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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates to a raw material
discharge control apparatus and a raw material charging
apparatus.

BACKGROUND

[0002] In a production process that uses raw material
such as minerals, the raw material is discharged from a
raw material hopper that temporarily stores the raw ma-
terial. At this time, it is important to control the discharge
amount of raw material discharged from the raw material
hopper, because the discharge amount of raw material
affects productivity.

[0003] In a blast furnace, for example, raw material
discharged from the raw material hopper is charged into
the furnace through a rotating chute. The charged ma-
terial is deposited in the furnace and forms a certain
deposition shape. This deposition shape has a significant
impact on conditions in the furnace. Consequently, if the
discharge amount of raw material fluctuates over time,
the conditions in the furnace may deteriorate.

[0004] Therefore, various techniques have been con-
sidered to control the discharge amount of raw material
from the raw material hopper to be constant.

[0005] Forexample, one known technique attempts to
control the discharge amount of raw material to be con-
stant by maintaining a constant degree of opening of the
raw material hopper. However, due to raw material seg-
regation of the raw material in the raw material hopper
and fluctuations in the properties of the raw material in the
raw material hopper, such as particle size, shape, moist-
ure content, and surface condition, the discharge amount
of material raw ends up fluctuating over time even when
the degree of opening of the raw material hopper is kept
constant. In addition, it has been difficult to capture
temporal fluctuations in raw material properties over a
short period of time, because the values for raw material
properties have been calculated about once a week
through batch sampling and sieve analysis of small
amounts.

[0006] For example, Patent Literature (PTL) 1 dis-
closes a technique for constantly calculating the degree
of opening of the raw material hopper and the actual
value of the raw material discharge rate and adjusting
the degree of opening of the raw material hopper to
achieve a target raw material discharge rate, in order
to control the discharge amount of raw material from the
raw material hopper to be constant.

CITATION LIST
Patent Literature

[0007] PTL 1: JP H4-198412 A
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SUMMARY
(Technical Problem)

[0008] The technology disclosed in PTL 1 controls the
degree of opening of the raw material hopper by con-
stantly calculating the relationship between the degree of
opening of the raw material hopper and the actual value
of the raw material discharge rate. However, the proper-
ties of the raw material in the raw material hopper change
moment by moment. Therefore, even if the relationship
between the degree of opening of the raw material hop-
per and the actual value of the raw material discharge
rate is calculated, it may be the case that when the
calculated relationship is applied to control the degree
of opening of the raw material hopper, the properties of
the raw material have already changed, making it difficult
to accurately control the discharge amount of raw mate-
rial to the desired discharge amount.

[0009] Itisanaim ofthe presentdisclosure to provide a
raw material discharge control apparatus and a raw
material charging apparatus that can accurately control
the discharge amount of raw material discharged from a
raw material hopper even when there are changes in the
properties of the raw material.

(Solution to Problem)
[0010]

[11 A raw material discharge control apparatus for
controlling a discharge amount of raw material to be
discharged from a raw material hopper, including:

a raw material property measurement unit con-
figured to measure one or more property values
of raw material to be charged into the raw ma-
terial hopper; and

a control unit configured to control a discharge
amount of the raw material based on the one or
more property values of the raw material.

[2] The raw material discharge control apparatus
according to [1], wherein the one or more property
values of the raw material include at least one of
particle size, shape, moisture content, and surface
condition of the raw material.

[3] The raw material discharge control apparatus
according to [1] or [2], wherein the control unit is
configured to control the discharge amount of the
raw material by adjusting a degree of opening of a
flow regulating gate that can control the discharge
amount of the raw material to be discharged from the
raw material hopper.

[4] The raw material discharge control apparatus
according to any one of [1] to [3], wherein the control
unitis configured to change the discharge amount of
the raw material in a case in which a value calculated
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from at least one of the property values of the raw
material exceeds a preset threshold.

[5] A raw material charging apparatus configured to
charge raw material into a blast furnace by control-
ling a discharge amount of the raw material using the
raw material discharge control apparatus according
to any one of [1] to [4].

(Advantageous Effect)

[0011] According to the raw material discharge control
apparatus and the raw material charging apparatus of the
presentdisclosure, the discharge amount of raw material
discharged from a raw material hopper can be accurately
controlled even when there are changes in the properties
of the raw material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Inthe accompanying drawings:

FIG. 1 is a diagram schematically illustrating an
example configuration of a raw material charging
apparatus that includes a raw material discharge
control apparatus according to an embodiment of
the present disclosure;

FIG. 2 is an enlarged view of the area near the raw
material hopper in FIG. 1;

FIG. 3 is a diagram schematically illustrating an
example configuration of a control unit according
to an embodiment of the present disclosure;
FIG.4Aisadiagramillustrating examples comparing
estimated values and actual values for the discharge
rate of raw material;

FIG.4Bisadiagramillustrating examples comparing
estimated values and actual values for the discharge
rate of raw material;

FIG. 4C is a diagram illustrating examples compar-
ing estimated values and actual values for the dis-
charge rate of raw material;

FIG. 4D is a diagram illustrating examples compar-
ing estimated values and actual values for the dis-
charge rate of raw material;

FIG. 4Eis adiagramillustrating examples comparing
estimated values and actual values for the discharge
rate of raw material;

FIG. 5 is a diagram illustrating the change over time
in various data;

FIG.6Ais adiagramillustrating examples comparing
estimated values and actual values of the change in
discharge rate of raw material; and

FIG. 6B isadiagramillustrating examples comparing
estimated values and actual values of the change in
discharge rate of raw material.

DETAILED DESCRIPTION

[0013] Embodiments of the present disclosure will be
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described below, with reference to the drawings.
[0014] FIG. 1is adiagram schematically illustrating an
example configuration of a raw material charging appa-
ratus 1 that includes a raw material discharge control
apparatus 10 according to an embodiment of the present
disclosure. FIG. 2 is an enlarged view of the area near a
raw material hopper 20in FIG. 1. Referring to FIGS. 1 and
2, theraw material charging apparatus 1 and raw material
discharge control apparatus 10 are described.

[0015] The raw material charging apparatus 1 is an
apparatus that charges raw material 203, carried by a
conveyor 202 for charging raw material, into a blast
furnace 201.

[0016] Theraw material charging apparatus 1 includes
the raw material discharge control apparatus 10, the raw
material hopper 20, a flow regulating gate 30, and a
rotating chute 40. The raw material charging apparatus
1 charges the raw material 203 into the blast furnace 201
by using the raw material discharge control apparatus 10
to control the discharge amount of the raw material 203
discharged from the raw material hopper 20.

[0017] Inthe present embodiment, a case in which the
raw material discharge control apparatus 10isusedin the
raw material charging apparatus 1, which charges the
raw material 203 carried by the conveyor 202 into the
blast furnace 201, is described as an example, but the
process in which the raw material discharge control
apparatus 10 is used is not limited to this example.
The raw material discharge control apparatus 10 can
be used in any process that uses the raw material hopper
20 to charge the raw material 203.

[0018] The raw material 203 may be coke but is not
limited to this example. The raw material 203 may, for
example, be ore, sintered ore, pellets, limestone, rock,
concrete raw material, powder and granular material, or
the like.

[0019] The raw material discharge control apparatus
10 controls the discharge amount of the raw material 203
discharged from the raw material hopper 20. The raw
material discharge control apparatus 10 includes a con-
trol unit 11 and a raw material property measurement unit
12. Details on the configuration and functions of the raw
material discharge control apparatus 10 are described
below.

[0020] The raw material hopper 20 temporarily stores
the raw material 203 transported by the conveyor 202.
The raw material hopper 20 can discharge the stored raw
material 203 into the blast furnace 201.

[0021] The flow regulating gate 30 can control the
discharge amount of the raw material 203 discharged
from the raw material hopper 20. The flow regulating gate
30is agate whose degree of opening can be adjusted. As
the degree of opening of the flow regulating gate 30 is
greater, the discharge amount of the raw material 203
discharged from the raw material hopper 20 increases.
As the degree of opening of the flow regulating gate 30 is
smaller, the discharge amount of the raw material 203
discharged from the raw material hopper 20 decreases.
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The degree of opening of the flow regulating gate 30 is
controlled by the control unit 11.

[0022] The rotating chute 40 is arranged at the top of
the blast furnace 201. The rotating chute 40 turns at a
predetermined speed. The raw material 203 discharged
from the raw material hopper 20 is charged into the blast
furnace 201 through the rotating chute 40.

[0023] Next, the control unit 11 and raw material prop-
erty measurement unit 12 included in the raw material
discharge control apparatus 10 are described.

[0024] The control unit 11 acquires property values of
the raw material 203 as measured by the raw material
property measurement unit 12. Here, the property values
of the raw material 203 measured by the raw material
property measurement unit 12 are the property values of
the raw material 203 being transported by the conveyor
202, i.e., the property values of the raw material 203
before the raw material 203 is charged into the raw
material hopper 20.

[0025] The control unit 11 controls the discharge
amount of the raw material 203 discharged from the
raw material hopper 20 based on the property values
of the raw material 203 as acquired from the raw material
property measurement unit 12. The control unit 11 con-
trols the discharge amount of the raw material 203 dis-
charged from the raw material hopper 20 by adjusting the
degree of opening of the flow regulating gate 30.
[0026] FIG. 3is adiagram schematically illustrating an
example configuration of the control unit 11 according to
an embodiment of the present disclosure. The control
unit 11 may be a general-purpose computer, such as a
workstation or personal computer, or may be a dedicated
computer configured to function as the control unit 11 of
the raw material discharge control apparatus 10. Refer-
ring to FIG. 3, the configuration of the control unit 11 is
described.

[0027] The control unit 11 includes a controller 111, an
input interface 112, an output interface 113, a memory
114, and a communication interface 115.

[0028] The controller 111 includes at least one proces-
sor, atleast one dedicated circuit, or a combination there-
of. The processor is a general-purpose processor such
as a Central Processing Unit (CPU) or a Graphics Pro-
cessing Unit (GPU), or a dedicated processor that is
dedicated to specific processing. Examples of dedicated
circuits can include a Field-Programmable Gate Array
(FPGA) and an Application Specific Integrated Circuit
(ASIC).

[0029] The controller 111 reads programs, data, and
the like stored in the memory 114 and executes various
functions. The controller 111 controls the flow regulating
gate 30.

[0030] The input interface 112 includes one or more
interfaces for input to detect user input and acquire input
information based on user operations. For example, the
input interface 112 includes a physical key, a capacitive
key, a touch screen integrally provided with a display of
the output interface 113, or a microphone that accepts
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voice input.

[0031] The output interface 113 includes one or more
interfaces for output to output information and notify the
user. For example, the output interface 113 includes a
display for outputting information in the form of images or
a speaker for outputting information in the form of audio.
The display included in the output interface 113 may, for
example, be a Liquid Crystal Display (LCD), a Cathode
Ray Tube (CRT) display, or the like.

[0032] The memory 114 is, for example, a flash mem-
ory, a hard disk, an optical memory, or the like. A portion of
the memory 114 may be external to the control unit 11. In
this case, the portion of the memory 114 may be a hard
disk, a memory card, or the like connected to the control
unit 11 by any interface.

[0033] The memory 114 stores programs for the con-
troller 111 to perform each function, data used by the
programs, and the like.

[0034] The communication interface 115 includes at
least one of a communication module compatible with
wired communication and acommunication module com-
patible with wireless communication. The control unit 11
can communicate with other apparatuses and the like via
the communication interface 115.

[0035] The description now refers again to FIGS. 1 and
2.

[0036] The raw material property measurement unit 12
measures the property values of the raw material 203
being carried by the conveyor 202. In other words, the
raw material property measurement unit 12 measures
the property values of the raw material 203 before the raw
material 203 is charged into the raw material hopper 20.
[0037] The property values measured by the raw ma-
terial property measurement unit 12 include at least one
of particle size, shape, moisture content, and surface
condition of the raw material.

[0038] The significance of the raw material property
measurement unit 12 measuring the particle size, shape,
moisture content, and surface condition of the raw ma-
terial 203 as the property values of the raw material 203 is
now described.

[0039] First, the particle size of the raw material 203 is
described. As the particle size of the raw material 203 is
smaller, the friction between particles of the raw material
203 is reduced. Itis thought that because of the resulting
increase in fluidity of the raw material 203, the discharge
rate of the raw material 203 discharged from the raw
material hopper 20 becomes faster for the same degree
of opening of the flow regulating gate 30. The particle size
of the raw material 203 thus affects the discharge rate of
the raw material 203 from the raw material hopper 20.
[0040] Next, the shape of the raw material 203 is
described. If the shape of the raw material 203 is angular,
itis thoughtthatthe discharge rate of the raw material 203
discharged from the raw material hopper 20 becomes
slower for the same degree of opening of the flow reg-
ulating gate 30. The shape of the raw material 203 thus
affects the discharge rate of the raw material 203 from the
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raw material hopper 20.

[0041] Next, the moisture content of the raw material
203 is described. As the moisture content of the raw
material 203 increases, the density of the raw material
203 increases and the friction on the surface of the raw
material 203 decreases. It is then thought that the dis-
charge rate of the raw material 203 discharged from the
raw material hopper 20 becomes faster for the same
degree of opening of the flow regulating gate 30. The
moisture content of the raw material 203 thus affects the
discharge rate of the raw material 203 from the raw
material hopper 20.

[0042] Next, the surface condition of the raw material
203 is described. Influencing factors that express the
surface condition of the raw material 203 include the
roughness of the surface itself, the amount of moisture
on the surface, and the amount of powder on the surface.
Changes in these influencing factors change the friction
of the raw material 203, which in turn changes the dis-
charge rate of the raw material 203 discharged from the
raw material hopper 20. The surface condition of the raw
material 203 thus affects the discharge rate of the raw
material 203 from the raw material hopper 20.

[0043] The particle size, shape, moisture content, and
surface condition of the raw material 203 as the property
values of the raw material 203 thus affect the discharge
rate of the raw material 203 discharged from the raw
material hopper 20. Therefore, the raw material property
measurement unit 12 measures property values such as
the particle size, shape, moisture content, and surface
condition of the raw material 203, and the control unit 11
controls the discharge amount of the raw material 203
discharged from the raw material hopper 20 based on the
property values of the raw material 203, thereby enabling
the discharge amount of the raw material 203 to be
accurately controlled.

[0044] The raw material property measurement unit 12
includes a distance measurement apparatus, an image
measurement apparatus, and a moisture measurement
apparatus. The raw material property measurement unit
12 may include either a distance measurement appara-
tus or an image measurement apparatus, rather than
both a distance measurement apparatus and an image
measurement apparatus.

[0045] The distance measurement apparatus and the
image measurement apparatus can measure the particle
size, shape, and surface condition of the raw material
203. The moisture measurement apparatus can measure
the moisture content of the raw material 203.

[0046] The distance measurement apparatus may, for
example, be atwo-dimensional laser rangefinder. A laser
rangefinder irradiates a laser beam in a line along the
width direction of the conveyor 202 to measure the dis-
tance to the raw material 203 to be measured, one line at
a time.

[0047] At this time, the raw material 203 to be mea-
sured has been deposited on the conveyor 202 and is
being transported by the conveyor 202. The laser range-
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finder measures the distance to the raw material 203 in a
line at regular intervals. The laser rangefinder can gen-
erate 3D shape data for the raw material 203 by integrat-
ing the distance measurements at each line.

[0048] The above-described method of generating 3D
shape data by the laser rangefinder is a method of gen-
erating 3D shape data by the so-called optical cutting
method. The laser rangefinder can measure the particle
size, shape, and surface condition of the raw material 203
based on the 3D shape data.

[0049] The distance measurement apparatus can, for
example, be a time of flight camera or a stereo camera
and can generate 3D shape data.

[0050] The image measurement apparatus may use
anindustrial camerato measure 2D image data of the raw
material. In order to recognize a plurality of particles in the
measured image data as individual particles, the image
measurement apparatus may, for example, perform a
particle separation process based on a processing meth-
od called the WaterShed algorithm, disclosed in Refer-
ence 1 (Meyer, F., (1992). Color image segmentation. In
Proceedings of the International Conference on Image
Processing and its Applications, pages 303-306).
[0051] Theimage measurementapparatus may calcu-
late the particle size of the raw material 203 by, for
example, averaging the diameters of individual particles
obtained by image processing.

[0052] Various definitions of particle size can be used.
For example, the circular equivalent diameter, major axis
length, minor axis length, Feret diameter, or the like can
be used as the definition of the particle size.

[0053] The image measurement apparatus can calcu-
late the shape of individual particles of the raw material
203 by identifying the individual particles. The image
measurement apparatus may calculate the shape of
the raw material 203 by averaging the diameters of in-
dividual particles.

[0054] Various definitions of particle shape can be
used. For example, the circularity, convexity, solidity, or
the like can be used as the definition of the particle shape.
[0055] A distance measurement apparatus such as a
laser rangefinder can calculate the surface roughness,
which is one of the surface conditions. Various methods
exist for calculating surface roughness. For example,
general indices such as Ra and Rz can be used. The
method of calculating the surface roughness is not limited
to this example, and any index related to the degree of
unevenness affecting friction can be used. As for the
amount of powder, the weight percentage of the fine grain
portion obtained from the particle size measurement,
such as the weight percentage of the particle size data
below 5 mm, can be used as an index.

[0056] The moisture measurement apparatus may, for
example, be a neutron moisture meter or an infrared
moisture meter.

[0057] The neutron moisture meter irradiates neutrons
from a neutron source. The irradiated neutrons are partly
transmitted through the raw material 203 and partly re-
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flected depending on the moisture content of the raw
material 203. The neutron moisture meter can detect the
reflected neutrons and calculate the value of the moisture
content based on the amount of reflection.

[0058] The infrared moisture meter can measure the
moisture content using infrared wavelengths that have
absorption sensitivity to moisture. The infrared moisture
meter can irradiate infrared rays onto the raw material
203 and calculate the value of the moisture content based
on the degree of absorption.

[0059] The controller 111 of the control unit 11 acquires,
via the communication interface 115, the property values
of the raw material 203 as measured by the raw material
property measurement unit 12.

[0060] The controller 111 controls the discharge
amount of the raw material 203 discharged from the
raw material hopper 20 based on the property values
acquired from the raw material property measurement
unit 12. The controller 111 can control the discharge
amount of the raw material 203 by adjusting the degree
of opening of the flow regulating gate 30.

[0061] The controller 111 can estimate the discharge
rate of the raw material 203 discharged from the raw
material hopper 20 based on the flow regulating gate 30
and the property values of the raw material 203. The
controller 111 may, for example, control the discharge
amount of the raw material 203 so that the discharge rate
of the raw material 203 discharged from the raw material
hopper 20 is within a predetermined range. The dis-
charge rate may, for example, be defined by the weight
of the raw material 203 discharged per rotation of the
rotating chute 40. Alternatively, the discharge rate may,
for example, be defined by the weight of the raw material
203 discharged per unit time.

[0062] The memory 114 may store coefficients for es-
timating the discharge rate of the raw material 203 dis-
charged from the raw material hopper 20, taking the
degree of opening of the flow regulating gate 30 and
the property values of the raw material 203 as explana-
tory variables. These coefficients may be coefficients
calculated by multiple regression analysis based on
pre-measured actual values. In a case in which the
property values of the raw material 203 include a plurality
of values such as particle size, shape, moisture content,
surface condition, and the like, the memory 114 may store
coefficients for estimating the discharge rate of the raw
material 203 with each value as an explanatory variable.
[0063] The controller may perform control to change
the discharge amount of the raw material 203 discharged
from the raw material hopper 20 in a case in which a value
calculated from at least one property value of the raw
material 203 acquired from the raw material property
measurement unit 12 exceeds a preset threshold. This
enables the controller 111 to adjust the degree of opening
of the flow regulating gate 30 to control the discharge rate
ofthe raw material 203 to be in a predetermined rangeina
case in which a property value of the raw material 203
deviates significantly from the normal value. In a case in

10

15

20

25

30

35

40

45

50

55

which the property values of the raw material 203 include
a plurality of values among particle size, shape, moisture
content, and surface condition, a threshold may be set for
each value. The controller 111 may perform control to
change the discharge amount of the raw material 203
discharged from the raw material hopper 20 in a case in
which a value calculated from at least one property value
among the property values of the raw material 203 ex-
ceeds the threshold.

[0064] The thresholds may be values determined
based on a study, made in advance, of the property
values of the raw material 203 when the discharge rate
becomes problematic for operation of the blast furnace
201. The thresholds may be stored in the memory 114.
[0065] Alternatively, upon acquiring the property va-
lues of the raw material 203 from the raw material prop-
erty measurement unit 12, the controller 111 may esti-
mate the discharge rate of the raw material 203. In a case
in which the estimated discharge rate is not within a
predetermined range, the controller 111 may control
the degree of opening of the flow regulating gate 30 so
thatthe discharge rate of the raw material 203 is within the
predetermined range. This enables the controller 111 to
control the discharge amount of the raw material 203 with
greater precision.

EXAMPLES

[0066] FIGS. 4A to 4E are diagrams illustrating exam-
ples comparing estimated values and actual values of the
discharge rate. Inthe five graphsillustrated in FIGS. 4A to
4E, the horizontal axis represents the estimated dis-
charge rate of the raw material 203, as calculated by
the control unit 11. The vertical axis represents the actual
value of the discharge rate when the raw material 203
was actually charged into the blast furnace 201.

[0067] Asacomparative example, FIG.4Ais agraph of
the case in which the discharge rate of the raw material
203 is estimated based only on the degree of opening of
the flow regulating gate 30, without considering the prop-
erty values of the raw material 203. FIG. 4B is a graph of
the case in which the discharge rate of the raw material
203 is estimated based on the moisture content of the raw
material 203 as a property value of the raw material 203,
along with the degree of opening of the flow regulating
gate 30. FIG. 4C is a graph of the case in which the
discharge rate of the raw material 203 is estimated based
on the particle size of the raw material 203 as a property
value of the raw material 203, along with the degree of
opening of the flow regulating gate 30. FIG. 4D is a graph
of the case in which the discharge rate of the raw material
203 is estimated based on the particle size and the
moisture content of the raw material 203 as property
values of the raw material 203, along with the degree
of opening of the flow regulating gate 30. FIG. 4E is a
graph of the case in which the discharge rate of the raw
material 203 is estimated based on the particle size, the
moisture content, and the shape of the raw material 203
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as property values of the raw material 203, along with the
degree of opening of the flow regulating gate 30.
[0068] Looking at FIG. 4A, the coefficient of determi-
nation R2is 0.31 in the case in which the discharge rate is
estimated based solely on the degree of opening of the
flow regulating gate 30. By contrast, looking at FIG. 4B,
the coefficient of determination is 0.41 in the case in
which the discharge rate is estimated based on the
degree of opening of the flow regulating gate 30 and
the moisture content, which is a property value of the
raw material 203. Looking at FIG. 4C, the coefficient of
determination is 0.39 in the case in which the discharge
rate is estimated based on the degree of opening of the
flow regulating gate 30 and the particle size, which is a
property value of the raw material 203. By thus estimating
the discharge rate while considering the moisture content
or particle size as a property value, the control unit 11 can
accurately estimate the discharge rate of the raw material
203.

[0069] Looking at FIG. 4D, the coefficient of determi-
nation is 0.46 in the case in which the discharge rate is
estimated based on the degree of opening of the flow
regulating gate 30 and on the particle size and moisture
content, which are property values of the raw material
203. By thus estimating the discharge rate while con-
sidering twovalues, i.e., the particle size and the moisture
content, as property values, the control unit 11 can more
accurately estimate the discharge rate of the raw material
203.

[0070] Looking at FIG. 4E, the coefficient of determi-
nation is 0.60 in the case in which the discharge rate is
estimated based on the degree of opening of the flow
regulating gate 30 and on the particle size, moisture
content, and shape, which are property values of the
raw material 203. By thus estimating the discharge rate
while considering three values, i.e., the particle size, the
moisture content, and the shape, as property values, the
control unit 11 can more accurately estimate the dis-
charge rate of the raw material 203.

[0071] The results in FIGS. 4A to 4E indicate that the
control unit 11 can accurately estimate the discharge rate
of the raw material 203 by considering the property
values of the raw material 203. The control unit 11 can
control the discharge amount of the raw material 203
based on the discharge rate of the raw material 203
accurately estimated in this way.

[0072] The results in FIGS. 4A to 4E also indicate that
the control unit 11 can estimate the discharge rate of the
raw material 203 even more accurately when a plurality of
values are considered as the property values of the raw
material 203. In the present examples, the absolute value
of the property value was used as the value calculated
from atleast one of the property values of the raw material
203.

[0073] FIG. 5 is a diagram illustrating the change over
time in various data. The top graph illustrates the change
over time in the particle size of the raw material 203. The
second graph illustrates the change over time in the
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degree of opening of the flow regulating gate 30. The
bottom graph illustrates the discharge rate of the raw
material 203.

[0074] In FIG. 5, at the timing indicated by the refer-
ence sign 403, the process of controlling the discharge
amount of the raw material 203 is started by the raw
material discharge control apparatus 10 according to the
present embodiment. In other words, prior to the timing
indicated by the reference sign 403, the process of con-
trolling the discharge rate of the raw material 203 based
on the property values of the raw material 203 is not
performed.

[0075] Referring to FIG. 5, the particle size of the raw
material 203 is low at the timing indicated by the refer-
ence sign401. Thisis accompanied by arapid increase in
the discharge rate of the raw material 203, as indicated by
the reference sign 402. This increase in the discharge
rate of the raw material 203 has a negative effect on the
operation of the blast furnace 201.

[0076] Referring to FIG. 5, the particle size of the raw
material 203 is once again low at the timing indicated by
the reference sign 404. At this time, the particle size of the
raw material 203 is below a threshold 407. Therefore, as
indicated by the reference sign 405, the raw material
discharge control apparatus 10 implemented control to
reduce the degree of opening of the flow regulating gate
30. As a result, the raw material discharge control appa-
ratus 10 was able to suppress the increase in the dis-
charge rate of the raw material 203 in the time range
indicated by the reference sign 406. In other words, the
raw material discharge control apparatus 10 was able to
stabilize the discharge rate of the raw material 203 by
controlling the flow regulating gate 30 based on the
particle size, which is a property value of the raw material
203.

[0077] In FIG. 5, the case of controlling the flow reg-
ulating gate 30 based on the particle size of the raw
material 203 is illustrated, but similar results can be
obtained by controlling the flow regulating gate 30 based
on the shape or the moisture content of the raw material
203. Similar results can also be obtained by controlling
the flow regulating gate 30 based on a plurality of property
values of the raw material 203.

[0078] As described above, the raw material discharge
control apparatus 10 according to the present embodi-
ment includes a raw material property measurement unit
12 that measures property values of the raw material 203
to be charged into the raw material hopper 20, and a
control unit 11 that controls the discharge amount of the
raw material 203 based on the property values of the raw
material 203. By the control unit 11 thus controlling the
discharge amount of the raw material 203 based on the
property values of the raw material 203, the raw material
discharge control apparatus 10 according to the present
embodiment can accurately control the discharge
amount of the raw material 203 discharged from the
raw material hopper 20, even if the properties of the
raw material 203 change.
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[0079] The raw material charging apparatus 1 accord-
ing to the present embodiment charges the raw material
203 into the blast furnace 201 by using the raw material
discharge control apparatus 10 to control the discharge
amount of the raw material 203. Therefore, the raw
material charging apparatus 1 according to the present
embodiment can accurately control the distribution
shape of the raw material 203 deposited in the blast
furnace 201, thus stabilizing the operation of the blast
furnace 201.

[0080] In the present example, operations are per-
formed regarding the lower limit, but it is also possible
to control the discharge rate more accurately by setting
thresholds for the upper and lower limits of each raw
material property index. In addition to operation based on
absolute values, thresholds based on relative values that
represent changes over time can also be used for opera-
tion. Inthis case, since sensor values are used, operation
requires periodic calibration of the sensors to true values.
However, calibration represents an operational burden,
making it difficult to increase the frequency of calibration.
In this case, a sensor may deviate from the true value,
leading to false positives and undetected values. In this
respect, relative changes are comparatively less likely to
deviate than absolute values. For long-term operation,
use of relative changes may yield more stable threshold-
based operation. FIG. 6A illustrates the results of estima-
tion using only the differential value of the degree of
opening. FIG. 6B illustrates the results of predicting the
differential value of the discharge rate using the differ-
ential values of particle size, moisture content, and de-
gree of opening. Referring to FIG. 6A, the determination
coefficientR2is 0.57. By contrast, referring to FIG. 6B, the
determination coefficient R2 is 0.64. The addition of
particle size and moisture content to the prediction thus
improves the accuracy of the coefficient of determination
R2 to 0.64, indicating that particle size and moisture
content are useful in predicting relative change. This
makes it possible to predict the amount of change in
discharge, and the setting of a threshold on the predicted
amount of change in discharge makes it possible to deter
a similarly large change and to bring the discharge
amount closer to the appropriate target value by appro-
priate adjustment of the degree of opening. In the present
disclosure, coke is transported in certain fixed quantities
and charged into a bunker in batches. Hence, the differ-
ence between the current charged batch and the pre-
vious charged batch has been used as the amount of
change, but this example is not limiting. For example, the
change or the maximum amount of change within a
certain past number of hours from the current time on
an hourly basis may be used as an index of the amount of
change.

[0081] The present disclosure is not limited to the
embodiments described above. For example, a plurality
of blocks described in the block diagrams may be inte-
grated, or a block may be divided. Instead of executing a
plurality of steps described in the flowcharts in chrono-
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logical order in accordance with the description, the
plurality of steps may be executed in parallel or in a
different order according to the processing capability of
the apparatus that executes each step, or as required.
Other modifications can be made without departing from
the spirit of the present disclosure.

[0082] For example, in the above embodiment, the
case in which the raw material property measurement
unit 12 includes a distance measurement apparatus, an
image measurement apparatus, and a moisture mea-
surement apparatus has been described as an example.
However, the apparatuses included in the raw material
property measurement unit 12 are not limited to these.
The raw material property measurement unit 12 may
include any apparatus capable of measuring the property
values of the raw material 203.

[0083] For example, in the above embodiment, some
of the processing operations performed in the raw ma-
terial property measurement unit 12 may be performed in
the control unit 11. For example, in a case in which the raw
material property measurement unit 12 includes an im-
age measurement apparatus, the image measurement
apparatus may capture images of the raw material 203,
and the control unit 11 may calculate the particle size and
shape, which are property values of the raw material 203,
by analyzing the images of the raw material 203 captured
by the image measurement apparatus.

[0084] For example, in the above embodiment, the
case of controlling the discharge amount of the raw
material 203 by adjusting the degree of opening of the
flow regulating gate 30 has been described, but the
means for controlling the discharge amount of the raw
material 203 is not limited to this example. The raw
material discharge control apparatus 10 may control
the discharge amount of the raw material 203 using an
apparatus other than the flow regulating gate 30.
[0085] For example, in the above embodiment, the
case in which the raw material discharge control appa-
ratus 10 controls the discharge amount of the raw ma-
terial 203 charged into the blast furnace 201 has been
described as an example, but the field in which the raw
material discharge control apparatus 10 can be used is
not limited to the field of steel production. The raw ma-
terial discharge control apparatus 10 can also be used in
other fields in which raw materials are transported.

REFERENCE SIGNS LIST
[0086]

1 Raw material charging apparatus

10 Raw material discharge control apparatus
11 Control unit

12 Raw material property measurement unit
20 Raw material hopper

30 Flow regulating gate

40 Rotating chute

111 Controller
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112 Inputinterface
113 Output interface
114 Memory
115  Communication interface
201 Blast furnace
202  Conveyor
203 Raw material
Claims
1. Araw material discharge control apparatus for con-

trolling a discharge amount of raw material to be
discharged from a raw material hopper, comprising:

a raw material property measurement unit con-
figured to measure one or more property values
of raw material to be charged into the raw ma-
terial hopper; and

a control unit configured to control a discharge
amount of the raw material based on the one or
more property values of the raw material.

The raw material discharge control apparatus ac-
cording to claim 1, wherein the one or more property
values of the raw material include at least one of
particle size, shape, moisture content, and surface
condition of the raw material.

The raw material discharge control apparatus ac-
cording to claim 1, wherein the control unit is con-
figured to control the discharge amount of the raw
material by adjusting a degree of opening of a flow
regulating gate that can control the discharge
amount of the raw material to be discharged from
the raw material hopper.

The raw material discharge control apparatus ac-
cording to claim 1, wherein the control unit is con-
figured to change the discharge amount of the raw
material in a case in which a value calculated from at
least one of the property values of the raw material
exceeds a preset threshold.

A raw material charging apparatus configured to
charge raw material into a blast furnace by control-
ling a discharge amount of the raw material using the
raw material discharge control apparatus according
to any one of claims 1 to 4.
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