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(54) COAL GRINDING METHOD AND GRINDING FACILITY

(57) An object is to provide a coal crushing method
and a coal crushing facility that can accurately and quickly
identify the occurrence of variation in the particle size of
coal crushed by a crusher, particularly the occurrence of
variation in the particle size of coal caused by an internal
factor of the crusher, such as hammer wear, take appro-
priate measures against this, and thus can reduce vari-
ation in the particle size of crushed coal.

When coal is crushed in blending tank lines A includ-
ing particle size analyzers 3a to 3c configured to measure
the particle size of coal crushed by crushers 2a to 2c, a
relation between the crushing strength for crushing the
coal with the crushers 2a to 2c and the particle size of
crushed coal is determined in advance. Coal is crushed
while the crushing strength of the crushers 2a to 2c is
regulated, on the basis of this relation, in such a way that
the particle size of coal measured by the particle size
analyzers 3a to 3c becomes equal to a target particle
size ratio, and variation over time in the particle size of
coal measured by the particle size analyzers 3a to 3c
with respect to the target particle size ratio is measured.
When the variation in the particle size of coal exceeds a
threshold, it is determined that the variation exceeds the
threshold due to an internal factor of the crushers 2a to
2c, and the crushing method of the crushers 2a to 2c is

changed.
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Description

Technical Field

[0001] The present invention relates to a coal crushing method and a coal crushing facility for reducing variation in
the particle size of crushed coal, for example, in a coke production process.

Background Art

[0002] Coke used in blast furnaces is required to have a high strength and uniform quality (particle size and strength)
to ensure gas permeability in the furnace. To produce coke having a high strength and uniform quality, it is necessary
to increase the bulk density of coal charged into a coke oven so that when coal is heated and carbonized in the coke
oven, coal particles are brought into firm contact. For this, it is important to optimize the particle size of coal charged
into the coke oven.
[0003] When heated and carbonized in the coke oven, coarse coal particles having a large particle diameter are
cracked at contact interfaces due to a difference in shrinkage ratio between adjacent coal particles, and this decreases
the coke strength. On the other hand, fine coal particles having a small size fly up in the air when charged into the coke
oven, and this decreases the bulk density. Therefore, to produce coke having a high strength and uniform quality, it is
necessary, in the process of crushing coal with a crusher, to select a crushing condition in such a way that a target
particle size ratio is achieved, and thus to reduce variation in particle size.
[0004] The particle size of coal crushed by a crusher varies depending on, for example, the gap between a repulsion
plate (frictional crushing plate) and hammers of the crusher, the current value of a motor of the crusher, and the hammer
rotation speed of the crusher. Therefore, regulating these values to adjust the particle size of crushed coal to a target
particle size ratio is an approach that has been generally adopted.
[0005] Examples of conventional techniques related to the coal crushing method include methods described in Patent
Literature 1 to Patent Literature 3. The method described in Patent Literature 1 involves measuring the particle size of
crushed coal and regulating the gap between a repulsion plate and hammers of a crusher. The method described in
Patent Literature 2 involves regulating the hammer rotation speed of a crusher. The method described in Patent Literature
3 involves using an equation representing a relation between coal crushing energy and particle size distributions before
and after crushing, and regulating the current value of a crusher in accordance with the particle size and the water
content of coal before crushing.

Citation List

Patent Literature

[0006]

PTL 1: Japanese Unexamined Patent Application Publication No. 2000-319663
PTL 2: Japanese Unexamined Patent Application Publication No. 2004-16983
PTL 3: Japanese Unexamined Patent Application Publication No. 2016-159196

Summary of Invention

Technical Problem

[0007] In the methods described in Patent Literature 1 and Patent Literature 2, when variation in the particle size of
crushed coal is caused by an internal factor of the crusher, such as hammer wear, it is difficult to identify this fact and
the corresponding crusher, and appropriate measures cannot be taken. In the method described in Patent Literature 3,
even when it is difficult to crush coal under uniform crushing conditions due to such a factor as hammer wear in the
crusher, adjusting the particle size of coal in response to, for example, hammer wear is difficult because the particle size
of crushed coal cannot be obtained.
[0008] The present invention has been made to solve the problems of the conventional techniques described above.
That is, the present invention aims to provide a coal crushing method and a coal crushing facility that can accurately
and quickly identify the occurrence of variation in the particle size of coal crushed by a crusher, particularly the occurrence
of variation in the particle size of coal caused by an internal factor of the crusher, such as hammer wear. The present
invention also aims to take appropriate measures to reduce variation in the particle size of coal caused by an internal
factor of the crusher, and thus to be able to reduce variation in the particle size of crushed coal.
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Solution to Problem

[0009]

[1] A coal crushing method is for crushing coal in a coal crushing facility having a blending tank line including a
blending tank configured to store coal, a crusher configured to crush coal fed from the blending tank, and a particle
size analyzer configured to measure a particle size of coal crushed by the crusher. The coal crushing method
includes determining, in advance, a relation between a crushing strength for crushing coal with the crusher and a
particle size of crushed coal; crushing coal while regulating the crushing strength of the crusher, on the basis of the
relation, in such a way that the particle size of coal measured by the particle size analyzer becomes equal to a target
particle size ratio, and measuring variation over time in the particle size of coal measured by the particle size analyzer
with respect to the target particle size ratio; and determining, when the variation exceeds a predetermined threshold,
that the variation exceeds the threshold due to an internal factor of the crusher, and changing the crushing method
of the crusher to make the variation less than or equal to the threshold.
[2] In the coal crushing method according to [1], when the variation continues to exceed the threshold for longer
than a preset time, it is determined that the variation exceeds the threshold due to an internal factor of the crusher,
and the crushing method of the crusher is changed to make the variation less than or equal to the threshold.
[3] In the coal crushing method according to [1], when the variation continues to exceed the threshold even after
change of a coal blending plan, it is determined that the variation exceeds the threshold due to an internal factor of
the crusher, and the crushing method of the crusher is changed to make the variation less than or equal to the
threshold.
[4] In the coal crushing method according to any one of [1] to [3], the coal crushing facility includes two or more
blending tank lines; the variation is measured in each of the two or more blending tank lines; when the variation
exceeds the threshold in only some of the two or more blending tank lines, it is determined that the variation exceeds
the threshold due to an internal factor of the crusher in the corresponding blending tank line, and the crushing method
of the crusher in the corresponding blending tank line is changed to make the variation less than or equal to the
threshold; and when the variation exceeds the threshold in all the two or more blending tank lines, it is determined
that the variation exceeds the threshold due to a factor in raw materials supplied to the crusher and not due to an
internal factor of the crusher in the blending tank line, and no change is made to the crushing method of the crusher
in the blending tank line.
[5] In the coal crushing method according to any one of [1] to [4], the particle size analyzer is configured to capture
and acquire an image of a surface of a coal layer conveyed by a conveyor after being crushed by the crusher, and
measure a proportion of coarse particles in coal on the basis of the image.
[6] In the coal crushing method according to any one of [1] to [5], the crusher is a hammer crusher, and the crushing
strength of the crusher is a hammer rotation speed of the crusher.
[7] In the coal crushing method according to any one of [1] to [6], the crusher is a hammer crusher, and the crushing
method of the crusher is changed by changing at least one of a hammer rotation direction of the crusher and a gap
between a repulsion plate and hammers of the crusher.
[8] In the coal crushing method according to any one of [1] to [6], the crusher is a hammer crusher, and the crushing
method of the crusher is changed by first changing a hammer rotation direction of the crusher, and when the variation
exceeds the threshold even after changing the rotation direction, changing a gap between a repulsion plate and
hammers of the crusher.
[9] A coal crushing facility includes a blending tank line including a blending tank configured to store coal, a crusher
configured to crush coal fed from the blending tank, a controller configured to regulate a crushing strength of the
crusher, and a particle size analyzer configured to measure a particle size of coal crushed by the crusher; and a
computation and control device configured to cause the controller to control a crushing strength of the crusher, and
determine, on the basis of a particle size of coal measured by the particle size analyzer, variation in the particle
size. The computation and control device is configured to cause the controller to control the crushing strength of
the crusher, on the basis of a relation between a crushing strength of the crusher and a particle size of crushed coal
determined in advance, in such a way that the particle size of coal measured by the particle size analyzer becomes
equal to a target particle size ratio, measure variation over time in the particle size of coal measured by the particle
size analyzer with respect to the target particle size ratio, determine, when the variation exceeds a predetermined
threshold, that the variation exceeds the threshold due to an internal factor of the crusher, and output the determination
result or an instruction to make the variation less than or equal to the threshold by changing a crushing method of
the crusher on the basis of the determination result.
[10] In the coal crushing facility according to [9], the computation and control device is configured to determine,
when the variation continues to exceed the threshold for longer than a preset time, that the variation exceeds the
threshold due to an internal factor of the crusher.
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[11] In the coal crushing facility according to [9], the computation and control device is configured to determine,
when the variation continues to exceed the threshold even after change of a coal blending plan, that the variation
exceeds the threshold due to an internal factor of the crusher.
[12] In the coal crushing facility according to any one of [9] to [11], the coal crushing facility includes two or more
blending tank lines; the computation and control device is configured to measure the variation in each of the two or
more blending tank lines; the computation and control device is configured to determine, when the variation exceeds
the threshold in only some of the two or more blending tank lines, that the variation exceeds the threshold due to
an internal factor of the crusher in the corresponding blending tank line, and change the crushing method of the
crusher in the corresponding blending tank line to make the variation less than or equal to the threshold; and the
computation and control device is configured to determine, when the variation exceeds the threshold in all the two
or more blending tank lines, that the variation exceeds the threshold due to a factor in raw materials supplied to the
crusher and not due to an internal factor of the crusher in the blending tank line, and make no change to the crushing
method of the crusher in the blending tank line.
[13] In the coal crushing facility according to any one of [9] to [12], the particle size analyzer is configured to capture
an image of a surface of a coal layer conveyed by a conveyor after being crushed by the crusher, and measure a
proportion of coarse particles in coal on the basis of the image.
[14] In the coal crushing facility according to any one of [9] to [13], the crusher is a hammer crusher, and the crushing
strength of the crusher is a hammer rotation speed of the crusher.
[15] In the coal crushing facility according to any one of [9] to [14], the crusher is a hammer crusher, and the crushing
method of the crusher is changed by changing at least one of a hammer rotation direction of the crusher and a gap
between a repulsion plate and hammers of the crusher. Advantageous Effects of Invention

[0010] The coal crushing method and the coal crushing facility according to the present invention can accurately and
quickly identify the occurrence of variation in the particle size of coal crushed by the crusher, particularly the occurrence
of variation in the particle size of coal caused by an internal factor of the crusher, such as hammer wear. Appropriate
measures can thus be taken to reduce variation in the particle size of coal caused by an internal factor of the crusher.
Therefore, variation in the particle size of coal crushed by the crusher can be reduced, and it is possible to produce coke
having a high strength and uniform quality.

Brief Description of Drawings

[0011]

[Fig. 1] Fig. 1 is an explanatory diagram schematically illustrating an example of a coal crushing facility for coke
production to which a coal crushing method and a coal crushing facility according to the present invention are applied.
[Fig. 2] Fig. 2 is a graph schematically illustrating a relation between the coal crushing strength of a crusher and the
particle size of crushed coal.
[Fig. 3] Fig. 3(a) to Fig. 3(c) are graphs each illustrating an exemplary relation between the hammer rotation speed
(crushing strength) of a crusher in one of blending tank lines A1 to A3 illustrated in Fig. 1 and the proportion of
coarse particles of crushed coal (particle size of crushed coal).
[Fig. 4] Fig. 4 presents graphs each schematically illustrating a transition of variation in the proportion of coarse
particles in coal (particle size of coal) crushed by a crusher, with respect to a target proportion of coarse particles
(target particle size ratio), and also illustrate timing when it is determined that the variation exceeds a threshold.
[Fig. 5] Fig. 5 is an explanatory diagram illustrating an exemplary particle size analyzer and how it is used in the
coal crushing facility according to the present invention.
[Fig. 6] Fig. 6 is an explanatory diagram illustrating a processing flow in which the proportion of coarse particles in
coal (particle size of coal) is measured by a particle size analyzer in the coal crushing method and the coal crushing
facility according to the present invention. Description of Embodiments

[0012] Hereinafter, embodiments of a coal crushing method and a coal crushing facility according to the present
invention will be described in detail with reference to the drawings.
[0013] Fig. 1 is an explanatory diagram schematically illustrating a coal crushing facility for coke production to which
a coal crushing method and a coal crushing facility according to the present embodiment are applied. Generally, a coal
crushing facility for coke production has one or more blending tank lines (coal crushing lines). The coal crushing facility
according to the present embodiment illustrated in Fig. 1 has three blending tank lines A1 to A3 where coal is divided
by the level of the Hardgrove grindability index (HGI) into three groups (HGI: high, HGI: medium, and HGI: low) and
crushed separately. In the present embodiment, coal is subjected to a crushing process for each level of the HGI in the
plurality of blending tank lines A. However, the usage of the plurality of blending tank lines A1 to A3 in the coal crushing
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method and the coal crushing facility according to the present invention is not limited to this.
[0014] The blending tank lines A1 to A3 each include a plurality of blending tanks 1 configured to store coal, a corre-
sponding one of crushers 2a to 2c configured to crush coal fed from the blending tanks 1, and a corresponding one of
particle size analyzers 3a to 3c configured to measure the particle size of coal crushed by the corresponding one of the
crushers 2a to 2c.
[0015] Coal is stored in a coal yard by brand. Of the coal stored, a portion to be used is conveyed by a conveyor
(conveyor belt) by brand and stored in the blending tanks 1. Generally, the brand of coal stored in the plurality of blending
tanks 1 in one of the blending tank lines A differs from the brand of coal stored in the plurality of blending tanks 1 in
another of the blending tank lines A.
[0016] When a blending plan (blending ratio plan) for coal to be charged into a coke oven is determined, a predetermined
brand of coal is fed from the plurality of blending tanks 1 in each of the blending tank lines A by a predetermined amount
(i.e., a predetermined amount per unit time) in accordance with the blending plan. The fed coal is conveyed by a conveyor
4 (conveyor belt) to each of the crushers 2a to 2c and crushed into a predetermined particle size. The coal crushed by
each of the crushers 2a to 2c is further conveyed by a conveyor 5 (conveyor belt) to the coke oven (or facility on the
entry side of the coke oven). While the coal is being conveyed by the conveyor 5, the particle size of the coal is continuously
measured by a corresponding one of the particle size analyzers 3a to 3c. After being subjected to a crushing process
in the blending tank lines A1 to A3, the coals are mixed, subjected to a necessary process (e.g., moisture controlling
process), and charged into the coke oven.
[0017] The particle size of coal measured by each of the particle size analyzers 3a to 3c and the method of this
measurement are not particularly limited. The particle size of coal measured by each of the particle size analyzers 3a
to 3c is not the distribution of all particle sizes, but may be the proportion of coarse particles in coal (e.g., the proportion
of coarse particles having a particle diameter of greater than or equal to 6 mm). That is, the proportion of coarse particles
can represent the particle size distributions of coal and, as described below, the proportion of coarse particles in coal
has a high correlation with the crushing strength of each of the crushers 2a to 2c. As described above, the presence of
coarse particles in coal decreases the coke strength. Therefore, measuring the proportion of coarse particles to control
the particle size is also of significance in ensuring the coke strength. As described below, the proportion of coarse
particles in coal can be easily and highly precisely measured online by capturing, for example with a CCD camera, an
image of the surface of a coal layer being conveyed by the conveyor 5, and processing the image to calculate the particle
size. This method for measuring the proportion of coarse particles in coal will be described in detail later on. Generally,
when the particle size analyzers 3a to 3c measure the proportion of coarse particles in coal, the lower limit of the particle
diameter (e.g., 6 mm) is determined in a particle diameter range of 6 mm to 50 mm. Then, particles having a particle
diameter of greater than or equal to the lower limit are defined as coarse particles, and the proportion of the coarse
particles (i.e., the proportion to the total amount of coal) is determined. The reason for which the lower limit of the particle
diameter of coarse particles is set within the range described above is that coarse particles of this diameter can be
advantageously measured by a camera-type measuring means, and are less frequently stacked in layers among the
coarse particles because of their small proportion. When the lower limit of the particle diameter of coarse particles is set
to a value less than 6 mm, it is preferable to use, for example, a laser diffraction method for the measurement.
[0018] The type of the crushers 2a to 2c is not particularly limited, and hammer crushers, impact crushers, roll crushers,
or others can be used. However, hammer crushers are often used as the crushers 2a to 2c. In the following description,
an example where hammer crushers are mainly used will be described.
[0019] In the coal crushing method and the coal crushing facility according to the present embodiment, a basic form
of crushing coal is as follows. First, a relation between the crushing strength for crushing coal with each of the crushers
2a to 2c and the particle size of crushed coal (preferably the proportion of coarse particles; the same applies hereinafter),
that is, a relation such as that schematically illustrated in Fig. 2, is determined in advance, on the basis of the result of
a test or actual operation carried out beforehand. Then, on the basis of this relation, coal is crushed while each of
controllers 7 regulates (controls) the crushing strength of a corresponding one of the crushers 2a to 2c in such a way
that the particle size of coal measured by a corresponding one of the particle size analyzers 3a to 3c becomes equal to
a target particle size ratio (target particle size ratio of crushed coal; the same applies hereinafter). Here, the crushing
strength for crushing coal with each of the crushers 2a to 2c is, for example, a hammer rotation speed when the crushers
2a to 2c are hammer crushers. Accordingly, when the crushing strength is a hammer rotation speed, the relation between
the hammer rotation speed of each of the crushers 2a to 2c and the particle size of crushed coal is determined in advance,
and each of the controllers 7 regulates (controls) the hammer rotation speed of a corresponding one of the crushers 2a
to 2c, as described above, on the basis of this relation.
[0020] Specifically, a computation and control device 6 compares the particle size of coal measured by each of the
particle size analyzers 3a to 3c with a target particle size ratio, and determines the hammer rotation speed for achieving
the target particle size ratio on the basis of the relation determined in advance. The computation and control device 6
is, for example, a general-purpose computer, such as a workstation or a personal computer. The computation and control
device 6 causes each of the controllers 7 to rotate the hammers of a corresponding one of the crushers 2a to 2c at the
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hammer rotation speed to crush coal.
[0021] When the crushers 2a to 2c are crushers of other types, the crushing strength is as follows. For example, when
the crushers 2a to 2c are roll crushers, the crushing strength is a roll rotation speed, whereas when the crushers 2a to
2c are impact crushers, the crushing strength is a rotor rotation speed.
[0022] The relation between the crushing strength of each of the crushers 2a to 2c and the particle size of crushed
coal varies depending on the HGI of coal. Therefore, when coals with different HGIs are separately crushed in the
blending tank lines A1 to A3 as in the present embodiment illustrated in Fig. 1, it is preferable to determine, for each
HGI, the relation between the crushing strength of a corresponding one of the crushers 2a to 2c and the particle size of
crushed coal. Fig. 3(a) to Fig. 3(c) are graphs each illustrating an exemplary relation between the crushing strength
(hammer rotation speed) of one of the crushers 2a to 2c that crush coals with high, medium, and low HGIs in the blending
tank lines A1 to A3, and the particle size of crushed coal (proportion of coarse particles in coal). For example, the high
HGI is greater than or equal to 80 and less than 100, the medium HGI is greater than or equal to 60 and less than 80,
and the low HGI is greater than or equal to 40 and less than 60. Note that the particle size of crushed coal (proportion
of coarse particles in coal) illustrated in Fig. 3(a) to Fig. 3(c) is the proportion of coarse particles having a particle diameter
of greater than or equal to 6 mm.
[0023] In the coal crushing method and the coal crushing facility according to the present embodiment, in a coal
crushing process performed as described above, variation over time in the particle size of coal measured by each of the
particle size analyzers 3a to 3c, with respect to a target particle size ratio, is measured. Then, when the variation in the
particle size of coal exceeds a threshold, it is determined that the variation in the particle size of coal exceeds the
threshold due to an internal factor of a corresponding one of the crushers 2a to 2c, and the crushing method of the
corresponding one of the crushers 2a to 2c is changed. That is, when variation in the particle size of coal exceeds a
threshold, it is determined that an appropriate crushing condition is not satisfied in the crusher, and the crushing method
of the corresponding one of the crushers 2a to 2c is changed accordingly.
[0024] Here, "variation in the particle size of coal exceeds a threshold" means that variation on the positive or negative
side with respect to a target particle size ratio exceeds the threshold. For example, when the target particle size ratio
(proportion of coarse particles) is 10 mass% and the threshold is 3 mass%, then variation with respect to the target
particle size ratio exceeds the threshold when the particle size of crushed coal (proportion of coarse particles) is greater
than 13 mass% or less than 7 mass%. Also, an internal factor of any of the crushers 2a to 2c where variation in the
particle size of crushed coal occurs refers to, for example, wear or malfunction of crushing means of the crusher (e.g.,
a repulsion plate or hammers of a hammer crusher).
[0025] Also, the "crushing method of the crusher" to be changed is a mechanical setting condition or an operating
method for crushing coal. When the crushers 2a to 2c are hammer crushers, examples of the "crushing method of the
crusher" include (i) hammer rotation direction and (ii) gap between a repulsion plate (frictional crushing plate) and
hammers. When the crushers 2a to 2c are crushers of other types, the "crushing method of the crusher" is as follows.
For example, when the crushers 2a to 2c are roll crushers, the "crushing method of the crusher" is a gap between rolls,
whereas when the crushers 2a to 2c are impact crushers, the "crushing method of the crusher" is a gap between a
striking plate and an impact plate.
[0026] When the crushers 2a to 2c are hammer crushers, it is preferable to give priority to changing the crushing
method (i). With variation in the particle size of coal cannot be corrected after changing the crushing method (i), then
the crushing method (ii) is changed. This is because as a form of changing the crushing method of the crushers 2a to
2c, changing (i) is advantageous in that it is simpler and quicker than changing (ii). Giving priority to changing (i) is also
preferable because when variation in the particle size of coal is caused, for example, by relatively minor wear of hammers
of the crushers 2a to 2c, the variation is often corrected by changing (i).
[0027] Variation over time in the measured particle size of coal with respect to the target particle size ratio may be
time-averaged variation over a certain period of time. For example, when the particle size is measured once per second
by the particle size analyzers 3a to 3c to determine variation with respect to the target particle size ratio, the 10-minute
average of variation may be determined every 10 minutes and compared with the threshold.
[0028] The computation and control device 6 calculates variation over time with respect to the target particle size ratio
on the basis of the particle size of coal continuously measured by the particle size analyzers 3a to 3c, and compares
the variation with the threshold. When the variation in the particle size of coal continues to exceed the threshold, it is
determined that the variation in the particle size of coal exceeds the threshold due to an internal factor of the crushers
2a to 2c. Then, the determination result is output, or an instruction to make the variation in the particle size of coal less
than or equal to the threshold by changing the crushing method of the crushers 2a to 2c on the basis of the determination
result is output, and the output is displayed, for example, on a monitor 8. For example, an operator changes the crushing
method of the crushers 2a to 2c on the basis of this display. Alternatively, the crushing method of the crushers 2a to 2c
may be automatically changed by directly entering, into the crushers 2a to 2c, the output of the instruction to change
the crushing method of the crushers 2a to 2c.
[0029] The threshold for variation in the particle size of coal with respect to the target particle size ratio may be set to
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any value depending on, for example, the precision of the particle size analyzer or the HGI of coal. For the proportion
of coarse particles in coal, however, the threshold is preferably set, for example, within a range of about 1.0 mass% to
3.0 mass% depending on the HGI of coal.
[0030] The determination that variation in the particle size of coal exceeds the threshold is preferably made when, for
example, (1) variation in the particle size of coal continues to exceed the threshold for longer than a time (tolerance
time) set in advance. Alternatively, the determination that variation in the particle size of coal exceeds the threshold is
preferably made when (2) variation in the particle size of coal continues to exceed the threshold even after change of a
coal blending plan. Note that the change of a coal blending plan refers to changing the type (brand) or quantity of coal
to be fed from the blending tanks 1 in each blending tank line A from the perspective of, for example, the quality or the
cost of raw materials of coke to be produced. The coal blending plan may be changed up to multiple times a day.
[0031] Fig. 4(a) and Fig. 4(b) each schematically illustrate a transition of variation in the proportion of coarse particles
in coal (particle size of coal) crushed by the crushers 2a to 2c with respect to a target proportion of coarse particles
(target particle size ratio), and also illustrate timing when it is determined that the variation exceeds a threshold (3.0
mass%). Fig. 4(a) illustrates the case in which the determination is made by (1) described above, and Fig. 4(b) illustrates
the case in which the determination is made by (2) described above.
[0032] When the determination is made by (1) described above, a time (tolerance time) is set and when variation in
the particle size of coal continues to exceed the threshold for longer than the tolerance time, it can be determined that
"variation in the particle size of coal exceeds the threshold due to an internal factor of the crushers 2a to 2c". Generally,
this tolerance time is set by taking into consideration, for example, a maximum length of time over which significant
variation (variation exceeding the threshold) in the particle size of coal continues due to a factor on the supply side of
raw materials. Since the tolerance time varies depending on the speed of feeding a pile of coal stored in the yard, the
tolerance time is simply required to be appropriately set by taking this into consideration. It is preferable to set the
maximum value of time required to feed a pile of coal among brands of coals blended.
[0033] When the determination is made by (2) described above, it is determined, when variation in the particle size of
coal continues to exceed the threshold even after change of a coal blending plan, that "variation in the particle size of
coal exceeds the threshold due to an internal factor of the crushers 2a to 2c". This is because when significant variation
(variation exceeding the threshold) in the particle size of coal continues due to a factor on the supply side of raw materials,
the significant variation is often corrected by changing the coal blending plan.
[0034] When the coal crushing facility has two or more blending tank lines A as in the present embodiment illustrated
in Fig. 1, the following situation is highly likely to have occurred when variation in the particle size of coal exceeds the
threshold in all the blending tank lines A. That is, variation in the particle size of coal is highly likely to have exceeded
the threshold due to a factor (disturbance factor) on the supply side of raw materials, that is, a factor (e.g., increase in
water content caused by rainfall) that occurred when coal was stored, for example, in a yard. Therefore, it is preferable
to determine that variation in the particle size of coal exceeds the threshold due to a factor (disturbance factor) on the
supply side of raw materials, and is preferable not to determine that "variation in the particle size of coal is caused by
an internal factor of the crushers 2a to 2c".
[0035] When a determination, such as that described above, is made, the computation and control device 6 calculates
variation over time with respect to the target particle size ratio on the basis of the particle size of coal continuously
measured by the particle size analyzers 3a to 3c, and compares the variation with the threshold. Then, when variation
in the particle size of coal in some (i.e., one or two) of the blending tank lines A1 to A3 exceeds the threshold, it is
determined that the variation in the particle size of coal exceeds the threshold due to an internal factor of the one or two
of the crushers 2a to 2c in the blending tank lines A. For example, when variation in the particle size of coal continues
to exceed the threshold for longer than the tolerance time set in advance, or variation in the particle size of coal continues
to exceed the threshold even after change of a coal blending plan, the determination described above is made. Then,
the determination result is output, or an instruction to make the variation in the particle size of coal less than or equal to
the threshold by changing the crushing method of the crushers 2a to 2c on the basis of the determination result is output,
and the output is displayed, for example, on the monitor 8. For example, an operator changes the crushing method of
the crushers 2a to 2c on the basis of this display.
[0036] When variation in the particle size of coal in all the blending tank lines A1 to A3 exceeds the threshold, it is
determined that the variation in the particle size of coal exceeds the threshold due to a factor (disturbance factor) on the
supply side of raw materials, and the determination result is displayed, for example, on the monitor 8. There is no
particular output from the computation and control device 6.
[0037] Table 1 shows an example of the target particle size ratio of coal (target proportion of coarse particles in coal)
crushed by each of the crushers 2a to 2c in the blending tank lines A1 to A3, the threshold for variation with respect to
the target particle size ratio, and variation in measured value (proportion of coarse particles) measured by each of the
particle size analyzers 3a to 3c with respect to the target particle size ratio at a certain point, according to the present
embodiment. In this example, the particle size of coal (proportion of coarse particles) measured once per second by
each of the particle size analyzers 3a to 3c is time-averaged every 10 minutes to determine the 10-minute average,
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which is then used as the measured value of the particle size of coal (proportion of coarse particles). In the example
shown in Table 1, variation in the particle size of crushed coal at a certain point is within the threshold in the crushers
2a and 2b of the blending tank lines A1 and A2, but exceeds the threshold (3.0 mass%) in the crusher 2c of the blending
tank line A3.
[0038] For example, when the determination is made by (2) described above, when variation in the particle size of
crushed coal in the blending tank line A3 continues to exceed the threshold, as shown in Table 1, even after the change
of a coal blending plan, it is determined that "variation in the particle size of coal exceeds the threshold due to an internal
factor of the crusher 2c" in the blending tank line A3, and the crushing method of the crusher 2c is changed.
[0039] When variation in the particle size of crushed coal in all the blending tank lines A1 to A3 continues to exceed
the threshold shown in Table 1 even after change of the coal blending plan, it is determined, as described, that the
variation in the particle size of coal exceeds the threshold due to a factor (disturbance factor) on the supply side of raw
materials. That is, it is preferable not to determine that "variation in the particle size of coal exceeds the threshold due
to an internal factor of the crushers 2a to 2c", and is preferable that there be no particular output from the computation
and control device 6. However, when variation in the particle size of coal continues to exceed the threshold even after
the coal blending plan is changed again thereafter, it may be determined that "variation in the particle size of coal exceeds
the threshold due to an internal factor of the crushers 2a to 2c".

[0040] The coal crushing facility according to the present embodiment is one that is configured to perform the coal
crushing method described above, and has three blending tank lines A1 to A3 as described above. The blending tank
lines A1 to A3 each include a plurality of blending tanks 1 configured to store coal, a corresponding one of the crushers
2a to 2c configured to crush coal fed from the blending tanks 1, and a corresponding one of the particle size analyzers
3a to 3c configured to measure the particle size of coal crushed by the corresponding one of the crushers 2a to 2c. The
blending tank lines A1 to A3 each include the controller 7 configured to regulate the crushing strength of a corresponding
one of the crushers 2a to 2c. The coal crushing facility includes the computation and control device 6 configured to cause
the controller 7 to control the crushing strength of the corresponding one of the crushers 2a to 2c, and determine variation
in the particle size of coal on the basis of the particle size of coal measured by the particle size analyzer 3.
[0041] The computation and control device 6 causes the controller 7 to control the crushing strength of the corre-
sponding one of the crushers 2a to 2c, on the basis of a predetermined relation between the crushing strength for
crushing coal with the corresponding one of the crushers 2a to 2c and the particle size of crushed coal, in such a way
that the particle size of coal measured by the corresponding one of the particle size analyzers 3a to 3c becomes equal
to the target particle size ratio. Then, variation over time in the particle size of coal measured by each of the particle size
analyzers 3a to 3c with respect to the target particle size ratio is measured, and when the variation in the particle size
of coal exceeds the threshold, it is determined that the variation in the particle size of coal exceeds the threshold due
to an internal factor of the corresponding one of the crushers 2a to 2c. Then, the determination result, or an instruction
based on the determination result to change the crushing method of the corresponding one of the crushers 2a to 2c, is
output. The details of the configuration, function, and usage of the coal crushing facility are as described above.
[0042] Hereinafter, a method for measuring the particle size of coal (proportion of coarse particles) with the particle
size analyzers 3a to 3c will be described.
[0043] Fig. 5 illustrates the particle size analyzers 3a to 3c and how they are used in the coal crushing facility according
to the present embodiment. The particle size analyzers 3a to 3c each include a CCD camera 30 configured to capture
an image of coal, and a particle size calculating device 31 configured to process the image captured by the CCD camera
30 and calculate the particle size of coal (proportion of coarse particles) on the basis of the image.
[0044] The CCD camera 30 is installed above a coal layer (or near the surface of a coal layer) being conveyed by the
conveyor 5, and captures an image of the surface of the coal layer being conveyed. The height of installation of the CCD
camera 30 is not particularly limited. The CCD camera 30 may be installed at any position from which coal particles in

Table 1]

Blending Tank Line A1 A2 A3

Crusher 2a 2b 2c

Target Proportion of Coarse Particles (mass%) 2.0 14.0 10.0

Variation from Target Proportion of Coarse Particles (mass%)*1 1.04 1.49 3.37

Threshold for Variation from Target Proportion of Coarse Particles (mass%) 3.00 3.00 3.00

*1) Variation in measured value (proportion of coarse particles) measured by the particle size analyzer from the target
proportion of coarse particles at a certain point
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the surface of the coal layer can be fully observed (e.g., at a height of about 500 mm from the surface of the coal layer)
depending on the performance of the camera or lens. The shutter speed of the camera may be selected appropriately
in accordance with, for example, the speed of the conveyor belt and the range of field of view.
[0045] The surface of the coal layer conveyed by the conveyor 5 is not flat, but has unevenness and does not have
a constant height. Accordingly, a camera lens with a large depth of focus is used with the CCD camera 30 (i.e., optical
design is made to accommodate height displacement resulting from the unevenness). At the same time, the exposure
time is reduced, and a stroboscopic light source (not shown) capable of instantaneously emitting light is used to provide
light. Thus, a clear image that is in focus throughout the image capturing range can be obtained, and the proportion of
coarse particles can be accurately measured by image processing and particle size calculation based on the image
processing, described below.
[0046] It is known that when a layered, powder and granular material is subjected to vibration, coarse particles tend
to collect on the surface layer side because of the Brazil nut effect. Coarse particles of coal conveyed on the conveyor
5 after being crushed are initially embedded in the layer. However, since the coal layer conveyed by the conveyor 5 is
subjected to vibration, the coarse particles are moved to the surface layer side by the Brazil nut effect and exposed.
Thus, the particle size distribution in the captured image of the surface of the coal layer becomes closer to the particle
size distribution in the entire coal layer. To measure the particle size after the coarse particles in the coal layer are moved
to the surface layer side by the Brazil nut effect, the particle size analyzers 3a to 3c are preferably installed downstream
of the crushers 2a to 2c at a certain distance (e.g., at a distance of about 1 m to 2 m) therefrom.
[0047] The image of the surface of the coal layer captured by the CCD camera 30 is transmitted to the particle size
calculating device 31. The particle size calculating device 31 includes an image processing unit 310 and a computing
unit 311. The image transmitted from the CCD camera 30 is subjected to image processing by the image processing
unit 310. This enables extraction of coarse particles, and the computing unit 311 calculates the proportion of coarse
particles on the basis of the extraction of coarse particles. The proportion of coarse particles is transmitted to the
computation and control device 6 as a measured value of the particle size of coal, and used to control the crushers 2a
to 2c and determine variation in the particle size of coal.
[0048] Fig. 6 illustrates an overview of a processing flow in which the proportion of coarse particles is calculated in
the particle size calculating device 31 from an image captured by the CCD camera 30.
[0049] When an image captured by the CCD camera 30 is received, the particle size calculating device 31 first eliminates
uneven brightness (or corrects uneven brightness). Elimination of uneven brightness is a process that eliminates uneven
brightness over the entire image caused by the condition of illumination or the angle of image capturing. A technique
commonly used as shading correction in image processing can be used to eliminate uneven brightness. After the image
is binarized, a process (particle separation) that emphasizes the particle boundaries to identify particles in the image is
performed using the watershed method. That is, to identify adjacent particles in the binarized image, watershed processing
that focuses on minute differences in brightness is performed to separate adjacent particles. The areas of particle images
obtained by this processing are individually calculated, and the particle diameters along the major and minor axes
obtained by elliptically approximating these areas are calculated. Then, by identifying only particles with minor axes that
are greater than or equal to a threshold, only coarse particles with large particle sizes are extracted from coal particles.
For the extracted (identified) coarse particles, the weight of each particle is calculated from the particle diameter. From
the sum total of the weights, the mass of coarse particles in coal is calculated, and the proportion of coarse particles
(particle size of coal) is calculated from the result of the calculation. The proportion of coarse particles (particle size of
coal) calculated as described above is transmitted to the computation and control device 6 in real time.
[0050] In the embodiments described above, an image captured by the CCD camera 30 is subjected to image process-
ing to calculate the proportion of coarse particles. Alternatively, an optical device, such as a three-dimensional camera,
may be used to calculate the proportion of coarse particles.
[0051] Although the coal crushing method and the coal crushing facility according to the present invention can be
suitably used to crush coal for coke production, their application is not limited to this. For example, the coal crushing
method and the coal crushing facility according to the present invention can also be used to crush coal for obtaining
pulverized coal blown in through a tuyere in blast furnace operation.

Reference Signs List

[0052]

1: blending tank
2a, 2b, 2c: crusher
3a, 3b, 3c: particle size analyzer
4, 5: conveyor
6: computation and control device



EP 4 420 787 A1

10

5

10

15

20

25

30

35

40

45

50

55

7: controller
8: monitor
30: CCD camera
31: particle size calculating device
310: image processing unit
311: computing unit
A1, A2, A3: blending tank line

Claims

1. A coal crushing method for crushing coal in a coal crushing facility having a blending tank line including a blending
tank configured to store coal, a crusher configured to crush coal fed from the blending tank, and a particle size
analyzer configured to measure a particle size of coal crushed by the crusher, the coal crushing method comprising:

determining, in advance, a relation between a crushing strength for crushing coal with the crusher and a particle
size of crushed coal;
crushing coal while regulating the crushing strength of the crusher, on the basis of the relation, in such a way
that the particle size of coal measured by the particle size analyzer becomes equal to a target particle size ratio,
and measuring variation over time in the particle size of coal measured by the particle size analyzer with respect
to the target particle size ratio; and
determining, when the variation exceeds a predetermined threshold, that the variation exceeds the threshold
due to an internal factor of the crusher, and changing the crushing method of the crusher to make the variation
less than or equal to the threshold.

2. The coal crushing method according to Claim 1, wherein when the variation continues to exceed the threshold for
longer than a preset time, it is determined that the variation exceeds the threshold due to an internal factor of the
crusher, and the crushing method of the crusher is changed to make the variation less than or equal to the threshold.

3. The coal crushing method according to Claim 1, wherein when the variation continues to exceed the threshold even
after change of a coal blending plan, it is determined that the variation exceeds the threshold due to an internal
factor of the crusher, and the crushing method of the crusher is changed to make the variation less than or equal
to the threshold.

4. The coal crushing method according to any one of Claims 1 to 3, wherein the coal crushing facility includes two or
more blending tank lines;

the variation is measured in each of the two or more blending tank lines;
when the variation exceeds the threshold in only some of the two or more blending tank lines, it is determined
that the variation exceeds the threshold due to an internal factor of the corresponding crusher in the blending
tank line, and the crushing method of the crusher in the corresponding blending tank line is changed to make
the variation less than or equal to the threshold; and
when the variation exceeds the threshold in all the two or more blending tank lines, it is determined that the
variation exceeds the threshold due to a factor in raw materials supplied to the crusher and not due to an internal
factor of the crusher in the blending tank line, and no change is made to the crushing method of the crusher in
the blending tank line.

5. The coal crushing method according to any one of Claims 1 to 4, wherein the particle size analyzer is configured to
capture and acquire an image of a surface of a coal layer conveyed by a conveyor after being crushed by the crusher,
and measure a proportion of coarse particles in coal on the basis of the image.

6. The coal crushing method according to any one of Claims 1 to 5, wherein the crusher is a hammer crusher, and the
crushing strength of the crusher is a hammer rotation speed of the crusher.

7. The coal crushing method according to any one of Claims 1 to 6, wherein the crusher is a hammer crusher, and the
crushing method of the crusher is changed by changing at least one of a hammer rotation direction of the crusher
and a gap between a repulsion plate and hammers of the crusher.
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8. The coal crushing method according to any one of Claims 1 to 6, wherein the crusher is a hammer crusher, and the
crushing method of the crusher is changed by first changing a hammer rotation direction of the crusher, and when
the variation exceeds the threshold even after changing the rotation direction, changing a gap between a repulsion
plate and hammers of the crusher.

9. A coal crushing facility comprising:

a blending tank line including a blending tank configured to store coal, a crusher configured to crush coal fed
from the blending tank, a controller configured to regulate a crushing strength of the crusher, and a particle size
analyzer configured to measure a particle size of coal crushed by the crusher; and
a computation and control device configured to cause the controller to control a crushing strength of the crusher,
and determine, on the basis of a particle size of coal measured by the particle size analyzer, variation in the
particle size,
wherein the computation and control device is configured to cause the controller to control the crushing strength
of the crusher, on the basis of a relation between a crushing strength of the crusher and a particle size of crushed
coal determined in advance, in such a way that the particle size of coal measured by the particle size analyzer
becomes equal to a target particle size ratio, measure variation over time in the particle size of coal measured
by the particle size analyzer with respect to the target particle size ratio, determine, when the variation exceeds
a predetermined threshold, that the variation exceeds the threshold due to an internal factor of the crusher, and
output the determination result or an instruction to make the variation less than or equal to the threshold by
changing a crushing method of the crusher on the basis of the determination result.

10. The coal crushing facility according to Claim 9, wherein the computation and control device is configured to determine,
when the variation continues to exceed the threshold for longer than a preset time, that the variation exceeds the
threshold due to an internal factor of the crusher.

11. The coal crushing facility according to Claim 9, wherein the computation and control device is configured to determine,
when the variation continues to exceed the threshold even after change of a coal blending plan, that the variation
exceeds the threshold due to an internal factor of the crusher.

12. The coal crushing facility according to any one of Claims 9 to 11, wherein the coal crushing facility includes two or
more blending tank lines;

the computation and control device is configured to measure the variation in each of the two or more blending
tank lines;
the computation and control device is configured to determine, when the variation exceeds the threshold in only
some of the two or more blending tank lines, that the variation exceeds the threshold due to an internal factor
of the crusher in the corresponding blending tank line, and change the crushing method of the crusher in the
corresponding blending tank line to make the variation less than or equal to the threshold; and
the computation and control device is configured to determine, when the variation exceeds the threshold in all
the two or more blending tank lines, that the variation exceeds the threshold due to a factor in raw materials
supplied to the crusher and not due to an internal factor of the crusher in the blending tank line, and make no
change to the crushing method of the crusher in the blending tank line.

13. The coal crushing facility according to any one of Claims 9 to 12, wherein the particle size analyzer is configured to
capture an image of a surface of a coal layer conveyed by a conveyor after being crushed by the crusher, and
measure a proportion of coarse particles in coal on the basis of the image.

14. The coal crushing facility according to any one of Claims 9 to 13, wherein the crusher is a hammer crusher, and the
crushing strength of the crusher is a hammer rotation speed of the crusher.

15. The coal crushing facility according to any one of Claims 9 to 14, wherein the crusher is a hammer crusher, and the
crushing method of the crusher is changed by changing at least one of a hammer rotation direction of the crusher
and a gap between a repulsion plate and hammers of the crusher.
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