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DESCRIPTION
CONVEYOR AND CONVEYANCE METHOD

Technical Field
[0001] The present invention relates to a conveyor and a conveyance method that

convey a granular material.

Background Art

[0002] Conventionally, in order to convey a granular material, various conveyors such
as a flight conveyor are used, for example. A flight conveyor conveys a granular
material with flights that move along a conveying path (for example, see Patent

Document 1).

Citation List
Patent Literature

[0003] Patent Document 1: JP S62-124914U

Summary of Invention

Technical Problem

[0004] Normally, a conveyor using flights or the like conveys a granular material
supplied from an upstream device (such as a feeder), and discharges this granular
material to a downstream device (such as a packaging device). Within this sort of line,
there are cases where it is necessary to temporarily restrict supply of the granular
material from the conveyor to the downstream device due to excess supply or the like of
the granular material, for example. In such a case, if operation of the conveyor is
stopped in a state with the granular material remaining within the conveyor, gaps

between particles of the granular material become clogged due to the own weight of the
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granular material, and fluidity of the granular material decreases. The granular
material with decreased fluidity serves as resistance against driving force of the flights
or the like, and as a result, it becomes difficult to restart operation of the conveyor due
to overloading. In such a state, it is necessary to perform a recovery operation to
remove the granular material within the conveyor, which may cause a delay in the
operation of conveying the granular material.

[0005] In order to address the above problems, when temporarily restricting supply of
the granular material to the downstream device, it is common to stop operation of the
conveyor after the granular material inside of the conveyor is discharged to a
downstream buffer. However, due to layout limitations, it is not always possible to
install a buffer of a size sufficient to accommodate the granular material inside of the
conveyor.

[0006] On the other hand, if supply of the granular material to the downstream device is
continued without restricting operation of the conveyor, problems are likely to occur in
the downstream device such as breakage of equipment due to overflow or overloading,
and eventually the operation of conveying the granular material will be delayed.

[0007] One object of the present invention is to provide a conveyor and a conveyance
method such that, after restricting supply of the granular material to the downstream
device, it is possible to restart normal operation of conveying the granular material

without delay.

Solution to Problem

[0008] A conveyor according to a first aspect of the present invention is a conveyor that
conveys a granular material to a downstream device, the conveyor including: a casing
having a conveying path therein and having a discharge port for discharging the
granular material to the downstream device; a plurality of conveying units

accommodated in the casing and configured to convey the granular material to the
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discharge port by circulating along the conveying path; an opening/closing mechanism
that opens and closes the discharge port; and a control unit that controls operation of the
plurality of conveying units and the opening/closing mechanism. When restricting
supply of the granular material to the downstream device, the control unit controls the
opening/closing mechanism to close the discharge port, and continues to circulate the
plurality of conveying units, thereby continuing to move the granular material along the
conveying path. Note that restricting supply of the granular material also includes, in
addition to stopping supply of the granular material, reducing the amount of the
granular material to supply.
[0009] A conveyor according to a second aspect of the present invention is the conveyor
according to the first aspect, in which when restricting supply of the granular material to
the downstream device, the control unit controls the opening/closing mechanism to
completely close the discharge port.
[0010] A conveyor according to a third aspect of the present invention is the conveyor
according to the first aspect or the second aspect, in which the plurality of conveying
units are configured to move in a vertical direction in at least part of the conveying path.
[0011] A conveyor according to a fourth aspect of the present invention is the conveyor
according to any of the first to third aspects, in which each of the plurality of conveying
units is a flight.
[0012] A conveyance method according to a fifth aspect of the present invention is a
conveyance method of conveying a granular material to a downstream device with a
conveyor having a discharge port, the conveyance method including following steps (1)
to (4).

(1) a step of supplying the granular material to the conveyor

(2) a step of conveying the granular material to the discharge port by causing a
plurality of conveying units included in the conveyor to circulate along a conveying

path



10

15

20

25

(3) a step of discharging the granular material from the conveyor to the
downstream device through the discharge port

(4) a step of, when restricting supply of the granular material to the
downstream device, closing the discharge port, and continuing to circulate the plurality
of conveying units, thereby continuing to move the granular material along the

conveying path

Advantageous Effects of Invention

[0013] According to the present invention, when it becomes necessary to restrict supply
of the granular material to the downstream device, the discharge port of the conveyor is
closed by the opening/closing mechanism, and circulation of the conveying units is
continued. Thus, at least some of the granular material circulates in the conveying
path within the conveyor without being discharged from the discharge port, and as a
result, fluidity of the granular material that remains within the conveyor is maintained.
Therefore, even when restarting normal operation of conveying the granular material, an
overload due to resistance of the granular material does not occur. As a result, after
restricting supply of the granular material to the downstream device, it is possible to

restart normal operation of conveying the granular material without delay.

Brief Description of Drawings
[0014] FIG. 1 is a schematic configuration view of a granular material production line
system including a conveyor according to an embodiment of the present invention;

FIG. 2 is a side cross-sectional view showing an internal structure of the
conveyor according to an embodiment of the present invention;

FIG. 3 illustrates an operational state of the production line system in a normal
process; and

FIG. 4 illustrates an operational state of the production line system in a
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restriction process.

Description of Embodiments
[0015] Hereinafter, a conveyor and a conveyance method according to one embodiment

of the present invention will be described with reference to the drawings.

1. Overall Configuration of Production Line System

[0016] FIG. 1 is a schematic configuration view of a production line system 100
including a conveyor 1 according to the present embodiment. The conveyor 1 is a
device for conveying a granular material H. As shown in FIG. 1, in addition to the
conveyor 1, the production line system 100 is provided with an upstream device 2 that
supplies the granular material H to the conveyor 1, and a downstream device 3 to which
the conveyor 1 discharges the granular material H. The granular material H is
conveyed in order from the upstream device 2 to the conveyor 1, and then from the
conveyor 1 to the downstream device 3.

[0017] Overall operation of the production line system 100 is controlled by a control
unit 30. The control unit 30 is connected through a communications line L1 to the
conveyor 1, the upstream device 2, and the downstream device 3, and controls operation
of these devices 1 to 3. Thus, the conveyor 1, the upstream device 2 and the
downstream device 3 are capable of cooperative processing while conveying the
granular material H, and are incorporated in a production line in series.

[0018] The types of the upstream device 2 and the downstream device 3 are not
particularly limited, but in the present embodiment, a rotary feeder is disposed as the
upstream device 2 and a packaging device is disposed as the downstream device 3.
The conveyor 1 has a supply port S1 where the granular material H is supplied, and a
discharge port S2 for discharging the granular material H, and the rotary feeder

continuously or intermittently supplies the granular material H to the supply port S1.
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Although not shown in FIG. 1, a hopper 4 is disposed between the discharge port S2 of
the conveyor 1 and the packaging device. As shown in FIG. 2, the hopper 4 is
disposed above the packaging device. The hopper 4 receives the granular material H
discharged from the discharge port S2 of the conveyor 1, and afterward functions as a
buffer that temporarily stores the granular material H before the granular material H is
supplied to the packaging device. The packaging device packages the granular
material H supplied from the hopper 4 by a predetermined amount at a time, and then
conveys the packaged material to a device disposed at downstream of the packaging
device.

[0019] Granular material is a generic term for powder and particulate matter. The
granular material H according to the present embodiment has fluidity, and also has
properties such that even in a stationary state, gaps between particles of the granular
material H become clogged due to the own weight of the granular material H, and so the
granular material H gathers and becomes dense. Resin particles are an example of the
granular material H having such properties. Also, although not limited to the
following, in a case where packed bulk density W1 (g/cc), aerated bulk density W2
(g/cc), angle of repose a (°), and compressibility C (%) satisfy the following conditions
C1 to C4, the granular material H tends to more remarkably exhibit the above properties.
Note that among the following conditions C1 to C4, as more of the conditions are
satisfied, it becomes easier for the granular material H to have the above-described
properties, but even when at least one of the conditions is satisfied, it is easy for the
granular material H to have the above-described properties.

C1:0.08 <W1 <5.2, more preferably 0.5 <W1<1.2

C2: 0.05 <W2 <5.0, more preferably 0.4 <W2<1.1

C3:15<a <70, more preferably 25 <a <45

C4:1 < C <65, more preferably 5<C <25
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2. Details of Conveyor Configuration

[0020] Hereinafter, the configuration of the conveyor 1 will be described in detail with
reference to FIG 2. The conveyor 1 according to the present embodiment is a flight
conveyor, and conveys the granular material H so as to lift the granular material H
mainly from below to above in the vertical direction.

[0021] The conveyor 1 has a casing 11 and a plurality of conveying units (flights 14)
accommodated within the casing 11. Within the casing 11, a loop-like conveying path
12 where these flights 14 are conveyed is formed, and the flights 14 convey the granular
material H by circulating within the conveying path 12 along a conveying direction Al.
[0022] The casing 11 has a center portion 1la extending in the vertical direction, a
lower portion 11b extending in the horizontal direction from a lower end portion of the
center portion 11a, and an upper portion 11c extending in the horizontal direction from
an upper end portion of the center portion 11a. The above-described supply port S1 is
formed in the lower portion 11b, and opens vertically upward. Also, the
above-described discharge port S2 is formed in the upper portion 11c, and opens
vertically downward. The discharge port S2 is located vertically above the supply port
S1.

[0023] The conveying path 12 includes a forward path 12a from the supply port S1 to
the discharge port S2, and a return path 12b from the discharge port S2 to the supply
port S1. Within the casing 11, a bottom plate 13 extending along the conveying
direction Al is disposed so as to divide the space within the casing 11 into two, and the
forward path 12a and the return path 12b are defined by the bottom plate 13 and an
inner wall of the casing 11. The flights 14 conveyed in the forward path 12a advance
while bending from the lower portion 11b of the casing 11 to the center portion 11a, and
from the center portion 11a to the upper portion 11c. Conversely, the flights 14
conveyed in the return path 12b advance while bending from the upper portion 11c of

the casing 11 to the center portion 11a and from the center portion 1la to the lower
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portion 11b. The granular material H is introduced into the supply port S1 from the
upstream device 2, and afterward moves while being pushed by the flights 14 advancing
through the forward path 12a, reaches the discharge port S2, and is discharged from the
discharge port S2.

[0024] The plurality of flights 14 each have the same shape, and are disposed at equal
intervals along the conveying direction Al. Each flight 14 is flat, and its main face
(widest face) is orthogonal to the conveying direction A1l. Also, each flight 14 stands
orthogonal to the bottom plate 13 as well.

[0025] Each flight 14 is fixed between two endless chains 15 that circulate along both
ends of the bottom plate 13. A sprocket 17 is accommodated within the lower portion
11b of the casing 11, and a sprocket 18 is accommodated within the upper portion 11c.
The endless chains 15 are wound around these sprockets 17 and 18, and the conveying
direction Al of the flights 14 fixed to the endless chains 15 is reversed at the sprockets
17 and 18, respectively. Due to the above configuration, the granular material H is
conveyed within the conveying path 12 while being pushed by the main face of the
flights 14 that move along the conveying direction Al.

[0026] Preferable examples of the material of the casing 11 include rolled steel material
for ordinary structures (SS), stainless steel (SUS), and the like. Preferable examples of
the material of the flights 14 include rolled steel material for ordinary structures (SS),
stainless steel (SUS), and the like. Preferable examples of the material of the endless
chains 15 include rolled steel material for ordinary structures (SS), stainless steel (SUS),
chromium molybdenum steel (SCM), and the like.

[0027] The control unit 30 controls a driving mechanism such as an unshown motor to
rotationally drive the sprockets 17 and 18. As a result, the endless chains 15 wound
around the sprockets 17 and 18, and thus the flights 14, circulate within the conveying
path 12 along the conveying direction ALl. Note that a configuration can be adopted in

which driving force is directly applied from the driving mechanism to both of the
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sprockets 17 and 18, or a configuration can be adopted in which one of those sprockets
serves as a main driving sprocket and the other serves as a driven sprocket, such that
driving force is applied to only one of the sprockets 17 and 18.

[0028] Also, the conveyor 1 has an opening/closing mechanism 16 in the vicinity of the
discharge port S2. The opening/closing mechanism 16 is a mechanism for
opening/closing the discharge port S2, and in the present embodiment, is an electric
valve disposed below the discharge port S2. The control unit 30 can control operation
of the flights 14 as described above, and can also control operation of the
opening/closing mechanism 16. Specifically, the opening/closing mechanism 16 is
controlled by the control unit 30 to transition between an open state and a closed state.
The open state referred to here is a state in which the discharge port S2 is most open,
and the closed state referred to here is a state in which the discharge port S2 is closed to
a greater degree than in the open state. In the closed state, the discharge port S2 is
completely or partially closed, and the granular material H cannot pass through the
discharge port S2, or the amount of the granular material H that can pass through the
discharge port S2 is reduced in comparison to the open state, such that supply of the
granular material H to the downstream device 3 is restricted. In other words, supply of
the granular material H to the downstream device 3 is stopped, or the amount of the

granular material H to supply is reduced.

3. Granular Material Conveying Process

[0029] Next is a description of the process of conveying the granular material H
according to the present embodiment, with reference to FIGS. 2, 3, and 4. The
conveying process includes a normal process, and a process of restricting supply of the
granular material H from the conveyor 1 to the downstream device 3 (referred to below
as a restriction process).  This conveying process is described in order below.

[0030] FIG. 3 illustrates the operational state of the production line system 100 in the
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normal process. In the normal process, the control unit 30 controls the upstream
device 2 such that the granular material H is continuously or intermittently introduced to
the supply port S1 of the conveyor 1.  The granular material H successively supplied to
the conveyor 1 in this manner is successively conveyed within the forward path 12a by
the flights 14. More specifically, the control unit 30 circulates the flights 14 along the
conveying path 12 while the upstream device 2 is driving. Also, at this time, the
opening/closing mechanism 16 is maintained in the open state by the control unit 30.
The granular material H is pushed by the flights 14 that circulate within the conveying
path 12, and thus moves in the horizontal direction within the lower portion 11b of the
casing 11, and then moves upward in the vertical direction within the center portion 11a,
and furthermore moves in the horizontal direction within the upper portion 1lc.
Afterward, the granular material H that has reached the discharge port S2 drops from
the discharge port S2 and is successively supplied to the downstream device 3. The
flights 14, which have been emptied by passing by the discharge port S2, are conveyed
within the return path 12b and return to the supply port S1. Afterward, the flights 14
again receive the granular material H that has been introduced from the supply port S1,
and the same operation is repeated. Further, the control unit 30 drives the downstream
device 3, and packages the granular material H that has reached the downstream device
3. The process described above is the normal process.

[0031] Next is a description of the restriction process. FIG. 4 illustrates the
operational state of the production line system 100 in the restriction process. The
restriction process is executed when it is determined to be necessary to restrict supply of
the granular material H from the conveyor 1 to the downstream device 3. Specifically,
the control unit 30 executes the restriction process when, for example, it is not possible
for the processing capacity of the downstream device 3 to keep up due to excessive
supply of the granular material H and so an overflow is determined to be likely, or when

operation of the downstream device 3 is stopped because there is determined to be some

10
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abnormality. Under such circumstances, it is preferable to restrict not only operation

of the conveyor 1, but also supply of the granular material H from the upstream device 2

to the conveyor 1. Therefore, the control unit 30 restricts not only operation of the

conveyor 1 but also operation of the upstream device 2.

[0032] When the control unit 30 decides to execute the restriction process, the control

unit 30 controls operation of the upstream device 2 through the communications line L1

and restricts supply of the granular material H to the conveyor 1. At this time, supply

of the granular material H from the upstream device 2 to the conveyor 1 may be

temporarily stopped, or the amount of the granular material H to supply may be reduced.
Note that, when reducing the amount of the granular material H to supply, the degree to

which that supply amount is reduced is appropriately determined by the control unit 30

according to the circumstances of the downstream device 3.

[0033] Similarly, when the control unit 30 decides to execute the restriction process, the

control unit 30 controls the opening/closing mechanism 16 to close the discharge port

S2 through the communication line L1, thereby establishing the closed state of the

opening/closing mechanism 16. At this time, the discharge port S2 may be completely

closed, or may be partially closed. Note that “completely closing the discharge port S2”
means closing the discharge port S2 to such an extent that the granular material H

substantially cannot pass through the discharge port S2. The degree to which the

discharge port S2 is closed in the closed state may be predetermined in advance for any

circumstance, or may be adjusted according to the circumstances of the downstream

device 3. Also, while maintaining the closed state of the opening/closing mechanism

16, the control unit 30 performs control to continue circulation of the flights 14, and

thus continue moving the granular material H along the conveying path 12.  As a result,
the granular material H that has not been discharged from the discharge port S2 because

the discharge port S2 is closed is returned to the return path 12b while being carried by

the flights 14, and starts circulating through the conveying path 12.

11
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[0034] Note that, if circulation of the flights 14 is stopped while maintaining the closed
state of the opening/closing mechanism 16, the granular material H within the
conveying path 12 drops due to gravity, gaps between particles of the granular material
H become clogged and the granular material H becomes dense, and therefore fluidity
decreases. At this time, the granular material H is expected to be concentrated
particularly at the lower portion 11b of the casing 11 and the lower portion of the center
portion 1la. In such a state, when attempting to restart the normal process, the
decreased fluidity of the granular material becomes resistance, and there is an excessive
load when restarting the flights 14. As a result, parts of the conveyor 1, including the
flights 14, may become damaged.

[0035] However, in the present embodiment, in the restriction process as well as in the
normal process, it is possible to prevent a decrease in the fluidity of the granular
material H by continuing to move the granular material H remaining within the casing
11 instead of allowing the granular material H to become stationary. Therefore, even
when restarting the normal process, there is not an excessive load when restarting the
flights 14, and as a result it is possible to return from the restriction process to the
normal process without delay.

[0036] Note that the return from the restriction process to the normal process is
performed when the control unit 30 has decided to release the restriction process. The
control unit 30 decides to release the restriction process when the reason for entering the
restriction process is resolved, for example.

[0037] When the control unit 30 decides to release the restriction process, the control
unit 30 causes the upstream device 2 to execute the normal process through the
communications line L1. Similarly, the control unit 30 causes the conveyor 1 to
execute the normal process through the communications line L1.

[0038] Also, the power required to activate the flights 14 is commonly greater than the

power required to continue circulating the flights 14. In this respect, in the present

12
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embodiment, circulation of the flights 14 is not stopped even in the restriction process,
so stopping and restarting of operation are not repeated unnecessarily. Therefore, from

the viewpoint of energy saving, the restriction process is excellent.

4. Variations

[0039] Although one embodiment of the present invention is described above, the
invention is not limited by the embodiment described above, and various modifications
are possible without departing from the gist of the invention. Also, the gist of the

variations below can be appropriately combined.

4-1

[0040] The conveyor 1 of the above embodiment is configured to convey the granular
material H mainly from below to above in the vertical direction, but the conveying
direction of the granular material H is not limited to this direction, and for example, the
conveyor 1 may be a type of device that conveys the granular material H mainly in the

horizontal direction.

4-2

[0041] In the above embodiment, the opening/closing mechanism 16 is configured as an
electric valve, but the configuration of the opening/closing mechanism 16 is not
particularly limited as long as the discharge port S2 can be opened and closed. For
example, the opening/closing mechanism 16 can be realized as a hinged door or a

sliding door that can open and close the discharge port S2.

4-3
[0042] The start conditions of the restriction process are not limited to those described

above. For example, a configuration may be adopted in which, for example, when it is

13
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not possible for the processing capacity of the downstream device 3 to keep up and so
an overflow seems likely, or when operation of the downstream device 3 is stopped
because of some abnormality, a restriction command is sent from the downstream
device 3 to the control unit 30, and upon receiving the restriction command, the control

unit 30 executes the restriction process.

4-4

[0043] In the above embodiment, the conveyor 1 is a flight conveyor, but the various
operation including the restriction process described above is not limited to a flight
conveyor, and is also applicable to another type of conveyor. In particular, in the case
of a conveyor having a plurality of conveying units such as flights that apply force to
the granular material H by pushing the granular material H during conveyance, or the
like, if the above-described sort of restriction process is not implemented, the granular
material can become dense when operation of the conveyor is stopped. Accordingly,
by implementing the above-described restriction process in such a conveyor, it is

possible to restart operation of the conveyor without delay.

List of Reference Numerals

[0044] 100 Production line system

1 Conveyor

2 Upstream device

3 Downstream device
4 Hopper

11 Casing

12 Conveying path
12a Forward path
12b Return path

14
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14
15
16
17
18
30

S1
S2

Bottom plate

Flight

Endless chain
Opening/closing mechanism
Upstream sprocket
Downstream sprocket
Control unit

Granular material

Supply port
Discharge port
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CLAIMS

1. A conveyor configured to convey a granular material to a downstream device,
the conveyor comprising:

a casing having a conveying path therein and having a supply port for
introducing the granular material into the conveying path and a discharge port for
discharging the granular material to the downstream device;

a plurality of conveying units accommodated in the casing and configured to
convey the granular material to the discharge port by circulating along the conveying
path;

an opening/closing mechanism configured to open and close the discharge port;
and

a control unit configured to control operation of the plurality of conveying
units and the opening/closing mechanism,

wherein the conveying path includes a forward path from the supply port to the
discharge port and a return path from the discharge port to the supply port,

wherein when restricting supply of the granular material to the downstream
device, the control unit is configured to control the opening/closing mechanism to close
the discharge port, and continue to circulate the plurality of conveying units so that the
granular material is returned to the return path, thereby continuing to move the granular

material along the conveying path.

2. The conveyor according to claim 1,
wherein when restricting supply of the granular material to the downstream
device, the control unit is configured to control the opening/closing mechanism to

completely close the discharge port.

16
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3. The conveyor according to claim 1 or 2,
wherein the plurality of conveying units are configured to move in a vertical

direction in at least part of the conveying path.

4. The conveyor according to any of claims 1 to 3,

wherein each of the plurality of conveying units is a flight.

5. A conveyance method of conveying a granular material to a downstream
device with a conveyor having a supply port and a discharge port, the conveyance
method comprising:

a step of supplying the granular material to the conveyor through the supply
port;

a step of conveying the granular material to the discharge port by causing a
plurality of conveying units included in the conveyor to circulate along a conveying
path;

a step of discharging the granular material from the conveyor to the
downstream device through the discharge port; and

a step of, when restricting supply of the granular material to the downstream
device, closing the discharge port, and continuing to circulate the plurality of conveying
units, thereby continuing to move the granular material along the conveying path,

wherein the conveying path includes a forward path from the supply port to the
discharge port and a return path from the discharge port to the supply port,

wherein a step of closing the discharge port and continuing to circulate the
plurality of conveying units includes a step of continuing to circulate the plurality of

conveying units so that the granular material is returned to the return path.
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