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DESCRIPTION

TITLE OF INVENTION: Conveying Apparatus and Conveying
Method

TECHNICAL FIELD
[0001]
The present invention relates to a conveying

apparatus and to a conveying method.

BACKGROUND ART
[0002]

Known conveying apparatus include a carrier running
along ceiling rails laid on the ceiling of a building,
and a support installed on the carrier, configured to be
able to move vertically downward from the carrier
conveyor and configured to be able to move vertically
upward toward the carrier (see JP2021-187563A, especially
Fig. 1). The support supports objects to be conveyed. The
objects to be conveyed 1is conveyed vertically by the
support and horizontally by the carrier. On the floor
inside the building, a processing device 1is installed to
perform a predetermined treatment on the object to be
conveyed. The ©processing device has a platform for
receiving the object from the support and placing the
object thereon.

[0003]

The object supported by the support, is conveyed to a
position above the processing device by the carrier. From
the position above the processing device, the support
moves vertically downward, and the object is fed into the
processing device and placed on the platform. The object
placed on the platform 1is subjected to a prescribed
treatment by the processing device. After treatment, the

object is moved upward from the processing device by the
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support, and then conveyed to another 1location by the
carrier.
[0004]

As the processing device, a structure with an
operation panel for the processing device and other
equipment 1installed above the platform is known. The

’

structure is called a “cover.” In such a processing unit,
the support supporting the object passes through the
interior of the structure when the object 1is lowered
toward the platform before ©processing or when the
processed object is lifted from the platform.

[0005]

However, the interior of the structure 1s narrower
than the rest of the structure. Therefore, when the
support supporting the object passes through the
structure, special care must be taken to prevent problems
such as contact or collision of the object or support
with the structure. The reason why such consideration is
necessary 1is that, for example, there is a possibility
that displacement from the specified position may occur
due to shaking during the lifting and lowering operation
of the support and the object, that the deviation from
the normal position of the object by the support may
occur, or that the stop position may deviate from the
normal position when the object 1s stopped above the
processing unit.

[0006]

The same situation can be assumed to occur in a
variety of cases, not only when a structure with a narrow
interior is installed in the ©processing device as
described above, but also when the object 1is conveyed

along the vertical direction.

SUMMARY OF INVENTION
[0007]
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The object of the present invention is to prevent the
occurrence of troubles associated with the existence of a
narrow areas when conveying an object to be conveyed
along a vertical path having the narrow areas.

[0008]

To achieve the object, according to the invention, a
conveying apparatus capable of conveying an object to be
conveyed supported by a support along a vertical
direction in a non-restricted area and a restricted area
narrower than the non-restricted area comprises;

a first detection device configured to detect whether
a runout of the object supported by the support from a
normal position thereof 1is within or outside the non-
restricted area 1in a first direction intersecting the
vertical direction,

a second detection device configured to detect
whether the runout of the object supported by the support
from the normal position thereof is within or outside the
restricted area in a second direction intersecting the
vertical direction, and

a controller configured to control a conveying
operation of the object to be conveyed by the support
based on the detection results of the first detection
device and the second detection device.

[0009]

According to the conveying apparatus of the present
invention, the first detection device can detect whether
the runout of the object to be conveyed supported by the
support from its normal position is within or outside the
range of the non-restricted area in the direction that
intersects the wvertical direction. According to the
conveying apparatus of the present invention, the second
detection device can detect whether the runout of the
object supported by the support from its normal position

is within or outside the restricted aresa, which 1is
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that intersects the vertical direction. Therefore,
according to the conveying apparatus of the present
invention, when the object is supported by the support
and conveyed in the vertical direction, even if the non-
restricted area and the restricted area exist, the
conveyance control can be performed appropriately
corresponding to each area.

[0010]

According to the conveying apparatus of the present
invention, it is preferable that

the controller is configured to control the conveying
operation of the object by the support based on the
detection result of the first detection device in the
non-restricted region, and

the controller is configured to control the conveying
operation of the object by the support based on the
detection result of the second detection device in the
restricted area.

[0011]

In this case, the controller can make the conveying
operation of the object to be conveyed appropriately
corresponding to the non-restricted area, as well as the
conveying operation of the object to Dbe conveyed
appropriately corresponding to the restricted area.

[0012]

According to the conveying apparatus of the present
invention, it is preferable that the conveying apparatus
further comprises;

a processing device for processing the object, the
processing device having the non-restricted area and the
restricted area, and

a carrier that travels horizontally at a position

above the processing device while holding the support,



10

15

20

25

30

35

wherein the support conveys the object between the
position above the processing device and a position for
placing the object in the processing device by raising
and lowering operations thereof.

[0013]

In this case, the conveyance control can be performed
appropriately corresponding to the non-restricted and
restricted areas respectively 1in the processing device
for processing the object to be conveyed.

[0014]

According to the conveying apparatus of the present
invention, it is preferable that a plurality of
processing devices is provided, including a first
processing device with the restricted area and a second
processing device without the restricted area.

[0015]

In this case, the first processing device which has
the restricted area can perform control based on
detection results from Dboth the first and second
detection devices. In contrast, the second processing
device, which does not have the restricted area, can
perform control based only on the detection results from
the first detection device. Therefore, reliable results
can be obtained with simple control.

[0016]

According to the conveying apparatus of the present
invention, it 1is preferable that at least one of the
controller, the carrier and the support has map
information about at least one of the restricted and non-
restricted areas at each processing device.

[0017]

In this case, while recognizing the location of the
restricted area and the non-restricted area 1in each
processing device, conveyance control can be performed

appropriately for each of the non-restricted area and
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restricted area, thus enabling more reliable conveyance
control.
[0018]

According to the conveying apparatus of the present
invention, it 1is preferable that the map information
includes the location of at least one of the restricted
area and the non-restricted area along the movement path
of the support.

[0019]

In this case, highly accurate control that reliably
recognizes the location of the existence of restricted
area and non-restricted area along the movement path of
the support can be performed.

[0020]

According to the conveying apparatus of the present
invention, it is preferable that the conveying apparatus
further comprises a position detection device to detect
the position of the support along the movement path
thereof.

[0021]

In this case, since the conveyance operation in the
non-restricted and restricted areas can Dbe controlled
while detecting the position of the support supporting
the object to be conveyed, reliable control can be
performed.

[0022]

According to the conveying apparatus of the present
invention, it 1is preferable that the controller is
configured to control a speed of movement of the support
along the movement path thereof.

[0023]

According to the present invention, it is possible to
control the conveyance operation in various ways based on
the detection results of the first and second detection

devices. Among other things, the speed of movement of the
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controlled, for example, by performing conveyance at a

low

such

speed only 1in restricted areas

control in non-restricted areas,

efficient conveyance.

[0024]

In particular,

is preferable that the controller

and not performing

thereby ensuring

according to the present invention, it

is configured to

reduces the speed of movement of the support, when the

second detection device detects that

the runout of the

object supported by the support from the normal position

is outside the restricted area,

of the object supported by the

position is within the restricted area.
[0025]

runout

In this case,

of the object to be

support

from its normal

restricted area, for example,

shaking of the

support or the

conveyed

position

more than when the runout

support from the normal

during actual conveyance, even if the

supported by the

is outside the

if this runout 1is based on

object, the runout will

decrease accordingly when the shaking stops. At that time,

the support can be moved at a low speed without stopping,

and

the

support can pass through the restricted area

without major trouble, thus

conveyance can be performed

without lowering conveyance efficiency.
[0026]

According to the conveying apparatus of the present

invention,

it is preferable that

the first detection device is configured to detect a

first physical gquantity that changes

between when the

runout of the object from the normal position is within

the non-restricted area and when the runout of the object

from the normal position is

area,

and

outside

the non-restricted
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the second detection device is configured to detect a
second physical quantity that changes between when the
runout of the object from the normal position is within
the restricted area and when the runout of the object
from the normal position is outside the restricted area.
[0027]

In other words, as the first and second detection
devices, detection devices that can detect on any
physical principle can be employed as appropriate.

[0028]

According to the conveying apparatus of the present
invention, it is preferable that the conveying apparatus
further comprises;

a light emitting device provided on the carrier to
emit light beam toward the support,

a reflective member provided on the support and/or
the object to reflect the 1light beam from the 1light
emitting device, and

a light intensity detecting device installed on the
carrier to detect the intensity of light reflected from
the reflective member,

wherein;

the reflective member has a first reflector and a
second reflector, the reflectance of which differs from
each other,

the first reflector is formed in a first size
corresponding to the non-restricted area,

the second reflector is formed in a second size
corresponding to the restricted area,

the first detection device is configured to detect
whether the runout of the object from the normal position
is within or outside the non-restricted area by a first
difference in the light intensity of the reflected light
detected by the light intensity detection device, and
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the second detection device is configured to detect
whether the runout of the object from the normal position
is within or outside the restricted area by a second
difference in the light intensity of the reflected light
detected by the light intensity detection device.

[0029]

This allows the first and second detection devices to
be specifically configured.
[0030]

According to the conveying apparatus of the present
invention, it is preferable that;

the first reflector is larger in size than the second
reflector, and

the second reflector 1is 1installed inside the area
where the first reflector is installed.

[0031]

This allows the reflective elements to be compactly
configured.
[0032]

According to a conveying method of the present
invention, in conveying an object supported by a support
in a horizontal direction at a position above a
processing device by a carrier holding the support and
raising and lowering the object between the carrier and
the processing device by lowering the support from or
raising the support toward the carrier, the conveying
method comprises;

determining, by means of a control operation using
map information in a controller, a presence or an absence
of a restricted area narrower than a non-restricted area
along a vertical direction and a location of the
restricted area in the processing device,

detecting, by a first detection device, whether a
runout from a normal position of the object, which is

supported by the support and conveyed, is within or
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outside the non-restricted area 1in a first direction
intersecting the vertical direction,

detecting, by a second detection device, whether a
runout from the normal position of the object, which is
supported by the support and conveyed, 1is within or
outside the restricted area in a second direction
intersecting the vertical direction,

controlling, Dby the controller, the raising and
lowering operation of the support Dbased on a first
detection result of the first detection device in the
non-restricted area, and

controlling, Dby the controller, the raising and
lowering operation of the support Dbased on a second
detection result of the second detection device in the
restricted area.

[0033]

Therefore, according to the conveying method of the
present invention, the first detection device can detect
whether the runout of the object to be conveyed supported
by the support from its normal position 1is within or
outside the range of the non-restricted area in the
direction that intersects the vertical direction.
According to the conveying method of the present
invention, the second detection device can detect whether
the runout of the object to be conveyed supported by the
support from its normal position is within or outside the
restricted area, which is narrower than the non-
restricted area, 1in the direction that intersects the
vertical direction. Therefore, according to the conveying
method of the present invention, when the object 1is
supported by the support and conveyed in the vertical
direction, even 1if a non-restricted area and a restricted
area exist, conveyance control that appropriately
corresponds to each area can be performed.

[0034]
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According to the present invention, even if the non-
restricted area and the restricted area narrower than the
non-restricted area exist when the object to be conveyed
is supported by the support and conveyed in the wvertical
direction, conveyance control can be performed by
appropriately responding to each area to prevent the

occurrence of trouble.

BRIEF DESCRIPTION OF DRAWINGS
[0035]

Fig. 1 1is a figure showing an embodiment of a
conveying apparatus according to the present invention;
[0036]

Fig. 2 1is a figure conceptually showing a non-
restricted area and a restricted area;

[0037]

Fig. 3 is a figure showing an example of a reflective
member;
[0038]

Fig. 4 is a figure showing the configuration of first
and second detection devices;
[0039]

Fig. 5 is a figure showing the first detection
device;
[0040]

Fig. 6 1is a figure showing the second detection
device;
[0041]

Fig. 7 is a figure showing an example of a conveying
apparatus equipped with multiple processing devices; and
[0042]

Fig. 8 1is a figure showing map information and a

position detection device.

DESCRIPTION OF EMBODIMENTS
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[0043]

As depicted in Fig. 1, which shows the embodiment of
the conveying apparatus of the present invention, the
conveying apparatus conveys an object 12 to be conveyed,
supported by a support 11, along the vertical direction
13. Fig. 1 shows a processing device 14 for applying a
predetermined processing to the object 12. The processing
device 14 is installed on a floor 15 of a building.

[0044]

At a position above the floor 15, a ceiling rail 16
is laid in a horizontal direction perpendicular to the
paper surface in Fig. 1. A cart-type carrier 17 1is
provided that runs guided by the ceiling rail 16. The
support 11 1is provided in the carrier 17 and can move
vertically downward from the carrier 17 toward the
processing device 14 and also vertically upward from the
processing device 14 toward the carrier 17. The carrier
17 has a driver 18 for moving the support 11 in the
vertical direction. The support 11 is provided with a
chuck 19 for releasably gripping the object 12. In the
illustrated example, the chuck 19 is capable of
suspending and supporting the object 12 in a gripped
state.

[0045]

The processing device 14 has a platform 21 for
placing the object 12 to be processed. The object 12 is
supported on the support 11 Dby the chuck 19 and 1is
conveyed horizontally by the carrier 17 together with the
support 11. The support 11 is moved downwardly along the
vertical direction 13 by the driver 18, and the object 12
is placed on the platform 21 of the processing device 14.
By moving the support 11 upwardly along the vertical
direction 13 by the driver 18, the object 12 is carried
from the platform 21 to a position above the processing

device 14.
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[0046]

Once the object 12 is placed on the platform 21 of
the processing device 14, the support 11 is moved above
the object 12 by the driver 18, releasing the grip of the
chuck 19 on the object 12. The object 12 is now placed on
the platform 21 and is processed by the processing device
14 without being disturbed by the support 11.

[0047]

When the object 12 has been subjected to a prescribed
processing by the processing device 14, the support 11 is
moved downward again along the vertical direction 13, and
the chuck 19 again grips and supports the object 12
placed on the platform 21. The support 11 is then raised,
and the object 12 is moved wupward away from the
processing device 14. In this state, the carrier 17 runs
along the ceiling rail 16, and the object 12 is conveyed
to a predetermined location.

[0048]

It 1is possible that the object 12 on the placing
platform 21 1is processed while the chuck 19 is still
holding the object.

[0049]

The processing device 14 has a cover 22 above the
platform 21. The cover 22 has a panel 23. The panel 23 is
provided with buttons for operator operation and a
display for display to the operator.

[0050]

The support 11 supporting the object 12 to be
conveyed passes through the interior of the cover 22 when
lowering the object 12 toward the platform 21 and when
lifting the object 12 from the platform 21 because the
processing device 14 has a cover 22 over the platform 21.
[0051]

However, the <cover 22 is not sufficiently large

compared to the support 11 including the chuck 19, and
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the object 12. Rather, the cover 22 is formed in a
reasonably compact shape and dimensions as a component of
the processing device 14. As a result, the support 11 and
the object 12 gripped by the chuck 19 are forced to move
along a narrower ©passageway when moving vertically
through the interior of the cover 22 than when moving in
any other location.

[0052]

In this specification, the narrow space through which
the support 11 and the object 12 pass inside the cover 22
is referred to as a “restricted area”. The space other
than the restricted area, which is not so narrow, 1is
referred to as a “non-restricted area”.

[0053]

Fig. 2 1is a plan view conceptually showing the non-
restricted area 25 and the restricted area 26. By Fig. 2,
it can be understood that the restricted area 26 for the
support 11, chuck 19 and object 12 is narrow, while the
non-restricted area 25 is wider than the restricted area
26.

[0054]

To improve conveying efficiency, the support 11 must
be raised and lowered as fast as possible. However, when
the support 11 1is raised and lowered at high speed, the
accompanying shaking may occur. This shaking may cause
the support 11 including the chuck 19, and the object 12
to swing from their normal positions. In Fig. 2, a first
state in which the support 11, chuck 19 and object 12 are
within the restricted area 26 is depicted by a solid line.
In Fig. 2, a second state in which the support 11, chuck
19 and object 12 overhang to position 27 outside the
restricted area 26, a third state in which the support 11,
chuck 19 and object 12 are in position 28 within the non-

restricted area 25, and a fourth state 1in which the
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support 11, chuck 19 and object 12 are in position 29
outside the non-restricted area 25 are shown together.
[0055]

When runout from the normal position occurs in the
support 11 including the chuck 19, runout also occurs in
the object 12 accordingly. Conversely, when runout from
the normal position occurs in the object 12, runout also
occurs 1in the support 11 and chuck 19 accordingly. In
other words, the support 11, chuck 19 and object 12 run
out together. However, 1in the present invention, the
object 12 is firmly supported by the chuck 19 of the
support 11, and thus no misalignment is assumed to occur
between the support 11 and chuck 19 and the object 12.
[0056]

In Fig. 1, directions in which runout from the normal
position in the support 11 and the object 12 can occur
are illustrated by arrow 30, arrowhead 31 and nock 32.
However, runout from the normal position with respect to
the support 11 and the object 12 is not limited to these
directions, Dbut <can occur in any direction in the
horizontal plane intersecting the vertical direction.
[0057]

The conveying apparatus shown in Fig. 1 1is equipped
with a first detection device and a second detection
device, as will be described in detail in the specific
example below. The first detection device detects whether
the runout of the object 12 supported by the support 11,
i.e., the support 11, chuck 19 and object 12, from the
normal position 1is within or outside the non-restricted
area 25 in the direction crossing the vertical direction,
as shown in Fig. 2. In contrast, the second detection
device detects whether the runout of the object 12
supported by the support 11, i.e., the support 11, chuck

19 and object 12, from the normal position is within or
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outside the restricted area 26 in the direction that
intersects the vertical direction.
[0058]

In the present invention, such first and second
detection devices can be selected and used as desired by
a person skilled in the art from among a number of
generally known detection devices, as long as they have
the detection function described above. In other words,
the first detection device can perform the detection
function as long as it detects the first physical
quantity that changes when the runout from the normal
position of the object 12 or the like is within the range
of the non-restricted area 25 and when it is outside the
range of the non-restricted area 25. The second detection
device can perform its detection function as long as it
detects a second physical quantity that changes when the
runout from the normal position with respect to the
object 12, etc. 1is within the restricted area 26 and when
it is outside the restricted area 26.

[0059]

The conveying apparatus shown in Fig. 1 further has a
controller 35. The controller 35 controls a conveyance
operation of the object 12 to be conveyed by the support
11 based on the detection results of the first detection
device and the second detection device. Specific examples
of controlling the conveyance operation include
controlling an increase or decrease 1in the vertical
movement speed of the support 11 by controlling the
driver 18 Dby the controller 35, and stopping and
restarting the movement of the support 11. However, other
forms of control of the conveyance operation are also
possible.

[0060]
By controlling the conveyance operation of the object

12 by the support 11 in this manner, even 1if a non-
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restricted area 25 and a restricted area 26 exist when
the object 12 is supported by the support 11 and conveyed
in the vertical direction, the conveyance control can be
performed appropriately corresponding to the respective
areas 25 and 26. For example, within the non-restricted
area 25, efficient conveyance can be performed by moving
the support 11 at high speed. In the restricted area 26,
the support 11 can be carefully conveyed by reducing the
moving speed of the support 11 compared to the non-
restricted area 25.

[0061]

For example, 1f the support 11, chuck 19 and object
12 are within the restricted area 26 shown in Fig. 2,
conveyance can be performed without any problems despite
the presence of the restricted area 26. In this case, for
example, even 1f the object 12 is conveyed at high speed
over the entire range of vertical conveyance Dby the
support 11, conveyance can also be performed without any
problems.

[0062]

Even if, for example, the support 11, chuck 19 and
object 12 protrude into position 27 outside the
restricted area 26 shown in Fig. 2, depending on the
extent of the protrusion and other conditions, the
support 11 may manage to pass through the restricted area
26 by simply slowing down without stopping its movement.
Therefore, such cases can be handled successfully. For
example, 1if the runout of the support 11, chuck 19 and
object 12 is caused by shaking of the support 11, chuck
19 and object 12, it is efficient to reduce the moving
speed of the support 11 in anticipation of the runout,
since the runout often subsides gradually depending on
the type and degree of shaking.

[0063]
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Furthermore, if, for example, the support 11, chuck
19 and object 12 remain unchanged while protruding into
position 29 outside the range of the non-restricted area
25 shown in Fig. 2, the controller 35 can issue a warning
to the operator to that effect or stop the support 11,
etc. The controller 35 can also perform other appropriate
controls based on the detection results of the first
detection device and the second detection device.

[0064]

There can be wvarious forms of controlling the
movement of the support 11 and the object 12 using the
first and second detection devices. Among them, in
particular, in the non-restricted area 25, it is suitable
for achieving efficient control that the controller 35
controls the conveyance operation of the object 12 by the
support 11 based on the detection result of the first
detection device, i.e., whether the runout of the object
12 supported by the support 11 from its normal position
is within or outside the range of the non-restricted area
25. In the restricted area 26, it 1s suitable for
achieving efficient control that the controller 35
controls the conveyance operation of the object 12 by the
support 11 based on the detection result of the second
detection device, i.e., whether the runout of the object
12 supported by the support 11 from its normal position
is within the restricted area 26 or outside the
restricted area 26. This 1is because the control can
respond well to the detection results.

[0065]

While any device can be used as the first and second
detection devices as described above, the following
describes new first and second detection devices based on
the present invention. These new detection devices are
based on optical detection methods.

[0066]
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In detail, as shown in Fig. 3, for example, a first
reflective seal 36 and a second reflective seal 37 are
provided on a top surface of the support 11. The first
reflective seal 36 is formed in a size corresponding to
the allowable range of runout of the support 11, chuck 19
and object 12 in the non-restricted area 25. The second
reflective seal 37 is formed in a size corresponding to
the allowable range of runout of the support 11, chuck 19
and object 12 in the restricted area 26. As shown in Fig.
2, since the restricted area 26 is narrower than the non-
restricted area 25, the second reflective seal 37 formed
corresponding to the allowable range of runout of the
support 11, chuck 19 and object 12 in the restricted area
26 is smaller in size than the first reflective seal 36
formed corresponding to the allowable range of runout of
the support 11, <chuck 19 and object 12 in the non-
restricted area 25.

[0067]

As shown in Fig. 3, the second reflective seal 37 is
provided inside an area where the first reflective seal
36 1is provided. For example, if the first and second
reflective seals 36, 37 are of a structure that 1is
attached to an object, the first reflective seal 36 can
be attached to the support 11 and the second reflective
seal 37 can be further attached to a surface of the first
reflective seal 36.

[0068]

It is suitable for the first reflective seal 36 and
the second reflective seal 37 to have different
reflectance of 1light rays from each other and from the
surface of the support 11. Specific examples of the
configuration of the first and second detection devices
using such first and second reflective seals 36 and 37
are as follows.

[0069]
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As shown in Fig. 1, the carrier 17 is provided with a
light emitting/receiving device 38. The light
emitting/receiving device 38 can emit a laser beam 39
downward along the vertical direction 13 toward a portion
of the support 11 to which the first and second
reflective seals 36, 37 are attached, and can also detect
the amount of laser light reflected from below the 1light
emitting/receiving device 38. Therefore, based on the
magnitude of the runout of the support 11, the amount of
reflected light changes when the laser beam 39 irradiates
the second reflective seal 37, the first reflective seal
36 and the surface of the support 11, as shown in Fig. 3.
As a result, 1t 1is possible to detect whether the laser
beam 39 is irradiating the second reflective seal 37, the
first reflective seal 36 or the support 11. This makes it
possible to know the magnitude of the runout from the
normal position in the horizontal direction for the
support 11, the chuck 19 and the object 12.

[0070]

Fig. 4 shows the detailed structure of the 1light
emitting/receiving device 38. The light
emitting/receiving device 38 1is equipped with a light
source 40 as a light ray emitting device for emitting a
laser beam 39 and a light intensity sensor 42 as a light
intensity detection device that receives reflected 1light
41 from the target, namely the second reflective seal 37,
first reflective seal 36 and support 11, and detects its
light intensity. The 1light source 40 projects the laser
beam 39 by being controlled by the controller 35. It is
suitable for accurate detection that the laser beam 39 is
emitted in a spot shape as shown in Fig. 3. The 1light
intensity sensor 42 sends a signal corresponding to the
detected light intensity to the controller 35. The arrow
43 in Fig. 4 represents horizontal runout that can occur

in the support 11, chuck 19 and object 12.
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[0071]

Fig. 5 shows the first detection device 45. In Fig. 5,
the laser beam 39 from the light source 40 is irradiated
onto the first reflective seal 36 in response to the size
of runout that occurs in the support 11, chuck 19 and
object 12, and the reflected 1light 41 from the first
reflective seal 36 enters the light intensity sensor 42
and the light intensity is detected. Although the figure
is omitted, when a large runout occurs, the laser beam 39
from the light source 40 is irradiated to the surface of
the support 11, whose reflectance is different from that
of the first reflective seal 36 and the second reflective
seal 37, and the reflected light from the surface of the
support 11 1is incident on the light intensity sensor 42,
and the light intensity is detected. The reflected 1light
41 from the first reflective seal 36 and the reflected
light from the surface of the support 11 differ from each
other in their 1light intensity. This 1s due to the
difference in reflectance in the two. When the amount of
reflected 1light 41 from the first reflective seal 36
enters the light intensity sensor 42, the controller 35
determines that the runout generated in the support 11,
chuck 19 and object 12 is within the non-restricted area
25 shown 1in Fig. 2. When the 1light reflected from the
surface of the support 11 enters the 1light intensity
sensor 42, the controller 35 determines that the runout
generated in the support 11, chuck 19 and object 12 1is
outside the range of the non-restricted area 25 shown in
Fig. 2. The first detection system 45 is systematically
constructed by such a detection system.

[0072]

Fig. 6 shows the second detection device 46. As in
the case of the first detection device 45, the laser beam
39 from the 1light source 40 1is emitted to the second

reflective seal 37 in response to the size of runout that
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occurs in the support 11, chuck 19 and object 12, and the
reflected 1light 41 from the second reflective seal 37
enters the 1light intensity sensor 42 and 1is detected.
When a large runout occurs, the laser beam 39 from the
light source 40 1s 4irradiated to the first reflective
seal 36 and the support 11, whose reflectance 1is
different from that of the second reflective seal 37, and
the reflected light from the first reflective seal 36 and
the support 11 is incident on the light intensity sensor
42, and the 1light intensity is detected. The 1light
intensity of the reflected light from the second
reflective seal 37 differs from the 1light intensity of
the reflected light from the first reflective seal 36 and
the support 11. When the light intensity corresponding to
the reflected light 41 from the second reflective seal 37
enters and is detected by the light intensity sensor 42,
the controller 35 determines that the runout generated in
the support 11, chuck 19 and object 12 1is within the
restricted area 26 shown 1in Fig. 2. When the 1light
intensity corresponding to the reflected light from the
first reflective seal 36 and the support 11 is incident
on and detected by the 1light intensity sensor 42, the
controller 35 determines that the runout generated in the
support 11, <chuck 19 and object 12 1is outside the
restricted area 26 shown in Fig. 2. The second detection
system 46 1is systematically constructed Dby such a
detection system.

[0073]

In the above, an example in which the first
reflective seal 36 and the second reflective seal 37 are
installed on the support 11 was described. However, the
first reflective seal 36 and the second reflective seal
37 can also be installed at other locations, for example,
on the chuck 19 or the object 12. Alternatively, a

plurality of first reflective seals 36 and second
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reflective seals 37, respectively, can be installed at a
plurality of arbitrary locations on the support 11, the
chuck 19 and the object 12. That is, the first reflective
seal 36 and the second reflective seal 37 can be
installed on the support 11 including the chuck 19 and/or
on the object 12 to be conveyed.

[0074]

In Fig. 3, rectangular shapes are illustrated as the
first reflective seal 36 and the second reflective seal
37. This corresponds to the planar shapes of the
restricted area 26 and non-restricted area 25 shown 1in
Fig. 2, and is particularly adapted when the restricted
area 26 1is formed in the cover 22 of the processing
device 14 as shown in Fig. 1. In contrast, if the planar
shapes of the restricted area 26 and the non-restricted
area 25 are other than rectangular, the shapes of the
first reflective seal 36 and the second reflective seal
37 are also suitable to be made accordingly. In some
cases, the restricted area 26 may be formed by only two
specific sides that can constitute a rectangle, and so on.
[0075]

In the above, particularly preferred examples of the
first detection device 45 and the second detection device
46 are described. According to the above examples, the
first detection device 45 and the second detection device
46 can be constructed by simply using a first reflective
seal 36, a second reflective seal 37 that can be pasted
over the first reflective seal 36, and a light
emitting/receiving device 38.

[0076]

However, the first detection device 45 and the second
detection device 46 can be made in other configurations.
For example, instead of a laminated structure, a frame-
shaped first reflective seal 36 can be provided around

the second reflective seal 37, the first and second
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reflective seals 36 and 37 can be arranged side by side,
and other configurations can also be adopted. In the
illustrated example, the required detection is performed
by detecting the 1light intensity of the reflected 1light
by the light intensity sensor 42 of the light
emitting/receiving device 38, but other techniques can be
employed. For example, 1image processing techniques or
other optical methods can be used. Alternatively, a non-
optical method, such as an electromagnetic displacement
sensor, can also Dbe wused. In other words, a person
skilled in the art can use any suitable detection means
already known, as described above, in implementing the
present invention.

[0077]

As shown in Fig. 7, according to the conveying
apparatus of the present invention, it is preferable that
a plurality of processing devices 14, 14, ... are
installed on the floor 15, and the carrier 17 is suitably
configured to travel along the ceiling rail 16 over the
plurality of processing devices 14, 14, .... This makes
it possible to apply multiple processes to a single
object 12, as well as to simultaneously process multiple
objects 12. In the example shown in Figure 7, there are
processing devices 14, 14 with covers 22, 22 and a
processing device 48 without cover. In the processing
unit 14 with the cover 22, it 1is preferable to perform
the control described above by the controller 35. 1In
contrast, in the case of the processing unit 48 without a
cover, there is no restricted area 26, although there is
a non-restricted area 25 shown in Figure 2, so it is
sufficient to perform only control based on the detection
result of the first detection device 45, and there is no
problem 1f control based on the detection result of the
second detection device 46 is not performed.

[0078]
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As shown in Figure 8, it 1is preferable for the
control unit 35 to have a storage medium 50 that stores
map information about each processing device 14 and the
restricted area 26 in each processing device 14.
Alternatively, the storage medium 50 storing the map
information can be provided on the support 11 as shown in
Fig. 8 or on the carrier 17, which is omitted in Fig. 8.
In other words, the storage medium 50 storing the map
information is suitably provided in at least one of the
controller 35, the carrier 17 and the support 11. The
storage medium 50 storing the map information can also be
provided at another location other than the controller 35
the carrier 17 and the support 11. In these
configurations, for example, the controller 35 can
recognize the positions of the processing device 14 with
the cover 22, or restricted area 26, and the processing
unit 48 without the cover 22, or restricted area 26,
shown in Fig. 7, and perform appropriate control
according to the position information.

[0079]

The map information stored in the storage medium 50
can include at least one of the location of the cover 22,
or restricted area 26, and the location of the non-
restricted area 25 along the path of movement in the
vertical direction 13 shown in Fig. 1. With this
configuration, the controller 35 <can perform highly
accurate control that reliably recognizes the location of
the restricted area 26 and the non-restricted area 25
along the vertical direction 13.

[0080]

As shown in Fig. 8 and Fig. 1, it is preferable for
the conveying apparatus according to the invention to
have a position detection device 51 that detects the
position of the support 11 along the path of movement of
the support 11 in the wvertical direction 13. In this
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configuration, the conveyance operation in the non-
restricted area 25 and the restricted area 26 can be
controlled by the controller 35 while detecting the
position of the support 11 supporting the object 12 to be
conveyed, thus ensuring reliable control. For example, if
the driver 18 for moving the support 11 in the vertical
direction 13 1is a motor or the 1like, the position
detection device 51 can be configured with a rotary
encoder linked to the motor.

[0081]

As the position detecting device 51 is provided, the
controller 35 can determine whether the support 11 and
the object 12 to be conveyed are present at the
installation position of the cover 22 or its neighboring
position along the vertical direction 13, that 1is,
whether they are 1in the restricted area 26 or its
neighboring area. Thus, the controller 35 can adapt the
support 11 and the object 12 to the position and area,
and can more precisely control conforming to these
positions and areas.

[0082]

For example, 1f overhang of the support 11 and the
object 12 from the restricted area 26 1is detected by the
second detection device 46 when the support 11 and the
object 12 are in or near the restricted area 26, careful
actions accordingly, such as, for example, stopping the
lifting or reducing the lifting speed to see what happens,
can be performed. Conversely, when the support 11 and the
object 12 are not in or near the restricted area 26, i.e.,
when they are in the non-restricted area 25, the object
12 can be elevated without problems if it 1is contained
within the non-restricted area 25, even if it overhangs
from the restricted area 26.

[0083]
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If passing through the restricted area 26 is detected
by the position detection device 51, then the 1lifting
operation can be continued without problems, or the speed
can be increased or otherwise controlled.

[0084]

According to the conveying apparatus and the
conveying method described above, it 1is also possible to
perform guick and accurate control in the event of an
earthquake. As 1is well known, there are two types of
seismic waves: P waves, which are longitudinal waves, and
S waves, which are transverse waves; P waves have smaller
amplitude but faster propagation speed than S waves; S
waves have larger amplitude but slower propagation speed
than P waves. If P waves are observed during an
earthquake, the support 11 should, in principle, stop
moving. On the other hand, 1f the first and second
detection devices 45 and 46 detect that the shaking of
the support 11 and the object 12 is not very large when
they are hit by a P wave during movement, the object 12
to be conveyed can be safely lowered to the platform 21
or safely raised to the carrier 17 Dbefore the S wave
arrives.

[0085]

The conveying apparatus and the conveying method
described above can also be used for inspection of the
processing devices 14 and 48. For example, 1f the object
12 to be conveyed or the support 11 including the chuck
19 collides with the cover 22 of the processing device 14,
even though the detection result by the second detection
device 46 was “inside the restricted area 26,” a record
of the collision is stored in the storage medium 50 in
the control wunit 35, this can point out a defective

construction of the cover 22.



10

15

20

25

30

35

CLATIMS

1. A conveying apparatus capable of conveying an object
to be conveyed supported by a support along a vertical
direction in a non-restricted area and a restricted area
narrower than the non-restricted area, the conveying
apparatus comprising;

a first detection device configured to detect whether
a runout of the object supported by the support from a
normal position thereof 1is within or outside the non-
restricted area in a first direction intersecting the
vertical direction,

a second detection device <configured to detect
whether the runout of the object supported by the support
from the normal position thereof is within or outside the
restricted area 1in a second direction intersecting the
vertical direction, and

a controller configured to control a conveying
operation of the object to be conveyed by the support
based on the detection results of the first detection

device and the second detection device.

2. The conveying apparatus according to claim 1,
wherein;

the controller is configured to control the conveying
operation of the object by the support based on the
detection result of the first detection device in the
non-restricted region, and

the controller is configured to control the conveying
operation of the object by the support based on the
detection result of the second detection device in the

restricted area.

3. The conveying apparatus according to claim 1, wherein

the conveying apparatus further comprising;
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a processing device for processing the object, the
processing device having the non-restricted area and the
restricted area, and

a carrier that travels horizontally at a position
above the processing device while holding the support,

wherein the support conveys the object Dbetween the
position above the processing device and a position for
placing the object in the processing device by raising

and lowering operations thereof.

4. The conveying apparatus according to claim 3, wherein
a plurality of processing devices 1is provided, including
a first processing device with the restricted area and a

second processing device without the restricted area.

5. The conveying apparatus according to claim 3, wherein
at least one of the controller, the carrier and the
support has map information about at least one of the
restricted area and the non-restricted area at each

processing device.

6. The conveying apparatus according to claim 5, wherein
the map information includes a location of at least one
of the restricted area and the non-restricted area along

a movement path of the support.

7. The conveying apparatus according to claim 2, wherein
the conveying apparatus further comprising a position
detection device to detect a position of the support

along a movement path thereof.

8. The conveying apparatus according to claim 1, wherein
the controller is configured to control a speed of

movement of the support along a movement path thereof.
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9. The conveying apparatus according to claim 8, wherein
the controller 1is configured to reduces the speed of
movement of the support, when the second detection device
detects that the runout of the object supported by the
support from the normal position is outside the
restricted area, more than when the runout of the object
supported by the support from the normal position is

within the restricted area.

10. The conveying apparatus according to claim 1, wherein

the first detection device is configured to detect a
first physical gquantity that changes between when the
runout of the object from the normal position is within
the non-restricted area and when the runout of the object
from the normal position is outside the non-restricted
area, and

the second detection device is configured to detect a
second physical quantity that changes between when the
runout of the object from the normal position is within
the restricted area and when the runout of the object

from the normal position is outside the restricted area.

11. The conveying apparatus according to claim 10,
wherein the conveying apparatus further comprising;

a light emitting device provided on the carrier to
emit light beam toward the support,

a reflective member provided on the support and/or
the object to reflect the 1light beam from the 1light
emitting device, and

a light intensity detecting device installed on the
carrier to detect the intensity of light reflected from
the reflective member,

wherein;
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the reflective member has a first reflector and a
second reflector, the reflectance of which differs from
each other,

the first reflector is formed in a first size
corresponding to the non-restricted area,

the second reflector 1is formed 1in a second size
corresponding to the restricted area,

the first detection device is configured to detect
whether the runout of the object from the normal position
is within or outside the non-restricted area by a first
difference in the light intensity of the reflected 1light
detected by the light intensity detection device, and

the second detection device is configured to detect
whether the runout of the object from the normal position
is within or outside the restricted area Dby a second
difference in the light intensity of the reflected light
detected by the light intensity detection device.

12. The conveying apparatus according to claim 11,
wherein;

the first reflector is larger in size than the second
reflector, and

the second reflector 1is installed 1inside an area

where the first reflector is installed.

13. A conveying method in conveying an object supported
by a support horizontally at a position above a
processing device by a carrier holding the support and
raising and lowering the object between the carrier and
the processing device by lowering the support from or
raising the support toward the carrier, the conveying
method comprising;

determining, by means of a control operation using
map information in a controller, a presence or an absence

of a restricted area narrower than a non-restricted area
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along a vertical direction and a location of the
restricted area in the processing device,

detecting, by a first detection device, whether a
runout from a normal position of the object, which 1is
supported by the support and conveyed, 1is within or
outside the non-restricted area 1in a first direction
intersecting the vertical direction,

detecting, by a second detection device, whether a
runout from the normal position of the object, which is
supported by the support and conveyed, 1s within or
outside the restricted area in a second direction
intersecting the vertical direction,

controlling, by the controller, the raising and
lowering operation of the support Dbased on a first
detection result of the first detection device in the
non-restricted area, and

controlling, Dby the controller, the raising and
lowering operation of the support based on a second
detection result of the second detection device in the

restricted area.



