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DESCRIPTION
TITLE
CONVEYOR SYSTEM AND CONVEYING METHOD
FIELD

Embodiments described herein relate generally to a
conveyor system and a conveying method for conveying a
transport target article.

BACKGROUND

A picking and postmarking system has been known for
picking up and postmarking individual mail pieces. The
picking and postmarking system of this type includes a
postmarking system which holds and conveys a picked-up mail
piece between belts by sliding the mail piece with the
belts so that the mail piece can be postmarked at the
transport destination.

A picking robot has also been known, which picks up
parcels accumulated on a placing table or the like, one by
one, and moves the picked-up parcels to another position.
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SUMMARY
TECHNICAL PROBLEM

An object of the present invention is to provide a
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conveyor system and a conveying method that allow a
transport target article to be selectively turned over for
conveyance regardless of the size and thickness of the
transport target article.

SOLUTION TO PROBLEM

According to the present embodiment, a conveyor system
includes a suction device, a moving device, and a control
device.

The suction device includes a plurality of suction
units, each suction unit having aﬁ opening and configured
to suction a flat transport target article elongated in one
direction by negative pressure through the opening.

The moving device configured to move the suction
device. The moving device includes a turning-over section
configured to rotate the suction device about an axis in an
approximately horizontal direction.

The control device configured to control the suction
device and the moving device.

When the control device determines that a front side
and back side of the transport target article needs to be
turned over, the control device controls the moving device
and the suction device to suction the transport target
article so that an approximate center of the opening of at
least one suction unit among ﬁhe plurality of suction units
is located on a first imaginary line, and remaining suction
unit is located on one end side in a longitudinal direction

of the transport target article with respect to the first
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imaginary line, the first imaginary line being an imaginary
line running through an approximate center between both
ends in a longitudinal direction of an upper surface of the
transport target article and approximately parallel to a
shorter direction of the upper surface of the transport

target article; controls the turning-over section to be in

- a front-back reversing orientation in which: the remaining

suction unit is positioned above the first imaginary line
along a gravity direction; another end opposite to one end
side of the transport target article in the longitudinal
direction suctioned by the remaining suction units is
located below the first imaginary line along the gravity
direction; and the transport target article is inclined
with respect to the gravity direction, and performs control
so that suction of the transport target article by the
suction units is released after the suction device is in
the front-back reversing orientation.

According to the present embodiment, a conveying
method, includes arranging a position of a suction device
with respect to a flat transport target article elongated
in one direction at a position where an approximate center
of an opening of at least one suction unit among a
plurality of suction units of the suction device is located
on a first imaginary line, and remaining suction unit is
located on one end side in a longitudinal direction of the
transport target article with reSpect to the first

imaginary line, the first imaginary line being an imaginary
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line running through an approximate center between both
ends in a longitudinal direction of an upper surface of the
transport target article and approximately parallel to a
shorter direction of the upper surface of the transport
target article; suctioning the transport target article by
the suction unit; and bringing the suction device into a
front-back reversing orientation in which: the remaining
suction units are positioned above the first imaginary line
along a gravity direction; another end opposite to one end
side of the transport target article in the longitudinal
direction suctioned by the remaining suction units is
located below the first imaginary line along the gravity
direction; and the transport target article is inclined
with respect to the gravity direction, and releasing
suction of the transport target article by the suction unit
after the suction device is in the front-back reversing
orientation.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view schematically showing a
configuration of a conveyor system according to one
embodiment.

FIG. 2 is a block diagram showing the configuration of
the conveyor system.

FIG. 3 is a side view of a configuration of a moving
device used in the conveyor system.

FIG. 4 is a front view of the configuration of the

moving device.
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FIG. 5 is a front view of the configuration of the
moving device.

FIG. 6 is a bottom view of a configuration of a
suction hand used in the moving device.

FIG. 7 is an explanatory diagram schematically showing
a first position of the suction hand with respect to a mail
piece conveyed by the conveyor system.

FIG. 8 is an explanatory diagram schematically showing
a second position of the suction hand with respect to the
mail piece.

FIG. 9 is an explanatory diagram schematically showing
the second position of the suction hand with respect to the
mail piece. |

FIG. 10 is a flowchart showing an exemplary operation
of the conveyor system.

FIG. 11 is a flowchart showing an exemplary operation
of the conveyor system.

FIG. 12 is a flowchart showing an exemplary operation
of the conveyor system.

FIG. 13 is a side view schematically showing a state
in which the mail piece is moved downward until a lower end
of the mail piece comes into contact with an upper surface
of a conveyor used in the conveyor system.

FIG. 14 is a side view schematically showing a state
in which a different mail piece is moved downward until a
lower end of the mail piece comes into contact with the

upper surface of the conveyor.
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FIG. 15 is a side view schematically showing a state
in which a different mail piece is moved downward until a
lower end of the mail piece comes into contact with the
upper surface of the conveyor.

FIG. 16 is an explanatory diagram schematically
showing the second position of a modified suction hand.

DETAILED DESCRIPTION

A conveyor system 10 according to one embodiment will
be described with reference to FIGS. 1 to 16. FIG. 1 is a
plan view schematically showing a configuration of the
conveyor system 10. FIG. 2 is a block diagram showing the
configuration of the conveyor system 10. FIG. 3 is a side
view of a suction moving device 80 used in the conveyor
system 10. FIG. 4 is a front view of the suction moving
device 80. FIG. 5 is a front view of the suction movihg
device 80. FIG. 6 is a bottom view of a suction device 82
used in the suction moving device 80.

FIG. 7 is an explanatory diagram schematically showing
a first position PS1 of the suction device 82 with respect
to a mail piece 20. FIGS. 8 and 9 are explanatory diagrams
schematically showing a second position PS2 of the suction
device 82 with respect to the mail piece 20. FIGS. 10 to 12
are flowcharts respectively showing an exemplary operation
of the conveyor system 10.

FIG. 13 is a side view schematically showing a state
in which the mail piece 20 is moved downward until a lower

end of the mail piece 20 comes into contact with an upper
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surface 42 of a conveyor 40 used in the conveyor system 10.
FIG. 14 is a side view schematically showing a state in
which a mail piece 20A is moved downward until a lower end
of the mail piece 20A comes into contact with the upper
surface 42. FIG. 15 is a side view schematically showing a
state in which a mail piece 20B is moved downward until a
lower end of the mail piece 20B comes into contact with the
upper surface 42.

As shown in FIGS. 1 and 2, the conveyor system 10
conveys the mail piece 20 from a supply unit 30 to a
transport destination. When the back surface 21 of the mail
piece 20 is facing upward, the conveyor system 10 causes
the front surface 22 of the mail piece 20 to face upward.
In other words, the conveyor system 10 selectively reverses
the front and back sides of the mail piece 20 as necessary.

Herein, the mail piece 20 has a flat shape elongated
in one direction. The mail piece 20 is an example of a flat
transport target article that is long in one direction and
is conveyed by the conveyor system 10. The mail piece 20 is,
for example, a postcard, an envelope, or a parcel. The
front surface 22 of the mail piece 20 is a face on which a
postage stamp 22a is affixed. The back surface 21 of the
mail piece 20 is an opposite side of the front surface. The
shorter direction of the mail piece 20 is defined as the
width direction of the mail piece 20.

The conveyor system 10 includes a supply unit 30 to

which the mail piece 20 is supplied, a conveyor 40 that
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conveys the mail piece 20 moved from the supply unit 30, a
first detection sensor 50, a camera 60, a second detection
sensor 70, a suction moving device 80 that moves the mail
piliece 20 from the supply unit’30 to the conveyor 40, and a
control device 100.

The supply unit 30 is supplied with the mail pieée 20
from, for example, a worker or another conveyor device. The
supply unit 30 is, for example, a belt conveyor. The supply
unit 30 includes an endless belt 31 and a drive unit formed
of an electric motor, a pulley, and the like and drives the
endless belt 31. The operation of the supply unit 30 is
controlled by the control device 100.

The supply unit 30 has a standby range 32 in which the
mail piece 20 is put on standby when the mail piece 20 is
moved from the supply unit 30 to the conveyor 40. The
standby range 32 is, for example, a downstream end part of
the supply unit 30.

The conveyor 40 is installed at a position continuous
with the downstream end of the supply unit 30 with a
predetermined gap between the conveyor 40 and the supply
unit 30. The conveyor 40 extends from the supply unit 30 to
a transport destination. The conveyor 40 is, for example, a
belt conveyor. The conveyor 40 includes an endless belt 41
and a drive unit that is formed of an electric motor, a
pulley, and the like and drives the endless belt 41. The
operation of the conveyor 40 is controlled by the control

device 100. The upper surface 42 of the endless belt 41 is
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a conveying surface for conveying the mail piece 20.

In the conveyor 40, a placement range 43 is set in
which the mail piece 20 moved from the supply unit 30 is
placed. The placement range 43 is, for example, an upstream
end part of the conveyor 40. The conveying direction of the
conveyor 40 is a direction opposite to the supply unit 30
in FIG. 1, and is a direction toward the left side in
FIGS. 13 to 15.

The first detection sensor 50 detects whether or not
the mail piece 20 is present on the standby range 32 of the
supply unit 30. The first detection sensor 50 is, for
example, a transmissive photosensor. The first detection
sensor 50 includes a first phototransmitter 51 and a first
photoreceiver 52.

The first phototransmitter 51 is installed at one of
the two edges of the supply unit 30 along the conveying
direction across the standby range 32. The first
phototransmitter 51 is configured to be capable of emitting
light toward the other edge in the width direction of the
supply unit 30. The width direction of the supply unit 30
is a direction perpendicular to the direction in which the
mail piece 20 is conveyed by the supply unit 30.

The first photoreceiver 52 is installed at a position
opposite to the first phototransmitter 51 in the width
direction with the standby range 32 interposed therebetween.
The first photoreceiver 52 is configured to be capable of

receiving light from the first phototransmitter 51. The
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first detection sensor 50 transmits the detection result to
the control device 100.

The camera 60 is a camera capable of capturing an
image of the upper surface 23 of the mail piece 20 in the
standby range 32. The camera 60 is an example of an imaging
device that acquires information with which the position,
orientation, and size of the mail piece 20, as well as the
central position on the upper surface 23 of the mail piece
20, can be detected. It suffices that the camera 60 is
capable of acquiring information that allows the control
device 100 to determine whether or not the upper surface 23
is the front surface. The camera 60 is, for example, a 3D
camera. The camera 60 may be a color camera. The camera 60
transmits the captured image to the control device 100.

The second detection sensor 70 is configured to be
able to detect whether or not the mail piece 20 is at a
release position P (as shown in FIG. 13), set at a
predetermined height position from the placement range 43
of the upper surface 42 of the conveyor 40. The second
detection sensor 70 is, for example, a transmissive
photosensor. The second detection sensor 70 includes a
second phototransmitter 71 and a second photoreceiver 72.

The second phototransmitter 71 is installed above the
upper surface 42 and at a position across the placement
range 43 of the conveyor 40. The width direction of the
conveyor 40 is a direction perpendicular to the direction

in which the mail piece 20 is conveyed by the conveyor 40.
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The second photoreceiver 72 is installed above the upper
surface 42 and at the other position across the placement
range 43 in the width direction of the conveyor 40. The
second phototransmitter 71 emits light toward the second
photoreceiver 72. The second photoreceiver 72 receives
light from the second phototransmitter 71.

The release position P is at a height incapable of
causing damage to the mail piece 20 even if the mail piece
20 were to fall onto the upper surface 42 from the release
position P. The second detection sensor 70 transmits the
detection result to the control device 100.

As an example, the suction moving device 80 is
installed on a side of an upstream part of the conveyor 40.
As shown in FIGS. 3 to 6, the suction moving device 80
includes a suction system 81, for suctioning the mail piece
20 under a negative pressure, and a moving device 90, for
moving the suction device 82 used in the suction system 81.

As shown in FIG. 6, the suction system 81 includes the
suction device 82 arranged on the moving device 90, a pump
83 (shown in FIG. 2), and a plurality of pipes 84 (shown in
FIG. 3) connected to the pump 83. The suction device 82
includes a base 82a and a plurality of suction pads 82b
provided to the base 82a. The base 82a is, for example,
formed in a plate shape.

The suction pad 82b is cylindrical and suctions the
mail piece 20 through an opening 82c provided at one end of

the suction pad 82b. The opening 82c is, for example,
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circular. The suction pad 82b is made of, for example, a
resin such as rubber. In the present embodiment, the
suction pad 82b is shaped, for example, into cylindrical
bellows so that it can be slightly shortened in its axial
direction in a state of suctioning the mail piece 20 under
negative pressure.

In the present embodiment, three suction pads 82b are
provided as an example. The three suction pads 82b are
arranged at positions such that their first center lines C
run through the respective corners of a triangle. In one
example of the present embodiment, each first center line C
of the three suction pads 82b is arranged at a position
that runs through one of the corners of an equilateral
triangle. The first center line C is a straight line. The
first center line C runs through the center of the opening
82c of the suction pad 82b. In another example, the first
center lines C of the three suction pads 82b may be
arranged at positions that run through the corners of a
triangle that is not an equilateral triangle.

The distal face of the suction pad 82b is a suction
face 82d that comes into contact with the mail piece 20
when suctioning the mail piece 20. The suction faces 82d of
all the suction pads 82b are arranged on the same plane.
The suction face 82d forms a plane perpendicular to the
first center line C (center axis) of the suction pad 82b.

In the present embodiment, the three suction pads 82b

have a positional relationship such that the first center
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lines C of the three suction pads 82b are arranged at
vertically different positions with respect to one another,
as shown in FIG. 13, when a fourth rotation axis R4 of a
turning-over section 96 (which will be described later) of
the suction moving device 80 is parallel to the width
direction of the conveyor 40, and when the suction device
82 is in an orientation such that the suction facés_82d are
perpendicular to the horizontal direction. The horizontal
direction is perpendicular to the gravity direction, that
is, perpendicular to the vertical direction.

In the present embodiment, with the suction pads 82b
each formed in a cylindrical shape, the first center lines
C of the three suction pads 82b run parallel to the
horizontal direction when the fourth rotation axis R4 of
the turning-over section 96 of the suction moving device 80
is parallel to the width direction of the conveyor 40, and
when the suction device 82 is in an orientation such that
the suction faces 82d are perpendicular to the horizontal
direction.

In one example of the present embodiment, three
suction pads 82b are provided in order to suction and
stably convey various possible types of mail pieces 20.
However, the number of suction pads 82b is not limited to
three. The number of suction pads 82b can be suitably
changed in accordance with the size of the suction pad 82b
and the size of the targeted transport article.

The pump 83 is configured to generate negative
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pressure.

The plurality of pipes 84 are connected to the pump 83.
Each pipe 84 is connected to the suction pad 82b. That 1is,
one pipe 84 is connected to one suction pad 82b. The pipe
84 applies the negative pressure generated by the pump 83
to the suction pad 82b.

Each pipe 84 is provided with an electromagnetic valve
86, which is an example of a valve for switching between a
state of the pipe 84 communicating with the atmosphere and
a closed state. When the pump 83 is driven with the
electromagnetic valve 86 closed, the negative pressure acts
on the suction padv82b. When the pump 83 is stopped from
being driven and the electromagnetic valve 86 is opened,
the inner pressure of the suction pad 82b becomes equal to
the atmospheric pressure, thereby attaining a so-called
vacuum break. The opening and closing of the
electromagnetic valve 86 of each pipe 84 is independently
performed by the control device 100.

Each pipe 84 is further provided with a pressure
sensor 85. The pressure sensor 85 is configured to detect
the pressure inside the pipe 84. The pressure sensor 85
transmits the detection result to the control device 100.

The suction device 82 is fixed to the moving device 90.
The moving device 90 has functions 1 to 7.

Function 1 is to move the suction device 82
horizontally and vertically within the standby range 32 of

the supply unit 30, with the suction pad 82b facing down.
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Function 2 is to set a relative position of the
suction device 82, with respect to the mail piece 20, to
the first position PS1 within the standby range 32 of the
supply unit 30.

When a plurality of suction pads 82b are used, the
first position PS1 is a position where the center Cl among
the plurality of suction pads 82b faces the center C2 of
the upper surface 23 of the mail piece 20, and the suction
faces 82d of the suction pads 82b to be used come into
contact with the upper surface 23 of the mail piece 20, as
shown in FIG. 7. In the present embodiment, since the upper
surface 23 of the mail piece 20 is rectangular, the center
C2 of the upper surface 23 is at the same position as the
center of gravity of the upper surface 23. When three or
more suction pads 82b are used, the center Cl is the center
of a polygon connecting the center lines C of the suction
pads 82b to be used in a plane perpendicular to the center
lines C.

| When three suction pads 82b are used, the first
position PS1 is a position where, among the three suction
pads 82b, the center Cl, in other words, the center of an
equilateral triangle having three center lines C as
vertexes in a plane perpendicular to the three center lines
¢, faces the center C2 of the mail piece 20, as shown in
FIG. 7. The first position PS1 may also be a position where
the first center line C of at least one suction pad 82b

runs through a line L1 set on the mail piece 20. That is,
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the first position PS1 is a position where the center C1
among the suction pads 82b faces the center C2 of the mail

piece 20, the first center line C of at least one suction

pad 82b runs through the line L1, and the suction faces 82d

of the suction pads 82b to be used come into contact with
the upper surface 23 of the mail piece 20. As one example
of the present embodiment, the line L1l is a diagonal line
on the upper surface 23 of the mail piece 20. Since the
upper surface 23 is rectangular, the line L1 is abstraight
line in the present embodiment.

When two suction pads 82b are used, the first position
PS1 of the suction device 82 with respect to the mail piece
20 is a position where the center Cl between the first
center lines C of the two suction pads 82b faces the center
C2 of the mail piece 20. The first position PS1 may also be
a position where the first center line C of at least one of
the two suction pads 82b runs through the line L1.

When one suction pad 82b is used, the first position
PS1 of the suction device 82 with respect to the mail piece
20 is a position where the first center line C of this
suction pad 82b runs through the center C2 of the mail
piece 20.

In the present embodiment, a diagonal line is adopted
as an example of the line L1 set on the mail piece 20;
however, the line Ll is not limited thereto. As a different
example, when the mail piece 20 is rectangular, the line L1

may run through the center C2 of the mail piece 20 and be
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parallel to the longitudinal direction of the mail piece 20.
Alternatively, when the upper surface of the mail piece 20
is square, the line L1 may be a straight line running
through the center of the upper surface 23 of the mail
piece 20 and parallel to any one side of the mail piece 20.

Function 3 is to move the suction device 82 from the
supply unit 30 to the conveyor 40.

Function 4 is to move the suction device 82 up and
down within the standby range 32 of the supply unit 30,

with the opening 82c of the suction pad 82b facing down.

Function 5 is to set a relative position of the
suction device 82 with respect to the mail piece 20 to the
second position PS2, as shown in FIGS. 8 and 9.

When there are multiple suction pads 82b that are
actually used, the second position PS2 is a position where
the first center line C of at least one suction pad 82b
among the suction pads 82b to be used runs through a second
center line (first imaginary line) L2, the remaining
suction pads 82b (including the suction pads 82b to be used
and the suction pads 82b to be left unused) are arranged on
one end side of the mail piece 20 with respect to the
second center line L2, and the suction faces 82d of the
suction pads 82b to be used come into contact with the
upper surface of the mail piece 20.

The second center line L2 runs through the center

between both ends of the upper surface 23 of the mail piece
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20 in the longitudinal direction and is parallel to the
shoter direction of the upper surface 23.

As shown in FIG. 13, one end of the mail piece 20 with
reépect to the second center line L2 is the upper end when
the suction moving device 80 moves the mail piece 20 onto
the conveyor 40. In the present embodiment, since the upper
surface 23 of the mail piece 20 is rectangular, the second
center line L2 is a straight line running through the
center C2 of the mail piece 20 and parallel to the width
direction of the mail piece 20.

More preferably, in the second position PS2, the
center Cl among the suction pads 82b to be used, that is,
the center among the first center lines C of the suction
pads 82b to be used may face a third center line (second
imaginary line) L3 of the mail piece 20. The third center
line L3 runs through the center between both ends of the
upper surface 23 in the shorter direction and is parallel
to the longitudinal direction of the upper surface 23. In
the present embodiment, since the upper surface 23 of the
mail piece 20 is rectangular, the third center line L3 runs
through the center C2 of the mail piece 20.

That is, the second position PS2 is preferably a
position where the first center line C of at least one
suction pad 82b among the suction pads 82b to be used runs
through the second center line L2, the remaining suction
pads 82b are arranged on one end side of the mail piece 20

with respect to the second center line L2, the center C1



10

15

20

25

among the suction pads 82b to be used faces the third
center line L3, and the suction faces 82d of the suction
pads 82b to be used come into contact with the upper
surface of the mail piece 20.

As shown in FIG. 8, when three suction pads 82b are
used, the second position PS2 of the suction device 82 with
respect to the mail piece 20 is a position where the first
center line C of one suctién pad 82b runs through the
second center line L2, the remaining two suction pads 82b
are arranged on one end side of the mail piece 20 in the
longitudinal direction with respect to the second center
1ine L2, the center Cl among the three suction pads 82b
faces the third center line L3, and the suction faces 82d
of the three suction pads 82b come into contact with the
upper surface 23 of the mail piece 20.

As shown in FIG. 9, when two suction pads 82b are used,
the second position PS2 of the suction device 82 with
respect to the mail piece 20 is a position where the first
center line C of one suction pad 82b runs through the
second center line L2, the remaining two suction pads 82b
are arranged on one end side of the mail piece 20 in the
longitudinal direction with respect to the second center
line L2, and the center Cl between the two suction pads 82b
to be used, that is, the center between the first center
lines C of the two suction pads 82b faces the third center
line L3. In FIG. 9, the two suction pads 82b to be used are

indicated by a solid line, and the suction pad 82b to be
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left unused is indicated by a two-dot chain line.

When one suction pad 82b is used, the second position
PS2 of the suction device 82 with respect to the mail piece
20 is a position where the first center line C of one
suction pad 82b to be used runs through the center C2, and
the remaining two suction pads 82b are arranged on one end
side of the mail piece 20 in the longitudinal direction
with respect to the second center line L2.

In the present embodiment, the three suction pads 82b
have a positional relationship such that the first center
lines C of the three suction pads‘82b_are arfanged at
vertically different positions with respect to one another
when the fourth rotation axis R4 of the turning-over
section 96 (which will be described later) of the suction
moving device 80 is parallel to the width direction of the
conveyor 40, and when the suction device 82 is in an
orientation such that the suction faces 82d of the three
suction pads 82b are perpendicular to the horizontal
direction. Therefore, by adjusting the position of the
suction device 82 with respect to the mail piece 20 while
maintaining the orientation in which the fourth rotation
axis R4 of the turning-over section 96, to be described
later, is parallel to the width direction of the mail piece
20, the suction device 82 can be brought to the second
position PS2.

Function 6 is to move the suction device 82 to a

position above the release position P.
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Function 7 is to rotate the suction device 82, as
shown in FIG. 5, from the orientation in which the suction
faces 82d of the suction pads 82b are perpendicular to the
horizontal direction to the orientation in which the angle
formed between the line perpendicular to the suction faces
82d and the horizontal line H reaches a predetermined angle,
(90-a) degrees, where o is a value of 90 degrees or less.
One example of the line perpendicular to the suction faces
82d is the first center line C of the suction pads 82b in
the present embodiment.

The angle o is defined between the extended surface of
the mail piece 20 and the upper surface 42 of the conveyor
40 when placing the mail piece 20 on the upper surface 42.
The angle o is preset in order to smoothly place the mail
piece 20 on the upper surface 42. The angle o is, for
example, 80 degrees.

To achieve functions 1 to 7, a SCARA robot is used as
an example of the moving device 90. As shown in FIGS. 1 and
3 to 5, the moving device 90 includes a base section 91, a
shoulder section 92 supported by the base section 91, an
arm section 93 supported by the shoulder section 92, a
vertical movement section 94 supported by the arm section
93, a rotation section 95 supported by the vertical
movement section 94, and a turning-over section 96
supported by the rotation section 95.

The base section 91 is fixed to the floor surface or

the like of the installation site where the conveyor system
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10 is installed. The base section 91 may be movably
configured with wheels or the like.

The shoulder section 92 has, for example, a
predetermined length in the horizontal direction. One end
of the shoulder section 92 is supported by the base section
91 in a manner rotatable about a first rotation axis R1,
which is parallel to the vertical direction. The shoulder
section 92 is rotatable, for example, 360 degrees in two
directions. The shoulder section 92 can be independently
rotatedvby an actuator such as an electric motor about the
first rotation axis R1 with respect to the base section 91.
The position of the shoulder section 92 is detected by a
sensor. The amount of movement of the shoulder section 92
is controllable. The rotation of the shoulder section 92 is
controlled by the control device 100.

For example, one end of the arm section 93 is provided
at the other end of the shoulder section 92 in a manner
rotatable in two directions about a second rotation axis R2,

which is parallel to the vertical direction. The arm

" section 93 may be rotatable, for example, 360 degrees in

two directions. The arm section 93 can be independently
rotated by an actuator such as an electric motor about the
second rotation axis R2 with respect to the shoulder
section 92. The position of the arm section 93 is detected
by a sensor. The amount of movement of the arm section 93
is controllable. The rotation of the shoulder section 92 is

controlled by the control device 100.
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The vertical movement section 94 is supported by the
other end of the arm section 93. The vertical movement
section 94 is vertically movable with respect to the arm
section 93. The vertical movement section 94 can be
independently moved by an actuator such as an electric
motor in the vertical direction with respect to the arm
section 93. The position of the vertical movement section
94 is detected by a sensor. The amount of movement of the
vertical movement section 94 is controllable. The movement
of the vertical movement section 94 is controlled by the
control device 100.

The rotation section 95 is provided at a lower end of
the vertical movement section 94. The rotation section 95
is rotatable in two directions about a third rotation axis
R3, which is parallel to the vertical direction. The
rotation section 95 is rotatable, for example, 360 degrees
in two directions. The rotation section 95 can be
independently rotated by an actuator such as an electric
motor with respect to the vertical movement section 94. The
rotational position of the rotation section 95 is detected-
by a sensor. The rotation amount of the rotation section 95
is controllable. The rotation of the rotation section 95 is
controlled by the control device 100.

The turning-over section 96 is provided on the
rotation section 95 in a manner rotatable in two directions
about a fourth rotation axis R4, which is parallel to the

horizontal direction. The turning-over section 96 therefore
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rotates together with the rotation section 95 in the

present embodiment. The turning-over section 96 is

configured to rotate the suction device 82 about the fourth

rotation axis R4 from the orientation in which the suction
pads 82b face down, with the suction faces 82d
approximately orthogonal to the vertical direction.

Here, the approximately orthogonal orientation
includes an orthogonal orientation and almost orthogonal
orientation. That is, the orientation is not limited to a
precisely orthogonal orientation. When the turning-over
section 96 is driven to bring the suction faces 82d into
the orientation orthogonal to the vertical direction, a
slight displacement may occur, depending on the moving
accuracy of the moving device 90. An approximately
orthogonal orientation allows for such a displacement. The

turning-over section 96 is rotatable, for example, 360

degrees about the fourth rotation axis R4 in two directions.

In addition, the turning-over section 96 is independently
rotatable by an actuator such as an electric motor. The
rotational position of the turning-over section 96 is
detected by a sensor. The amount of rotation of the
turning-over section 96 is controllable. The rotation of
the turning-over section 96 is controlled by the control
device 100.

The confrol device 100 controls the operation of the
suction moving device 80 based on the detection result of

the first detection sensor 50, the image captured by the
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camera 60, and the detection result of the second detection
sensor 70. The control device 100 also controls the
operation of the supply unit 30 based on the detectién
result of the first detection sensor 50. The control device
100 can detect the line L1l and the center lines L2 and L3
on the upper surface 23 of the mail piece 20 from the image
captured by .the camera 60. The control device 100 can also
detect the center C2 on the upper surface 23.

Next, an example of the operation of the conveyor
system 10 will be described with reference to FIGS. 10 to
15. First, the control device 100 drives the supply unit 30
and the conveyor 40. The mail piece 20 supplied to the
supply unit 30 by a worker or another conveyor system is
conveyed toward the standby range 32 by the supply unit 30.

Based on the detection result of the first detection
sensor 50, the control device 100 determines whether or not
the mail piece 20 has been conveyed to the standby range 32
of the supply unit 30 (step ST1l). The control device 100
monitors the detection result of the first detection sensor
50 until the mail piece 20 is conveyed to the standby range
32 (No in step ST1).

When the control device 100 determines that the mail
piece 20 has been conveyed to the standby range 32 based on
the detection result of the first detection sensor 50 (Yes
in step ST1), the control device 100 stops driving the
supply unit 30 (step ST2).

When the driving of the supply unit 30 is stopped, the
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mail piece 20 is maintained within the standby range 32.
When the control devicé 100 stops driving the supply unit
30, the control device 100 detects both the position of the
mail piece 20 and the height position of the upper surface
23 of the mail piece 20 based on the image captured by the
camera 60. Further, the control device 100 determines
whether or not the upper surface 23 of the mail piece 20 is
the front surface 22 (step ST3 and step ST4).

When the control device 100 determines that the upper
surface 23 of the mail piece 20 is the front surface 22
(Yes in step ST4), that is, when the control device 100
determines that the postage stamp 22a is present on the
upper surface 23 of the mail piece 20, the control device
100 controls the suction moving device 80 to perform a
first moving process of moving the mail piece 20 from the
supply unit 30 to the conveyor 40 (step ST5).

In the first moving process (step ST5), the control
device 100 controls the suction moving device 80 so as to
suction the mail piece 20 at the first position PS1 and
bring the mail piece 20 into an orientation in which the
front surface 22 is the upper face 23 at the release
position P. In the present embodiment, the control device
100, for example, moves the mail piece 20 from the supply
unit 30 to the release position P while maintaining the
orientation of the mail piece 20 so that the front surface
22 is the upper surface 23. FIG. 11 is a flowchart showing

details of step ST5.
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First, the control device 100 detects the suction pad
82b to be used based on the image captured by the camera 60
(step ST51), as shown in FIG. 11. The usable suction pad
82b varies depending on the shape of the upper surface 23
and the area of the upper surface 23 of the mail piece 20.

Here, the usable suction pad 82b refers to a suction pad

' 82b in which the entire opening 82c is included in the

upper surface 23 of the mail piece 20. In other words, if
part of the opening 82c is exposed from the upper surface
of the mail piece 20, the suction pad 82b becomes unusable.

For example, the control device 100 detects a suction
pad 82b that becomes usable at the first position PS1 based
on the shape and the area of the upper surface 23 of the
mail piece 20 and the positional relationship among three
suction pads 82b.

When the control device 100 detects the usable suction
pad 82b, the control device 100 controls the moving device
90 so that the suction device 82 is located at the first
position PS1 with respect to the mail piece 20 (step ST52).
Specifically, the shoulder section 92, the arm section 93,
the vertical movement section 94, and the rotation section
95 are driven according to the position of the mail piece
20. That is, the shoulder section 92 is rotated about the
first rotation axis R1 with respect to the base séction 91,
the arm section 93 is rotated about the second rotation
axis R2 with respect to the shoulder section 92, the

vertical movement section 94 is vertically moved with
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respect to the arm section 93, and the rotation section 95
is rotated about the third rotation axis R3 with respect to
the’arm section 93. At the first position PS1, the first
center line C of the suction pad 82b runs parallel or
approximately parallel to the vertical direction.

When the suction device 82 is moved to a position
above the mail piece 20, for example, a position above the
first position PS1, the control device 100 closes the
electromagnetic valve 86 of the pipe 84 connected to the
suction pad 82b to be used and drives the pump 83. Also,
the control device 100 moves the suction device 82 downward
based on the positionai information of the upper surface 23
of the mail piece 20 in the vertical direction, and sets
the position of the suction device 82 with respect to the
mail piece 20 to the first position PS1.

When the suction device 82 is lowered to a position
for suctioning the mail piece 20, the control device 100
stops driving the moving device 90. With the pump 83 driven,
causing a negative pressure inside.the suction pad 82b, the
mail piece 20 is suctioned by the suction pad 82b.

The control device 100 determines whether or not the
mail piece 20 is suctioned by the suction pad 82b, based on
the detection result of the pressure sensor 85 (step ST53).
The control device 100 monitors the detection result of the
pressure sensor 85 until the control device 100 determines
that the mail piece 20 is suctioned by the suction pad 82b

(No in step ST53).
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When the control device 100 determines that the mail
piece 20 is suctioned by the suction pad 82b (Yes in step
ST53), the control device 100 controls the moving device 90
to convey the mail piece 20 to a position above the release
position P of the conveyor 40 (step ST54). Specifically,
the moving device 90 moves the mail piece 20 to the release
position P by driving the shoulder section 92, the arm
section 93, the vertical movement section 94, and the
rotation section 95.

The orientation of the suction device 82 at this time
is an orientation in which the front surface 22 of the mail
piece 20 is the upper surface 23, and is, for example, an
orientation in which the first center line C of the suction
pad 82b is parallel to the vertical direction.

When the mail piece 20 is conveyed to the position
above the release position P, the control device 100 drives
the vertical movement section 94 of the moving device 90 to
move the suction device 82 and the mail piece 20 downward
(step ST55). When the mail piece 20 is lowered to the
release position P, the second detection sensor 70 detects
the mail piece 20. When the control device 100 detects that
the mail piece 20 is lowered to the release position P
based on the detection result of the second detection
sensor 70, the control device 100 stops driving the moving
device 90.

After stopping the driving of the moving device 90,

the control device 100 stops the driving of the pump 83 and
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opens the electromagnetic valve 86 (step ST56). When the
pump 83 is stopped and the electromagnetic valve 86 is
opened, the inner pressure of the suction pad 82b becomes
equal to the atmospheric pressure, thereby attaining a so-
called vacuuh break. The vacuum break deactivates the
suction force, and therefore the mail piece 20 is detached
from the suction pad 82b and falls onto the upper surface
42 with the front surface 22 being the upper surface 23.
The mail piece 20 dropped onto the upper surface 42 is
conveyed by the conveyor 40.

After stopping the driving of the pump 83 and also
opening the electromagnetic valve 86,'the control device
100 controls the suction moving device 80 to be in the
initial position and the initial posture (step ST57). When
the suction moving device 80 mbves to the initial position
and also takes the initial orientation, the control device
100 resumes the driving of the supply unit 30 and performs
the operation from step ST1.

When the control device 100 determines that the
orientation of the mail piece 20 is such that the back
surface 21 is the upper surface 23 (No in step ST4), the
control device 100 controls the suction moving device 80 to
perform a second moving process of moving the mail piece 20
from the supply unit 30 to the conveyor 40 and reversing
the front and back sides of the mail piece 20 (step ST6).

FIG. 12 is a flowchart showing details of step ST6. In

the second moving process, the control device 100 firstly



10

15

20

25

detects the suction pad 82b that can be used to suction the
mail piece 20 at the second position PS2 based on the image
captured by the camera 60 (step ST61l), as shown in FIG. 12.
For example, the control device 100 detects the suction pad
82b that becomes usable when the suction device 82 is at
the second position PS2 with respect to the mail piece 20,
based on the shape and the area of the upper surface 23 of
the mail piece 20 and the positional relationship among
three suction pads 82b.

When the control device 100 detects the suction pad
82b to be used, the control device 100 drives the moving
device 90 so as to move the suction device 82 to a position
above the second position PS2 with respect to the mail
piece 20 (step ST62). At this time, the first center line C
of the suction pad 82b runs parallel to the vertical
direction.

When the suction device 82 is moved to a position
above the mail piece 20, the control device 100 closes the
electromagnetic valve 86 provided in the pipe 84 connected
to the suction pad 82b to be used, and drives the pump 83.
After closing the electromagnetic valve 86 and also driving
the pump 83, the control device 100 moves the suction
device 82 downward based on the information on the position
of the upper surface 23 of the mail piece 20 in the
vertical direction, and presses the suction pad 82b against
the mail piece 20, with the suction device 82 positioned at

the second position PS2 with respect to the mail piece 20.
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With the pump 83 driven, causing a negative pressure inside
the suction pad 82b, the mail piece 20 is suctioned by the
suction pad 82b.

The control device 100 determines whether or not the
mail piece 20 is suctioned by the suction pad 82b, based on
the detection result of the pressure sensor 85 (step ST63).
The control device 100 monitors the detection result of the
pressure sensor 85 until the control device 100 determines
that the mail piece 20 is suctioned by the suction pad 82b
(No in step'ST63). If the pressure sensor is not turned on
for a certain period of time (if the pressure does not
become equal to or higher than a threéhold), processing may
be performed again, starting from the recognition of the
mail piece 20, or the operation may be stopped to report an
error.

When the control device 100 determines that the mail
piece 20 is suctioned by the suction pad 82b (Yes in step
ST63), the control device 100 drives the moving device 90
so as to convey the mail piece 20 to a position above the
release position P of the conveybr 40 (step ST64). The
orientation of the suction device 82 at this time is an
orientation in which the back surface 21 of the mail piece
20 is the upper surface 23, and is, for example, an
orientation in which the first center line C of the suction
pad 82b is parallel to the vertical direction.

When the mail piece 20 is conveyed to a position above

the release position P, the control device 100 drives the
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moving device 90 so that the fourth rotation axis R4 of the
turning-over section 96 is parallel to the width direction
of the conveyor 40. Furthermore, the control device 100
changes the orientation of the suction device 82 into a
front-back reversing orientation, in which the angle formed
between the first center 1iné C of the suction pad 82b and
the horizontal line H parallel to the horizontal direction
reaches (90-a) degrees, and the lower end of the mail piece
20 is positioned in front of the upper end of the mail
piece 20 in the conveying direction of the conveyor 40
(step ST65). That is, the orientation is such that the
direction approximately perpendicular to the suction face
82d is tilted with respect to the vertical direction. In
other words, in the present embodiment, the control device
100 controls the moving device 90 so that the suction pad
82b is positioned below the mail piece 20 in the front-back
reversing orientation.

With the suction device 82 in the front-back reversing
orientation, the width direction of the mail piece 20 is
parallel to the width direction of the conveyor 40. Also,
the angle between the extension surface of the upper
surface 23 of the mail piece 20 and the upper surface 42 of
the conveyor 40 is the angle o. Furthermore, the other end
of the mail piece 20 with respect to the second center line
L2, in other words, an end with respect to the second
center line L2 opposite to an end on the side where the

suction pad 82b is arranged is the lower end. When the
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suction device 82 is in the front-back reversing
orientation, the control device 100 drives the moving
device 90 so as to move the suction device 82 downward.

When the control device 100 detects that the mail
piece 20 has moved to the release position P based on the
detection result of the second detection sensor 70, as
indicated by the two-dot chain line in FIG. 13, the control
device 100 further drives the moving device 90 so as to
bring the mail piece 20 into contact with the upper surface
42 of the conveyor 40 (step STé66) .

The time required from the detection of the lower end
of the mail piece 20 by the second detection sensor 70 to
the contact made between the lower end and the upper
surface 42 can be calculated in advance, based on the
distance from the predetermined height (release position P)
detected by the second detection sensor 70 to the upper
surface 42 and the speed of movement of the suction device
82 in the vertical direction by the moving device 90. In
the present embodiment, the control device 100 determines
that the mail piece 20 is in contact with the upper surface
42, based on the required contact time calculated in
advance.

When the required contact time elapses after the
detection of the mail piece 20 by the second detection
sensor 70, the control device 100 determines that the mail
piece 20 is brought into contact with the upper surface 42,

and stops the driving of the moving device 90.
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The driving of the moving device 90 may be stopped
immediately after the required contact time elapses.
Alternatively, the driving df the moving device 90 may be
stopped after an additional, predetermined time elapses
following the elapse of the required contact time. For
example, the timing of stopping the driving of the moving
device 90 may be determined in accordance with the material
and thickness of the mail piece 20. For example, if the
mail piece 20 is rigid or thick, the driving of the moving
device 90 is stopped immediately after the required contact
time elapses. For example, if the mail piece 20 is thin or
soft, the driving of the moving device 90 may be stopped
after an additional, predetermined time elapses following
the elapse of the required contact time.

When the control device 100 stops the driving of the
moving device 90, the control device 100 stops the driving
of the pump 83. Further, the control device 100 opens the
electromagnetic valve 86 provided in the pipe 84 connected
to the suction pad 82b in use (step ST67). When the driving
of the pump 83 is stopped and the electromagnetic valve 86
is opened, the inner pressure of the suction pad 82b in use
becomes the atmospheric pressure, thereby attaining the
vacuum break.

When the vacuum break of the suction pad 82b occurs,
the mail piece 20 is pushed out by the friction between the
lower end of the mail piece 20 and the upper surface 42, so

that the front surface 22 faces upward. In addition, when
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the vacuum break of the suction pad 82b occurs, the suction
pad 82b returns to its original length by its own
resilience.

The mail piece 20 separated from the suction pad 82b
and placed on the upper surface 42 is conveyed by the
conveyor 40 with the front surface 22 being the upper
surface 23.

After stopping the driving of the pump 83 and also
opening the electromagnetic valve 86, the control device
100 drives the moving device 90 so as to move the suction
device 82 upward (step ST68).

When the suction device 82 is raised to the initial
position, the control device 100 drives the moving device
90 so as to change the orientation of the suction moving
device 80 to the initial orientation (step ST69). When the
suction moving device 80 is moved to the initial position
and the orientation of the suction moving device 80 is
changed to the initial orientation, the control device 100
returns to the control of step ST1. The initial position of
the suction moving device 80 and the initial orientation of
the suction moving device 80 are determined in advance.

Next, a part of an example of the operation of the
conveyor system 10 for conveying a mail piece 20A having a
small thickness will be described with reference to FIG. 14.
FIG. 14 shows a state in which the mail piece 20A is moved
to a position where the mail piece 20A comes into contact

with the upper surface 42 of the conveyor 40 in an
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orientation where the front and back sides of the mail
piece 20A is to be reversed, that is, a state in which the
suction moving device 80 has been operated up to step ST66.

The thickness of the mail piece 20A is a thickness at
which the upper portion of the mail piece 20A is bent by
the weight of the upper portion when the mail piece 20A is
either parallel to the vertical direction or inclined in a
state where the upper portion of the mail piece 20A is not
suctioned by the suction pad 82b. For example, the mail
piece 20A could be something whose shape easily changes,
such as a plastic packaging containing a soft object.

When the suction pad 82b suctions, for example, the
lower end side of the mail piece 20A, in other words, when
the suction pad 82b does not suction the upper portion of
the mail piece 20A, the uppef portion of the mail piece 20A
may be bent downward by the weight of the upper portion in
such a manner as hanging down, as indicated by the two-dot
chain line in FIG. 14, in an orientation where the front
and back sides of the mail piece 20A is to be reversed.

However, in the conveyor system 10 of the present
embodiment, the suction pads 82b to be used are arranged at
a position where the first center line C of one suction pad
82b runs through the second center line L2, and the
remaining suction pads 82b (including both used and unused)
are arranged on the upper end side with respect to the
second center line L2. Therefore, the upper portion of the

mail piece 20A is suctioned by the suction pad 82b, so that
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the upper portion is not bent.

Next, a part of an example of the operation of the
éonveyor system 10 for conveying a mail piece 20B will be
described with reference to FIG. 15. In the mail piece 20B,
the length W3 of the third center line L3 is shorter than
the length W1 from one of the three suction pads 82b
arranged at the lower end to one of the three suction pads
82b that is arranged at the upper end. More specifically,
the upper surface 23 of the mail piece 20B has a shape and
an area so that only one suction pad 82b is used.

FIG. 15 shows a state in which the mail piece 20B is
moved to a position where the mail piece 20B comes into
contact with the upper surface 42 of the conveyor 40 in an
orientation where the front and back sides of the mail
piece 20B is to be reversed; that is, a state in which the
suction moving device 80 is operated up to step ST66. As
shown in FIG. 15, in a state where the suction device 82 is
at the second position PS2, the suction pad 82b to be used
is arranged at a position where the first center line C of
the suction pad 82b runs through the center C2 of the mail
piece 20B, and the remaining suction pads 82b are arranged
on the upper end side of the mail piece 20B with respect to
the second center line L2 of the mail piece 20B.

Therefore, when the lower end of the mail piece 20B is
brought into contact with the upper surface 42, the suction
pad 82b does not interfere with the upper surface 42.

According to the conveyor system 10 configured as
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described above, when the mail piece 20 is to be turned
over, the position of the suction dévice 82 with respect to
the mail piece 20 is set to the second position PS2.
Therefore, even if the mail piece 20 is thin, the mail
piece 20 can be prevented from being bent in such a manner
that the upper portion of the mail piece 20 hangs down when
in an orientation where the front and back sides of the
mail piece 20 1s to be reversed.

For example, if the lower end portion of the mail
piece 20 is suctioned by the suction pad 82b and the upper
pbrtion of the mail piece 20 is not suctioned by the
suction pad 82b, the upper portion of the mail piece 20 is
bent when the suction device 82 is in the front-back
reversing orientation, and the front and back sides of the
mail piece 20B may not be reversed.

However, in the present embodiment, even when in an
orientation where the front and back sides of the mail
piece 20 is to be reversed, the mail piece 20 can be
prevented from being bent in such a manner that the upper
portion of the mail piece 20 hangs down. Therefore, even if
the mail piece 20 is thin, the front and back sides of the
mail piece 20 can be reversed.

Also, even if the mail piece 20 is small, the suction
pad 82b can be prevented from interfering with the upper
surface 42 even when the suction device 82 is lowered to a
position where the lower end of the mail piece 20 comes

into contact with the upper surface 42 of the conveyor 40.
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When the mail piece 20 is small, lowering the suction
device 82 until the lower end of the mail piece 20 comes
into contact with the upper surface 42 of the conveyor 40
may cause the suction pad 82b to interfere with the upper
surface 42. If the suction pad 82b interferes with the
upper surface 42, the lower end of the mail piece 20 cannot
be brought into contact with the upper surface 42, so that
the front and back sides of the mail piece 20 may not be
reversed.

However, in the present embodiment, the suction pad
82b can be prevented from interfering with the upper
surface 42, so that the front and back‘sides of the mail
piece 20 can be reversed.

As described above, according to the conveyor system
10 of the present embodiment, the mail piece 20 can be
selectively turned over and conveyed, regardless of the
size and thickness of the mail piece.

Further, the mail piece 20 can be moved from the
supply unit 30 to the conveyor 40 by the suction moving
device 80, and the front and back sides of the mail piece
20 can be selectively reversed. Since the suction moving
device 80 has the function of moving the mail piece 20 and
the function of reversing the front and back sides of the
mail piece 20, as described above, the configuration of the
conveyor system 10 can be simplified, and the installation
space of the conveyor system 10 can be reduced.

In addition, when a plurality of suction pads 82b are
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used, the second position PS2 of the suction device 82 with
respect to the mail piece 20 is preferably an orientatioﬁ
in which the center C1l among the plurality of suction pads
82b used faces the third center line L3 of the upper
surface 23 of the mail piece 20. With the center C1l facing
the third center line L3, the orientation of the mail piece
20 can be further stabilized.

Furthermore, when it is unnecessary to reverse the
frdnt and back sides of the mail piece 20, the position of
the suction device 82 with respect to the mail piece 20 is
set to the first position PS1, thereby allowing the
orientation of the mail piece 20 to be further stabilized.

Furthermore, the mail piece 20 is brought into contact
with the upper surface 42 of the conveyor 40 with the
suction device 82 maintained in the front-back reversing
orientation, so that the angle o between the suction face
of the mail piece 20 and the upper surface 42 can be 90
degrees or less. Therefore, when the suction by the suction
pad 82b is released, the mail piece 20 is smoothly turned
over by the frictional force produced between the mail
piece 20 and the upper surface 42, so that the front
surface 22 on which the postage stamp 22a 1is put becomes
the upper surface 23.

By bringing the suction device 82 into the front-back
reversing orientation when moving the mail piece 20
downward to the upper surface 42, in other words, by

setting the angle o formed between the mail piece 20 and
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the upper surface 42 to be under 90 degrees, such as 80
degrees, the mail piece 20 can be smoothly turned over.

When the suction device 82 is in the front-back
reversing orientation, the width direction of the mail
piece 20 is parallel to the width direction of the conveyor
40. Thus, when the mail piece 20 is detached from the
suction pad 82b and placed on the upper surface 42, the
mail piece 20 can be prevented from protruding from the
upper surface 42.

In the present embodiment, the control device 100
detects the height position of the mail piece 20 based on
the image captured by the camera 60, and determines, based
on this detected height position, the position where the
suction device 82 being moved downward is stopped. As
another example, the suction device 82 may be provided with
a contact sensor, and based on the detection result of this
contact sensor, the contact of the suction pad 82b with the
mail piece 20 may be determined so that the downward
movement of the suction device 82 is stopped.

In the present embodiment, the supply unit 30 and the
conveyor 40 are given as an example of a conveyor having a
transporting surface on which a transport target article is
placed and transporting the transport target article by
moving this transporting surface.

In the present embodiment, the cylindrical suction pad
82b is used as an example of the suction unit that suctions

the mail piece 20. The shape of the suction unit is not
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1imitedbto a cylindrical shape. For example, the suction
unit may be configured by an outer body having a cuboid
shape, with a suction hole formed in this outer body. Also,
a plurality of suction holes may be formed. In this case,
these suction holes serve as a suction unit.

In the present embodiment, when the mail piece 20 is
turned over, the mail piece 20 is moved in an orientation
of being inclined with respect to the vertical direction
until the mail piece 20 comes into contact with the upper
surface 42 of the conveyor 40. That is, the angle o is set

to under 90 degrees. In another example, the angle o may be

- 90 degrees.

When the angle o is under 90 degrees, the lower end of
the mail piece 20 is positioned in front of the upper end
of the mail piece 20 in the conveying direction of the
conveyor 40, and the mail piece 20 is inclined with respect
to the vertical direction. As a result, the suction device
82 is arranged between the mail piece 20 and the upper
surface 42.

In the present embodiment, the turning-over section 96
is configured, as one example, to be 360-degree rotatable
in two directions about the fourth rotation axis R4;
however, the turning-over section 96 is not limited thereto.
The turning-over section 96 will suffice if it can rotate
the suction device 82 from an orientation in which the
suction pad 82b faces down and the suction face 82d of the

suction pad 82b intersects the vertical direction (gravity
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direction) to an orientation in which the mail piece 20 is
positioned above the suction pad 82b and the direction
perpendicular to the suction face 82d is inclined with
respect to the vertical direction. Here, the orientation in
which the suction pad 82b faces down and the suction face
82d of the suction pad 82b intersects the vertical
direction is not limited to the orientation in which the
suction face 82d is perpendicular to the vertical direction.
However, the orientation is preferably such that, when the
suction by the suction pad 82b is released in this
orientation to drop the mail piece 20 onto the upper
surface 42 of the conveyor 40, the mail piece 20 will fall
onto the upper surface 42 without being turned over.

In the present embodiment, when a plurality of suction
pads 82b are used, the second position PS2 of the suction
device 82 with respect to the mail piece 20 is a position
where the first center line C of at least one suction pad
82b runs through the second center line L2 of the mail
piece 20, the remaining suction pads 82b (including the

used suction pads 82b and the unused suction pads 82b) are

arranged on one end side of the mail piece 20 in the

longitudinal direction with respect to the second center
line L2, and, preferably, the center Cl among the plurality
of suction pads 82b to be used faces the third center line
L3 of the mail piece 20.

However, as long as the second position PS2 is such

that the first center line C of at least one suction pad
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82b runs through the second center line L2 of the mail
piece 20 and the remaining suction pads 82b (including the
used suction pads 82b and the unused suction pads 82b) are
arranged on one end side of the mail piece 20 in the
longitudinal direction with respect to the second center
line L2 when a plurality of suction pads 82b are used, the
same effects as in the present embodiment can be obtained.
With the center Cl among the plurality of suction pads 82b
to be used'facing the third center line L3 of the mail
piece 20, the orientation of the mail piece 20 suctioned by
the suction device 82 can be further stabilized.

In the present embodiment, the suction device 82 of
the suction moving device 80 is configured to be rotatable
about the third rotation axis R3 by the turning-over
section 96. Therefore, the orientation of the suction pad
82b with respect to the mail piece 20 is constant if the
shorter direction of the mail piece 20 suctioned by the
suction device 82 is oriented para;lel to the width
direction of the conveyor 40, when the orientation of the
suction device 82 is such that the fourth rotation axis R4
is parallel to the width direction of the conveyor 40.

That is, when.three suction pads 82b are used, the
arrangement of the three suction pads 82b with respect to
the mail piece 20 at the second position PS2 is as shown in
FIG. 8. When two suction pads 82b are used, the arrangement
of the two suction pads 82b with respect to the mail piece

20 at the second position PS2 is as shown in FIG. 9.
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Howéver, when an additional rotation axis that allows
the base 82a to rotate is pfovided between the turning-over
section 96 and the base 82a of the suction device 82, for
example, when a fifth rotation axis R5 running through the
center between the plurality of suction pads 82b of the
suction pad 82b is provided, the position of the suction
pads 82b with respect to the mail piece 20 can be changed
by rotating the suction device 82 about the fifth rotation
axis R5.

In the suction system 81 of the present embodiment,
that is, in the suction system 81 not having a
configuration rotatable in two directions about the fifth
rotation axis R5, only two suction pads 82b can be used at
the second position PS2, as indicated by the two-dot chain
line in the modification shown in FIG. 16. However, with
the configuration having the fifth rotation axis R5, the
orientation of the suction pads 82b with respect to the
mail piece 20 can be changed by rotating the suction device
82 about the fifth rotation axis R5, as indicated by the
solid line in FIG. 16; therefore, there is a case where
three suction pads 82b can be used at the second position
PS2.

If the suction device 82 has the fifth rotation axis
R5, as described above, the control device 100 changes the
orientation of the suction device 82 with respect to the
mail piece 20 by rotating the suction device 82 about the

fifth rotation axis R5 so that the number of usable suction
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pads 82b reaches a maximum.

Also, by rotating the suction device 82 about the
fifth rotation axis R5, as described above, the second
position PS2 of the suction device 82 with respect to the
mail piece 20 may be set to a position where the first
center line C of each of the two suction pads 82b runs
through the second center line L2.

Further, in the present embodiment, when the suction
device 82 is arranged at the second position PS2, the
arrangement of the plurality of suction pads 82b with
respect to the base 82a of the suction device 82 is such
that the first center line C of one of thé suction pads 82b
runs through the second center line L2 regardless of the
number of suction pads 82b used.

However, when the suction device 82 is at the second
position PS2, the arrangement of the plurality of suction
pads 82b with respect to the base 82a may be such thét the
first center line C of each of two or more suction pads 82b
runs through the second center line L2 of the upper surface
23 of the mail piece 20.

In the present embodiment, each of the plurality of
suction pads 82b is connected to the pump 83 by the pipe 84.
The pipe 84 is an example of a connecting portion that
connects the pump 83 to the suction pads 82b.

In the present embodiment, the suction system 81
includes, for example, the pipe 84 and the electromagnetic

valve 86 in addition to the suction pads 82b and the pump
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83. Therefore, the control device 100 éontrols the suction
system 81 to open the electromagnetic valve 86 when the
suction pad 82b releases the suction of the mail piece 20.
In this manner, the operation of releasing the suction of
the mail piece 20 by the suction pad 82b differs depending
on the configuration bf the suction system 81. For example,
if the suction system 81 has a configuration in which the
suction of the mail piece 20 by the suction pad 82b can be
released only by stopping the driving of the pump 83, the
driving of the pump 83 may be simply stopped.

In the present embodiment, the lower end of the mail
piece 20 is pushed out in the conveying direction of the
conveyor 40, so that the front and back sides of the mail
piece 20 are smoothly reversed. However, the conveyor
system 10 may not include the conveyor 40, for example. As
an example, the suction moving device 80 may be configured
to move the mail piece 20 frbm the supply unit 30 to a
table.

Therefore, even when the destination of the movement
from the supply unit 30 is not a conveyor, the mail piece
20 can be turned over only by releasing the suction by the
suction pad 82b when the mail piece 20 is in an orientation
where the front and back sides thereof is tovbe reversed.
In this case, the angle o is preferably set to an
appropriate value so that the front and back sides of the
mail piece 20 can be reversed even without the conveyor 40.

The angle o is preferably under 90 degrees, for example.
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Further, in the present embodiment, the control device
100 determines whether or not the front and back sides of
the mail piece 20 need to be reversed based on the image
captured by the camera 60. However, the determination as to
whether or not the front and back sides of the mail piece
20 are reversed is not limited to being performed based on
the image captured by the camera 60. For example, the state
of the upper surface of the mail piece 20 may be detected
by a sensor other than the camera 60, so that the
determination as to whether or not the front and back sides
of the mail piece 20 need to be reversed may be madé based
on the result of the detection. Alternatively, the moving
device 90 may include a switch that can be opérated by a
worker, so that the control device 100 may determine
whether or not the front and back sides are reversed based
on the operation of the switch. As a specific example, when
the switch is operated, it may be determined that the front
and back sides need to be reversed.

In the present embodiment, the control device 106
detects the suction pad 82b to be used according to the
shape and the area of the upper surface 23 of the mail
piece 20, and closes the electromagnetic valve 86 of the
pipe 84 connected to the suction pad 82b to be used. Then,
the control device 100 opens the electromagnetic valve 86
of the pipe 84 connected to the unused suction pad 82b. As
a result, the pipe 84 connected to the unused suction pad

82b is released into the atmosphere through the
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electromagnetic valve 86, so that the unused suction pad
82b has no suction force.

In another example, the control device 100 may use all
the suction pads 82b without detecting the suction pad 82b
to be used. In this case, among the three suction pads 82b,
the first center line C of the suction pad 82b arranged at
the lower end when the suction pads 82b are in the front-
back reversing orientation runs through the second center
line L2, and all remaining suction pads 82b are arranged on
one end side with respect to the second center line L2.

In this case, there may be a suction pad 82b whose
entire opening 82c is not covered with the upper surface 23.

Nevertheless, the same effects as in the present embodiment

‘can be obtained.

In the present embodiment, the turning-over section 96
of the moving device 90 is configured to be rotatable about
the fourth rotation axis R4 parallel to the horizontal
direction. However, the turning-over section 96 may be
rotatable about a rotation axis approximately parallel to
the horizontal direction. Here, the expression
“approximately parallel to the horizontal direction”
includes a direction parallel to the horizontal direction
and a direction close to the direction parallel to the
horizontal direction. That is, this expression is not
limited to being exéctly parallel to the horizontal
direction. For example, even when the moving device 90 is

assembled such that the fourth rotation axis R4 is in the
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horizontai direction, the fourth rotation axis R4 may be
slightly inclined with respect to the horizontal direction,
that is, the fourth rotation axis R4 may be displaced,
depending on the accuracy of the assembly of the moving
device 90. The expression “approximately parallel to the
horizontal direction” allows for such a displacement.

Also, in the present embodiment, at the second
position PS2 of the suction device 82 with respect to the

mail piece 20, the first center line C of at least one

suction pad 82b runs through the second center line L2 of

the upper surface 23 of the mail piece 20. That is, the
center of the opening 82c of at least one suction pad 82b
is located on the second center line L2. However, at the
second position PS2, the approximate center of the opening
82c of at least one suction pad 82b may be on the second
center line L2. Here, the expression “approximate center of
the opening 82c¢” includes the center of the opening 82c and
a position near to the center of the opening 82c. That is,
the center of the opening 82c is not limited to being
exactly on the second center line L2. For example, even
when the moving device 90 is driven so that the center of
the opening 82c is located on the second center line L2,
the center of the opening 82c may deviate from the second
center line L2, depending on the accuracy of the movement
of the moving device 90. The expression “approximate center
of the opening 82c being located on the second center line

1.2” allows for such a deviation.
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In the present embodiment, the secbnd center line L2
is a line that runs through the center between both ends of
the upper surface 23 of the mail piece 20 in the
longitudinal direction and is parallel to the shorter
direction of the upper surface 23, and is also, for example,
a straight line. However, the second center line L2 may be
a line that runs through the approximate center between
both ends of the upper surface 23 of the mail piece 20 in
the longitudinal direction and is approximately parallel to
the shorter direction of the upper surface 23. Here, the
expression “approximate center between both ends of the
upper surface 23 in the longitudinal direction” includes
the center between both ends of the upper surface 23 in the
longitudinal direction and a position near to this center.
That is, the center is not limited to the exact center
between both ends of the upper surface 23 in the
longitudinal direction. The expression “approximately
parallel” includes being parallel to the shorter direction
of the upper surface 23 and being slightly inclined with
respect to the direction parallel to the shorter direction.
That is, this expression is not limited to being exactly
parallel to the shorter direction of the upper surface 23.
For example, when the center between both ends of the upper
surface 23 in the 1ongitﬁdinal direction is detected, the
center may deviate from the actual center, depending on the
accuracy of the image captured by the camera 60. The

expression “approximate center of the upper surface 23”
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allows for such a deviation. Also, for example, when the
shorter direction of the upper surface 23 is detected, the
shorter directioh may deviate from the actual shorter
direction, depending on the accuracy of the image captured
by the camera 60. The expression “approximately parallel”
allows for such a deviation.

In the present embodiment, when one suction pad 82b is
used to reverse the front and back sides of the mail piece
20, a more preferred position of the second position PS2 is
a position where the center line C of this single suction
pad 82b to be used runs through the center C2 of the upper
surface 23. That is, the center of the opening 82c of this
single suction pad 82b is arranged on the center C2 of the
upper surface 23. However, the approximate center of the
opening 82c of one suction pad 82b to be used may be
arranged on the approximate center of the upper surface 23.
Here, the expression “approximate center of the opening
82c” includes the center of the opening 82c and a position
near to this center. That is, the center is not limited to
the exact center of the opening 82c. Here, the expression
“approximate center of the upper surface 23” includes the
center C2 of the upper surface 23 and a position near to

the center C2. That i1s, the center is not limited to the

exact center of the upper surface 23. For example, when the

center C2 of the upper surface 23 is detected, the center
may deviate from the actual center C2, depending on the

accuracy of the image captured by the camera 60. The
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expression “the approximate center of the upper surface 23”
allows for such a deviation. Also, for example, even when
the moving device 90 is drivén so that the center of the
opening 82c of one suction pad 82b to be used is positioned
on the center of the upper surface 23, the center of the
opening 82c may deviate from the center of the upper
surface 23, depending on the accuracy of the movement of
the moving device 90. Arranging the approximate center of
the opening 82c of the suction pad 82b on the approximate
center of the upper surface 23 allows for such a deviation.
In the present embodiment, when a plurality of suction
pads 82b are used to reverse the front and back sides of
the mail piece 20, a more preferred position of the second
position PS2 is such that the center Cl among the plurality
of suction pads 82b to be used is arranged on the third
center line L3. However, the approximate center among the
plurality of suction pads 82b to be used may be positioned
on the third center line L3. Here, the expression
“approximate center among the plurality of suction pads 82b
to be used” includes the center among the plurality of
suction pads 82b to be used and a position near to this
center. That is, the center is not limited to the exact
center Cl among the plurality of suction pads 82b to be
used. For example, even when the moving device 90 is driven
so that the center Cl among the plurality of suction pads
82b to be used is located on the third center line L3, the

center Cl may deviate from the third center line L3,
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depending on the accuracy of the movement of the moving
device 90. Arranging the approximate center among the
plurality of suction pads 82b to be used on the third
center line L3 allows for such a deviation.

In the present embodiment, the third center line L3 is
a line that runs through the center between both ends of
the upper surface 23 of the mail piece 20 in the shorter
direction.and is parallel to the longitudinal direction of
the upper surface 23, and is also, for example, a straight
line. However, the third center line L3 may be a line that
runs through the approximate center between both ends of
the upper surface 23 in the shorter direction and is
approximately parallel to the longitudinal direction of the
upper surface 23. Here, the expression “approximate center
between both ends of the upper surface 23 in the shorter
direction” includes the center between both ends of the
upper surface 23 in the shorter direction and a position
near to this center. That is, the center is not limited to
the exact center between both ends of the upper surface 23
in the shorter direction. The expression “approximately
parallel to the longitudinal direction of the upper surface
23” includes being parallel to the longitudinal direction
of the upper surface 23 and being slightly inclined with
respect to the direction parallel to the longitudinal
direction. That is, this expression is not limited to being
exactly parallel to the longitudinal direction of the upper

surface 23. For example, when the center between both ends
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of the upper surface 23 in the shorter direction is
detected, the center may deviate from the actual center,
depending on the accuracy of the image captured by the
camera 60. The expression “approximate center between both
ends of the upper surface 23 in the shorter direction”
allows for such a deviation. Also, when the longitudinal
direction of the upper surface 23 is detected, the
longitudinal direction may deviate from the actual
longitudinal direction, depending on the accﬁracy of the
image captured by the camera 60. The expression
“approximately parallel to the longitudinal direction of
the upper surface 23” allows for such a deviation.

In the present embodiment, in the case where the mail
piece 20 is moved from the supply unit 30 to the conveyor
40 using one suction pad 82b when the front and back sides
of the mail piece 20 need not be reversed, the second
position PS2 of the suction device 82 with respect to the
mail piece 20 is a position where the first center line C
of this suction pad 82b runs through the center C2 of the
upper surface 23 of the mail piece 20. That is, the center
of the opening 82c of one suction pad 82b to be used is
arranged on the center C2 of the upper surface 23. However,
the approximate center of the opening 82c of one suction
pad 82b to be used may be located on the approximate center
of the upper surface 23. Here, the expression “approximate
center of the opening 82c” includes the center of the

opening 82c and a position near to this center. That is,
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the center is not limited to the exact center of the
opening 82c. Also, the expression “approximate center of
the upper surface 23” includes the center of the upper
surface 23 and a position near to this center. That is, the
center is not limited to the exact center of the upper
surface 23.

For example, when the center of the upper surface 23
is detected, the center may deviate from the actual center,
depending on the accuracy of the image captured by the
camera 60. The expression “approximate center of the upper
surface 23” allows for such a deviation. Also, for example,
even when the moving device 90 is driven so that the center
of the opening 82c of one suction pad 82b to be used is
positioned on the center of the upper surface 23, the
center of the opening 82c may deviate from the center of
the upper surface 23, depending on the accuracy of the

movement of the moving device 90. Arranging the approximate

center of the opening 82c of the suction pad 82b on the

approximate center of the upper surface 23 allows for such
a deviation.

In the present embodiment, in the case where the mail
piece 20 is moved from the supply unit 30 to the conveyor
40 using a plurality of suction pads 82b when the front and
back sides of the mail piece 20 need not be reversed, the
first position PS1 of the suction device 82 with respect to
the mail piece 20 is a position where the center Cl among

the plurality of suction pads 82b to be used is located on
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the center C2 of the upper surface 23 of the mail piece 20.
However, the first position PS1 may be a position where the
approximate center among the suction pads 82b to be used is
located on the approximate center of the upper surface 23.
Here, the expression “approximate center among the
plurality of suction pads 82b to be used” includés the
center Cl and avposition near to the center C1. That is,
the center is not limited to the exact center Cl. The
expression “approximate center of the upper surface 23”
includes the center C2 and a position near to the center C2.
That is, the center is not limited to the exact center C2.
For example, when the center of the upper surface 23 1is
detected, the center may deviate from the actual center C2,
depending on the accuracy of the image captured by the
camera 60. The expression “approximate center of the upper
surface 23” allows for said deviation. Also, for example,
even when the moving device 90 is driven so that the center
C1l among the plurality of suction pads 82b to be used is
positioned on the center C2 of the upper surface 23, the
center Cl among the plurality of suction pads 82b to be
used may deviate from the center C2 of the upper surface 23,
depending on the accuracy of the movement of the moving
device 90. Arranging the approximate center among the
suction pads 82b to be used on the approximate center of
the upper surface 23 allows for such a deviation.

While certain embodiments have been described, these

embodiments have been presented by way of example only, and



are not intended to limit the scope of the invention. These
novel embodiments can be implemented in various other forms,
and various omissions, replacements, and changes can be
made without departing from the spirit of the invention.
These embodiments and the modifications thereof are
included in the scope and gist of the invention as well as
in the inventions described in the accompanying claims and

their equivalents.
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CLATIMS

1; A conveyor system, comprising:

a suction device including a plurality of suction
units, each suction unit having an opening and configured
to suction a flat transport target article elongated in one
direction by negative pressure through the opening;

a moving device configured to move the suction device,
the moving device including a turning-over section
configured to rotate the suction device about an axis in an
approximately horizontal direction; and

a control device configured to control the suction
device and the moving device,

wherein when the control device determines that a
front side and back side of the transport target article
needs to be turned over, the control device

controls the moving device and the suction device to
suction the transport target article so that an approximate
center of the opening of at least one suction unit among
the plurality of suction units is located on a first
imaginary line, and remaining suction unit is located on
one end side in a longitudinal direction of the transport
target article with respect to the first imaginary line,
the first imaginary line being an imaginary line running
through an approximate center between both ends in a
longitudinal direction of an upper surface of the transport
target article and approximately parallel to a shorter

direction of the upper surface of the transport target
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article;

controls the turning-over section to be in a front-
back reversing orientation in which: the remaining suction
unit is positioned above the first imaginary line along a
gravity direction; another end opposite to one end side of
the transport target article in the longitudinal direction
suctioned by the remaining suction units is located below
the first imaginary line along the gravity direction; and
the transport target article is inclined with respect to
the gravity direction, and

performs control so that suction of the transport
target article by the suction units is released after the
suction device is in the front-back reversing orientation.

2. The conveyor system according to claim 1,

wherein when the control device determines that a
front side and back side of the transport target article
needs to be turned over, the control device

detects, among the plurality of suction units, the
suction unit to be located at a position where the
approximate center of the opening is on the first imaginary
line according to the transport target article.

3. The conveyor system according to claim 2,

wherein when one suction unit is detected, the control
device locates the approximate center of the opening of the
suction unit at a position running through an approximate
center of an upper surface of the transport target article.

4. The conveyor system according to claim 2,
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wherein when a plurality of suction units are detected,
the control device positions an approximate center between
the plurality of detected suction units on a second
imaginary line, the second imaginary line being an
imaginary line running through an approximate center
between both ends in the shorter direction of the upper
surface and approximately parallel to the longitudinal
direction.
5. The conveyor system according to claim 3 or 4,
comprising:
a conveyor with a transporting surface;
wherein the control device is configured to control
the moving device to move the transport target article to
ﬁhe transporting surface of the conveyor.
6. The conveyor system according to claim 5,
wherein the control device is configured to control
the moving device so that the suction unit is located below
the transport target article in the front-back reversing
orientation.
7. The conveyor system according to claim 6,
wherein when the control device determines that a
front side and back side of the transport target article
need not be turned over, the control device
detects a suction unit to be used among the plurality
of suction units according to the transport target article;
and

when one suction unit is detected, locates the
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approximate center of the opening of the suction unit at an
approximate.center of an upper surface of the transport
target article.

8. The conveyor system according to claim 6,

wherein when it is determined that a front side and
back side of the transport target article need not be
turned over, the control device

detects a suction unit to be used among the plurality
of suction units according to the transport target article,
and |

when a plurality of suction units are detected,
locates an approximate center between the detected suction
units at an approximate center of an upper surface of the
transport target article.

9. A conveying method, comprising:

arranging a position of a suction device with respect
to a flat transport target article elongated in one
direction at a position where an approximate center of an
opening of at least one suction unit among a plurality of
suction units of the suction device is located on a first
imaginary line, and remaining suction unit is located on
one end side in a longitudinal direction of the transport
target article with respect to the first imaginary line,
the first imaginary line being an imaginary line running
through an approximate center between both ends in a
longitudinal direction of an upper surface of the transport

target article and approximately parallel to a shorter
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direction of the upper surface of the transport target
article;
| suctioning the transport target article by the suction
unit; and

bringing the suction device into a front-back
reversing orientation in which: the remaining suction units
are positioned above the first imaginary line along a
gravity direction; another end opposite to one end side of
the transport target article in the longitudinal direction
suctioned by the remaining suction units is located below
the first imagihary line along the gravity direction; and
the transport target article is inclined with respect to
the gravity direction, and

releasing suction of the transport target article by
the suction unit after the suction device is in the front-
back reversing orientation.

.10. The conveying method according to claim 9,
comprising:

wherein when it is determined that a front side and
back side of the transport target article needs to be
turned over,

detecting, among the plurality of suction units, the
suction unit to be located at a position where the
approximate center of the opening is on the first imaginary
line according to the transport target article.

11. The conveying method according to claim 10,

comprising:



10

15

- 65 -

when one suction unit is detected, lécating the
approximate center of the opening of the suction unit at a
position running through an approximate center of an upper
surface of the transport target article.

12. The conveying method according to claim 10,
comprising:

when a plurality of suction units are detected,
positioning an approximate center between the plurality of
detected suction units on a second imaginary line, the
second imaginary line being an imaginary line running
through an approximate éenter between both ends in the
shorter direction of the upper surface and approximately

parallel to the longitudinal direction.





