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DESCRIPTTION
TITLE
TRAY FOR PHYSICAL DISTRIBUTION SORTER AND ARTICLE SORTING
APPARATUS
FIELD

Embodiments of the present invention relate to a tray
for a physical distribution sorter and an article sorting
apparatus.

BACKGROUND

For example, a tray for a physical distribution
sorter called a bomb-bay tray is known. Such trays are
arranged at appropriate intervals on an annular track, for
example, and move in a predetermined direction on the
track. The tray has a two-part rotating plate that forms a
substantially planar placement surface in a state where an
article is placed, and is opened downward in a double-open
(biparting) shape when the article is sorted. In the tray,
an opening/closing operation of the two-part rotating
plate is interlocked by a link mechanism using a rod. In
this tray, the article placed on the two-part rotating
plate is sorted into a desired sorting chute disposed on a
lower side of the tray between the parts of the two-part
rotating plate when the parts of the two-part rotating
plate are opened in a double-open manner. Further, this
tray is configured so that, when the parts of the two-part
rotating plate are closed, in conjunction with the closing

of one rotating plate while bringing the one rotating
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plate into contact with a guide having a slope shape
ascending along the traveling direction of the tray, the
other rotating plate is closed.
CITATION LIST
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SUMMARY
TECHNICAL PROBLEM
An object of the present invention is to provide a

tray for a physical distribution sorter and an article
sorting apparatus that can be reduced in weight.

SOLUTION TO PROBLEM

According to an embodiment, a tray for a physical

distribution sorter includes: a frame body, first and
second pulleys, first and second rotating plates, and a
wire. The frame body is configured to move in a
predetermined direction on a track of the physical
distribution sorter. The first and second pulleys rotate
about a predetermined axis with respect to the frame body.
The first rotating plate is configured to rotate with
rotation of the first pulley. The second rotating plate is
configured to rotate with rotation of the second pulley.
The wire is wound around the first pulley and the second
pulley. When the wire is unwound from the second pulley
and wound around the first pulley, the first rotating

plate and the second rotating plate rotate and close. And
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when the wire is unwound from the first pulley and wound
around the second pulley, the first rotating plate and the
second rotating plate rotate and open in a double-open
manner.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view illustrating an article
sorting apparatus according to an embodiment.

FIG. 2 is a front view of a tray of the article
sorting apparatus according to the embodiment.

FIG. 3 is a rear view of the tray illustrated in
FIG. 2.

FIG. 4 is a left side view of the tray illustrated in
FIGS. 2 and 3. |

FIG. 5 is a right side view of the tray illustrated
in FIGS. 2 to 4.

FIG. 6 is a plan view of the tray illustrated in
FIGS. 2 to 5.

FIG. 7 is a bottom view of the tray illustrated in
FIGS. 2 to 6.

FIG. 8 is a schematic perspective view illustrating a
part of the tray illustrated in FIGS. 2 to 7 as viewed
from above.

FIG. 9 is a schematic perspective view illustrating a
part of the tray illustrated in FIGS. 2 to 7 as viewed
from below.

FIG. 10 is a schematic perspective view of a part of

the tray illustrated in FIGS. 2 to 7 as viewed from the
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front (forward) side.

FIG. 11 is a schematic view of a state in which a
first placement part of the tray illustrated in FIGS. 2 to
7 is at a closed position as viewed from the same
direction as in FIG. 5.

FIG. 12 is a schematic view of a state in which the
first placement part of the tray illustrated in FIGS. 2 to
7 is at an opened position as viewed from the same
direction as in FIG. 5.

FIG. 13 is a schematic view illustrating a state in
which the first placemeﬁt part of the tray illustrated in
FIGS. 2 to 7 is switched from the opened position to the
closed position by a guide path.

DETAILED DESCRIPTION

An article sorting apparatus 10 according to an
embodiment will be described with reference to FIGS. 1 to
13.

The article sorting apparatus 10 according to the
present embodiment includes a physical distribution sorter
12 and an accumulation portion 14 disposed adjacent to the
physical distribution sorter 12.

The physical distribution sorter 12 according to the
present embodiment is formed as what is called a bomb-bay
sorter. The physical distribution sorter 12 includes a
track 22, a control device (article sorting control
device) 24, a drive unit 26, an article input portion 28,

an information reader 30, and a plurality of actuators
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(first switching units) 32. The physical distribution
sorter 12 includes a guide path 34 for switching a lock
part 78 to a lock position between the accumulation
portion 14 and the article input portion 28 on the
downstream side of the position where the accumulation
portion 14 is disposed. The physical distribution sorter
12 further includes trays (transport carts) 36 for the
physical distribution sorter that travel on the track 22
of the physical distribution sorter 12.

The track 22 includes, for example, a pair of rails
22a and 22b. The pair of rails 22a and 22b is formed in an
annular shape spaced apart from each other by, for
example, a predetermined distance. In the present
embodiment, one rail 22a is on an outer side, and the
other rail 22b is on an inner side. A plurality of trays
36 are placed on the pair of rails 22a and 22b in a state
of straddling the pair of rails 22a and 22b. The trays 36
circulate in the track 22.

The control device 24 controls operations of the
drive unit 26, the information reader 30, and the actuator
32. The control device 24 includes a processor, a read-
only memory (ROM), a random-access memory (RAM), an
auxiliary storage device, a communication interface, and
an input/output unit. The processor corresponds to a
central part of a computer that performs processing such
as calculation and control necessary for artiéle

processing. The processor executes control to implement
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various functions on the basis of a program such as system
software, application software, or firmware stored in at
least one of the ROM and the auxiliary storage device. The
processor is, for example, a central processing unit
(CPU), a micro processing unit (MPU), or a digital signal
processor (DSP). Alternatively, the processor is a
combination of a plurality of these. |

The drive unit 26 moves the plurality of trays 36 in
a predetermined direction along the pair of rails 22a and
22b and circulates the track 22. The drive unit 26 is
controlled by the control device 24, that is, the moving
speed of the tray 36 is controlled.

The article input portion 28 is provided at a
predetermined position of the pair of rails 22a and 22Db.
When the tray 36 is arranged in the article input portion
28, an article is placed on the tray 36 via a person or
using an appropriate conveyor or the like.

The information reader 30 is provided adjacent to the
downstream side of the article input portion 28. The
information reader 30 includes, for example, a camera
(scanner) . The information reader 30 captures an image of
an article from an upper surface, a side surface, and a
lower surface of the article with a camera, for example,
and outputs image information to the control device 24.
Further, the information reader 30 measures the size,
shape, weight, and the like of the conveyed article, and

outputs article measurement information obtained by the
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measurement to the control device 24.

The control device 24 assigns an article detection ID
to each detected article on the basis of a signal from the
information reader 30 and article detection signals from a
plurality of other article detection sensors. The control
device 24 traces a conveyance (movement) of each article
to which the article detection ID is assigned, and detects
or estimates where each article is located. The control
device 24 monitors a movement amount of the pair of rails
22a and 22b on the basis of a signal from a rotary encoder
that detects the movement amount of the pair of rails 22a
and 22b. For example, the control device 24 detects the
number of circulations of the pair of rails 22a and 22b.
Further, the control device 24 can also detect the number
of circulations of each article by combining a trace of
the conveyance of each article and monitoring of the
movement amount of the pair of rails 22a and 22b.

The actuator 32 is used as an unlocking mechanism for
unlocking the lock part 78. A plurality of actuators 32
are provided on each of the outer side of the rail 22a and
the inner side of the rail 22b at appropriate intervals
along the moving direction of the rails 22a and 22b. In
the present embodiment, the actuators 32 are arranged to
face the outside of the rail 22a and the inside of the
rail 22b. They are operated when the lock part 78 of the
tray 36 to be described later is unlocked depending on the

information read by the information reader 30.
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As the actuator 32, for example, a solenoid that
moves upward by energization and returns to an original
position by downward spring bias by non-energization, or
the like is used. The pair of actuators 32 facing each
other across the track 22 is operated independently, but
may be operated at the same time as necessary.

The accumulation portion 14 is disposed adjacent to
the actuator 32. The accumulation portion 14 includes, for
example, a plurality of sorting chutes 42 corresponding to
a plurality of sorting destinations, and chutes 44 that
send an article to each of the sorting chutes 42. A pair
of chutes 44 is provided between the pair of actuators 32
facing each other with the track 22 interposed |
therebetween. The pair of chutes 44 inclines, for example,
with the center between the pair of rails 22a and 22b as a
watershed. The sorting chute 42 receives an article from
each chute 44.

FIGS. 2 to 7 are six-sided views of the tray 36.

FIG. 2 is a front view, FIG. 3 is a rear view, FIG. 4 is a
left side view, FIG. 5 is a right side view, FIG. 6 is a
plan view, and FIG. 7 is a bottom view. Here, an XYZ
orthogonal coordinate system is set for the tray 36 as
illustrated in FIGS. 2 to 7.

The tray 36 used for the bomb-bay sorter 12 is formed
as a bomb-bay tray in which a bottom portion (a rotating
plate 102 or 104 to be described later) can be opened and

closed in a double-open (biparting) shape. The bomb-bay



10

15

20

25

sorter 12 conveys the article, opens the bottom portion at
the timing when the bomb-bay tray 36 reaches the target
sorting chute 42 or the chute 44 that feeds the article to
the target sorting chute 42, and drops the article toward
the target sorting chute 42 or the target chute 44.

As illustrated in FIGS. 2 to 7, the tray 36 includes
a frame 52, first and second movable parts 54a and 54b,
first and second placement parts 56a and 56b, and first
and second tray covers 58a and 58b.

The frame 52 of the tray 36 moves in a predetermined
direction on the track 22 of the physical distribution
sorter 12. The frame 52 includes a first frame body 62
that moves along the outer rail 22a, a second frame body
64 that moves along the inner rail 22b, and first and
second shafts 66 and 68 that couple the first frame body
62 ahd the second frame body 64.

A longitudinal direction of the first and second
frame bodies 62 and 64 is along a Y axis. The first frame
body 62 is disposed on a +X axis side with respect to the
second frame body 64. The first and second shafts 66 and
68 are along an X axis. The first shaft 66 is disposed on
a +Y axis side with respect to the second shaft 68.

The first and second frame bodies 62 and 64 are
formed in, for example, a gquadrangular prism shape and are
separated in parallel. The first and second frame bodies
62 and 64 face each other in the longitudinal direction.

The first and second frame bodies 62 and 64 each include
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one end (front end) on the +Y axis side and the other end
(rear end) on a -Y axis side. The first shaft 66 is fixed
to one end (front end) of each of the first and second
frame bodies 62 and 64. The second shaft 68 is fixed to
the other end (rear end) of each of the first and second
frame bodies 62 and 64. The first shaft 66 and the second
shaft 68 each extend in the X axis direction, that is, are
spaced apart in parallel. The first shaft 66 and the
second shaft 68 face each other in the longitudinal
direction. Thus, the frame 52 is formed in a rectangular
shape by four members of the first frame body 62, the
second frame body 64, the first shaft 66, and the second
shaft 68. Therefore, a rectangular space in which an
article is dropped is formed in the frame 52.

Note that, although outer shapes of the first shaft
66 and the second shaft 68 are preferably columnar shapes,
as long as first and second pulleys 72a and 72b to be
described later are rotatable, the outer shapes may be
formed in an appropriate polygonal columnar shape, or may
be a cylindrical shape or an appropriate polygonal
cylindrical shape.

The first movable part 54a is provided in the first
frame body 62. The first movable part 54a is provided
between the first frame body 62 and the first placement
part 56a. The second movable part 54b is provided in the
second frame body 64. The second movable part 54b is

provided between the second frame body 64 and the second
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placement part 56Db.

The frame 52, the first and second movable parts 54a
and 54b, and the first and second placement parts 56a and
56b are symmetrical with respect to a virtual plane
parallel to a YZ plane indicated by reference sign PS in
FIGS. 2, 3, 6, and 7. Thus, one side of the first and
second movable parts 54a and 54b and the first and second
placement parts 56a and 56b will be described, the same
reference signs will be appropriately assigned in FIGS. 2
to 7, and the description of the other side will be
omitted.

FIGS. 8 and 9 are perspective views of the tray 36 in
which the first placement part 56a and the first tray
cover 58a are not illustrated. FIG. 10 is a schematic
perspective view of the second frame body 64, the second
placement part 56b, and the second tray cover 58b as
viewed from the front (forward) side.

FIG. 11 is a schematic view of a state in which the
first placement part 56a of the tray 36 is at a closed
position as viewed from the same direction as in FIG. 5.
FIG. 12 is a schematic view of a state in which the first
placement part 56a of the tray 36 is at an opened position
as viewed from the same direction as in FIG. 5.

FIG. 13 is a diagram illustrating that the first
placement part 56a of the tray 36 shifts from the opened
position to the closed position as it moves along the

guide path 34.
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As illustrated in FIG. 8, the first movable part 54a
includes first and second pulleys 72a and 72b, a wire
(first wire) 74 connecting between the first and second
pulleys 72a and 72b, first and second buffer portions 76a
and 76b, and the lock part 78.

The first pulley 72a has a central axis (rotation
axis) in a direction along the X axis. The first pulley
72a 1s disposed concentrically with the first shaft 66 and
is rotatable about the axis of the first shaft 66. The
second pulley 72b has a central axis (rotation axis) in a
direction along the X axis. The second pulley 72b is
disposed concentrically with the second shaft 68 and is
rotatable about the axis of the second shaft 68. The first
and second pulleys 72a and 72b preferably include the same
outer diameter.

One end of the wire 74 is connected to the first
pulley 72a. The other end of the wire 74 is connected to
the second pulley 72b. One end and the other end of the
wire 74 are connected to the first pulley 72a and the
second pulley 72b, respectively, so that when a first
rotating plate 102 rotates clockwise about the X axis, a
second rotating plate 104 rotates counterclockwise about
the X axis, and when the first rotating plate 102 rotates
counterclockwise about the X axis, the second rotating
plate 104 rotates clockwise about the X axis, as viewed
from a predetermined direction. One end of the wire 74 is

in contact with an outer periphery of the first pulley 72a
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at a tangent line in a first direction D1 (see FIGS. 11
and 12) in a radial direction of the first pulley 72a with
respect to the rotation axis of the first pulley 72a, and
is wound along the outer periphery of the first pulley 72a
toward the side opposite to the first direction D1. One
end of the wire 74 passes through, for example, an upper
side (the first direction with respect to the rotation
axis) of the rotation axis of the first pulley 72a, and is
wound downward toward the side opposite to the other end
and fixed. The other end of the wire 74 is in contact with
an outer periphery of the second pulley 72b at a tangent
line in a second direction D2 (see FIGS. 11 and 12) in a
radial direction of the second pulley 72b with respect to
the rotation axis of the second pulley 72b, and is wound
along the outer periphery of the second pulley 72b toward
the side opposite to the second direction D2. The other
end of the wire 74 passes through, for example, a lower
side (the second direction with respect to the rotation
axis) of the rotation axis of the second pulley 72b, and
is wound upward toward the side opposite to the one end
and fixed. For example, the wire 74 is stretched with an
appropriate tension so that the upper side of the first
pulley 72a is a tangent line and the lower side of the
second pulley 72b is a tangent line.

The first buffer portion 76a buffers an impact when
the first rotating plate 102 is opened downward. The first

buffer portion 76a includes a first damper 82 constituted
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by, for example, air or oil. One end of the first damper
82 1is supported by a bracket 82a fixed to one end portion
of the first frame body 62, and the other end of the first
damper 82 is supported by the first pulley 72a. Thus, the
first buffer portion 76a suppresses rapid rotation of the
first pulley 72a.

The second buffer portion 76b buffers an impact when
the second rotating plate 104 is opened downward. The
second buffer portion 76b includes a second damper 84
constituted by, for example, air or oil, and a biasing
member 86 such as a spring. One end of the second damper
84 is supported by a bracket 84a fixed to the other end of
the first frame body 62, and the other end of the second
damper 84 is supported by the second pulley 72b. Further,
one end of the biasing member 86 is supported by the first
frame body 62, and the other end of the biasing member 86
is supported by the second pulley 72b. For example, a
tension coil spring is used as the biasing member 86. That
is, the biasing member 86 is provided between the second
pulley 72b and the first frame body 62, pulls the second
pulley 72b toward the first pulley 72a side, and applies
an appropriate tension to the wire 74.

A wire cover 88 is disposed between the brackets 82a
and 84a. As an example, the wire cover 88 is a sheath
(tube) through which the wire 74 is inserted. One end of
the wire cover 88 is supported by the first frame body 62

or the bracket 82a, and the other end of the wire cover 88
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is supported by the first frame body 62 or the bracket
84a. Since the brackets 82a and 84a are fixed to the first
frame body 62, the wire cover 88 is supported so as not to
move with respect to the first frame body 62.

The wire cover 88 allows the wire 74 to move along an
axial direction of the wire 74 with respect to the wire
cover 88. When the wire 74 moves along the wire cover 88,
the wire cover 88 covers an outer periphery of the wire
74 . Note that the wire cover 88 may be formed as, for
example, a recessed groove formed in the first frame body
62 or a half pipe supported by the first frame body 62
instead of the sheath. When the wire cover 88 is formed as
a recessed groove, er example, the wire cover may be
formed in the first frame body 62.

The lock part 78 is provided between one end and the
other end of the first frame body 62. The lock part 78 is
provided at a position facing the outer rail 22a. The lock
part 78 includes a rotating lever 92, a biasing body 94,
and an engaging body 96 that rotates together with the
rotating lever 92.

The lock part 78 is provided on the first frame body‘
62. The lock part 78 can be switched between a lock
position where the first rotating plate 102 and the second
rotating plate 104 are locked at a closed position so that
it is possible to place the article on the first rotating
plate 102 and the second rotating plate 104, and an unlock

position where the first rotating plate 102 and the second
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rotating plate 104 are unlocked at an opened position so
that the article falls from between the first rotating
plate 102 and the second rotating plate 104.

The rotating lever 92 is rotatable about, for
example, an axis along a vertical direction (Z axis) of
the first frame body 62. The rotating lever 92 projects
outward from the first frame body 62 (in a -X axis
direction with respect to the first frame body 62). The
rotating lever 92 can contact/avoid contact with the
actuator 32 depending on the state of the actuator 32.

The biasing body 94 biases the rotating lever 92 in a
predetermined direction. The biasing body 94 biases the
rotating lever 92 to protrude outside the first frame body
62.

The engaging body 96 is integrated with the rotating
lever 92. The engaging body 96 can be engaged with the
first placement part 56a. The engaging body 96 has an
inclined surface, and an engaging piece 108a to be
described later is movable between an engagement position
(lock position) and a disengagement position (unlock
position) .

As illustrated in FIGS. 2 to 7, the first placement
part 56a includes the parts of the two-part rotating plate
102 and 104 that form a substantially planar placement
surface in a state where an article is placed and opens
downward in a double-open manner when the article 1is

sorted. One of the parts of the two-part rotating plate
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102 and 104 is first rotating plate 102, and the other is
second rotating plate 104. The first pulley 72a is
disposed between the first rotating plate 102 and the
first frame body 62. The first rotating plate 102 is fixed
to the first pulley 72a and is rotatable together with the
first pulley 72a about the axis of the first shaft 66. The
second pulley 72b is disposed between the second rotating
plate 104 and the first frame body 62. The second rotating
plate 104 is fixed to the second pulley 72b and is
rotatable together with the second pulley 72b about the
axis of the second shaft 68. For example, the first
rotating plate 102 and the second rotating plate 104
include substantially the same shape and substantially the
same size.

When the first rotating plate 102 and the second
rotating plate 104 of the first placement part 56a are in
the closed positions, substantially half of the opening on
the inner side of the frame 52 is closed. When the first
rotating plate 102 and the second rotating plate 104 of
the first placement part 56a are in the opened positions,
substantially half of the opening on the inner side of the
frame 52 is opened.

The first rotating plate 102 includes a first fitting
member 102a. The first fitting member 102a is provided on
an end surface of the first rotating plate 102 opposite to
the first shaft 66. The second rotating plate 104 includes

a second fitting member 104a. The second fitting member
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104a is provided on an end surface of the second rotating
plate 104 opposite to the seéond shaft 68. As illustrated
in FIGS. 4 and 5, the first fitting member 102a and the
second fitting member 104a are fitted when the first
placement part 56a is in the closed position, and are
separated when the first placement part 56a is in the
opened position.

When the wire 74 is unwound from the second pulley
72b and wound around the first pulley 72a, the first and
second rotating plates 102 and 104 rotate with respect to
the first and second shafts 66 and 68, respectively, and
close. The state of the first placement part 56a at this
time is referred to as a close position or a closed
position. When the state of the first placement part 56a
is at the close position or the closed position, the
article can be placed on the first and second rotating
plates 102 and 104.

When the wire 74 is unwound from the first pulley 72a
and wound around the second pulley 72b, the first and
second rotating plates 102 and 104 open in a predetermined
direction (downward) in a double-open manner with respect
to the first and second shafts 66 and 68, respectively.
The state of the first placement part 56a at this time is
referred to as an open position or an opened position.
When the state of the first placement part 56a is at the
opened position or the opened position, the article can be

dropped from between the first and second rotating plates
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102 énd 104. Thus, the first rotating plate 102 and the
second rotating plate 104 being at the opened position
(open position) means a state in which a space for
dropping an article is formed between the first rotating
plate 102 and the second rotating plate 104.

Note that, in the tray 36 of FIGS. 2 to 7, the second
placement part 56b is at the closed position, and the
first placement part 56a is at the opened position.

The first rotating plate 102 and the second rotating
plate 104 of the first placement part 56a each include a
pair of protruding plates 106a and 106b. The protruding
plates 106a and 106b protrude with respect to the article
placement surface of the first rotating plate 102 and the
second rotating plate 104 of the first placement part 56a.
One protruding plate (partition wall) 106a is provided on
an end surface on the first movable part 54a side of the
first rotating plate 102 and the second rotating plate
104, that is, on the first frame body 62 side (+X axis
side), and is formed as a partition wall between the first
frame body 62 and the first movable part 54a and an
article. The other protruding plate 106b is provided on an
end surface on the second movable part 54b side of the
first rotating plate 102 and the second rotating plate
104, that is, on the second frame body 64 side (-X axis
side), and is formed as a partition wall with the second
placement part 56b. A projecting height (height in the Z

axis direction) of one protruding plate 106a with respect
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to the first rotating plate 102 at the closed position is
higher than a projecting height (height in a Z axis
direction) of the other protruding plate 106b.

The buffer body 108 is provided on the first rotating
plate 102. As the buffer body 108, for example, a
polyamide synthetic resin (nylon) 1is used. The buffer body
108 is provided at or near an end on a back surface side
of the first rotating plate 102 on a side opposite to the
side supported by the first shaft 66. The buffer body 108
is formed to have a width smaller than a width of the
first rotating plate 102, and is provided at a position
close to the first frame body 62 and the first movable
part 54a. The buffer body 108 is provided with the
engaging piece 108a to be engaged with the engaging body
96 of the lock part 78. The engaging piece 108a has a
central axis along the X axis and is formed in a
substantially columnar shape protruding in the +X axis
direction with respect to the buffer body 108 and the
protruding plate 106a. Note that a distal end surface of
the engaging piece 108a with respect to the buffer body
108 is defined at a position not reaching the first frame
body 62.

A pair of wheels 112 and 114 is provided at a
position facing the rail 22a in the first frame body 62.
One wheel 112 is provided at one end of the first frame
body 62, and the other wheel 114 is provided at the other

end. The pair of wheels 112 and 114 has a rotation axis in
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a direction along the X axis.

A pair of guide wheels 116 and 118 is provided at a
position facing the rail 22a in the first frame body 62.
The guide wheel 116 is provided adjacent to the wheel 112
at one end of the first frame body 62, and the guide wheel
118 is provided adjacent to the wheel 114 at the other
end. The pair of guide wheels 116 and 118 has a rotation
axis in a direction along the Z axis.

Note that the guide wheel 116 supports a coupling
member 120 coupled to the guide wheel 118 of the tray 36
on the front side. The coupling member 120 coupled to the
guide wheel 118 of the rear tray 36 is supported by the
guide wheel 116. Thus, a large number of the plurality of
trays 36 are coupled by the coupling member 120. The
plurality of trays 36 is ﬁaintained at a predetermined
distance by the coupling member 120.

The first tray cover 58a that covers an upper side of
the first movable part 54a and an upper side of the first
frame body 62 is fixed to the first frame body 62. A
region of the first tray cover 58a on the second placement
part 56b side (-X axis side) includes, for example, a
plate-shaped body 59 having a surface parallel to the YZ
plane. The plate-shaped body 59 is closer to the second
placement part 56b than the first frame body 62, and
extends in the Y axis direction. The plate-shaped body 59
continuously covers a region above the central axis of the

first pulley 72a and a region above the central axis of
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the second pulley 72b. The plate-shaped body 59 is formed,
for example, substantially flush with the protruding plate
106a. The surface of the plate-shaped body 59 on the
second placement part 56b side and the surfaces of the
protruding plate 106a on the first rotating plate 102 and
the second rotating plate 104 side are preferably formed
to be flush with each other or formed by a shift of
several millimeters in the X axis direction. Thus, when
the first placement part 56a is in the closed position,
the plate-shaped body 59 of the tray cover 58a protects
the first movable part 54a in cooperation with the pair of
protruding plates 106a. Therefore, when the first
placement part 56a is in the closed position, the plate-
shaped body 59 and the protruding plate 106a have a small
step and a small gap.

Note that, in the present embodiment, the first tray
cover 58a and the second tray cover 58b have different
shapes. The first tray cover 58a has a portion covering
the lock part 78 from above, whereas the second tray cover
58b has no portion covering the lock part 78 from above.
The first tray cover 58a and the second tray cover 58b may
have the same shape.

Next, the operation of the article sorting apparatus
10 will be described.

The plurality of trays 36 move in a predetermined
direction on the rails 22a and 22b of the track 22. Since

the plurality of trays 36 is coupled by the coupling
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member 120, the trays move in the predetermined direction
at predetermined intervals. Since the tray 36 according to
the present embodiment does not require a power source
(drive source), it is possible to reduce the weight of
each tray 36 by the amount of the drive source. In
addition, since a power source (drive source) is
unnecessary for the tray 36, wiring for flowing electric
energy between the track 22 and the tray 36 is also
unnecessary.

In the tray 36 entering the article input portion 28,
both the first rotating plate 102 and the second rotating
plate 104 of the first and second placement parts 56a and
56b are in the closed positions. The article is placed on
one or both of the first and second placement parts 56a
and 56b of the tray 36 from the article input portion 28.

When first placement part 56a is in the closed
position, an appropriate article having a bottom surface
having an area smaller than the combined size of the
placement surfaces of the first rotating plate 102 and the
second rotating plate 104 is placed on first rotating
plate 102 and second rotating plate 104 of first placement
part 56a.

Note that, when both the first placement part 56a and
the second placement part 56b are in the closed positions,
it is possible to place an appropriate article having a
bottom surface having an area smaller than the combined

size of the placement surfaces of the first rotating plate
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102 and the second rotating plate 104 of the first
placement part 56a and the placement surfaces of the first
rotating plate 102 and the second rotating plate 104 of
the second placement part 56b. At this time, the article
can also be placed on the four protruding plates 106Db.
Thus, the tray 36 can be used for articles having various
sizes equal to or smaller than the combined size of the
first and second placement parts 56a and 56b. Then, the
tray may selectively use the first placement part 56a and
the second placement part 56b depending on the size of one
article, or may use both the first placement part 56a and
the second placement part 56b. The tray 36 according to
the present embodiment can be used in various ways for
articles of various sizes. For example, when articles are
placed on the first and second placement parts 56a and
56b, two articles can be sorted by one tray 36, and the
operation speed is improved as compared with the case of
sorting one article by one tray.

Note that placing an article on both the first and
second placement parts 56a and 56b includes placing an
article on each of the first and second placement parts
56a and 56b, and placing one article in cooperation with
the first and second placement parts 56a and 56b.

Thus, in the tray 36 according to the present
embodiment, the article can be placed on one of the first
and second placement parts 56a and 56b depending on the

size of the article, the article can be placed on each of
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the first and second placement parts 56a and 56b, and the

first and second placement parts 56a and 56b can cooperate

to place one article.

Here, an example in which an article is placed on the
first rotating plate (third rotating plate) 102 and the
second rotating plate (fourth rotating plate) 104 of the
second placement part 56b of the tray 36 will be
described. Note that, when the article is placed on one or
both of the first and second placement parts 56a and 56b
of the tray 36 from the article input portion 28, the ttay
36 continues to move in a predetermined direction.

As illustrated in FIG. 10, in the protruding plate
106a provided on the first and second rotating plates 102
and 104 of the second placement part 56b at the closed
position, the surfaces on the first and second rotating
plates 102 and 104 side and the surface on the first
placement part 56a side (+X axis side) of the plate-shaped
body 59 of the second tray cover 58b are substantially
flush with each other. Thus, for example, even when the
tray 36 moves along the rails 22a and 22b of the physical
distribution sorter 12 in a state where the bag-shaped
article is placed on the second placement part 56b at the
closed position, a part of the article hardly enters
between the second tray cover 58b and the protruding plate
106a.

Even if a part of the article enters between the

plate-shaped body 59 of the second tray cover 58b and the
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protruding plate 106a, the wire (second wire) 74 is
covered with the wire cover 88, and the wire cover 88 is
supported by each of the brackets 82a and 84a, and does
not move in the axial direction. Even if a part of the
article enters between the plate-shaped body 59 of the
second tray cover 58b and the protruding plate 106a, it is
merely arranged between the brackets 82a and 84a. A
portion of the wire (second wire) 74 of the second movable
part 54b from the one end of the wire cover 88 to the
first pulley (third pulley) 72a is at a position farther
from the article than the bracket 82a. Similarly, a
portion of the wire (second wire) 74 of the second movable
part 54b from the one end of the wire cover 88 to the
second pulley (fourth pulley) 72b is at a position farther
from the article than the bracket 84a. Thus, it is
difficult for a part of the article to come into contact
with the wire 74 of the second movable part 54b, the first
pulley 72a, or the second pulley 72b. Therefore, according
to the movement of the wire 74, it is possible to prevent
a part of the article from coming into contact and the
article from being pulled by the wire 74.

The control device 24 acquires the information of the
article on the tray 36 by the information reader 30. The
information reader 30 captures an image of an article from
an upper surface and a side surface of the article with a
camera, for example, and outputs image information to the

control device 24. Further, the information reader 30
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measures the size, shape, and the like of the conveyed
article, and outputs article measurement information
obtained by the measurement to the control device 24.
Furthermore, the information reader 30 reads the article
ID from the article, and outputs the read article ID to
the control device 24.

The control device 24 assigns an article detection ID
to each detected article on the basis of a signal from the
information reader 30 and the article detection signals
from the plurality of other article detection sensors,
traces the conveyance (movement) of each article, and
detects or estimates where each article is located.
Furthermore, the control device 24 monitors the movement
amount of the pair of rails 22a and 22b on the basis of
the signal from the rotary encoder that detects the
movement amount of the pair of rails 22a and 22b. For
example, the control device 24 detects the number of
circulations of the pair of rails 22a and 22b. Further,
the control device 24 can also detect the number of
circulations of each article by combining a trace of the
conveyance of each article and monitoring of the movement
amount of the pair of rails 22a and 22b.

The control device 24 determines to sort the article
into, for example, the sorting chute indicated by
reference sign 42a in the sorting chute 42 in FIG. 1. In
this case, the chute corresponding to the sorting chute

42a is denoted by reference sign 44a.



10

15

20

25

The tray 36 moves along the movement of the rails 22a
and 22b. In the tray 36, even at a position where the
rails 22a and 22b are bent, the tray 36 moves in a
predetermined direction by the wheels 112 and 114 and the
guide wheels 116 and 118. That is, the tray 36 is
circularly conveyed.

The control device 24 operates the actuator 32
immediately before the tray 36 on which the article to be
sorted is placed moves onto the chute 44a corresponding to
the predetermined sorting chute 42a on the basis of the
information acquired by the information reader 30. The
control device 24 energizes the actuator 32 to cause the
actuator 32 to protrude upward (+Z axis direction), for
example. Thus, the actuator 32 comes into contact with the
rotating lever 92 of the lock part (second lock part) 78
of the tray 36 that has moved onto the chute 44a
corresponding to the predetermined sorting chute 42a to
press the rotating levers 92 rearward (in the -Y axis
direction) .

Note that the timing at which the actuator 32 is
moved upward (in the +Z axis direction) by energization is
after the rotating lever 92 of the lock part 78 of the
preceding tray 36 coupled by the coupling member 120
passes immediately above the actuator 32 to be operated.

Immediately after the actuator 32 comes into contact
with the rotating lever 92 and the actuator 32 rotates the

rotating lever 92, the actuator 32 and the rotating lever
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92 are no longer in contact with each other due to the
movement of the tray 36. Immediately after the actuator 32
and the rotating lever 92 are no longer in contact with
each other, the rotating lever 92 and the engaging body 96
are returned to their original positions by the biasing
body 94.

Immediately after estimating that the actuator 32 has
come into contact with the rotating lever 92, the control
device 24 stops energization to the actuator 32 and pulls
the actuator 32 downward (in the -Z direction) to a height
position at which it does not come into contact with the
rotating lever 92.

When the rotating lever 92 rotates, the engaging body
96 rotates together with the rotating lever 92, and the
engagement between the engaging body 96 of the lock part
78 and the engaging piece 108a provided on the buffer body
108 of the first rotating plate 102 is released. At this
time, due to the gravity of the article, the first
rotating plate 102, and the second rotating plate 104, the
first rotating plate 102 and the second rotating plate 104
of the second placement part 56b are opened from the close
position to the double-open position, and the article
falls from between the first rotating plate 102 and the
second rotating plate 104 of the second placement part 56b
to the chute 44a. The article is placed from the chute 44a
into the sorting chute 42a.

Here, when the first rotating plate 102 is opened
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from the close position (see FIG. 11) to the open position
(see FIG. 12), the first pulley (third pulley) 72a of the
second movable part 54b is rotated to unwind the wire
(second wire) 74. When the second rotating plate 104 is
opened, the second pulley (fourth pulley) 72b is rotated
to pull (wind) the wire (second wire) 74. Since the first
rotating plate 102 and the second rotating plate 104 of
the second placement part 56b start to be opened
substantially at the same time, the timing at which the
first pulley 72a unwinds the wire 74 and the timing at
which the second pulley 72b tows the wire 74 substantially
coincide with each other. The biasing member 86 is used to
appropriately maintain the tension applied to the wire 74
when the second pulley 72b is pulled toward the first
pulley 72a and the first and second rotating plates 102
and 104 are opened. Thus, the biasing member 86 suppresses
the wire 74 from loosening between the first pulley 72a
and the second pulley 72b of the second movable part 54b.
Therefore, when the first and second rotating plates 102
and 104 of the second placement part 56b are switched from
the close position to the open position, the biasing
member 86 prevents the wire 74 from being detached from
the second pulley 72b.

Then, the wire 74 is kept in contact with the tangent
of the first pulley 72a and the tangent of the second
pulley 72b. Thus, when first rotating plate 102 and second

rotating plate 104 are opened and closed, positional
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displacement of the wire 74 with respect to the frame 52
(deflection of the wire 74) can be ignored.

‘When the first pulley 72a rotates to unwind the wire
74 to open the first rotating plate 102, the first damper
82 makes the rotation speed of the first rotating plate
102 lower than that when the first damper 82 is not
provided. Further, when the second pulley 72b rotates to
pull the wire 74 to open the second rotating plate 104,
the second damper 84 makes the rotation speed of the
second rotating plate 104 lower than that when the second
damper 84 i1s not provided. As described above, when the
first rotating plate 102 and the second rotating plate 104
are opened, the first buffer portion 76a and the second
buffer portion 76b suppress loads on the first movable
part 54a and the second movable part 54Db.

Note that the buffer body 108 of the first rotating
plate 102 can be used as, for example, a cushion or the
like for contact with the preceding tray 36. Thus, even
when the first rotating plate 102 of the tray 36 separated
by the coupling member 120 and the second rotating plate
104 of the preceding tray 36 temporarily come into contact
with each other, the load at the time of contact between
the first rotating plate 102 of the tray 36 and the second
rotating plate 104 of the preceding tray 36 is reduced.

As illustrated in FIG. 13, the tray 36 approaches the
guide path 34 located at a higher position toward the

front side at the position where the second placement part
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56b is opened. When the buffer body 108 of the tray 36
moves in the predetermined direction while being in
contact with the guide path 34, the first rotating plate
102 closes. When the first rotating plate 102 moves in the
closing direction, the first pulley 72a pulls (winds) the
wire 74. Thus, the second pulley 72b unwinds the wire 74.
Therefore, the second rotating plate 104 coupled to the
second pulley 72b is closed together when the first
rotating plate 102 is closed.

As the first rotating plate 102 is closed, the
engaging piece 108a provided on the buffer body 108 comes
close to and comes into contact with the inclined surface
of the engaging body 96 of the lock part 78. Then, the
engaging piece 108a provided on the buffer body 108 moves
on the inclined surface of the engaging body 96 of the
lock part 78 and is placed on the engaging body 96 of the
lock part 78. At this time, the engaging piece 108a
provided on the buffer body 108 is placed on the engaging
body 96 of the lock part 78 against the biasing force of
the biasing body 94. Thus, when the engaging piece 108a
provided on the buffer body 108 is placed on the engaging
body 96 of the lock part 78, the engaging piece 108a
provided on the buffer body 108 is engaged on the engaging
body 96 of the lock part 78 by the biasing force of the
biasing body 94. Thus, the lock part 78 is provided on the
second frame body 64, and locks the first rotating plate

102 and the second rotating plate 104 so that an article
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can be placed on the first rotating plate 102 and the
second rotating plate 104. That is, the second placement
part 56b is returned to the close position.

In this manner, in a state where the first placement
part 56a and the second placement part 56b maintain the
closed positions, the tray 36 is directed toward the
article input portion 28 along the rails 22a and 22b. In
this manner, the tray 36 circulates on the track 22.

Note that, when the control device 24 outputs thatv
there is no sorting destination to sort the article in the
sorting chute 42 for the article placed on the tray 36,
the control device 24 outputs an error. The error output
may be after the tray 36 has cycled through the track 22,
for example at least once. In this case, the image
information of the article on the tray 36 is acquired
again by the information reader 30. Then, the control
device 24 outputs an error again when there is no sorting
destination to sort the articles in the sorting chute 42.

A large number of the trays 36 are placed and moved
on the track 22 of the article sorting apparatus 10. Then,
since an article is placed on each tray 36, in order to
move each tray 36, the driving force of the rails 22a and
22b can be smaller the lighter the weight of each tray 36.
In the tray 36 according to the present embodiment, by
switching the lock part 78 from the lock position to the
unlock position, the first pulley 72a, the second pulley

72b, and the wire 74 of the first movable part 54a can be
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moved in response to opening of the first and second
rotating plates 102 and 104 of the first placement part
56a.

Here, for example, when the rod of the link mechanism
is used, the rod is required to withstand a force in a
direction deviating from the axial direction of the rod
and to have proof strength, that is, rigidity against
buckling of the rod. Thus, in order to impart rigidity to
the rod, it is likely to be required to form an
appropriate material thickness. Thus, the rod of the link
mechanism is highly required to be formed as a component
having an appropriate weight. On the other hand, when the
wire 74 of the tray 36 according to the present embodiment
is used, it is not necessary to consider buckling as long
as it has tensile strength. The wire 74 only needs to be
formed as a load-bearing component that can withsténd the
opening and closing operation of the first placement part
56a and can withstand the weight of the article placed on
the first placement part 56a.

For example, the wire 74 of the tray 36 of the

present embodiment can be formed to be lighter than a rod

as a solid metal part. Thus, in the case of using the wire

74, the weight can be reduced as compared with the case of
using the rod of the link mechanism. Therefore, for
example, the tray 36 can be easily reduced in weight as
compared with the case of the link mechanism. This may

have a greater impact as the number of trays 36 on the
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track 22 of the physical distribution sorter 12 increases.
Thus, by using the first and second pulleys 72a and 72b
and the wire 74 like the first and second movable parts
54a and 54b of the tray 36 according to the present
embodiment, it is possible to reduce the weight of the
tray 36.

Further, in the tray 36 according to the present
embodiment, even when the first and second pulleys 72a and
72b of the second movable part 54b rotate and the wire 74
moves in the axial direction, the positions of the first
and second pulleys 72a and 72b and the position of the
wire 74 continue to maintain the same position with
respect to the second frame body 64. Thus, when the second
tray cover 58b is used, a space in consideration of the
operation range of the rod as in the link mechanism
becomes unnecessary. Thus, the space between the second
frame body 64 and the second tray cover 58b can be formed
small. Thus, the structure of the second movable part 54Db
contributes to weight reduction of the second tray cover
58b.

Further, in the tray 36 according to the present
embodiment, in cooperation with the plate-shaped body 59
of the second tray cover 58b, the protruding plates 106a
provided on the first and second rotating plates 102 and
104 of the second placement part 56b can be used as
partition walls. When the second placement part 56b is at

the close position, the plate-shaped body 59 of the second
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tray cover 58b and the protruding plate 106a can cooperate
to separate the first and second pulleys 72a and 72b and
the wire 74 from the article placed on the second
placement part 56b. At this time, the wire 74 moves in the
axial direction of the wire 74, but can be kept at that
position. Further, the wire 74 is protected by the wire
cover 88. Thus, even if the second placement part 56b is
switched from the close position to the open position, the
article can be prevented from touching the wire 74.
Therefore, when the second placement part 56b is switched
from the close position to the open position, the article
can be prevented from being caught by the wire 74. Even if
the wire cover 88 is not provided, since the gap between
the protruding plate 106a and the plate-shaped body 59 of
the second tray cover 58b is formed to be small when the
second placement part 56b is at the closed position, it is
possible to prevent a part of the article from entering
the gap between the protruding plate 106a and the plate-
shaped body 59 of the second tray cover 58b. Thus, by
using the second movable part 54b according to the present
embodiment, it is possible to suppress the occurrence of a
defect such as the article being caught on the tray 36
even when the article is chuted to the chute 44 from the
state of being placed on the tray 36. Therefore, according
to the present embodiment, it is possible to provide a
tray 36 for the physical distribution sorter and the

article sorting apparatus 10 that can easily process
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various articles.

Further, in the tray 36 according to the present
embodiment, an active drive member by electric energy such
as a power motor 1s unnecessary. Thus, the tray 36 can be
reduced in weight, and the cost of the power motor and the
like can be reduced.

In the present embodiment, the first and second frame
bodies 62 and 64 have been described as quadrangular
prisms. The first and second frame bodies 62 and 64 are
preferably formed in an appropriate shape having four
surfaces such as an H steel shape in addition to a
quadrangular prism shape.

In the present embodiment, the example in which the
first movable part 54a is provided between the first frame
body 62 and the first placement part 56a has been
described. That is, the example in which the first movable
part 54a is provided in the -X axis direction with respect
to the first frame body 62 has been described. The first
movable part 54a is also preferably provided in the +X
axis direction with respect to the first frame body 62.
Similarly, in the present embodiment, the example in which
the second movable part 54b is provided between the second
frame body 64 and the second placement part 56b has been
described. That is, the example in which the second
movable part 54a is provided in the +X axis direction with
respect to the second frame body 62 has been described.

The second movable part 54b is also preferably provided in



10

15

20

25

the -X axis direction with respect to the second frame
body 62.

In the present embodiment, the example has been
described in which the parts of the two-part rotating
plate 102 and 104 of the first placement part 56a are
opened downward in a double-open manner. The direction in
which the parts of the two-part rotating plate 102 and 104
are opened is not limited to the lower side, and 1is
appropriately set.

The example has been described in which one end of
the wire 74 passes through, for example, the upper side
(the first direction with respect to the rotation axis) of
the rotation axis of the first pulley 72a, and is wound
downward toward the side opposite to the other end and
fixed. In addition, the example has been described in
which the other end of the wire 74 passes through, for
example, the lower side (the second direction with respect
to the rotation axis) of the rotation axis of the second
pulley 72b, and is wound upward toward the side opposite
to the one end and fixed. The rotation axes of the first
pulley 72a and the second pulley 72b do not necessarily
extend in the horizontal direction (the X axis direction
or a direction along an XY plane). The rotation axes of
the first pulley 72a and the second pulley 72b may extend
so as to cross the horizontal direction (XY plane). As an
example, the rotation axes of the first pulley 72a and the

second pulley 72b may extend in the vertical direction (Z
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axis direction). Even in this case, one end of the wire 74
is wound around and fixed to the first pulley 72a, and the
other end of the wire 74 is wound around and fixed to the
second pulley 72b. In the present embodiment, the
directions of the rotation axes of the first pulley 72a
and the second pulley 72b can be appropriately set by
using the wire 74. Thus, the directions of the first
pulley 72a and the second pulley 72b can be set depending
on the space in which the first pulley 72a and the second
pulley 72b are arranged. The rotation axes of the first
pulley 72a and the second pulley 72b may not be parallel
to each other. In this manner, by using the wire 74, the
directions of the first pulley 72a and the second pulley
72b can be freely set.

According to at least one embodiment described above,
it is possible to provide a tray 36 for the physical
distribution sorter and the article sorting apparatus 10
that can be reduced in weight.

The embodiments of the present invention have been
described. The embodiments are just exemplary and are not
intended to limit the scope of the invention. The new
embodiments can be carried out in other wvarious modes, and
thus various omissions, replacements, and alternations can
be made without departing from the gist of the invention.
The embodiments and variations thereof are included in the
scope and gist of the invention and are included in the

scope of the invention in the claims and equivalents
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CLAIMS

1. A tray for a physical distribution sorter,
comprising:

a first frame body configured to move in a
predetermined direction on a track of the physical
distribution sorter;

a first pulley configured‘to rotate about a
predetermined axis with respect to the first fréme body;

a second pulley configured to rotate about the
predetermined axis with respect to the first frame body;

a first rotating plate configured to rotate with
rotation of the first pulley;

a second rotating plate configured to rotate with
rotation of the second pulley; and

a first wire wound around the first pulley and the
second pulley, and configured to, when the first wire is
unwound from the second pulley and wound around the first
pulley, the first rotating plate and the second rotating
plate rotate and close, and when the first wire is unwound
from the first pulley and wound around the second pulley,
the first rotating plate and the second rotating plate
rotate and open in a double-open manner.

2. The tray according to claim 1, wherein

when the first wire is wound by the first pulley, the
first wire is wound toward a side opposite to a first
direction while being in contact at a tangent in the first

direction in a radial direction of the first pulley with
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respect to a rotation axis of the first pulley, and

when the first wire is wound by the second pulley,
the first wire is wound toward a side opposite to a second
direction while being in contact at a tangent in the
second direction in a radial direction of the second
pulley with respect to a rotation axis of the second
pulley.

3. The tray according to claim 1 or 2, comprising:

a first buffer portion provided between the first
pulley and the first frame body that is configured to
buffer an impact when the first rotating plate is opened;
and

a second buffer portion provided between the second
pulley and the first frame body that is configured to
buffer an impact when the second rotating plate is opened,
wherein

the second buffer portion includes:

a damper provided between the second pulley and the
first frame body, and

a biasing member provided between the second pulley
and the first frame body that biases the second pulley to
be separated from the first pulley.

4. The tray according to any one of claims 1 to 3,
wherein

the first pulley is provided between the first frame
body and the first rotating plate, and

the second pulley is provided between the first frame
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body and the second rotating plate.

5. The tray according to any one of claims 1 to 4,
comprising:

a wire cover supported by the first frame body
between the first pulley and the second pulley, covering
an outer periphery of the first wire, and allowing
movement along an axial direction of the first wire.

6. The tray according to any one of claims 1 to 5,
comprising:

a tray cover provided on the first frame body and
covering at least a part of the first frame body, the
first pulley, the second pulley, and the first wire.

7. The tray according to claim 6, wherein

the tray cover includes a plate-shaped body facing a
side of the first rotating plate and a side of the secona
rotating plate, and

the first rotating plate and the second rotating
plate are each provided with a partition wall that is
configured to separate the first rotating plate and the
second rotating plate from the first frame body, the first
pulley, the second pulley, and the first wire in
cooperation with the plate-shaped body at a position where
the first rotating plate and the second rotating plate are
closed, with the first wire being wound around the first
pulley.

8. The tray according to any one of claims 1 to 7,

comprising:
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a lock part provided on the first frame body, the
lock part being configured to switch between a lock
position where the first rotating plate and the second
rotating plate are locked so as to place an article on the
first rotating plate and the second rotating plate, and an
unlock position where the article falls from between the
first rotating plate and the second rotating plate.

9. The tray according to any one of claims 1 to 8,
comprising:

a second frame body facing the first frame body;

a third pulley configured to rotate about a
predetermined axis with respect to the second frame body;

a fourth pulley configured to rotate about the
predetermined axis with respect to the second frame body;

a third rotating plate provided closer to the second
frame body than the first rotating plate and configured to
rotate with rotation of the third pulley;

a fourth rotating plate provided closer to the second
frame body than the second rotating plate and configured
to rotate with rotation of the fourth pulley; and

a second wire wound around the third pulley and the
fourth pulley, and configured to, when the second wire is
unwound from the fourth pulley and wound around the third
pulley, the third rotating plate and the fourth rotating
plate rotate and close, and when the second wire is
unwound from the third pulley and wound around the fourth

pulley, the third rotating plate and the fourth rotating



plate rotate and open in the double-open manner.

10. An article sorting apparatus comprising:

a physical distribution sorter including the tray
according to any one of claims 1 to 9; and

a track on which the tray is configured to move.



