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(57) The present cooling device includes: when cool-
ing regions obtained by dividing an entire cooling region
into a plurality of portions in a steel sheet conveyance
direction and three or more portions in a width direction
are set as divided cooling surfaces, a cooling water noz-
zle 23 and a switching device that switches between col-
lision and non-collision of cooling water jetted from the
cooling water nozzle 23 with the divided cooling surface,
the cooling water nozzle 23 and the switching device pro-
vided for each of the divided cooling surfaces; and a con-
trol device that controls operation of the switching device
based on a width-direction temperature distribution. The
cooling water nozzle 23 has a jet axis P inclined with
respect to a vertical line to the entire cooling region when
viewed in the steel sheet conveyance direction, and the
cooling water goes to the side opposite to the cooling
water nozzle 23 in the width direction after colliding with
the divided cooling surface.
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Description

[Technical Field]

[0001] The present invention relates to a cooling device that cools a top surface of a hot-rolled steel sheet being
conveyed on conveyor rolls after hot rolling and a cooling method using the cooling device.

[Background Art]

[0002] As the weight of automobiles has been reduced in recent years, the demand for high tensile steel sheets among
hot-rolled steel sheets has been increasing, and the quality required of hot-rolled steel sheets has become even higher.
In recent years in particular, in addition to high strength, excellent workability, such as press formability or hole expand-
ability, is required, and variations in mechanical properties such as tensile strength and workability are required to be
kept within predetermined ranges over the entire region of the steel sheet.
[0003] In the manufacturing process of the hot-rolled steel sheet, one of the factors greatly affecting the above properties
of a final product is a coiling temperature. Here, the coiling temperature is the temperature of the steel sheet immediately
before a coiling device where the steel sheet is coiled after a cooling step following finish rolling.
[0004] In general, in a cooling step, in which cooling water is jetted to a hot-rolled steel sheet at high temperature of
800°C to 900°C, which has undergone finish rolling, steam generated by film boiling stably covers the surface of the
steel sheet during the time when the temperature of the steel sheet is about 600°C or more. Therefore, although a cooling
capacity by the cooling water itself becomes small, uniform cooling of the entire surface of the steel sheet is facilitated
relatively.
[0005] However, when the temperature of the steel sheet is below 600°C in particular, the amount of steam to be
generated decreases as the temperature of the steel sheet decreases. Then, a steam film covering the surface of the
steel sheet starts to break, and a transition boiling region in which the distribution of the steam film changes temporally
and spatially is made. As a result, the nonuniformity in cooling increases and the nonuniformity in temperature distribution
of the steel sheet is likely to expand rapidly. This makes it difficult to control the temperature of the steel sheet and to
finish cooling the entire steel sheet at a desired coiling temperature.
[0006] In the meantime, in order to produce a product having excellent properties in which strength and workability
are both achieved, it is effective to lower the coiling temperature to a low-temperature region of 500°C or less. Therefore,
it is important to make the nonuniformity of the coiling temperature over the entire steel sheet fall within a predetermined
range in response to a target temperature. From this point of view, many inventions have been made for the uniformity
of the coiling temperature, particularly, the uniformity of the coiling temperature in the sheet width direction.
[0007] Patent Document 1 discloses that in a cooling device, a plurality of nozzles for adding a cooling medium to a
hot-rolled steel sheet are installed in a width direction on both upper and lower sides of the hot-rolled steel sheet and
these nozzles are controlled in such a way that the cooling medium is added to positions where a particularly elevated
temperature can be detected. A plurality of temperature sensors are further installed in the cooling device in the width
direction, and it is configured that these temperature sensors detect a temperature distribution of the hot-rolled steel
sheet in the width direction, and the amount of the cooling medium from the nozzles can be controlled based on signals
of the temperature sensors.
[0008] Patent Document 2 discloses that in a cooling device, a plurality of cooling water headers having a plurality of
cooling water supply nozzle groups aligned in a linear pattern are arranged above and in a width direction of a hot-rolled
steel sheet, and a cooling water flow rate is controlled based on a temperature distribution measured by a temperature
distribution sensor that detects a temperature distribution in the sheet width direction. Concretely, these cooling water
headers are provided with on-off control valves, and the cooling water is controlled by the on-off control valves.
[0009] In a cooling device disclosed in Patent Document 3, when a region on conveyor rolls occupied by a hot-rolled
steel sheet is set as a steel sheet conveyance region, a pair of spray nozzles to jet cooling water to the steel sheet
conveyance region in a width direction of the steel sheet conveyance region is arranged on both lateral sides of the steel
sheet conveyance region in the width direction, and a plurality of the spray nozzle pairs are aligned in a conveyance
direction of the hot-rolled steel sheet. In this cooling device, in regard to a collision region of cooling water jetted from
the spray nozzle at the steel sheet conveyance region, a far end in a jetting direction is located at an end of the conveyance
region, and a near end is located on an inner side of the steel sheet conveyance region, and the near ends of two collision
regions of the spray nozzle pair coincide in the width direction to form a meeting. Further, Patent Document 3 discloses
that the above-described meetings are arranged in a staggered pattern in a meeting zone marked off at the middle of
the steel sheet conveyance region in the width direction, and therefore, the meetings are dispersed in the width direction
and a portion subjected to overcooling is minimized, and consequently, the hot-rolled steel sheet is cooled uniformly in
the width direction.
[0010] Patent Document 4 discloses that in a cooling facility that is installed in a hot-rolled steel sheet manufacturing
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line to supply cooling water to a top surface and an under surface of a steel sheet that has undergone finish rolling,
headers supplying cooling water to the top surface of the steel sheet that has undergone finish rolling are composed of
normal cooling headers and strong cooling headers. The normal cooling headers are located directly above the steel
sheet and supply cooling water at a flow density of 0.5 to 2.0 m3/m2·min. The strong cooling headers are located above
the outer side of the steel sheet in the width direction and supply bar-shaped cooling water with a flow density of 2.0 to
10.0 m3/m2·min downward to the inner side in the width direction to prevent the cooling water after landing on the steel
sheet from staying on the steel sheet.

[Prior Art Document]

[Patent Document]

[0011]

[Patent Document 1] Japanese Translation of PCT International Application Publication No. 2010-527797
[Patent Document 2] Japanese Laid-open Patent Publication No. 06-71328
[Patent Document 3] International Publication Pamphlet No. WO 2018/073973
[Patent Document 4] Japanese Laid-open Patent Publication No. 2011-51002

[Disclosure of the Invention]

[Problems to Be Solved by the Invention]

[0012] However, Patent Documents 1 and 2 do not disclose the cooling control of a hot-rolled steel sheet in the steel
sheet conveyance direction, and it is difficult in the cooling devices in Patent Document 1 and 2 to suppress the nonuniform
temperature distribution of the hot-rolled steel sheet in the steel sheet conveyance direction.
[0013] Further, in the cooling device in Patent Document 1, as described previously, the nozzles for adding a cooling
medium to the hot-rolled steel sheet are installed above the hot-rolled steel sheet, so that in the case where cooling
water is used as the cooling medium, the temperature of the hot-rolled steel sheet in the width direction cannot be
controlled sufficiently because of the presence of water on the top surface of the hot-rolled steel sheet for a long time.
The cooling device in Patent Document 2, namely the cooling device in which the cooling water headers having the
cooling water supply nozzle groups aligned in a linear pattern as described previously are arranged above the hot-rolled
steel sheet, is also the same as the cooling device in Patent Document 1.
[0014] In the cooling device disclosed in Patent Document 3, the spray nozzles jet cooling water to the steel sheet
conveyance region in the width direction to cool the hot-rolled steel sheet while draining the water on the sheet, and
further, the near ends of the two collision regions of the spray nozzle pair coincide in the width direction to form the
meeting and the meetings are arranged in a staggered pattern to suppress the overcooling, and however, the meetings
are arranged in the meeting zone marked off at the middle of the steel sheet conveyance region in the width direction
and are not arranged in the entire width direction. Accordingly, in the cooling device disclosed in Patent Document 3,
there is room for improvement in terms of the uniform cooling of the full width in the width direction. Further, Patent
Document 3 also does not disclose the cooling control of the hot-rolled steel sheet in the steel sheet conveyance direction.
[0015] Further, the strong cooling headers disclosed in Patent Document 4 supply bar-shaped cooling water downward
to the inner side in the width direction to prevent the cooling water after landing on the steel sheet from staying on the
steel sheet, but there is created a gap between a collision region of the cooling water from the above-described header
nozzle in the steel sheet and another collision region adjacent thereto in the width direction because the bar-shaped
cooling water is employed. At the position corresponding to this gap, the cooling of the steel sheet becomes insufficient,
and thus, the cooling device disclosed in Patent Document 4 fails to perform uniform cooling in the width direction.
Further, Patent Document 4 also does not disclose the cooling control of the hot-rolled steel sheet in the steel sheet
conveyance direction.
[0016] The present invention has been made in consideration of the above-described circumstances, and has an
object thereof to improve the uniformity of temperatures in a steel sheet conveyance direction and a width direction of
a hot-rolled steel sheet by appropriately cooling a top surface of the hot-rolled steel sheet after hot rolling.

[Means for Solving the Problems]

[0017] The present invention to solve the above-described problems is a cooling device for a hot-rolled steel sheet
that cools a top surface of a hot-rolled steel sheet being conveyed on conveyor rolls after hot rolling, the cooling device
including: when of a top surface of a cooling target region, a region demarcated by a cooling machine length and a full
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width in a width direction, or a region obtained by excluding a non-cooling region in a middle portion in the width direction
from the demarcated region is set as an entire cooling region, regions obtained by dividing the entire cooling region into
three or more portions in the width direction are set as width-divided cooling zones, and regions obtained by dividing
the width-divided cooling zone into a plurality of portions in a machine length direction are set as divided cooling surfaces,
at least one cooling water nozzle that jets cooling water to each of the divided cooling surfaces to form a cooling water
collision region on the top surface of the cooling target region and a switching device that switches between collision
and non-collision of the cooling water jetted from the cooling water nozzle with the divided cooling surface, the cooling
water nozzle and the switching device provided for each of the divided cooling surfaces; a temperature detecting device
that measures a width-direction temperature distribution of the cooling target region; and a control device that controls
operation of the switching device corresponding to each of a plurality of the divided cooling surfaces contained in the
width-divided cooling zone for each of the width-divided cooling zones based on measurement results of the width-
direction temperature distribution by the temperature detecting device, to thereby control cooling for the entire length of
the width-divided cooling zone, and controls cooling of the entire cooling region with these controls together, in which
the single cooling water collision region overlaps the another cooling water collision region adjacent thereto in the width
direction in the entire cooling region to form a cooling water collision region group in which the cooling water collision
regions are connected in the width direction, each of the cooling water collision region groups does not overlap the
another cooling water collision region group, the full width of the entire cooling region in the width direction is covered
with the single cooling water collision region group or a pair of the cooling water collision region groups adjacent to each
other in the machine length direction, and the cooling water nozzles forming the single cooling water collision region
group have a jet axis inclined with respect to a vertical line to the top surface of the cooling target region when viewed
in the machine length direction, and none of the cooling water nozzles forming the single cooling water collision group
has the jet axis inclined in the opposite direction when viewed in the machine length direction.
[0018] The non-cooling region does not need to be present.
[0019] A width of a region in the width direction where the cooling water collision region overlaps the another cooling
water collision region adjacent in the width direction may be 5% or more of a width of the single cooling water collision
region in the width direction.
[0020] An inclination angle of the jet axis of the cooling water nozzle may be 10° to 45°.
[0021] The jet axis of the cooling water nozzle does not need to be inclined in the machine length direction.
[0022] The cooling water collision region may overlap a center axis of the conveyor roll in plan view.
[0023] The cooling water nozzle may be provided to make the center of the cooling water collision region located on
the center axis of the conveyor roll in plan view.
[0024] The cooling water nozzle may be provided above or on the lateral side of the cooling target region when viewed
in the machine length direction.
[0025] When the cooling water collision region group formed by the cooling water nozzles that jet cooling water to one
side in the width direction is set as a first cooling water collision region group, and the cooling water collision region
group formed by the cooling water nozzles that jet cooling water to the other side in the width direction is set as a second
cooling water collision region group, the cooling water nozzles may be provided so that the first cooling water collision
region group and the second cooling water collision region group are both formed and the boundary between the first
cooling water collision region group and the second cooling water collision region group in the width direction is located
in the middle of the cooling target region in the width direction.
[0026] A draining nozzle that jets draining water to form a draining water collision region may be provided, on the top
surface of the cooling target region, in each region on the downstream side of each of the cooling water collision region
groups in the machine length direction, or in a region in the machine length direction downstream from, out of the cooling
water collision region groups, the region group on the most downstream side in the machine length direction.
[0027] The present invention according to another aspect is a cooling method of a hot-rolled steel sheet that uses a
cooling device to cool a top surface of a hot-rolled steel sheet being conveyed on conveyor rolls after hot rolling, in which
when of a top surface of a cooling target region, a region demarcated by a cooling machine length and a full width in a
width direction, or a region obtained by excluding a non-cooling region in a middle portion in the width direction from the
demarcated region is set as an entire cooling region, regions obtained by dividing the entire cooling region into three or
more portions in the width direction are set as width-divided cooling zones, and regions obtained by dividing the width-
divided cooling zone into a plurality of portions in a machine length direction are set as divided cooling surfaces, the
cooling device includes: for each of the divided cooling surfaces, at least one cooling water nozzle that jets cooling water
to the divided cooling surface to form a cooling water collision region on the top surface of the cooling target region, the
single cooling water collision region overlaps the another cooling water collision region adjacent thereto in the width
direction in the entire cooling region to form a cooling water collision region group in which the cooling water collision
regions are connected in the width direction, each of the cooling water collision region groups does not overlap the
another cooling water collision region group, the full width of the entire cooling region in the width direction is covered
with the single cooling water collision region group or a pair of the cooling water collision region groups adjacent to each
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other in the machine length direction, and the cooling water nozzles forming the single cooling water collision region
group have a jet axis inclined with respect to a vertical line to the top surface of the cooling target region when viewed
in the machine length direction, and none of the cooling water nozzles forming the single cooling water collision group
has the jet axis inclined in the opposite direction when viewed in the machine length direction, the cooling method
including: measuring a width-direction temperature distribution of the cooling target region; controlling, for each of the
width-divided cooling zones, collision and non-collision of cooling water from the cooling water nozzle with each a plurality
of the divided cooling surfaces contained in the width-divided cooling zone based on measurement results of the width-
direction temperature distribution of the cooling target region, thereby controlling cooling for the entire length of the width-
divided cooling zone in the machine length direction, and controlling cooling of the entire cooling region; and letting
cooling water jetted from the cooling water nozzle go to the side opposite to the cooling water nozzle in the width direction
to drain the cooling water.
[0028] The cooling method of the hot-rolled steel sheet may further include: jetting draining water to form a draining
water collision region, on the top surface of the cooling target region, in each region on the downstream side of each of
the cooling water collision region groups in the machine length direction, or in a region in the machine length direction
downstream from, out of the cooling water collision region groups, the region group on the most downstream side in the
machine length direction.

[Effect of the Invention]

[0029] According to the present invention, the top surface of the hot-rolled steel sheet is cooled appropriately after hot
rolling, thereby making it possible to improve the uniformity of temperatures in the steel sheet conveyance direction and
the width direction of the hot-rolled steel sheet.

[Brief Description of the Drawings]

[0030]

[FIG. 1] FIG. 1 is an explanatory view illustrating an outline of a configuration of a hot rolling facility 10 according to
a first embodiment of the present invention.
[FIG. 2] FIG. 2 is a side view illustrating an outline of a configuration of an upper width-direction control cooling
device 16 according to the first embodiment of the present invention.
[FIG. 3] FIG. 3 is a bottom view illustrating the outline of the configuration of the upper width-direction control cooling
device 16 according to the first embodiment of the present invention.
[FIG. 4] FIG. 4 is a view explaining divided cooling surfaces A3 of one example.
[FIG. 5] FIG. 5 is an explanatory view that focuses on width-divided cooling zones A2.
[FIG. 6] FIG. 6 is a view explaining the divided cooling surfaces A3 of another example.
[FIG. 7] FIG. 7 is a view explaining the divided cooling surfaces A3 of another example.
[FIG. 8] FIG. 8 is a view explaining a positional relationship of the divided cooling surfaces A3 and temperature
measuring devices 28, 29 in the upper width-direction control cooling device 16 according to the first embodiment
of the present invention.
[FIG. 9(A) and FIG. 9(B)] FIG. 9(A) and FIG. 9(B) are views explaining cooling water nozzles 23 and cooling water
collision regions R formed thereby on a top surface of a cooling width region.
[FIG. 10] FIG. 10 is a view illustrating a relationship between an inclination angle θ of a jet axis P of the cooling
water nozzle 23, which is a full cone spray nozzle, and a ratio of cooling water to return in the direction opposite to
a cooling water jetting direction after colliding with a hot-rolled steel sheet 2 to cooling water from the cooling water
nozzles 23.
[FIG. 11] FIG. 11 is a view illustrating a relationship between the inclination angle θ of the jet axis P of the cooling
water nozzle 23, which is a full cone spray nozzle, and a collision pressure index.
[FIG. 12(A) and FIG. 12(B)] FIG. 12(A) and FIG. 12(B) are views explaining another example of the cooling water
nozzles 23 and the cooling water collision regions R formed thereby on the top surface of the cooling width region.
[FIG. 13(A) and FIG. 13(B)] FIG. 13(A) and FIG. 13(B) are views explaining another example of the cooling water
nozzles 23 and the cooling water collision regions R formed thereby on the top surface of the cooling width region.
[FIG. 14] FIG. 14 is a view explaining another example of the cooling water nozzles 23 and the cooling water collision
regions R formed thereby on the top surface of the cooling width region.
[FIG. 15(A) and FIG. 15(B)] FIG. 15(A) and FIG. 15(B) are views illustrating a part of an X-X cross section and a
part of a Y-Y cross section in FIG. 14.
[FIG. 16(A) and FIG. 16(B)] FIG. 16(A) and FIG. 16(B) are views explaining an upper width-direction control cooling
device 16 according to a second embodiment.
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[FIG. 17(A) and FIG. 17(B)] FIG. 17(A) and FIG. 17(B) are views explaining another example of draining nozzles 40.
[FIG. 18] FIG. 18 is a view for explaining an effect obtained when the cooling water nozzle 23 is set as a slit-laminar
nozzle.
[FIG. 19] FIG. 19 is a view explaining an entire cooling region A1 of another example.
[FIG. 20] FIG. 20 is a view explaining the cooling water collision regions R formed in the case of the entire cooling
region A1 in the example of FIG. 19.
[FIG. 21] FIG. 21 is a view explaining another example of the cooling water collision regions R formed in the case
of the entire cooling region A1 in the example of FIG. 19.
[FIG. 22] FIG. 22 is a view explaining switching devices of another example.
[FIG. 23(A) and FIG. 23(B)] FIG. 23(A) and FIG. 23(B) are views illustrating a part of a steel sheet temperature
distribution in a comparative example and an example.

[Mode for Carrying out the Invention]

[0031] As a result of repeated earnest examinations, the present inventors learned the following findings. That is, they
learned that in the case where cooling water nozzles are provided above a hot-rolled steel sheet, jet axes of the cooling
water nozzles are inclined to let cooling water from the cooling water nozzles go to the side in the width direction
(hereinafter, the width direction is sometimes referred to as a sheet width direction or a machine width direction, but
both are the same in meaning) opposite to the cooling water nozzles after colliding with the hot-rolled steel sheet and
let the cooling water flow down from the hot-rolled steel sheet, and thereby between a region that is directly cooled by
the cooling water from the cooling water nozzles and a region that is cooled by water staying on the sheet until it flows
down after colliding with the hot-rolled steel sheet, a heat transfer coefficient of the former region is about four times
greater than that of the latter region. From this examination result, they learned that the cooling water nozzles whose
jet axes are inclined are provided for each of divided cooling surfaces obtained by dividing a top surface of a cooling
target region in the width direction and the steel sheet conveyance direction (hereinafter the steel sheet conveyance
direction is sometimes referred to as a machine length direction, but both are the same in meaning), and by switching
between collision and non-collision of the cooling water jetted from the cooling water nozzles with the divided cooling
surface based on a measurement result of a width-direction temperature distribution, the uniformity of temperatures in
the hot-rolled steel sheet conveyance direction and the width direction can be improved.
[0032] Embodiments of the present invention will be hereinafter explained with reference to the drawings. Note that,
in the description and the drawings, components having substantially the same function and configuration are denoted
by the same reference numerals and symbols, and a redundant explanation will be thereby omitted.

(First embodiment)

[0033] FIG. 1 is an explanatory view illustrating an outline of a configuration of a manufacturing apparatus 10 of a hot-
rolled steel sheet (to be referred to as a "hot rolling facility" below) provided with a cooling device in a first embodiment
of the present invention.
[0034] As illustrated in FIG. 1, in the hot rolling facility 10, a heated slab 1 is continuously rolled by being sandwiched
between upper and lower rolls, and the slab is thinned to a minimum sheet thickness of about 1 mm and is coiled as a
hot-rolled steel sheet 2. The hot rolling facility 10 includes: a heating furnace 11 for heating the slab 1; a width-direction
mill 12 that rolls the slab 1 heated by the heating furnace 11 in the sheet width direction; a roughing mill 13 that rolls the
slab 1 rolled in the sheet width direction from up and down directions to make it into a rough bar; a finishing mill 14 that
further continuously hot rolls the rough bar to a predetermined thickness; cooling devices 15, 16, and 17 that cool the
hot-rolled steel sheet 2 hot-rolled by the finishing mill 14 by cooling water; and a coiling device 18 that coils the hot-rolled
steel sheet 2 cooled by the cooling devices 15, 16, and 17 into a coil shape.
[0035] In the heating furnace 11, the slab 1 brought in from the outside through a charging hole is heated to a prede-
termined temperature. After the heating in the heating furnace 11 is finished, the slab 1 is extracted out of the heating
furnace 11 and conveyed through the width-direction mill 12 to a rolling step by the roughing mill 13.
[0036] In the rough rolling step, the slab 1 is rolled by the roughing mill 13 into a rough bar (sheet bar) to a thickness
of, for example, about 30 mm to 60 mm to be conveyed to the finishing mill 14.
[0037] In the finishing mill 14, the conveyed rough bar is rolled to a sheet thickness of about several millimeters (for
example, 1 to 15 mm) to form the hot-rolled steel sheet 2. The rolled hot-rolled steel sheet 2 is conveyed by conveyor
rolls 19 (see FIG. 2 and FIG. 3) to be first conveyed to a cooling zone made by the main cooling device 15, and further
conveyed to a cooling zone made by the upper width-direction control cooling device (to be referred to as the "upper
cooling device" below) 16, and further conveyed to a cooling zone made by the adjustment cooling device 17.
[0038] The hot-rolled steel sheet 2 is cooled by the above-described main cooling device 15, upper cooling device 16,
and adjustment cooling device 17 to be coiled into a coil shape by the coiling device 18. Among the cooling devices 15,
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16, and 17, the main cooling device 15 mainly cools the hot-rolled hot-rolled steel sheet 2, the upper cooling device 16
cools the hot-rolled steel sheet 2 from the top surface side so as to solve the nonuniformity of temperatures in the width
direction of the hot-rolled steel sheet 2 cooled by the main cooling device 15, and the adjustment cooling device 17 cools
the hot-rolled steel sheet 2 cooled by the upper cooling device 16 to a target temperature. Incidentally, the main cooling
device 15 and the adjustment cooling device 17 are arranged so as to sandwich the hot-rolled steel sheet 2 being
conveyed on a run out table from above and below, and the upper cooling device 16 is arranged above the hot-rolled
steel sheet 2. Further, the adjustment cooling device 17 cools the hot-rolled steel sheet 2 so as to lower its temperature
by about 50°C, for example.
[0039] The configuration of the main cooling device 15 is not limited in particular, and a well-known cooling device
can be applied. For example, the main cooling device 15 includes: a plurality of cooling water nozzles that jet cooling
water vertically downward to the top surface of the hot-rolled steel sheet 2 from above the hot-rolled steel sheet 2 being
conveyed on the conveyor rolls 19 of the run out table; and a plurality of cooling water nozzles that jet cooling water
vertically upward to the under surface of the hot-rolled steel sheet 2 from below the hot-rolled steel sheet 2. As the
cooling water nozzle, for example, slit-laminar nozzles, pipe laminar nozzles, or the like are used.
[0040] In the example in the drawings, a lower cooling device that cools the hot-rolled steel sheet 2 from the under
surface side is not provided at a position facing the upper cooling device 16, but the lower cooling device may be provided.
The configuration of the lower cooling device is not limited in particular, and a well-known cooling device can be applied.
For example, as the lower cooling device, the cooling device in International Publication Pamphlet No. WO 2018/179449
can be installed.
[0041] Further, the configuration of the adjustment cooling device 17 is also not limited in particular, and a well-known
cooling device can be applied. In the case where the coolings by up to the upper cooling device 16 do not result in a
cooling deficit, the adjustment cooling device 17 is not necessarily arranged, but is usually required.
[0042] Next, the configuration of the upper cooling device 16 is explained. FIG. 2 illustrates a side view schematically
illustrating a part of the configuration of the upper cooling device 16, which is viewed from the width direction (6 Y
direction), and FIG. 3 illustrates a bottom view schematically illustrating a part of the configuration of the upper cooling
device 16, which is viewed from below in the vertical direction (6 Z direction). Incidentally, in FIG. 2, out of cooling water
nozzles 23, the cooling water nozzles 23 belonging to a first nozzle group G1 are illustrated by a virtual line. Further, in
FIG. 3, for convenience in explaining the horizontal positional relationship, the hot-rolled steel sheet 2, the conveyor
rolls 19, upstream-side temperature measuring devices 28, and downstream-side temperature measuring devices 29
are illustrated by dotted lines.
[0043] The upper cooling device 16 in this form is schematically configured to include the cooling water nozzles 23,
switching devices each including an intermediate header 24, a pipe 25, and a three-way valve 27, a water feed header
26, a drain header (not illustrated), the temperature measuring devices 28, 29, and a control device 30, as schematically
illustrated in FIG. 2 and FIG. 3. The three-way valve 27 is arranged for each of the intermediate headers 24, which is
partly omitted in the drawing.
[0044] The upper cooling device 16 is a device that controls cooling for each of divided cooling surfaces A3 made by
division of an entire cooling region A1 formed on a top surface of a later-described cooling width region on the run out
table. FIG. 4 to FIG. 7 each are a plan view illustrating the cooling width region on the run out table at a place where the
upper cooling device 16 is arranged, which is viewed from above in the vertical direction (6 Z direction), and illustrate
a positional relationship between the entire cooling region A1, width-divided cooling zones A2, and the divided cooling
surfaces A3 and the conveyor rolls 19. Incidentally, in FIG. 4 and FIG. 5, for explanatory convenience, the conveyor
rolls 19 are illustrated by dotted lines. Incidentally, an under surface of the cooling width region is also a plane in contact
with the top of the run out table.
[0045] In this form, a region where the hot-rolled steel sheet 2, which can be manufactured in the hot rolling facility
10, can be present during the time when the hot-rolled steel sheet 2 is conveyed on the run out table is referred to as
the "cooling width region." The "cooling width region" is, that is, originally a three-dimensional region that is marked off
by the maximum sheet thickness 3 (maximum sheet width + maximum meander width) of the hot-rolled steel sheet that
can be manufactured and extends in the steel sheet conveyance direction. Therefore, the "cooling width region" covers
the region from the exit-side end of the finishing mill to the front of the coiling device on the run out table in the steel
sheet conveyance direction. This "cooling width region" is the "cooling target region" in this form. Incidentally, practically,
the portion relating to the maximum sheet thickness can be ignored, and thus, the cooling width region, namely, the
cooling target region, may be regarded as a two-dimensional region, namely, a plane marked off by (the maximum sheet
width + the maximum meander width) in the plane in contact with the top of the run out table.
[0046] Out of the top surface of the cooling width region, the region demarcated by a full width in the machine width
direction and a cooling machine length, which is the region to be cooled by the upper cooling device 16, is set to the
"entire cooling region A1." FIG. 4 illustrates one example of the entire cooling region A1. Incidentally, the "machine width"
is the length of the upper cooling device 16 in the machine width direction (hereinafter, the length in the machine width
direction is sometimes referred to as the length in the width direction or the width in the width direction width, but they
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are the same in meaning), and the "full width in the width direction" is the length in the width direction of the region where
the hot-rolled steel sheet 2 can be present on the conveyor rolls 19. The "cooling machine length" is the length of the
region to be cooled by the upper cooling device 16 in the steel sheet conveyance direction, and is the length for at least
one pitch or more (for example, 1 meter or more) between rolls of the conveyor rolls 19 in the steel sheet conveyance
direction. The "one-pitch length between rolls in the steel sheet conveyance direction" means the distance between axes
of the conveyor rolls 19 adjacent to each other in the steel sheet conveyance direction. The "cooling machine length" is
not limited in particular, but is preferably about 20 m or less from the viewpoint of facility cost. The concrete length only
needs to be determined from the cooling capacity of the upper cooling device 16 and a predicted aspect of the nonuniform
temperature distribution of the hot-rolled steel sheet 2, as appropriate.
[0047] Each of cooling regions obtained by dividing the entire cooling region A1 into three or more regions in the
machine width direction, namely, the width direction, is set to the "width-divided cooling zone A2." FIG. 5 illustrates an
example where the entire cooling region A1 is divided into ten width-divided cooling zones. The number of divisions of
the entire cooling region A1 in the width direction (namely, the number of width-divided cooling zones A2 in the width
direction) is not limited to this. For the uniformity of the width-direction temperature distribution, a larger number of
divisions are better. For example, the lower limit of the number of divisions may be set to 4, 6, 8, 10, or 12. However, if
the number of divisions is increased, the facility cost increases, so that the upper limit of the number of divisions may
be set to 30, 20, 16, or 14.
[0048] Further, each of cooling regions obtained by dividing the width-divided cooling zone A2 into a plurality of regions
in the machine length direction, namely, the steel sheet conveyance direction is set to the "divided cooling surface A3."
The length of each of the divided cooling surfaces A3 in the width direction is the same as the length of the width-divided
cooling zone A2 in the width direction. The length of the divided cooling surface A3 in the steel sheet conveyance direction
is the length obtained by equally dividing the length of the width-divided cooling zone A2 in the steel sheet conveyance
direction, for example, by the number of divisions.
[0049] The length of the divided cooling surface A3 in the steel sheet conveyance direction is not limited in particular,
but can be set appropriately. The length of the divided cooling surface A3 in the steel sheet conveyance direction
illustrated in FIG. 4 is set to be four times as long as one pitch of the conveyor rolls 19. Further, in the example in FIG.
6, the length of the divided cooling surface in the steel sheet conveyance direction is set to the length for one pitch of
the conveyor rolls 19. As above, the length of the divided cooling surface A3 in the steel sheet conveyance direction is
preferably an integral multiple of the pitch between rolls of the conveyor rolls 19 in the steel sheet conveyance direction.
[0050] Incidentally, the lengths of a plurality of the divided cooling surfaces A3 in the steel sheet conveyance direction,
which are aligned adjacent to each other in the steel sheet conveyance direction, do not need to be the same and may
differ from each other. In other words, the width-divided cooling zone A2 may be a combination of the divided cooling
surfaces A3 having different lengths in the steel sheet conveyance direction. For example, as illustrated in FIG. 7, the
length of the divided cooling surface A3 in the steel sheet conveyance direction may be increased sequentially from the
upstream side to the downstream side by 1 pitch, 2 pitches, 4 pitches, 8 pitches,··· between rolls of the conveyor rolls
19 in the steel sheet conveyance direction.
[0051] Incidentally, in the following explanation, as illustrated in FIG. 4, the length of the divided cooling surface A3
in the steel sheet conveyance direction is set to be equivalent to the length for 4 pitches between rolls of the conveyor
rolls 19 in the steel sheet conveyance direction.
[0052] At least one cooling water nozzle 23 is provided for each of the above-described divided cooling surfaces A3.
The cooling water nozzles 23 jet cooling water from above the cooling width region to the top surface of the cooling
width region. Various well-known types of nozzles can be used for the cooling water nozzles 23, and examples thereof
include a full cone spray nozzle to which a back pressure of about 0.3 MPa is applied (to be sometimes referred to as
a "full cone nozzle" below). Further, the cooling water nozzles 23 are preferably small in diameter to prevent the cooling
water from falling off from the cooling water nozzle 23 in a standby state.
[0053] Incidentally, the width of a cooling range of the cooling water nozzle 23 in the width direction is preferably set
to a length including the length of the corresponding divided cooling surface A3 in the width direction and lengths of
portions of the adjacent divided cooling surfaces A3 on both sides in the width direction. If the cooling range of the cooling
water nozzle 23 in the width direction is limited to the width of the single divided cooling surface A3 in the width direction,
there is a concern that the cooling capacity on a boundary line between the divided cooling surface A3 and another
divided cooling surface A3 that are adjacent to each other in the width direction becomes insufficient. In order to solve
this lack of cooling, the width in the width direction, where a later-described cooling water collision region R of the nozzle
23 overlaps another cooling water collision region R adjacent in the width direction, is preferably set to be 5% or more
of the width of the cooling water collision region in the width direction. The width in the width direction, where the cooling
water collision region R overlaps the another adjacent cooling water collision region R, is more preferably set to 7% or
more or 8% or more of the width of the cooling water collision region in the width direction. The width in the width direction,
where the cooling water collision region R overlaps the another adjacent cooling water collision region R, is more
preferably set to 15% or less of the width of the cooling water collision region in the width direction. The width in the
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width direction, where the cooling water collision region R overlaps the another adjacent cooling water collision region
R, is more preferably set to 13% or less or 11% or less of the width of the cooling water collision region in the width direction.
[0054] FIG. 8 is a view illustrating, as a plan view, the width-divided cooling zones A2 obtained by division of the entire
cooling region A1 on the top surface of the cooling width region in the upper cooling device 16 in the width direction and
the divided cooling surfaces A3 obtained by division of the width-divided cooling zones A2 in the steel sheet conveyance
direction, which are viewed from above in the vertical direction (6 Z direction), as well as illustrating the regions (cooling
water collision regions) R each formed by the cooling water from the cooling water nozzle 23 provided for each divided
cooling surface A3 colliding with the top surface of the cooling width region corresponding to the divided cooling surface
A3. The cooling water nozzles 23 are arranged so that at least one cooling water collision region R is formed on each
of the divided cooling surfaces A3. The width of one cooling water collision region R is larger than the width of the divided
cooling surface A3 to which the cooling water collision region R belongs.
[0055] In this form, the cooling water nozzles 23 are arranged so that four cooling water collision regions R are formed
on one divided cooling surface A3. The four cooling water nozzles 23 and the four cooling water collision regions R are
arranged in plan view for each of the conveyor rolls 19 and are aligned in the steel sheet conveyance direction. The
number of cooling water nozzles 23 corresponding to one divided cooling surface A3 is not limited in particular, but may
be one or more if the full width of each of the divided cooling surfaces A3 in the width direction is covered with the cooling
water collision region R by the cooling water nozzle 23 provided for the divided cooling surface A3.
[0056] Incidentally, when the cooling water nozzles 23 in the width direction and the steel sheet conveyance direction
are made the same in volume of water to be jetted from the cooling water nozzle 23 and flow rate and their cooling
capacities are made the same, control is easier. Further, when a plurality of the cooling water nozzles 23 aligned in the
width direction and installed for each of the divided cooling surfaces A3, which are located at the same position in the
steel sheet conveyance direction, are made the same in type, number, jetting water volume, and jet flow rate and their
cooling capacities on the divided cooling surfaces A3 aligned in the width direction are made the same, control is easier.
[0057] Further, the cooling water nozzles 23 that are the same in jetted water volume and jet flow rate, which belong
to the divided cooling surfaces A3 aligned in the width direction, are preferably arranged so that the distances each
between centers of the cooling water nozzles 23 adjacent in the width direction and/or the distances each between
centers of the cooling water collision regions R formed by the cooling water nozzles 23 all become equal in distance.
This makes it possible to perform uniform cooling in the width direction with higher accuracy.
[0058] Incidentally, even if the cooling water nozzles 23 differ in cooling capacity based on the jetting water volume
and the jet flow rate in the width direction and the steel sheet conveyance direction, the control by the control device 30
is possible.
[0059] FIG. 9(A) and FIG. 9(B) are views explaining the cooling water nozzles 23. FIG. 9(A) is a front view illustrating
the cooling water nozzles 23 viewed from the steel sheet conveyance direction, and FIG. 9(B) is a plan view illustrating
regions (the cooling water collision regions) R where cooling waters from the cooling water nozzles 23 collide with the
cooling width region, namely the top surface of the hot-rolled steel sheet 2 viewed from above in the vertical direction
(6 Z direction). Incidentally, in FIG. 9(B), the positions of jetting ports of cooling water of the cooling water nozzles 23
each are illustrated by a small "•."
[0060] As illustrated in FIG. 9(A), the cooling water nozzles 23 each have a jet axis P inclined with respect to a vertical
line Po to the top surface of the hot-rolled steel sheet 2, when viewed in the steel sheet conveyance direction, and the
cooling water jetted from the cooling water nozzle 23 collides with the cooling water collision region R, and then goes
to the side opposite to the cooling water nozzle 23 in the width direction. In this form, the cooling water nozzles 23 form
either a first nozzle group G1 or a second nozzle group G2. The cooling water nozzles 23 of the first nozzle group G1
each have the jet axis P inclined so as to jet cooling water to one side in the width direction, and thereby the cooling
water is drained from one end side in the width direction. The cooling water nozzles 23 of the second nozzle group G2
each have the jet axis P inclined in a direction opposite to the cooling water nozzles 23 of the first nozzle group G1 so
as to jet cooling water to the other side in the width direction, and thereby the cooling water is drained from the other
end side in the width direction.
[0061] The cooling water collision regions R made by the cooling water nozzles 23 forming the first nozzle group G1
form a first cooling water collision region group RG1 (to be sometimes abbreviated to a first region group RG1, below),
where the cooling water collision regions R are connected in the width direction while overlapping another cooling water
collision region R adjacent in the width direction. Further, the cooling water collision regions R made by the cooling water
nozzles 23 forming the second nozzle group G2 form a second cooling water collision region group RG2 (to be sometimes
abbreviated to a second region group RG2, below), where the cooling water collision regions R are connected in the
width direction while overlapping another cooling water collision region R adjacent in the width direction.
[0062] The cooling water nozzles 23 of the first nozzle group G1 forming the first region group RG1 and the cooling
water nozzles 23 of the second nozzle group G2 forming the second region group RG2 are inclined so as to be symmetrical
to each other when viewed in the steel sheet conveyance direction. Then, the cooling water nozzles 23 forming the first
nozzle group G1 that forms the first region group RG1 have the jet axes P that are all inclined with respect to the above-
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described vertical line Po in the same direction when viewed in the machine length direction. That is, among the cooling
water nozzles 23 forming the first nozzle group G1 that forms the first region group RG1, none of the cooling water
nozzles have the jet axis P inclined with respect to the above-described vertical line Po in the opposite direction, and
the cooling water nozzles 23 jet cooling water to one side in the width direction. Further, the cooling water nozzles 23
forming the second nozzle group G2 that forms the second region group RG2 also have the jet axes P that are all inclined
with respect to the above-described vertical line Po in the same direction when viewed in the machine length direction.
That is, among the cooling water nozzles 23 forming the second nozzle group G2 that forms the second region group
RG2, none of the cooling water nozzles have the jet axis P inclined with respect to the above-described vertical line Po
in the opposite direction, and the cooling water nozzles 23 jet cooling water to the other side in the width direction.
[0063] Each of the cooling water nozzles 23 is preferably provided so that the angle of its jet axis P with respect to
the above-described vertical line P0, namely an inclination angle θ, becomes greater than half of the angle of spreading
of the cooling water jetted from the cooling water nozzle 23. The above-described inclination angle θ of the cooling water
nozzle 23 is, for example, 10° to 45°. Incidentally, the angle of spreading of the cooling water jetted from the cooling
water nozzle 23 is, for example, about 12°, and the cooling water collision region R is formed so as to have its diameter
of 200 mm, for example.
[0064] Further, as can be seen from the positional relationship between the position of the jetting port of cooling water
of the cooling water nozzle 23 illustrated by "•" in the drawing and the cooling water collision region R, the jet axis P of
the cooling water nozzle 23 is not inclined in the steel sheet conveyance direction, concretely, it is not inclined downstream
in the steel sheet conveyance direction and is substantially parallel to the width direction in plan view. Incidentally, it is
not necessary to exclude that the jet axis P of the cooling water nozzle 23 is inclined in the steel sheet conveyance
direction. Inclination of the jet axis P is not necessary, and no inclination of the jet axis P is preferred.
[0065] Further, the cooling water nozzles 23 of the first nozzle group G1 and the cooling water nozzles 23 of the
second nozzle group G2 both are provided at the position of the single conveyor roll 19. Then, the respective cooling
water nozzles 23 are provided so as to prevent each cooling water collision region group from overlapping another
cooling water collision region group (namely, prevent the first region groups RG1 from overlapping with each other,
prevent the second region groups RG2 from overlapping with each other, and prevent the first region group RG1 and
the second region group RG2 from overlapping with each other). Further, the cooling water nozzles 23 are provided so
that the first region group RG1 and the second region group RG2 adjacent to this first region group RG1 in the steel
sheet conveyance direction cover the cooling width region, namely the full width of the hot-rolled steel sheet 2 in the
width direction. As described previously, since the respective cooling water nozzles 23 are provided so as to prevent
each cooling water collision region group from overlapping another cooling water collision region group, jets of cooling
water from the first nozzle group G1 and jets of cooling water from the second nozzle group G2 do not interfere with
each other even when the first region group RG1 and the second region group RG2 cover the cooling width region,
namely, the full width of the hot-rolled steel sheet 2 in the width direction. Incidentally, as a method to prevent each
cooling water collision region group from overlapping another cooling water collision region group, there is a method of
shifting the positions of the cooling water nozzles 23 forming one cooling water collision region group from the positions
of the cooling water nozzles 23 forming another cooling water collision region group in the steel sheet conveyance
direction. Further, the positions of the cooling water nozzles 23 forming the first region group RG1 and the positions of
the cooling water nozzles 23 forming the second region group RG2 are shifted back and forth in the steel sheet conveyance
direction, thereby making it possible to prevent two cooling water collision region groups from overlapping with each
other on the top surface of the cooling width region even in the case where the cooling water nozzles 23 forming the
first region group RG1 and the cooling water nozzles 23 forming the second region group RG2 overlap when viewed in
the steel sheet conveyance direction. As a result, it is possible to prevent the cooling waters from the cooling water
nozzles 23 themselves from interfering with each other. Incidentally, as described above, the width of one cooling water
collision region R is larger than the width of the divided cooling surface A3 to which the cooling water collision region R
belongs. Therefore, one cooling water collision region R fails to belong to the same cooling water collision region group
RG as another cooling water collision region R that belongs to the same width-divided cooling zone A2.
[0066] Further, as described above, since the cooling water nozzles 23 are provided so as to prevent each cooling
water collision region group from overlapping another cooling water collision region group, drained water of the cooling
waters that have been jetted from the cooling water nozzles 23 forming any cooling water collision region group to collide
with the hot-rolled steel sheet 2 is not obstructed by the cooling waters that have been jetted from the cooling water
nozzles 23 forming another cooling water collision region group to collide with the hot-rolled steel sheet 2.
[0067] Incidentally, in this form, the first region group RG1 and the second region group RG2 are arranged in a
staggered pattern in plan view with respect to the position where the conveyor roll 19 is arranged. Concretely, for one
conveyor roll 19, each one first region group RG1 and each one second region group RG2 are set, and the first region
group RG1 and the second region group RG2 for one conveyor roll 19 are arranged alternately along the steel sheet
conveyance direction. For example, the first region group RG1 is set so as to make the center of the cooling water
collision region R located downstream of a center axis S of the conveyor roll 19 in the steel sheet conveyance direction,
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and the second region group RG2 is set so as to make the center of the cooling water collision region R located upstream
of the center axis S of the conveyor roll 19 in the steel sheet conveyance direction.
[0068] The cooling water collision region R made by each of the cooling water nozzles 23 has a length in the width
direction and a lap width (a length in the width direction of an overlapping region between the cooling water collision
regions R adjacent to each other in the width direction) that are set so as to prevent occurrence of nonuniform cooling,
such as insufficient cooling capacity, in an intermediate portion between the cooling water collision regions R adjacent
in the width direction. Incidentally, in the example in FIG. 9(A) and FIG. 9(B), the first region group RG1 and the second
region group RG2 overlap in a middle Q of the cooling width region in the width direction when viewed in the steel sheet
conveyance direction, and the length of this overlapping region in the width direction is set in the same manner as the
lap width described above.
[0069] Further, in the example in FIG. 9(A) and FIG. 9(B), the boundary between the first region group RG1 and the
second region group RG2 coincides with the middle Q of the cooling width region in the width direction. By the way, the
number of cooling water nozzles 23 forming each nozzle group sometimes differs between the first nozzle group G1
and the second nozzle group G2, and in this case, the boundary between the first region group RG1 by the first nozzle
group G1 and the second region group RG2 by the second nozzle group G2 does not coincide with the middle Q of the
cooling width region in the width direction. However, as the above-described boundary is closer to the middle Q in the
width direction, the drainage from one end side in the width direction and the drainage from the other end side in the
width direction are smoother respectively, and thus, the above-described boundary is preferably set to coincide with the
middle Q in the width direction, as in the example in FIG. 9(A) and FIG. 9(B).
[0070] Further, in order to ensure sheet passing ability, the cooling water nozzles 23 are preferably provided so that
the cooling water collision regions R overlap the center axis S of the conveyor roll 19 in plan view. From the viewpoint
of ensuring the sheet passing ability, within a range where the jets of cooling water from the first nozzle group G1 and
the jets of cooling water from the second nozzle group G2 do not interfere with each other, the centers of the cooling
water collision regions R are preferably set at positions close to directly above the center axis S of the conveyor roll 19
in plan view.
[0071] We will return to the explanation of the upper cooling device 16.
[0072] The intermediate header 24 is a header that functions as a part of the switching device in this form and supplies
cooling water to the cooling water nozzles 23. As can be seen from FIG. 2 and FIG. 3, in this form, the intermediate
header 24 is a tubular member extending in the steel sheet conveyance direction, with a plurality of the cooling water
nozzles 23 provided along the steel sheet conveyance direction. Thus, it is possible to control jetting and stopping of
cooling water from the cooling water nozzles 23 arranged on the single intermediate header 24 simultaneously. In the
illustrated example, four cooling water nozzles 23 are aligned in the steel sheet conveyance direction for one intermediate
header 24, but the number of cooling water nozzles 23 is not limited to this.
[0073] Then, the intermediate headers 24 are arranged so that each one intermediate header 24 corresponds to one
divided cooling surface A3. This makes it possible to switch control the jetting and the stopping of cooling water for each
divided cooling surface A3.
[0074] The three-way valve 27 is a member that functions as a part of the switching device in this form. That is, the
three-way valve 27 is a main member of the switching device that switches between collision and non-collision of the
cooling water jetted from the cooling water nozzles 23 with the top surface of the cooling width region. The switching
device is provided for each of the above-described divided cooling surfaces A3.
[0075] The three-way valve 27 in this form is of a diverting type and is a valve that switches whether to lead pressurized
water from the water feed header 26 to the pipe 25 and feed it to the intermediate header 24 and then to the cooling
water nozzles 23, or to lead the pressurized water to the drain header (not-illustrated). Incidentally, in this form, the drain
header is illustrated as an example of a part for drainage, but this form is not limited in particular.
[0076] In place of the three-way valve 27 in this form, it is also possible to install two stop valves (valves for stopping
the flow of fluid in a broad sense, to be sometimes called ON/OFF valves) to perform control in the same manner as the
three-way valve. Using the three-way valve 27 makes it possible to reduce water-pressure fluctuations at a switching time.
[0077] In this form, one three-way valve 27 is provided for each of the intermediate headers 24 and is arranged between
the water feed header 26 supplying cooling water and the drain header draining the cooling water.
[0078] The upstream-side temperature measuring device (to be referred to as the "first measuring device" below) 28
functions as a temperature detecting device in this form.
[0079] The first measuring devices 28 are arranged at positions on the under surface side of the cooling width region
and measure the temperature of the hot-rolled steel sheet 2 on the upstream side of the entire cooling region A1 in the
steel sheet conveyance direction as illustrated in FIG. 8.
[0080] The first measuring devices 28 are provided in a row in the width direction, corresponding to the width-divided
cooling zones A2 respectively, so as to be able to measure the temperature on the upstream side of the width-divided
cooling zones A2. This makes it possible to measure the temperature of the hot-rolled steel sheet 2 in the width direction
on the upstream side of the upper cooling device 16 over the full width, that is, measure the width-direction temperature
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distribution of the hot-rolled steel sheet 2 on the upstream side of the upper cooling device 16.
[0081] The downstream-side temperature measuring device (to be referred to as the "second measuring device"
below) 29 also functions as a temperature detecting device in this form.
[0082] The second measuring devices 29 are arranged at positions on the under surface side of the cooling width
region and measure the temperature of the hot-rolled steel sheet 2 on the downstream side of the entire cooling region
A1 in the steel sheet conveyance direction.
[0083] The second measuring devices 29 are provided in a row in the width direction, corresponding to the width-
divided cooling zones A2 respectively, so as to be able to measure the temperature of the width-divided cooling zones
A2 after cooling. This makes it possible to measure the temperature of the hot-rolled steel sheet 2 in the width direction
on the downstream side of the upper cooling device 16 over the full width, that is, acquire the width-direction temperature
distribution of the hot-rolled steel sheet 2 on the downstream side of the upper cooling device 16.
[0084] The configurations of the first measuring device 28 and the second measuring device 29 are not limited in
particular as long as they measure the temperature of the hot-rolled steel sheet 2, but for example, the thermometer
described in Japanese Patent No. 3818501 or the like is preferably used.
[0085] The control device 30 is a device that controls the operations of the switching devices based on either or both
of measurement results of the first measuring devices 28 and measurement results of the second measuring devices
29. Concretely, the control device 30 controls, for each width-divided cooling zone A2, the operation of the switching
device corresponding to each of a plurality of the divided cooling surfaces A3 contained in the width-divided cooling
zone A2 based on either or both of measurement results of the first measuring device 28 and measurement results of
the second measuring device 29, to thereby control the cooling for the entire length of the width-divided cooling zone
A2 and control the cooling of the entire cooling region A1 with these controls together. The control device 30 includes
an electronic circuit or a computer that performs an arithmetic operation based on a predetermined program, to which
the first measuring devices 28, the second measuring devices 29, and the switching devices are electrically connected.
[0086] For example, the first measuring devices 28 measure the temperature of the hot-rolled steel sheet 2 to be
conveyed on the run out table having the conveyor rolls 19 after having been rolled and then cooled by the main cooling
device 15. The measurement results are sent to the control device 30, and the amount of cooling required to equalize
the temperatures of the hot-rolled steel sheet 2 is calculated for each of the divided cooling surfaces A3.
[0087] Then, based on the calculation results, the control device 30 feedforward controls opening and closing of the
three-way valve 27. That is, the control device 30 controls opening and closing of the three-way valve 27 to control
collision and non-collision of the cooling water jetted from the cooling water nozzles 23 with the top surface of the hot-
rolled steel sheet 2 for each of the divided cooling surfaces A3, in order to achieve uniformity of the temperatures of the
hot-rolled steel sheet 2 in the width direction.
[0088] According to this form, the following effects are obtained.
[0089] In this form, as described above, based on the measurement results by the first measuring devices 28 that
measure, over the full width, the temperature of the hot-rolled steel sheet 2 in the width direction that has been cooled
by the main cooling device 15, collision and non-collision of the cooling water jetted from the cooling water nozzles 23
with the top surface of the hot-rolled steel sheet 2 are controlled for each of the divided cooling surfaces A3. Then, three
or more divided cooling surfaces A3 are arranged in the width direction and a plurality of divided cooling surfaces A3
are arranged in the rolling direction, thus making it possible to uniformize the temperatures of the hot-rolled steel sheet
2 in the width direction and the rolling direction with high accuracy.
[0090] Further, according to this form, the jet axes P of the cooling water nozzles 23 are inclined with respect to the
vertical line Po to the top surface of the cooling width region, and the cooling waters, which have been jetted from the
cooling water nozzles 23 to collide with the cooling water collision regions R, go to the side opposite to the cooling water
nozzles 23 in the width direction to be drained from one end or the other end of the hot-rolled steel sheet 2 in the width
direction. Therefore, the cooling waters, which have been jetted from the cooling water nozzles 23 to collide with the
cooling water collision regions R, no longer affect the cooling of the hot-rolled steel sheet 2 as water on the sheet.
[0091] It is set here that in the case where the main cooling device 15 and the adjustment cooling device 17 are already
installed, cooling is performed based on the temperature in the middle portion of the hot-rolled steel sheet 2 in the width
direction, and cooling is performed so as to bring the coiling temperature of the middle portion in the width direction to
a target value, the upper cooling device 16 is arranged between the main cooling device 15 and the adjustment cooling
device 17. Even in this case, according to this embodiment, it is possible to perform cooling so as to bring the coiling
temperature of the middle portion of the hot-rolled steel sheet 2 in the width direction to a target value without changing
the main cooling device 15 and the adjustment cooling device 17.
[0092] Incidentally, as in this form, in the case where further cooling of the hot-rolled steel sheet 2 having been cooled
by the main cooling device 15 is performed based on the measurement results of the temperatures of the hot-rolled
steel sheet 2 over the full width, unlike this embodiment, it is considered that the cooling water nozzles are provided
vertically below (that is, at the under surface of) the cooling width region to spray cooling water from the under surface
side of the cooling width region. However, in this case, maintenance can be difficult due to the presence of the conveyor
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rolls 19, and so on around the cooling water nozzles. In contrast to this, in this form, the cooling water nozzles 23 are
provided above the cooling width region, which is high in maintainability. Incidentally, in the case where only the lower
part of the main cooling device 15 is configured to extend downstream to provide cooling water nozzles also at the
position facing the upper cooling device 16, there is no need to control these cooling water nozzles independently of the
main cooling device 15. Therefore, the configuration becomes simple, and thus the maintainability is not questioned.
[0093] Further, in this form, the inclination angle θ of the jet axis P of the cooling water nozzle 23 is 10° to 45°.
[0094] FIG. 10 is a view illustrating a relationship between the inclination angle θ of the jet axis P of the cooling water
nozzle 23, which is a full cone nozzle, and a ratio of cooling water to return in the direction opposite to a cooling water
jetting direction after colliding with the hot-rolled steel sheet 2 to the cooling water from the cooling water nozzles 23 (to
be referred to as a "return ratio of cooling water from the cooling water nozzles 23").
[0095] As illustrated in the drawing, the inclination angle θ of the jet axis P of the cooling water nozzle 23 is set to 10°
or more, thereby making it possible to suppress the return ratio of cooling water from the cooling water nozzles 23 to
two or less out of ten and reduce the amount of water on the sheet.
[0096] FIG. 11 is a view illustrating a relationship between the inclination angle θ of the jet axis P of the cooling water
nozzle 23, which is a full cone nozzle, and a collision pressure index. The collision pressure index is an index relating
to the pressure at which the cooling water jetted from the cooling water nozzle 23 collides with the hot-rolled steel sheet
2, and is an index to be one when the above-described inclination angle θ is 0°. As the collision pressure index is higher,
the cooling capacity is high, which is desirable, but when the above-described inclination angle θ is 45° or less, the
collision pressure index can be 0.7 or more.
[0097] Further, according to this form, the jet axes P of the cooling water nozzles 23 are not inclined in the steel sheet
conveyance direction and are substantially parallel to the width direction in plan view. Unlike this form, if the jet axes P
of the cooling water nozzles 23 are inclined in the steel sheet conveyance direction and are non-parallel to the width
direction in plan view, the previously-described return ratio of cooling water from the cooling water nozzles 23 increases.
Accordingly, when the jet axes P of the cooling water nozzles 23 are substantially parallel to the width direction in plan
view as in this form, the above-described return ratio can be suppressed and high cooling capacity can be obtained.
Further, in the case where the jet axes P of the cooling water nozzles 23 are not parallel to the width direction in plan
view, the return ratio of cooling water increases and the collision pressure index decreases with respect to the inclination
angle θ of the same jet axes, but in the case where the above-described jet axes P are parallel to the width direction in
plan view and the angle with respect to the width direction is 0°, such a problem does not occur. Incidentally, the angle
of the jet axis P of the cooling water nozzle 23 with respect to the sheet width direction in plan view is not limited to 0°.
The above-described angle only needs to be equal to or less than an angle at which the previously-described return
ratio of cooling water from the cooling water nozzles 23 is two or less out of ten and an angle at which the collision
pressure index is 0.7 or more.
[0098] Furthermore, according to this form, the cooling water collision regions R of the cooling water nozzles 23 overlap
the center axis S of the conveyor roll 19 in plan view. Therefore, the cooling water from the cooling water nozzles 23
does not impair the sheet passing ability of the hot-rolled steel sheet 2.
[0099] The intermediate header 24 is provided with the three-way valve 27, and when the number of cooling water
nozzles 23 on the intermediate header 24 is smaller, controllability of the cooling water to be jetted to the hot-rolled steel
sheet 2 improves. In the meantime, when the number of cooling water nozzles 23 is reduced, the number of required
three-way valves 27 increases, resulting in an increase in facility and running costs. Accordingly, it is possible to set the
number of cooling water nozzles 23 considering these balances.
[0100] In the case where a small volume of cooling water is used in order to make the cooling water collide with the
divided cooling surface A3, the length of the entire cooling region A1 in the steel sheet conveyance direction is lengthened.
For this reason, cooling water with a large water volume density of, for example, 1.0 m3/m2/min or more is preferably
jetted from the cooling water nozzle 23.
[0101] In the above-described explanation, the first measuring devices 28 and the second measuring devices 29 are
arranged at the positions on the under surface side of the cooling width region, but may be arranged on the top surface
side of the cooling width region and configured to measure the temperature of the hot-rolled steel sheet 2 from the top
surface side. However, in the case of the configuration in which they measure the temperature of the hot-rolled steel
sheet 2 from the top surface side of the cooling width region, it is necessary to provide a draining device on the upstream
side of the temperature measuring devices, and the length of a region required for the temperature measurement in the
steel sheet conveyance direction is increased by at least the size of this draining device, resulting in that a cooling speed,
namely, the cooling capacity per unit length of the upper cooling device in the steel sheet conveyance direction decreases.
Thus, like the first measuring devices 28 and the second measuring devices 29 described above, the configuration to
measure the temperature of the hot-rolled steel sheet 2 from the under surface side of the cooling width region is
preferable because there is no need to provide the draining device for the temperature measurement and the cooling
capacity is high.
[0102] Further, in the above-described explanation, the opening and closing of the three-way valve 27 is feedforward
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controlled based on the measurement results of the first measuring devices 28, but may also be feedback controlled
based on the measurement results of the second measuring devices 29. That is, the control device 30 may perform
calculation by using the measurement results of the second measuring devices 29, and based on the calculation results,
the number of openings and closings of the three-way valve 27 may be controlled for each of the divided cooling surfaces
A3 that are different in position in the steel sheet conveyance direction. This makes it possible to control the collision
and the non-collision of cooling water with the top surface of the cooling width region for each of the divided cooling
surfaces A3.
[0103] In the upper cooling device 16, the feedforward control of the three-way valve 27 based on the measurement
results of the first measuring devices 28 and the feedback control of the three-way valve 27 based on the measurement
results of the second measuring devices 29 can be performed selectively.
[0104] Further, such feedback control can also be applied as a correction control of feedforward control results. As
above, in the upper cooling device 16, the feedforward control of the three-way valve 27 based on the measurement
results of the first measuring devices 28 and the feedback control of the three-way valve 27 based on the measurement
results of the second measuring devices 29 can be performed in an integrated manner.
[0105] Incidentally, in the case where only one of the feedforward control and the feedback control is performed, either
the first measuring devices 28 or the second measuring devices 29 may be omitted.

(Another example 1 of the cooling water nozzles 23)

[0106] FIG. 12(A) and FIG. 12(B) are views explaining another example of the cooling water nozzles 23.
[0107] It may be impossible to arrange the cooling water nozzles 23 directly above the hot-rolled steel sheet 2 (namely,
directly above the cooling width region) as illustrated in FIG. 9(A) due to a reason such that another cooling device is
already provided. In this case, as illustrated in FIG. 12(A), the cooling water nozzles 23 may be provided as side sprays
on the outside of the hot-rolled steel sheet 2 (namely, on the outside of the cooling width region) when viewed in the
steel sheet conveyance direction.
[0108] In this case as well, as in the previously-described example, as illustrated in FIG. 12(B), the first region group
RG1 and the second region group RG2 are arranged in a staggered pattern in plan view with respect to the position
where the conveyor roll 19 is arranged. Thus, there is no interference between the jets of cooling water from the first
nozzle group G1 and the jets of cooling water from the second nozzle group G2 until the cooling waters collide with the
hot-rolled steel sheet 2. Further, as described above, drained water of the cooling waters that have been jetted from the
cooling water nozzles 23 to collide with the hot-rolled steel sheet 2 is not obstructed by the cooling waters that have
been jetted from other cooling water nozzles 23 to collide with the hot-rolled steel sheet 2.
[0109] Incidentally, in this example case, the distance from the cooling water nozzle 23 to the top surface of the cooling
width region differs for each nozzle. Therefore, the jet angles and the jetting pressures of cooling water from the respective
cooling water nozzles 23 are preferably set so as to make the sizes of the cooling water collision regions R and the flow
rates of cooling waters that collide with the cooling water collision regions R equal.

(Another example 2 of the cooling water nozzles 23)

[0110] FIG. 13(A) and FIG. 13(B) are views explaining another example of the cooling water nozzles 23.
[0111] As illustrated in FIG. 13(A), the cooling water nozzles 23 in this example are arranged directly above the hot-
rolled steel sheet 2 similarly to the example in FIG. 9(A) and FIG. 9(B).
[0112] Further, regarding the cooling water nozzles 23 in this example as well, as illustrated in FIG. 13(B), the first
region group RG1 and the second region group RG2 are arranged in a staggered pattern in plan view with respect to
the position where the conveyor roll 19 is arranged. However, in this example, unlike the previous example, each one
of the first region group RG1 and the second region group RG2 is set for one conveyor roll 19, and the first region group
RG1 and the second region group RG2 are arranged alternately along the steel sheet conveyance direction. Then, the
first region group RG1 and the second region group RG2 are set so as to make, in plan view, the centers of the cooling
water collision regions R located on the center axis S of the conveyor roll 19.
[0113] The cooling water nozzles 23 in this example are arranged so as to make, in plan view, the centers of the
cooling water collision regions R located on the center axis S of the conveyor roll 19. Therefore, the sheet passing ability
of the hot-rolled steel sheet 2 can be maintained higher.
[0114] Incidentally, in the case where the cooling water collision regions R are provided as in this example, similarly
to FIG. 12(A), the cooling water nozzles 23 may be provided as side sprays on the outside of the hot-rolled steel sheet
2 (namely, on the outside of the cooling width region) when viewed in the steel sheet conveyance direction.
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(Another example 3 of the cooling water nozzles 23)

[0115] FIG. 14 and FIG. 15(A) and FIG. 15(B) are views explaining another example of the cooling water nozzles 23.
FIG. 15(A) illustrates a part of an X-X cross section in FIG. 14, and FIG. 15(B) illustrates a part of a Y-Y cross section
in FIG. 14.
[0116] In this example, each of the first nozzle groups G1 is provided so that the full width of the cooling width region
in the width direction is covered with one first cooling water collision region group RG1, and each of the second nozzle
groups G2 is also provided so that the full width of the cooling width region in the width direction is covered with one
second cooling water collision region group RG2.
[0117] In the case of such a configuration of the nozzle groups, the cooling water nozzles 23 are provided so as to
make the centers of the cooling water collision regions R located on the center axis S of the conveyor roll 19 in plan
view. Therefore, the sheet passing ability of the hot-rolled steel sheet 2 can be maintained higher. Incidentally, as in this
example, in the case where the nozzle groups are provided so that the first cooling water collision region group RG1
and the second cooling water collision region group RG2 each cover the full width of the cooling width region in the width
direction, in order to reduce the effect of the water on the sheet, increasing the inclination angle θ of the cooling water
nozzles 23 is preferred in comparison to the case where the nozzle groups are provided so that the first cooling water
collision region group RG1 and the second cooling water collision region group RG2 described previously each cover
one side of the cooling width region in the width direction.
[0118] Further, in the case where the cooling water collision regions R are provided as in this example, the first nozzle
group G1 and the second nozzle group G2 do not need to be arranged alternately along the steel sheet conveyance
direction. The portion consisting of the first nozzle groups G1 or the second nozzle groups G2 that are continuous along
the steel sheet conveyance direction may exist, or this example may be configured by only either the first nozzle groups
G1 or the second nozzle groups G2.

(Second embodiment)

[0119] FIG. 16(A) and FIG. 16(B) are views schematically illustrating a part of a configuration of an upper cooling
device 16 according to a second embodiment.
[0120] The upper cooling device 16 according to this embodiment includes, as illustrated in the drawing, draining
nozzles 40, in addition to the configuration of the upper cooling device 16 according to the first embodiment.
[0121] The draining nozzles 40 are provided one by one for a region on one side and for a region on the other side of
the cooling width region in the width direction. Further, the draining nozzles 40 are provided on the outside of the cooling
width region in the width direction, the draining nozzle 40 for the region on one side in the width direction is provided on
the outside of the other side in the width direction, and the draining nozzle 40 for the region on the other side in the width
direction is provided on the outside of one side in the width direction.
[0122] These draining nozzles 40 each jet draining water to a region in the steel sheet conveyance direction downstream
from the cooling water collision region group on the most downstream side in the steel sheet conveyance direction to
form a downstream draining water collision region T in the conveyance direction.
[0123] Although the water on the sheet remains in the region downstream from the cooling region by the cooling water
nozzles 23 in some cases, providing the draining nozzles 40 as in this form makes it possible to immediately drain the
remaining water on the sheet, resulting in that the hot-rolled steel sheet 2 can be cooled appropriately.

(Another example of the draining nozzles 40)

[0124] FIG. 17(A) and FIG. 17(B) are views explaining another example of the draining nozzles 40.
[0125] In the example in FIG. 16(A) and FIG. 16(B), the draining nozzles 40 are provided only for the region in the
steel sheet conveyance direction downstream from the cooling water collision region group on the most downstream
side in the steel sheet conveyance direction. In contrast to this, in the example in FIG. 17(A) and FIG. 17(B), the draining
nozzle 40 is provided for each region in the conveyance direction downstream from each of the cooling water collision
region groups.
[0126] In this example as well, it is possible to immediately drain the water on the sheet remaining in the region
downstream from the cooling region by the cooling water nozzles 23, resulting in that the hot-rolled steel sheet 2 can
be cooled appropriately.

(Modified examples of the first and second embodiments)

[0127] In the above explanations, the cooling water nozzles 23 are full cone spray nozzles, but are not limited to the
full cone spray nozzles that form the circular cooling water collision regions R as long as they are spray nozzles to which
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a back pressure of about 0.3 MPa is applied, and the cooling water nozzles 23 may also be other nozzles such as flat
spray nozzles that form oval cooling water collision regions R.
[0128] Incidentally, it is not preferable to use, for the cooling water nozzles 23, laminar nozzles that supply cooling
water in bulk flow (namely, laminar flow), such as a bar jet, which is different from the dispersive flow from spray nozzles.
This is because, as compared to the case of using spray nozzles, the previously-described return ratio of cooling water
from the cooling water nozzles 23 is larger and a large amount of water on the sheet is more likely to remain in the case
of using the laminar nozzles. Further, even in the case of using the laminar nozzles, the amount of water on the sheet
can be reduced by increasing the inclination angle θ of the jet axis P, but when the above-described inclination angle θ
is increased, the kinetic momentum of a vertical component of the cooling water to collide with the hot-rolled steel sheet
2 is weakened and the cooling capacity is weakened. Further, when the above-described inclination angle θ is increased,
the flow rate of the water on the sheet increases, and thus, the cooling capacity by the water on the sheet is enhanced
and the portion that should not be cooled originally is to be cooled by the water on the sheet eventually. That is, when
the above-described inclination angle θ is increased, it is impossible to sufficiently increase the difference in cooling
capacity between the collision region and the non-collision of the cooling water. Thus, in the case where the laminar
nozzles are used and the above-described inclination angle θ is increased, it is impossible to perform the cooling control
as in the previously-described form, namely, perform a control to cool the hot-rolled steel sheet 2 so as to make the
temperatures of the hot-rolled steel sheet 2 uniform by switching between collision and non-collision of cooling water
for each of the divided cooling surfaces A3. Further, even if the control is performed, the cooling machine length is
lengthened. Even if the cooling water nozzles are pipe laminar nozzles or slit-laminar nozzles, the same thing can be
said in terms of the above points as long as the cooling water nozzles are laminar nozzles.
[0129] FIG. 18 is a view explaining a relationship between the inclination angle θ of the jet axis P of the cooling water
nozzle 23 and the return ratio of cooling water from the cooling water nozzles 23 in the case of using the slit-laminar nozzles.
[0130] In the case of using the full cone nozzles, as illustrated in FIG. 10, it is possible to suppress the return ratio of
cooling water from the cooling water nozzles 23 to two or less out of ten by increasing the inclination angle θ of the jet
axis P of the cooling water nozzle 23 to 10° or more. In contrast to this, in the case of using the slit-laminar nozzles, as
illustrated in FIG. 18, it is impossible to suppress the return ratio of cooling water from the cooling water nozzles 23 to
two or less out of ten unless the above-described inclination angle θ is increased to 37° or more.
[0131] Further, the pipe laminar nozzles and the slit-laminar nozzles are not preferable as the cooling water nozzles
23 because each gap needs to be provided between the cooling water collision regions adjacent in the width direction,
in order to prevent the cooling waters as a laminar flow from interfering with each other.
[0132] In the above-described example, the region demarcated by the cooling machine length and the full width of the
cooling width region in the width direction is set as the entire cooling region. In place of this, in a certain case, as illustrated
in FIG. 19, the region, which is obtained by excluding a non-cooling region A4 in the middle portion in the width direction
from the region demarcated by the cooling machine length and the full width of the cooling width region in the width
direction, may be set as the entire cooling region A1. The certain case is, for example, the case where a hot rolling
sheet-passing guide is provided in the middle portion in the width direction between the conveyor rolls 19 adjacent in
the steel sheet conveyance direction in order to prevent the leading end of the hot-rolled steel sheet 2 from falling
between the conveyor rolls 19. When the hot rolling sheet-passing guide is provided in the middle portion in the width
direction as above, the temperature of the hot-rolled steel sheet in the middle portion in the width direction is sometimes
lower than that of the other portion in the width direction due to the cooling water used to protect the guide. In order to
prevent such a situation, the middle portion of the cooling width region in the width direction is set as the non-cooling
region to achieve the uniformization of the width-direction temperature distribution of the hot-rolled steel sheet 2 in some
cases.
[0133] In the case of the entire cooling region A1 resulting from excluding the above-described non-cooling region A4,
the first region groups RG1 and the second region groups RG2 are formed in the entire cooling region A1 and are not
formed in the non-cooling region A4, as illustrated in FIG. 20. However, in this case as well, the full width of the entire
cooling region A1 in the width direction is covered with the first region group RG1 and the second region group RG2
that is adjacent to the first region group RG1 in the steel sheet conveyance direction.
[0134] Further, also in the case of the entire cooling region A1 resulting from excluding the non-cooling region A4, as
illustrated in FIG. 20, the first region group RG1 and the second region group RG2 may be arranged in a staggered
pattern in plan view with respect to the position where the conveyor roll 19 is arranged and the cooling water collision
regions R forming each of the region groups may overlap the center axis S of the conveyor roll 19 in plan view, similarly
to the example in FIG. 9(B), or the like.
[0135] Regardless of this example, as illustrated in FIG. 21, for example, the first region group RG1 and the second
region group RG2 both may be set for the single conveyor roll 19 and the centers of the cooling water collision regions
R forming each of the region groups may be located on the center axis S of the conveyor roll 19. Incidentally, in this
example, the term "a pair of region groups adjacent to each other in the machine length direction" means a "pair of
region groups whose positions in the machine length direction coincide with each other."
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[0136] Further, in the case of the entire cooling region A1 resulting from excluding the non-cooling region A4, when
the centers of the cooling water collision regions R are located on the center axis S of the conveyor roll 19, similarly to
the example in FIG. 13(B), either the first region group RG1 or the second region group RG2 may be set for the single
conveyor roll 19.
[0137] Incidentally, also in the case of the entire cooling region A1 resulting from excluding the non-cooling region A4,
the cooling water nozzles 23 may be provided directly above the hot-rolled steel sheet 2, or may be provided on the
outside of the hot-rolled steel sheet 2 as side sprays. Further, the draining nozzles may be provided.
[0138] In the above-described examples, the intermediate headers 24 are provided, but a configuration not including
the intermediate headers 24 can also be employed. FIG. 20 illustrates a plan view illustrating an outline of a configuration
of an upper cooling device 16 according to this configuration. FIG. 22 is a view corresponding to FIG. 3, where the three-
way valve 27 is connected to each one of the cooling water nozzles 23, but for ease of understanding, the illustrations
of the three-way valves 27, the water feed header 26, and the drain header are omitted.
[0139] In the example in FIG. 22, a not-illustrated pipe is connected to each of the cooling water nozzles 23, and this
pipe is provided with the three-way valves. The three-way valve is provided between the water feed header that supplies
cooling water to the pipe and the drain header that drains cooling water. Even with such a configuration in which the
intermediate headers 24 are omitted, the same effect as that obtained by the configuration including the previously-
described intermediate headers 24 can be exhibited.
[0140] Further, in order to improve the sheet passing ability, a disk roll that supports the hot-rolled steel sheet 2 from
below may be provided between the conveyor rolls 19 adjacent in the steel sheet conveyance direction.
[0141] Further, the upper cooling device 16 is arranged downstream of the main cooling device 15, but the place where
the upper cooling device 16 is arranged is not limited to this example.
[0142] Further, in the above-described explanation, there has been explained, as an example, the form in which the
opening and closing of the three-way valve 27 is controlled to switch between collision and non-collision of cooling water
with the divided cooling surface. The present invention is not limited to this form, and it is also possible to apply a form
in which a flow rate regulating valve is provided between the intermediate header 24 and the three-way valve 27 and a
jet flow rate of cooling water from the flow rate regulating valve is controlled to switch between collision and non-collision
of the cooling water with the divided cooling surface, for example. However, from the viewpoint of responsivity, or the
like, the form in which the opening and closing of the three-way valve 27 is controlled is more preferable.
[0143] Hitherto, the embodiments of the present invention have been explained, but the present invention is not limited
to the above examples. It is obvious that those skilled in the art could arrive at various changed examples or modified
examples within the scope of the technical idea defined in the claims, and they are naturally understood as belonging
to the technical scope of the present invention.

[Examples]

[0144] Hereinafter, there will be explained the effects of the present invention based on examples and comparative
examples. However, the present invention is not limited to these examples.

<Example 1 and Comparative example 1>

[0145] In order to verify the effects, in Example 1, a cooling device consisting of the main cooling device 15, the upper
cooling device 16, and the adjustment cooling device 17 in FIG. 1 was used to perform cooling. Further, in Comparative
example 1, a cooling device consisting of the main cooling device 15 and the adjustment cooling device 17, excluding
the upper cooling device 16, was used to perform cooling. In Example 1 and Comparative example 1, cooling in the
main cooling device 15 was performed by feedback control based on measurement results obtained by not-illustrated
temperature sensors provided downstream of the main cooling device 15, and cooling in the adjustment cooling device
17 was also performed by feedback control based on measurement results obtained by not-illustrated temperature
sensors provided downstream of the adjustment cooling device 17 in the same manner.
[0146] Further, Example 1 and Comparative example 1 were set as follows: steel sheet width: 1600 mm, sheet thick-
ness: 2.0 mm, steel sheet conveying speed: 600 mpm, temperature before cooling: 900°C, target coiling temperature:
550°C.
[0147] The structure of the upper cooling device 16 according to Example 1 was the same as that illustrated in FIG.
9(A) and FIG. 9(B). Further, as illustrated in FIG. 5, or the like, the entire cooling region A1 did not contain the non-
cooling region A4 in FIG. 19. Then, the number of width-divided cooling zones A2 was set to eight. That is, the length
of the divided cooling surface A3 in the width direction was set to the length of the entire cooling region A1 divided into
8 equal portions in the width direction. Further, the first nozzle group G1 jetted cooling water to, out of the divided cooling
surfaces A3, four divided cooling surfaces A3 on one side in the width direction, and the second nozzle group G2 jetted
cooling water to, out of the divided cooling surfaces A3, four divided cooling surfaces A3 on the other side in the width
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direction. The length of the divided cooling surface A3 in the steel sheet conveyance direction was set to the length for
four pitches between rolls in the steel sheet conveyance direction. Further, the number of divided cooling surfaces A3
in the steel sheet conveyance direction was set to three. That is, 24 divided cooling surfaces A3, which mean eight (the
number in the width direction) 3 three (the number in the steel sheet conveyance direction), are provided, and in other
words, 24 cooling units including the cooling water nozzles 23, which mean eight (the number in the width direction) 3
three (the number in the steel sheet conveyance direction), are provided. The height of the cooling water nozzle 23,
concretely, the height from the top surface of the hot-rolled steel sheet 2 to the tip of the cooling water nozzle 23, was
set to 1.1 m, and the inclination angle θ of the cooling water nozzle 23 was set to 15°. Further, in order to prevent the
interference between cooling water from the cooling water nozzles 23 of the first nozzle group G1 and cooling water
from the cooling water nozzles 23 of the second nozzle group G2, the positions of the centers of the cooling water
collision regions R from the cooling water nozzles 23 were slightly shifted to the upstream side or the downstream side
from directly above the center axis S of the conveyor roll 19 as illustrated in FIG. 9(B), or the like. As the cooling water
nozzles 23, full cone nozzles with a cooling water volume of 186 liters per minute per one piece were used. The pitch
of the cooling water nozzles 23 and the pitch of the cooling water collision regions R in the width direction were set to
200 mm. The temperature drop per one unit of the above-described cooling units provided for the respective divided
cooling surfaces A3 is about 15°C. Incidentally, in Example 1 and Comparative example 1, the lower cooling device was
not installed at the position facing the upper cooling device 16 or at the position corresponding to this position.
[0148] FIG. 23(A) and FIG. 23(B) are views illustrating a part of a temperature distribution of the coiling temperature
of the hot-rolled steel sheet 2 in Example 1 and Comparative example 1, and FIG. 23(A) and FIG. 23(B) illustrate the
temperature distributions in Comparative example 1 and Example 1 respectively. Incidentally, in the drawings, the
distribution where the absolute value of a temperature difference compared to the target temperature is within 20°C was
illustrated in white, the portion where the absolute value is greater than 20°C and within 40°C was illustrated in light
gray, and the portion where the absolute value is greater than 40°C was illustrated in dark gray.
[0149] As illustrated in FIG. 23(A), in Comparative example 1, streak-shaped temperature variations due to temperature
deviations induced by facility poor maintenance or the like, occur, and there are present some portions having a tem-
perature higher than the target temperature. Further, in Comparative example 1, the standard temperature deviation
was 25.7°C. The standard temperature deviation in Comparative example 1 was found from the results measured by
an infrared temperature image measuring device with all the measurement points of the temperature of the steel sheet,
excluding a 100-m leading end and a 100-m tail end of the steel sheet, (which is due to excluding free tension portions),
and both 50-mm ends of the steel sheet in the width direction.
[0150] In the meantime, as illustrated in FIG. 23(B), in Example 1, the portion having a temperature higher than the
target temperature is much smaller than in Comparative example 1. Then, when the illustrated hot-rolled steel sheet
was cooled, the standard temperature deviation was as very small as 16.5°C in Example. The standard temperature
deviation in Example 1 was found from the temperatures of the steel sheet excluding a 100-m leading end and a 100-
m tail end of the steel sheet and both 50-mm ends of the steel sheet.
[0151] Thus, according to the present invention, it was found out that the temperatures of the hot-rolled steel sheet 2
in the width direction can be made uniform.

<Examples 2 to 4 and Comparative examples 2 to 4>
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[0153] In Examples 2 to 4, similarly to Example 1, cooling was performed by using the cooling device consisting of
the main cooling device 15, the upper cooling device 16, and the adjustment cooling device 17 in FIG. 1. Further, the
height of the cooling water nozzles 23 was set to 1.1 m. Then, the pitch of the cooling water nozzles 23 and the pitch of
the cooling water collision regions R in the width direction were set to 200 mm. Further, the width of a region where the
cooling water collision regions R adjacent to each other in the width direction, which form each cooling water collision
region group, overlap with each other in the width direction (to be referred to as a "lap length of the cooling water collision
regions R" below) was set to 20 mm. In Examples 2, 3, and 4, as illustrated in Table 1, as the cooling water nozzles 23,
full cone nozzles were used, and the inclination angle θ of the jet axis P of the cooling water nozzle 23 was set to 15°,
30°, and 60°. The other conditions of Examples 2 to 4 are the same as those in Example 1.
[0154] In the meantime, in Comparative example 2, as the cooling water nozzles 23, full cone nozzles were used, and
the inclination angle θ of the jet axis P was set to 0°. The other conditions of Comparative example 2 are the same as
those in Example 2.
[0155] Further, in Comparative example 3, as the cooling water nozzles 23, pipe laminar nozzles that supply cooling
water in a high flow density bar jet (jet flow) were used, and the inclination angle θ of the jet axis P was set to 50°.
[0156] In Comparative example 4, as the cooling water nozzles 23, pipe laminar nozzles that supply cooling water in
free-fall flow were used. Incidentally, due to the free-fall flow, the inclination angle θ of the jet axis P was 0°. Further, in
Comparative examples 3, 4 as well, the lower cooling device was not installed at the position facing the upper cooling
device 16.
[0157] Incidentally, in Comparative example 3, the pitch of the cooling water nozzles 23 in the width direction was set
to 60 m, and the nozzle diameter was set to 7 mm. In Comparative example 4, the pitch of the cooling water nozzles 23
in the width direction was set to 60 m, and the nozzle diameter was set to 15 mm. Incidentally, in Comparative example
3 and Comparative example, 4, the cooling water collision region R formed by the cooling water nozzle 23 does not
overlap another cooling water collision region R adjacent thereto in the width direction. This is because when they
overlap, the cooling waters in laminar flow interfere with each other. Further, in Comparative example 3 and Comparative
example 4, a cooling water volume per one cooling water nozzle 23 is 73 L/min. and 67 L/min.. Incidentally, although in
Comparative example 3 and Comparative example 4 using the pipe laminar nozzles, the cooling water volume per one
cooling water nozzle 23 is larger as compared to Examples 2 to 4 and Comparative example 2, the total cooling water
volume is smaller as compared to Examples 2 to 4 and Comparative example 2 using the spray nozzles because the
pitch of the cooling water nozzles 23 is narrow and the number of cooling water nozzles 23 is large.
[0158] As illustrated in Table 1, in Comparative example 2 in which as the cooling water nozzles 23, the full cone
nozzles were used and were not inclined with the inclination angle θ of the jet axis P being 0°, the standard temperature
deviation was as high as 22.2°C. In contrast to this, in Examples 2 to 4 in which as the cooling water nozzles 23, the full
cone nozzles were used and were inclined with the inclination angle θ of the jet axis P being greater than 0°, the standard
temperature deviation was as very small as 15.6°C to 16.5°C. Particularly, in Examples 2, 3 in which the cooling water
nozzles 23 had the inclination angle θ of the jet axis P falling within a range of 10° to 45°, the collision pressure index
was also 0.7 or more and the cooling capacity was also high.
[0159] Further, in Comparative examples 3, 4 in which the pipe laminar nozzles were used as the cooling water nozzles
23, the standard temperature deviation was as large as 20°C or more. As in Comparative example 3, in particular, even
in the case where the water volume density of the cooling water from the cooling water nozzle 23 was high, the inclination
angle θ of the jet axis P was as large as 50°, and no water remained on the sheet, the standard temperature deviation
was 20°C or more.

<Examples 2, 5, 6 and Comparative examples 5, 6>

[0160]

[Table 2]

NOZZLE
INCLINATION 

ANGLE [°]

LAP 
LENGTH 

[mm]

STANDARD 
TEMPERATURE 
DEVIATION [°C]

TEMPERATURE 
VARIATION 

EVALUATION

EXAMPLE 2 FULL 
CONE

15 20mm 16.5 s

EXAMPLE 5 FULL 
CONE

15 10mm 16.7 s

EXAMPLE 6 FULL 
CONE

15 0mm 18.2 s



EP 3 825 019 A1

21

5

10

15

20

25

30

35

40

45

50

55

[0161] In Example 2, as described previously, the lap length of the cooling water collision regions R was set to 20 mm.
In contrast to this, in Examples 5, 6, the above-described lap length was set to 10 mm and 0 mm respectively. Further,
in Comparative examples 5, 6, the lap length of the cooling water collision regions R was set to -10 mm and -20 mm
respectively. That is, in Comparative examples 5, 6, each gap was provided between the cooling water collision regions
R adjacent to each other in the width direction, which form each cooling water collision region group. The other conditions
of Examples 5, 6 and Comparative examples 5, 6 are the same as those in Example 2.
[0162] As illustrated in Table 2, in Comparative examples 5, 6, the standard temperature deviation was as large as
20.3°C and 23.6°C, in Example 6, the standard temperature deviation was as low as 18.2°C, and in Examples 2, 5, the
standard temperature deviation was further as low as 16.5°C and 16.7°C. This reveals that the cooling water collision
regions R adjacent to each other in the width direction, which form each cooling water collision region group, need to
be overlapped, the temperatures of the hot-rolled steel sheet 2 can be made more uniform as long as the lap length of
the cooling water collision regions is at least 10 mm or more, and the temperatures of the hot-rolled steel sheet 2 can
be made more uniform when the lap length of the cooling water collision regions R is larger. Incidentally, 10 mm, which
is the lap length of the cooling water collision regions R, is equivalent to 5% of the width of one cooling water collision
region R in the width direction.

<Examples 2, 7 to 11>

[0163]

(continued)

NOZZLE INCLINATION 
ANGLE [°]

LAP 
LENGTH 

[mm]

STANDARD 
TEMPERATURE 
DEVIATION [°C]

TEMPERATURE 
VARIATION 

EVALUATION

COMPARATIVE 
EXAMPLE 5

FULL 
CONE 15 -10mm 20.3 3

COMPARATIVE 
EXAMPLE 6

FULL 
CONE 15 -20mm 23.6 3

[Table 3]

NOZZLE
INCLINATION 

ANGLE [°]

LAP 
LENGTH 

[mm]

STANDARD 
TEMPERATURE

TEMPERATURE 
VARIATION 

EVALUATION

LOWER 
COOLING

EXAMPLE 2
FULL 
CONE 15 20mm 16.5 s -

EXAMPLE 7 
(FIG. 12(A) 
AND FIG. 12
(B))

FULL 
CONE 45 20mm 17.8 s -

EXAMPLE 8 
(FIG. 13(A) 
AND FIG. 13
(B))

FULL 
CONE

15 20mm 17.2 s -

EXAMPLE 9 
(FIG. 14)

FULL 
CONE

15 20mm 18.9 s -

EXAMPLE 10 
(FIG. 16(A) 
AND FIG. 16
(B))

FULL 
CONE

15 20mm 16.8 s -

EXAMPLE 11
FULL 
CONE 15 20mm 16.5 s

PIPE 
LAMINAR
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[0164] As described previously, in Example 2, the cooling water nozzles 23 were provided at such positions as illustrated
in FIG. 9(A) and FIG. 9(B). In contrast to this, in Example 7, the cooling water nozzles 23 were provided at such positions
as illustrated in FIG. 12(A) and FIG. 12(B), and the inclination angle θ of the jet axis P was set to 45°. Further, in Example
8, the cooling water nozzles 23 were provided at such positions as illustrated in FIG. 13(A) and FIG. 13(B), and in
Example 9, the cooling water nozzles 23 were provided at such positions as illustrated in FIG. 14 and FIG. 15(A) and
FIG. 15(B). In Example 10, as illustrated in FIG. 16(A) and FIG. 16(B), the cooling water nozzles 23 and the draining
nozzles 40 were provided. The other conditions in Examples 6 to 10 are the same as those in Example 2.
[0165] Further, Example 11 is different from Example 2 only in that the lower cooling device was installed at the position
facing the upper cooling device 16. Incidentally, in the above-described lower cooling device used in Example 11, the
pipe laminar nozzles as the cooling water nozzles were aligned in the width direction between the conveyor rolls so as
to face the under surface of the hot-rolled steel sheet 2 over the full width of the hot-rolled steel sheet 2, and the cooling
water volumes of these nozzles were made constant regardless of the width-direction temperature distribution of the
hot-rolled steel sheet 2.
[0166] As illustrated in Table 3, in Example 7 as well, the standard temperature deviation was as low as 17.8°C. That
is, with the cooling water nozzles 23 in the configuration in FIG. 9(A) and FIG. 9(B), the temperatures of the hot-rolled
steel sheet 2 can be made uniform while increasing the degree of freedom of arrangement of the cooling water nozzles 23.
[0167] Further, in Example 8 and Example 9 as well, the standard temperature deviation was as low as 17.2°C and
18.9°C. That is, with the cooling water nozzles 23 in the configuration in FIG. 13(A) and FIG. 13(B) and the cooling water
nozzles 23 in the configuration in FIG. 14, the temperatures of the hot-rolled steel sheet 2 can be made uniform while
ensuring the sheet passing ability.
[0168] Further, even in Example 10, namely, even in the configuration with such draining nozzles 40 as illustrated in
FIG. 16(A) and FIG. 16(B) being provided, the standard temperature deviation was as low as 16.8°C. The standard
temperature deviation is higher as compared to Example 2 without the draining nozzles 40 being provided, but is a very
low value. Further, the configuration in which the draining nozzles 40 are provided as illustrated in FIG. 16(A) and FIG.
16(B) also has the merits that a drainage property on the downstream side of the present cooling device is good and
measurement devices such as a thermometer can be installed very close to the downstream side. That is, by providing
the draining nozzles 40, the temperatures of the hot-rolled steel sheet 2 can be made uniform while enjoying the above-
described merits.
[0169] Furthermore, even in Example 11, namely, even in the configuration in which the lower cooling device was
provided at the position facing the upper cooling device 16, the standard temperature deviation was the same as that
of the case where the lower cooling device was not provided at the position facing the upper cooling device 16. That is,
with the use of the upper cooling device 16, the temperatures of the hot-rolled steel sheet 2 in the width direction can
be made uniform, regardless of whether or not the lower cooling device is provided at the position facing the upper
cooling device 16.

[Industrial Applicability]

[0170] The present invention is useful for the technique to cool hot-rolled steel sheets.

[Explanation of Codes]

[0171]

1 slab
2 hot-rolled steel sheet
10 hot rolling facility
11 heating furnace
12 width-direction mill
13 roughing mill
14 finishing mill
15 main cooling device
16 upper width-direction control cooling device
17 adjustment cooling device
18 coiling device
19 conveyor roll
23 cooling water nozzle
24 intermediate header
25 pipe
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26 water feed header
27 three-way valve
28 upstream-side temperature measuring device
29 downstream-side temperature measuring device
30 control device
40 draining nozzle
A1 entire cooling region
A2 width-divided cooling zone
A3 divided cooling surface
A4 non-cooling region
G1 first nozzle group
G2 second nozzle group
P0 vertical line to top surface of cooling width region
P1 jet axis
Q middle in width direction
R cooling water collision region
RG1 first cooling water collision region group
RG2 second cooling water collision region group
S center axis of conveyor roll
T draining water collision region

Claims

1. A cooling device for a hot-rolled steel sheet that cools a top surface of a hot-rolled steel sheet being conveyed on
conveyor rolls after hot rolling, the cooling device comprising:

when of a top surface of a cooling target region, a region demarcated by a cooling machine length and a full
width in a width direction, or a region obtained by excluding a non-cooling region in a middle portion in the width
direction from the demarcated region being set as an entire cooling region, regions obtained by dividing the
entire cooling region into three or more portions in the width direction being set as width-divided cooling zones,
and regions obtained by dividing the width-divided cooling zone into a plurality of portions in a machine length
direction being set as divided cooling surfaces,
at least one cooling water nozzle that jets cooling water to each of the divided cooling surfaces to form a cooling
water collision region on the top surface of the cooling target region and a switching device that switches between
collision and non-collision of the cooling water jetted from the cooling water nozzle with the divided cooling
surface, the cooling water nozzle and the switching device provided for each of the divided cooling surfaces;
a temperature detecting device that measures a width-direction temperature distribution of the cooling target
region; and
a control device that controls operation of the switching device corresponding to each of a plurality of the divided
cooling surfaces contained in the width-divided cooling zone for each of the width-divided cooling zones based
on measurement results of the width-direction temperature distribution by the temperature detecting device, to
thereby control cooling for the entire length of the width-divided cooling zone, and controls cooling of the entire
cooling region with these controls together, wherein
the single cooling water collision region overlaps the another cooling water collision region adjacent thereto in
the width direction in the entire cooling region to form a cooling water collision region group in which the cooling
water collision regions are connected in the width direction,
each of the cooling water collision region groups does not overlap the another cooling water collision region group,
the full width of the entire cooling region in the width direction is covered with the single cooling water collision
region group or a pair of the cooling water collision region groups adjacent to each other in the machine length
direction, and
the cooling water nozzles forming the single cooling water collision region group have a jet axis inclined with
respect to a vertical line to the top surface of the cooling target region when viewed in the machine length
direction, and none of the cooling water nozzles forming the single cooling water collision group has the jet axis
inclined in the opposite direction when viewed in the machine length direction.

2. The cooling device for the hot-rolled steel sheet according to claim 1, wherein
the non-cooling region is not present.
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3. The cooling device for the hot-rolled steel sheet according to claim 1 or 2, wherein
a width of a region in the width direction where the cooling water collision region overlaps the another cooling water
collision region adjacent in the width direction is 5% or more of a width of the single cooling water collision region
in the width direction.

4. The cooling device for the hot-rolled steel sheet according to any one of claims 1 to 3, wherein
an inclination angle of the jet axis of the cooling water nozzle is 10° to 45°.

5. The cooling device for the hot-rolled steel sheet according to any one of claims 1 to 4, wherein
the jet axis of the cooling water nozzle is not inclined in the machine length direction.

6. The cooling device for the hot-rolled steel sheet according to any one of claims 1 to 5, wherein
the cooling water collision region overlaps a center axis of the conveyor roll in plan view.

7. The cooling device for the hot-rolled steel sheet according to claim 6, wherein
the cooling water nozzle is provided to make the center of the cooling water collision region located on the center
axis of the conveyor roll in plan view.

8. The cooling device for the hot-rolled steel sheet according to any one of claims 1 to 7, wherein
the cooling water nozzle is provided above or on the lateral side of the cooling target region when viewed in the
machine length direction.

9. The cooling device for the hot-rolled steel sheet according to any one of claims 1 to 8, wherein
when the cooling water collision region group formed by the cooling water nozzles that jet cooling water to one side
in the width direction is set as a first cooling water collision region group, and
the cooling water collision region formed by the cooling water nozzles that jet cooling water to the other side in the
width direction is set as a second cooling water collision region group,
the cooling water nozzles are provided so that the first cooling water collision region group and the second cooling
water collision region group are both formed and the boundary between the first cooling water collision region group
and the second cooling water collision region group in the width direction is located in the middle of the cooling
target region in the width direction.

10. The cooling device for the hot-rolled steel sheet according to any one of claims 1 to 9, further comprising:
a draining nozzle that jets draining water to form a draining water collision region is provided, on the top surface of
the cooling target region, in each region on the downstream side of each of the cooling water collision region groups
in the machine length direction, or in a region in the machine length direction downstream from, out of the cooling
water collision region groups, the region group on the most downstream side in the machine length direction.

11. A cooling method of a hot-rolled steel sheet that uses a cooling device to cool a top surface of a hot-rolled steel
sheet being conveyed on conveyor rolls after hot rolling, wherein
when of a top surface of a cooling target region, a region demarcated by a cooling machine length and a full width
in a width direction, or a region obtained by excluding a non-cooling region in a middle portion in the width direction
from the demarcated region is set as an entire cooling region, regions obtained by dividing the entire cooling region
into three or more portions in the width direction are set as width-divided cooling zones, and regions obtained by
dividing the width-divided cooling zone into a plurality of portions in a machine length direction are set as divided
cooling surfaces,
the cooling device includes:

for each of the divided cooling surfaces, at least one cooling water nozzle that jets cooling water to the divided
cooling surface to form a cooling water collision region on the top surface of the cooling target region,
the single cooling water collision region overlaps the another cooling water collision region adjacent thereto in
the width direction in the entire cooling region to form a cooling water collision region group in which the cooling
water collision regions are connected in the width direction,
each of the cooling water collision region groups does not overlap the another cooling water collision region group,
the full width of the entire cooling region in the width direction is covered with the single cooling water collision
region group or a pair of the cooling water collision region groups adjacent to each other in the machine length
direction, and
the cooling water nozzles forming the single cooling water collision region group have a jet axis inclined with
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respect to a vertical line to the top surface of the cooling target region when viewed in the machine length
direction, and none of the cooling water nozzles forming the single cooling water collision group has the jet axis
inclined in the opposite direction when viewed in the machine length direction, the cooling method comprising:

measuring a width-direction temperature distribution of the cooling target region;
controlling, for each of the width-divided cooling zones, collision and non-collision of cooling water from the
cooling water nozzle with each of a plurality of the divided cooling surfaces contained in the width-divided
cooling zone based on measurement results of the width-direction temperature distribution of the cooling
target region, thereby controlling cooling for the entire length of the width-divided cooling zone in the machine
length direction, and controlling cooling of the entire cooling region; and
letting cooling water jetted from the cooling water nozzle go to the side opposite to the cooling water nozzle
in the width direction to drain the cooling water.

12. The cooling method of the hot-rolled steel sheet according to claim 11, wherein
the non-cooling region is not present.

13. The cooling method of the hot-rolled steel sheet according to claim 11 or 12, wherein
a width of a region in the width direction where the cooling water collision region overlaps the another cooling water
collision region adjacent in the width direction is 5% or more of a width of the single cooling water collision region
in the width direction.

14. The cooling method of the hot-rolled steel sheet according to any one of claims 11 to 13, wherein
an inclination angle of the jet axis of the cooling water nozzle is 10° to 45°.

15. The cooling method of the hot-rolled steel sheet according to any one of claims 11 to 14, wherein
the jet axis of the cooling water nozzle is not inclined in the machine length direction.

16. The cooling method of the hot-rolled steel sheet according to any one of claims 11 to 15, wherein
the cooling water nozzle is provided so that the cooling water collision region is formed in a region overlapping a
center axis of the conveyor roll in plan view.

17. The cooling method of the hot-rolled steel sheet according to claim 16, wherein
the cooling water nozzle is provided so as to make the center of the cooling water collision region located on the
center axis of the conveyor roll in plan view.

18. The cooling method of the hot-rolled steel sheet according to any one of claims 11 to 17, wherein
the cooling water nozzle is provided above or on the lateral side of the cooling target region when viewed in the
machine length direction.

19. The cooling method of the hot-rolled steel sheet according to any one of claims 11 to 18, wherein
when the cooling water collision region group formed by the cooling water nozzles that jet cooling water to one side
in the width direction is set as a first cooling water collision region group, and
the cooling water collision region formed by the cooling water nozzles that jet cooling water to the other side in the
width direction is set as a second cooling water collision region group,
the cooling water nozzles are provided so that the first cooling water collision region group and the second cooling
water collision region group are both formed and the boundary between the first cooling water collision region group
and the second cooling water collision region group in the width direction is located in the middle of the cooling
target region in the width direction.

20. The cooling method of the hot-rolled steel sheet according to any one of claims 11 to 19, further comprising:
jetting draining water to form a draining water collision region, on the top surface of the cooling target region, in each
region on the downstream side of each of the cooling water collision region groups in the machine length direction,
or in a region in the machine length direction downstream from, out of the cooling water collision region groups, the
region group on the most downstream side in the machine length direction.
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