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Abstract
Abstract
Object
A control device capable of supplying a desired supply amount of

granular material to a carrier destination is provided.

Solving Means

In a granular material supply system including a tank that stores
granular material, a carrier line through which the granular material flowing out
of the tank is carried to a carrier destination, and a cutout line that connects the
tank and the carrier line and through which the granular material flowing out of
the tank is supplied to the carrier line, a control device includes a density
control unit configured to control a density of the granular material on a
downstream side of a junction of the cutout line and the carrier line to a set
value predetermined and a flow rate control unit configured to control a flow
rate of the granular material to be supplied to the carrier destination through the
carrier line to a command value instructed by the carrier destination.
[Selected drawing] FIG. 1
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Invention Title
Control device, granular material supply system, control

method, and program

The following statement is a full description of this invention,

including the best method of performing it known to me/us:-
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Technical Field
[0001]
The present disclosure relates to a control device, a granular material

supply system, a control method, and a program.

Background Art
[0002]

Patent Document 1 discloses a granular material supply facility in which
a granulated reactant is mixed with an inert gas and fed into a metallurgical
reaction container. FIG. 12 illustrates an example of a granular material supply
facility 100'. The granular material supply facility 100" includes a blow tank 2
and a control device 20" and conveys and supplies granular material to a supply
destination facility 10. An upper portion of the blow tank 2 is provided with a
pressurization line 5 including a pressure control device PIC 4 and a pressure
regulation valve V1 for the purpose of feedback control of the internal pressure
of the blow tank 2. The granular material pulverized by a pulverizer not
illustrated is supplied to the blow tank 2 through the pressurization line 5. In
the granular material supply facility 100, granular material is supplied to the
blow tank 2 through the pressurization line 5, and the granular material is
accumulated in the blow tank 2.

[0003]

On the other hand, a high-pressure loss acrator 3 for fluidizing the
internal granular material is attached to a lower portion of the blow tank 2.
When an aeration gas is supplied to the aerator 3 via an aeration line 6, the
granular material in the blow tank 2 is fluidized and cut out (flown out) to a
cutout line 9 due to the differential pressure between the blow tank 2 and a
carrier line 7. In this manner, the granular material in the blow tank 2 is
supplied to the carrier line 7 through the cutout line 9 and supplied to the
supply destination facility 10 by a carrier gas flowing through the carrier line 7.
[0004]

A load detector 1, such as a load cell, is attached to the blow tank 2, and
the weight of the blow tank 2 including the granular material is measured by
the load detector 1. The aeration line 6 is provided with an aeration gas flow
rate control valve V2, and the flow rate of the gas to be supplied via the
aeration line 6 can be controlled by adjusting the opening degree of the acration
gas flow rate control valve V2. The cutout line 9 is provided with a cutout flow

rate control valve V3, and the flow rate of granular material to be supplied to
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the cutout line 9 can be controlled by adjusting the opening degree of the
cutout flow rate control valve V3. The upstream side of the cutout flow rate
control valve V3 in the cutout line 9 is provided with a flow velocity sensor C1
and a density sensor C2, and the flow velocity and the density of the granular
material cut out to the cutout line 9 are measured by the respective sensors. The
weight of the granular material cut out from the blow tank 2 to the cutout line 9
can be detected by the weight measured by the load detector 1. The carrier line
7 is provided with a flow rate control device FIC 8 and a carrier gas flow rate
control valve V4 for the purpose of feedback control of the flow rate of the
carrier gas, and the flow rate of the carrier gas is controlled to a desired flow
rate. A blower not illustrated or the like is used to flow the carrier gas. Since
the operation of the blower requires power such as electric power, reducing the
carrier gas and reducing the flow velocity contribute to improvement of
efficiency. However, when the flow rate of the carrier gas is reduced, the
granular material settles at the bottom of the carrier line 7, causing the carrier
line 7 to be blocked. Patent Document 1 requires the particle velocity of the
granular material to be at least about 5 m/s or greater from the viewpoint of
stable transportation, that is, prevention of blockage.

[0005]

Patent Document 1 discloses a supply control method of granular
material including obtaining in advance a particle velocity of granular material
to prevent blockage of the carrier line 7, determining a carrier gas flow rate
from the amount of granular material cut out to the cutout line 9 based on the
amount of carrier gas to maintain this particle velocity, and controlling the
carrier gas flow rate control valve V4 so as to achieve this carrier gas flow rate.
This control needs to grasp the amount of granular material to be cut out, but
the accuracy of the carrier flow rate (kg/s) of granular material depends on the
time rate of change dm/dt of a weight m (kg) of the blow tank 2 including the
granular material indicated by the load detector 1. (Although accuracy of the
cutout flow rate (kg/s) by the action of the aerator 3 and the like also affect, the
present disclosure does not discuss the accuracy of the cutout flow rate) Since
the weight of the blow tank 2 that is a container of the granular material is
larger than the weight of the granular material to be measured, it is difficult for
the load detector 1 to accurately measure the weight of the granular material.
The cutout flow rate (kg/s) of the granular material can be expressed by a
weight change per second, but for example, if the cutout flow rate per second is

1 kg/s, the resolution of the load detector 1 needs to be about 0.1 kg. However,
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when the weight of the blow tank 2 is several tons, it is difficult for an
inexpensive meter to measure the weight of the granular material.
[0006]

To solve such a problem, the following control method is provided. That
is, a particle velocity vpz (m/s) of the cut out granular material and a density p»
(kg/m®) of the granular material in the mixture of the gas flowing out of the
blow tank 2, such as the aeration gas flow rate and the pressurized gas flow
rate, and the cut out granular material are measured by the flow velocity sensor
C1 and the density sensor C2, respectively, and a cutout flow rate gpa (kg/s) of
the granular material is calculated by Equation (1) below from a pipe cross-
sectional area Az of the carrier line 7.

g2 =Az*vp2*p2.... (1)

Then, a control device 20' adjusts the opening degree of the cutout flow
rate control valve V3 by proportional-integral control (PI control) and makes
the cutout flow rate (kg/s) estimated by the equation (1) coincide with the
command value. For example, closing the cutout flow rate control valve V3
increases the downstream pressure on the blow tank 2 and thus decreases the
cutout flow rate gp> (kg/s). Conversely, opening the cutout flow rate control
valve V3 decreases the downstream pressure on the blow tank 2 and thus
increases the cutout flow rate gp> (kg/s). In this manner, the cutout flow rate gp>
(kg/s) is adjusted.

[0007]

Unfortunately, when the carrier destination facility 10 is far away from
the blow tank 2, the above control method has the following problems. For
example, when the granular material is carried with the carrier gas flow rate
being controlled to 5 m/s, it takes 20 seconds for the granular material to reach
the carrier destination if the length of the carrier pipe from the junction of the
cutout line 9 and the carrier line 7 to the carrier destination facility 10 is 100 m.
That is, it will take 20 seconds for the increase or decrease in the granular
material flow rate due to the opening and closing the cutout flow rate control
valve V3 to reach the carrier destination. If the granular material supply facility
100" is used for supplying a combustible raw material such as coal to a reactor
furnace, a delay of 20 seconds is significant. The moisture and composition of
the raw material such as coal are not uniform and unavoidably fluctuate
temporally. Thus, the temperature and pressure of the reactor furnace are
adjusted by adjusting the supply flow rate of the raw material. The delay of 20
seconds fluctuates the composition of chemical species in the furnace and

unavoidably causes environmental losses such as an increase in emission of air
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pollutants such as nitrogen oxides, and economic losses such as shortening of
the life of the reactor furnace due to fluctuation in the combustion
temperatures.

[0008]

To eliminate the delay in arrival of the granular material at the carrier
destination, it is conceivable to not make the flow rate constant but increase or
decrease the flow rate of the carrier gas. When the density of the granular
material portion of the mixture composed of the carrier gas and the granular
material (the ratio of the weight of the granular material in the mixture)
immediately after a junction P1 is p3 (kg/m?), a mass flow rate gsp of the
granular material at the junction is expressed by the product of p3 (kg/m?) and a
volume flow rate U (m?/s) of the carrier line 7 downstream of the junction P1.
When the flow rate of the carrier gas flowing through the carrier line 7 is ga1
(kg/s), the flow rate of the gas, such as the aeration gas and the pressurized gas,
flowing out of the blow tank 2 is ga2 (kg/s), the density of a granular material
component is pp (kg/m?), and the density of the carrier gas component and a gas
component flowing out of the blow tank 2 is pg (kg/m?), the volume flow rate
U of the carrier line 7 is expressed by Equation (2) below. The density pp
(kg/m?) of the granular material component and the density pg (kg/m?) of the
carrier gas component can be treated as fixed values determined by the type of
granular material and the operation state of the granular material supply facility
100",

[0009]
Equation 1
U=961+962+9P2 5 & wliE]
Pq Pp
[0010]

The mass flow rate gsp (kg/s) of the granular material at the junction P1
is expressed by Equation (3) below as the product of the density and the
volume flow rate.

g3p(t) = p3(t) *U().... (3)

When the density of the granular material at the junction P1 at time t is
described as p3 (t), it takes 20 seconds for the granular material to reach the
supply destination facility 10, and thus the granular material density at the
supply destination at the time t can be approximated by the granular material p3

at the junction at time t - 20. That is, the supply flow rate gps (kg/s) of the
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granular material to the carrier destination at the time t can be approximately
expressed by the following equation.

[0011]

Equation 2

gra(t) = p3(t—20)-U[E) - - - (4)
[0012]

It takes 20 seconds for the density of the granular material at the
junction P1 to propagate to the carrier destination facility 10, but the volume
flow rate U characteristically propagates without delay. Thus, the supply flow
rate gp4 (t) of the granular material to the carrier destination facility 10 at the
time t is proportional to, for example, the carrier gas flow rate gg: (t) at the
time t, and gps (t) can be adjusted without delay by changing the opening
degree of the carrier gas flow rate control valve V4. The volume flow rate can
be similarly changed by changing the total flow rate gg2 (kg/s) of the aeration
gas and the pressurized gas. However, simply increasing the carrier gas flow
rate gg1 increases only the volume percent of the carrier gas and decreases the
density p3 of the granular material at the junction P1. Conversely, decreasing
the carrier gas flow rate g1 (kg/s) decreases the volume percent of the carrier
gas and increases the density ps of the granular material at the junction P1.
These are side effects of adjusting the granular material supply flow rate gp4
(kg/s) to the carrier destination facility 10 only by using the carrier gas flow
rate gg1 (kg/s) (or the gas flow rate gg2). FIG. 13 illustrates a schematic view
explaining this side effect. FIG. 13 illustrates how sparseness and denseness of
granular material density is generated in the carrier line 7 when a sine wave
variation of a constant cycle is applied to the carrier gas flow rate ggi.
Increasing the carrier gas flow rate g1 (kg/s) also increases the granular
material supply flow rate gps (kg/s) to the carrier destination in proportion to
the increase as described in the equation (2). However, simply changing the
flow rate g1 of the carrier gas without considering the cutout amount of the
granular material causes sparseness and denseness of the granular material
density p3 (kg/s) in the carrier line 7 as illustrated in FIG. 13. As indicated by
the equation (4), since the granular material supply flow rate gps (kg/s) to the
carrier destination is also proportional to the fluctuation in the granular
material density, and thus simply changing the flow rate gc1 of the carrier gas
cannot supply an intended amount of granular material to the carrier destination
facility 10. On the other hand, Patent Document 2 discloses a control of

adjusting the flow rate of the carrier gas so that the measured density falls
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within a predetermined range by providing a density measurement device that
measures the density of granular material flowing in the carrier line 7.
[0013]

Such known techniques control the supply amount of granular material
with the function of controlling the flow rate of carrier gas to a predetermined
value and the function of controlling the granular material flow rate (cutout
flow rate) to a predetermined value. Unfortunately, particularly when the
carrier line is long as described above, the granular material cannot be supplied
at a flow rate as commanded due to the delay of the response of the actual flow
rate of the granular material to the change of the command value of the
granular material flow rate or the sparseness and denseness of the granular

material generated in the carrier line 7.

Citation List
Patent Document
[0014]
Patent Document 1: JP 62-215424 A
Patent Document 2: JP 2020-179950 A

[0015]

Control for supplying granular material at a flow rate as commanded
even when the carrier line 7 is long is awaited.
[0016]

The present disclosure seeks to provide a control device, a granular
material supply system, a control method, and a program that can potentially

solve the above problems.

Summary of the Invention
[0017]

A control device of the present disclosure in a granular material supply
system including a tank that stores granular material, a carrier line through
which the granular material flowing out of the tank is carried to a carrier
destination, and a cutout line that connects the tank and the carrier line and
through which the granular material flowing out of the tank is supplied to the
carrier line includes a density control unit configured to control a density of the
granular material on a downstream side of a junction of the cutout line and the

carrier line to a set value predetermined and a flow rate control unit configured
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to control a flow rate of the granular material to be supplied to the carrier
destination through the carrier line to a command value instructed by the carrier
destination.

[0018]

A control method of the present disclosure in a granular material supply
system including a tank that stores granular material, a carrier line through
which the granular material flowing out of the tank is carried to a carrier
destination, and a cutout line that connects the tank and the carrier line and
through which the granular material flowing out of the tank is supplied to the
carrier line includes controlling a density of the granular material on a
downstream side of a junction of the cutout line and the carrier line to a set
value predetermined and controlling a flow rate of the granular material to be
supplied to the carrier destination through the carrier line to a command value
instructed by the carrier destination.

[0019]

A program of the present disclosure causes a computer configured to
control a granular material supply system including a tank that stores granular
material, a carrier line through which the granular material flowing out of the
tank is carried to a carrier destination, and a cutout line that connects the tank
and the carrier line and through which the granular material flowing out of the
tank is supplied to the carrier line to execute processing of controlling a density
of the granular material on a downstream side of a junction of the cutout line
and the carrier line to a set value predetermined and controlling a flow rate of
the granular material to be supplied to the carrier destination through the

carrier line to a command value instructed by the carrier destination.

[0020]
According to the control device, the granular material supply system, the
control method, and the program described above, granular material can be

supplied to a carrier destination at a flow rate as commanded.

Brief Description of Drawings
[0021]
FIG. 1 is a view illustrating an example of a granular material supply

system according to a first embodiment.
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FIG. 2A is a flowchart illustrating an example of carrier gas flow rate
control according to the first embodiment.

FIG. 2B is a flowchart illustrating an example of granular material
density control according to the first embodiment.

FIG. 3 is a view illustrating an example of a granular material supply
system according to a second embodiment.

FIG. 4A is a flowchart illustrating an example of gas flow rate control
according to the second embodiment.

FIG. 4B is a flowchart illustrating an example of granular material
density control according to the second embodiment.

FIG. 5 is a view illustrating an example of a granular material supply
system according to a third embodiment.

FIG. 6 is a view illustrating an example of a granular material supply
system according to a fourth embodiment.

FIG. 7 is a view illustrating an example of a granular material supply
system according to a fifth embodiment.

FIG. 8A is a flowchart illustrating an example of carrier gas flow rate
control according to the fifth embodiment.

FIG. 8B is a flowchart illustrating an example of granular material
density control according to the fifth embodiment.

FIG. 9 is a view illustrating an example of a granular material supply
system according to a sixth embodiment.

FIG. 10A is a flowchart illustrating an example of gas flow rate control
according to the sixth embodiment.

FIG. 10B is a flowchart illustrating an example of granular material
density control according to the sixth embodiment.

FIG. 11 is a view illustrating an example of a granular material supply
system according to a seventh embodiment.

FIG. 12 is a view illustrating an example of a common granular material
supply facility.

FIG. 13 is a view explaining sparseness and denseness of granular
material generated in a carrier line.

FIG. 14 is a view illustrating an example of a hardware configuration of

a control device according to each embodiment.

Description of Embodiments
[0022]

First Embodiment
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Configuration

FIG. 1 is a view illustrating an example of a granular material supply
system according to a first embodiment.

A granular material supply system 100 includes a blow tank 2, a
pressurization line 5 connected to an upper portion of the blow tank 2, an
aeration line 6 connected to an aerator 3, a cutout line 9 connected to a lower
portion of the blow tank 2, a carrier line 7, and a control device 20. The
pressurization line 5 is provided with a pressure control device PIC 4, a
pressure regulation valve V1, and a flow rate sensor C3. The aeration line 6 is
provided with a flow rate sensor C4 and an aeration gas flow rate control valve
V2. The carrier line 7 is provided with a flow rate control device FIC 8, a
carrier gas flow rate control valve V4, and a flow rate sensor C5, and a junction
P1 of the carrier line 7 and a cutout line 9 (or downstream of P1) is provided
with a density sensor C6. Each of the sensors C3 to C6 is connected to the
control device 20.

[0023]

The control device 20 includes a carrier destination granular material
flow rate estimator 21, a granular material flow rate controller 22, and a carrier
line granular material density controller 23.

The carrier destination granular material flow rate estimator 21 acquires
a command value psv of the granular material density to be supplied to the
carrier destination facility 10 and measurement values of the flow rate sensors
C3 to C5, and estimates the supply flow rate of the granular material to the
carrier destination facility 10 by using Equation (5) below.

[0024]
Equation 3

9o1(t) + gg2 () _I_gpz(t)) v oo {5

o
9pa Psy Py o

[0025]

psv is a set value (command value) of the granular material density. gai
(t) is the measurement value of the flow rate sensor C5. ga2 (t) is a total of the
measurement value of the flow rate sensor C3 and the measurement value of
the flow rate sensor C4. The values of the density pg of the carrier gas
component and the density pp of the granular material component are known
values (fixed values determined by the type of granular material or the
operation state of the granular material supply device). If the values of the

carrier gas flow rate g1 (t)and the total flow rate ggz (t) of the aeration and the
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pressurized gas are known, considering that the granular material density ps at
the junction P1 and the downstream side thereof is maintained at an expectation
value psv of the granular material density of the carrier line, the estimated
value of the cutout flow rate gpz (t) can be expressed by Equation (6) below.
Furthermore, from the above equation (5) and Equation (6) below, the
estimated value of the supply flow rate of granular material to the carrier
destination facility 10 at time t can be expressed by Equation (7) below.

[0026]

Equation 4
PG — Psy
gPZ(t) :%(9610") +ggz(t)) « - - (8)
Psv — Pp
[0027]
Equation 5

9e1(t) + gg2(t) . Jp2 (t))
=L 7)

=
9pa Psv D s

[0028]

The carrier destination granular material flow rate estimator 21
estimates the supply flow rate of granular material to the carrier destination
facility 10 at the time t by using the equation (7).

[0029]

The granular material flow rate controller 22 controls the flow rate of
the carrier gas flowing through the carrier line 7. The flow rate of the granular
material at the time t requested by the carrier facility 10 is assumed to be r (t)
(kg/s). For example, the granular material flow rate controller 22 may use an
estimated value g "p4(t) of the supply flow rate of the granular material at the
time t estimated by the carrier destination granular material flow rate estimator
21 to calculate the command value rg1 of the carrier gas flow rate at the time t
by proportional-integral control (PI control) as in Equation (8) below. kp is a
symbol representing a proportional gain of the proportional-integral controller,
and Ty is a symbol representing an integral time constant of the proportional-
integral controller.

[0030]
Equation 6

1e1(t) = kp (r(t) — gpa(t) + f %{g’”(t)dt) W v = {8)
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[0031]

The granular material flow rate controller 22 outputs the command value
rg1 of the carrier gas flow rate calculated by the equation (8) to the flow rate
control device FIC 8. This adjusts the opening degree of the carrier gas flow
rate control valve V4 and achieves the carrier gas flow rate based on the
requested r (t).

[0032]

The carrier line granular material density controller 23 controls the
cutout flow rate of the granular material to be supplied to the cutout line 9. For
example, the carrier line granular material density controller 23 may calculate
the opening degree command value rviyz (t) of the cutout flow rate control
valve V3 by proportional-integral control (PI control) as in Equation (9) below.
kp is a common symbol representing a proportional gain, and T1is a common
symbol representing an integral time constant. The proportional-integral
controllers of the second and subsequent embodiments described later also use
the symbols kp and Ty, but these values are different for each embodiment. The
proportional-integral controller increases the opening degree of the cutout flow
rate control valve V3 when the density p; (kg/m?) at the junction measured by
the density sensor C6 is less than the set value psv and decreases the opening
degree of the cutout flow rate control valve V3 when the density p3 (kg/m?)
exceeds the set value psv, thus making the density p3 (kg/m?) at the junction
coincide with the set value psv.

[0033]
Equation 7

= L)

Tyiv2(t) = kp (pSV(t) — ps(t) + f psy (t) — p3(t) dt)

T;

[0034]

The carrier line granular material density controller 23 males the
granular material density at the junction constant even when the flow rate of
the carrier gas is changed. For example, setting psv as a command value in the
carrier line granular material density controller 23 makes the time average
value of the granular material density at the junction P1 constant at psy. If the
granular material density at the junction P1 is constant even when the flow rate
of the carrier gas is changed, the expectation value of the granular material
density of the carrier line 7 becomes uniform at psv in the downstream portion
of the junction P1 regardless of the location. Then, as described above, since

the volume flow rate U of the carrier gas propagates without delay even 100 m
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ahead, if the granular material density psv can be controlled constantly, the
actual granular material flow rate to be supplied to the carrier destination
facility 10 without delay can be controlled to a desired value by controlling the
carrier gas flow rate. Instead of the set value psv of the granular material
density, a time average value of the granular material density ps at the junction
P1 may be used as an expectation value. A value obtained by smoothing p3 with
a high-pass cutoff filter such as a first-order delay may be used as an
expectation value. When the expectation value of the granular material density
of the carrier line 7 is determined by any method, the granular material supply
flow rate to the carrier destination is expressed by the equation (5), and the
granular material supply flow rate gp4 (kg/s) to the carrier destination facility
10 is proportional to the carrier gas flow rate gai1 (kg/s). As a result, by
adjusting the carrier gas flow rate g1 (kg/s) to the command value r, the
granular material flow rate to be supplied to the carrier destination facility 10
can be controlled to the command value without delay and without sparseness
and denseness.
[0035]
Operation

Next, the flow of granular material supply control by the control device
20 will be described with reference to FIGS. 2A and 2B. As a premise, the
control device 20 stores set values of the command value psv of the granular
material density, the density pg of the carrier gas component, and the density pp
of the granular material component. The control device 20 acquires
measurement values of the flow rate sensors C3 to C5 and the density sensor
C6 from moment to moment. The control device 20 acquires the command
value r (t) of the latest flow rate requested by the carrier destination facility 10.
The control device 20 repeatedly executes the processing illustrated in FIGS.
2A and 2B in parallel at a predetermined control cycle.
[0036]

The flow of the flow rate control of carrier gas is shown in FIG. 2A.
FIG. 2A is a flowchart illustrating an example of the carrier gas flow rate
control according to the first embodiment. The carrier destination granular
material flow rate estimator 21 acquires measurement values by the flow rate
sensors C3 to C5 (step S1). Next, the carrier destination granular material flow
rate estimator 21 estimates the supply flow rate of granular material to the
carrier destination facility 10 by using the equation (7) (step S2). Next, the
granular material flow rate controller 22 calculates the command value rg1 of

the carrier gas flow rate by using the flow rate command value r (t) requested
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by the carrier destination and the equation (8), and outputs the calculated
command value rg| to the flow rate control device FIC 8, thus controlling the
flow rate of the carrier gas (step S3).

[0037]

FIG. 2B shows the flow of control for making the density of granular
material at the junction P1 constant. FIG. 2B is a flowchart illustrating an
example of the granular material density control according to the first
embodiment. The carrier line granular material density controller 23 acquires a
measurement value by the density sensor C6 (step S11). Next, the carrier line
granular material density controller 23 calculates the opening degree command
value rvrv2 of the cutout flow rate control valve V3 by using the equation (9).
The carrier line granular material density controller 23 controls the opening
degree of the cutout flow rate control valve V3 by the calculated opening
degree command value rvrvz, and controls the density ps of the granular
material at the junction P1 to become the set value psv(step S12).

[0038]

According to the present embodiment, the granular material supply
system 100 that supplies granular material from the blow tank 2 to the carrier
destination facility 10, while adjusting the opening degree of the cutout flow
rate control valve V3 so that the density of granular material inside the carrier
line 7 coincides with the set value psv based on the density p3 instructed by the
density sensor C6 that measures the density of granular material in the carrier
line 7, adjusts the opening degree of the carrier gas flow rate control valve V4
so that the carrier gas flow rate coincides with the command value r based on
the command value r of the gas flow rate in the carrier line 7 and the
expectation value (psv) of the granular material density in the carrier line 7.
This can supply granular material to the carrier destination facility 10 at a flow
rate as instructed.

[0039]
Second Embodiment

Hereinafter, a granular material supply system 100A according to the
second embodiment of the present invention will be described with reference to
FIGS. 3, 4A, and 4B. In the first embodiment, the opening degree of the cutout
flow rate control valve V3 is controlled for density control of the granular
material at the junction P1, and the opening degree of the carrier gas flow rate
control valve V4 is controlled for flow rate control of the carrier gas. On the
other hand, in the second embodiment, the opening degree of the acration gas

flow rate control valve V2 is controlled for density control of the granular
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material at the junction P1, and the opening degree of the cutout flow rate
control valve V3 is controlled for flow rate control of the carrier gas. Among
the granular material supply facilities, there is a facility in which the flow rate
of the carrier gas passing through the carrier gas flow rate control valve V4 is
zero or close to zero, and granular material is carried to the carrier destination
facility 10 by the pressurized gas or the acration gas flowing out from the blow
tank 2. The supply control of granular material according to the second
embodiment is suitable for facilities having such properties.

[0040]

Configuration

FIG. 3 is a view illustrating an example of a granular material supply
system according to a second embodiment.

In the configuration according to the second embodiment, the same
components as those of the granular material supply system 100 according to
the first embodiment are denoted by the same reference numerals, and the
description thereof will be omitted. Also in the second embodiment, as in the
first embodiment, the granular material density at the junction P1 is controlled
to become constant even when the flow rate of the carrier gas is changed. The
difference from the first embodiment lies in that density control is performed
by changing the flow rate of the aeration gas flowing through the aeration line
6. Depending on the type of granular material and the type of the aerator 3, the
acration gas flow rate and the pressurized gas flow rate may be larger than the
carrier gas flow rate. In extreme cases, the carrier gas flow rate may be zero
depending on operating conditions such as output. When the carrier gas is zero,
the cutout flow rate gp> passing through the cutout flow rate control valve V3 is
not diluted with the carrier gas flow rate ggi, and thus even if the cutout flow
rate control valve V3 is opened, the granular material density p; at the junction
P1 does not decrease. In such a case, it is necessary to adjust the ratio between
the gas flowing out of the blow tank 2 and the granular material. The second
embodiment is a technique for that. As a general property of cutting out
granular material from the blow tank 2, when the acration gas flow rate is
increased, the density of the granular material in the mixture including the cut
out granular material and the gas decreases. This is because the increase in the
acration flow rate increases the amount of gas in the vicinity of the extraction
port for extracting granular material from the blow tank 2, and the granular
material becomes sparse. Thus, if the granular material density ps at the
junction P1 is insufficient, the aeration gas flow rate control valve V2 is further

closed from the current opening degree to reduce the aeration gas, whereby the
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granular material in the mixture cut out from the blow tank 2 becomes dense,
and the insufficiency of the granular material density at the junction P1 is
compensated. Conversely, if p3 at the junction P1 is excessive, the density
excess can be compensated by further opening the aeration gas flow rate
control valve V2 from the current opening degree. In this manner, the density
of the granular material at the junction P1 can be made constant.

[0041]

The granular material supply system 100A according to the second
embodiment includes a control device 20A instead of the control device 20 of
the first embodiment, and the control device 20A includes the carrier
destination granular material flow rate estimator 21, a granular material flow
rate controller 22A, and a carrier line granular material density controller 23A.
The carrier destination granular material flow rate estimator 21 is similar to
that of the first embodiment.

[0042]

The granular material flow rate controller 22 A controls the opening
degree of the cutout flow rate control valve V3. The flow rate of granular
material required by the carrier facility 10 is assumed to be r (t) (kg/s). For
example, using the estimated value g”ps (t) of the supply flow rate of granular
material estimated by the carrier destination granular material flow rate
estimator 21, the granular material flow rate controller 22A may calculate the
command value rvry: of the opening degree of the cutout flow rate control
valve V3 by proportional-integral control (PI control) as in Equation (10)
below. kp is a proportional gain, and T is an integral time constant.

[0043]
Equation 8

T2 () = kp (T(t) — Gpa(t) +IMdt) = % w1 0)

[0044]

The granular material flow rate controller 22A controls the opening
degree of the cutout flow rate control valve V3 by the opening degree command
value rvrva(t) at the time t calculated by using the equation (10). This achieves
a gas flow rate based on the requested r (t).

[0045]

The carrier line granular material density controller 23 A controls the

opening degree of the aeration gas flow rate control valve V2. For example, the

carrier line granular material density controller 23 A may calculate the opening
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degree command value rypva (t) of the aeration gas flow rate control valve V2
at the time (t) by proportional-integral control (PI control) as in Equation (11)
below. kp is a proportional gain, and T is an integral time constant. The
proportional-integral controller of the equation (11) decreases the opening
degree of the aeration gas flow rate control valve V2 when the density p3 at the
junction measured by the density sensor C6 is less than the set value psv and
increases the opening degree of the aeration gas flow rate control valve V2
when the density p; exceeds the set value psv, thus making the density p3 at the
junction coincide with the set value psy. When the aeration gas flow rate is
increased, the granular material flowing out of the blow tank 2 is diluted, and
thus the proportional gain is denoted by a minus sign so that the flow rate of
the aeration gas increases when the granular material density p3 exceeds the set
value psv.

[0046]

Equation 9

« 0 o (11)

psy (t) — p3(t)
00,

Tyva(t) = —kp (Psv(t) = galt) F f

[0047]
Operation

The operation of the control device 20A according to the second
embodiment will be described with reference to FIGS. 4A and 4B. The control
device 20A repeatedly executes the processing illustrated in FIGS. 4A and 4B
in parallel at a predetermined control cycle. The preconditions are the same as
those of the first embodiment.

[0048]

The flow rate control of the gas flowing out of the blow tank 2 is shown
in FIG. 4A. FIG. 4A is a flowchart illustrating an example of the gas flow rate
control according to the second embodiment. The carrier destination granular
material flow rate estimator 21 acquires measurement values by the flow rate
sensors C3 to C5 (step S1A). Next, the carrier destination granular material
flow rate estimator 21 estimates the supply flow rate of granular material to the
carrier destination facility 10 by using the equation (7) (step S2A). Next, the
granular material flow rate controller 22 A calculates the opening degree
command value rvrvz (t) by the flow rate command value r (t) requested by the
carrier destination and the equation (10), and controls the opening degree of the

cutout flow rate control valve V3, thus controlling the flow rate of the gas (gas
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flowing out of the blow tank 2) to be used for carrying of the granular material
(step S3A).
[0049]

FIG. 4B shows the flow of control for making the density of granular
material at the junction P1 constant. FIG. 4B is a flowchart illustrating an
example of the granular material density control according to the second
embodiment. The carrier line granular material density controller 23 A acquires
a measurement value by the density sensor C6 (step S11A). Next, the carrier
line granular material density controller 23 A calculates the opening degree
command value rviva of the aeration gas flow rate control valve V2 by using
the equation (11). The carrier line granular material density controller 23A
controls the opening degree of the aeration gas flow rate control valve V2 by
the calculated opening degree command value rviva, and controls the density p3
of the granular material at the junction P1 to the set value psv (step S12A).
[0050]

According to the present embodiment, the granular material supply
system 100A that supplies granular material from the blow tank 2 to the carrier
destination facility 10, while adjusting the opening degree of the aeration gas
flow rate control valve V2 so that the density of granular material inside the
carrier line coincides with the set value psv based on the density ps3 instructed
by the density sensor C6 that measures the density of granular material in the
carrier line 7, adjusts the opening degree of the cutout flow rate control valve
V3 so that the gas flow rate of the carrier line coincides with the command
value r based on the command value r of the gas flow rate in the carrier line 7
and the expectation value (psv) of the granular material density in the carrier
line 7. This can supply granular material to the carrier destination facility 10 at
a flow rate as instructed.

[0051]
Third Embodiment

Hereinafter, a granular material supply system 100B according to a third
embodiment of the present invention will be described with reference to FIG. 5.
In the third embodiment, the flow rate g”ps of granular material is estimated
using the flow velocity of the carrier gas downstream of the junction P1.
[0052]

Configuration
FIG. 5 is a view illustrating an example of the granular material supply

system according to the third embodiment.
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In the configuration according to the third embodiment, the same
components as those of the granular material supply system 100 according to
the first embodiment are denoted by the same reference numerals, and the
description thereof will be omitted. Also in the third embodiment, as in the first
embodiment, the granular material density at the junction P1 is controlled to
become constant even when the flow rate of the carrier gas is changed. The
granular material supply system 100B according to the third embodiment
includes a flow velocity sensor C7 that measures the flow velocity of the
carrier gas downstream of the junction P1. In the third embodiment, the
illustrated flow rate sensors C3 to C5 are not essential. The granular material
supply system 100B according to the third embodiment includes a control
device 20B instead of the control device 20 of the first embodiment, and the
control device 20B includes a carrier destination granular material flow rate
estimator 21B, a granular material flow rate controller 22B, and a carrier line
granular material density controller 23B.

[0053]

The carrier destination granular material flow rate estimator 21B
estimates the granular material supply flow rate g”pa(t) to the carrier
destination facility 10 using Equation (12) below and the flow velocity of the
granular material at the junction P1 measured by the flow velocity sensor C7.
When the flow velocity of the granular material at the junction P1 is v3 (m/s)
and the cross-sectional area of the carrier line 7 is A3 (m?), the granular
material supply flow rate to the carrier destination is expressed by Equation
(12) below.

[0054]
Equation 10

Gpra(t) = psyAzvs o il B

[0055]

As compared with the first embodiment, since the flow velocity of the
granular material in the carrier line 7 is directly measured, the calculation is
simple and the calculation load can be reduced.

[0056]

The granular material flow rate controller 22B controls the flow rate of
the carrier gas flowing through the carrier line 7. The flow rate of granular
material required by the carrier facility 10 is assumed to be r (t) (kg/s). For
example, using the estimated value of the supply flow rate of the granular

material estimated by the carrier destination granular material flow rate
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estimator 21B, the granular material flow rate controller 22B may calculate the
command value rg1 of the carrier gas flow rate by proportional-integral control
(PI control) as in Equation (13) below. kp is a proportional gain, and T; is an
integral time constant.

[0057]

Equation 11

s () s (r(t) — G (D) +fr® _T‘Ig\”"’(t) dt) ¢ % 597 B

[0058]

The carrier line granular material density controller 23B controls the
cutout flow rate of the granular material to be supplied to the cutout line 9. For
example, the carrier line granular material density controller 23B may calculate
the opening degree command value rvry2 of the cutout flow rate control valve
V3 by proportional-integral control (PI control) as in Equation (14) below. kp is
a symbol representing a proportional gain, and T is a symbol representing an
integral time constant.

[0059]
Equation 12

TyLy2(t) = kp (Psv(t) —Pelt) + f pSV(t)T_ Pt df) § w14
1
[0060]
Operation

Next, the flow of granular material supply control by the control device
20B of the third embodiment will be described with reference to FIGS. 2A and
2B. The control device 20B repeatedly executes the processing illustrated in
FIGS. 2A and 2B in parallel at a predetermined control cycle. The control
device 20B stores the value A3(m?) of the cross-sectional area of the carrier line
T
[0061]

The flow of the flow rate control of carrier gas is shown in FIG. 2B. The
carrier destination granular material flow rate estimator 21B acquires the
measurement value (speed v3) measured by the flow velocity sensor C7 (step
S1). Next, the carrier destination granular material flow rate estimator 21B
estimates the supply flow rate of granular material to the carrier destination
facility 10 by using the equation (12) (step S2). Next, the granular material

flow rate controller 22B calculates the command value rg: (t) of the carrier gas
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flow rate at the time t by the flow rate command value r (t) at the time t
requested by the carrier destination and the equation (13), and outputs it to the
flow rate control device FIC 8, thus controlling the flow rate of the carrier gas
(step S3).

[0062]

FIG. 2B shows the flow of control for making the density of granular
material at the junction P1 constant. The carrier line granular material density
controller 23B acquires a measurement value by the density sensor C6 (step
S11). Next, the carrier line granular material density controller 23B calculates
the opening degree command value rvivz of the cutout flow rate control valve
V3 at the time t by using the equation (14). The carrier line granular material
density controller 23B controls the opening degree of the cutout flow rate
control valve V3 by the calculated opening degree command value rvrv2, and
controls the density ps of the granular material at the junction P1 to the set
value psv (step S12).

[0063]

According to the present embodiment, the granular material supply
system 100B that supplies granular material from the blow tank 2 to the carrier
destination facility 10, while adjusting the opening degree of the cutout flow
rate control valve V3 so that the density of granular material inside the carrier
line coincides with the set value psv based on the density p3 instructed by the
density sensor C6 that measures the density of granular material in the carrier
line 7, adjusts the opening degree of the carrier gas flow rate control valve V4
so that the carrier gas flow rate coincides with the command value r based on
the granular material velocity in the carrier line 7 instructed by the flow
velocity sensor C7 and the expectation value (psv) of the granular material
density in the carrier line 7. This can supply granular material to the carrier
destination facility 10 at a flow rate as instructed.

[0064]
Fourth Embodiment

Hereinafter, a granular material supply system 100C according to a
fourth embodiment of the present invention will be described with reference to
FIG. 6. In the fourth embodiment, in the configuration of the second
embodiment, as in the third embodiment, the flow rate g"p4 of granular material
is estimated using the flow velocity of the carrier gas downstream of the
junction P1.

[0065]

Configuration
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FIG. 6 is a view illustrating an example of the granular material supply
system according to the fourth embodiment.

In the configuration according to the fourth embodiment, the same
components as those of the granular material supply systems 100A and 100B
according to the second embodiment and the third embodiment are denoted by
the same reference numerals, and the description thereof will be omitted. The
granular material supply system 100C according to the fourth embodiment
includes the flow velocity sensor C7 that measures the flow rate of the carrier
gas downstream of the junction P1. In the fourth embodiment, the illustrated
flow rate sensors C3 to C5 are not essential. The granular material supply
system 100C according to the fourth embodiment includes a control device 20C
instead of the control device 20A of the second embodiment, and the control
device 20C includes the carrier destination granular material flow rate
estimator 21B, a granular material flow rate controller 22C, and a carrier line
granular material density controller 23C. The carrier destination granular
material flow rate estimator 21B is similar to that of the third embodiment. As
compared with the carrier destination granular material flow rate estimator 21
of the second embodiment, since the flow velocity of the granular material in
the carrier line 7 is directly measured, the calculation is simple.

[0066]

The granular material flow rate controller 22C controls the opening
degree of the cutout flow rate control valve V3. The flow rate of granular
material required by the carrier facility 10 is assumed to be r (t) (kg/s). For
example, using the estimated value of the supply flow rate of granular material
estimated by the carrier destination granular material flow rate estimator 21B,
the granular material flow rate controller 22C may calculate the command
value rvrv2 (t) of the opening degree of the cutout flow rate control valve V3 at
the time t by proportional-integral control (PI control) as in Equation (15)
below. kp is a proportional gain, and T; is an integral time constant.

[0067]
Equation 13

T2 (t) = kp (T(t) — Gpa(t) + fMdt) » « 2{18)

[0068]
The carrier line granular material density controller 23C controls the
opening degree of the aeration gas flow rate control valve V2. For example, the

carrier line granular material density controller 23C may calculate the opening
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degree command value rypva (t) of the aeration gas flow rate control valve V2
at the time t by proportional-integral control (PI control) as in Equation (16)
below. kp is a symbol representing a proportional gain, and Ty is a symbol
representing an integral time constant.

[0069]

Equation 14

psy(t) — p3(t) dt) . (18)

Tyya(t) = —kp (Psv(t) —p3(t) + f T

[0070]
Operation

Next, the flow of granular material supply control by the control device
20C of the fourth embodiment will be described with reference to FIGS. 4A and
4B. The control device 20C repeatedly executes the processing illustrated in
FIGS. 4A and 4B in parallel at a predetermined control cycle. The control
device 20C stores the value A3(m?) of the cross-sectional area of the carrier line
I
[0071]

The flow rate control of the gas flowing out of the blow tank 2 is shown
in FIG. 4A. The carrier destination granular material flow rate estimator 21B
acquires the measurement value (speed V3) measured by the flow velocity
sensor C7 (step S1A). Next, the carrier destination granular material flow rate
estimator 21B estimates the supply flow rate of granular material to the carrier
destination facility 10 by using the equation (12) (step S2A). Next, the granular
material flow rate controller 22C calculates the opening degree command value
rviv2 (t) by the flow rate command value r (t) requested by the carrier
destination and the equation (15), and controls the opening degree of the cutout
flow rate control valve V3. This controls the flow rate of the gas (gas flowing
out of the blow tank 2) to be used for carrying of the granular material to be a
value based on the command value r (t) (step S3A).

[0072]

FIG. 4B shows the flow of control for making the density of granular
material at the junction P1 constant. The carrier line granular material density
controller 23C acquires the measurement value by the density sensor C6 (step
S11A). Next, the carrier line granular material density controller 23C calculates
the opening degree command value rvrva (t) of the aeration gas flow rate
control valve V2 at the time t by using the equation (16). The carrier line

granular material density controller 23C controls the opening degree of the
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aeration gas flow rate control valve V2 by the calculated opening degree
command value rviva (t), and controls the density ps of the granular material at
the junction P1 to become the set value psv(step S12A).

[0073]

According to the present embodiment, the granular material supply
system 100C that supplies granular material from the blow tank 2 to the carrier
destination facility 10, while adjusting the opening degree of the opening
degree of the aeration gas flow rate control valve V2 so that the density of
granular material inside the carrier line 7 coincides with the set value psv based
on the density p3 instructed by the density sensor C6 that measures the density
of granular material in the carrier line 7, adjusts the opening degree of the
cutout flow rate control valve V3 so that the carrier gas flow rate coincides
with the command value r based on the granular material speed in the carrier
line 7 instructed by the flow velocity sensor C7 and the expectation value of
the granular material density in the carrier line 7. This can supply granular
material to the carrier destination facility 10 at a flow rate as instructed.

[0074]
Fifth Embodiment

Hereinafter, a granular material supply system 100D according to a fifth
embodiment of the present invention will be described with reference to FIG. 7.
In the fifth embodiment, the flow rate g”p4 (t) of the granular material is
estimated using the density and the flow velocity of the granular material
flowing out of the blow tank 2.

[0075]
Configuration

FIG. 7 is a view illustrating an example of the granular material supply
system according to the fifth embodiment.

In the configuration according to the fifth embodiment, the same
components as those of the granular material supply systems according to the
first embodiment and the third embodiment are denoted by the same reference
numerals, and the description thereof will be omitted. The granular material
supply system 100D according to the fifth embodiment includes the flow
velocity sensor C1 and the density sensor C2 downstream of the blow tank 2.
Hereinafter, the value measured by the density sensor C2 is considered as the
density of granular material. It is considered that the gas and the granular
material flow at the speed measured by the flow velocity sensor C1. In the fifth
embodiment, the illustrated flow rate sensors C3 and C4 are not essential. The

granular material supply system 100D according to the fifth embodiment
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includes a control device 20D instead of the control device 20 of the first
embodiment, and the control device 20D includes a carrier destination granular
material flow rate estimator 21D, a granular material flow rate controller 22D,
a carrier line granular material density controller 23D, and a carrier line
granular material density estimator 24D.

[0076]

The carrier line granular material density estimator 24D estimates the
granular material density ps at the junction P1. When the cross-sectional area of
the cutout line 9 is expressed by As (m?) and it is approximated that the gas and
the granular material flow at a constant speed, the flow rate of the granular
material in the cutout line 9 at time t when the flow velocity of the granular
material in the cutout line 9 measured by the flow sensor C1 is v2 (m/s) and the
density of the granular material measured by the density sensor C2 is p2
(kg/m?) can be calculated by Equation (17) below.

[0077]
Equation 15

Gp2(t) = prA,v, c e e (17)

[0078]

Similarly, the gas flow rate (flow rate of the gas flowing out of the blow
tank 2) of the cutout line 9 at the time t can be calculated by Equation (18)
below using the flow velocity vz (m/s) of the granular material measured by the
flow velocity sensor C1 and the set value pg of the gas density.
[0079]
Equation 16

G2(t) = pcAzv; w51 B

[0080]

Using the measurement values obtained by the sensors C1 and C2 and
the equations (17) and (18), the carrier line granular material density estimator
24D calculates the flow rate of granular material and the gas flow rate in the
cutout line 9, and further estimates the density p”3 (t) at the junction P1 by the
flow rate ggi1 of the carrier gas measured by the flow rate sensor C5 and
Equation (19) below.

[0081]
Equation 17
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(961(®) + G2 ())pgt + Gr2(O)pp?

p3(t) = « a (18]
[0082]

As compared with the first embodiment and the third embodiment, since
the granular material density of the cutout line 9 close to the blow tank 2 is
measured, it is possible to quickly detect the fluctuation in the granular
material density with respect to a change in the opening degree of the aeration
line 6 and accurately estimate the granular material density p”3 (t).

[0083]

The carrier destination granular material flow rate estimator 21D
estimates the granular material supply flow rate gps (t) to the carrier
destination facility 10 by the estimated value g”p2 of the flow rate of the
granular material and the estimated value g”g2 of the gas flow rate estimated by
the carrier line granular material density estimator 24D, and Equation (20)
below.

[0084]
Equation 18

Gpa(t) = psy ((gGl(t) + G2 (0))pgt + ﬁpz(t)pgl) o v wi B 0)

[0085]

The granular material flow rate controller 22D controls the flow rate of
the carrier gas flowing through the carrier line 7. The flow rate of granular
material required by the carrier facility 10 is assumed to be r (t) (kg/s). For
example, using the estimated value g”p4 (t) of the granular material supply flow
rate estimated by the carrier destination granular material flow rate estimator
21D, the granular material flow rate controller 22D may calculate the command
value rg1 (t) of the carrier gas flow rate at the time t by proportional-integral
control (PI control) as in Equation (21) below. kp is a proportional gain, and T
is an integral time constant.

[0086]
Equation 19

161(t) = kp (T(f) — Gpa(t) +J'%?P4(t)dt) o wow (H L)

[0087]
The carrier line granular material density controller 23D controls the

cutout flow rate of the granular material to be supplied to the cutout line 9. For
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example, using the granular material density p”3 (t) estimated by the carrier
line granular material density estimator 24D, the carrier line granular material
density controller 23D may calculate the opening degree command value rvrv2
(t) of the cutout flow rate control valve V3 at the time t by proportional-integral
control (PI control) as in Equation (22) below. kp is a symbol representing a
proportional gain, and T is a symbol representing an integral time constant.
[0088]

Equation 20

psy(t) — p3(t) dt) . (2 2)

T2 () = kp (Psv(t) —p3(t) + j T,

[0089]
Operation

Next, the flow of granular material supply control by the control device
20D of the fifth embodiment will be described with reference to FIGS. 8A and
8B. The control device 20D repeatedly executes the processing illustrated in
FIGS. 8A and 8B in parallel at a predetermined control cycle. The control
device 20D stores the value A, (m?) of the cross-sectional area of the cutout
line 9.

[0090]

The flow of the flow rate control of carrier gas is shown in FIG. 8A. The
carrier line granular material density estimator 24D acquires measurement
values measured by the flow velocity sensor C1, the flow rate sensor C5, and
the density sensor C2 (step S1D). Next, the carrier line granular material
density estimator 24D estimates the flow rate g”p2 of granular material and the
gas flow rate g"g2 in the cutout line 9 by using the equations (17) and (18) (step
S2D).

Next, the carrier destination granular material flow rate estimator 21D
estimates the supply flow rate g”ps (t) of granular material by using the
equation (20) (step S3D). Next, the granular material flow rate controller 22D
calculates the command value rgi (t) of the carrier gas flow rate by the flow
rate command value r (t) requested by the carrier destination and the equation
(21), and outputs it to the flow rate control device FIC 8, thus controlling the
flow rate of the carrier gas (step S4).

[0091]

FIG. 8B shows the flow of control for making the density of granular

material at the junction P1 constant. The carrier line granular material density

estimator 24D acquires measurement values measured by the flow velocity
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sensor C1, the flow rate sensor C5, and the density sensor C2 (step S11D).
Next, the carrier line granular material density estimator 24D estimates the
density of the granular material at the junction P1 by using the equation (19)
(step S12D). Next, the carrier line granular material density controller 23D
calculates the opening degree command value rvrvz of the cutout flow rate
control valve V3 by using the equation (22). The carrier line granular material
density controller 23D controls the opening degree of the cutout flow rate
control valve V3 by the calculated opening degree command value rvrvz, and
controls the density ps of the granular material at the junction P1 to the set
value psv.

[0092]

According to the present embodiment, the granular material supply
system 100D that supplies granular material from the blow tank 2 to the carrier
destination facility 10, while adjusting the opening degree of the cutout flow
rate control valve V3 so that the density of granular material inside the carrier
line coincides with the set value psv based on the estimated value p”3 of the
granular material density estimated based on the granular material density and
the granular material velocity in the cutout line 9, and adjusts the opening
degree of the carrier gas flow rate control valve V4 so that the carrier gas flow
rate coincides with the command value r based on the granular material density
and the granular material velocity in the cutout line 9 and the expectation value
of the granular material density in the carrier line 7. This can supply granular
material to the carrier destination facility 10 at a flow rate as instructed.

[0093]
Sixth Embodiment

Hereinafter, a granular material supply system 100E according to a sixth
embodiment of the present invention will be described with reference to FIG. 9.
In the sixth embodiment, similarly to the fifth embodiment, the flow rate g"p4
(t) of the granular material is estimated using the density and the flow velocity
of the granular material flowing out of the blow tank 2.

[0094]
Configuration

FIG. 9 is a view illustrating an example of the granular material supply
system according to the sixth embodiment.

In the configuration according to the sixth embodiment, the same
components as those of the granular material supply systems according to the
second embodiment and the fourth embodiment are denoted by the same

reference numerals, and the description thereof will be omitted. The granular
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material supply system 100E according to the sixth embodiment includes,
downstream of the blow tank 2, the flow velocity sensor C1 that measures the
flow rate of granular material and the density sensor C2 that measures the
density of granular material. In the sixth embodiment, the illustrated flow rate
sensors C3 and C4 are not essential. The granular material supply system 100E
according to the sixth embodiment includes a control device 20E instead of the
control device 20 of the first embodiment, and the control device 20E includes
the carrier destination granular material flow rate estimator 21D, a granular
material flow rate controller 22E, a carrier line granular material density
controller 23E, and the carrier line granular material density estimator 24D.
[0095]

The carrier destination granular material flow rate estimator 21D and the
carrier line granular material density estimator 24D are similar to those of the
fifth embodiment. As compared with the second embodiment and the fourth
embodiment, since the granular material density of the cutout line 9 close to the
blow tank 2 is measured, it is possible to quickly detect the fluctuation in the
granular material density with respect to a change in the opening degree of the
aeration line 6 and accurately estimate the granular material density ps.

[0096]

The granular material flow rate controller 22E controls the opening
degree of the cutout flow rate control valve V3. The flow rate of granular
material required by the carrier facility 10 is assumed to be r (t) (kg/s). For
example, using the supply flow rate estimated value g”ps (t) of granular
material estimated by the carrier destination granular material flow rate
estimator 21D, the granular material flow rate controller 22E may calculate the
command value rvrvz(t) of the opening degree of the cutout flow rate control
valve V3 at the time t by proportional-integral control (PI control) as in
Equation (23) below. kp is a proportional gain, and Ty is an integral time
constant.

[0097]
Equation 21

i = ki (10 = gra(0) + [ FOZ 22O ) (23

[0098]
The carrier line granular material density controller 23E controls the
opening degree of the aeration gas flow rate control valve V2. For example, the

carrier line granular material density controller 23E may calculate the opening
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degree command value rypva (t) of the aeration gas flow rate control valve V2
at the time t by proportional-integral control (PI control) as in Equation (24)
below. kp is a symbol representing a proportional gain, and Ty is a symbol
representing an integral time constant.

[0099]

Equation 22

. .(24)

psy (t) — p3(t) dt)

Tyva(t) = —kp (Psv(f) —p3(®) + f T,

[0100]
Operation

Next, the flow of granular material supply control by the control device
20E of the sixth embodiment will be described with reference to FIGS. 10A and
10B. The control device 20E repeatedly executes the processing illustrated in
FIGS. 10A and 10B in parallel at a predetermined control cycle. The control
device 20E stores the value A, (m?) of the cross-sectional area of the cutout
line 9.

[0101]

The flow of the flow rate control of carrier gas is shown in FIG. 10A.
The carrier line granular material density estimator 24D acquires measurement
values measured by the flow velocity sensor C1, the flow rate sensor C5, and
the density sensor C2 (step S1E). Next, the carrier line granular material
density estimator 24D estimates the flow rate gp2 (t) of granular material and
the gas flow rate g"g2 (t) in the cutout line 9 by using the equations (17) and
(18) (step S2E). Next, the carrier destination granular material flow rate
estimator 21D estimates the supply flow rate g”ps (t) of granular material by
using the equation (20) (step S3E). Next, the granular material flow rate
controller 22E calculates the opening degree command value ryvryz (t) by the
flow rate command value r (t) requested by the carrier destination and the
equation (23), and controls the opening degree of the cutout flow rate control
valve V3, thus controlling the flow rate of the gas flowing out of the blow tank
2 (step S4E).

[0102]

FIG. 10B shows the flow of control for making the density of granular
material at the junction P1 constant. The carrier line granular material density
estimator 24D acquires measurement values measured by the flow velocity
sensor C1, the flow rate sensor C5, and the density sensor C2 (step S11E).

Next, the carrier line granular material density estimator 24D estimates the
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density of the granular material at the junction P1 by using the equation (19)
(step S12E). Next, the carrier line granular material density controller 23E
calculates the opening degree command value rviva of the aeration gas flow
rate control valve V2 by using the equation (24). The carrier line granular
material density controller 23E controls the opening degree of the aeration gas
flow rate control valve V2 by the calculated opening degree command value
rviva, and controls the density ps of the granular material at the junction P1 to
the set value psv (step S13E).

[0103]

According to the present embodiment, the granular material supply
system 100D that supplies granular material from the blow tank 2 to the carrier
destination facility 10, while adjusting the opening degree of the aeration gas
flow rate control valve V2 so that the density of granular material inside the
carrier line coincides with the set value psv based on the estimated value p”3 of
the granular material density estimated based on the granular material density
and the granular material velocity in the cutout line 9, and adjusts the opening
degree of the cutout flow rate control valve V2 so that the carrier gas flow rate
coincides with the command value r based on the granular material density and
the granular material velocity in the cutout line 9 and the expectation value of
the granular material density in the carrier line 7. This can supply granular
material to the carrier destination facility 10 at a flow rate as instructed.

[0104]
Seventh Embodiment
Configuration

Hereinafter, a granular material supply system 100F according to a
seventh embodiment of the present invention will be described with reference
to FIG. 11. In the granular material supply system 100F according to the
seventh embodiment, a first supply device 30 and a second supply device 31
are provided as supply devices of granular material. The first supply device 30
is, for example, a pulverizer that pulverizes a mass of granular material to
generate fine granular material. The first supply device 30 is connected to the
carrier line 7 at a junction P2 on the upstream side of the junction P1, and the
granular material generated by the first supply device 30 is supplied to the
carrier line 7 at the junction P2 and carried to the carrier destination facility 10
by the carrier gas (or the gas cut out from the blow tank 2). The first supply
device 30 supplies the pulverized granular material to the carrier line 7, but its
amount is not constant, and does not control the granular material density or

the carrier gas flow rate. The second supply device 31 includes the blow tank 2,
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any one of the control devices 20 to 20E, the aeration gas flow rate control
valve V2, the cutout flow rate control valve V3, and the carrier gas flow rate
control valve V4, and controls the opening degree of the cutout flow rate
control valve V3 or the acration gas flow rate control valve V2 such that the
granular material density at the junction P1 becomes psv while monitoring the
granular material density at the junction P1, for example. The second supply
device 31 controls the carrier gas flow rate control valve V4 or the cutout flow
rate control valve V3 so that the supply flow rate of granular material becomes
the command value r (t). When the cutout flow rate control valve V3 and the
carrier gas flow rate control valve V4 are controlled by the second supply
device 31, any of the control methods of the first, third, and fifth embodiments
can be applied. When the aeration gas flow rate control valve V2 and the cutout
flow rate control valve V3 are controlled by the second supply device 31, any
of the control methods of the second, fourth, and sixth embodiments can be
applied.

[0105]

FIG. 11 is a view illustrating an example of the granular material supply
system according to the seventh embodiment. FIG. 11 illustrates a
configuration in a case where the granular material supply system 100 of the
first embodiment is applied to the second supply device 31 of the granular
material supply system 100F. In the configuration illustrated in FIG. 11, the
granular material density of the carrier line 7 is directly measured by the
density sensor C6. Thus, the granular material can be simultaneously supplied
from a plurality of granular material supply devices. In the first to sixth
embodiments, the number of granular material supply devices is one, and the
granular material density of the carrier line 7 can be determined by the cutout
flow rate from the blow tank 2. On the other hand, the granular material supply
system 100F according to the seventh embodiment is extended so as to carry
granular material supplied from the plurality of granular material supply
devices 30 and 31 to the carrier destination facility 10. A series configuration in
which the granular material generated by the first supply device 30 is
temporarily stored in the blow tank 2 and carried to the supply destination
facility 10 requires the blow tank 2 to have a large capacity. On the other hand,
if the second supply device 31 compensates for the temporal variation of the
granular material generated by the first supply device 30 while directly
carrying the granular material from the first supply device 30 to the carrier
destination, a small volume is sufficient for the blow tank 2, which is

economical.
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[0106]
Operation

The first supply device 30 generates granular material and supplies the
generated granular material to the carrier line 7. In the second supply device
31, the control device 20 performs the processing illustrated in FIGS. 2A and
2B. That is, the control device 20 calculates the opening degree command value
rvrv2 of the cutout flow rate control valve V3 by using the equation (9) based
on the granular material density ps; at the time t measured by the density sensor
C6, and controls the cutout flow rate control valve V3 so that the density ps3 of
granular material at the junction P1 becomes the set value psv. The control
device 20 estimates the granular material supply flow rate g”p4 (t) at the time t
by the measurement values measured by the flow rate sensors C3 to C5 and the
equation (7). Furthermore, the control device 20 calculates the command value
rg1 of the flow rate of the carrier gas by the flow rate command value r (t) and
the equation (8), and controls the flow rate of the carrier gas flowing through
the carrier line 7.

[0107]

According to the present embodiment, in addition to the effects of the
first embodiment, it is possible to improve the efficiency such as reducing the
capacity of the blow tank 2 and suppressing the energy required for storing,
into the blow tank 2, the granular material generated by the pulverizer.
Although only one first supply device 30 is provided in FIG. 11, a plurality of
first supply devices 30 may be provided, and granular material generated by
each first supply device 30 may be supplied to the carrier line 7 on the
upstream side of the junction P1.

[0108]

FIG. 14 is a view illustrating an example of the hardware configuration
of the control device according to each embodiment.

A computer 900 includes a CPU 901, a main storage device 902, an
auxiliary storage device 903, an input/output interface 904, and a
communication interface 905.

The above-described control devices 20 to 20E are implemented in the
computer 900. The functions described above are stored in the auxiliary storage
device 903 in a format of a program. The CPU 901 reads the program from the
auxiliary storage device 903, develops the program to the main storage device
902, and executes the above-mentioned processing in accordance with the
program. The CPU 901 secures a storage area in the main storage device 902 in

compliance with the program. The CPU 901 secures a storage area for storing
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data under processing in the auxiliary storage device 903 in compliance with
the program.
[0109]

A program for achieving all or some of the functions of the control
devices 20 to 20E may be recorded in a computer-readable recording medium,
and the program recorded in the recording medium may be read and executed
by a computer system to perform processing by each functional unit. The
"computer system" here includes hardware such as an operating system (OS) or
peripheral equipment. In addition, if a world wide web (WWW) system is used,
the "computer system" also includes a home page providing environment (or a
display environment). The "computer readable recording medium" refers to a
portable medium such as a CD, a DVD, or a USB, or a storage device such as a
hard disk built in a computer system. Further, when this program is distributed
to the computer 900 through a communication line, the computer 900 receiving
the distribution may develop the program to the main storage device 902, and
may execute the above-mentioned processing. The above-described program
may implement part of the functions described above, and furthermore, also
implement the functions described above in combination with a program
already recorded in the computer system.

[0110]

In the foregoing, certain embodiments of the present disclosure have
been described, but all of these embodiments are merely illustrative and are not
intended to limit the scope of the invention. These embodiments may be
implemented in various other forms, and various omissions, substitutions, and
alterations may be made without departing from the gist of the invention. These
embodiments and modifications are included in the scope and gist of the
invention and are also included in the scope of the invention described in the
claims and equivalents thereof.

[0111]
Notes

The control devices 20 to 20E, the granular material supply system 100
to 100F, the control method, and the program described in each embodiment are
grasped as follows, for example.

[0112]

(1) The control devices 20 to 20E according to a first aspect in the
granular material supply systems 100 to 100F including the tank 2 that stores
granular material, the carrier line 7 through which the granular material flowing

out of the tank 2 is carried to a carrier destination, and the cutout line 9 that
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connects the tank 2 and the carrier line 7 and through which the granular
material flowing out of the tank 2 is supplied to the carrier line 7 include a
density control unit (carrier line granular material density controllers 23 to
23E) for controlling a density of the granular material on a downstream side of
the junction P1 of the cutout line 9 and the carrier line 7 to a predetermined set
value psv; and a flow rate control unit (granular material flow rate controllers
22 to 22E) for controlling a flow rate of the granular material to be supplied to
the carrier destination 10 through the carrier line 7 to a command value r (t)
instructed by the carrier destination.

This can supply granular material to the carrier destination facility 10 at
a flow rate according to the command (first to seventh embodiments).

[0113]

(2) The control device 20 according to a second aspect is the control
device 20 of (1). The granular material supply system 100 further includes the
carrier line flow rate control valve V4 provided in the carrier line 7 and the
cutout line flow rate control valve V3 provided in the cutout line 9. The density
control unit (carrier line granular material density controller 23) controls the
opening degree of the cutout line flow rate control valve V3 such that a
measurement value (measurement value by the sensor C6) of the density of the
granular material on a downstream side of the junction P1 coincides with the
set value psv (equation (9)), and the flow rate control unit (granular material
flow rate controller 22) controls the opening degree of the carrier line flow rate
control valve V4 such that a supply flow rate (g”p4 (t)) to the carrier destination
of the granular material estimated based on a total of a carrier gas flow rate
(gc1 measured by the sensor C5) flowing through the carrier line on an
upstream side of the junction P1 and the gas flow rate (gas flow rate measured
by the sensor C3 + gas flow rate measured by the sensor C4 = gg2) flowing into
the carrier line from the cutout line and the set value psv of the density
coincides with the command value r (t).

The granular material flow rate is controlled to the command value r (t)
by the opening degree control of the carrier line flow rate control valve V4, and
the granular material density is controlled to the set value psv by the opening
degree control of the cutout line flow rate control valve V3 based on the
measurement value p3 of the granular material density, whereby the granular
material can be supplied to the carrier destination facility 10 at the flow rate
according to the command (first embodiment).

[0114]
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(3) The control device 20A according to a third aspect is the control
device 20A of (1). The granular material supply system 100A further includes
the aeration line 6 that is connected to a lower portion of the tank 2 and sends,
to the tank, a gas for fluidizing the granular material stored in the tank 2, the
aeration gas flow rate control valve V2 provided in the aeration line 6, and the
cutout line flow rate control valve V3 provided in the cutout line 9. The density
control unit (carrier line granular material density controller 23A) controls the
opening degree of the acration gas flow rate control valve V2 such that the
measurement value p3 of the density of the granular material on a downstream
side of the junction P1 coincides with the set value psv, and the flow rate
control unit (granular material flow rate controller 22A) controls the opening
degree of the cutout line flow rate control valve V3 such that the supply flow
rate to the carrier destination of the granular material estimated based on the
total of a flow rate of a carrier gas flowing through the carrier line on the
upstream side of the junction P1 and a flow rate of a gas flowing from the
cutout line into the carrier line and the set value of the density coincides with
the command value.

The granular material flow rate is controlled to the command value r (t)
by controlling the opening degree of the cutout line flow rate control valve V3
and the granular material density is controlled to the set value psv by
controlling the opening degree of the aeration gas flow rate control valve V2
based on the measurement value p3 of the granular material density, whereby it
is possible to supply granular material to the carrier destination facility 10 at a
flow rate according to the command (second embodiment).

[0115]

(4) The control device 20B according to a fourth aspect is the control
device 20B of (1). The granular material supply system 100B further includes
the carrier line flow rate control valve V4 provided in the carrier line 7 and the
cutout line flow rate control valve V3 provided in the cutout line 9. The density
control unit (carrier line granular material density controller 23B) controls the
opening degree of the cutout line flow rate control valve V3 such that the
measurement value ps of the density of the granular material on a downstream
side of the junction P1 coincides with the set value psv, and the flow rate
control unit (granular material flow rate controller 22B) controls the opening
degree of the carrier line flow rate control valve V4 such that the supply flow
rate to the carrier destination of the granular material estimated based on a

measurement value (V3 measured by the sensor C7) of the flow rate of a carrier
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gas flowing on a downstream side of the junction P1 in the carrier line 7 and
the set value psv of the density coincides with the command value.

The carrier line flow rate control valve V4 is controlled so that the
granular material flow rate based on the flow velocity of the carrier gas
measured by the sensor C7 becomes the command value r (t), and the granular
material density is controlled to the set value psv by the opening degree control
of the cutout line flow rate control valve V3, whereby the granular material can
be supplied to the carrier destination facility 10 at a flow rate according to the
command (third embodiment).

[0116]

(5) The control device 20C according to a fifth aspect is the control
device 20C of (1). The granular material supply system 100C further includes
the aeration line 6 that is connected to a lower portion 3 of the tank 2 and
sends, to the tank, a gas for fluidizing the granular material stored in the tank 2,
the aeration gas flow rate control valve V2 provided in the aeration line 6, and
the cutout line flow rate control valve V3 provided in the cutout line 9 The
density control unit (carrier line granular material density controller 23C)
controls the opening degree of the aeration gas flow rate control valve V2 such
that the measurement value ps; of the density of the granular material on a
downstream side of the junction P1 coincides with the set value psv, and the
flow rate control unit (granular material flow rate controller 22C) controls the
opening degree of the cutout line flow rate control valve V3 such that the
supply flow rate to the carrier destination of the granular material estimated
based on the measurement value (Vs) of a flow rate of a carrier gas flowing on
a downstream side of the junction P1 in the carrier line 7 and the set value psv
of the density coincides with the command value.

The cutout line flow rate control valve V3 is controlled so that the
granular material flow rate based on the flow velocity of the carrier gas
measured by the sensor C7 becomes the command value r (t) and the granular
material density is controlled to the set value psv by the opening degree control
of the aeration gas flow rate control valve V2, whereby it is possible to supply
granular material to the carrier destination facility 10 at a flow rate according
to the command (fourth embodiment).

[0117]

(6) The control device 20D according to a sixth aspect is the control
device 20D of (1) The granular material supply system 100D further includes
the carrier line flow rate control valve V4 provided in the carrier line 7 and the

cutout line flow rate control valve V3 provided in the cutout line 9. The density
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control unit (carrier line granular material density controller 23D) controls the
opening degree of the cutout line flow rate control valve so that an estimated
value of the density of the granular material on a downstream side of the
junction calculated based on the flow rate of the granular material flowing
through the cutout line, a flow rate of a gas flowing through the cutout line, and
a flow rate of a carrier gas flowing through the carrier line on the upstream side
of the junction coincides with the set value, and the flow rate control unit
(granular material flow rate controller 22D) controls the opening degree of the
carrier line flow rate control valve such that the supply flow rate to the carrier
destination of the granular material estimated based on the flow rate of the
granular material flowing through the cutout line, the flow rate of the gas
flowing through the cutout line, the flow rate of the carrier gas flowing through
the carrier line on the upstream side of the junction, and the set value of the
density coincides with the command value.

The granular material density on the downstream side of the junction P1
is estimated. This can supply granular material to the carrier destination facility
10 at a flow rate according to the command by the opening degree control of
the carrier line flow rate control valve V4 and the cutout line flow rate control
valve V3 without providing the density sensor C6 (fifth embodiment).

[0118]

(7) The control device 20E according to a seventh aspect is the control
device 20E of (1). The granular material supply system 100E further includes
an aeration line that is connected to a lower portion of the tank and sends, to
the tank, a gas for fluidizing the granular material stored in the tank, an
acration gas flow rate control valve provided in the aeration line, and a cutout
line flow rate control valve provided in the cutout line. The density control unit
controls an opening degree of the aeration gas flow rate control valve so that an
estimated value of a density of the granular material on a downstream side of
the junction calculated based on a flow rate of the granular material flowing
through the cutout line, a flow rate of a gas flowing through the cutout line, and
a flow rate of a carrier gas flowing through the carrier line on the upstream side
of the junction coincides with the set value, and the flow rate control unit
controls an opening degree of the cutout line flow rate control valve so that a
supply flow rate to the carrier destination of the granular material estimated
based on a flow rate of the granular material flowing through the cutout line,
the flow rate of the gas flowing through the cutout line, the flow rate of the
carrier gas flowing through the carrier line on the upstream side of the junction,

and a set value of the density coincides with the command value.
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The granular material density on the downstream side of the junction P1
is estimated. This can supply granular material at a flow rate commanded by
the carrier destination facility 10 by the opening degree control of the cutout
line flow rate control valve V3 and the aeration gas flow rate control valve V2
without providing the density sensor C6 (sixth embodiment).

[0119]

(8) The granular material supply systems 100 to 100F according to an
eighth aspect include the tank 2 that stores granular material, the carrier line 7
through which the granular material flowing out of the tank 2 is carried to a
carrier destination 10, the cutout line 9 that connects the tank 2 and the carrier
line 7 and through which the granular material flowing out of the tank 2 is
supplied to the carrier line 7, and the control devices 20 to 20E according to
any one of (1) to (7).

According to the granular material supply systems 100 to 100F, it is
possible to supply granular material at a flow rate commanded by the carrier
destination facility 10 (first to seventh embodiments).

[0120]

(9) The granular material supply system 100F according to a ninth
aspect is the granular material supply system 100F of (8) further including the
supply device 30 that supplies the granular material to the upstream side of the
junction P1 in the carrier line 7.

This eliminates temporarily storing, in the blow tank 2, all granular
material to be supplied to the carrier destination facility 10.

[0121]

(10) The control method according to a tenth aspect of the present
disclosure includes, in a granular material supply system including a tank that
stores granular material, a carrier line through which the granular material
flowing out of the tank is carried to a carrier destination, and a cutout line that
connects the tank and the carrier line and through which the granular material
flowing out of the tank is supplied to the carrier line: controlling a density of
the granular material on a downstream side of a junction of the cutout line and
the carrier line to a set value predetermined; and controlling a flow rate of the
granular material to be supplied to the carrier destination through the carrier
line to a command value instructed by the carrier destination.

[0122]

(11) The program according to an eleventh aspect causes a computer that

controls a granular material supply system including a tank that stores granular

material, a carrier line through which the granular material flowing out of the
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tank is carried to a carrier destination, and a cutout line that connects the tank
and the carrier line and through which the granular material flowing out of the
tank is supplied to the carrier line to execute processing of controlling a density
of the granular material on a downstream side of a junction of the cutout line
and the carrier line to a set value predetermined; and controlling a flow rate of
the granular material to be supplied to the carrier destination through the

carrier line to a command value instructed by the carrier destination.

Reference Signs List
[0123]
100 to 100E ... Granular material supply system
20 to 20E ... Control device
21 to 21D ... Carrier destination granular material flow rate estimator
22 to 22E ... Granular material flow rate controller
23 to 23E ... Carrier line granular material density controller
24D and 24E ... Carrier line granular material density estimator
900 ... Computer
901 ... CPU
902 ... Main storage device
903 ... Auxiliary storage device
904 ... Input/output interface

905 ... Communication interface

Throughout this specification and the claims which follow, unless the
context requires otherwise, the word "comprise"”, and variations such as
"comprises" and "comprising"”, will be understood to imply the inclusion of a
stated integer or step or group of integers or steps but not the exclusion of any
other integer or step or group of integers or steps.

The reference in this specification to any prior publication (or
information derived from it), or to any matter which is known, is not, and
should not be taken as an acknowledgment or admission or any form of
suggestion that that prior publication (or information derived from it) or known
matter forms part of the common general knowledge in the field of endeavor to

which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

[Claim 1]

A control device in a granular material supply system including a tank
that stores granular material, a carrier line through which the granular material
flowing out of the tank is carried to a carrier destination, and a cutout line that
connects the tank and the carrier line and through which the granular material
flowing out of the tank is supplied to the carrier line, the control device
comprising:

a density control unit configured to control a density of the granular
material on a downstream side of a junction of the cutout line and the carrier
line to a set value predetermined; and

a flow rate control unit configured to control a flow rate of the granular
material to be supplied to the carrier destination through the carrier line to a

command value instructed by the carrier destination.

[Claim 2]

The control device according to claim 1, wherein

the granular material supply system further includes a carrier line flow
rate control valve provided in the carrier line and a cutout line flow rate control
valve provided in the cutout line,

the density control unit controls an opening degree of the cutout line
flow rate control valve so that a measurement value of the density of the
granular material on the downstream side of the junction coincides with the set
value, and

the flow rate control unit controls an opening degree of the carrier line
flow rate control valve so that a supply flow rate to the carrier destination of
the granular material estimated based on a total of a flow rate of a carrier gas
flowing through the carrier line on an upstream side of the junction and a flow
rate of a gas flowing from the cutout line into the carrier line and a set value of

the density coincides with the command value.

[Claim 3]

The control device according to claim 1, wherein

the granular material supply system further includes an aeration line that
is connected to a lower portion of the tank and sends, to the tank, a gas for

fluidizing the granular material stored in the tank, an aeration gas flow rate
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control valve provided in the aeration line, and a cutout line flow rate control
valve provided in the cutout line,

the density control unit controls an opening degree of the acration gas
flow rate control valve so that a measurement value of the density of the
granular material on the downstream side of the junction coincides with the set
value, and

the flow rate control unit controls an opening degree of the cutout line
flow rate control valve so that a supply flow rate to the carrier destination of
the granular material estimated based on a total of a flow rate of a carrier gas
flowing through the carrier line on the upstream side of the junction and a flow
rate of a gas flowing from the cutout line into the carrier line and a set value of

the density coincides with the command value.

[Claim 4]

The control device according to claim 1, wherein

the granular material supply system further includes a carrier line flow
rate control valve provided in the carrier line and a cutout line flow rate control
valve provided in the cutout line,

the density control unit controls an opening degree of the cutout line
flow rate control valve so that a measurement value of the density of the
granular material on the downstream side of the junction coincides with the set
value, and

the flow rate control unit controls an opening degree of the carrier line
flow rate control valve so that a supply flow rate to the carrier destination of
the granular material estimated based on a measurement value of a flow rate of
a carrier gas flowing on the downstream side of the junction in the carrier line

and a set value of the density coincides with the command value.

[Claim 5]

The control device according to claim 1, wherein

the granular material supply system further includes an aeration line that
is connected to a lower portion of the tank and sends, to the tank, a gas for
fluidizing the granular material stored in the tank, an aeration gas flow rate
control valve provided in the aeration line, and a cutout line flow rate control
valve provided in the cutout line,

the density control unit controls an opening degree of the acration gas

flow rate control valve so that a measurement value of the density of the
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granular material on the downstream side of the junction coincides with the set
value, and

the flow rate control unit controls an opening degree of the cutout line
flow rate control valve so that a supply flow rate to the carrier destination of
the granular material estimated based on a measurement value of a flow rate of
a carrier gas flowing on the downstream side of the junction in the carrier line

and a set value of the density coincides with the command value.

[Claim 6]

The control device according to claim 1, wherein

the granular material supply system further includes a carrier line flow
rate control valve provided in the carrier line and a cutout line flow rate control
valve provided in the cutout line,

the density control unit controls an opening degree of the cutout line
flow rate control valve so that an estimated value of the density of the granular
material on the downstream side of the junction calculated based on a flow rate
of the granular material flowing through the cutout line, a flow rate of a gas
flowing through the cutout line, and a flow rate of a carrier gas flowing through
the carrier line on the upstream side of the junction coincides with the set
value, and

the flow rate control unit controls an opening degree of the carrier line
flow rate control valve so that a supply flow rate to the carrier destination of
the granular material estimated based on a flow rate of the granular material
flowing through the cutout line, the flow rate of the gas flowing through the
cutout line, the flow rate of the carrier gas flowing through the carrier line on
the upstream side of the junction, and a set value of the density coincides with

the command value.

[Claim 7]

The control device according to claim 1, wherein

the granular material supply system further includes an aeration line that
is connected to a lower portion of the tank and sends, to the tank, a gas for
fluidizing the granular material stored in the tank, an aeration gas flow rate
control valve provided in the aeration line, and a cutout line flow rate control
valve provided in the cutout line,

the density control unit controls an opening degree of the acration gas
flow rate control valve so that an estimated value of the density of the granular

material on the downstream side of the junction calculated based on a flow rate
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of the granular material flowing through the cutout line, a flow rate of a gas
flowing through the cutout line, and a flow rate of a carrier gas flowing through
the carrier line on the upstream side of the junction coincides with the set
value, and

the flow rate control unit controls an opening degree of the cutout line
flow rate control valve so that a supply flow rate to the carrier destination of
the granular material estimated based on a flow rate of the granular material
flowing through the cutout line, the flow rate of the gas flowing through the
cutout line, the flow rate of the carrier gas flowing through the carrier line on
the upstream side of the junction, and a set value of the density coincides with

the command value.

[Claim 8]

A granular material supply system, comprising:

a tank that stores granular material;

a carrier line through which the granular material flowing out of the tank
is carried to a carrier destination;

a cutout line that connects the tank and the carrier line and through
which the granular material flowing out of the tank is supplied to the carrier
line; and

the control device according to any one of claims 1 to 7.

[Claim 9]

The granular material supply system according to claim 8 further
comprising:

a supply device configured to supply the granular material to an

upstream side of the junction in the carrier line.

[Claim 10]

A control method in a granular material supply system including a tank
that stores granular material, a carrier line through which the granular material
flowing out of the tank is carried to a carrier destination, and a cutout line that
connects the tank and the carrier line and through which the granular material
flowing out of the tank is supplied to the carrier line, the control method
comprising:

controlling a density of the granular material on a downstream side of a

junction of the cutout line and the carrier line to a set value predetermined; and
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controlling a flow rate of the granular material to be supplied to the
carrier destination through the carrier line to a command value instructed by the

carrier destination.

[Claim 11]

A program that causes a computer configured to control a granular
material supply system including a tank that stores granular material, a carrier
line through which the granular material flowing out of the tank is carried to a
carrier destination, and a cutout line that connects the tank and the carrier line
and through which the granular material flowing out of the tank is supplied to
the carrier line to execute processing of:

controlling a density of the granular material on a downstream side of a
junction of the cutout line and the carrier line to a set value predetermined; and

controlling a flow rate of the granular material to be supplied to the
carrier destination through the carrier line to a command value instructed by the

carrier destination.
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