
drawer 3 is completely closed, the movable block 21a
runs onto the switch dog 22a, and when the drawer 3 is
completely opened, the movable block 21b runs onto the
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switch dog 22b. With this construction, when the drawer
3 is drawn out of the fixed frame body 2 and attains the
opening terminal position, the movable block 21b is
pushed up, and the actuator of the position switch 20b
is depressed, whereby the output signal of the position
switch 20b undergoes a change. Further, also when the
drawer 3 is accommodated in the fixed frame body 2 and
attains the completely closed state, the movable block
21ais pushed up, and the actuator of the position switch
20a is depressed, whereby the output signal of the posi-
tion switch 20a undergoes a change. That is, when the
drawer 3 attains one of the two ends of the advancing/
retreating stroke, the output signal of the position switch
20a or 20b undergoes a change, and it is possible to
judge which of the terminal positions the drawer 3 has
reached.

[0026] Further, the movable body drive unit 10 is pro-
vided with a speed detection means 5 for detecting the
moving speed of the drawer 3. As shown in Fig. 5, the
speed detection means 5 includes a detection roller 50
rotatably supported by the casing 15, and a rotary en-
coder 51 adapted to output a signal corresponding to the
rotating speed of the detection roller 50. Further, the ro-
tary encoder 51 includes a transmission type photo sen-
sor 52 in which a light emitting element and a light re-
ceiving element are opposed to each other across a de-
tection space 52a, and a disc dog 53 inserted into the
detection space 52 and intercepting the optical path be-
tween the light emitting element and the light receiving
element, with the disc dog 53 being fixed to a rotation
shaft 50a of the detection roller 50. As shown in Fig. 6,
the disc dog 53 has a large number of slits 53a arranged
radially at equal intervals; each time one of the slits 53a
passes the detection space 52a of the photo sensor 52,
an optical path is formed between the light emitting ele-
ment and the light receiving element, and the output sig-
nal of the photo sensor 52 undergoes a change. Thus,
when the drawer 3 is caused to advance or retreat with
respect to the fixed frame body 2, the detection roller 50
runs on the bottom plate 2a of the fixed frame body 2,
and the output signal of the photo sensor 52 is turned
on/off at a speed corresponding to the rotating speed of
the detection roller 50.

[0027] In the speed detection means 5, it is not nec-
essary to provide the detection roller 50; from the view-
point of detecting the advancing/retreating speed of the
drawer 3 with respect to the fixed frame body 2, it is also
possible to fix the disc dog 53 directly to the rotation shaft
of the conveyance roller 11. It should be noted, however,
that rotational torque for causing the drawer 3 to advance
and retreat is input to the conveyance roller 11 from the
electric motor 16, and that there is a risk of the convey-
ance roller 11 undergoing slippage with respect to the
bottom plate 2a of the fixed frame body 2. Thus, from the
viewpoint of more correctly grasping the moving speed
of the drawer 3, it is desirable to provide the detection
roller 50 separately from the conveyance roller 11 as de-
scribed above, fixing the disc dog 53 to the detection
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roller 50. Further, in order to prevent slippage of the de-
tection roller 50 with respect to the bottom plate 2a, it is
desirable to cover the surface of the detection roller 50
with a material of high friction coefficient such as rubber.
Further, while in the movable body drive unit 10 of Fig.
3 the rotary encoder 51 is used as the speed detection
means 5, it is possible to obtain a similar output signal
by using a linear encoder. In this case, a linear scale
having physical marks arranged at equal intervals is at-
tached to the bottom plate 2a of the fixed frame body 2,
and the marks of the linear scale is read by a reading
head fixed to the casing 15 as the drawer 3 moves.
[0028] Fig. 7 is a block diagram showing a control sys-
tem of the movable body drive unit 10. In the drawing, a
control portion 6 is equipped with an LSI serving as a
microcomputer; it controls the rotation of the electric mo-
tor 16 and controls the operation of the electromagnetic
clutch 18 in response the output signals from the switch
panel 14, the position switches 20a, 20b, and the rotary
encoder 51. The control portion 6 is supplied with power
from a power source 7 through the power cord 13.
[0029] When the opening or closing of the drawer 3 is
input from the switch panel 14, the control portion 6 ap-
plies a voltage according to the direction of the input to
the electric motor 16 to rotate the electric motor 16, and
applies a voltage also to the electromagnetic clutch 18
to connect the electric motor 16 and the gear row 17. As
a result, the conveyance roller 11 of the movable body
drive unit 10 rotates, and the drawer 3 moves with respect
to the fixed frame body 2. When the stopping of the draw-
er 3 is input from the switch panel 14, the control portion
6 stops the application of voltage to the electric motor
16, and then also stops the application of voltage to the
electromagnetic clutch 18 to separate the electric motor
16 and the gear row 17 from each other. As a result, the
conveyance roller 11 stops its rotation, and the advance-
ment/retreating of the drawer with respect to the fixed
frame body 2 is stopped, making it possible from this
onward to cause the drawer 3 to advance and retreat
through manual operation. By checking the input signals
of the pair of position switches 20a, 20b, the control por-
tion 6 can ascertain whether the drawer 3 is in the open
state or the closed state. Therefore, if, for example, a
opening command is input from the switch panel 14 al-
though the drawer is in the open state, no voltage is ap-
plied to the electric motor 16 and the electromagnetic
clutch 18, and they are kept at rest. This also applies to
the case in which a closing command is input from the
switch panel 14 although the drawer is in the closed state.
[0030] On the other hand, the control portion 6 counts
the number of output signals from the rotary encoder 51
per unit time; when the count value becomes not more
than a predetermined value, the application of voltage to
the electric motor 16 and the electromagnetic clutch 18
is stopped regardless of the input from the switch panel
14. The rotary encoder 51 outputs pulse signals at a
speed corresponding to the moving speed of the drawer
3, so if the number of output signals from the rotary en-
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coder 51 per unit time has become not more than a pre-
determined value, it means that the moving speed of the
drawer 3 has been reduced to an extreme degree, and
trouble is to be expected, such as locking of the drawer
3 by an obstacle. Thus, in this case, the application of
voltage to the electric motor 16 and the electromagnetic
clutch 18 is immediately stopped, and the rotation of the
conveyance roller 11 is stopped. That is, in the movable
body drive unit 10, the obstruction detection means,
which is a constituent feature of the present invention, is
formed by the speed detection means 5 and the control
portion 6.

[0031] Fig. 8 is a flowchart illustrating the control pro-
cedures related to the stopping of the conveyance roller
11; while the control portion 6 is applying voltage to the
electric motor 16, those procedures are always executed
irrespective of the moving direction of the drawer 3. When
the application of voltage to the electric motor 16 is start-
ed, the input signal of the rotary encoder 51 is first
checked, thereby checking whether or not the moving
speed of the drawer 3 has been reduced to a level not
higher than a predetermined speed (ST1). This prede-
termined speed is set relatively low with leeway with re-
spect to the moving speed of the drawer 3 generated
through rotation of the conveyance roller 11. The judg-
ment as to whether the moving speed has been reduced
to a level not higher than the predetermined speed is
made by counting the number of output signals of the
rotary encoder 51 per unit time as described above and
by checking whether the count number has become
smaller than a predetermined value or not.

[0032] When itis determined from the checking result
in ST1 that the moving speed of the drawer 3 is not higher
than the predetermined speed, it is to be expected that
the drawer has come into contact with an obstacle. There-
fore, the application of voltage to the electric motor 16 is
immediately stopped, and then the application of voltage
tothe electromagnetic clutch is stopped (ST3). This caus-
es the drawer 3 to stop.

[0033] On the other hand, when it is determined that
the moving speed of the drawer 3 has not been reduced
to a level lower than the predetermined speed, it is
checked whether the output signal of the position switch
20a, 20b has been turned on or not (ST2). Here, when
the output signal of the position switch has been turned
on, it is to be assumed that the drawer 3 has moved to
the terminal end of the open position or the closed posi-
tion. Accordingly, in this case also, the application of volt-
age to the electric motor 16 is immediately stopped, and
then the application of voltage to the electromagnetic
clutch 18 is stopped (ST3). Further, upon stopping of the
drawer 3, the control procedures are completed.

[0034] As described with reference to the flowchart of
Fig. 8, when the application of voltage to the electric mo-
tor 16 is stopped upon abutting of the drawer 3 against
an obstacle, the conveyance roller 11 stops its rotation,
so the drawer 3 naturally stops with respect to the fixed
frame body. However, in the case in which the movable
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body drive unit 10 shown in Fig. 3 is used, when the
application of voltage to the electric motor 16 and to the
electromagnetic clutch 18 is stopped, with the movement
of the drawer 3 being locked by an obstacle, the drawer
3 moves slightly in a direction reverse to the direction in
which it has thus far moved, and is automatically sepa-
rated from the obstacle. This is due to the fact that the
surface of the conveyance roller 11 is covered with the
soft and elastic layer 19 and that a part of the torque
transmitted from the electric motor 16 to the conveyance
roller 11 is accumulated as strain from the moment when
the movement of the drawer 3 is locked by the obstacle
until the moment when the electric motor 16 stops. When
the application of voltage to the electric motor 16 and the
electromagnetic clutch 18 is stopped, the conveyance
roller 11 becomes capable of freely rotating. Therefore,
the strain accumulated in the soft and elastic layer 19 is
released as a reaction force, and a slight rotational force
inadirection reverse to that in which it has thus far rotated
is applied to the conveyance roller 11. As a result, the
drawer 3 is automatically retracted away from the obsta-
cle.

[0035] Thus, in the movable body drive unit 10, when
the movement of the drawer 3 is forcibly locked by an
obstacle, and the driving of the electric motor 16 is
stopped upon detection of this locking, the drawer 3 is
automatically separated from the obstacle with which it
has been in contact. Thus, it is possible to instantane-
ously cancel the state in which the drawer 3 is in contact
with the obstacle, and there is no need for the user him/
herself to manually retract the drawer 3 to remove the
obstacle, thus achieving an improvement in terms of op-
erability. Further, even when the user inadvertently gets
his finger caught between the fixed frame body 2 and the
drawer 3, the drawer 3 automatically retreats immediately
after the stopping of the electric motor 16, so it is possible
to instantaneously cancel the state in which the finger is
caught, thus making it possible to prevent an accidental
injury.

[0036] Thatis, inthe movable body drive unit 10 shown
in Fig. 3, the soft and elastic layer 19 covering the surface
of the conveyance roller 11 constitutes the absorption/
repulsion means of the present invention. In this case,
the retracting amount of the drawer 3 depends upon the
amount of strain generated in the soft and elastic layer
19. For example, when the thickness of the soft and elas-
tic layer 19 is increased, the amount of strain generated
by the soft and elastic layer 19 is so much the larger, so
the retracting amount of the drawer 3 when the strain is
released is increased. Further, this absorption/repulsion
means is not always restricted to the soft and elastic layer
19 covering the conveyance roller 11. For example, it is
also possible to provide an elastic joint between the gear
17¢ and the conveyance roller 11, absorbing a part of
the torque of the electric motor 16 through elastic defor-
mation of the elastic joint when the drawer is locked by
an obstacle.

[0037] While in the example described above a speed
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detection means such as the rotary encoder 51 is used
to detect the state in which the movement of the drawer
3 is locked by an obstacle against which it abuts, itis also
possible, for example, to ascertain the presence/ab-
sence of an obstacle from fluctuations in the value of
electric current flowing during the driving of the electric
motor 16. Fig. 9 is a block diagram showing a control
system used in this case. An ampere meter 8 is provided
between the control portion 6 and the electric motor 16,
and the output signal of the ampere meter 8 is compared
with a predetermined value at the control portion 6. When
the drawer abuts an obstacle, the torque of the electric
motor increases, and the value of electric current flowing
through the electric motor increase in accordance there-
with. As a result, when the output signal of the ampere
member 8 becomes larger than a predetermined value,
the control portion 6 decides that the drawer 3 has abut-
ted an obstacle, and stops the application of voltage to
the electric motor 16 and the electromagnetic clutch 18.
With this construction also, itis possible to detect whether
the drawer has abutted an obstacle or not.

[0038] While in the above description the movable
body drive unit of the present invention is applied to an
automatic drawer, the movable body drive unit is also
applicable to various other conveying devices; by being
fixed to the object to be conveyed, it allows the object to
attain linear self-propelling motion. Thus, itis only by way
of example that the movable body drive unit has been
described as applied to an automatic drawer device.

Claims

1. A movable body drive unit (10), which is mounted to
a second member (3) supported so as to be capable
of freely reciprocating relative to a first member (2),
and which causes the second member (3) to ad-
vance and retreat relative to the first member (2),
comprising:

a conveyance roller (11) held in press contact
with a traveling surface provided on the first
member (2);

a drive means (16, 17) for rotating the convey-
anceroller (11) ina normal direction or areverse
direction;

a user input means (14) for giving the drive
means (16, 17) acommand to cause the second
member (3) to advance or retreat;

a control means (6) for generating a drive signal
for the drive means (16, 17) in response to an
input signal of the user input means (14); and
an obstruction detection means (5, 6) which
makes a judgment as to whether there has been
generated any obstruction to relative advance-
ment/retreating of the first member (2) and the
second member (3), and which, upon determin-
ing there is an obstruction, gives the control
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means (6) a command to stop the drive means
(16, 17) upon determining there is an obstruc-
tion.

A movable body drive unit according to Claim 1,
wherein the obstruction detection means (5, 6) has
a speed detection means (5) for detecting an ad-
vancing/retreating speed of the second member (3),
and judges whether there is any obstruction to ad-
vancement/retreating of the second member (3)
from an output signal of the speed detection means

(5).

A movable body drive unit according to Claim 2,
wherein the speed detection means (5) comprises a
rotary encoder (51) adapted to rotate according to
an advancing/treating amount of the second mem-
ber (3).

A movable body drive unit according to Claim 1,
wherein the obstruction detection means (6) has an
ampere meter for measuring an electric currentvalue
of the drive means (16), and judges whether there
is any obstruction to advancement/retreating of the
second member (3) from a measurement value of
the ampere meter.

A movable body drive unit according to Claim 1, fur-
ther comprising an absorption/repulsion means (19)
which absorbs at least a part of torque transmitted
from the drive means (16, 17) to the conveyance
roller (11) from the moment when an obstruction to
the relative advancement/retreating of the first mem-
ber (2) and the second member (3) is generated until
the moment when the drive means (16, 17) stops,
and which, as the drive means (16, 17) stops, sep-
arates the first member (2) or the second member
(3) from an obstacle by using a reaction force of the
torque absorbed.

A movable body drive unit according to Claim 5,
wherein the absorption/repulsion means (19) com-
prises a soft and elastic layer covering a surface of
the conveyance roller (11).

A movable body drive unit according to Claim 5,
wherein the drive means is composed of a motor
(16) and a gear row (17) transmitting rotational power
from the motor (16) to the conveyanceroller (11), and
wherein the control means (6) cuts off electricity sup-
ply to the motor (16) when the drive means is to be
stopped.

A movable body drive unit according to Claim 7,
wherein the gear row (17) includes an electromag-
netic clutch (18), and

wherein the electromagnetic clutch (18) cuts off pow-
er transmission through the gear row (17) when the
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10.

11.

12.

13.

drive means is to be stopped.

A movable body drive unit according to Claim 7,
wherein at both ends of an advancing/retreating
stroke of the second member (3) with respect to the
first member (2), there are provided position switch-
es (20a, 20b) for detecting reaching of the second
member (3), and

wherein the control means (6) cuts off electricity sup-
ply to the motor (16) in response an output signal of
each of the position switches (20a, 20b).

An automatic drawer device, comprising:

a fixed frame body (2);

a drawer (3) capable of freely advancing and
retreating with respect to the fixed frame body
(2); and

a movable body drive unit (10) fixed to one of
the fixed frame body (2) and the drawer (3) and
causing the drawer (3) to advance and retreat
with respect to the fixed frame body (2),

wherein the movable body drive unit (10) is equipped
with:

a conveyance roller (11) causing the drawer (3)
to move;

a drive means (16, 17) rotating the conveyance
roller (11) in a normal direction or a reverse di-
rection;

a user input means (14) for giving the drive
means (16, 17) acommand to cause the drawer
(3) to advance or retreat;

a control means (6) for generating a drive signal
for the drive means (16, 17) in response to an
input signal of the user input means (14); and
an obstruction detection means (5, 6) which
makes a judgment as to whether there is any
obstruction to advancement/retreating of the
drawer (3), and which, upon determining there
is an obstruction, gives the control means (6) a
command to stop the drive means (16, 17).

An automatic drawer device according to Claim 10,
wherein the obstruction detection means (5, 6) has
a speed detection means (5) for detecting an ad-
vancing/retreating speed of the drawer (3), and judg-
es whether there is any obstruction to advancement/
retreating of the drawer (3) from an output signal of
the speed detection means (5).

An automatic drawer device according to Claim 10,
wherein the speed detection means (5) comprises a
rotary encoder (51) adapted to rotate according to
an advancing/treating amount of drawer (3).

An automatic drawer device according to Claim 10,
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wherein the obstruction detection means (5, 6) has
an ampere meter for measuring an electric current
value of the drive means (16), and judges whether
there is any obstruction to advancement/retreating
of the drawer (3) from a measurement value of the
ampere meter.

An automatic drawer device according to Claim 10,
further comprising an absorption/repulsion means
(19) which absorbs at least a part of torque transmit-
ted from the drive means (16) to the conveyance
roller (11) from the moment when an obstruction to
advancement/retreating of the drawer (3) is gener-
ated until the moment when the drive means (16)
stops, and which, as the drive means (16) stops,
separates the drawer (3) from an obstacle by using
a reaction force of the torque absorbed.

An automatic drawer device according to Claim 14,
wherein the absorption/repulsion means (19) com-
prises a soft and elastic layer covering a surface of
the conveyance roller (11).

An automatic drawer device according to Claim 14,
wherein the drive means is composed of a motor
(16) and agearrow (17) transmitting rotational power
from the motor (16) to the conveyanceroller (11), and
wherein the control means (6) cuts off electricity sup-
ply to the motor (16) when the drive means is to be
stopped.

An automatic drawer device according to Claim 16,
wherein the gear row (17) includes an electromag-
netic clutch (18), and

wherein the electromagnetic clutch (18) cuts off pow-
er transmission through the gear row (17) when the
drive means (16) is to be stopped.

An automatic drawer device according to Claim 16,
wherein at both ends of an advancing/retreating
stroke of the drawer (3), there are provided position
switches (20a, 20b) for detecting reaching of the
drawer (3), and

wherein the control means (6) cuts off electricity sup-
ply to the motor (16) in response to an output signal
of each of the position switches (20a, 20b).

An automatic drawer device according to Claim 10,
wherein the user input means (14) comprises a foot
switch provided on a front surface of the drawer in
correspondence with feet of a user.
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