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(54) COOLING GRID OF COOLER DEVICE, AND COOLER DEVICE PROVIDED THEREWITH

(57) Provided is a cooling grate of a cooler apparatus,
the cooling grate being capable of suppressing variation
in passing pressure loss of cooling air. A cooling grate 1
includes a plurality of support plates 24 and 25 and a
plurality of covering members 23. The support plates 24
and 25 are arranged in a conveying direction at intervals
such that slits 27 are formed therebetween, the slits 27
allowing the cooling air to pass therethrough. Clinker bed
14 lies on the support plates 24 and 25. The support
plates 24 and 25 include placement portions 28 extend-
ing along the entire slits 27 and positioned at both sides
of the slits 27 in the conveying direction. The covering

members 23 are placed on the placement portions 28.
Each covering member 23 includes a tapered portion
23a, and is formed to have a V-shaped cross section.
Each covering member 23 is placed on the placement
portions 28 in a state where a plurality of spacers 22 are
interposed between the tapered portion 23a and the
placement portions 28, such that each covering member
23 covers an entirety of a corresponding one of the slits
27 from above. The plurality of spacers 22 are arranged
in an orthogonal direction at intervals.
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Description

Technical Field

[0001] The present invention relates to a cooling grate
of a cooler apparatus for cooling down a high-tempera-
ture granular conveyed material, such as granular ce-
ment clinker, while conveying the granular conveyed ma-
terial, and also relates to the cooler apparatus including
the cooling grate.

Background Art

[0002] A cement plant is equipped with a cooler that
conveys high-temperature cement clinker produced
through preheating, calcination, and firing while cooling
down the cement clinker. One example of such a cooler
is disclosed by Patent Literature 1. The cooler of Patent
Literature 1 includes a plurality of cooling grates. The
cooling grates are assembled together such that the cool-
ing grates are arranged in the longitudinal direction of
the cooler. Each cooling grate has a plurality of V-shaped
profiles. The V-shaped profiles are arranged mirror-sym-
metrically opposite one another, but offset in relation to
one another, and vertically stacked together, such that
an intermediate space (i.e., labyrinth) is formed between
the legs of adjacent V-shaped profiles. High-temperature
cement clinker lies on the cooling grates thus configured.
The cement clinker can be conveyed by moving the cool-
ing grates. Cooling air is supplied under the cooling
grates. The cement clinker can be cooled down by feed-
ing the cooling air to the cement clinker through the lab-
yrinth.

Citation List

Patent Literature

[0003] PTL 1: Japanese National Phase PCT Laid-
Open Application Publication No. 2007-515365

Summary of Invention

Technical Problem

[0004] In the cooler disclosed in Patent Literature 1,
gaps and the like of the labyrinth are set such that the
ratio of a passing pressure loss occurring when the cool-
ing air passes through the cooling grates to a passing
pressure loss occurring when the cooling air passes
through a clinker bed formed on the cooling grates is a
predetermined ratio. Such setting is intended for sup-
pressing the occurrence of an uneven flow of the cooling
air and bringing the flow rate distribution of the cooling
air close to even distribution. However, in the cooler of
Patent Literature 1, the V-shaped profiles are simply
stacked together in the vertical direction. Therefore, the
height of the labyrinth is uneven due to displacement,

deformation, and so forth of the V-shaped profiles. As a
result, the passing pressure loss occurring when the cool-
ing air passes through the cooling grates varies depend-
ing on which part of the labyrinth the cooling air passes
through, and for this reason, the flow rate distribution of
the cooling air is uneven. Consequently, an uneven flow
of the cooling air occurs. Therefore, the clinker bed can-
not be evenly cooled down.
[0005] In view of the above, an object of the present
invention is to provide a cooling grate of a cooler appa-
ratus, the cooling grate being capable of suppressing var-
iation in the passing pressure loss of the cooling air.

Solution to Problem

[0006] A cooling grate of a cooler apparatus according
to the present invention is configured to cool down a high-
temperature granular conveyed material with cooling air
while conveying the high-temperature granular conveyed
material, the cooling grate including: a plurality of support
members that support the granular conveyed material
via a dead layer, the dead layer being formed by a gran-
ular buried material deposited on upper surfaces of the
plurality of support members, the granular buried material
having a lower temperature than a temperature of the
granular conveyed material, the plurality of support mem-
bers being arranged in a predetermined direction at in-
tervals such that slits are formed therebetween, the slits
allowing the cooling air to pass therethrough, the cooling
air being supplied to the granular conveyed material
through the dead layer; and a plurality of covering mem-
bers, each of which covers an entirety of a corresponding
one of the slits from above. Each of the plurality of support
members includes placement portions, such that the
placement portions of the plurality of support members
extend along the entire slits and are positioned at both
sides of the slits in the predetermined direction, and the
covering members are placed on the placement portions.
Each of the plurality of covering members includes a ta-
pered portion whose cross section is tapered upward,
and each covering member is placed on the placement
portions in a state where spacers are interposed between
the tapered portion and the placement portions. The
spacers are arranged at intervals in an orthogonal direc-
tion orthogonal to the predetermined direction.
[0007] According to the present invention, each cov-
ering member has a tapered shape. Therefore, at the
time of mounting the covering member on the placement
portions, the covering member can be placed on the
placement portions in a state where the covering member
is positioned at a desirable position. This makes it pos-
sible to lower the possibility of the covering member being
disposed at an undesirable position, and the spacers can
be assuredly interposed between the covering member
and the placement portions. Since the spacers are inter-
posed between the covering member and the placement
portions, the dimension of gaps formed between the cov-
ering member and the placement portions can be made
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substantially constant. The spacers are arranged in the
orthogonal direction at intervals, and the cooling air that
has passed through the slits can be released between
the spacers. Since the dimension of the gaps formed
between the covering member and the placement por-
tions is substantially constant, variation in pressure loss
of the cooling air released between the spacers can be
suppressed. This consequently makes it possible to sup-
press the passing pressure loss of the cooling air passing
through the cooling grate from varying in the orthogonal
direction.
[0008] In the above-described present invention, each
of the plurality of support members may include flange
portions protruding upward. Upper ends of the respective
flange portions may serve as the placement portions. The
spacers may be arranged on the tapered portion of each
covering member. Each covering member may be placed
on the placement portions in a state where the spacers
are in contact with upper end edges of the placement
portions.
[0009] According to the above configuration, the sur-
face area of inner surfaces of the tapered portion is larger
than the surface area of the upper ends of the placement
portions. Therefore, at the time of mounting the spacers,
welding the spacers to the inner surfaces of the tapered
portion is easier than welding the spacers to the place-
ment portions.
[0010] In the above-described present invention, the
predetermined direction may be a conveying direction in
which the granular conveyed material is conveyed.
[0011] According to the above configuration, the place-
ment portions and the covering members are arranged
such that they extend in the orthogonal direction. There-
fore, when the dead layer is about to move in accordance
with movement of the granular conveyed material, the
movement of the dead layer can be suppressed since
the placement portions and the covering members are
in contact with the dead layer.
[0012] A cooler apparatus according to the present in-
vention includes a plurality of cooling grate lines, each
cooling grate line including a plurality of the cooling grates
according to any one of the above-described aspects,
the cooling grates being arranged side by side in the pre-
determined direction, the plurality of cooling grate lines
being arranged side by side in the orthogonal direction.
The plurality of the cooling grates are arranged side by
side in the predetermined direction, such that the cooling
grates are spaced apart from each other. The plurality of
the cooling grates are coupled to each other by welding
end portions of the support members of the cooling grates
that are adjacent to each other to a fixed plate.
[0013] The above configuration makes it possible to
reduce the size of each cooling grate, and improve the
portability of the cooling grate. The cooling grates are
fixed to each other by welding end portions of the adja-
cent support members to the fixed plate. Thus, the as-
sembling is easy. In addition, by spacing the cooling
grates apart from each other, the space between the cov-

ering members can be made wide. As a result, a welding
tool used in the welding work, such as a welding rod, can
be readily brought close to the fixed plate, and thus as-
semblability is not impaired.

Advantageous Effects of Invention

[0014] The present invention makes it possible to sup-
press variation in the passing pressure loss of the cooling
air.

Brief Description of Drawings

[0015]

Fig. 1 is a schematic diagram showing the configu-
ration of a cement plant including a cooler apparatus
according to the present invention.
Fig. 2 is a perspective view schematically showing
the configuration of the cooler apparatus of Fig. 1.
Fig. 3 is an enlarged perspective cutaway view show-
ing the configuration of part of a cooling grate line of
the cooler apparatus of Fig. 2
Fig. 4 is an enlarged perspective view of the cooling
grate line of Fig. 3, the view showing a state where
components including attachment plates are re-
moved from the cooling grate line.
Fig. 5 is a side view of cooling grates of Fig. 4 as
seen in the direction of arrow A.
Fig. 6 is an enlarged perspective view showing part
of the configuration of a cooling grate of a cooler
apparatus according to Embodiment 2 of the present
invention.
Fig. 7 is a side view of the cooling grate of Fig. 6 as
seen in the direction of arrow B.

Description of Embodiments

[0016] Hereinafter, cooling grates 1 and 1A and a cool-
er apparatus 2 including the same according to Embod-
iments 1 and 2 of the present invention are described
with reference to the drawings. Directions mentioned in
the description below are used for the sake of conven-
ience of the description, but do not suggest that the ori-
entation and the like of the components of the present
invention are limited to such directions. The cooling
grates 1 and 1A described below are merely embodi-
ments of the present invention. Therefore, the present
invention is not limited to the embodiments below, and
additions, deletions, and modifications can be made to
the embodiments without departing from the spirit of the
present invention.

[Embodiment 1]

<Cement Plant>

[0017] Cement is produced through the following
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steps: a raw meal grinding step of grinding cement raw
meal containing limestone, clay, silica stone, iron, and
so forth; a pyroprocessing step of firing the ground ce-
ment raw meal; and a finishing step that is the final step.
These three steps are performed in a cement plant. In
the pyroprocessing step, which is one of these three
steps, the ground cement raw meal is fired and cooled
down, and thereby granular cement clinker is produced.
Fig. 1 shows a pyroprocessing facility 3 of the cement
plant, and shows a part where the pyroprocessing step
in cement manufacturing is performed. The pyroprocess-
ing facility 3 performs preheating, calcination, and firing
of the cement raw meal that has been ground in the raw
meal grinding step, and cools down the granular cement
clinker that is in a high-temperature state due to the firing.
[0018] The part where the pyroprocessing step is per-
formed is hereinafter described in further detail. The py-
roprocessing facility 3 includes a preheater 4, and the
preheater 4 includes a plurality of cyclones 5. The cy-
clones 5 are arranged vertically in a staged manner. Each
cyclone 5 causes exhaust gas therein to flow upward to
the cyclone 5 of the upper stage (see dashed arrows in
Fig. 1), separates cement raw meal fed therein by a swirl
flow, and feeds the separated cement raw meal into the
cyclone 5 of the lower stage (see solid arrows in Fig. 1).
The cyclone 5 positioned immediately above the cyclone
5 of the lowermost stage feeds the cement raw meal into
a precalciner 6. The precalciner 6 includes a burner. By
heat from the burner and heat from exhaust gas de-
scribed below, the precalciner 6 causes a reaction by
which carbon dioxide is separated from the fed cement
raw meal (i.e., calcination reaction). The cement raw
meal subjected to the calcination reaction in the precal-
ciner 6 is led to the cyclone 5 of the lowermost stage as
described below, and the cement raw meal in the lower-
most cyclone 5 is supplied to a rotary kiln 7.
[0019] The rotary kiln 7 is formed in a horizontally long
cylindrical shape, and is several tens of meters long or
longer. The rotary kiln 7 is disposed such that it is slightly
inclined downward from an inlet positioned at the cyclone
5 side toward an outlet positioned at the forward end side.
Therefore, by rotating the rotary kiln 7 about its axis, the
cement raw meal present at the inlet side is conveyed
toward the outlet side. A combustor 8 is provided at the
outlet of the rotary kiln 7. The combustor 8 generates a
high-temperature flame, and fires the cement raw meal.
[0020] Also, the combustor 8 injects high-temperature
combustion gas toward the inlet side, and the combustion
gas injected by the combustor 8 flows in the rotary kiln 7
toward the inlet while firing the cement raw meal. The
combustion gas that flows as high-temperature exhaust
gas forms a jet flow. The jet flow flows upward in the
precalciner 6 from the lower end of the precalciner 6 (see
dashed arrows in Fig. 1), and causes the cement raw
meal fed in the precalciner 6 to flow upward. The cement
raw meal is heated to about 900°C by the exhaust gas
and the burner, that is, the cement raw meal is calcined.
The cement raw meal flowing upward flows together with

the exhaust gas into the cyclone 5 of the lowermost stage,
in which the exhaust gas and the cement raw meal that
have flowed therein are separated from each other. The
separated cement raw meal is supplied to the rotary kiln
7, and the separated exhaust gas is caused to flow up-
ward to the cyclone 5 positioned immediately above the
cyclone 5 of the lowermost stage. The exhaust gas flow-
ing upward exchanges heat, in each cyclone 5, with the
cement raw meal fed therein to heat the cement raw meal.
Then, the exhaust gas is separated from the cement raw
meal again. The separated exhaust gas flows further up-
ward to the cyclone 5 positioned above to repeat the heat
exchange. Then, the exhaust gas is discharged to the
atmosphere from the cyclone 5 of the uppermost stage.
[0021] In the pyroprocessing facility 3 configured as
above, the cement raw meal is fed therein at a position
near the cyclone 5 of the uppermost stage; the fed ce-
ment raw meal is sufficiently preheated while exchanging
heat with the exhaust gas, and moves downward to the
cyclone 5 positioned immediately above the cyclone 5 of
the lowermost stage; and then the cement raw meal is
fed into the precalciner 6. In the precalciner 6, the cement
raw meal is calcined by the burner and the high-temper-
ature gas. Thereafter, the cement raw meal is led to the
cyclone 5 of the lowermost stage, in which the cement
raw meal is separated from the exhaust gas and supplied
to the rotary kiln 7. The supplied cement raw meal is
conveyed toward the outlet side while being subjected
to the firing in the rotary kiln 7. As a result of performing
the preheating, calcination, and firing in this manner, the
cement clinker is formed. The cooler apparatus 2 is pro-
vided at the outlet of the rotary kiln 7, and the formed
cement clinker is discharged from the outlet of the rotary
kiln 7 to the cooler apparatus 2.

<Cooler Apparatus>

[0022] The cooler apparatus 2 is configured to cool
down the cement clinker (high-temperature granular con-
veyed material) discharged from the rotary kiln 7 while
conveying the cement clinker in a predetermined con-
veying direction. A fixed inclined grate 11 is disposed
immediately under the outlet of the rotary kiln 7. The fixed
inclined grate 11 is inclined downward in the conveying
direction from the outlet side of the rotary kiln 7. The
granular cement clinker discharged from the outlet of the
rotary kiln 7 falls in the conveying direction in a manner
to roll down on the fixed inclined grate 11. At the forward
end of the fixed inclined grate 11 in the conveying direc-
tion, a plurality of cooling grate lines 13 are provided. The
cement clinker is deposited on the plurality of cooling
grate lines 13 and forms a clinker bed 14. The cooling
grate lines 13 are structures each extending in the con-
veying direction, and are arranged side by side adjacently
to each other in a lateral direction orthogonal to the con-
veying direction (hereinafter, the lateral direction is also
referred to as "the orthogonal direction"). The clinker bed
14 lies on the plurality of cooling grate lines 13, such that
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the clinker bed 14 entirely covers the plurality of cooling
grate lines 13 (see two-dot chain lines in Fig. 2).
[0023] The cooling grate lines 13 configured as above
include a truck that is not shown, and are movable toward
one side and the other side in the conveying direction.
The cooling grate lines 13 are moved and stopped re-
peatedly, and thereby the granular cement clinker is con-
veyed. Specific examples of the conveyance method in-
clude: a method in which all the cooling grate lines 13
arranged in the orthogonal direction are moved forward,
and then non-adjacent cooling grate lines 13 are moved
backward a plurality of times separately; and a method
in which a cross bar extending in the orthogonal direction
is provided above the cooling grate lines 13, and the cross
bar is moved in the conveying direction to feed the clinker
bed 14 in the conveying direction. It should be noted that
the configuration for and the method of feeding the clinker
bed 14 in the conveying direction are not limited to the
above-described examples, but may be any configura-
tion and method, so long as the clinker bed 14 can be
fed in the conveying direction. The cement clinker con-
veyed in this manner falls downward from the forward
end of the cooling grate lines 13. A crusher 15 is disposed
immediately under the forward end of the cooling grate
lines 13.
[0024] The crusher 15 is intended for crushing the ce-
ment clinker falling from the forward end of the cooling
grate lines 13 into finer pieces. As one example, the
crusher 15 is a roll crusher. Specifically, the crusher 15
includes four rolls 15a. The four rolls 15a are configured
to rotate about respective rotational axes extending in
the orthogonal direction, and are arranged side by side
in the conveying direction at predetermined intervals. A
plurality of teeth are formed on the outer peripheral sur-
faces of the four rolls 15a. By rotating the four rolls 15a,
the cement clinker is led into between the rolls 15a, and
thereby crushed. Although a roll crusher is adopted as
the crusher 15 in the present embodiment, the configu-
ration of the crusher 15 is not thus limited. Alternatively,
a different crusher such as a hammer crusher may be
adopted as the crusher 15. The crusher 15 configured
as above crushes the cement clinker conveyed thereto,
and causes the crushed cement clinker to fall right under
the crusher 15.
[0025] In the cooler apparatus 2 configured as above,
the cooling grate lines 13 are moved and stopped repeat-
edly, and thereby the clinker bed 14 is moved in the con-
veying direction to the crusher 15. The cooling grate lines
13 are configured to cool down the clinker bed 14 formed
thereon while conveying the clinker bed 14. Hereinafter,
a detailed configuration of the cooling grate lines 13 is
described with reference to Fig. 3 to Fig. 5.
[0026] Each cooling grate line 13 is a strip-shaped
structure extending from one end to the other end in the
conveying direction, and includes a casing 17 and a cou-
pled grate unit 18. The casing 17 is a roughly rectangular
casing with an upper opening, and extends in the con-
veying direction. The casing 17 includes a pair of side

walls 17a facing each other in the orthogonal direction
and extending in the conveying direction. The coupled
grate unit 18 is disposed between the pair of side walls
17a, such that the coupled grate unit 18 fits between the
pair of side walls 17a. When seen in a plan view, the
coupled grate unit 18 is formed in substantially the same
shape as the upper opening of the casing 17. Also, when
seen in a plan view, the coupled grate unit 18 fits in the
casing 17 in a manner to cover the upper opening of the
casing 17. Cement clinker is deposited on the coupled
grate unit 18 disposed in this manner, and thereby the
clinker bed 14 is formed on the coupled grate unit 18.
The coupled grate unit 18 supports the clinker bed 14
formed thereon.
[0027] The coupled grate unit 18 is mounted to the pair
of side walls 17a in such a manner that the coupled grate
unit 18 is spaced apart upward from a bottom surface
17b of the casing 17. Accordingly, below the coupled
grate unit 18, a lower space 20 is formed, the upper side
of which is covered by the coupled grate unit 18. An open-
ing groove 17c is formed in the bottom surface 17b of
the casing 17, and the opening groove 17c is connected
to a cooling air supply unit 19. The cooling air supply unit
19 supplies cooling air to the lower space 20 through the
opening groove 17c. A plurality of cooling passages 30,
which will be described below, are formed in the coupled
grate unit 18. The cooling air in the lower space 20 is
released to the clinker bed 14 through the plurality of
cooling passages 30. In this manner, the clinker bed 14
is cooled down. Hereinafter, the configuration of the cou-
pled grate unit 18 is described in further detail with ref-
erence to Figs. 3 and 4.
[0028] As shown in Fig. 4, the coupled grate unit 18
includes a plurality of cooling grates 1. Each of the plu-
rality of cooling grates 1 is a unitized grate that is formed
by coupling together middle support plates 24 and end
support plates 25, which will be described below. Each
cooling grate 1 includes: a support body 21; a plurality
of spacers 22 (see Fig. 5); and a plurality of covering
members 23. The support body 21 includes: a plurality
of middle support plates 24; two end support plates 25;
and a pair of attachment plates 26. It should be noted
that, in the present embodiment, the support body 21
includes four middle support plates 24.
[0029] Each middle support plate 24, which is one of
the support members, is a U-steel member whose cross
section is roughly channel-shaped as shown in Fig. 5.
Specifically, the middle support plate 24 includes a web
portion 24a and a pair of flange portions 24b. The web
portion 24a is a flat plate portion that extends in the or-
thogonal direction and that is roughly strip-shaped when
seen in a plan view. The pair of flange portions 24b is
such that the flange portions 24b are provided at both
ends of the web portion 24a in the conveying direction,
respectively, and face each other in the conveying direc-
tion. Each of the pair of flange portions 24b extends up-
ward from the corresponding end of the web portion 24a,
such that the upper ends of the respective flange portions
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24b are substantially flush with each other.
[0030] Each end support plate 25, which is one of the
support members, is an angle steel member whose cross
section is roughly L-shaped. The end support plate 25
includes a web portion 25a and a flange portion 25b. The
web portion 25a extends in the orthogonal direction, and
is roughly strip-shaped and plate-shaped when seen in
a plan view. The flange portion 25b is provided at one
end of the web portion 25a. The flange portion 25b ex-
tends upward from the one end of the web portion 25a,
and has substantially the same height as that of the web
portion 24a of the middle support plate 24.
[0031] The plurality of support plates 24 and 25 thus
configured are arranged in the conveying direction, such
that they are spaced apart from each other. The end sup-
port plates 25 are arranged such that one of them is po-
sitioned at one end and the other is positioned at the
other end of the support body 21 in the conveying direc-
tion. Accordingly, the four middle support plates 24 are
arranged such that they are positioned between the two
end support plates 25. Each middle support plate 24 is
disposed such that it is open upward and such that the
flange portions 24b of the adjacent middle support plates
24 face each other. Also, each end support plate 25 is
disposed such that the flange portion 25b thereof faces
the flange portion 24b of the adjacent middle support
plate 24. In this manner, the six support plates 24 and
25 are arranged such that the flange portions 24b and
25b face each other and are spaced apart from each
other, and in this state, the six support plates 24 and 25
are mounted to the pair of attachment plates 26 so as to
extend therebetween in a bridging manner.
[0032] The pair of attachment plates 26 extend in the
conveying direction, and each attachment plate 26 is a
strip-shaped plate when seen in a side view. The pair of
attachment plates 26 is disposed such that the attach-
ment plates 26 face each other and are spaced apart
from each other in the orthogonal direction. The plurality
of support plates 24 and 25 are arranged side by side
between the pair of attachment plates 26, and the plurality
of support plates 24 and 25 are mounted to the pair of
attachment plates 26 so as to extend therebetween in a
bridging manner. Specifically, both ends of each of the
plurality of support plates 24 and 25 in the orthogonal
direction are welded to opposite surfaces 26a of the pair
of attachment plates 26, the opposite surfaces 26a facing
each other. In this manner, the plurality of support plates
24 and 25 are fixed to the pair of attachment plates 26.
[0033] In the support body 21 thus configured, gaps
are formed between the flange portions 24b facing each
other and also between the flange portions 24b and 25b
facing each other. These gaps form slits 27. In other
words, the flange portions 24b and 25b are positioned at
both sides of the slits 27 in the conveying direction in a
manner to sandwich the slits 27. The upper ends of the
flange portions 24b and 25b thus forming the slits 27
serve as placement portions 28, and covering members
23 are placed on the placement portions 28 in a manner

to cover the slits 27.
[0034] When seen in a plan view, each of the covering
members 23 is rectangular and elongated in the orthog-
onal direction. In the orthogonal direction, the length of
the covering members 23 is substantially the same as
the length of the support plates 24 and 25. Each covering
member 23 includes a tapered portion 23a, whose cross
section perpendicular to the orthogonal direction is ta-
pered upward. In the present embodiment, each covering
member 23 is an angle steel member whose cross sec-
tion is roughly inverted V-shaped as shown in Fig. 5. It
should be noted that the cross section of each covering
member 23 need not be roughly inverted V-shaped as
mentioned above, but may alternatively be trapezoidal.
Each covering member 23 is disposed such that inner
peripheral surfaces 23b of the tapered portion 23a face
downward. The two inner peripheral surfaces 23b are
inclined such that the distance therebetween decreases
upward. A plurality of spacers 22 are mounted to each
of the two inner peripheral surfaces 23b.
[0035] Each of the plurality of spacers 22 is a roughly
rectangular plate-shaped member, and has a predeter-
mined thickness. The plurality of spacers 22 are arranged
in a line in the orthogonal direction on each of the inner
peripheral surfaces 23b of the tapered portion 23a of the
covering member 23. When the covering member 23 is
placed over the slit 27, the covering member 23 contacts
with the placement portions 28. To be more specific,
when the covering member 23 is placed over the slit 27,
each spacer 22 contacts with a corner portion 28a, which
is the upper end of the flange portion 24b (or of the flange
portion 25b) and which is the corner portion on the far
side from the slit 27. In this manner, the plurality of spac-
ers 22 are interposed between the covering member 23
and the placement portions 28, and the covering member
23 is placed on the placement portions 28 over the slit 27.
[0036] The covering member 23 placed in the above
manner is disposed such that, when seen in a plan view,
the ridge portion of the covering member 23 coincides
with the slit 27. The covering member 23 thus disposed
has a length in the orthogonal direction, which is sub-
stantially the same as the distance between the pair of
attachment plates 26. Both ends of each covering mem-
ber 23 in the orthogonal direction are welded and fixed
to the opposite surfaces 26a, respectively. That is, each
covering member 23 is provided in a manner to extend
between the pair of attachment plates 26 in a bridging
manner, and the entire slits 27 are covered by the cov-
ering members 23 from above. Accordingly, above each
slit 27, an inner space 23d is formed, which is surrounded
by the covering member 23 and the placement portions
28 and which has a roughly triangular cross-sectional
shape.
[0037] Each of the plurality of spacers 22 is formed to
be short so that the plurality of spacers 22 can be ar-
ranged on each inner peripheral surface 23b, and also,
the plurality of spacers 22 arranged on the inner periph-
eral surface 23b are spaced apart from each other in the
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orthogonal direction. In the present embodiment, three
spacers 22 are provided on each inner peripheral surface
23b, such that the spacers 22 are arranged at a right-
side position, a left-side position, and a middle position
on the inner peripheral surface 23b in the orthogonal di-
rection, respectively. Accordingly, horizontally long
openings 29 extending in the orthogonal direction are
formed on both right and left sides of the three spacers
22 in the orthogonal direction. The height of each opening
29 is defined by the thickness of the spacers 22 inter-
posed between the tapered portion 23a of the covering
member 23 and the corner portion 28a. That is, the height
of each opening 29 is a substantially constant dimension
(specifically, the height of each opening 29 is substan-
tially the same as the thickness of the spacers 22). The
plurality of openings 29 having such a shape are con-
nected to the slit 27 via the inner space 23d, and form a
cooling passage 30 together with the inner space 23d
and the slit 27.
[0038] In each cooling grate 1 thus configured, end por-
tions of the pair of attachment plates 26 in the conveying
direction protrude farther than the end support plates 25
in the conveying direction. The plurality of cooling grates
1 are arranged in the conveying direction in such a man-
ner that end portions of the pair of attachment plates 26
in the conveying direction of one cooling grate 1 are butt-
ed with end portions of the pair of attachment plates 26
in the conveying direction of another cooling grate 1. As
a result, a gap 31 is formed between the end support
plates 25 that are adjacent to each other. A fixed plate
32 is provided between the other ends of the respective
web portions 25a of the adjacent end support plates 25
in a bridging manner so as to cover the gap 31. The length
of the fixed plate 32 in the orthogonal direction is sub-
stantially the same as the length of the end support plates
25 in the orthogonal direction. The fixed plate 32 is rough-
ly strip-shaped when seen in a plan view. Both ends of
the fixed plate 32 in the conveying direction are welded
to the other ends of the respective web portions 25a, and
thereby the adjacent end support plates 25 are coupled
together by the fixed plate 32, that is, the cooling grates
1 are coupled together by the fixed plate 32. The plurality
of cooling grates 1 are arranged continuously by coupling
the cooling grates 1 together in this manner, and thereby
the coupled grate unit 18 is formed. The fixed plate 32 is
disposed such that it is interposed between the pair of
attachment plates 26, and both ends of the fixed plate
32 in the orthogonal direction are welded to the pair of
attachment plates 26, respectively. In this manner, the
entire gap 31 is covered by the fixed plate 32, and leakage
of the cooling air through the gap 31 is prevented.
[0039] In the coupled grate unit 18 thus configured, on
each of the right and the left sides thereof, a line of at-
tachment plates 26 coupled together is formed. These
lines of attachment plates 26 are welded to the pair of
side walls 17a, respectively. In this way, the coupled grate
unit 18 is mounted to the pair of side walls 17a of the
casing 17 so as to extend therebetween in a bridging

manner as previously mentioned. Each cooling grate line
13 is formed by mounting the coupled grate unit 18 to
the casing 17 in this manner.
[0040] The cooler apparatus 2 includes the plurality of
cooling grate lines 13, each of which is configured as
described above. As shown in Fig. 3, the plurality of cool-
ing grate lines 13 are arranged in the orthogonal direction
with a gap 33 formed therebetween, such that the plurality
of cooling grate lines 13 do not contact with each other.
Between two adjacent cooling grate lines 13, the adjacent
side walls 17a are provided with a cover that is not shown
so that cement clinker will not enter the gap 33. The cover
is placed over the upper ends of the respective adjacent
side walls 17a in such a manner that the adjacent cooling
grate lines 13 are movable relative to each other and
cement clinker is prevented from entering the gap 33
between the adjacent cooling grate lines 13.
[0041] In the cooler apparatus 2 thus configured, the
clinker bed 14 is formed on the plurality of cooling grate
lines 13 arranged in the orthogonal direction (i.e., on the
support plates 24 and 25) as previously mentioned. The
clinker bed 14 includes a dead layer 35 formed on the
cooling grate lines 13 and an active layer 36. The dead
layer 35 is formed by low-temperature cement clinker
(low-temperature granular buried material) deposited on
the cooling grate lines 13, the low-temperature cement
clinker having a lower temperature than the temperature
of the cement clinker that is the granular conveyed ma-
terial (hereinafter, "conveyed clinker"). The active layer
36 is formed on the dead layer 35 by depositing the high-
temperature conveyed clinker on the dead layer 35. Ac-
cordingly, the cooling grate lines 13 (the support plates
24 and 25) support the high-temperature conveyed clink-
er via the dead layer 35, and the dead layer 35 protects
the cooling grate lines 13 (the support plates 24 and 25)
from the high-temperature conveyed clinker. The cooler
apparatus 2 further includes a plurality of inner partition
plates 41 intended for retaining, and restricting the move-
ment of, the dead layer 35 on the cooling grate lines 13.
[0042] Each inner partition plate 41 is a plate-shaped
member that is roughly trapezoidal when seen in a front
view from one side in the conveying direction. The plu-
rality of inner partition plates 41 are arranged on the cool-
ing grate lines 13 at a predetermined pitch. To be more
specific, the inner partition plates 41 are provided upright
in a manner to extend upward from the respective fixed
plates 32, which couple the cooling grates 1 together.
The plurality of inner partition plates 41 are arranged on
the cooling grate lines 13 at the pitch that is substantially
the same as the length of each cooling grate 1 in the
conveying direction. The upper ends of all the inner par-
tition plates 41 are positioned evenly at the same height.
[0043] In the cooler apparatus 2 thus configured, the
granular cement clinker discharged from the rotary kiln
7 is received on the fixed inclined grate 11 and rolls to-
ward the cooling grate lines 13. Then, the cement clinker
is deposited on the cooling grate lines 13 to form the
clinker bed 14 on the cooling grate lines 13. The clinker
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bed 14 is conveyed in the conveying direction by a meth-
od previously described. While the clinker bed 14 is being
conveyed, the cooling air supply unit 19 (fan) operates,
and thereby cooling air is supplied from the cooling air
supply unit 19 to the lower space 20 through the opening
groove 17c. The cooling air in the lower space 20 is re-
leased to the outside of the lower space 20 from the open-
ings 29 through the plurality of cooling passages 30. The
released cooling air flows upward through the cement
clinker of the dead layer 35, and pressure loss occurs
while the cooling air flows upward. Then, the cooling air
reaches the active layer 36. While flowing though the
high-temperature conveyed clinker, the cooling air cools
down the high-temperature conveyed clinker by ex-
changing heat therewith. Then, the cooling air is released
above from the active layer 36. The temperature of the
air released above is high due to the heat exchange with
the conveyed clinker. Part of the released air is dis-
charged from the cooler apparatus 2, and is introduced
directly into the kiln 7, or into the precalciner 6 through a
discharge pipe 51. Thus, in the cooler apparatus 2, the
conveyed clinker of the clinker bed 14 is conveyed by
the cooling grates 1 while being cooled down, and the
conveyed clinker is kept cooled down to a temperature
that is higher than the atmospheric temperature by sev-
eral tens of temperatures.
[0044] In each cooling grate 1 of the cooler apparatus
2 having the above-described functions, the tapered por-
tion 23a of each covering member 23 is placed on the
placement portions 28 via the spacers 22. Therefore, at
the time of mounting the covering member 23 on the
placement portions 28, the covering member 23 can be
placed on the placement portions 28 in a state where the
covering member 23 is positioned at a desirable position
by the wedge effect of the tapered portion 23a. This
makes it possible to prevent the covering member 23
from being disposed at an undesirable position, and the
spacers 22 can be assuredly interposed between the
covering member 23 and the placement portions 28. In
addition, by interposing the spacers 22 between the cov-
ering member 23 and the placement portions 28, the
height of the plurality of openings 29 formed between the
covering member 23 and the placement portions 28 can
be made substantially constant (i.e., made substantially
the same as the thickness of the spacers 22), and thus
variation in the height of the plurality of openings 29 can
be suppressed. By suppressing variation in the height of
the plurality of openings 29 and suitably setting the inter-
vals between the spacers 22, the pressure loss occurring
when the cooling air passes through the cooling passage
30, i.e., the passing pressure loss, can be precisely set.
This makes it possible to suppress the passing pressure
loss of the cooling air passing through the cooling grates
1, more specifically, the passing pressure loss of the cool-
ing air passing through the cooling passages 30, from
varying in the orthogonal direction. Therefore, the cooling
air with suitable passing pressure loss can be supplied
to the dead layer 35, and unevenness in the air flow due

to factors such as variation in the height of the active
layer 36 and uneven grain diameter distribution of the
conveyed clinker forming the active layer 36 can be sup-
pressed. This makes it possible to evenly cool down the
conveyed clinker of the active layer 36.
[0045] In the cooling grate 1, the spacers 22 are welded
to each tapered portion 23a. The surface area of each
tapered portion 23a is larger than the surface area of the
upper ends of the flange portions 24b of the support
plates 24 or the flange portions 24b and 25b of the support
plates 24 and 25. For this reason, welding the spacers
22 to the inner peripheral surfaces 23b of each tapered
portion 23a is easier than welding the spacers 22 to the
upper ends of the flange portions 24b, or 24b and 25b.
Therefore, the assemblability of the cooling grate 1 can
be improved by welding the spacers 22 to the inner pe-
ripheral surfaces 23b of each tapered portion 23a. Fur-
ther, in the cooling grate 1, the tapered portions 23a ex-
panding downward are placed on the flange portions 24b
and 25b extending upward, and under each tapered por-
tion 23a, spaces 37 are formed outside the respective
flange portions 24b, or 24b and 25b, such that each space
37 is wedge-shaped and narrows down toward the open-
ings 29. Accordingly, even if force that causes movement
of the granular material buried in the spaces 37 under
the tapered portion 23a, i.e., the low-temperature cement
clinker, toward the openings 29 is exerted, the wedge
shape of each space 37 exerts pressure in a direction
orthogonal to the moving direction, and thereby the
movement of the granular material is suppressed. This
makes it possible to suppress the granular material with
a relatively small grain diameter, i.e., the low-temperature
cement clinker, from entering the lower space 20 through
the openings 29.
[0046] In the cooling grate 1, the plurality of support
plates 24 and 25 are arranged in the conveying direction
at intervals. Accordingly, the slits 27 are arranged so as
to extend in the orthogonal direction, and also, the flange
portions 24b and 25b forming the slits 27 and the covering
members 23 covering the entire slits 27 are arranged so
as to extend in the orthogonal direction. As a result, in
the cooling grate 1, protruding portions each extending
in the orthogonal direction are arranged in the conveying
direction at intervals, and the low-temperature cement
clinker forming the dead layer 35 is in contact with the
protruding portions. Consequently, movement of the low-
temperature cement clinker of the dead layer 35 in the
conveying direction can be suppressed. This makes it
possible to retain the dead layer 35 on the cooling grates
1, and the function of protecting the cooling grates 1 by
the dead layer 35 can be maintained.
[0047] Each cooling grate line 13 is formed by coupling
the unitized cooling grates 1 together. This makes it pos-
sible to reduce the size of each cooling grate 1, and im-
prove the portability of the cooling grate 1. This conse-
quently makes it possible to ease the manufacturing of
the cooler apparatus 2. The cooling grates 1 are fixed to
each other by welding the other ends of the respective
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web portions 25a of the adjacent end support plates 25
to the fixed plate 32. Thus, the assembling is easy. In
addition, by spacing the cooling grates 1 apart from each
other, the space between the covering members 23 that
are adjacent to each other with the gap 31 formed ther-
ebetween can be made wide. As a result, a welding tool
used in the welding work, such as a welding rod, can be
readily brought close to the fixed plate 32, and thus as-
semblability is not impaired. Also at the time of welding
the inner partition plate 41 to the fixed plate 32, the weld-
ing tool can be readily brought close to the lower end of
the inner partition plate 41, which makes it possible to
readily weld the inner partition plate 41 to the fixed plate
32.
[0048] Each inner partition plate 41 thus welded is bur-
ied in the dead layer 35, and suppresses the movement
of the low-temperature cement clinker forming the dead
layer 35. This makes it possible to prevent a situation
where the conveyed clinker in the upper part of the clinker
bed 14 drags the low-temperature cement clinker away
and thereby the thickness of the dead layer 35 is reduced.
Therefore, the function of protecting the cooling grate
lines 13 by the dead layer 35 can be maintained. Since
the upper ends of all the inner partition plates 41 are
positioned evenly at the same height and the inner par-
tition plates 41 are arranged at the predetermined pitch,
the height of the dead layer 35 formed on the cooling
grate lines 13 (i.e., the height from the bottom surface
17b of the casing 17) can be made uniform, and the pass-
ing pressure loss of the cooling air in the dead layer 35
can be made uniform. The passing pressure loss in the
cooler apparatus 2 is determined by the combination of
the passing pressure loss in the cooling grates 1 and the
passing pressure loss in the dead layer 35. Therefore,
the passing pressure loss in the cooler apparatus 2 can
be suitably set by making the passing pressure loss of
the cooling air in the dead layer 35 uniform and suitably
setting the passing pressure loss in the cooling grates 1.
By thus suitably setting the passing pressure loss in the
cooler apparatus 2, unevenness in the air flow due to
factors such as variation in the height of the active layer
36 and uneven grain diameter distribution of the con-
veyed clinker forming the active layer 36 can be sup-
pressed, which makes it possible to evenly cool down
the conveyed clinker of the active layer 36.

[Embodiment 2]

[0049] The cooling grates 1A according to Embodi-
ment 2 form cooling grate lines 13A included in the cooler
apparatus 2. The configuration of the cooling grate 1A is
similar to the configuration of the cooling grate 1 of Em-
bodiment 1. Hereinafter, the configuration of the cooling
grate 1A of Embodiment 2 is described mainly focusing
on differences from the cooling grate 1 of Embodiment
1. In the description below, the same components as
those of Embodiment 1 are denoted by the same refer-
ence signs as those used in Embodiment 1, and the il-

lustration and description of such components are omit-
ted.
[0050] As shown in Figs. 6 and 7, the cooling grate 1A
is a unitized grate that is formed by coupling together a
plurality of support plates 24A, which will be described
below. The cooling grate 1A includes a support body 21A,
a plurality of spacers 22A, a plurality of placement bases
28A, and a plurality of covering members 23A. The sup-
port body 21A includes the plurality of support plates 24A
and the pair of attachment plates 26. Each support plate
24A, which is a support member, is a flat plate extending
in the orthogonal direction and strip-shaped when seen
in a plan view. The plurality of support plates 24A are
arranged side by side in the conveying direction at inter-
vals. Both ends of each of the plurality of support plates
24A in the orthogonal direction are welded and fixed to
the opposite surfaces 26a of the pair of attachment plates
26, respectively. In the support body 21A thus configured,
a groove 61 is formed between every adjacent support
plates 24A, and the plurality of placement bases 28A are
arranged in a manner to cover the respective grooves 61
from above.
[0051] Each placement base 28A is a plate-shaped
member extending in the orthogonal direction and strip-
shaped when seen in a plan view, and is an angle steel
member whose cross section perpendicular to the or-
thogonal direction is roughly inverted V-shaped. Each
placement base 28A is formed such that, in the conveying
direction, the length of the placement base 28A is slightly
greater than the length of the corresponding groove 61.
End portions of the placement base 28A are placed on
and welded to respective adjacent end portions of the
support plates 24A that are adjacent to each other. That
is, the placement base 28A is provided between the ad-
jacent support plates 24A in a bridging manner. The
placement base 28A extends from one attachment plate
26 to the other attachment plate 26, and both ends of the
placement base 28A in the orthogonal direction are weld-
ed and fixed to the pair of attachment plates 26, respec-
tively. In this manner, the entire groove 61 is covered by
the placement base 28A. A plurality of slits 27A spaced
apart from each other are formed in the ridge portion of
the placement base 28A thus disposed.
[0052] The slits 27A are grooves extending in the or-
thogonal direction, and are formed by, for example, cut-
ting off the ridge portion of the placement base 28A. In
the present embodiment, the placement base 28A is pro-
vided with two slits 27A, which are arranged side by side
in the orthogonal direction. The slits 27A thus formed are
arranged such that, when seen in a plan view, the slits
27A coincide with the position between the two adjacent
support plates 24A, i.e., coincide with the groove 61. A
covering member 23A is placed on the placement base
28A in a manner to cover the slits 27A.
[0053] The shape of the covering member 23A and the
shape of the placement base 28A are similar to each
other except the presence or absence of the slits 27A.
That is, the covering member 23A is a plate-shaped
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member extending in the orthogonal direction and strip-
shaped when seen in a plan view, and is an angle steel
member whose cross section perpendicular to the or-
thogonal direction is inverted V-shaped. A plurality of
spacers 22A are fixed to both end portions of inner pe-
ripheral surfaces 23b of the covering member 23A by
welding or the like. The plurality of spacers 22A are ar-
ranged on each of the end portions of the inner peripheral
surfaces 23b such that, on each end portion, the plurality
of spacers 22A are arranged in a line at intervals. In the
present embodiment, on each of the end portions of the
inner peripheral surfaces 23b, the plurality of spacers
22A are arranged at a right-side position, a left-side po-
sition, and a middle position on the end portion in the
orthogonal direction, respectively. The plurality of spac-
ers 22A are arranged such that they are interposed be-
tween the covering member 23A and the placement base
28A. Accordingly, a gap 62 between the covering mem-
ber 23A and the placement base 28A is defined by the
thickness of the spacers 22A. Openings 29A are formed
between the spacers 22A. Since the gap between the
covering member 23A and the placement base 28A is
defined by the thickness of the spacers 22A, the height
of each opening 29A is a substantially constant dimen-
sion. The openings 29A are connected to the slits 27A
via the gap 62 between the covering member 23A and
the placement base 28A, and further connected to the
lower space 20 below the cooling grate 1A via the slits
27A, an inner space 28b of the placement base 28A, and
the groove 61. The openings 29A form a cooling passage
30A together with the gap 62 between the covering mem-
ber 23A and the placement base 28A, the slits 27A, the
inner space 28b, and the groove 61. The cooling air in
the lower space 20 is released through the cooling pas-
sage 30A.
[0054] Each cooling grate 1A thus configured is a uni-
tized grate that is formed by, for example, coupling to-
gether four support plates 24A by the placement bases
28A. No placement base 28A is provided on the outer
ends of the support plates 24A positioned at both ends
of each cooling grate 1A in the conveying direction. The
plurality of cooling grates 1A are arranged in the convey-
ing direction at intervals such that these outer ends face
each other, and the pair of attachment plates 26 is butted
with the plurality of cooling grates 1A. Similar to the cool-
ing grates 1 of Embodiment 1, a fixed plate 32 is provided
between the two facing outer ends in a bridging manner,
and thereby the adjacent cooling grates 1A are coupled
together by the fixed plate 32. A coupled grate unit 18A
extending in the conveying direction is formed by cou-
pling the plurality of cooling grates 1A together in this
manner, and each cooling grate line 13A is formed by
mounting the coupled grate unit 18 to the casing 17.
[0055] The cooling grates 1A thus configured and the
cooler apparatus 2 including the cooling grates 1A pro-
duce substantially the same advantageous effects as
those produced by the cooling grates 1 and the cooler
apparatus 2 of Embodiment 1.

<Other Embodiments>

[0056] In the cooling grates 1 and 1A of Embodiments
1 and 2, each of the covering members 23 and 23A is an
inverted V-shaped angle steel member. However, the
covering members 23 and 23A need not be inverted V-
shaped, but may be trapezoidal or flat plate-shaped. Al-
though the spacers 22 are mounted to the covering mem-
bers 23 by welding, as an alternative, the spacers 22 may
be mounted to the upper ends of the placement portions
28 by welding or the like, and the mounting positions are
not particularly limited. The number of and length of sup-
port plates 24, 25, and 24A included in the cooling grates
1 and 1A and the number of and length of the cooling
grates 1 and 1A included in the coupled grate units 18
and 18A in the above description are merely examples,
and these numbers and lengths may be set arbitrarily.
Further, in the cooling grate 1, each pair of placement
portions 28 is formed by two flange portions 24b, or 24b
and 25b. However, it is not essential that each pair of
placement portions 28 be formed by two flange portions.
Alternatively, each placement portion 28 may be formed
by only one of the two flange portions.

Reference Signs List

[0057]

1, 1A cooling grate
2 cooler apparatus
13 cooling grate line
22, 22A spacer
23, 23A covering member
23a tapered portion
24 middle support plate (support member)
24A support plate (support member)
24b flange portion
25 end support plate (support member)
25b flange portion
27, 27A slit
28 placement portion
28A placement base
32 fixed plate
35 dead layer
61 groove

Claims

1. A cooling grate of a cooler apparatus for cooling
down a high-temperature granular conveyed mate-
rial with cooling air while conveying the high-temper-
ature granular conveyed material, the cooling grate
comprising:

a plurality of support members that support the
granular conveyed material via a dead layer, the
dead layer being formed by a granular buried
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material deposited on upper surfaces of the plu-
rality of support members, the granular buried
material having a lower temperature than a tem-
perature of the granular conveyed material, the
plurality of support members being arranged in
a predetermined direction at intervals such that
slits are formed therebetween, the slits allowing
the cooling air to pass therethrough, the cooling
air being supplied to the granular conveyed ma-
terial through the dead layer; and
a plurality of covering members, each of which
covers an entirety of a corresponding one of the
slits from above, wherein
each of the plurality of support members in-
cludes placement portions, such that the place-
ment portions of the plurality of support mem-
bers extend along the entire slits and are posi-
tioned at both sides of the slits in the predeter-
mined direction, and the covering members are
placed on the placement portions,
each of the plurality of covering members in-
cludes a tapered portion whose cross section is
tapered upward, and each covering member is
placed on the placement portions in a state
where spacers are interposed between the ta-
pered portion and the placement portions, and
the spacers are arranged at intervals in an or-
thogonal direction orthogonal to the predeter-
mined direction.

2. The cooling grate of the cooler apparatus according
to claim 1, wherein
each of the plurality of support members includes
flange portions protruding upward, upper ends of the
respective flange portions serve as the placement
portions,
the spacers are arranged on the tapered portion of
each covering member, and
each covering member is placed on the placement
portions in a state where the spacers are in contact
with upper end edges of the placement portions.

3. The cooling grate of the cooler apparatus according
to claim 1 or 2, wherein
the predetermined direction is a conveying direction
in which the granular conveyed material is conveyed.

4. A cooler apparatus comprising a plurality of cooling
grate lines, each cooling grate line including a plu-
rality of the cooling grates according to any one of
claims 1 to 3, the cooling grates being arranged side
by side in the predetermined direction, the plurality
of cooling grate lines being arranged side by side in
the orthogonal direction, wherein
the plurality of the cooling grates are arranged side
by side in the predetermined direction, such that the
cooling grates are spaced apart from each other, and
the plurality of the cooling grates are coupled to each

other by welding end portions of the support mem-
bers of the cooling grates that are adjacent to each
other to a fixed plate.
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