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(54)
METHOD

(57) A steel continuous-casting machine capable of
suppressing the collision of sprays of cooling water dis-
charged from spray nozzles adjacent to each other in a
width direction of cast steel and the disruption of a film
boiling state is provided.

A steel continuous-casting machine 1 includes a
cooling apparatus 3 that cools cast steel S with water.

FIG. 2

CAST SLAB CONTINUOUS CASTING EQUIPMENT AND CAST SLAB CONTINUOUS CASTING

The cooling apparatus 3 includes two or more cooling-
water-discharging nozzles 32 arranged in a width direc-
tion of the cast steel S. The two or more cooling-water-
discharging nozzles 32 are arranged such that spray
discharge surfaces of cooling-water-discharging nozzles
32 adjacent to each other in the width direction of the cast
steel S do not overlap.
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Description
Technical Field
[0001] The present invention relates to a steel continuous-casting machine and a steel continuous-casting method.
Background Art

[0002] Inasteel continuous-casting process, molten steel poured into a mold is cooled, and cast steel extracted from the
mold is transported while being cooled at the exit side of the mold. Thus, cast steel is continuously produced. Then, the cast
steel is cut into predetermined lengths to produce slabs, blooms, and billets as rolling materials.

[0003] The cast steel extracted from the mold has unsolidified molten steel therein. The unsolidified molten steel is
solidified to the center by being cooled at the exit side of the mold. The properties and quality of the cast steel vary
depending on the solidification rate. Therefore, cooling at the exit side of the mold (hereinafter referred to as secondary
cooling) is a process that determines the properties and quality of the cast steel.

[0004] Inrecent years, the properties and uniformity required of steel materials have become increasingly stringent.
Accordingly, the quality requirements for slabs, blooms, and billets have been increasing year by year, and cast steel of
high quality over the entire length and width is required. Therefore, in the continuous-casting process, particularly in
secondary cooling, uniform cooling over the entire width of the cast steel has become more important than ever.
[0005] Fig. 1is agraph showing the relationship between the surface temperature of cast steel and the boiling state ina
water cooling process for the cast steel. As illustrated in Fig. 1, in the initial stage of water cooling, the cast steel is cooled in
a film boiling state in which a vapor film is present between the cast steel and water. In the film boiling state, the water and
the cast steel do not come into direct contact with each other, so that the heat transfer coefficient, which is an index of
cooling capacity, is low and the surface temperature of the cast steel decreases slowly. However, when the surface
temperature of the cast steel is reduced to about 700°C, it becomes difficult to maintain the vapor film between the water
and the cast steel, and the cast steelis cooled in a transition boiling state in which the water and the cast steel are partially in
contact with each other. When the water and the cast steel come into contact, the flow of the water near the cast steel
intensifies due to the evaporation of the water that has come into contact with the cast steel. Therefore, the heat transfer
coefficient rapidly increases, and the surface temperature of the cast steel rapidly drops. After that, the boiling state
changes to a nucleate boiling state in which the cast steel and the water are steadily in contact with each other while the
high heat transfer coefficient is maintained, and the surface temperature of the cast steel rapidly drops to a temperature
close to the water temperature.

[0006] Ingeneral, asthe temperature of the objectto be cooled is high, transition to the nucleate boiling state is less likely
to occur, and a larger amount of cooling water is required to induce the transition. This leads to a higher production cost. In
addition, when a high-temperature object is cooled in the nucleate boiling state in which the cooling capacity is high, the
surface and interior of the object receive a high thermal stress, and the risk of defects, such as cracks, increases.
Therefore, in secondary cooling of the continuous-casting process, in which the cast steel has a high surface temperature,
the cast steel is generally cooled in the film boiling state in which the vapor film is provided between the cast steel and the
water.

[0007] In light of the above discussion, the film boiling state is preferably maintained over the entire width during the
secondary cooling in the continuous-casting process. When the vapor film is disrupted locally or entirely, the transition to
the nucleate boiling state, in which the cooling capacity is high, occurs. This leads to an increase in the temperature
deviation between aregion in the film boiling state and a region in the nucleate boiling state or an excessive cooling rate. As
a result, cast steel having high and uniform quality over the entire width cannot be produced.

[0008] The disruption of the film boiling state may be caused by, for example, a local increase in the water flow density,
stagnation of the cooling water on the upper surface of the cast steel, or collision of sprays of cooling water discharged from
adjacent sprays. To produce cast steel with uniform quality over the entire width, efforts have been made to avoid the
above-described causes and maintain the film boiling state.

[0009] The local increase in the water flow density may be suppressed by improving tip portions of nozzles that
discharge the cooling water and making the distribution of the cooling water discharged toward the cast steel uniform. Itis
also effective to use nozzles having spray discharge surfaces with a low aspect ratio and a large discharge area to reduce
the local concentration of the cooling water. When the spray discharge surfaces are rectangular, the aspectratio is the ratio
ofthe short-side length to the long-side length. When the spray discharge surfaces are elliptical, the aspectratio is the ratio
of the minor axis to the major axis. When the spray discharge surfaces are square or circular, the aspect ratio is 1.
[0010] PatentLiterature 1 describes a technique for suppressing the stagnation of the cooling water on the cast steel. In
this technique, the cooling water is discharged as sprays having central axes at an angle relative to the central axes of the
nozzles, so that the cooling water present between roll pairs that support and convey the cast steel is efficiently removed to
the outside of the zones, and that the film boiling state can be maintained. Patent Literature 2 describes a technique for



10

15

20

25

30

35

40

45

50

55

EP 4 501 490 A1

suppressing the collision of the sprays of cooling water. In this technique, the cooling water is discharged such that the
major axes of the spray discharge surfaces are atan angle 6 or 5° of more and less than 45° relative to the width direction of
the cast steel, so that the collision of the sprays of cooling water discharged from the adjacent sprays is avoided, and that
the film boiling state can be maintained.

Citation List
Patent Literature
[0011]

PTL 1: International Publication No. 2018/101287
PTL 2: Japanese Unexamined Patent Application Publication No. 2009-255127

Summary of Invention
Technical Problem

[0012] An object of the technology disclosed in Patent Literature 1 is to prevent stagnant water from flowing to a region
downstream of a vertical section and a curved section in a continuous-casting machine having the vertical section and the
curved section. The technology disclosed in Patent Literature 1 is not sufficient to remove the stagnant cooling water on the
cast steel in a horizontal section in which the cast steel surface layer temperature is reduced and the film boiling state is
easily disrupted. In addition, also in the vertical section and the curved section, when the cooling water is simply discharged
upward to prevent the cooling water from flowing downstream, stagnation of the water occurs between the roll pairs, and
the temperature deviation in the width direction increases. Therefore, also in the vertical section and the curved section, a
technique for smoothly removing the cooling water discharged toward the cast steel to the outside of the cast steel in the
width direction is required.

[0013] Also, when the technology disclosed in Patent Literature 2 is used, the collision of the sprays of cooling water
discharged from the adjacent nozzles may occur if low-aspect-ratio sprays effective in spreading the water flow distribution
and maintaining the film boiling state are used. In addition, even when high-aspect-ratio spray nozzles are used, the
collision of the sprays of cooling water occurs if the distances between the spray nozzles are small. As a result, the
disruption of the film boiling state may be accelerated.

[0014] The present invention has been made in light of the above-described problems, and an object of the present
invention is to provide a steel continuous-casting machine and a steel continuous-casting method capable of suppressing
the collision of sprays of cooling water discharged from spray nozzles adjacent to each other in a width direction of cast
steel and the disruption of a film boiling state.

Solution to Problem
[0015] Means for solving the above-described problems are as follows:

[1] A steel continuous-casting machine including a cooling apparatus that cools cast steel with water, wherein the
cooling apparatus includes two or more cooling-water-discharging nozzles arranged in a width direction of the cast
steel, and wherein the two or more cooling-water-discharging nozzles are arranged such that spray discharge
surfaces of cooling-water-discharging nozzles adjacent to each other in the width direction of the cast steel do not
overlap.

[2] The steel continuous-casting machine according to [1], wherein the spray discharge surfaces of the cooling-water-
discharging nozzles are rectangular or elliptical, and wherein each of the two or more cooling-water-discharging
nozzles is disposed to satisfy Inequality (1) below:

[Math. 1]

J‘;‘“> Lx sinG; > t; «++ (1)

where L is an arrangement interval (m) of the cooling-water-discharging nozzles, 8, is an angle (°) of a long-side
direction or a major-axis direction of the spray discharge surface relative to the width direction, and t, is a length (m) of
a short side or a minor axis of the spray discharge surface.

[3] The steel continuous-casting machine according to [1], wherein the spray discharge surfaces of the cooling-water-
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discharging nozzles are square, and wherein each of the two or more cooling-water-discharging nozzles is disposed
to satisfy Inequality (2) below:

ILxsin®, > t (2)

where L is an arrangementinterval (m) of the cooling-water-discharging nozzles, 6, is an angle (°) of a direction of one
side of the spray discharge surface relative to the width direction, the one side of the spray discharge surface being one
of sides of the spray discharge surface thatis closest to an adjacent spray discharge surface, and tis alength (m) of the
one side.

[4] The steel continuous-casting machine according to [1], wherein the spray discharge surfaces of the cooling-water-
discharging nozzles are circular, and wherein each of the two or more cooling-water-discharging nozzles is disposed
to satisfy Inequality (3) below:

L > D (3)

wherein L is an arrangement interval (m) of the cooling-water-discharging nozzles and D is a diameter (m) of the spray
discharge surface.

[5] The steel continuous-casting machine according to [2], wherein an aspect ratio of the spray discharge surface is
100 or less.

[6] The steel continuous-casting machine according to any one of [1] to [5], wherein a surface-layer cooling rate of the
cast steel in the cooling apparatus is in a range of 0.3°C/sec or more and 100°C/sec or less.

[7] The steel continuous-casting machine according to any one of [1] to [6], further including a control device that
controls an amount of cooling water discharged from the cooling-water-discharging nozzles and a transportation
speed of the cast steel.

[8] A steel continuous-casting method including a cooling step of cooling cast steel with water, wherein, in the cooling
step, the cast steel is cooled by discharging cooling water from two or more cooling-water-discharging nozzles
arranged in a width direction of the cast steel, and wherein the two or more cooling-water-discharging nozzles are
arranged such that spray discharge surfaces of cooling-water-discharging nozzles adjacent to each other in the width
direction of the cast steel do not overlap.

[9] The steel continuous-casting method according to [8], wherein the spray discharge surfaces of the cooling-water-
discharging nozzles are rectangular or elliptical, and wherein each of the two or more cooling-water-discharging
nozzles is disposed to satisfy Inequality (1) below:

[Math. 2]

L
J2

where L is an arrangement interval (m) of the cooling-water-discharging nozzles, 6, is an angle (°) of a long-side
direction or a major-axis direction of the spray discharge surface relative to the width direction, and t, is a length (m) of
a short side or a minor axis of the spray discharge surface.

[10] The steel continuous-casting method according to [8], wherein the spray discharge surfaces of the cooling-water-
discharging nozzles are square, and wherein each of the two or more cooling-water-discharging nozzles is disposed
to satisfy Inequality (2) below:

> LxsinB; >ty o+ (1)

ILxsin®, > t (2)

where L is an arrangementinterval (m) of the cooling-water-discharging nozzles, 6, is an angle (°) of a direction of one
side of the spray discharge surface relative to the width direction, the one side of the spray discharge surface beingone
of sides of the spray discharge surface thatis closestto an adjacent spray discharge surface, and tis alength (m) ofthe
one side.

[11] The steel continuous-casting method according to [8], wherein the spray discharge surfaces of the cooling-water-
discharging nozzles are circular, and wherein each of the two or more cooling-water-discharging nozzles is disposed
to satisfy Inequality (3) below:

L > D (3)

wherein L is an arrangementinterval (m) of the cooling-water-discharging nozzles and D is a diameter (m) of the spray
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discharge surface.

[12] The steel continuous-casting method according to [9], wherein an aspect ratio of the spray discharge surface is
100 or less.

[13] The steel continuous-casting method according to any one of [8] to [12], wherein a surface-layer cooling rate of the
cast steel in the cooling step is in a range of 0.3°C/sec or more and 100°C/sec or less.

[14] The steel continuous-casting method according to any one of [8] to [13], wherein, in the cooling step, atleast one of
a surface-layer cooling rate of the cast steel and a temperature drop of the cast steel is controlled by controlling an
amount of cooling water discharged from the cooling-water-discharging nozzles and a transportation speed of the cast
steel.

Advantageous Effects of Invention

[0016] Accordingtothe presentinvention, the collision of sprays of cooling water discharged from spray nozzles that are
adjacent to each otherin the width direction of the cast steel can be suppressed. Therefore, the disruption of the film boiling
state is suppressed when the cast steel is subjected to secondary cooling, and the temperature deviation on the surface of
the cast steel being cooled can be reduced, so that cast steel with fewer defects can be produced by continuous casting.

Brief Description of Drawings
[0017]

[Fig. 1] Fig. 1is a graph showing the relationship between the surface temperature of cast steel and the boiling state in
a water cooling process for the cast steel.

[Fig. 2] Fig. 2 is a schematic sectional view of a steel continuous-casting machine according to an embodiment of the
present invention.

[Fig. 3] Fig. 3 illustrates spray discharge surfaces of cooling water discharged from cooling-water-discharging nozzles
on cast steel S.

[Fig. 4] Fig. 4 is a schematic diagram illustrating an example of the structure of a control device 10.

[Fig. 5] Fig. 5 is a schematic partial sectional view of a steel continuous-casting machine including a water purging roll.
[Fig. 6] Fig. 6 is a schematic partial sectional view of a steel continuous-casting machine including a purge nozzle.
[Fig. 7] Fig. 7 is a schematic partial sectional view of a steel continuous-casting machine including a water purging roll
and a purge nozzle.

[Fig. 8] Fig. 8 is a schematic sectional view illustrating another example of a steel continuous-casting machine
according to the present embodiment.

[Fig. 9] Fig. 9 is a schematic sectional view illustrating another example of a steel continuous-casting machine
according to the present embodiment.

[Fig. 10] Fig. 10 is a schematic sectional view illustrating another example of a steel continuous-casting machine
according to the present embodiment.

Description of Embodiments

[0018] The present invention will now be described by means of embodiments of the present invention. The embodi-
ments described below illustrate devices and methods for embodying the technical idea of the present invention. In the
technical idea of the present invention, materials, shapes, structures, arrangements, and the like of constituent parts are
not limited to those in the embodiments described below. The drawings are schematic, and therefore it is to be noted that
the relationships, ratios, and the like between the thicknesses and the planar dimensions are different from the actual ones.
The drawings may also differ from each other in dimensional relationships and ratios.

[0019] Fig. 2 is a schematic sectional view of a steel continuous-casting machine according to an embodiment of the
present invention. The main components of a steel continuous-casting machine 1 according to the embodiment of the
present invention include a mold 2 that cools molten steel poured from a tundish (not illustrated) and form an outer shell
shape of cast steel; a cooling apparatus 3 that cools the cast steel extracted from the mold; a thermometer 4 that measures
atemperature of the cast steel at the exit side of the cooling apparatus 3; and a control device 10 that controls the operation
of the cooling apparatus 3. In the following description, a long-side surface of the cast steel at the upper right in Fig. 2 is
referred to as a first surface, a short-side surface at the near side as a second surface, a long-side surface at the lower left
side as a third surface, and a short-side surface at the far side as a fourth surface.
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[Mold 2]

[0020] The molten steel is produced in a refining apparatus at a location separate from the steel continuous-casting
machine 1, and is poured into the mold 2. The molten steel poured into the mold 2 is cooled by the mold 2 so that the molten
steel solidifies from the contact surface between the molten steel and the mold 2 toward an inner layer and that the outer
shell shape is formed. In the following description, the molten steel whose outer shell shape is formed, including completely
solidified steel, is referred to as cast steel S. The cast steel S extracted from the mold 2 is cooled by the cooling apparatus 3
while being supported and transported by cast-steel support rolls 5 provided at the exit side of the mold 2. A commonly
known mold may be used as the mold 2.

[Cooling Apparatus 3]

[0021] The cooling apparatus 3 includes a water cooling device 31 that cools the cast steel S with water under
predetermined cooling conditions. The water cooling device 31 includes the cast-steel support rolls 5 that support and
transport the cast steel S, and cooling-water-discharging nozzles 32. The cast-steel supportrolls 5 on the first-surface side
and the third-surface side of the cast steel S form pairs and are arranged with equal intervals in the casting direction. At
positions between the cast-steel support rolls 5 adjacent to each other in the casting direction, two or more cooling-water-
discharging nozzles 32a on the first-surface side and two or more cooling-water-discharging nozzles 32c on the third-
surface side form pairs across the cast steel S and are arranged at a predetermined interval in the casting direction. The
cooling-water-discharging nozzles 32 discharge cooling water W toward the cast steel S. The cast steel S is fed into the
cooling apparatus 3, so that the cast steel S is transported in the casting direction while being cooled by the cooling water W
discharged from the cooling-water-discharging nozzles 32 in the secondary cooling process. In the following description, a
cooling section in which one pair of cast-steel support rolls 5 in the casting direction serves as a unit is referred to as a
cooling zone, and cooling sections will be counted in units of "zones". Although a total of 19 zones are provided as the
cooling zones in Fig. 2, the number of zones is not limited to this, and may be greater or smaller than 19.

[0022] The steel continuous-casting machine 1 illustrated in Fig. 2 is a vertical-bending continuous-casting machine,
and is characterized in that the cooling apparatus 3 is constituted by a vertical section 6 in which the cast steel S extracted
from the mold 2 and orientated vertically is cooled with water; a curved section 7 in which the cast steel S is cooled with
water while being curved by the cast-steel support rolls 5; and a horizontal section 8 in which the cast steel S is cooled with
water after being curved to extend horizontally by the cast-steel support rolls 5. Although the vertical-bending continuous-
casting machine will be described as an example in the present embodiment, the continuous-casting machine is not limited
to a vertical-bending continuous-casting machine, and may be a vertical continuous-casting machine including only the
vertical section 6 in the cooling apparatus 3, a curved continuous-casting machine including only the curved section 7 and
the horizontal section 8, or a horizontal continuous-casting machine including only the horizontal section 8.

[0023] Operation parameters of the water cooling device 31 include the amount of cooling water W (amount of cooling
water) and the amount of compressed air discharged from the cooling-water-discharging nozzles 32 and the transporta-
tion speed at which the cast steel S is transported. As the amount of cooling water increases, the cooling rate and the
temperature drop of the cast steel S increase. As the transportation speed of the cast steel S decreases, the temperature
drop of the cast steel S increases. Therefore, at least one of the surface-layer cooling rate and the temperature drop of the
cast steel S can be controlled by controlling at least one of the transportation speed of the cast steel S and the amount of
cooling water, and the cast steel S having the desired material quality can be produced. In addition, the cooling capacity
and the surface distribution of the cooling water W can be adjusted by adding the compressed air to the cooling water W
discharged from the cooling-water-discharging nozzles 32. The desired properties, deterioration of the machine overtime,
and small changes in the nozzle arrangement may also be controlled under appropriate conditions by adjusting the amount
of compressed air.

[0024] The balance between the amounts of cooling water in the cooling zones may be changed as an operation
parameter of the water cooling device 31 (for example, the amount of cooling water may be increased in upstream cooling
zones and reduced in downstream cooling zones). Thus, the cooling rate can be controlled for each temperature range of
the cast steel S. In addition, the number of cooling zones in which the cooling water is discharged may be changed. The
temperature drop of the cast steel S can be controlled while the cooling rate is maintained constant by changing the number
of cooling zones that are used.

[0025] Furthermore, the ratio between the amount of cooling water W discharged from the cooling-water-discharging
nozzles 32a on the first-surface side and the amount of cooling water W discharged from the cooling-water-discharging
nozzles 32c on the third-surface side can be changed. Accordingly, shape defects due to the difference in the temperature
drop between the first surface and the third surface of the cast steel S can be controlled. In addition, the amount of cooling
water can be changed in accordance with the composition of the cast steel S. This is because the thermal conductivity of
the cast steel S changes in accordance with the composition of the cast steel S, and the cooling state changes accordingly.
When the amount of cooling water is changed, the amount of compressed air and the transportation speed of the cast steel
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S may also be changed. The cooling capacity and the surface distribution of the cooling water W may be controlled by
changing the amount of compressed air, and the temperature history of the cast steel S may be controlled by changing the
transportation speed of the cast steel S. Thus, the cooling conditions can be finely adjusted, thereby improving the quality
of the cast steel.

[0026] The operation parameters of the water cooling device 31 may be changed as the casting proceeds. In particular,
the leading and trailing end portions of the cast steel S are additionally cooled from the leading and trailing end faces and
therefore tend to become nonstationary portions. Therefore, the operation parameters of the water cooling device 31 may
be finely adjusted for these portions, so that high quality can be ensured over the entire length and width and the yield in the
nonstationary portions can be increased.

[0027] The operation parameters of the water cooling device 31 may also be finely adjusted for the stationary portion
excluding the leading and trailing end portions as the casting proceeds. When, for example, the properties of the stationary
portion vary in the longitudinal direction due to the composition segregation of the cast steel S, the cast steel having a
uniform quality over the entire length can be obtained by finely adjusting the operation parameters of the water cooling
device 31.

[0028] The cooling rate is preferably variable in accordance with the material, operating conditions, and the machine
status. When the surface-layer cooling rate exceeds 100°C/sec, the surface layer is often transformed into martensite,
causing defects, such as cracks, on the surface of the cast steel. Therefore, the surface-layer cooling rate is preferably less
than or equal to 100°C/sec. When the surface-layer cooling rate is less than 0.3°C/sec, the cooling rate is substantially
equal to that in the case where the cast steel is allowed to be naturally cooled, and the production efficiency is reduced. In
addition, as the cooling rate decreases, the segregation in the cast steel is increased, and the quality of the cast steel is
degraded. Therefore, the surface-layer cooling rate is preferably greater than or equal to 0.3°C/sec.

[0029] Asis clear from the graph illustrated in Fig. 1, the film boiling state eventually transitions to the nucleate boiling
state. Therefore, discharging of the cooling water W toward the cast steel S is to be stopped while the temperatures of the
front and back surfaces of the cast steel S are 500°C or higher, preferably 600°C or higher. When the temperatures of the
frontand back surfaces of the cast steel S are sufficiently increased due to internal recuperation after the cooling water Wis
discharged, the cooling water W may be discharged again. When the cooling rate is increased by discharging the cooling
water W again, the production efficiency can be increased and the quality of the cast steel can be improved.

[0030] Nozzles capable of uniformly discharging cooling water at a predetermined flow rate are preferably used as the
cooling-water-discharging nozzles 32. Although spray nozzles are used as the cooling-water-discharging nozzles 32 in
the present embodiment, the cooling-water-discharging nozzles 32 are not limited to spray nozzles, and may be slit-type
nozzles, multi-hole jet nozzles, mist nozzles, or fog nozzles. The cooling-water-discharging nozzles 32 may be either one-
fluid nozzles that discharge only liquid (generally water) or two-fluid nozzles that discharge mixed fluid containing liquid
(generally water) and gas (generally air) .

[0031] Nozzles that discharge only air does not cause a transition of the boiling state, but may be disposed at positions
near or slightly displaced from the cooling-water-discharging nozzles 32. These nozzles may discharge air to improve
drainage or for water purging. In addition, the cooling-water-discharging nozzles 32 are preferably capable of varying the
amount of cooling water and the amount of compressed air in accordance with the desired cooling rate.

[0032] When the cooling water W discharged from the cooling-water-discharging nozzles 32 comes into contact with the
caststeel S such that collision of the sprays of the cooling water W discharged from the adjacent cooling-water-discharging
nozzles 32 occurs on the cast steel S, horizontal momentum changes to vertical momentum at the collision point, and the
downward component of the vertical flow breaks the vapor film and causes a local disruption of the film boiling state. When
the spray has a rectangular spray discharge surface, the horizontal component of the moment of the cooling water W
discharged in the long-side direction is greater than that of the cooling water W discharged in the short-side direction.
Therefore, collision of the sprays of the cooling water W discharged from the adjacent cooling-water-discharging nozzles
32 in the long-side direction needs to be avoided.

[0033] Fig. 3illustrates spray discharge surfaces on the cast steel S toward which the cooling water is discharged from
the cooling-water-discharging nozzles. Fig. 3(a) illustrates rectangular spray discharge surfaces. Assume that the cooling-
water-discharging nozzles 32 are such that the spray discharge surfaces on the cast steel S have a rectangular shape with
short sides having a length of t; (m) and long sides having a length of t, (m). Due to the geometric relationship, to avoid the
collision of the spray discharge surfaces in the long-side direction, the cooling-water-discharging nozzles 32 need to be
placed such that the spray discharge surfaces of the cooling-water-discharging nozzles 32 adjacent to each other in the
width direction of the cast steel S do not overlap. More specifically, the cooling-water-discharging nozzles 32 are arranged
such thatthe arrangementinterval of the cooling-water-discharging nozzles 32 adjacent to each other in the width direction
of the cast steel S, the angle of the long-side direction relative to the width direction of the cast steel, and the length of the
short sides of the spray discharge surfaces are in the ranges that satisfy Inequality (1) below. When the cooling-water-
discharging nozzles 32 are arranged such that Inequality (1) below is satisfied, collision in the long-side direction of the
sprays of the cooling water W discharged from the cooling-water-discharging nozzles 32 adjacent to each other in the
width direction of the cast steel S can be suppressed, so that the disruption of the film boiling state can be suppressed. This
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also applies to the cooling-water-discharging nozzles whose spray discharge surfaces on the cast steel S are elliptical. In
such a case, in Inequality (1) below, the long-side direction may be changed to the major-axis direction, and the length of
the short sides may be changed to the length of the minor axis.

[Math. 3]

[lé“"> Lx sinG; >ty =+ (1)

[0034] InInequality (1) above, Lis the arrangementinterval (m) of the cooling-water-discharging nozzles, 6, is the angle
(°) of the long-side direction of the spray discharge surface relative to the width direction of the cast steel, and t, is the length
(m) of the short sides of the spray discharge surfaces.

[0035] When the spray discharge surfaces on the cast steel S are rectangular or elliptical, the aspect ratio of the
discharge surfaces is preferably 100 or less. When sprays having the spray discharge surfaces with a low aspect ratio are
used, the spray discharge surfaces can be broadened, and the local concentration of the cooling water can be suppressed,
so that the film boiling state can be maintained longer. The aspect ratio of the spray discharge surfaces is more preferably
50 or less, and still more preferably 30 or less.

[0036] When nozzles having the long sides of the same length are used to discharge the same amount of water, the
nozzles preferably have a low aspect ratio and along minor-axis dimension. When the nozzles have a low aspect ratio and
shortsides thatare long, the area of the spray discharge surfaces is increased. Therefore, the water flow density is reduced
and the local concentration of the cooling water can be suppressed. When the aspect ratio is too low, the amount of water
that flows in the major-axis direction of the sprays is reduced, and the cooling water W easily remains on the cast steel S.
Therefore, the aspect ratio is preferably two or more, more preferably 5 or more, and still more preferably 10 or more.

[0037] The angle 0, of the long-side direction is preferably less than 45° so that the cooling water W discharged toward
the cast steel S can be quickly removed to the outside of the cast steel. The angle 6, of the long-side direction of 45° or more
is not preferable because when the velocity of the cooling water W in the long-side direction is resolved into the transport
direction of the cast steel and the width direction of the cast steel, the component in the transport direction is greater than
the component in the width direction of the cast steel. More preferably, the angle 6, of the long-side direction is 30° or less.
[0038] Fig. 3(b)illustrates square spray discharge surfaces. When the spray discharge surfaces on the cast steel S are
square, collision of the sprays of cooling water can be suppressed by arranging the cooling-water-discharging nozzles 32
such thatthe arrangementinterval of the cooling-water-discharging nozzles 32 adjacent to each other in the width direction
of the cast steel S, the angle of the direction of one side of each spray discharge surface relative to the width direction of the
cast steel, and the length of one side of each spray discharge surface are in the ranges that satisfy Inequality (2) below.

LxsinB:, > t---(2)

[0039] In Inequality (2) above, L is the arrangement interval (m) of the cooling-water-discharging nozzles 32, 6, is the
angle (°) of the direction of one side of each spray discharge surface relative to the width direction of the cast steel, and tis
the length (m) of one side of each spray discharge surface. Here, one side of each spray discharge surface is one of the
sides of the spray discharge surface that is closest to an adjacent spray discharge surface. More specifically, in a spray
discharge surface 20illustrated in Fig. 3(b), the direction of one side is the direction of a side 21 that is closest to an adjacent
spray discharge surface 22. In the spray discharge surface 22, the direction of one side is the direction of one of sides 23
and 24 that are closest to adjacent spray discharge surfaces 20 and 25, respectively.

[0040] Fig. 3(c)illustrates circular spray discharge surfaces. When the spray discharge surfaces on the cast steel S are
circular, collision of the sprays of cooling water can be suppressed by arranging the cooling-water-discharging nozzles 32
such thatthe arrangementinterval of the cooling-water-discharging nozzles 32 adjacent to each other in the width direction
of the cast steel S and the diameter of the spray discharge surfaces are in the ranges that satisfy Inequality (3) below.

L >D---(3)

[0041] InInequality (3)above, Listhe arrangementinterval (m)of the cooling-water-discharging nozzles 32, and D is the
diameter (m) of the spray discharge surfaces.

[0042] The level of local concentration of the cooling water can be evaluated by the water flow density defined as flow
rate/discharge area. Since the water flow density of the discharged cooling water and the boiling transition temperature are
positively correlated, the film boiling state can be maintained longer by reducing the water flow density. With regard to the
local water flow density of the cooling water in the steel continuous-casting machine 1, to stabilize the film boiling state, the
water flow density of the cooling water is preferably 1000 L/(m2Xmin) or less, more preferably 800 L/(m2xmin)or less, and
still more preferably 600 L/(mZXxmin) or less.



10

15

20

25

30

35

40

45

50

55

EP 4 501 490 A1
[Thermometer 4]

[0043] The thermometer 4 may be a device that scans the cast steel S in the width direction to measure the surface
temperature of the cast steel S, or be one or more devices arranged in the width direction of the cast steel S to measure the
surface temperature of the cast steel S. It can be checked whether the cast steel S is cooled as expected by measuring the
surface temperature of the cast steel S cooled by the cooling apparatus 3 by using the thermometer 4.

[0044] Referringto Fig. 2 again, although the thermometer 4 is disposed at the exit side of the cooling apparatus 3 in Fig.
2, the thermometer 4 may be disposed in the cooling apparatus 3 when the temperature of the steel sheet that has been
cooled by the water cooling device 31 can be measured. In such a case, multiple thermometers 4 may be arranged next to
each other in the transport direction of the cast steel S to measure the temperature of the cast steel S in each cooling zone.
[0045] In addition, the thermometer 4 may be disposed at the entry side of the cooling apparatus 3 and the entry side of
the mold 2 to measure the initial temperature of the cast steel S and the temperature of the molten steel that is poured. This
is because the accuracy of the calculation of the cooling rate can be increased by additionally taking into account the result
of the temperature measurement at the entry side of the cooling apparatus 3. One or more thermometers 4 may be
disposed in the cooling apparatus 3 to measure the temperature of the cast steel S during water cooling. When the result of
the temperature measurementin the cooling apparatus 3 is additionally taken into account, the accuracy of the calculation
of the cooling rate can be increased and the time history of the cooling rate can be obtained.

[0046] The temperature information of the molten steel and the result of the temperature measurement of the cast steel
S may be used in heat transfer calculation or heat transfer simulation to calculate the cooling rate during water cooling and
check whether the cast steel S is being cooled as expected. In addition, the temperature distribution along the surfaces of
the cast steel S during or after water cooling may be measured to check whether the cast steel S is uniformly cooled.
Furthermore, the temperature distribution along the surfaces of the cast steel S before water cooling may be measured to
check whether the temperature distribution along the surfaces of the cast steel S that enters the cooling apparatus 3 is
uniform. The operation parameters of the cooling apparatus 3 and the operating conditions of the steel continuous-casting
machine 1 may be changed based on the above-described calculation results.

[Control Device 10]

[0047] The control device 10 will now be described. Fig. 4 is a schematic diagram illustrating an example of the structure
of the control device 10. The control device 10 is an information processing device, such as a personal computer. The
control device 10 receives, from the host computer 11, the molten steel temperature, the size information, such as the
thickness, of the cast steel S, and information regarding the desired range of the amount of cooling required to achieve the
desired material quality and the desired range of the cooling rate. The control device 10 calculates operating conditions of
the steel continuous-casting machine 1 for achieving the desired amount of cooling and the desired cooling rate, and
determines the operation parameters of the devices.

[0048] The control device 10 includes the control unit 12 and the storage unit 13. The control unit 12 is, for example, a
CPU that executes programs read from the storage unit 13 to cause the control unit 12 to function as the computing unit 14
and the output unit 15. The storage unit 13 is, for example, an information recording medium, such as a re-recordable flash
memory, a hard disk that is built-in or connected with a data communication terminal, or a memory card, and a read/write
device for the information recording medium. The storage unit 13 stores programs for causing the control unit 12 to execute
the functions and data used by the programs.

[0049] The computing unit 14 performs a heat transfer calculation based on an internal model to determine the number
of cooling zones to be used, the amount of cooling water, the amount of compressed air, and the transportation speed of the
cast steel S for achieving the desired amount of cooling and the desired cooling rate set as the cooling conditions. The thus
determined command values of the amount of cooling water, the amount of compressed air, and the transportation speed
of the cast steel S are output from the output unit 15 to the water cooling device 31. Based on the command values of the
amount of cooling water, the amount of compressed air, and the transportation speed of the cast steel S, the water cooling
device 31 generates commands regarding the number of cooling water pumps to be operated and operating pressures
thereof, the number of air compressors to be operated and operating pressures thereof, the number of headers disposed
upstream of the cooling-water-discharging nozzles 32, the opening degree of the flow control valve, and the rotational
speeds of the cast-steel support rolls 5, and determines the operating conditions of the water cooling device 31.
[0050] One or more of the number of cooling zones to be used, the amount of cooling water, the amount of compressed
air, and the transportation speed of the cast steel S may be determined in advance by using a table based on information
such as the composition and size information of the cast steel S and the desired material quality, and transmitted to the
water cooling device 31 as the commands. Preferably, adjustment parameters are provided to allow the number of cooling
zonesto be used, the amount of cooling water, the amount of compressed air, and the transportation speed of the cast steel
S to be varied in accordance with changes in conditions during the operation.
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[Steel Continuous-Casting Method]

[0051] A steel continuous-casting method using the steel continuous-casting machine 1 illustrated in Fig. 2 will now be
described. First, molten steel produced in a refining apparatus at a location separate from the steel continuous-casting
machine 1 is poured into the mold 2 through a tundish (not illustrated). The poured molten steel is cooled by the mold 2 and
solidifies from the contact surface between the molten steel and the mold 2 toward the inner layer, so that the outer shell
shape of the cast steel S is formed.

[0052] The cast steel S extracted from the mold 2 is cooled by the cooling apparatus 3 while being supported and
transported by the cast-steel supportrolls 5 disposed at the exit side of the mold 2. In a cooling step, the number of zones to
be used, the amount of cooling water, the amount of compressed air, and the transportation speed are calculated and set
by the control device 10 in accordance with the size of the cast steel S and the desired properties of the cast steel S. In the
presentembodiment, itis assumed that the cast steel S is cooled by discharging water and airin all the zonesiillustrated in
Fig. 2.

[0053] A predetermined amount of cooling water W and a predetermined amount of compressed air A are discharged
from 19 pairs of cooling-water-discharging nozzles 32, and the cast-steel support rolls 5 are rotated at a predetermined
speed. These parameters are set by the control device 10 so that desired cast steel properties can be obtained, and are
transmitted to the cooling-water-discharging nozzles 32 and the cast-steel support rolls 5. The cast steel S having the
desired properties can be produced by cooling the cast steel S with the cooling apparatus 3. After the cooling step, the cast
steel S is subjected to a subsequent process.

[0054] Although an embodiment of the present invention is described above, the present invention is not limited to this,
and various alterations and modifications are possible. Fig. 5 is a schematic partial sectional view of a steel continuous-
casting machine including a water purging roll. As illustrated in Fig. 5, a water purging roll 33 may be disposed at the exit
side of the water cooling device 31 of the steel continuous-casting machine 1 to purge the cooling water W remaining on the
cast steel S. Thus, the cast steel S can be prevented from being cooled in a partial or entire area by the cooling water W
remaining on the cast steel S such that the desired amount of cooling cannot be obtained and that the desired properties
cannot be obtained as a result in a partial or entire area.

[0055] To achieve good purging performance, the pressing force that presses the water purging roll 33 against the cast
steel Sis preferably 4 tons ormore. The pressing force that presses the water purging roll 33 against the cast steel S is more
preferably 6 tons or more, and still more preferably 8 tons or more. When the pressing force that presses the water purging
roll 33 against the cast steel S is excessively increased, the water purging roll 33 is bent by elastic deformation, and agapis
formed between the cast steel S and the water purging roll 33, resulting in degradation of the purging performance.
Therefore, the pressing force that presses the water purging roll 33 against the cast steel S is preferably 20 tons or less.
[0056] A mechanism that applies the pressing force to the water purging roll 33 may be a spring-type mechanism, such
as aspring, or a pneumatic or hydraulic mechanism capable of applying a constant pressing force. To adjust the bending of
the water purging roll 33, the mechanism is preferably capable of maintaining the pressing force constant, and is more
preferably capable of changing the pressing force in the longitudinal direction of the cast steel S.

[0057] The cast-steel support rolls 5 may serve as water purging rolls. In such a case, the pressing force applied by the
cast-steel support rolls 5 is not limited to the above-described ranges. This is because the quality of the cast steel may be
improved by subjecting the cast steel S to rolling reduction by the cast-steel support rolls 5.

[0058] Fig. 6 is a schematic partial sectional view of a steel continuous-casting machine including a purge nozzle. As
illustrated in Fig. 6, a purge nozzle 34 may be disposed instead of the water purging roll 33, and a water purging jet 35 is
emitted to purge the cooling water W remaining on the cast steel S. The water purging jet 35 may be liquid, gas, or fluid of
gas-liquid mixture. When liquid is used as the water purging jet 35, the portion receiving the liquid may be cooled and the
temperature deviation along the surface of the cast steel S may be increased. Therefore, gas is preferably used as the
water purging jet 35. To reduce production costs, more preferably, air is used as the water purging jet 35.

[0059] Fig. 7 is a schematic partial sectional view of a steel continuous-casting machine including a water purging roll
and a purge nozzle. As illustrated in Fig. 7, the water purging roll 33 and the purge nozzle 34 may both be used. In addition,
one or both of the water purging roll 33 and the purge nozzle 34 may be disposed at the entry side of the water cooling
device 31 to purge the cooling water W that leaks from the water cooling device 31. In this case, a reduction in the
temperature of the cast steel S that enters the cooling apparatus 3 can be suppressed, and the cooling water W can be
prevented from entering another device (for example, the mold 2) disposed upstream of or around the cooling apparatus 3.
[0060] Inaddition, one or both of the water purging roll 33 and the purge nozzle 34 may be disposed not only at the entry
and exit sides of the water cooling device 31 but also at the entry and exit sides of each cooling zone to divide the cooling
zones from each other. When the amount of water discharged differs between the cooling zones, the temperature history of
the steel sheet can be determined by dividing the zones with different amounts of cooling water from each other.
[0061] Itis not necessary that all of the cooling-water-discharging nozzles 32 included in the cooling apparatus 3 satisfy
Inequality (1), (2), or (3) above as long as two or more cooling-water-discharging nozzles 32 adjacent to each otherin the
width direction of the cast steel satisfy Inequality (1), (2), or (3) above. In such a case, compared to a steel continuous-
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casting machine in which none of the cooling-water-discharging nozzles 32 satisfy Inequality (1), (2), or (3) above, the
collision of the sprays of cooling water can be further suppressed, so that the disruption of the film boiling state can be
further suppressed.

[0062] Fig.8isaschematic sectional view illustrating another example of a steel continuous-casting machine according
to the presentembodiment. Referring to Fig. 8, a steel continuous-casting machine 40 includes cooling-water-discharging
nozzles 36 capable of discharging an amount of cooling water that changes the boiling state to the nucleate boiling state at
both the entry and exit sides of the water cooling device 31. The cooling-water-discharging nozzles 36 are used to cool the
cast steel S depending on the desired properties of the cast steel S. Thus, the cooling-water-discharging nozzles 36 that
discharge an amount of cooling water that changes the boiling state to the nucleate boiling state may be disposed at the
entry and exit sides of the water cooling device 31. Although the cooling-water-discharging nozzles 36 are disposed at both
the entry and exit sides of the water cooling device 31 in Fig. 8, the cooling-water-discharging nozzles 36 are not limited to
this, and may be provided at one of the entry and exit sides. In addition, although the cooling-water-discharging nozzles 36
are provided for three zones at the entry side and three zones at the exit side of the water cooling device 31 in Fig. 8, the
number of cooling zones for which the cooling-water-discharging nozzles 36 are provided is not limited to this, and may be
other than three.

[0063] Fig.9isaschematic sectional view illustrating another example of a steel continuous-casting machine according
to the present embodiment. Referring to Fig. 9, a steel continuous-casting machine 50 includes the cooling-water-
discharging nozzles 32 and cooling-water-discharging nozzles 36 capable of discharging an amount of cooling water that
changes the boiling state to the nucleate boiling state in the same cooling zones. Thus, the cooling-water-discharging
nozzles 32 and the cooling-water-discharging nozzles 36 may be disposed in the same cooling zones. When cooling by the
cooling-water-discharging nozzles 32 and cooling by the cooling-water-discharging nozzles 36 are combined, cooling with
various temperature histories can be achieved. Although the cooling-water-discharging nozzles 32 and the cooling-water-
discharging nozzles 36 are disposed in two zones in Fig. 9, the number of zones is not limited to this, and may be other than
2.

[0064] Fig. 10 is a schematic sectional view illustrating another example of a steel continuous-casting machine
according to the present embodiment. Referring to Fig. 10, a steel continuous-casting machine 60 includes cooling-
water-discharging nozzles 37 that discharges only an amount of water that changes the boiling state to the nucleate boiling
state in place of some of the cooling-water-discharging nozzles of the water cooling device 31. Thus, the cooling-water-
discharging nozzles 37 may be provided in place of some of the cooling-water-discharging nozzles of the water cooling
device 31. This is because when a portion excluding the cooling-water-discharging nozzles 37 is regarded as the water
cooling device 31 and collision of the sprays of cooling water is suppressed in this portion, the effect that the disruption of
the film boiling state is suppressed can be obtained. The cooling-water-discharging nozzles 36 capable of discharging an
amount of water that changes the boiling state to the nucleate boiling state may be one-fluid nozzles that discharge only air,
one-fluid nozzles that discharge only water, or two-fluid nozzles that discharge mixed fluid containing water and air.
[0065] The cast steel S extracted from the mold 2 is generally transported while being subjected not only to cooling but
also to rolling reduction by the cast-steel support rolls 5. This is because the internal segregation can be reduced and the
quality of the cast steel can be improved by performing rolling reduction on the cast steel S. Therefore, the steel
continuous-casting method according to the present embodiment and a commonly known cast-steel rolling reduction
technology may both be applied. In such a case, the quality of the cast steel that is produced can be further improved.
Preferably, the operation parameters of the water cooling device 31 and the operation parameters regarding the commonly
known cast-steel rolling reduction technology are both satisfied.

[0066] Inthe steel continuous-casting machine 1 according to the presentembodiment, the cast-steel supportrolls 5 are
disposed on the first and third surfaces of the cast steel S. However, the cast-steel supportrolls 5 are not limited to this, and
may be disposed on the second and fourth surfaces. When the second and fourth surfaces are supported and subjected to
rolling reduction by the rolls, the expansion in the width direction resulting from the rolling reduction by the cast-steel
support rolls 5 on the first and third surfaces can be suppressed.

Examples

[0067] Anexampleinwhich the steel continuous-casting machine 1illustrated in Fig. 2 was used to cool the continuously
cast steel S with the cooling apparatus 3 and manufacture a slab as a rolling material will now be described. In the steel
continuous-casting machine 1, the cooling apparatus 3 was disposed downstream of the mold 2. The cooling apparatus 3
included 19 pairs of cooling-water-discharging nozzles 32 constituting the water cooling device 31 and 20 pairs of cast-
steel support rolls 5. The cooling-water-discharging nozzles 32 were structured such that rectangular spray nozzles,
square spray nozzles, and circular spray nozzles were removably attachable and replaced in accordance with the casting
conditions.

[0068] The thermometer 4 was disposed at a position 5 m downstream from the exit of the cooling apparatus 3 to
measure the surface-layer temperature distribution of the cast steel S in the width direction after the cast steel S passed
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through the cooling apparatus 3. In the temperature distribution of the cast steel S in the width direction measured by the
thermometer 4, a value obtained by subtracting the minimum value from the maximum value was evaluated as the
temperature deviation in the cast steel S. The temperature deviation of less than 50°C was evaluated as acceptable. In
addition, a slab produced by cutting the cast steel S was subjected to a subsequent process of follow-up inspection for
small cracks on the surface of the slab. In addition, the number of segregated grains at the center of the cast steel in the
thickness direction was counted. In addition, the slab was subjected to hot rolling and cold rolling, and the resulting steel
strip was subjected to a subsequent process of follow-up inspection for checking whether or not defects were found on the
steel strip after cold rolling. In addition, a heat transfer simulation was performed based on the result of the temperature
measurement by the thermometer 4, and the surface-layer cooling rate of the cast steel S was calculated. Table 1 shows
the casting conditions and the evaluation results of the cast steel S according to Example. In Table 1, the angle is 6, for a
rectangular shape and 6, for a square shape. In addition, the length is t, for a rectangular shape, t for a square shape, and
the diameter D for a circular shape.
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[0069] For each of Invention Examples 1 to 6, the cast steel was evaluated as acceptable. A slab with high quality over
the entire width and length was obtained, and no defects were found on the steel strip after cold rolling; the resulting product
was shippable. In Invention Example 4, no defects were found on the steel strip after cold rolling, and the temperature
deviation was less than 50°C. However, the temperature deviation was greater than thatfor Invention Example 2. This may
be because since the discharge angle 6, was increased, the velocity component of the spray water in the transport
direction was increased, and the cooling water discharged toward the cast steel was not quickly removed to the outside of
the cast steel, resulting in the occurrence of local subcooling portions. In addition, under the same conditions, the
temperature deviation in the width direction was smaller when the rectangular spray nozzles were used than when the
circular or square spray nozzles were used. This may be because when the rectangular spray nozzles were used, the
cooling water W discharged in the major-axis direction at a high flow rate was quickly removed to the outside of the cast
steel S in the width direction.

[0070] When rectangular spray nozzles were used, the temperature deviation was smallest when the spray nozzles
having the spray discharge surfaces with an aspect ratio of 30 were used. When the aspect ratio is low, the effect of
removing the cooling water W is reduced. When the aspect ratio is high, the local concentration of the cooling water W
occurs, and the temperature deviation increases. This result shows that the aspect ratio of the spray discharge surfaces
has an optimum value.

[0071] Invention Examples 7 to 9 are examples in which casting was performed using rectangular, square, and circular
spray nozzles and in which the water flow density was increased. In Invention Examples 7 to 9, the temperature deviation
was less than 50°C and was acceptable, but several small cracks were found on the surface of the slab. The formation of
small cracks may be because the cooling rate was excessively high and the surface layer of the cast steel S transformed
into martensite. However, since the temperature deviation was acceptable for Invention Examples 7 to 9, no defects were
found on the steel strip after cold rolling, and the resulting product was shippable.

[0072] Invention Examples 10 to 12 are examples in which casting was performed using rectangular, square, and
circular spray nozzles and in which the water flow density was reduced. In Invention Examples 10 to 12, the temperature
deviation was less than 50°C and was acceptable, but the number of segregated grains at the center of the cast steel in the
thickness direction increased. The increase in the number of segregated grains at the center of the cast steel in the
thickness direction may be because the cooling rate was excessively low and the temperature gradient in the cast steel S
was reduced. However, since the temperature deviation was acceptable for Invention Examples 10 to 12, no defects were
found on the steel strip after cold rolling, and the resulting product was shippable.

[0073] Comparative Example 1 is an example in which casting was performed using flat spray nozzles, and the
discharge angle was reduced such that Inequality (1) above was not satisfied. In Comparative Example 1, the temperature
deviation was 90°C. The quality of the produced slab was not uniform over the entire width, and defects were found on the
steel strip after rolling. Therefore, the steel strip produced from this slab was not shippable. This may be because the
sprays of the cooling water W discharged from adjacent nozzles interfered with each other, causing a disruption of the film
boiling state and an increase in the cooling capacity in that region.

[0074] Comparative Example 2 is an example in which casting was performed using rectangular spray nozzles, and the
discharge angle was increased such that Inequality (1) above was not satisfied. In Comparative Example 2, the
temperature deviation was 218°C. The quality of the produced slab was not uniform over the entire width, and defects
were found on the steel strip after rolling. Therefore, the steel strip produced from this slab was not shippable. This may be
because the cooling water W on the cast steel S was not removed to the outside of the cast steel S in the width direction and
remained on the cast steel S, causing a local transition from the film boiling state to the nucleate boiling state.

[0075] Comparative Examples 3 and 4 are examples in which square or circular spray nozzles were used and in which
the nozzle arrangement interval was reduced such that Inequality (2) or (3) above was not satisfied. In Comparative
Examples 3 and 4, the temperature deviation was 86°C and 92°C, respectively. The quality of the produced slab was not
uniform over the entire width, and defects were found on the steel strip after cold rolling. Therefore, the steel strip produced
from this slab was not shippable. This may be because the sprays of the cooling water W discharged from adjacent spray
nozzles interfered with each other, causing an increase in the cooling capacity in that region.

Reference Signs List
[0076]

steel continuous-casting machine
mold

cooling apparatus

thermometer

cast-steel support roll

vertical section

oo WN -

14



10

15

20

25

30

35

40

45

50

55

EP 4 501 490 A1

7 curved section

8 horizontal section

10 control device

1" host computer

12 control unit

13 storage unit

14 computing unit

15 output unit

20 spray discharge surface

21 side

22 spray discharge surface

23 side

24 side

25 spray discharge surface

31 water cooling device

32 cooling-water-discharging nozzle

32a  cooling-water-discharging nozzle

32c  cooling-water-discharging nozzle

33 water purging roll

34 purge nozzle

35 water purging jet

36 cooling-water-discharging nozzle

37 cooling-water-discharging nozzle

40 steel continuous-casting machine

50 steel continuous-casting machine

60 steel continuous-casting machine

S cast steel

w cooling water

Claims

1. A steel continuous-casting machine comprising a cooling apparatus that cools cast steel with water,
wherein the cooling apparatus includes two or more cooling-water-discharging nozzles arranged in a width
direction of the cast steel, and
wherein the two or more cooling-water-discharging nozzles are arranged such that spray discharge surfaces of
cooling-water-discharging nozzles adjacent to each other in the width direction of the cast steel do not overlap.

2. The steel continuous-casting machine according to Claim 1, wherein the spray discharge surfaces of the cooling-

water-discharging nozzles are rectangular or elliptical, and
wherein each of the two or more cooling-water-discharging nozzles is disposed to satisfy Inequality (1) below:
[Math. 1]
«/‘[é” Lx sin@; > t, *++ (1)

where L is an arrangement interval (m) of the cooling-water-discharging nozzles, 6, is an angle (°) of a long-side
direction or a major-axis direction of the spray discharge surface relative to the width direction, and ti is a length
(m) of a short side or a minor axis of the spray discharge surface.

3. The steel continuous-casting machine according to Claim 1, wherein the spray discharge surfaces of the cooling-

water-discharging nozzles are square, and

wherein each of the two or more cooling-water-discharging nozzles is disposed to satisfy Inequality (2) below:

ILxsinB, > t (2)
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where L is an arrangementinterval (m) of the cooling-water-discharging nozzles, 6, is an angle (°) of a direction of
one side of the spray discharge surface relative to the width direction, the one side of the spray discharge surface
being one of sides of the spray discharge surface that is closest to an adjacent spray discharge surface, and tis a
length (m) of the one side.

4. The steel continuous-casting machine according to Claim 1, wherein the spray discharge surfaces of the cooling-
water-discharging nozzles are circular, and

wherein each of the two or more cooling-water-discharging nozzles is disposed to satisfy Inequality (3) below:

L >D (3)

wherein L is an arrangement interval (m) of the cooling-water-discharging nozzles and D is a diameter (m) of the
spray discharge surface.

5. The steel continuous-casting machine according to Claim 2, wherein an aspect ratio of the spray discharge surface is
100 or less.

6. The steel continuous-casting machine according to any one of Claims 1 to 5, wherein a surface-layer cooling rate of
the cast steel in the cooling apparatus is in a range of 0.3°C/sec or more and 100°C/sec or less.

7. The steel continuous-casting machine according to any one of Claims 1 to 5, further comprising a control device that
controls an amount of cooling water discharged from the cooling-water-discharging nozzles and a transportation
speed of the cast steel.

8. The steel continuous-casting machine according to Claim 6, further comprising a control device that controls an
amount of cooling water discharged from the cooling-water-discharging nozzles and a transportation speed of the cast
steel.

9. A steel continuous-casting method comprising a cooling step of cooling cast steel with water,

wherein, in the cooling step, the cast steel is cooled by discharging cooling water from two or more cooling-water-
discharging nozzles arranged in a width direction of the cast steel, and

wherein the two or more cooling-water-discharging nozzles are arranged such that spray discharge surfaces of
cooling-water-discharging nozzles adjacent to each other in the width direction of the cast steel do not overlap.

10. The steel continuous-casting method according to Claim 9, wherein the spray discharge surfaces of the cooling-
water-discharging nozzles are rectangular or elliptical, and

wherein each of the two or more cooling-water-discharging nozzles is disposed to satisfy Inequality (1) below:
[Math. 2]

J%_> Lx sinBy > t; - (1)

where L is an arrangement interval (m) of the cooling-water-discharging nozzles, 8, is an angle (°) of a long-side
direction or a major-axis direction of the spray discharge surface relative to the width direction, and ti is a length
(m) of a short side or a minor axis of the spray discharge surface.

11. The steel continuous-casting method according to Claim 9, wherein the spray discharge surfaces of the cooling-
water-discharging nozzles are square, and

wherein each of the two or more cooling-water-discharging nozzles is disposed to satisfy Inequality (2) below:

Lxsin®. > t (2)

where L is an arrangementinterval (m) of the cooling-water-discharging nozzles, 6, is an angle (°) of a direction of
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one side of the spray discharge surface relative to the width direction, the one side of the spray discharge surface
being one of sides of the spray discharge surface that is closest to an adjacent spray discharge surface, and tis a
length (m) of the one side.

12. The steel continuous-casting method according to Claim 9, wherein the spray discharge surfaces of the cooling-
water-discharging nozzles are circular, and

wherein each of the two or more cooling-water-discharging nozzles is disposed to satisfy Inequality (3) below:

L >D (3)

wherein L is an arrangement interval (m) of the cooling-water-discharging nozzles and D is a diameter (m) of the
spray discharge surface.

13. The steel continuous-casting method according to Claim 10, wherein an aspect ratio of the spray discharge surface is
100 or less.

14. The steel continuous-casting method according to any one of Claims 9 to 13, wherein a surface-layer cooling rate of
the cast steel in the cooling step is in a range of 0.3°C/sec or more and 100°C/sec or less.

15. The steel continuous-casting method according to any one of Claims 9 to 13, wherein, in the cooling step, atleast one
of a surface-layer cooling rate of the cast steel and a temperature drop of the cast steel is controlled by controlling an
amount of cooling water discharged from the cooling-water-discharging nozzles and a transportation speed of the cast
steel.

16. The steel continuous-casting method according to Claim 14, wherein, in the cooling step, at least one of a surface-

layer cooling rate of the cast steel and a temperature drop of the cast steel is controlled by controlling an amount of
cooling water discharged from the cooling-water-discharging nozzles and a transportation speed of the cast steel.
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