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The main purpose of the present invention Is to provide a technology which can avoid occurrence of surface defects caused by an
electromagnetic brake while suppressing internal defects by means of the electromagnetic brake, and which can improve the index
of cleanliness of a slab as compared to the conventional art. The present invention relates to a continuous casting method for steel,
In which molten steel Is supplied into a casting mold while an electromagnetic brake is applied to a discharge flow discharged from
a discharge hole of an immersion nozzle, wherein the magnetic flux density (B) of the electromagnetic brake is within a range of
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Abstract

A primary object of the present invention is to provide a technique of avoiding
occurrence of surface defects caused by an electromagnetic brake while checking internal
defects with this electromagnetic brake, so that cleanliness of a cast steel can be improved
compared with prior arts, and the present invention provides a method for continuously
casting steel, the method comprising supplying molten steel into a mold while applying
an electromagnetic brake to an outlet flow discharged from an outlet port of an immersion
nozzle, wherein magnetic flux density (B) of the electromagnetic brake 1s within a range
of the following (Formula 1):

Bmin S B 5 Bmax .o (FormUla 1),

\3
800./Dmax .(HSI:’N\
B = \. DO J \ HO /
(-sin0)  and
( \' [ \
3000 - Dmax . HSIN
B - Dy )\ H,y
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Description

Title of Invention: Method for Continuously Casting Steel

Technical Field

[0001] The present invention relates to a method for continuously casting steel.

Background Art

[0002] Continuous casting of steel is carried out while molten metal in a tundish 1s
supplied into a mold of continuous casting equipment via an immersion nozzle. The
molten steel is discharged from an outlet port that is formed in a lower end portion of the
immersion nozzle, into the mold, is cooled in the mold, and is withdrawn from a mold
outlet in the state where a thickness of a solidified shell enough to prevent breakout is
ensured. The solidified shell is completely solidified by secondary cooling with spray
during the process of withdrawn, and is cut, to be a cast steel.

0003 ] As a technique of improving the cleanliness of a cast steel, for example, Patent

Literature 1 discloses that electromagnetic stirrers are oppositely arranged in the vicinity

of a meniscus in long sides of a mold, so that a swirl flow is generated on the surface ot
molten steel in the mold; the cleaning effect of this swirl flow checks the phenomenon of
adhesion of inclusions and bubbles to the surface of the mold, which 1s a main cause of
defects in a cast steel. Patent Literature 2 discloses that an electromagnetic brake is
operated on an outlet flow that is discharged from an outlet port of an immersion nozzle,

so as to hold down the descending speed of molten steel, to have time for inclusions in

the molten steel to float up.

10004] In the technique of the above Patent Literature 1, an electromagnetic brake



10

15

20

20

CA 02971130 2017-06-15

PCT/JP2016/060769
Our Ref. : 160294PCT

does not work on an outlet flow discharged from an outlet port of an immersion nozzle.
Thus, the descending speed of the outlet flow is not held down. Theretore, bubbles and
inclusions such as alumina remaining in molten steel do not float up or are not removed
enough, and they infiltrate into a deep portion of the cast steel, to be a cause of internal
defects, which is problematic. = This problem can be avoided by operating the
electromagnetic brake on the outlet flow as the above described Patent Literature 2.

[0003] When an electromagnetic brake is operated on an outlet flow, as shown in
Figs. 3 (a front cross-sectional view of a mold) and 4 (a side cross-sectional view of the
mold), an upward flow along an immersion nozzle 2 is generated. This upward tlow
turns around near the surface of molten steel, to be a downward flow. Here, specifically,
a distance (Do) between long side surfaces of the mold for manufacturing a thin cast steel
is short. Therefore, inclusions and bubbles carried by the downward flow are easy to be
in contact with a solidified shell 8 that is formed on long side walls 3a and 3b composing

long sides of the mold, and caught here, to be a main cause of surface defects, which is a

new problem.

Citation List
Patent Literature

[0006] Patent Literature 1: JP2008-183597A

Patent Literature 2: JP5245800B

Summary of Invention

Technical Problem

[0007] An object of the present invention is to solve the above described

conventional problems, and to provide a technique of avoiding occurrence of surface
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defects caused by an electromagnetic brake while checking internal defects with this

electromagnetic brake, so that cleanliness of a cast steel can be improved compared with

prior arts.

Solution to Problem

|0008] To solve the above problems, the present invention provides a method for
continuously casting steel, the method comprising supplying molten steel into a mold
while applying an electromagnetic brake to an outlet flow discharged from an outlet port
of an immersion nozzle, wherein magnetic flux density (B) of the electromagnetic brake

Is within a range of the following (Formula 1):

Bmin <B <Bmax ... (Formula ])
wherein
[0009]
3
800 - /pm@% ) , /va )
B . = \ DO J \ HO Y,
min (v . Sin 9)
[0010]
3000.| Do | | sy
B — \ DO % \ HO /
max (V . Sin 9)2

2

Do = a mold thickness (m) of the mold having short sides and the long sides on
a horizontal cross-sectional shape, the mold thickness measured as a distance between the
long sides facing each other in the mold at ends of the long sides,

Dmax = a maximum value of a mold thickness (m) of the mold having the short
sides and the long sides on the horizontal cross-sectional shape, the maximum value

measured as a distance between the long sides facing each other in the mold at a middle
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of each long side,

Ho = a distance (m) between a surface of the molten steel and a center of an
clectromagnetic brake coil in a vertical direction,

Hsen = a distance (m) between a bottom surface of the immersion nozzle and the
center of the electromagnetic brake coil in the vertical direction,

v = a flow velocity (m/s) of the molten steel discharged from the immersion
nozzle, and

0 = an outlet flow angle (°) of the molten steel obtained as an angle formed with
a horizontal line where an upward direction is a positive.
[0011] In the present invention, a rectangular mold that has short sides and long sides
on a horizontal cross-sectional shape can be used as the mold.
[0012] In the present invention wherein a rectangular mold is used as the mold,
preferably, the flow velocity v of the molten steel is 0.685 m/s to 0.799 m/s. Whereby,
an upward flow is gently generated all over, which makes it easy to check generation of
a downward flow along a solidification interface.
[0013] In the present invention, preferably, a funnel mold with short sides and long

sides on a horizontal cross-section, in which a distance between the long sides facing each

other in the mold at a middle of each long side is enlarged than a distance between the
long sides at ends of the long sides, is used as the mold.

[0014] In the present invention wherein a funnel mold is used as the mold, pretferably,
Dmax/Do is 1.16 to 1.24.  Whereby, even if inclusions are carried by a downward tlow, it
is easy to decrease the frequency with which these inclusions are supplied to a
solidification interface.

[0015] In the present invention wherein a funnel mold is used as the mold, preterably,

Hsen/Ho is 0.161 t0 0.327.  Whereby, an upward flow is gently generated all over, which
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makes it easy to check generation of a downward flow along a solidification interface.
[0016] In the present invention wherein a funnel mold is used as the mold, preferably,
the flow velocity v of the molten steel is 0.441 m/s to 1.256 m/s. Whereby, it is easy to
stabilize a molten steel flow in the mold, and to check fluctuation on the surface of the
molten steel.

[0017] In the present invention, preferably, the outlet flow angle 6 of the molten steel

is -45° to -5°.  Whereby, it is easy to stabilize a molten steel flow in the mold, and to

check fluctuation on the surface of the molten steel.

Advantageous Effects of Invention

[0018] According to the present invention that employs the structure that magnetic
flux density (B) of the electromagnetic brake is within a range of the above described
(Formula 1) in the method for continuously casting steel, the method comprising
supplying molten steel into a mold while applying an electromagnetic brake to an outlet

flow discharged from an outlet port of an immersion nozzle, occurrence of surface defects
caused by the electromagnetic brake can be efficiently avoided even if the mold for

manufacturing a thin cast steel is used, while the effect of the electromagnetic brake which

is to hold down the descending speed of the molten steel and to reduce internal defects in

the cast steel is enjoyed.

[0019] That is, according to the present invention, both internal defects in the mold
and surface defects can be surely reduced, and the cleanliness of the cast steel can be
improved with an extremely easy method of having the electromagnetic brake ot proper

magnetic flux density in accordance with the above (Formula 1).

Brief Description of Drawings
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[0020] Fig. 1 is a schematically explanatory view of a plane showing an outline of
structure in the vicinity of a mold of a continuous-casting apparatus in one embodiment
of the present invention.

Fig. 2 is a schematically explanatory view of a front cross-section showing an
outline of structure in the vicinity of the mold of the continuous-casting apparatus in one
embodiment of the present invention.

Fig. 3 is an explanatory front cross-sectional view of a state of a molten steel
tlow in the mold when an electromagnetic brake i1s operated.

Fig. 4 is an explanatory side cross-sectional view of a state of the molten steel

flow in the mold when the electromagnetic brake i1s operated.

Description of Embodiments
[0021] A preferred embodiment of the present invention will be described hereinatter.
[0022] In this embodiment, as shown in Fig. 1, an immersion nozzle 2 is arranged
around the middle from the long and short sides of a mold 1 whose horizontal cross-
sectional shape is almost rectangular. As shown in Fig. 2, an electromagnetic brake

device 4 is oppositely arranged so that the mold 1 is sandwiched therein, outside long side

walls 3 that compose long sides of the mold 1, at a position downward from the lower

end of the immersion nozzle 2.

[0023] In this embodiment, as shown in Fig. 1, a funnel mold with short sides and

long sides on a horizontal cross-section, in which a distance between the long sides facing
each other in the mold at a middle of each long side is enlarged than a distance between
the long sides at ends of the long sides, is used as the mold. Other than this, in the
present invention, a rectangular mold where Dmax = Do can be used. Here, satisfaction

of Dmax > Do can make a swirl flow around the surface of the molten steel in the horizontal
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direction stable. In addition, a solidification shell is kept away from a downward flow
that is generated by turning-around near the surface of the molten steel, thereby the
occasions of catching inclusions and bubbles can be decreased.

[0024] An outlet port 5 from which molten steel is discharged in the mold |
diagonally downward is formed on each portion of the immersion nozzle 2 which faces
short side walls 7a and 7b of the mold 1 respectively. Bubbles of an Ar gas, and alumina
and slag-type inclusions are contained in an outlet flow 6 discharged from the outlet port
5 because an Ar gas is blew into the immersion nozzle 2.

[0025] In this embodiment, the electromagnetic brake device 4 is oppositely arranged
so that the mold 1 is sandwiched therein, at a position downward from the lower end part
of the immersion nozzle 2 in order to avoid the phenomenon that those bubbles ot Ar gas,
and alumina and slag-type inclusions infiltrate into a deep portion of the cast steel, to be
internal defects while not floating up or removed enough in the mold 1.

[0026] The electromagnetic brake device 4 is composed of an electromagnet etc. The

electromagnetic brake device 4 can apply a DC magnetic field to the outlet tlow 6 just
after discharged from the outlet port 5 of the immersion nozzle 2, in the mold thickness

direction (Y direction in Fig. 1) along the short side walls 7a and 7b of the mold 1. This
DC magnetic field has almost uniform magnetic flux density distribution in all the mold
width direction (X direction in Fig. 1) along the long side walls 3a and 3b of the mold 1.

An induced current in the X direction in Fig. 1 is generated by this DC magnetic field and
outlet flow. A counterflow that flows in the opposite direction to the outlet flow 6 is
formed in the vicinity of the outlet flow 6 by this induced current and the DC magnetic
field, to hold down the descendent speed of the molten steel. Whereby, the phenomenon

that bubbles and inclusions such as alumina remaining in the molten steel infiltrate into a

deep part of the cast steel while not floating up or removed enough can be avoided.
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[0027] When an electromagnetic brake is operated on an outlet flow in a conventional
art, as shown in Figs. 3 and 4, an upward flow along the immersion nozzle 2 is generated.
This upward flow turns around near the surface of the molten steel, to be a downward
flow. Especially, in a mold where Dy is about no more than 400 mm, inclusions and
bubbles carried by this downward flow are easy to be in contact with a soltdified shell 8
on the long side walls 3a and 3b, and caught, to tend to be a main cause of surface defects,
which is problematic. In contrast, in the present invention, the phenomenon that
inclusions and bubbles carried by the downward flow are caught by the solidified shell 8
on the long side walls 3a and 3b can be checked by having the electromagnetic brake of
proper magnetic flux density in accordance with the above (Formula 1).

10028] The above (Formula 1) was obtained through inventors’ various studies.
The effect of the present invention is brought about only with the combination ot all the
elements composing the above (Formula 1). Here, Bmin is the lower limit of a proper
range of the magnetic flux density of the electromagnetic brake. If the magnetic tlux
density is under this lower limit, it cannot be prevented that inclusions and bubbles are
carried by the outlet flow, to infiltrate downward. Bmax is the upper limit of a proper

range of the magnetic flux density of the electromagnetic brake. If the magnetic flux

density is over this upper limit, the upward flow along the immersion nozzle 2 becomes
too strong, and thus, the downward flow turning around according to this also becomes

strong. Therefore, the frequency with which inclusions and bubbles carried by this
downward flow are in contact with the solidified shell 8 becomes high. As a result,
surface defects are easy to occur.  Bmin and Bmax are defined by the combination of some
factors that influence flows in the mold.

[0029] Specifically, both internal defects in the mold and surface defects can be

reduced, and the cleanliness of the cast steel can be improved only with the combination
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of a mold thickness (m) of the mold having short sides and the long sides on a horizontal
cross-sectional shape, the mold thickness measured as a distance between the long sides
facing each other in the mold at ends of the long sides (Do), a maximum value of a mold
thickness (m) of the mold having the short sides and the long sides on the horizontal cross-
sectional shape, the maximum value measured as a distance between the long sides facing
cach other in the mold at a middle of each long side (Dmax), a distance (m) between a
surface of the molten steel and a center of an electromagnetic brake coil in a vertical
direction (Hp), a distance (m) between a bottom surface of the immersion nozzle and the
center of the electromagnetic brake coil in the vertical direction (Hsgn), a flow velocity
(m/s) of the molten steel discharged from the immersion nozzle (v), and an outlet tlow
angle (°) of the molten steel (8), so as to satisfy the above (Formula 1).

(0030} The smaller the value of Hsen 1s, the stronger breaking force of the
electromagnetic brake to the outlet flow is. Thus, the descendent speed of the outlet
flow is held down, and the velocity of the upward flow shown in Figs. 3 and 4 becomes
high. As a result, the velocity of the downward flow that is formed by the upward tlow
turning around near the surface of the molten steel also becomes high. Therefore, the

probability that inclusions and bubbles carried by this downward flow are in contact with

the solidified shell 8 on the long side walls 3a and 3b of the mold, and caught, to be

surface defects becomes high.
[0031] On the other hand, if the value of Hsgn is large so as to approach Hy, the effect

of the electromagnetic brake weakens, and in addition, fluctuation of the surface of the
molten steel becomes large. As a result, involvement of mold powder 1s easy to occur.
[0032] A larger value of 6 necessitates breaking force by the larger electromagnetic
brake. The upward flow also tends to be large.

(0033 ] As described above, increase and decrease of each variable in the above
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(Formula 1) brings about different effects. Thus, conventionally, it i1s difficult to
determine proper magnetic flux density of the electromagnetic brake in continuous-
casting equipment configured by the combination of them whenever the size of a mold,
the casting speed, an immersion nozzle, etc. are changed. In contrast, according to the
present invention, both internal defects in the mold and surface defects can be surely
reduced, and the cleanliness of the cast steel can be improved with an extremely easy
method of having the electromagnetic brake of proper magnetic flux density iIn
accordance with the above (Formula 1).

[0034] In the present invention, in a case where the mold is a rectangular mold where
Dmax = Do, the flow velocity of the molten steel v discharged from the immersion nozzle
1s preferably 0.685 m/s to 0.799 m/s. The flow velocity of the molten steel v of no less
than 0.685 m/s makes it easy to obtain the molten steel flow for checking inclusions to be
caught by a solidification interface. The flow velocity of the molten steel v of no more
than 0.799 m/s makes it easy to check fluctuation on the surface of the molten steel.
[0035] On the other hand, in the present invention, in a case where the mold is a
funnel mold, Dmax/Do is preferably 1.16 to 1.24.  Dmax/Do of no less than 1.16 makes it

easy to gently form the upward flow all over, and to check generation of the downward
flow along the solidification interface. Dmax/Do of no more than 1.24 makes it easy to

reduce the drag when the solidified shell is withdrawn from the mold. In the case where

the mold is a funnel mold, Dmax/Do is more preferably 1.18 to 1.22 in view of making the
above cffect outstanding.

[0036] [n the case where the mold is a funnel mold, preferably, Hsen/Ho 1s 0.161 to
0.327. Hsen/Ho of no less than 0.161 makes it easy to stabilize heat supply to the surface
of the molten steel. Hsen/Ho of no more than 0.327 makes it easy to check tluctuation

on the surface of the molten steel. In the case where the mold is a funnel mold, Hsen/Ho
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is more preferably 0.15 to 0.30 in view of making the above effect outstanding.

[0037] In the case where the mold is a funnel mold, preferably, the flow velocity of
the molten steel v discharged from the immersion nozzle is 0.441 m/sto 1.256 m/s. The
flow velocity of the molten steel v of no less than 0.441 m/s makes it easy to obtain the
molten steel flow checking inclusions to be caught, and to supply heat to the surface of
the molten steel. The flow velocity of the molten steel v of no more than 1.256 m/s
makes it easy to check fluctuation on the surface of the molten steel. In the case where
the mold is a funnel mold, more preferably, the flow velocity of the molten steel v 15 0.500
m/s to 1.100 m/s in view of making the above effect outstanding,.

[0038] In the case where the mold is a funnel mold, preferably, an outlet flow angle
0 of the molten steel is -45° to -5°.  The outlet flow angle 6 of the molten steel of no less
than -45° makes it easy to supply heat to the surface of the molten steel. The outlet tlow
angle 0 of the molten steel of no more than -5° makes it easy to check fluctuation on the
surface of the molten steel.  In the case where the mold is a funnel mold, more preterably,

the outlet flow angle 0 of the molten steel is -45° to -15° in view of making the above

effect outstanding.

Examples

[0039] Continuous casting of steel was carried out under the casting conditions

shown in Table 1 below, and the quality of produced coils was evaluated. Specifically,

the quality of coils was evaluated as follows: visual inspections were done on coils of no
less than 50 in each Example, to count sliver defects; and evaluation was made according
to the number of defects like: © (excellent: the number of defects < 0.5/a coil); o (good:

0.5/a coil < the number of defects < 1.0/a coil); and x (poor: the number of defects > 1.0/a

coil).
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[0040]
| Table 1]
Mold [immersion Nozzle Bni;j::u?:‘; "
Casting | Shape of Bottom ;;12?:: Electromagnetic Brake Distance Hectr;;:zgnetlc |
Speed | ! between Outlet | Outlet Quality
Magnetic betwlii:;a;jif . Bottom Surface FIOV‘.! Fiow N < " of
Width| Thickness | Thickness| Flux e a“‘f" Velocity | Angle oper Strengt Coils
Density and Cen.ter of | Center of Coil Range
Coil
V¢ Wo Do Dimax B Ho HseN v 0 Brin By
m/min | 1mm 11 mim G mm mm ny'’s deg. G | G
14 | 1630 ] 250 290 | 4100 606.5 198 0799 | 45 | 12| 471%9| ®
Ex 2 14 | 1630 250 | 310 | 4100 606.5 198 079 | 45 | ssi| s850| ©
Ex 3 14 | 1630 | 250 250 | 4100 606.5 148 0799 | -30 | 480| 4587 O
Ex 4 14 | 1630| 250 290 | 4100 606.5 148 079 | 30 | 763 759 @©
Ex 5 14 |1e30] 250 | 310 | 4100 606.5 48 0799 | -30 | 92| sms| @©
Fx 6 14 | 1630 250 | 300 | 4100 606.5 o8 | 079 T as | 790  s30 K
14 | 1400 | 250 00 | 4100 | 606 198 0686 | <45 | 90| 87| @
Ex 8 14 | nso| 250 00 | 4100 606.5 198 0564 | -45 | 1132 10651] ©
Ex 9 14 | %00 | 250 300 | 4100 606.5 198 0441 | 45 | 1447 171390| @
Ex 10 10 | 1630 ] 250 300 | 4100 606.5 148 0571 | -30 | 1182} 15534| O
Ex 11 14 | 1630 ] 250 300 | 4100 606.5 48 0799 | 30 | 84| 7926 ©
Ex 12 18 | 1630| 250 300 1100 606.5 48 1027 | 30 | 657 4795| O
Ex 13 18 | 1630 | 250 300 1800 606.5 148 1027 | -30 ] 67| 4195| ©
18 | 1630 250 300 | 4100 606.5 148 1027 | 30 | 67| 4795 ®
18 | 1630 250 300 | 4400 606.5 148 1027 | -30 | 657] 4795 ©
18 | 1630 250 300 | 4600 606.5 48 1027 | 30 | 657]  415| O
10 | 1630 250 300 | 4100 606.5 198 0571 | -45 | 1118] 10391 O
Ex 18 14 | 1630 250 300 | 4100 606.5 198 0799 | 45 | 199| s302| ©
Ex 19 10 | 1630 | 250 300 | 4100 606.5 198 0571 | 30 | 1s81| 20783| O
Fx 20 14 | 1630 | 250 300 | 4100 606.5 198 0799 | -30 | 1130| 10603] ©
Ex 21 18 | 1630 | 250 300 | 4100 606.5 198 1027 | 30 | 80| ed14] ©
Ex 22 22 [ 1630 | 250 300 800 606.5 198 1256 | 30 | 719 4294| O
Ex 23 14 1630 | 250 300 | 4100 606.5 98 0799 | -30 | 59| 5248 ©
Ex 24 14 | 1630 | 250 300 | 4100 606.5 98 0799 | -15 | 1080| 1958 | ©
Ex 25 4 |1e30| 250 300 | 4100 606.5 08 0799 | -5 4 3208| 112724] O
Ex 26 10 | 1630 | 300 300 {3000 606.5 148 0685 | -30 | 570! 6243| O
Ex 27 10 | 1630 | 300 350 1500 606.5 148 0685 | 30 | 95| 14| O
Comp.Ex1 | 14 | 1630 | 250 250 | 4100 606.5 198 079 | -45 | 462| 1303] =
Comp.Ex2 | 14 |1630| 250 300 | 4100 606.5 148 0799 | -45 | 597 3963| =
Comp.Ex3 | 22 W 250 300 | 4100 606.5 148 1256 | -30 | 537| 3210] ~
Comp.Fx4 | 18 |1630] 250 300 | 4100 606.5 198 1027 | <45 | eu| 307
Comp.Ex5 | 22 |1630| 250 300 | 4100 606.5 198 1256 | -45 | s508| 2147]
Comp.Ex6 | 14 |1630| 250 300 | 4100 606.5 98 0799 | -a5 | 395| 2624| =
Comp Ex7 | 18 |[1630| 250 300 500 606.5 148 1027 | <30 | es7|  am95|
Comp.Ex8 | 18 | 1630{ 250 300 | 5000 606.5 148 L027 | 30 | 57| ams|
14 [1630] 300 300 | 4500 606.5 148 0959 | -30 | 407| 3185| ~
14 |1630]| 300 350 | 500 606.5 148 0959 | -30 | 647| 5058
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1004 1] In each Example 1, 2,4, 5,6,7,8,9, 11, 13, 14, 15, 18, 20, 21, 23 and 24, the
magnetic flux density of the electromagnetic brake was within a proper range, and a
funnel mold was used. As shown in these Examples, it was confirmed that the quality
of coils in every Example was excellent (0 when the magnetic flux density of the
electromagnetic brake was within a proper range and a funnel mold was used, without
any influence of other casting conditions (the casting speed, the casting width, the
thickness of an expanding part of a funnel portion, and the conditions of the immersion
nozzle).

[0042] In each Example 3 and 26, the magnetic flux density of the electromagnetic
brake was within a proper range but a rectangular mold without a funnel portion was used.
The quality of coils under this condition was good o.

In each Example 10, 17, 19 and 27, a funnel mold was used, the magnetic flux
density of the electromagnetic brake was within a proper range, and the casting speed was
low. The quality of coils under this condition was good © in every Example.

In Example 22, a funnel mold was used, the magnetic flux density of the
electromagnetic brake was within a proper range, and the casting speed was high. The

quality of coils under this condition was good o.

In Example 25, a funnel mold was used and the magnetic flux density of the
electromagnetic brake was within a proper range with a slight outlet flow angle (-5°).
The quality of coils under this condition was good o.

[0043] In each Comparative Example 1 to 10, the magnetic flux density of the
electromagnetic brake was not within a proper range. The quality of coils under this

condition was poor X in every Example.
[0044] In each Comparative Example 7 and 8 and Example 12 to 16, conditions other

than the magnetic flux density of the electromagnetic brake were standardized, and a
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proper range of the magnetic flux density of the electromagnetic brake according to the

above described (Formula 1) was 657 to 4795 (Gauss).
In each Example 13 to 15, the magnetic flux density of the electromagnetic brake
was within a proper range and remote from both upper and lower limits. It was

confirmed that the quality of coils in every Example was excellent (o).

In Comparative Example 7, the magnetic flux density of the electromagnetic
brake was lower than the lower limit of a proper range in 24%. In Comparative Example
8, the magnetic flux density of the electromagnetic brake was higher than the upper limit

of a proper range in 4%. The quality of coils in every Example was poor x.

In Example 12 where a funnel mold was used, the magnetic flux density of the
electromagnetic brake was within a proper range and close to the lower limit compared
with the density in each Example 13 to 15. The quality of coils under this condition was
g0od o.

In Example 16 where a funnel mold was used, the magnetic flux density of the
electromagnetic brake was within a proper range and close to the upper limit compared

with the density in each Example 13 to 15. The quality of coils under this condition was

good o.

Reference Signs List
[0045] ] ... mold

2 ... immersion nozzle

3, 3a, 3b ... long side wall

4 ... electromagnetic brake device
5 ... outlet port

6 ... outlet flow
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7a, 7b ... short side wall

8 ... sohdified shell

9 ... center of an electromagnetic brake coil
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Claims

Claim |1 A method for continuously casting steel, the method comprising
supplying molten steel into a mold while applying an electromagnetic brake to an outlet
flow discharged from an outlet port of an immersion nozzle,

wherein magnetic flux density (B) of the electromagnetic brake is within a range
of the following (Formula 1):
Bmin § B S Bmax . s (FOrmUla ])

wherein

800 - max

mie (v-sin 6)

3000 .| = max

(v-sin6)

Do = a mold thickness (m) of the mold having short sides and long sides on a
horizontal cross-sectional shape, the mold thickness measured as a distance between the
long sides facing each other in the mold at ends of the long sides,

D.ax = a2 maximum value of a mold thickness (m) of the mold having the short
sides and the long sides on the horizontal cross-sectional shape, the maximum value
measured as a distance between the long sides facing each other in the mold at a middle

of each long side,

Ho = a distance (m) between a surface of the molten steel and a center of an

electromagnetic brake coil in a vertical direction,

Hsen = a distance (m) between a bottom surface of the immersion nozzle and the

center of the electromagnetic brake coil in the vertical direction,
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v = a flow velocity (m/s) of the molten steel discharged from the immersion
nozzle, and

0 = an outlet flow angle (°) of the molten steel.

Claim 2 The method for continuously casting steel according to claim 1, wherein
a rectangular mold that has short sides and long sides on a horizontal cross-sectional shape

is used as the mold.

Claim 3 The method for continuously casting steel according to claim 2, wherein

the flow velocity v of the molten steel is 0.685 m/s to 0.799 m/s.

Claim 4 The method for continuously casting steel according to claim 1, wherein
a funnel mold with short sides and long sides on a horizontal cross-section, 1n
which a distance between the long sides facing each other in the mold at a middle of each

long side is enlarged than a distance between the long sides at ends of the long sides, is

used as the mold.

Claim 5 The method for continuously casting steel according to claim 4, wherein

Dmax/DO iS ].16 to 1.24.

Claim 6 The method for continuously casting steel according to claim 4 or ),

wherein Hspn/Ho 18 0.161 to 0.327.

Claim 7 The method for continuously casting steel according to any of claims 4

to 6, wherein the flow velocity v of the molten steel is 0.441 m/s to 1.256 m/s.
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Claim 8 The method for continuously casting steel according to any of claims 4

to 7, wherein the outlet flow angle 6 of the molten steel 1s -45° to -5°.
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FIG. 1
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FIG. 2
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