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(54) Cooling apparatus for hot rolled steel strip, manufacturing method for hot rolled steel strip, 
and production line for hot rolled steel strip

(57) The present invention relates to a cooling appa-
ratus for hot rolled steel strip (9) comprising top surface
cooling means (4b) to be provided above a hot rolled
steel strip (9) transferred with transfer rollers (7) after hot
rolling to cool the top surface of the hot rolled steel strip
(9), and bottom surface cooling means (4a) to be provid-
ed below the hot rolled steel strip (9) to cool the bottom
surface of the hot rolled steel strip (9). Each of the top
surface cooling means (4b) and the bottom surface cool-
ing means (4a) has a protective member (10a,10b) dis-
posed close to the surface of the hot rolled steel strip (9),
having at least one cooling water passage hole (11), at
least one cooling water header (12a,12b) opposing the
hot rolled steel strip (9) separated by the protective mem-
ber (10a,10b), and cooling water jetting nozzles (15) pro-
truding from the cooling water header (12a,12b) and
adapted to jet cooling water approximately vertically to-
ward the surface of the hot rolled steel strip (9) through
the cooling water passage hole (11). The tips (16) of the
cooling water jetting nozzles (15) are disposed farther
from the hot rolled steel strip (9) than the surface, oppos-
ing the hot rolled steel strip (9), of the protective member
(10a,10b) and the cooling water passage hole (11) is slit
shaped. The longitudinal direction of the slit shaped cool-
ing water passage hole (11) inclines in the horizontal
plane with respect to the transferring direction of the hot
rolled steel strip (9), and cooling water is adapted to be
jetted from a plurality of cooling water jetting nozzles (15)

through the slit shaped cooling water passage hole (11).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a cooling ap-
paratus for hot rolled steel strip, a manufacturing method
for hot rolled steel strip and a production line for hot rolled
steel strip using the cooling apparatus.

BACKGROUND ART

[0002] In general, a hot rolled steel strip is manufac-
tured by heating a slab to a predetermined temperature
in a reheating furnace, hot rolling the heated slab into a
sheet bar having a predetermined thickness using a
roughing mill, hot rolling the sheet bar into a steel strip
having a predetermined thickness using a finishing mill
having a plurality of rolling stands, transferring and cool-
ing the hot rolled steel strip on a run-out table using a
cooling apparatus, and then coiling the steel strip on a
coiler. The run-out table is a transfer apparatus provided
downstream of the finishing mill to transfer the hot rolled
steel strip on a plurality of transfer rollers disposed at a
suitable pitch.
[0003] A conventional cooling apparatus provided on
the run-out table is so contrived as to mainly aim stable
transfer of steel strip, as typically shown in Figs. 1A and
1B. Fig. 1A is a schematic view of such a cooling appa-
ratus and Fig. 1B is a lateral view of the apparatus shown
in Fig. 1A. As shown in Fig. 1A, the top surface cooling
of a steel strip 9 is carried out by sprinkling laminar flow
cooling water 32 from laminar flow cooling nozzles 31 in
cylindrical pipes which are linearly provided directly
above transfer rollers 7 in the width direction of the steel
strip 9 in such a way that the steel strip 9 does not un-
dulate on the transfer line due to water pressure. On the
other hand, as shown in Fig. 1B, the bottom surface cool-
ing of the steel strip 9 is carried out by intermittently jetting
cooling water 34 from spray nozzles 33 provided between
the transfer rollers 7 to the steel strip 9.
[0004] Recently, excellent workability, high strength
with low carbon equivalent and the like have been re-
quired for a hot rolled steel strip. For these requirements,
grain refining of steel strip is effective, and thus the steel
strip need to be more rapidly cooled after hot rolling. In
particular, the steel strip having low carbon equivalent
such as an ultra low carbon steel strip should be cooled
at a cooling rate exceeding 200°C/s because austenitic
grains after hot rolling tend to become coarse due to re-
crystallization.
[0005] To conduct such rapid cooling, Japanese Un-
examined Patent Application Publication No. 62-259610
discloses a method for increasing cooling capability for
bottom surface of steel strip using a bottom surface cool-
ing apparatus where cooling water jetting plates having
a plurality of holes are disposed between transfer rollers
and also function as a guide, and jetting cooling water
toward the steel strip through the holes at different an-

gles.
[0006] However, the method described in Japanese
Unexamined Patent Application Publication No.
62-259610 causes various problems as follows.

(1) A hot rolled steel strip undulates vertically while
being transferred on a run-out table when the leading
end of the hot rolled steel strip lies between a finish-
ing mill and a coiler, because the hot rolled steel strip
is not under any tension. Cooling of such a tension
free steel strip in this method causes further vertical
waves. As a result, a sufficient volume of cooling
water is not applied and it is impossible to cool, for
example, a steel strip of 3mm in thickness at a cool-
ing rate exceeding 200°C/s.
(2) This method does not enable the top and bottom
surfaces of the steel strip to be cooled at the same
cooling rate.
(3) This method presupposes cooling at a water flow
rate of about 1,000L/min·m2, but a higher water flow
rate is required to cool a steel strip of, for example,
about 3mm in thickness at a cooling rate exceeding
200°C/s. In the cooling apparatus used in this meth-
od, as shown schematically in Fig. 2A, a higher water
flow rate causes jetted cooling water to remain in a
narrow space between the cooling water jetting plate
and the steel strip around the center in the width
direction of the steel strip. Therefore, desired cooling
is not performed because of a decrease in the flow
velocity of the jetted cooling water. On the contrary,
around the edge in the width direction of the steel
strip, the cooling water flows down from the edge
without remaining and therefore allows desired cool-
ing. As a result, as shown in Fig. 2B, the temperature
profile in the width direction of the steel strip shows
an inverted-V shape, in which both edges are cooled
to target temperature but the center is cooled to tem-
perature higher than the target temperature. Thus,
uniform cooling in the width direction is not per-
formed.
Widening the space between the cooling water jet-
ting plate and the steel strip, as shown in Fig. 3A,
prevents cooling water from remaining at the center
in the width direction of the steel strip, performing
desired cooling. However, a large amount of cooling
water is drained from the center toward the edges in
the width direction of the steel strip after cooling, dis-
rupting the cooling water flow at the edge in the width
direction to lower cooling capability. As a result, as
shown in Fig. 3B, the temperature profile in the width
direction of the steel strip shows a V shape, in which
both edges are cooled to temperature higher than
target temperature and the center is cooled to the
target temperature. Thus, uniform cooling in the
width direction is not performed.
When the space between the cooling water jetting
plate functioning also as a guide and the steel strip
is arranged properly, the temperature profile in the
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width direction of the steel strip after cooling shows
an M shape which is the sum of the inverted-V shape
in Fig. 2B and the V shape in Fig. 3B. Thus, uniform
cooling in the width direction is not performed, either.
(4) According to this method, when the cooling water
is jetted toward the steel strip at different angles from
a plurality of holes in the cooling water jetting plate
functioning as nozzles, the distance that the cooling
water travels varies depending on the nozzles. The
cooling water jetted aslant to the steel strip travels a
longer distance, thus greatly reducing the flow ve-
locity to fail to efficiently cool the steel strip. As de-
scribed in (3), cooling capability is greatly affected
by the jetted cooling water, so it is more difficult to
uniformly cool the steel strip in the width direction.

DISCLOSURE OF THE INVENTION

[0007] An object of the present invention is to provide
a cooling apparatus for hot rolled steel strip which stably
transfers a hot rolled steel strip and cools it rapidly and
uniformly after hot rolling, a manufacturing method and
a production line for hot rolled steel strip using such a
cooling apparatus.
[0008] The above-mentioned object is accomplished
by a cooling apparatus for hot rolled steel strip compris-
ing: top surface cooling means provided above a hot
rolled steel strip transferred with transfer rollers after hot
rolling to cool the top surface of the hot rolled steel strip;
and bottom surface cooling means provided below the
hot rolled steel strip to cool the bottom surface of the hot
rolled steel strip, wherein each of the top surface cooling
means and the bottom surface cooling means comprises:
a protective member disposed close to the surface of the
hot rolled steel strip and having at least one cooling water
passage hole; at least one cooling water header oppos-
ing the hot rolled steel strip separated by the protective
member; and cooling water jetting nozzles protruding
from the cooling water header and jetting cooling water
approximately vertically toward the surface of the hot
rolled steel strip through the cooling water passage hole,
the tips of the cooling water jetting nozzles being dis-
posed farther from the hot rolled steel strip than the sur-
face, opposing the hot rolled steel strip, of the protective
member.
[0009] When such a cooling apparatus for hot rolled
steel strip is provided on a run-out table in a production
line for hot rolled steel strip, hot rolled steel strip can be
transferred stably, and cooled rapidly and uniformly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

Figs. 1A and 1B show an example of a conventional
cooling apparatus for hot rolled steel strip installed
on a run-out table.
Figs. 2A and 2B schematically show, respectively,

behavior of cooling water and temperature profile in
the width direction of steel strip when the cooling
apparatus disclosed in Japanese Unexamined Pat-
ent Application Publication No. 62-259610 is ap-
plied.
Figs. 3A and 3B schematically show, respectively,
behavior of cooling water and difference between
target temperature and actual temperature in the
width direction of steel strip when the space between
cooling water jetting plate and steel strip in Figs. 2A
and 2B is widened.
Fig. 4 shows an example of a production line for hot
rolled steel strip provided with a cooling apparatus
for hot rolled steel strip according to the present in-
vention.
Figs. 5A and 5B show an example of a cooling ap-
paratus for hot rolled steel strip according to the
present invention.
Figs. 6A and 6B schematically show cylindrical lam-
inar flow and non-laminar flow, respectively.
Figs. 7A, 7B, 7C and 7D show various protective
members.
Figs. 8A and 8B show an example of cooling means
provided with the protective member plate having
cooling water passage slits shown in Fig. 7A.
Fig. 9 shows an example of positional relationship
between protective member, cooling water header
and cooling water jetting nozzles in bottom surface
cooling means.
Fig. 10 shows another example of positional rela-
tionship between protective member, cooling water
header and cooling water jetting nozzles in bottom
surface cooling means.
Figs. 11A and 11B schematically show behavior of
a leading end of steel strip during transfer.
Fig. 12 shows an example of positional relationship
between protective member, cooling water header
and cooling water jetting nozzles in top surface cool-
ing means.
Fig. 13 shows another example of a cooling appa-
ratus for hot rolled steel strip according to the present
invention.
Fig. 14 shows a production line for hot rolled steel
strip provided with the cooling apparatus shown in
Fig. 13.
Fig. 15 shows a comparative example of a cooling
apparatus for hot rolled steel strip.
Fig. 16 shows temperature profile in the width direc-
tion of steel strip.

EMBODIMENTS OF THE INVENTION

[0011] Fig. 4 shows an example of a production line
for hot rolled steel strip provided with a cooling apparatus
for hot rolled steel strip according to the present invention.
[0012] The production line includes a roughing mill 1
to roll a slab into a sheet bar 2, a finishing mill 3 including
a plurality of rolling stands to roll the sheet bar 2 into a
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hot rolled steel strip 9 having a predetermined thickness,
a run-out table 5 to transfer the hot rolled steel strip 9
after hot rolling on transfer rollers 7, and a coiler 6 to coil
the hot rolled steel strip 9. The run-out table 5 is provided,
just downstream of the finishing mill 3, with a cooling
apparatus 4 according to the present invention to rapidly
cool the hot rolled steel strip 9. In addition, the conven-
tional cooling apparatus 8 shown in Fig. 1A may also be
provided downstream of the cooling apparatus 4.
[0013] Fig. 5A shows an example of a cooling appa-
ratus for hot rolled steel strip according to the present
invention. Fig. 5B is a partially magnified drawing of the
cooling apparatus shown in Fig. 5A.
[0014] The cooling apparatus for hot rolled steel strip
according to the present invention includes bottom sur-
face cooling means 4a provided below a hot rolled steel
strip 9 to cool the bottom surface of the hot rolled steel
strip 9 and top surface cooling means 4b provided above
the hot rolled steel strip 9 to cool the top surface of the
hot rolled steel strip 9.
[0015] Each of the cooling means 4a and 4b is provided
with protective member plates 10, consisting of bottom
protective members 10a and top protective members
10b, disposed close and approximately parallel to the
surface of the hot rolled steel strip 9, and cooling water
headers 12, consisting of bottom surface cooling water
headers 12a and top surface cooling water headers 12b,
disposed to oppose the hot rolled steel strip 9 separated
by the protective members 10a or 10b. Each of the cool-
ing water headers 12a or 12b is provided with protruding
cooling water jetting nozzles 15 at a suitable pitch in the
width and longitudinal directions of a run-out table. The
tips of the cooling water jetting nozzles 15 are disposed
farther from the hot rolled steel strip 9 than the surfaces,
opposing the hot rolled steel strip 9, of the protective
members 10. Furthermore, each of the protective mem-
bers 10 has a plurality of cooling water passage holes
11 to pass cooling water. Through the cooling water pas-
sage holes 11, each of the cooling water jetting nozzles
15 jets cooling water approximately vertically toward the
surface of steel strip.
[0016] Two guide rollers 14 are provided above the hot
rolled steel strip 9 approximately opposing the transfer
rollers 7 provided under the hot rolled steel strip 9. The
guide rollers 14 allow to transfer the hot rolled steel strip
9 more stably. Preferably, the guide rollers 14 are pro-
vided at at least one position above the hot rolled steel
strip 9 approximately opposing the transfer rollers 7. The
guide rollers 14 may be provided at all the positions ap-
proximately opposing the transfer rollers 7.
[0017] The top surface protective members 10b of the
top surface cooling means 4b are disposed close to the
surface of steel strip at positions other than where the
guide rollers 14 are provided.
[0018] On the other hand, the bottom surface protec-
tive members 10a of the bottom surface cooling means
4a are disposed between the transfer rollers 7 provided
in the longitudinal direction of the run-out table at a suit-

able pitch. Therefore, the cooling water jetting nozzles
15 of the bottom surface cooling water headers 12a are
disposed between the transfer rollers 7. In Fig. 5A, the
bottom surface cooling water headers 12a are provided
between the transfer rollers 7, but the bottom surface
cooling water headers 12a may be provided in such a
way that they cover more than one of the transfer rollers
7 by passing below the conveying rollers 7. At least one
bottom surface cooling water header 12a is provided be-
tween two adjacent transfer rollers 7, and preferably, a
plurality of bottom surface cooling water headers 12a is
separately provided in the longitudinal direction and/or
the width direction of the run-out table. The cooling water
headers 12 separately provided can minutely control the
cooling of the hot rolled steel strip 9. When the cooling
water headers 12 are separately provided in the longitu-
dinal direction, for example, the cooling starting temper-
ature of the steel strip 9 can be kept constant by minutely
changing the cooling starting position of the cooling water
headers 12 in response to the cooling starting point of
the steel strip depending on the transfer speed of the
steel strip. When the cooling water headers 12 are sep-
arately provided in the width direction, effective cooling
is possible by selecting the cooling water headers 12 in
response to various widths of the steel strips.
[0019] With regard to the top surface cooling water
headers 12b, the same effect is achieved. Preferably,
the top surface cooling water headers 12b are arranged
to oppose the bottom surface cooling water headers 12a
separated by the hot rolled steel strip 9. This provides
the following advantages: The top and bottom cooling
can be easily balanced; the positions of the headers to
start cooling the top and bottom surfaces can be easily
adjusted; the hot rolled steel strip 9 can be stably trans-
ferred due to the water pressure from the upside and
downside.
[0020] Preferably, each of the cooling water jetting
nozzles 15 of the top surface cooling means 4b protruding
from each of the top cooling water headers 12 is arranged
to approximately oppose each of the cooling water jetting
nozzles 15 of the bottom surface cooling means 4a pro-
truding from each of the bottom cooling water headers
12 separated by the hot rolled steel strip 9. This is effec-
tive to bring the cooling of the top and bottom surfaces
and the water pressure thereof into balance.
[0021] As described above, each of the cooling water
jetting nozzles 15 protrudes from each of the cooling wa-
ter headers 12 and is disposed so as to jet cooling water
approximately vertical to the surface of the steel strip. In
other words, when nozzle installation surfaces of the
cooling water headers 12 are parallel to the steel strip as
shown in Fig. 5B, the cooling water jetting nozzles 15
vertically protrude from the cooling water headers 12. In
this arrangement, cooling water being jetted from the
nozzles is less affected by the jetted cooling water, as in
the cooling apparatus disclosed in Japanese Unexam-
ined Patent Application Publication No. 62-259610. Fur-
thermore, the flow velocity of the cooling water, which is
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jetted from the nozzles and collides with the steel strip,
is almost equal in all nozzles so as to conduct uniform
cooling.
[0022] Laminar nozzles are generally used as the cool-
ing water jetting nozzles 15. Since the cooling water jet-
ting outlets of laminar nozzles are cylindrical, jetted water
flow collides with the steel strip 9 as laminar flow without
divergence. Here, the cylindrical laminar flow is primarily
laminar flow but it may contain some turbulent flow.
[0023] Figs. 6A and 6B, respectively, schematically
show the cylindrical laminar flow and the non-laminar
flow.
[0024] In the cylindrical laminar flow, the water flow
reaches the steel strip without divergence to give good
cooling efficiency, resulting in rapid cooling at a rate ex-
ceeding 200°C/s. On the other hand, in the non-laminar
flow, since the flow velocity of the cooling water jetted
from nozzles is reduced by cooling water remaining be-
tween the steel strip and the nozzles, even if the nozzles
are disposed close to the steel strip, the cooling efficiency
is low.
[0025] The conventional cooling apparatus uses lam-
inar flow cooling nozzles for cooling the top surface of
steel strip. However, since the main cooling is carried out
by film boiling in which cooling water is poured over the
entire steel strip to cover its surface with cooling water,
the cooling rate is 100°C/s at highest. On the other hand,
the cooling apparatus according to the present invention
uses laminar nozzles as cooling water jetting nozzles as
the conventional cooling apparatus, but the cooling ap-
paratus according to the present invention can jet a large
amount of cooling water at a water flow rate exceeding
about 2,500L/min·m2. As a result, the cooling water cov-
ers the entire steel strip and also the cooling water jetted
from the nozzles is directly applied to the steel strip, mak-
ing it possible to cool the steel strip of about 3mm in
thickness at a cooling rate exceeding 200°C/s. The cool-
ing rate depends on the thickness of steel strip and in-
creases as the thickness becomes thinner. When a cool-
ing condition such as the water flow rate is constant, the
product of the strip thickness and the cooling rate is al-
most constant. Accordingly, even when the strip is thick,
the desired cooling rate can be achieved, for example,
by increasing the water flow rate.
[0026] The diameter of the cooling water jetting noz-
zles of the present invention is preferably 1 to 10mm.
When the diameter is smaller than 1mm, it is difficult to
generate the cylindrical laminar flow. Since the cooling
using the cooling apparatus according to the present in-
vention needs collision pressure, the flow velocity at noz-
zle outlets is constant and the amount of water increases
with increasing diameter of jetting outlets. However,
since cooling capability is saturated at a certain amount
of water, the jetting outlet diameter should be 10mm or
less from an economic standpoint.
[0027] The above-mentioned protective members dis-
posed between cooling water headers and steel strip play
two roles of stably transferring the steel strip and protect-

ing the cooling water headers and the cooling water jet-
ting nozzles from collision with the steel strip. The cooling
water passage holes in the protective members function
not only as jetting holes of cooling water and but as drain
holes of jetted cooling water.
[0028] Each of the protective members provided with
cooling water passage holes may be, for example, a flat
plate having slits shown in Fig. 7A, a group of bars dis-
posed in parallel shown in Fig. 7B, a grid shown in Fig.
7C, or an expanded metal shown in Fig. 7D. Since the
protective members shown in Figs. 7B, 7C, and 7D make
contact with the steel strip in a small area, the contact
surface pressure increases. This readily causes seizing
to the steel strip or indentation flaws on the steel strip.
Thereby, flat plates, which have a minimum number of
cooling water passage holes to pass the cooling water,
provided with slits such as shown in Fig. 7A are prefer-
able. Such protective members prevent flaws from gen-
erating on the steel strip.
[0029] When flat plates shown Fig. 7A are used as
protective members, the plate thickness is preferably
5mm or more in view of strength, rigidity, or the like of
the steel strip. When the plate thickness is less than 5mm,
the plates may become damaged or deformed by colli-
sion with the transferred steel strip.
[0030] Figs. 8A and 8B show an example of cooling
means which is provided with protective members having
cooling water passage holes in a slit shape shown in Fig.
7A. Fig. 8A is a plan view of bottom surface cooling
means. Fig. 8B is a cross sectional view taken along line
A-A in Fig. 8A. Fig. 8B also shows top surface cooling
means.
[0031] Each of the slit shaped cooling water passage
holes 11 of the protective members 10 is provided with
a plurality of cooling water jetting nozzles 15 to jet cooling
water as the laminar flow 13. The orifices of the slit
shaped cooling water passage holes 11 are preferably
as large as possible to drain jetted cooling water, but
larger orifices cause collision of the leading end of the
steel strip 9 with the slit edge resulting in seizing and
damage. Accordingly, the size of an orifice of the slit
shaped cooling water passage holes 11 is preferably
large enough to hold about two to ten cooling water jetting
nozzles 15 in a line, as shown in Fig. 8A. Each of the slit
shaped cooling water passage holes 11 may be provided
with a plurality of nozzles being linearly disposed in a
plurality of lines.
[0032] As shown in Fig. 8A, it is not necessary for all
the cooling water passage holes 11 to be slit shaped,
although the majority of the cooling water passage holes
11 should be slit shaped. If some of the cooling water
passage holes 11 are not slit shaped, this does not disturb
the passage of the cooling water. In particular, at the
center and both edges in the width direction of steel strip,
it is difficult to form slit shaped cooling water passage
holes 11 due to restriction of the arrangement.
[0033] Preferably, the longitudinal direction of the slit
shaped cooling water passage holes 11 inclines in the
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horizontal plane with respect to the transferring direction
of the steel strip 9 in order to allow easy drainage to the
outside of the cooling apparatus. When the longitudinal
direction of the slit shaped cooling water passage holes
11 is perpendicular to the transferring direction of the
steel strip 9, it may disturb the flow of the drainage or
may cause collision of the leading end of the steel strip
9 with the slit shaped holes giving damage to the steel
strip 9 and the cooling water passage holes 11. When
the longitudinal direction of the slit shaped cooling water
passage holes 11 is parallel to the transferring direction
of the steel strip 9, the flow of the drainage is not smooth.
As shown in Fig. 8A, the slit shaped cooling water pas-
sage holes 11 are disposed so as to be almost axisym-
metric to the central line of the run-out table and the lon-
gitudinal direction of the cooling water passage holes 11
inclines in the horizontal plane to diverge toward the
transferring direction of the steel strip 9. This is more
preferable for the smooth flow of the drainage to the out-
side of the cooling apparatus.
[0034] Fig. 9 shows an example of positional relation-
ship between protective member, cooling water header
and cooling water jetting nozzles in bottom surface cool-
ing means.
[0035] In this example, the thickness of the protective
members 10a is small, and tips 16 of the cooling water
jetting nozzles 15 are disposed below the bottom surface
of the protective members 10a.
[0036] Fig. 10 shows another example of positional re-
lationship between protective member, cooling water
header and cooling water jetting nozzles in bottom sur-
face cooling means.
[0037] In this example, the thickness of the protective
members 10a is large, and tips 16 of the cooling water
jetting nozzles 15 are disposed inside the cooling water
passage holes 11 of the protective members 10a.
[0038] In the bottom surface cooling means shown in
Fig. 9, the distance Xa from the tips 16 of the cooling
water jetting nozzles to the surface of the steel strip 9,
the distance Ya from the top surface of the protective
members 10a to the surface of the steel strip, and the
distance Za from the bottom surface of the protective
members 10a to the cooling water headers 12a are de-
termined as follows:
[0039] First, the impinging velocity of the laminar flow
13 of cooling water to the steel strip and the pitch between
the cooling water jetting nozzles 15 are determined so
as to achieve a desired cooling rate.
[0040] Then, the distance Xa from the tips 16 of the
cooling water jetting nozzles to the surface of the steel
strip is determined to secure the impinging velocity in
view of the diameter of the cooling water jetting nozzles
15. It is preferable that the distance Xa from the tips 16
of the cooling water jetting nozzles to the surface of the
steel strip be 100mm or less. When the cooling water
used for cooling the steel strip 9 flows out from the space
between the steel strip 9 and the protective members
10a, the cooling water prevents the laminar flow 13 of

the cooling water jetted from the cooling water jetting
nozzles 15 from colliding with the steel strip. In particular,
when the distance Xa exceeds 100mm, the flow velocity
of the laminar flow 13 of the cooling water significantly
decreases. This further disturbs the collision of the cool-
ing water with the steel strip, failing in rapid cooling. As
described above, the tips 16 of the cooling water jetting
nozzles are disposed farther from the steel strip 9 than
the surface, opposing the steel strip 9, of the protective
members 10a. In other words, the distance Xa from the
tips 16 of the cooling water jetting nozzles to the surface
of the steel strip is determined to be longer than the dis-
tance Ya, which will be described below, from the top
surfaces of the protective members 10a to the surface
of the steel strip.
[0041] The distance Ya from the top surfaces of the
protective members 10a to the surface of the steel strip
is determined in view of stably transferring the steel strip
9 above the top surfaces of the protective members 10a.
When the protective members 10a are disposed at the
lower positions, as shown in Fig. 11A, the leading end of
the transferred steel strip 9 bends downward to collide
with the transfer rollers 7 and be bounced upward. The
leading end of the steel strip 9 further undulates vertically
as the steel strip 9 is transferred, disturbing stable trans-
ferring. In the worst case, as shown in Fig. 11B, the steel
strip 9 may bend several times and cannot be transferred.
Such a phenomenon will readily occur when the Ya ex-
ceeds 50mm. On the other hand, when the Ya is smaller
than 10mm, the steel strip 9 comes into contact with the
protective members 10a, causing scratching in the steel
strip and also bending of the steel strip described above.
Consequently, the Ya is preferably 10 to 50mm.
[0042] The distance Za from the bottom surfaces of
the protective members 10a to the cooling water headers
12a yields a necessary space for rapidly draining the
cooling water jetted from the cooling water jetting nozzles
15, and thus the Za is preferably larger. However, when
the Za is too large, the cooling water jetting nozzles 15
protruding from the cooling water headers 12a must be
significantly long. On the other hand, the ratio of the di-
ameter of the cooling water jetting nozzle to the length
of a straight run of the cylindrical laminar nozzle used in
the cooling water jetting nozzles 15 is preferably 5 to 20.
The ratio over 20 increases the flow resistance, and thus
the supply pressure of the cooling water should be in-
creased, which is not economical. When the ratio is less
than 5, the cooling water is jetted in non-laminar flow as
shown in Fig. 6B, resulting in insufficient cooling capa-
bility. The distance Za is determined in view of the cooling
water amount drained through the cooling water passage
holes 11 of the protective members 10a. More specifi-
cally, the cooling water jetted from the cooling water jet-
ting nozzles 15 to cool the steel strip 9 flows into the
space having the distance Ya between the protective
members 10a and the steel strip and is drained through
the following three paths: (i) both edges in the width di-
rection of the space between the protective members
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10a and the steel strip 9; (ii) the space between the pro-
tective members 10a and the transfer rollers 7; and (iii)
the cooling water passage holes 11 provided in the pro-
tective members 10a. The space between the protective
members 10a and the transfer rollers 7 is usually, for
example, 1mm or less so that the leading end of the steel
strip 9 does not collide with the space. Consequently, the
amount of cooling water drained through the path (ii) is
small. On the other hand, if the amount of cooling water
flowing through the path (i) is large, the flow from the
center to both edges in the width direction becomes
strong causing a V-shaped temperature profile, as shown
in Fig. 3B, in the width direction. Therefore, to reduce the
flow from the center to both edges in the width direction
as much as possible, the protective members 10a should
be provided with the cooling water passage holes 11 to
drain the cooling water through the path (iii). Thereby,
the area dimension of the cooling water passage holes
11 is determined, the amount of cooling water drained
through the cooling water passage holes 11, which is the
amount of cooling water falling on the cooling water head-
ers 12a, is calculated from the planar dimension, and
then the distance Za from the bottom surfaces of the pro-
tective members 10a to the cooling water headers 12a
is determined. The cooling water that has fallen on the
cooling water headers 12a is drained through the space
between the cooling water headers 12a and the transfer
rollers 7. When the cooling water remains due to insuffi-
cient draining, it disturbs the laminar flow 13 of the cooling
water jetted from the cooling water jetting nozzles 15,
resulting in heterogeneous cooling of the steel strip in
the width direction. Therefore, sufficient space is impor-
tant for draining the cooling water.
[0043] Fig. 12 shows an example of positional relation-
ship between protective member, cooling water header,
and cooling water jetting nozzles in top surface cooling
means.
[0044] The distance Xb from the tips 16 of the cooling
water jetting nozzles to the surface of the steel strip 9,
the distance Yb from the bottom surfaces of the protective
members 10b to the surface of the steel strip, and the
distance Zb from the top surfaces of the protective mem-
bers 10b to the cooling water headers 12b are determined
as follows.
[0045] The distance Xb from the tips 16 of the cooling
water jetting nozzles to the surface of the steel strip in
the top surface cooling means corresponds to the dis-
tance Xa in the bottom surface cooling means described
above. In the top surface cooling means, since the cool-
ing water remains on the steel strip 9, the distance is
determined in additional view of the number and position
of the guide rollers 14, the distance Yb between the bot-
tom surfaces of the protective members 10b and the sur-
face of the steel strip, and the thickness of the protective
members 10b. Here, the distance Xb from the tips 16 of
the cooling water jetting nozzles to the surface of the
steel strip is preferably 100mm or less, similar to the dis-
tance Xa in the bottom surface cooling means.

[0046] The distance Yb from the bottom surfaces of
the protective members 10b to the surface of the steel
strip corresponds to the distance Ya in the bottom surface
cooling means described above and is preferably 10 to
50mm, as in the bottom surface cooling means.
[0047] The distance Zb from the top surfaces of the
protective members 10b to the cooling water headers
12b corresponds to the distance Za in the bottom surface
cooling means and is determined in additional view of
the number and position of the guide rollers 14 and the
space between the guide rollers 14 and the steel strip 9.
The area dimension of the cooling water passage holes
11 of the protective members 10b is also determined in
view of the number and position of the guide rollers 14
and the space between the guide rollers 14 and the steel
strip 9.
[0048] As shown in Fig. 12, the tips 16 of the cooling
water jetting nozzles 15 in the top surface cooling means
are preferably disposed inside the cooling water passage
holes 11 of the protective members 10b. The reasons for
this are as follows.
[0049] In the bottom surface cooling means, the cool-
ing water jetted to the steel strip 9 flows down due to
gravity through the cooling water passage holes 11 in
the protective members 10a. On the other hand, in the
top surface cooling means, the majority of the jetted cool-
ing water is drained from both edges in the width direc-
tion. Therefore, the cooling water that is not drained from
the space between the steel strip 9 and the protective
members 10b flows into the space between the protective
members 10b and the cooling water headers 12b from
below the protective members 10b through the cooling
water passage holes 11. Consequently, the tips 16 of the
cooling water jetting nozzles 15 are preferably disposed
inside the cooling water passage holes 11 so that the
flow of the cooling water jetted from the cooling water
jetting nozzles 15 is not affected by the drained water
flowing toward both edges in the width direction in the
space above the protective members 10b.
[0050] In the bottom surface cooling means, since the
flow of the jetted cooling water may be affected by the
drained water flowing toward both edges in the width di-
rection in the space between the cooling water headers
12a and the protective members 10a depending on the
amount of the drained water, the tips 16 of the cooling
water jetting nozzles 15 are preferably disposed inside
the cooling water passage holes 11 of the protective
members 10b.
[0051] The guide rollers 14 provided above the trans-
ferred hot rolled steel strip 9 preferably has a gap about
5nm from the surface of the hot rolled steel strip 9, when
no problems, such as jamming of the leading end of the
steel strip 9 or looping of the steel strip 9, occur during
transfer. When the above-mentioned problems occur
during transfer, the gap between the guide rollers 14 and
the steel strip 9 is broadened so as not to raise the loop
and to send the leading and trailing ends of the steel strip
out of the cooling means. When the broadened gap be-
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tween the guide rollers 14 and the steel strip 9 disturbs
the drainage, a pinch roll is preferably provided at at least
one position of the entry side, the delivery side, or be-
tween both sides of the cooling means to forcibly pinch
the steel strip 9 and send it into or out the cooling means.
[0052] The above-mentioned cooling apparatus for hot
rolled steel strip according to the present invention can
almost uniformly jet the cooling water from above and
below and rapidly cool the hot rolled steel strip while sta-
ble transfer of the steel strip is maintained by the protec-
tive members and the guide rollers. Since the cooling
water jetted to the surface of the steel strip is properly
drained and the influence of jetted cooling water flow is
minimized to cool the hot rolled steel strip, rapid and uni-
form cooling in the width direction can be achieved.
[0053] As shown Fig. 4, when the cooling apparatus
for hot rolled steel strip according to the present invention
is provided on a run-out table in a production line for hot
rolled steel strip, a steel strip can be stably and uniformly
cooled at a cooling rate exceeding 200°C/s, and a hot
rolled steel strip having excellent workability can be man-
ufactured without fluctuation of properties nor degrada-
tion of shape.

Example

[0054] Using a production line for hot rolled steel strip
shown in Fig. 14, which is provided with a cooling appa-
ratus for hot rolled steel strip according to the present
invention shown in Fig. 13, a sheet bar of carbon steel
having a thickness of 30mm and a width of 1,000mm was
rolled by a finishing mill having seven rolling stands at a
transfer rate of 700 mpm and at a finishing temperature
of 850°C into a steel strip having a thickness of 3mm.
The steel strip was cooled to about 550°C at a cooling
rate of 700°C/s, and then cooled to a coiling temperature
of 500°C using a conventional cooling apparatus 8. The
water flow rate was 7,500L/min·m2 for a cooling rate of
about 700°C/s.
[0055] As shown in Fig. 13, bottom surface cooling
means 4a comprises a plurality of transfer rollers 7 having
a diameter of 300mm which are disposed in the longitu-
dinal direction at a pitch of 500mm, bottom surface pro-
tective member plates 10a having a thickness of 25mm
which are disposed between the transfer rollers 7 close
and parallel to the surface of the transferred hot rolled
steel strip 9, a plurality of cooling water passage holes
11 in the bottom surface protective member plates 10a
as passages for cooling water, cooling water jetting noz-
zles 15 having outlets with a diameter of 5mm, of which
the tips are disposed at lower positions than the top sur-
faces of the protective member plates, and bottom sur-
face cooling water headers 12a from which the cooling
water jetting nozzles 15 protrude.
[0056] One bottom surface cooling water header 12a
is disposed between two adjacent transfer rollers. The
bottom surface cooling water headers 12a are provided
with the cooling water jetting nozzles 15 used for jetting

cooling water at the same pitch in both the width and the
longitudinal directions. Laminar nozzles are used as the
cooling water jetting nozzles 15.
[0057] The distance Xa between the surface of the
steel strip and the tips 16 of the cooling water jetting noz-
zles is 25mm, the distance Ya between the surface of
the steel strip and the top surfaces of the bottom surface
protective member plates 10a is 10mm, and the distance
Za between the bottom surface protective member plates
10a and the cooling water headers 12a is 30mm.
[0058] Top surface cooling means 4b comprises three
guide rollers 14 which are disposed to oppose the transfer
rollers 7 and have a space of 5mm from the steel strip 9,
top surface protective member plates 10b having a thick-
ness of 25mm which are disposed close and parallel to
the surface of the transferred hot rolled steel strip 9, a
plurality of cooling water passage holes 11 in the top
surface protective member plates 10b as passages for
cooling water, cooling water jetting nozzles 15 having
outlets with a diameter of 5mm, of which the tips are
disposed higher than the bottom surfaces of the protec-
tive member plates, and top surface cooling water head-
ers 12b from which the cooling water jetting nozzles 15
protrude.
[0059] The top surface cooling water headers 12b are
disposed to oppose the cooling water headers 12a of the
bottom surface cooling means. The top surface cooling
water headers 12b are provided with the cooling water
jetting nozzles 15 used for jetting cooling water at a pitch
of 30mm in the width direction and at a pitch of 30mm in
the longitudinal direction. Laminar nozzles are used as
the cooling water jetting nozzles 15.
[0060] The distance Xb between the surface of the
steel strip and the tips 16 of the cooling water jetting noz-
zles is 30mm, the distance Yb between the surface of
the steel strip and the bottom surfaces of the top surface
protective member plates 10b is 15mm, and the distance
Zb between the top surface protective member plates
10b and the top surface cooling water headers 12b is
30mm.
[0061] As a comparative example, a similar test was
carried out using a production line provided with a cooling
apparatus for hot rolled steel strip shown in Fig. 15.
[0062] The cooling apparatus used in the comparative
example has almost the same constitution as the cooling
apparatus of the present invention shown in Fig. 13 ex-
cept that the cooling water jetting nozzles are mounted
in the cooling water headers 22 and that the nozzle tips
are disposed on the surface of the cooling water headers
22. In this regard, the distance X between the surface of
the steel strip and the tips of the cooling water jetting
nozzles is 60mm, the distance Y between the surface of
the steel strip and the protective member plates 20 is
20mm, and the distance Z between the protective mem-
ber plates 20 and the cooling water headers 22 is 15mm.
[0063] Fig. 16 shows temperature profile in the width
direction of the steel strip.
[0064] When the cooling apparatus for hot rolled steel
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strip according to the present invention is used, the tem-
perature profile in the width direction of the steel strip is
around �20°C, and almost uniform cooling in the width
direction is achieved. In addition, the variation in strength
of the hot rolled steel strip in the width direction is 20MPa.
[0065] In contrast, in the comparative example, the
temperature profile in the width direction of the steel strip
is �50°C or more and shows the V-shaped profile in the
width direction. Because of high temperature at both edg-
es in the width direction of the steel strip, the steel strip
is deformed and is not coiled normally. The variation in
strength of the hot rolled steel strip in the width direction
is 80MPa.
[0066] When the protective member plates of the cool-
ing apparatus used in the comparative example are dis-
posed close to the steel strip, the temperature profile
shows the inverted-V shape in the width direction of the
steel strip.

Claims

1. A cooling apparatus for hot rolled steel strip (9) com-
prising:

top surface cooling means (4b) to be provided
above a hot rolled steel strip (9) transferred with
transfer rollers (7) after hot rolling to cool the top
surface of the hot rolled steel strip (9); and
bottom surface cooling means (4a) to be provid-
ed below the hot rolled steel strip (9) to cool the
bottom surface of the hot rolled steel strip (9),
each of the top surface cooling means (4b) and
the bottom surface cooling means (4a) compris-
ing:

a protective member (10a,10b) disposed
close to the surface of the hot rolled steel
strip (9), having at least one cooling water
passage hole (11);
at least one cooling water header (12a,12b)
opposing the hot rolled steel strip (9) sepa-
rated by the protective member (10a, 10b);
and
cooling water jetting nozzles (15) protruding
from the cooling water header (12a,12b)
and adapted to jet cooling water approxi-
mately vertically toward the surface of the
hot rolled steel strip (9) through the cooling
water passage hole (11), wherein the tips
(16) of the cooling water jetting nozzles (15)
are disposed farther from the hot rolled steel
strip (9) than the surface, opposing the hot
rolled steel strip (9), of the protective mem-
ber (10a,10b);

wherein the cooling water passage hole (11) is slit
shaped;

wherein the longitudinal direction of the slit shaped
cooling water passage hole (11) inclines in the hor-
izontal plane with respect to the transferring direction
of the hot rolled steel strip (9); and
wherein cooling water is adapted to be jetted from a
plurality of cooling water jetting nozzles (15) through
the slit shaped cooling water passage hole (11).

2. A cooling apparatus for hot rolled steel strip (9) com-
prising:

top surface cooling means (4b) to be provided
above a hot rolled steel strip (9) transferred with
transfer rollers (7) after hot rolling to cool the top
surface of the hot rolled steel strip (9); and
bottom surface cooling means (4a) to be provid-
ed below the hot rolled steel strip (9) to cool the
bottom surface of the hot rolled steel strip (9),
each of the top surface cooling means (4b) and
the bottom surface cooling means (4a) compris-
ing:

a protective member (10a,10b) disposed
close to the surface of the hot rolled steel
strip (9), having at least one cooling water
passage hole (11);
at least one cooling water header (12a,12b)
opposing the hot rolled steel strip (9) sepa-
rated by the protective member (10a,10b);
and
cooling water jetting nozzles (15) protruding
from the cooling water header (12a,12b)
and adapted to jet cooling water approxi-
mately vertically toward the surface of the
hot rolled steel strip (9) through the cooling
water passage hole (11), wherein the tips
(16) of the cooling water jetting nozzles (15)
are disposed farther from the hot rolled steel
strip (9) than the surface, opposing the hot
rolled steel strip (9), of the protective mem-
ber (10a,10b);

wherein the distance (Xa,Xb) between the surface
of the hot rolled steel strip (9) and the tips (16) of the
cooling water jetting nozzles (15) is determined to
secure the impinging velocity necessary in view of
the flow of the cooling water after cooling.

3. The cooling apparatus for hot rolled steel strip (9) of
claim 2, wherein the distance (Xa,Xb) between the
surface of the hot rolled steel strip (9) and the tips
(16) of the cooling water jetting nozzles (15) is de-
termined to secure the impinging velocity of the lam-
inar flow of cooling water determined so as to achieve
the desired cooling rate and to avoid that cooling
water flowing out from the space between the hot
rolled steel strip (9) and the protective member (10a,
10b) prevents the laminar flow from colliding with the
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hot rolled steel strip (9).

4. The cooling apparatus for hot rolled steel strip (9) of
any one of claims 1 to 3, wherein the cooling water
header (12b) of the top surface cooling means (4b)
approximately opposes the cooling water header
(12a) of the bottom surface cooling means (4a) sep-
arated by the hot rolled steel strip (9), and/or the
cooling water jetting nozzles (15) of the top surface
cooling means (4b) approximately oppose the cool-
ing water jetting nozzles (15) of the bottom surface
cooling means (4a) separated by the hot rolled steel
strip (9).

5. The cooling apparatus for hot rolled steel strip (9) of
any one of claims 1 to 4, wherein the distance (Xa,
Xb) between the surface of the hot rolled steel strip
(9) and the tips (16) of the cooling water jetting noz-
zles (15) is 100mm or less.

6. The cooling apparatus for hot rolled steel strip (9) of
any one of claims 1 to 5, wherein the distance (Ya,
Yb) between the surface of the hot rolled steel strip
(9) and the surface, opposing the hot rolled steel strip
(9), of the protective member (10a,10b) is 10 to
50mm.

7. The cooling apparatus for hot rolled steel strip (9) of
any one of claims 1 to 6, wherein a guide roller (14)
is provided above the hot rolled steel strip (9) ap-
proximately opposing the transfer rollers (17) below
the hot rolled steel strip (9) at at least one position.

8. The cooling apparatus for hot rolled steel strip (9) of
any one of claims 1 to 7, wherein the tips (16) of the
cooling water jetting nozzles (15) are disposed inside
the cooling water passage hole (11).

9. A method for manufacturing a hot rolled steel strip
(9), comprising a step of cooling the hot rolled steel
strip (9) after hot rolling with the cooling apparatus
for hot rolled steel strip (9) according to any one of
claims 1 to 8.

10. The method for manufacturing a hot rolled steel strip
(9) according to claim 9, wherein the hot rolled steel
strip (9) is cooled with a cylindrical laminar flow at a
water flow rate exceeding 2,500L/min x m2.

11. A production line comprising a run-out table provided
with a cooling apparatus for hot rolled steel strip (9)
of any one of claims 1 to 8.
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