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(67)  Provided is a method of continuous casting het-
erogeneous steels which includes the processes of ob-
taining dimensionless relative concentrations of subse-
quent steel to previous steel respectively at surface and
inside of a continuous cast strand in real time, calculating
positions in a longitudinal direction of the strand having
the dimensionless relative concentrations at the surface
and the inside obtained in real time, predicting a mixed
portion in the strand by respectively comparing the ob-
tained dimensionless relative concentrations of the sur-
face and the inside with reference concentrations, and
cutting off the predicted mixed portion.

Thus, according to exemplary embodiments, the
mixed portion is not cut to a predetermined length re-
gardless of operating conditions during each operation
of heterogeneous steels as in the related art, but the di-
mensionless concentrations of each of the surface and
the center of the strand are obtained for each operation
of heterogeneous steels, and positions of the strand hav-
ing the obtained dimensionless concentrations are cal-
culated to predict the position and the length of the mixed
portion. Thus, since the accuracy of the prediction of the
position and length of the mixed portion is improved, a
decrease in profitability due to excessive cut-off of the
mixed portion may be prevented and the shipment of
defect products due to less cut-off of the mixed portion
to client companies may be prevented.

METHOD FOR CONTINUOUSLY CASTING DIFFERENT GRADES OF STEEL

[Fig.1]
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a method of continuous casting heterogeneous steels, and more particularly,
to a method of continuous casting heterogeneous steels which may predict and automatically cut off a mixed portion of
a strand which is produced by mixing previous steel and subsequent steel in a method of continuous casting different
steels.

BACKGROUND ART

[0002] A continuous casting operation of heterogeneous steels (i.e., different steels) is an operation of continuous
casting by using molten steel of new steel (hereinafter, referred to as "subsequent steel") which has components different
from those of molten steel of steel currently being processed (hereinafter, referred to as "previous steel"). For this
purpose, the molten steel of the subsequent steel contained in a subsequent ladle is supplied to a tundish at the end of
the operation of the previous steel. In this case, the molten steel of the previous steel and the molten steel of the
subsequent steel are mixed in the tundish, and the mixed molten steel is injected into a mold through a submerged entry
nozzle.

[0003] As aresult, a mixed portion, which is produced by mixing heterogeneous steels, is indispensably generated in
some portions of a cast strand, and since the mixed portion does not satisfy compositional specifications of products,
the mixed portion is cut off and mostly reused as scrap metal.

[0004] Typically, in order to cut off the mixed portion generated by continuous casting of heterogeneous steels, the
mixed portion has been cut to a predetermined length on the basis of a meniscus position of the strand. However, with
respect to this cut-off method, since the mixed portion is cut to a predetermined length on the basis of the meniscus
position of the strand regardless of various variables such as changes in steel or casting speed, a cut position of the
mixed portion is not accurate. Thus, the mixed portion may be cut excessively more than the actual mixed portion so
that it may be a cause of reducing productivity, or the mixed portion may be cut less than the actual mixed portion so
that the product may be sold in a state in which the mixed portion is mixed.

[0005] In order to address the above limitations, lengths of the mixed portion were datafied according to types and
combination of the previous steel and the subsequent steel to make as a table, and the mixed portion was cut to a cut-
off length corresponding to the types and combination of the previous steel and the subsequent steel during the operation
of heterogeneous steels. However, even in the above cut-off method, the mixed portion was excessively cut so that a
region satisfying design specifications may be cut with the mixed portion and discarded, or there were still limitations in
that all of the mixed portion may not be cut off and some of the mixed portion may be mixed in the product.

[0006] Also, as another typical method, a mixed concentration of the previous steel and the subsequent steel of a
strand during casting was calculated by using operation data, such as a change in ladle weight, a change in tundish
weight, and casting speed, of the previous performed operation as disclosed in Korean Patent No. 10-0419886. A mixed
portion was determined by using the mixed concentration calculated from hydrodynamic principles and was cut off at
both ends thereof. However, with respect to the above method of determining the mixed portion, the mixed concentration
and the mixed portion were predicted without consideration of each position in the cross-section of the strand, i.e.,
surface and center. Thus, since reliability or accuracy of the prediction of the mixed portion is low, there have still been
occasions in which at least a portion of the mixed portion is mixed in the product and delivered to client companies.

DISCLOSURE OF THE INVENTION

TECHNICAL PROBLEM

[0007] The present disclosure provides a method of continuous casting heterogeneous steels which may predict and
automatically cut off a mixed portion of a strand which is produced by mixing previous steel and subsequent steel in a
method of continuous casting different steels.

[0008] The present disclosure also provides a continuous casting method which may prevent product failure due to
the mixed portion, which is caused by the continuous casting of heterogeneous steels, by calculating the position of the
mixed portion of the strand to improve the accuracy of the prediction of the position and length of the mixed portion.

TECHNICAL SOLUTION

[0009] In accordance with an exemplary embodiment, a method of continuous casting heterogeneous steels includes:
obtaining dimensionless relative concentrations of subsequent steel to previous steel respectively at surface and inside
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of a continuous cast strand in real time; calculating positions in a longitudinal direction of the strand having the dimen-
sionless relative concentrations of the surface and the inside obtained in real time; predicting a mixed portion in the
strand by respectively comparing the obtained dimensionless relative concentrations of the surface and the inside with
reference concentrations; and cutting off the predicted mixed portion.

[0010] The positions ofthe strand, from which the dimensionless relative concentrations are obtained, may be a surface
and a center in a height direction of the strand.

[0011] In accordance with another exemplary embodiment, a method of continuous casting heterogeneous steels
includes: obtaining dimensionless relative concentrations of subsequent steel to previous steel respectively at a plurality
of positions in a height direction of a strand solidified and continuous cast from a mold in real time by using relative
amounts of the previous steel and the subsequent steel in a tundish and relative amounts of the previous steel and the
subsequent steel in the mold; calculating positions in a longitudinal direction of the strand having the dimensionless
relative concentrations obtained in real time; predicting a mixed portion in the strand by respectively comparing the
obtained dimensionless relative concentrations with reference concentrations; and cutting off the predicted mixed portion.
[0012] The plurality of positions in the height direction of the strand, from which the dimensionless relative concentra-
tions are obtained, may include a surface and a center of the strand.

[0013] The method may further include setting the reference concentrations, before the obtaining of the dimensionless
relative concentrations of the subsequent steel to the previous steel in the continuous cast strand in real time, wherein
the setting of the reference concentrations may include: setting a lowermost limit concentration among upper limit
concentrations of each component of the previous steel as a first reference concentration; and setting an uppermost
limit concentration among lower limit concentrations of each component of the subsequent steel as a second reference
concentration.

[0014] The setting of the first reference concentration and the second reference concentration may include: calculating
concentrations of the components of the previous steel as lower limit dimensionless concentrations and upper limit
dimensionless concentrations; setting a lowermost limit dimensionless concentration among the upper limit dimension-
less concentrations of the each component of the previous steel as the first reference concentration; calculating con-
centrations of the components of the subsequent steel as lower limit dimensionless concentrations and upper limit
dimensionless concentrations; and setting an uppermost limit dimensionless concentration among the lower limit dimen-
sionless concentrations of the each component of the subsequent steel as the second reference concentration.
[0015] The calculatingofthe concentrations of the each component ofthe previous steel as the lower limit dimensionless
concentrations and the upper limit dimensionless concentrations may include: substituting a lower limit dimensionless
concentration value of the previous steel with an upper limit dimensionless concentration value of the previous steel and
substituting the upper limit dimensionless concentration value of the previous steel with the lower limit dimensionless
concentration value of the previous steel when the lower limit dimensionless concentration of the previous steel is greater
than the upper limit dimensionless concentration of the previous steel; and the calculating of the concentrations of the
each component ofthe subsequent steel as the lower limit dimensionless concentrations and the upper limit dimensionless
concentrations may include substituting a lower limit dimensionless concentration value of the subsequent steel with an
upper limit dimensionless concentration value of the subsequent steel and substituting the upper limit dimensionless
concentration value of the subsequent steel with the lower limit dimensionless concentration value of the subsequent
steel when the lower limit dimensionless concentration of the subsequent steel is greater than the upper limit dimen-
sionless concentration of the subsequent steel.

[0016] The strand may be determined to be in a mixed state when at least one dimensionless relative concentration
of the obtained dimensionless relative concentrations of the surface and the center is deviated from the reference
concentration, and a position in the longitudinal direction of the strand, in which at least one dimensionless relative
concentration of the obtained dimensionless relative concentrations of the surface and the center is deviated from the
reference concentration, may be determined as the mixed portion.

[0017] A position in the longitudinal direction of the strand, in which the obtained dimensionless relative concentration
of the center reaches the reference concentration, may be determined as a starting point of the mixed portion, and a
position in the longitudinal direction of the strand, in which the obtained dimensionless relative concentration of the
surface reaches the reference concentration, may be determined as an end point of the mixed portion.

[0018] The method may further include: receiving data of a residual amount of molten steel in the tundish, casting
speed, and concentrations of each of the previous steel and the subsequent steel on-line and storing the data; and
detecting a subsequent ladle opening signal, before the obtaining of the dimensionless relative concentrations of the
subsequent steel to the previous steel.

[0019] The method may further include: obtaining dimensionless relative concentrations of each of the surface and
the center of the strand in real time from a time of detecting the subsequent ladle opening signal, and counting a
dimensionless concentration acquisition time from the time of detecting the subsequent ladle opening signal to be
compared with a reference time in real time; comparing the obtained dimensionless relative concentration of the center
with the first reference concentration and comparing the obtained dimensionless relative concentration of the surface
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with the second reference concentration when the dimensionless concentration acquisition time is the reference time
or less; and terminating the acquisition of the dimensionless relative concentrations of each of the surface and the center
of the strand when the concentration acquisition time is greater than the reference time.

[0020] The method may further include determining whether or not a type between the previous steel and the subse-
quent steel is a type that is included in a preset heterogeneous steel cut-off table; cutting the strand to a cut-off length
of the corresponding heterogeneous steel type when the type between the previous steel and the subsequent steel
subjected to a current operation is the type that is included in the preset heterogeneous steel cut-off table; and cutting
the strand to a preset predetermined cut-off length when the type between the previous steel and the subsequent steel
subjected to the current operation is not included in the preset heterogeneous steel cut-off table, after the terminating
of the acquisition of the dimensionless relative concentrations of each of the surface and the center of the strand.
[0021] The detecting of the subsequent ladle opening signal may include: sending a virtual ladle opening signal;
detecting a weight of the tundish in real time, in milliseconds (ms) from a time when the virtual ladle opening signal is
sent; calculating the weight of the tundish detected in milliseconds (ms) as an average weight of the tundish at prede-
termined time intervals in seconds (s); and setting a time of opening the subsequent ladle using a time of continuously
increasing the average weight of the tundish.

[0022] When W () is a weight of a residual-steel amount in the tundish at a current time and W y(t-A t) is a weight of
aresidual-steel amount in the tundish at an earlier time, t-2*A t may be determined as the time of opening the subsequent
ladle when both of Wy(t) - Wi4(t-A t) and Wi4(t) - Wi4(t-2*A t) are greater than or equal to "0", the dimensionless relative
concentrations of each of the surface and the center of the strand may be obtained from t-2*A t, and the residual-steel
amount in the tundish and the casting speed may be stored from t-4*A t.

[0023] The obtaining of the dimensionless relative concentrations of the subsequent steel to the previous steel at the
surface and the center of the strand may include: calculating an inlet volumetric flow (Quq.i,) of the subsequent steel in
the tundish; calculating an average dimensionless relative concentration (C,y_,,c(t+A t)) of the molten steel in the tundish
at a current time using the inlet volumetric flow (Qy_;,) of the subsequent steel in the tundish; calculating a dimensionless
relative concentration (Cy4-,1(t+At)) of the molten steel discharged from the tundish at a current time using the average
dimensionless relative concentration (Ciy_5,o(t+A t)) of the molten steel in the tundish at a current time; calculating an
average dimensionless relative concentration (C,,q_aver(t+At)) of the molten steel in the mold at a current time using the
dimensionless relative concentration (Cyy_o,:(t+At)) of the molten steel discharged from the tundish at a current time; and
calculating a dimensionless relative concentration (C,,,4.o,(t*At)) of the strand discharged from the mold at a current
time using the average dimensionless relative concentration (C,,4_aver (t+At)) of the molten steel in the mold at a current
time and adimensionless relative concentration (C,,,4.i5(t+At)) of the molten steel introduced into the mold ata currenttime.
[0024] The inlet volumetric flow (Qq.;,) of the subsequent steel in the tundish may be calculated by Equation 5,

[Equation 5]

) IVt 80)- T (0
Qtd-in_ AfX ), T Qta'-out

wherein W, (t) is a total weight of the molten steel in the tundish at an earlier time, W 4(t+A t) is a total weight of the
molten steel in the tundish at a current time, Q4 is @ volumetric flow of the molten steel discharged from the
tundish, and p_is liquid density of the molten steel,

the average concentration (Ciy_5,6(t+At)) of the molten steel in the tundish at a current time may be calculated by
Equation 6,

[Equation 6]

Wtd(t) X Ctd—ave(t)+ Qfd—fn(t) X AIX P X Ctd—in(t) Qid—our(t) X AIX P X Cid—our(t)
Wt Lr) W1+ 20)

Crd—ave(t+ AI):

wherein Cyy_,.(t) is an average dimensionless relative concentration of the molten steel in the tundish at an
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earlier time, Q4. (1) is an inlet volumetric flow of the molten steel introduced into the tundish at an earlier time,
Ciq.in(t) is an inlet concentration (dimensionless relative concentration) of the subsequent steel in the tundish
at an earlier time, Quy_ot(t) is a volumetric flow of the molten steel discharged from the tundish at an earlier
time, Ciy.out(t) is a concentration (dimensionless relative concentration) of the molten steel discharged from the
tundish at an earlier time, and p,_is liquid density of the molten steel,

the concentration ((Cyy.o,t(t+At)) of the molten steel discharged from the tundish at a current time may be
calculated by Equation 7,

[Equation 7]

Crd-our(t—I_ At):frd X Crd-ave(t—i_‘ﬂt)—l_(l_frd) X Crd-in(r+At)

wherein fiy is an interpolation and extrapolation factor of the tundish, C,4_,,c(t+At) is an average dimension-
less relative concentration of the molten steel in the tundish at a current time, and C,y.i,(t+At) is a dimen-
sionless relative concentration of the molten steel introduced into the tundish at a current time,

the average concentration (C,4.aver(t+At)) of the molten steel in the mold at a current time may be calculated
by Equation 8,

[Equation 8]

Wmd(t) X Cmd-ave(t)+ de-in(t) K ALK Pr X Cmd-in(t) de-out(t) K ALK Pr X Cma’-out(r)
Wmd(t-I_A[) Wmd(ﬁ_A[)

Cmd-ave(t+At):

wherein W, 4(t) is a total weight of the molten steel in the mold at an earlier time, C,4.aver (1) is an
average dimensionless relative concentration of the molten steel in the mold at an earlier time, Q,,4.in(t)
is an inlet volumetric flow of the molten steel in the mold at an earlier time, C,,4.,(t) is an inlet concen-
tration (dimensionless relative concentration) of the molten steel in the mold atan earlier time, W, 4(t+At)
is a total weight of the molten steel in the mold at a current time, Q,y_out(t) is @ volumetric flow of the
molten steel discharged from the mold, C,4_.,i(t) is a dimensionless relative concentration of the strand
discharged from the mold at an earlier time, and p|_is liquid density of the molten steel, and

the concentration (C,q.out(t+At)) of the strand discharged from the mold at a current time may be
calculated by Equation 9,

[Equation 9]

C (I—I_At):fmd X Cmd-ave(t+At)+(1-fmd) X Cmd-in(t-l_At)

wherein f,,4 is an interpolation and extrapolation factor of the mold, C,,4_aver(t+At) is an average dimen-
sionless relative concentration of the molten steel in the mold at a current time, and C,4.i5(t+At) is a
dimensionless relative concentration of the molten steel introduced into the mold at a current time.

md-out

[0025] In the calculating of the dimensionless relative concentration of the center of the strand, 4+2 may be applied
to the interpolation and extrapolation factor (f,y) of Equation 7, and 0.7+0.4 may be applied to the interpolation and
extrapolation factor (f,4) of Equation 9 to calculate the dimensionless relative concentration (C,,q.out-center) ©f the center
of the strand.

[0026] In the calculating of the dimensionless relative concentration of the surface of the strand, 2.2+0.6 may be
applied to the interpolation and extrapolation factor (f4) of Equation 7, and 0.5+0.2 may be applied to the interpolation
and extrapolation factor (f,4) of Equation 9 to calculate the dimensionless relative concentration (C ) of the
surface of the strand.

[0027] A liquid density of the molten steel may be used as a density (p ) value in Equations 5, 6, and 8, and a value
of 7,000 kg/m3 to 7,400 kg/m3 may be used as the density of the molten steel.

md~out-surface
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[0028] The method may furtherinclude: setting a position of the strand in which the dimensionless relative concentration
of the surface of the strand begins to be obtained; and setting a position of the strand in which the dimensionless relative
concentration of the center of the strand begins to be obtained, wherein a position of the strand at the time of opening
the subsequent ladle may be set as the position in which the dimensionless relative concentration of the surface of the
strand begins to be obtained, and a position of -4 =4 m from the position of the strand at the time of opening the subsequent
ladle may be set as the position in which the dimensionless relative concentration of the center of the strand begins to
be obtained.

[0029] In the calculating of the position in the longitudinal direction of the strand having the obtained dimensionless
relative concentration of the surface, the position may be calculated by Equation 10 in which a volumetric flow (Q4-out)
of the molten steel discharged from the mold is divided by a product of a cross-sectional area (A,4) of the strand and
solid density (p) of the molten steel,

[Equation 10]

Qm‘ =0 X p
(AL gy
Amd>< pS

wherein Q 4oyt is @ volumetric flow of the molten steel discharged from the mold, A4 is a cross-sectional area of the
strand, and py is solid density of the molten steel, wherein a value of 7,600 kg/m3 to 8,000 kg/m3 is used.

[0030] In the calculating of the position in the longitudinal direction of the strand having the obtained dimensionless
relative concentration of the center, a position of -4+4 m from the position having the obtained dimensionless relative
concentration of the surface may be set as the position having the dimensionless relative concentration of the center.
[0031] A region from a point of the strand, in which the real-time obtained dimensionless relative concentration of the
center of the strand reaches the first reference concentration, to a point of the strand, in which the real-time obtained
dimensionless relative concentration of the surface of the strand reaches the second reference concentration, may be
predicted as the mixed portion.

[0032] The method may further include: setting the point of the strand, in which the real-time obtained dimensionless
relative concentration of the center of the strand reaches the first reference concentration, as a first cut-off position;
setting the point of the strand, in which the real-time obtained dimensionless relative concentration of the surface of the
strand reaches the second reference concentration, as a second cut-off position; and cutting off the mixed portion by
cutting the strand respectively at the first cut-off position and the second cut-off position.

[0033] The predicting of the mixed portion of the strand and the cutting off of the predicted mixed portion may be
performed as an online process.

ADVANTAGEOUS EFFECTS

[0034] According to exemplary embodiments, dimensionless concentrations of each of surface and center of a strand
are obtained, and a position and a length of a mixed portion are derived by using the dimensionless concentrations.
That is, the mixed portion is not cut to a predetermined length regardless of heterogeneous steel operating conditions
as in the related art, but the dimensionless concentrations of each of the surface and the center of the strand are obtained
for each operation of heterogeneous steels, and positions of the strand having the obtained dimensionless concentrations
are set to predict the position and the length of the mixed portion. Thus, since the accuracy of the prediction of the
position and length of the mixed portion is improved, a decrease in profitability due to excessive cut-off of the mixed
portion may be prevented and the shipment of defect products due to less cut-off of the mixed portion to client companies
may be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035]

FIG. 1 illustrates general continuous casting equipment;
FIG. 2illustrate principal parts of the general continuous casting equipment for describing a process of manufacturing
a strand or slab through supply and solidification processes of molten steel;
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FIG. 3 is a flowchart sequentially illustrating a method of predicting a heterogeneous steel mixed portion of the
strand according to an exemplary embodiment and a method of cutting the mixed portion by using the above method;
FIGS. 4 and 5 are flowcharts specifically illustrating a method of cutting the mixed portion in a continuous casting
method according to an exemplary embodiment;

FIG. 6 is a flowchart specifically illustrating a process of detecting a subsequent ladle opening signal according to
an exemplary embodiment;

FIG. 7 is a flowchart illustrating a method of setting a first reference concentration and a second reference concen-
tration for the prediction of the heterogeneous steel mixed portion of the strand as a method according to an exemplary
embodiment;

FIG. 8 is a graph illustrating a dimensionless concentration for each component of previous steel and subsequent
steel which is obtained by the method according to the exemplary embodiment;

FIG. 9is a graphillustrating a dimensionless concentration distribution of chromium (Cr) in a vertical direction (section
thickness) and a casting direction (longitudinal direction) of the strand manufactured by heterogeneous steel con-
tinuous casting;

FIG. 10 is images illustrating changes in concentration in a mold over time during a heterogeneous steel continuous
casting operation;

FIG. 11 is the result of calculating a concentration distribution with respect to the longitudinal direction and cross-
section of the strand after the completion of final solidification by only considering an effect of the mold without
considering an effect of tundish during the heterogeneous steel continuous casting operation;

FIG. 12 is a flowchart illustrating a method of obtaining dimensionless concentrations of surface and center of the
strand according to an exemplary embodiment;

FIG. 13 is a graph comparing dimensionless concentration data of the surface and the center of the strand obtained
according to the exemplary embodiment with results of the measurement of actual components in the longitudinal
direction of the cast strand;

FIG. 14 is a graph comparing data in which a mixed portion is predicted by the prediction method according to the
exemplary embodiment and concentrations are measured by collecting the predicted mixed portion; and

FIG. 15 is a graph in which lengths of mixed portions are analyzed by the method of predicting a mixed portion
according to the exemplary embodiment for 1 year.

MODE FOR CARRYING OUT THE INVENTION

[0036] Hereinafter, exemplary embodiments will be described in detail with reference to the accompanying drawings.
The present invention may, however, be embodied in different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the present invention to those skilled in the art.

[0037] Hereinafter, a solidified object, which is solidified in a mold, drawn or discharged to the outside of the mold,
and formed by extending in a casting direction, in a state before cut-off is denoted as "strand", and an object, in which
the strand is cut to a predetermined length, is denoted as "slab".

[0038] FIG. 1illustrates general continuous casting equipment. FIG. 2illustrate principal parts of the general continuous
casting equipment for describing a process of manufacturing a strand or slab through supply and solidification processes
of molten steel.

[0039] Referring to FIGS. 1 and 2, the continuous casting equipment includes ladles 100: 110 and 120 which accom-
modate refined molten steel and are movable, a tundish 200 configured to accommodate the molten steel supplied from
the ladles 100: 110 and 120, a mold 300 which produces a strand S having a predetermined shape by receiving and
solidifying the molten steel from the tundish 200, a nozzle 400 configured to inject the molten steel in the tundish 200
into the mold by having one end thereof connected to the tundish 200 and having at least a portion of the bottom thereof
installed to be inserted into the mold 300, a plurality of rollers 500 configured to transport the strand S drawn from the
mold 300 in a casting direction, a plurality of segments 600 configured to spray cooling water to the strand S being
transported by the plurality of rollers 500, and a cutter 800 which cuts the strand S continuously produced from the mold
300 to a predetermined size to manufacture a slab 700 having a predetermined shape. Herein, a gas torch or a hydraulic
shear may be used as the cutter 800.

[0040] The tundish 200 has an outlet for supplying the molten steel to the mold 300, wherein the outlet may be provided
in plurality depending on continuous casting equipment and the mold 300 is provided in a number corresponding to the
number of the outlets. Thus, with respect to continuous casting equipment having the plurality of molds 300, the strand
S solidified and drawn from the mold 300 becomes a plurality.

[0041] In continuous casting of heterogeneous steels, molten steels of different steels having different components
are accommodated in the first ladle 110 and the second ladle 120, and when any one ladle 110 or 120 completes the
supply of the molten metal to the tundish 200, a ladle turret (not shown) rotates 180 degrees so as to shift the position
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of the one ladle 110 or 120 with respect to that of the other ladle 110 or 120. Accordingly, the molten steels of the different
steels may be alternatinlgy supplied to the tundish. For example, casting is first performed by supplying the molten steel
contained in the first ladle 110 to the tundish 200, and the molten steel of the second ladle 120 is supplied to the tundish
200 at the end of the casting and cast so that the heterogeneous steels are continuously cast.

[0042] In the continuous casting of the heterogeneous steels, since the molten steel of the steel currently being cast
and being at the end of the operation (hereinafter, referred to as "previous steel") and the molten steel of the steel
subsequently introduced (hereinafter, referred to as "subsequent steel") are mixed in the tundish 200 and the mold 300,
amixed portion, in which the previous steel and the subsequent steel are mixed and solidified, is generated in the strand S.
[0043] Thus, in the continuous casting of the heterogeneous steels, the present disclosure provides a method of
continuous casting heterogeneous steels which may improve the accuracy of the prediction of the mixed portion and
may automatically cut off the mixed portion by obtaining the concentration of the strand S in real time through an online
system, calculating a position of the strand S having the obtained concentration, and predicting a position of the mixed
portion in real time by using the calculated position.

[0044] FIG. 3 is a flowchart sequentially illustrating a method of predicting a heterogeneous steel mixed portion of the
strand according to an exemplary embodiment and a method of cutting the mixed portion by using the above method.
FIGS. 4 and 5 are flowcharts specifically illustrating a method of cutting the mixed portion in a continuous casting method
according to an exemplary embodiment, and FIGS. 4 and 5 include the method of predicting a mixed portion and the
method of cutting the mixed portion of FIG. 3.

[0045] Hereinafter, the method of cutting the mixed portion of the strand during the continuous casting of heterogeneous
steels according to the exemplary embodiment will be described with reference to FIGS. 3 to 5. In this case, in continuous
casting equipment having the plurality of strands which are solidified and drawn from the plurality of molds, since uniform
molten steel is supplied to each strand by a flow control device in the tundish, e.g., a dam or a weir, the method of cutting
the mixed portion is equally applied to each strand. Therefore, a case of applying the method to the single strand will
be described.

[0046] Referring to FIG. 3, the method of predicting a heterogeneous steel mixed portion of the strand according to
the exemplary embodiment includes the processes of: storing process variables or process data for continuous casting
of heterogeneous steels (S100), detecting a signal of opening a ladle (hereinafter referred to as "subsequent ladle")
containing subsequent steel (S200), setting a first reference concentration and a second reference concentration for
predicting a heterogeneous steel mixed portion of a strand solidified and drawn from a mold (S300), obtaining dimen-
sionless relative concentrations of the subsequent steel to previous steel at surface and inside of the strand in real time
and calculating positions in a longitudinal direction of the strand having the dimensionless relative concentrations at the
surface and the inside obtained in real time (S400), comparing the obtained dimensionless relative concentration of the
inside of the strand with the first reference concentration in real time and comparing the obtained dimensionless relative
concentration of the surface of the strand with the second reference concentration in real time (S600), predicting a mixed
portion in the strand according to a comparison result between the obtained dimensionless relative concentrations of
each of the surface and the inside and the first and second reference concentrations (S700), and cutting off the predicted
mixed portion (S1100).

[0047] Herein, the surface and the inside of the strand may be surface and inside in a longitudinal direction (i.e., left
and right direction) of the strand or in a vertical direction (or height direction) of the strand which crosses the casting
direction, the inside may be the center in the vertical direction (or height direction) of the strand, and the surface may
be any one of a top surface and a bottom surface of the strand.

[0048] Also, since the dimensionless relative concentration of the subsequent steel to the previous steel is a degree
or amount in which the subsequent steel is mixed with respect to the previous steel, the dimensionless relative concen-
tration, in other words, may be a degree in which the previous steel and the subsequent steel are mixed, i.e., "mixed
concentration".

[0049] A dimensionless concentration represents a typical concentration value as a dimensionless ratio or dimension-
less value, wherein the dimensionless concentration is a concentration represented by a value of 0 or more or 1 or less.
Thus, the dimensionless relative concentration of the subsequent steel to the previous steel may also be represented
by avalue of 0 or more or 1 orless. A dimensionless concentration of the previous steel is defined as 0 and a dimensionless
concentration of the subsequent steel is defined as 1. For example, in a case in which the dimensionless relative
concentration is 0, it denotes a case in which an amount of the subsequent steel in the molten steel or the strand is 0%,
i.e., a case in which there is no inflow of the subsequent steel. In contrast, in a case in which the dimensionless relative
concentration is 1, it denotes a case in which the amount of the subsequent steel in the molten steel or the strand is
100%. For example, in a case in which the dimensionless relative concentration is 0.4, it denotes that the previous steel
and the subsequent steel in the molten steel or the strand are mixed in a ratio of 60% to 40%.

[0050] The first reference concentration and the second reference concentration, which are compared with the dimen-
sionlessrelative concentrations of each of the center and the surface of the strand obtained in real time, are dimensionless
concentration values.
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[0051] Inthe method of predicting and cutting a heterogeneous mixed portion according to the exemplary embodiment
illustrated in FIG. 3, the method of predicting and cutting a heterogeneous mixed portion as described in FIG. 3 may or
may not be used depending on acquisition time of the dimensionless relative concentrations of each of the surface and
the center of the strand calculated from a time of opening of the subsequent ladle.

[0052] In other words, in a case in which the concentration acquisition time, in which the dimensionless relative
concentrations of each of the surface and the center of the strand are obtained, is less than a reference time, a subsequent
process is performed in which a mixed portion is predicted by comparing the obtained dimensionless concentrations of
each of the center and the surface with the first and second reference concentrations. In contrast, in a case in which the
concentration acquisition elapsed time of the surface and the center of the strand is greater than the reference time, the
process of obtaining the concentration of each of the surface and the center is terminated. The mixed portion is cut off
according to a data table, in which cut-off lengths of the mixed portion, which are preset according to types of the previous
steel and the subsequent steel, are datafied, or the mixed portion is cut to a predetermined length which is preset
regardless of the types of the previous steel and the subsequent steel.

[0053] FIGS. 4 and 5 are flowcharts which include a series of processes, in which the mixed portion is cut off by
automatically predicting the position of the mixed portion according to the above-described dimensionless relative con-
centration acquisition time of each of the surface and the center of the strand, or the mixed portion is cut off by using
the mixed portion cut-off length data table which is preset according to the combination of heterogeneous steels, or the
mixed portion is cut to a predetermined length.

[0054] Referring to FIGS. 4 and 5, the method of continuous casting heterogeneous steels according to the exemplary
embodiment includes the processes of: storing process data according to continuous casting of heterogeneous steels
(S100), detecting a subsequentladle opening signal (S200), setting a first reference concentration and a second reference
concentration for predicting a heterogeneous steel mixed portion of a strand solidified and drawn from a mold (S300),
obtaining dimensionless relative concentrations of each of surface and center of the strand in real time to calculate
positions of the strand having the dimensionless relative concentrations of each of the surface and the center obtained
at a current time (S400), and comparing dimensionless relative concentration acquisition time of the surface and the
center of the strand with a reference time (S500).

[0055] In the above description, after the detecting of the subsequent ladle opening signal (S200), the setting of the
firstreference concentration and the second reference concentration for predicting the heterogeneous steel mixed portion
of the strand solidified and drawn from the mold (S300) is performed. However, the exemplary embodiment of the present
disclosure is not limited thereto, and a sequence of the detecting of the subsequent ladle opening signal (S200) and the
setting of the first reference concentration and the second reference concentration for predicting the heterogeneous
steel mixed portion of the strand solidified and drawn from the mold (S300) may be changed.

[0056] In addition, in a case in which the dimensionless relative concentration acquisition time of the surface and the
center of the strand is the reference time or less (YES), the method of continuous casting heterogeneous steels according
to the exemplary embodiment includes the processes of: comparing the obtained dimensionless relative concentration
of the center of the strand with the first reference concentration in real time and comparing the obtained dimensionless
relative concentration of the surface of the strand with the second reference concentration in real time (S600), predicting
and determining a position of the mixed portion of the strand according to a comparison result between the obtained
dimensionless relative concentrations of the surface and the center and the first and second reference concentrations
(S700), and cutting off the predicted mixed portion (S1100).

[0057] Also, in a case in which the dimensionless relative concentration acquisition time of the surface and the center
of the strand is greater than the reference time (NO), the method includes the processes of: terminating the acquisition
of the dimensionless relative concentration of each of the surface and the center of the strand

[0058] (S800), determining whether or not types of heterogeneous steels subjected to a current operation, i.e., the
previous steel and the subsequent steel, are types that are included in a preset mixed portion cut-off length table (S900),
cutting the mixed portion to a corresponding length by searching a type corresponding to a combination of the previous
steel and the subsequent steel subjected to the operation when the combination of the previous steel and the subsequent
steel subjected to the current operation is a type that is included in the preset cut-off length table (YES) (S1200), and
cutting the mixed portion to a predetermined length, e.g., a maximum length when the combination of the previous steel
and the subsequent steel subjected to the current operation is a type that is notincluded in the preset cut-off length table
(NO) (81300).

[0059] Hereinafter, each process of the continuous casting method according to the exemplary embodiment will be
described in detail with reference to FIGS. 6 to 14.

[0060] FIG. 6 is a flowchart specifically illustrating a process of detecting a subsequent ladle opening signal according
to an exemplary embodiment. FIG. 7 is a flowchart illustrating a method of setting the first reference concentration and
the second reference concentration for the prediction of the heterogeneous steel mixed portion of the strand as a method
according to an exemplary embodiment. FIG. 8 is a graphiillustrating a dimensionless concentration for each component
of previous steel and subsequent steel which is obtained by the method according to the exemplary embodiment. FIG.
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9 is a graph illustrating a dimensionless concentration distribution of chromium (Cr) in the vertical direction (section
thickness) and the casting direction (longitudinal direction) of the strand manufactured by heterogeneous steel continuous
casting. FIG. 10 is images illustrating changes in concentration in the mold over time during a heterogeneous steel
continuous casting operation. FIG. 11 is the result of calculating a concentration distribution with respect to the longitudinal
direction and cross-section of the strand after the completion of final solidification by only considering an effect of the
mold without considering an effect of the tundish during the heterogeneous steel continuous casting operation. FIG. 12
is a flowchart illustrating a method of obtaining dimensionless concentrations of the surface and the center of the strand
according to an exemplary embodiment. FIG. 13 is a graph comparing dimensionless concentration data of the surface
and the center of the strand obtained according to the exemplary embodiment with results of the measurement of actual
components in the longitudinal direction of the cast strand. FIG. 14 is a graph comparing data in which the mixed portion
is predicted by the prediction method according to the exemplary embodiment and concentrations are measured by
collecting the predicted mixed portion.

[0061] In the storing of the heterogeneous steel continuous casting process data (S100), information, such as casting
conditions and components of the heterogeneous steels, as variable data for the prediction of the mixed portion of the
strand in the heterogeneous steel operation, is stored. That is, a residual amount of the molten steel in the tundish,
casting speed, concentrations of components of the molten steel subjected to the current operation (hereinafter, referred
to as "previous steel"), and concentrations of components of the molten steel subsequently supplied to the tundish
(hereinafter, referred to as "subsequent steel") are stored. These process data may be initialized for each operation of
the heterogeneous steels to be newly set and stored. Also, in the case that the plurality of strands is drawn from the
continuous casting equipment, a casting speed for each strand is stored.

[0062] In an exemplary embodiment, the dimensionless relative concentration of the strand is obtained from the time
of opening the subsequent ladle. Thus, there is a need to accurately detect a signal of opening the ladle in which the
subsequent steel is stored. Referring to FIG. 6, the detecting of the subsequent ladle opening signal (S200) includes
the processes of: sending a virtual subsequent ladle opening signal (S210), detecting a weight of the tundish in real
time, in milliseconds (ms) from a time when the virtual subsequent ladle opening signal is sent (S220), calculating the
weight of the tundish detected in milliseconds (ms) as an average weight of the tundish in second (s) intervals (S230),
determining whether or not the average weight of the tundish calculated over time is continuously increased by receiving
data of the average weight of the tundish in real time (S240), and setting a time of continuously increasing the average
weight of the tundish as a time of opening the subsequent ladle (S250).

[0063] Typically, in the detection of the subsequent ladle opening signal, when a slide gate of the subsequent ladle
was opened at a predetermined opening ratio or more, for example, 100%, the signal was received and detected as the
subsequent ladle opening signal. However, a case frequently occurred in which the molten steel was not discharged
even if the slide gate was opened because an outlet of the subsequent ladle was clogged. Thus, since the subsequent
ladle opening signal was detected by only sensing an operation of the slide gate even if the molten steel was not
discharged from the ladle, its accuracy may be low.

[0064] Typically, in order to address the above limitation in the detection of the subsequent ladle opening signal for
the prediction of the mixed portion, the weight of the tundish was measured according to the time using a sensor for
detecting the weight of the tundish, wherein the weight of the tundish was measured at very short time intervals in
milliseconds (ms). In a case in which the weight of the tundish is continuously increased when a change in the weight
of the tundish measured in real time, in milliseconds (ms) is analyzed, a programmable logic system (PLC) sends a
signal that the subsequent ladle is opened. However, hunting of the weight of the tundish, which was measured at very
shorttime intervals, i.e., in milliseconds (ms), may occur due to the sensitivity of the sensor. Accordingly, a case frequently
occurred in which the PLC sent the subsequent ladle opening signal even in a situation in which the subsequent ladle
is not actually opened. In order to address this limitation, the PLC was allowed to send the subsequent ladle opening
signal at a time when the weight of the tundish at a time of continuous increase in the weight was again sensed after
the weight of the tundish was continuously increased. However, since the opening signal was sent when the weight of
the tundish at the time of continuous increase in the weight was again sensed, a case frequently occurred in which the
ladle opening signal was delayed and sent unlike a real case. In order to address the delay of the opening signal, data
for 10 minutes before the time when the weight of the tundish at the time of continuous increase in the weight was again
sensed were searched and an operation of setting a time when the weight of the tundish was a minimum was again
performed. However, such a method, as a follow-up method, has a limitation in that the subsequent ladle opening signal
may not be detected in real time. Thus, the subsequent ladle opening signal may still be delayed or may not be correct,
and this becomes a cause of reducing the accuracy of the prediction of the mixed portion.

[0065] Therefore, in order to accurately detect the subsequent ladle opening signal during the continuous casting
operation of heterogeneous steels in the present disclosure, the PLC sends a virtual subsequent ladle opening signal
according to operating conditions of heterogeneous steels, for example, when the casting speed and the residual amount
of the molten steel are reduced and the casting speed and the residual-steel amount in the tundish are predetermined
values or less (S210). Thereafter, the weight of the tundish is measured in milliseconds (ms), e.g., 200 ms, from a time
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when the virtual subsequent ladle opening signal is sent (S220). Subsequently, the weight of the tundish measured in
milliseconds (ms) is calculated as an average weight of the tundish in seconds (s), for example, at predetermined time
intervals of 1 second or 2 second (S230), and the calculated average weight of the tundish is analyzed in real time to
determine whether or not the weight of the tundish is continuously increased (S240). That is, if they are described by
equations, when "W," is a weight of the residual-steel amount in the tundish, "t" is a current time, and "t-At" is an earlier
time, t-2*At is determined as the time of opening the subsequent ladle when both of W4(t) - W4(t-At) and W4(t) - W4 (t-
2*At) are greater than or equal to "0", and thus, a subsequent ladle opening signal is sent. A dimensionless relative
concentration of each of the surface and the center of the strand is calculated from t-2*At, and, for this purpose, the
residual-steel amount in the tundish and the casting speed are stored from t-4*At so as to enable the prediction of the
mixed portion in real time.

[0066] The first reference concentration and the second reference concentration, which are compared with the dimen-
sionless relative concentration of the center and the dimensionless relative concentration of the surface of the strand
for the prediction of the mixed portion of heterogeneous steels, are dimensionless concentration values. Hereinafter, a
method of calculating the first and second reference concentrations according to an exemplary embodiment will be
described with reference to FIG. 7.

[0067] ReferringtoFIG.7,amethod of setting the first reference concentration and the second reference concentration
for the prediction of the heterogeneous steel mixed portion of the strand according to an exemplary embodiment includes
the processes of: receiving concentration data of all components of each of the previous steel and the subsequent steel
(S310a and S310b), calculating a lower limit dimensionless concentration and an upper limitdimensionless concentration
of each component of the previous steel (S320a), calculating a lower limit dimensionless concentration and an upper
limit dimensionless concentration of each component of the subsequent steel (S320b), setting a lowermost limit dimen-
sionless concentration value among upper limit dimensionless concentration values of each component of the previous
steel as the first reference concentration (S330a), and setting an uppermost limit dimensionless concentration value
among lower limitdimensionless concentration values of each component of the subsequent steel as the second reference
concentration (S330b).

[0068] That is, the lower limit dimensionless concentration of each component of the previous steel is calculated by
Equation 1, and the upper limit dimensionless concentration of each component of the previous steel is calculated by
Equation 2. Also, the lower limit dimensionless concentration of each component of the subsequent steel is calculated
by Equation 3, and the upper limit dimensionless concentration of each component of the subsequent steel is calculated
by Equation 4.

[Equation 1]

Lower limit dimensionless concentration of previous steel =

lower limit concentration of previous steel design specifications — previous steel concentration

subsequent steel concentration — previous steel concentration

[Equation 2]

Upper limit dimensionless concentration of previous steel =

upper limit concentration of previous steel design specifications — previous steel concentration

subsequent steel concentration — previous steel concentration

[Equation 3]

~ower limit dimensionless concentration of subsequent steel =

lower limit concentration of subsequent steel design specifications — previous steel concentration

subsequent steel concentration — previous steel concentration
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[Equation 4]

Upper limit dimensionless concentration of subsequent steel =

upper limit concentration of subsequent steel design specifications — previous steel concentration

subsequent steel concentration — previous steel concentration

[0069] InEquations 1to 4, during the calculation of the dimensionless concentration for each component concentration,
in a case in which the lower limit dimensionless concentration of the previous steel is greater than the upper limit
dimensionless concentration of the previous steel, the lower limit dimensionless concentration value of the previous
steel is substituted with the upper limit dimensionless concentration value of the previous steel and the upper limit
dimensionless concentration value of the previous steel is substituted with the lower limit dimensionless concentration
value of the previous steel. Also, in a case in which the lower limit dimensionless concentration of the subsequent steel
is greater than the upper limit dimensionless concentration of the subsequent steel, the lower limit dimensionless con-
centration value of the subsequent steel is substituted with the upper limit dimensionless concentration value of the
subsequent steel and the upper limit dimensionless concentration value of the subsequent steel is substituted with the
lower limit dimensionless concentration value of the subsequent steel in the same manner. This is applied when the
component concentration of the previous steel is higher than the component concentration of the subsequent steel.
[0070] For example, in a case in which a carbon (C) concentration of the previous steel is 0.4 wt% (0.38 wt% to 0.42
wt%), and a C concentration of the subsequent steel is 0.2 wt% (0.18 wt% to 0.22 wt%), a C dimensionless concentration
of the previous steel becomes 0 (0.1 to -0.1) when dimensionless transformation is performed. That is, since the upper
limit dimensionless concentration of the previous steel becomes -0.1 and the lower limit dimensionless concentration of
the previous steel becomes 0.1, these values are substituted with each other.

[0071] In general, there is a design specification concentration for each component depending on the type of steel to
be manufactured. That is, conditions of the steel to be manufacture are satisfied only when the concentration of each
component is included in a design specification concentration range, and the design specification concentration range
includes lowermost and uppermost limit values for each component and a value between the lowermost and uppermost
limit values. Thus, in the continuous casting of heterogeneous steels, there is a design specification concentration range
for each component of the previous steel, and there is a design specification concentration range for each component
of the subsequent steel.

[0072] Also, the concentration of each component of the previous steel denotes a concentration of each component
of molten steel first cast in a current heterogeneous steel operation and is a concentration determined through a refining
process before the molten steel is supplied to the tundish, wherein it is a concentration value included in the design
specification concentration range of the previous steel. Similarly, the concentration of each component of the subsequent
steel denotes a concentration of each component of molten steel subsequently supplied and is also a concentration
determined through the refining process before the molten steel is supplied to the tundish, wherein it is a concentration
value included in the design specification concentration range of the subsequent steel.

[0073] In Equations 1 to 4, the lower limit and upper limit dimensionless concentrations of the previous steel and the
lower limit and upper limit dimensionless concentrations of the subsequent steel are calculated by using the design
specification lower limit concentration of the previous steel, the design specification upper limit concentration of the
previous steel, the design specification lower limit concentration of the subsequent steel, the design specification upper
limit concentration of the subsequent steel, the concentration of the previous steel, and the concentration of the subse-
quent steel as described above. The lowermost limit dimensionless concentration value among the upper limit dimen-
sionless concentration values of each component of the previous steel is set as the first reference concentration, and
the uppermost limit dimensionless concentration value among the lower limit dimensionless concentration values of
each component of the subsequent steel is set as the second reference concentration. Also, in a subsequent process,
the first reference concentration is a value compared with the dimensionless relative concentration of the center of the
strand calculated in real time, and the second reference concentration is a value compared with the dimensionless
relative concentration of the surface of the strand calculated in real time.

[0074] FIG. 8is a graph illustrating the dimensionless concentration for each component of the previous steel and the
subsequent steel which is calculated by the method according to the exemplary embodiment. For example, C, manganese
(Mn), and Cr are included in each of the previous steel and the subsequent steel, and when lower limit dimensionless
concentrations and upper limit dimensionless concentrations of C, Mn, and Cr components are calculated by the above-
described Equations 1 to 4, the results are as illustrated in FIG. 8. Referring to FIG. 8, among the upper limit dimensionless
concentrations of C, Mn, and Cr, the upper limit dimensionless concentration of Cr is lower than the upper limit dimen-
sionless concentration of C or Mn. Thus, the upper limit dimensionless concentration of Cr is set as the first reference
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concentration. Among the lower limit dimensionless concentrations of C, Mn, and Cr, the lower limit dimensionless
concentration of Cr is higher than the lower limit dimensionless concentration of C or Mn. Thus, the lower limit dimen-
sionless concentration of Cr is set as the second reference concentration. Therefore, according to the example of FIG.
8, the first reference concentration, as a lowermost limit value of the dimensionless concentration for the prediction of
the mixed portion, is 0.07, and the second reference concentration, as an uppermost limit value, is 0.95. In other words,
the dimensionless concentration of the mixed portion is in a range of 0.07 or more to 0.95 or less, and a region from a
point where the dimensionless relative concentration of the center of the strand calculated in real time is 0.07 to a point
where the dimensionless relative concentration of the surface is 0.95 is predicted as the mixed portion.

[0075] The reason for the comparison of the lowermost limit dimensionless concentration value among the uppermost
limit dimensionless concentration values of each component of the previous steel, which is set as the first reference
concentration, with the dimensionless relative concentration of the center calculated in real time and the comparison of
the uppermost limit dimensionless concentration value among the lowermost limit dimensionless concentration values
of each component of the subsequent steel, which is set as the second reference concentration, with the dimensionless
relative concentration of the surface calculated in real time is as follows.

[0076] During the continuous casting of heterogeneous steels, a concentration of one end of the mixed portion of the
strand solidified by mixing the previous steel and the subsequent steel satisfies the design specification concentration
of the previous steel, and the other end of the mixed portion satisfies the design specification concentration of the
subsequent steel. A region between the one end and the other end of the mixed portion is outside the design specification
concentration range of each of the previous steel and the subsequent steel.

[0077] Referring to FIG. 9, it may be understood that the concentration is changed along a vertical direction (cross-
section thickness direction) and a casting direction (longitudinal direction) of the slab. The dimensionless relative con-
centrations of positions in the vertical direction of the strand, i.e., the surface and the center, have a different trend
pattern. Specifically, mixing between the previous steel and the subsequent steel occurs in the surface of the strand
after the time of opening the subsequent ladle. However, with respect to the center, the mixing occurs in the strand
before the time of opening the subsequent ladle. The reason for this is that diffusion of the molten steel mixed and
remixed through the tundish and the mold to the center of an unsolidified molten steel layer in the strand occurs due to
a concentration gradient. That is, the mixing between the previous steel and the subsequent steel is started in the center
of the strand earlier than the surface of the strand.

[0078] Thus, in the present disclosure, when the dimensionless relative concentration of the center of the strand
obtained in real time reaches the lowermost limit dimensionless concentration value (i.e., thefirst reference concentration)
among the upper limit dimensionless concentration values of each component of the previous steel or is deviated from
the lowermost limit dimensionless concentration value (i.e., the first reference concentration), it is determined as a state
in which the mixing is started, and in this case, a position in the longitudinal direction of the strand is determined as a
first cut-off position. Also, when the dimensionless relative concentration of the surface of the strand calculated in real
time reaches the uppermost limit dimensionless concentration value (i.e., the second reference concentration) among
the lower limit dimensionless concentration values of each component of the subsequent steel or is deviated from the
uppermost limit dimensionless concentration value (i.e., the second reference concentration), it is determined as a state
in which the mixing is terminated, and in this case, a position of the strand is determined as a second cut-off position.
In other words, the position in the longitudinal direction of the strand, in which the dimensionless relative concentration
of the center is the lowermost limit dimensionless concentration among the upper limit dimensionless concentration
values of each component of the previous steel, is a starting position of the mixed portion, and the position in the
longitudinal direction of the strand, in which the dimensionless relative concentration of the surface is the uppermost
limit dimensionless concentration among the lower limit dimensionless concentration values of each component of the
subsequent steel, is an end position of the mixed portion. Thus, in the present disclosure, the lowermost limit dimen-
sionless concentration among the upper limit dimensionless concentration values of each component of the previous
steel is named as the first reference concentration and the first reference concentration is compared with the obtained
dimensionless relative concentration of the center. The uppermost limit dimensionless concentration among the lower
limit dimensionless concentration values of each component of the subsequent steel is named as the second reference
concentration, and the second reference concentration is compared with the obtained dimensionless relative concen-
tration of the surface to predict as the mixed portion in which heterogeneous steels are mixed. That is, the position in
the longitudinal direction of the strand, in which the dimensionless relative concentration of the center obtained in real
time reaches the first reference concentration, is determined as the first cut-off position, and the position in the longitudinal
direction of the strand, in which the dimensionless relative concentration of the surface reaches the second reference
concentration, is determined as the second cut-off position to cut off the mixed portion.

[0079] Typically, in the prediction of the mixed portion, the mixed portion was predicted without separate consideration
of each cross-sectional position, i.e., surface and center, of the strand. That is, typically, a concentration of the strand
was obtained under the assumption that concentrations of the surface and the center are the same at one position in
the longitudinal direction of the strand. Accordingly, since accuracy of the position of the mixed portion or the prediction
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of the mixed portion was low, occasions frequently occurred in which the mixed portion was mixed in the product and
delivered to client companies.

[0080] Thus,inthe presentdisclosure, itis recognized that the concentrations of the surface and the center are different
atone position in the longitudinal direction of the strand as described above, and the dimensionless relative concentrations
of each of the surface and the center of the strand are respectively obtained during the continuous casting of heteroge-
neous steels to predict the mixed portion.

[0081] In a typical continuous casting operation of heterogeneous steels, when the subsequent steel is supplied to a
tundish, the previous steel and the subsequent steel are mixed in the tundish, and, in this case, a portion of the mixed
steel is discharged during a process of mixing the previous steel and the subsequent steel and the remainder is contin-
uously remixed while being continuously recycled in the tundish. In addition, the molten steel mixed and remixed in the
tundish is discharged into a mold through a submerged entry nozzle, wherein the molten steel discharged through the
submerged entry nozzle has a turbulent flow. As a result, the mixed molten steel introduced into the mold from the
tundish produces a recirculation flow in an upper region due to the turbulent flow of the molten steel in the mold, and
accordingly, mixing and remixing phenomena repeatedly occur also in the mold and a concentration in the mold is
changed in real time (see FIG. 10). Referring to FIG. 11, a mixed portion, in which the previous steel and the subsequent
steel are mixed, is present in the strand which is solidified and drawn from the mold, and in a case in which a thickness
of the slab is 0.4 m when considering only the mold mixing without consideration of the mixing in the tundish, a length
of the mixed portion is approximately 4 m.

[0082] From the above descriptions of FIGS. 10 and 11, it may be understood that the mixing of the heterogeneous
steels is performed in the mold as well as the tundish, and the mixed portion, in which the previous steel and the
subsequent steel are mixed, is obtained in the strand by the mixing in the mold.

[0083] Typically, since the mixed portion was predicted by only considering the mixing in the tundish without consid-
eration of the mixing in the mold, the accuracy of the position of the mixed portion or the prediction of the mixed portion
was low, and thus, occasions frequently occurred in which at least a portion of the mixed portion was mixed in the product
and delivered to client companies.

[0084] Thus, in the present disclosure, since the mixed portion is predicted and cut off by considering the mixing of
the heterogeneous steels in the mold as well as the tundish, the accuracy of the cut-off of the mixed portion may be
improved.

[0085] During the continuous casting of the heterogeneous steels, the calculating of the dimensionless relative con-
centrations of each of the surface and center in the strand and calculating the positions in the longitudinal direction of
the strand having the corresponding dimensionless relative concentrations (S400) includes the processes of: obtaining
the dimensionless relative concentrations of each of the surface and center of the strand in real time from a time of
detecting the subsequent ladle opening signal (S410) and calculating the positions of the strand having the calculated
concentrations of the surface and the center (S420).

[0086] For the calculating of the concentrations of the surface and center of the strand in real time from the time of
detecting the subsequent ladle opening signal (S410), the calculation is performed in consideration of the mixing in the
mold as described in the present disclosure, and thus, an equation (hereinafter, referring to "Equation 9") for calculating
the concentrations of the surface and the center of the strand includes a concentration of the steel discharged from the
mold. In the following equation, "t+At" denotes a current time and "t" denotes an earlier time.

[0087] Hereinafter, a process of obtaining the concentrations of the surface and the center of the strand in real time
from the time of detecting the subsequent ladle opening signal will be described. In an exemplary embodiment, the
obtaining of the concentrations of the surface and the center of the strand is performed by calculating the concentrations
according to the following equations. Thus, "the obtaining of the concentrations of the surface and the center of the
strand" may be expressed, in other words, by "the calculating of the concentrations of the surface and the center of the
strand".

[0088] Inthe physical aspect, a change in the amount of the molten steel introduced into the tundish may be expressed
by a value in which a change in the weight of the tundish is divided by a change in time (At) and liquid density of the
molten steel. In an exemplary embodiment, an inlet volumetric flow (Q.y_;,) of the subsequent steel in the tundish is first
calculated by using the above-described physical concept of the change in the amount of the molten steel introduced
into the tundish (S411).

[0089] Inthis case, the inlet volumetric flow (Q;q.i,) Of the subsequent steel in the tundish may be calculated by Equation
5 described below.
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[Equation 5]

) IVt 80)- T (0
Qtd-in_ AfX ), T Qta'-out

where W4(t) is a total weight of the molten steel in the tundish at an earlier time, W4(t+At) is a total weight of the molten
steel in the tundish at a current time, Q4. is @ volumetric flow of the molten steel discharged from the tundish, and p|.
is liquid density of the molten steel.

[0090] The total weight (W,4(t)) of the molten steel in the tundish at an earlier time and the total weight (W,(t+At)) of
the molten steel in the tundish at a current time are measured in real time from a sensor disposed on an outer bottom
of the tundish, and the volumetric flow (Q¢q.,,) Of the molten steel discharged from the tundish is calculated as a sum
of a product of a cross-sectional size of the mold and casting speed measured from a sensor disposed on one side of
the strand. Also, since the molten steel is a liquid, a liquid density of the molten steel of 7,000 kg/m3 to 7,400 kg/m3 is
used instead of a solid density of the molten steel of 7,600 kg/m3 to 8,000 kg/m3. Specifically, for example, a liquid
density of the molten steel of approximately 7,200 kg/m3 is used instead of a solid density of the molten steel of approx-
imately 7,800 kg/m3.

[0091] Thereafter, an average dimensionless relative concentration (Ciy_5,c(t+A t)) of the molten steel in the tundish
is calculated using the calculated inlet volumetric flow (Qiq.i,) of the subsequent steel in the tundish (S412). A flow of
the molten steel generated in the tundish may be classified into a primary flow and a secondary flow including a dead
zone, and accordingly, the concentration of the molten steel may be locally different depending on the position of the
molten steel in the tundish. However, in the present dimensionless relative concentration of the molten steel in the
tundish is represented by a specific value without consideration of the local flow, and the specific value is defined as the
average dimensionless relative concentration of the molten steel in the tundish. In this case, the average dimensionless
relative concentration (Ciy_5e(t+A 1)) of the molten steel in the tundish may be calculated by Equation 6 below.

[Equation 6]

Wrd(t) X Crd—ave(t)+ Qfd—in(t) X AIX Pr X Ctd—in(t) Qid—ow(t) X AIX Pr X Cid—oui(t)
Waltt Ao W (tt At)

Crd—ave(t+ Al):

where Cyy_,,c(t+At) is an average dimensionless relative concentration of the molten steel in the tundish at a current
time, Wy4(t) is a total weight of the molten steel in the tundish at an earlier time, Cyy_,,(t) is an average dimensionless
relative concentration of the molten steel in the tundish at an earlier time, Q;y_,(t) is an inlet volumetric flow of the molten
steel introduced into the tundish at an earlier time, C,4.,(t) is an inlet concentration (dimensionless relative concentration)
of the subsequent steel in the tundish at an earlier time, Quq.4(t) is a volumetric flow of the molten steel discharged from
the tundish at an earlier time, Cyy_,(t) is @ concentration (dimensionless relative concentration) of the molten steel
discharged from the tundish at an earlier time, and p_is liquid density of the molten steel.

[0092] Herein, a value calculated by Equation 5 as described above is used as the inlet volumetric flow (Q;y_;,) of the
subsequent steel in the tundish, the total weight (W4(t)) of the molten steel in the tundish at an earlier time and the total
weight (W 4(t+At)) of the molten steel in the tundish at a current time are respectively values measured in real time, i.e.,
at a predetermined time interval, from the sensor disposed in the tundish, the volumetric flow (Qi4.ot) Of the molten steel
discharged from the tundish at a current time may be calculated as a sum of a product of the cross-sectional size of the
mold and the casting speed measured from the sensor disposed on one side of the strand, and p|_is the liquid density
of the molten steel, wherein a value of 7,000 kg/m3 to 7,400 kg/m3, for example, approximately 7,200 kg/m3, is used.
[0093] In the supplying of the subsequent steel contained in the ladle to the tundish, since it is before the subsequent
steel is supplied to the tundish and mixed, the concentration (C;44(t)) of the subsequent steel introduced into the tundish
at an earlier time is always "1". Also, an initial value of the average dimensionless relative concentration (Ciy_5.e(t)) of
the molten steel in the tundish at an earlier time and an initial value of the dimensionless relative concentration (C;y_q(t))
of the molten steel discharged from the tundish are setas 0 .
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[0094] The average dimensionless relative concentration (Cq_,,.(t*+At)) of the molten steel in the tundish at a current
time is calculated by using the initial values set as described above.

[0095] Next, avalue calculated by Equation 6 is used as the average dimensionless relative concentration (Ciy_5e(t+At))
of the molten steel in the tundish at a current time, and a value, which is calculated at a current time by Equation 7 to
be described later, is used as a dimensionless relative concentration (C,y_(t+At)) of the molten steel discharged from
the tundish at a current time.

[0096] When the average dimensionless relative concentration (Cyy_,,6(t*+A 1)) of the molten steel in the tundish at a
current time is calculated, the dimensionless relative concentration (Ciq_ot(t+At)) of the molten steel discharged from
the tundish at a current time is calculated using the average dimensionless relative concentration (Cy_5,o(t+At)) (S413).
In this case, in the present disclosure, the dimensionless relative concentration ((Ciy_t(t+At)) of the molten steel dis-
charged from the tundish is calculated by the following Equation 7.

[Equation 7]

Crd-our(t—I_ At):frd X Crd-ave(t—i_‘ﬂt)—l_(l_frd) X Crd-in(r+At)

where C;y_,t(t+At) is a dimensionless relative concentration of the molten steel discharged from the tundish at a current
time, Ciy.ave(t+At) is an average dimensionless relative concentration of the molten steel in the tundish at a current time,
and Cyy;,(t+At) is a dimensionless relative concentration of the molten steel introduced into the tundish at a current time.
The average dimensionless relative concentration (Ciy_+ye(t+At)) of the molten steel in the tundish at a current time is
calculated by Equation 6 and used as described above, and the dimensionless relative concentration (Cyy;,) of the
subsequent steel introduced into the tundish at a currenttime is 1. fi4 is an interpolation and extrapolation factor, wherein
different interpolation and extrapolation factors are respectively used for the calculation of the dimensionless relative
concentration of the center of the strand and the dimensionless relative concentration of the surface of the strand. That
is, an interpolation and extrapolation factor (fiy_.qnter) Used for the calculation of the concentration of the center of the
strand is 4+2, and an interpolation and extrapolation factor (fiy_ace) Used for the calculation of the concentration of
the surface of the strand is 2.2+0.6.

[0097] Subsequently, an average dimensionless relative concentration (C,,4.aver (t+At)) of the molten steel in the mold
atacurrenttime is calculated using the dimensionless relative concentration ((Ciy_q t(t+At)) of the molten steel discharged
from the tundish at a current time (S414), and is calculated by Equation 8 in the present disclosure.

[Equation 8]

Wmd(t) ot Cmd-ave(t)+ de-in(t) X AIX Pr X Cmd-in(t) de-out(t) X ‘/—\‘IX Pz X Cmd-out(t)
Wmd(t+At) Wmd(t+At)

C e FTAD=

where W 4(1) is a total weight of the molten steel in the mold at an earlier time, C,4_aver (1) is an average dimensionless
relative concentration of the molten steel in the mold at an earlier time, Q,,4.in(t) is an inlet volumetric flow of the molten
steel in the mold at an earlier time, C,,,4.i,(t) is an inlet concentration (dimensionless relative concentration) of the molten
steel in the mold at an earlier time, W, 4(t+At) is a total weight of the molten steel in the mold at a current time, Q,,q_out(t)
is a volumetric flow of the molten steel discharged from the mold, C,,,4.,,t() is @ dimensionless relative concentration of
the steel (i.e., strand) discharged from the mold at an earlier time, and p| is liquid density of the molten steel, wherein
the density is 7,000 kg/m3 to 7,400 kg/m3, for example, approximately 7,200 kg/m3.

[0098] Herein, the total weight (W, ,,4(t+At)) of the molten steel in the mold at a current time and the total weight (W ,4(t))
of the molten steel in the mold at an earlier time may be calculated using length and cross-sectional area of the mold
and the density of the molten metal. That is, the total weight may be calculated by an equation of "total weight (W,,4) of
the molten steel in the mold = (total length of the mold - length from the top of the mold to meniscus) x internal cross-
sectional area of the mold x liquid density of the molten steel". Herein, the internal cross-sectional area of the mold is
the same as the cross-sectional area of the strand. Also, a flow of the strand (or steel) discharged from the mold may
be calculated as a total sum of a product of the internal cross-sectional area of the mold and the casting speed measured
from the sensor disposed on one side of the strand. The dimensionless relative concentration (C,,4.in(t)) of the subsequent
steel introduced into the mold at an earlier time is always the same as the dimensionless relative concentration (C;y_q(t))
of the subsequent steel discharged from the tundish at an earlier time. Also, an initial value of the average dimensionless
relative concentration (C,,,4.aver (1)) Of the molten steelin the mold at an earlier time and an initial value of the dimensionless
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relative concentration (C,q4.o,t(t)) of the molten steel discharged from the mold are set as 0.

[0099] The average dimensionless relative concentration (C,,4.aver (1)) Of the molten steel in the mold at a current time
is calculated using the set initial values.

[0100] Next, a value calculated by Equation 8 is used as the average dimensionless relative concentration (Cp,y_aver
(t+At)) of the molten steel in the mold at a current time, and a value, which is calculated at a current time by Equation 9
to be described later, is used as a dimensionless relative concentration (C (t+At)) of the molten steel discharged
from the mold at a current time.

[0101] Thereafter, a dimensionless relative concentration (C,4.out(t+At)) of the steel (i.e., strand) discharged from the
mold at a current time is calculated (S415). In the present disclosure, the dimensionless relative concentration
(Crna-out(t+At)) of the steel (i.e., strand) discharged from the mold at a current time is calculated by the following Equation 9.

md-out

[Equation 9]

Cmd-our(t+At):fmd X Cmd-ave(t+At)+(1'fmd) X Cmd-in(t—l_At)

where C,4.out(t+At) is a dimensionless relative concentration of the steel (i.e., strand) discharged from the mold at a
currenttime, C,,4.aver(t+At) is an average dimensionless relative concentration of the molten steel in the mold at a current
time, and C,4.i,(t+At) is a dimensionless relative concentration of the molten steel introduced into the mold at a current
time. Herein, the dimensionless relative concentration (C,,4_o,t(t+At)) of the steel discharged from the mold at a current
time is a dimensionless relative concentration of the strand solidified and discharged or drawn from the mold at a current
time and is a value to be calculated by Equation 9. Also, a value calculated by the above-described Equation 8 is used
as the average dimensionless relative concentration (C,q.aver (t+At)) of the molten steel in the mold at a current time,
and f,4 is an interpolation and extrapolation factor, wherein different interpolation and extrapolation factors are respec-
tively used for the calculation of the dimensionless relative concentration of the center of the strand and the dimensionless
relative concentration of the surface of the strand. That is, an interpolation and extrapolation factor (f,,4_center) Used for
the calculation of the dimensionless relative concentration of the centeris 0.7 0.4, and an interpolation and extrapolation
factor (fg_surface) US€d for the calculation of the dimensionless relative concentration of the surface of the strand is
0.5x0.2. Furthermore, the dimensionless relative concentration (C,q.i,(t+At)) of the molten steel introduced into the
mold at a current time is the dimensionless relative concentration (Cyy_,«(t+At)) of the steel discharged from the tundish
atacurrenttime, wherein a value calculated by the above-described Equation 7 is used. Since the molten steel discharged
from the mold is mainly composed of liquid molten steel, a liquid density value of the molten steel of 7,000 kg/m3 to
7,400 kg/m3, for example, approximately 7,200 kg/m3 is used.

[0102] The dimensionless relative concentrations of each of the surface and the center of the strand are obtained in
real time during the heterogeneous steel operation by the above-described method, and the positions in the longitudinal
direction (or casting direction) of the strand having the dimensionless relative concentrations of each of the surface and
the center obtained in real time are then calculated (S420).

[0103] For this purpose, in the longitudinal direction (or casting direction) of the strand, a process of setting a position
in which the dimensionless relative concentration of the surface of the strand begins to be obtained and a position in
which the dimensionless relative concentration of the center of the strand begins to be obtained is first performed. As
described above, the reason for this is that, during the continuous casting of heterogeneous steels, the mixed portion
between the previous steel and the subsequent steel is present on the surface of the strand after the time of opening
the subsequent ladle, but mixing occurs in the center of the strand before the time of opening the subsequent ladle. That
is, the reason is that the diffusion of the molten steel mixed and remixed through the tundish and the mold to the center
of the unsolidified molten steel layer in the strand occurs due to the concentration gradient. Accordingly, the mixing
between the previous steel and the subsequent steel occurs in the center of the strand earlier than the surface of the
strand, and, in general, the mixing in the center generally occurs at a position of -4=4 m from a position of the strand
at the time of detecting the subsequent ladle opening signal.

[0104] Thus, there is a need to set the position in which the concentration begins to be obtained, particularly, the
position in which the concentration of the center begins to be obtained.

[0105] Accordingly, in the present disclosure, the position of the strand at the time of detecting the subsequent ladle
opening signal is set as the position in which the dimensionless relative concentration of the surface of the strand begins
to be measured. In addition, the position of -4 =4 m from the position of the strand at the time of detecting the subsequent
ladle opening signal is set as the position in which the dimensionless relative concentration of the center of the strand
begins to be obtained.

[0106] When the positions in which the dimensionless relative concentrations of each of the surface and the center
of the strand begins to be obtained are set, the position of the strand having the calculated dimensionless relative
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concentration of the center of the strand at a current time and the position of the strand having the calculated dimensionless
relative concentration of the surface of the strand at a current time are calculated (S420).

[0107] First, the position of the strand having the calculated dimensionless relative concentration of the surface may
be obtained from a length value which is calculated by dividing a product of a mold discharge volumetric flow (Q4-out)
in the strand and liquid density of the molten steel by a product of a cross-sectional area (A4) of the strand and solid
density (pg) of the molten steel. When this is expressed by an equation (hereinafter, referred to as "Equation 10"), the
equation is as follows.

[Equation 10]

Qm =0l x p
(AL
Am'd>< pS

[0108] Herein, the reason for using the solid density (7,600 kg/m3 to 8,000 kg/m3) of the molten steel as a density
value is that a shrinkage in the longitudinal direction due to the solidification of the liquid molten steel is considered.
[0109] The value calculated by Equation 10 is a length value, and a position of a point, which moves as much as the
calculated length value based on a position of the meniscus of the strand, is the position of the strand having the
corresponding concentration of the surface. In addition, the position of the strand having the calculated concentration
of the center is a position of -4+4 m from the position of the strand having the concentration of the surface obtained at
the same time.

[0110] Thus, in the present disclosure, the dimensionless relative concentration of the surface and the dimensionless
relative concentration of the center of the strand are obtained by the above-described method, and the positions in the
longitudinal direction of the strand having the obtained dimensionless relative concentrations of each of the surface and
the center are calculated. In addition, calculation time is counted from a time of calculating the dimensionless relative
concentration of each of the surface and the center of the strand, and the calculation time is compared with the reference
time in real time (S500).

[0111] In the continuous casting operation, the strand drawn from the mold is transferred in the casting direction, i.e.,
a direction in which the cutter is disposed, as the casting time has elapsed. Accordingly, the mixed portion generated
in the strand is gradually close to the cutter as the operation time has elapsed, and the prediction of the mixed portion
must be ended before the mixed portion is disposed under the cutter. In other words, before the actual mixed portion is
disposed under the cutter, the calculated dimensionless relative concentration of the center must reach the first reference
concentration and the calculated dimensionless relative concentration of the surface must reach the second reference
concentration. Thus, in an exemplary embodiment, a reference drawn time is set in consideration of the casting speed
of heterogeneous steels, wherein the reference time is counted from the beginning of the calculation of the dimensionless
relative concentration of each of the surface and the center, and is a time in which the mixed portion does not pass the
cutter and reaches a predetermined position in front of the cutter. In this case, the predetermined position may be
changed according to a position of the cutter and operating equipment or operating conditions, and the time required to
reach the above-described predetermined position at a casting speed during a typical heterogeneous steel operation
may be estimated. The reference time may be obtained by using the casting speed and is changed according to the
operating equipment or operating conditions as described above.

[0112] An acquisition time is counted in real time while obtaining the dimensionless relative concentration of each of
the surface and the center of the strand, and is compared with the reference time in real time (S500), wherein, if the
acquisition time is within the reference time (YES), the obtained dimensionless relative concentration of the center is
compared with the first reference concentration and the obtained dimensionless relative concentration of the surface is
compared with the second reference concentration (S600).

[0113] In this case, the position in the longitudinal direction of the strand, in which the dimensionless relative concen-
tration of the center reaches the first reference concentration, is set as a starting point, and the position in the longitudinal
direction of the strand, in which the dimensionless relative concentration of the surface reaches the second reference
concentration, is set as an end point so that a position from the starting point to the end point of the mixed portion is
predicted as a position of the mixed portion (S700). That is, when the dimensionless relative concentration of the center
reaches the first reference concentration, the acquisition of the dimensionless relative concentration of the center is
repeated or terminated, and the position of the strand, in which the dimensionless relative concentration of the center
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reaches the first reference concentration, is set as a starting position, i.e., the first cut-off position, of the mixed portion.
Also, when the dimensionless relative concentration of the surface reaches the second reference concentration, the
acquisition of the dimensionless relative concentration of the surface is repeated or terminated, and the position of the
strand, in which the dimensionless relative concentration of the surface reaches the second reference concentration, is
set as an end position, i.e., the second cut-off position, of the mixed portion. Thereafter, the cutter cuts off the predicted
mixed portion from the strand by cutting the strand at the first cut-off position and the second cut-off position (S1100).

[0114] In contrast, when the dimensionless relative concentration of the center does not reach the first reference
concentration or the dimensionless relative concentration of the surface does not reach the second reference concen-
tration, the obtaining of the dimensionless relative concentrations of each of the surface and the center of the strand
(S410) and the calculating of the positions of the corresponding dimensionless relative concentrations (S420) are re-
peated. Also, for example, in a case in which the dimensionless relative concentration of the center reaches the first
reference concentration, but the dimensionless relative concentration of the surface does not reach the second reference
concentration, the acquisition of the dimensionless relative concentration of the center is repeated or terminated and
the process of the obtaining of the dimensionless relative concentration of the surface and the calculation of the position
is again performed. In contrast, in a case in which the dimensionless relative concentration of the surface reaches the
second reference concentration, but the dimensionless relative concentration of the center does not reach the first
reference concentration, the acquisition of the dimensionless relative concentration of the surface is repeated or termi-
nated and the process of the obtaining of the dimensionless relative concentration of the center and the calculation of
the position is again performed.

[0115] As another case example, an acquisition time is counted in real time while obtaining the dimensionless relative
concentration of each of the surface and the center of the strand, and is compared with the reference time in real time
(S500), wherein, if the acquisition time exceeds the reference time (NO), the acquisition of the dimensionless relative
concentration of each of the surface and the center of the strand is terminated (S800). In addition, it is determined
whether or not a combination of the previous steel and the subsequent steel subjected to a current operation is a type
that is included in the preset mixed portion cut-off length table (S900).

[0116] Forexample, in a case in which the combination of the heterogeneous steels subjected to the current operation
is a type that is included in the preset mixed portion cut-off length table, the strand is cut to the cut-off length listed in
the mixed portion cut-off length table (S1200). In this case, the strand may be cut to a corresponding cut-off length based
on the position of the meniscus of the strand. However, in a case in which the combination of the heterogeneous steels
subjected to the current operation is a type that is not included in the preset mixed portion cut-off length table, the strand
is cut to a maximum cut-off length based on the position of the meniscus of the strand (S1300).

[0117] Referring to FIGS. 13 and 14, it may be understood that the position or the cut-off position of the mixed portion
calculated by the method of the exemplary embodiment and the position or the cut-off position of the mixed portion
detected by direct measurement of the components of the strand coincide with each other. Also, as illustrated in FIG.
14, when the dimensionless relative concentration of the center reaches the first reference concentration and the di-
mensionless relative concentration of the surface reaches the second reference concentration, the acquisition of the
dimensionless relative concentrations of the surface and the calculation of the position is automatically terminated. In
the above description, the method of predicting the mixed portion by obtaining the dimensionless concentrations of the
surface and the center in the height direction of the strand has been described. However, the positions of the acquisition
of the dimensionless concentrations are not limited to the center and the surface, and the mixed portion may be predicted
by obtaining dimensionless concentrations at a plurality of positions in the height direction of the strand or positions
having different heights of the strand.

[0118] Hereinafter, the method of continuous casting heterogeneous steels according to the exemplary embodiment
will be sequentially described with reference to FIGS. 1 to 7 and 12. In this case, steel being first subjected to a casting
operation is named as previous steel and steel, in which a casting operation is subsequently started, is named as
subsequent steel. Descriptions overlapping with the above-described descriptions will be omitted or will be briefly de-
scribed.

[0119] First, the casting speed is decreased at an end of operation of the previous steel, and when the residual amount
of the previous steel in the tundish is a predetermined amount or less, the programmable logic system (PLC) sends a
virtual subsequentladle opening signal (S200). Thereafter, a weight of the tundish is measured inreal time, in milliseconds
(ms), for example, 200 ms, from a time when the virtual subsequent ladle opening signal is sent (S220). Subsequently,
the weight of the tundish detected in milliseconds (ms) is calculated as an average weight of the tundish in seconds (s),
for example, at predetermined time intervals of 1 second or 2 second (S230), and the calculated average weight of the
tundish is analyzed in real time to determine whether the average weight of the tundish is continuously increased or not
(S240). That is, t-2*At is determined as a time of opening the subsequent ladle when both of Wy(t) - W4(t-At) and Wq(t)
- Wi4(t-2*At) are greater than or equal to "0", and thus, a subsequent ladle opening signal is detected (S200).

[0120] Afterthe sending of the virtual subsequent ladle opening signal (S210), data for the prediction of a mixed portion
of the strand are stored in a controller of the continuous casting equipment (S100). That is, a residual amount of the
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molten steel in the tundish, casting speed, concentrations of components of the molten steel subjected to the current
operation (hereinafter, referred to as "previous steel"), and concentrations of components of the molten steel subsequently
supplied to the tundish (hereinafter, referred to as "subsequent steel") are received and stored. In this case, the residual-
steel amount in the tundish and the casting speed are stored from t-4*At so as to enable the prediction of the mixed
portion in real time. Also, with respect to continuous casting equipment in which several strands are generated, it is
determined whether or not the equipment is operated for each strand, and casting speed of each strand is stored.
[0121] Next, a first reference concentration and a second reference concentration for predicting the heterogeneous
steel mixed portion of the strand solidified and drawn from a mold are set by using the stored concentration data of each
component of the previous steel and each component of the subsequent steel (S300). Specifically, a lowermost limit
dimensionless concentration value among upper limit dimensionless concentration values of each component of the
previous steel is set as the first reference concentration. Also, an uppermost limit dimensionless concentration value
among lower limit dimensionless concentration values of each component of the subsequent steel is set as the second
reference concentration. During the calculation of the dimensionless concentrations for each component concentration,
in a case in which the lower limit dimensionless concentration of the previous steel is greater than the upper limit
dimensionless concentration of the previous steel, the lower limit dimensionless concentration value of the previous
steel is substituted with the upper limit dimensionless concentration value of the previous steel and the upper limit
dimensionless concentration value of the previous steel is substituted with the lower limit dimensionless concentration
value of the previous steel. Furthermore, in a case in which the lower limit dimensionless concentration of the subsequent
steel is greater than the upper limit dimensionless concentration of the subsequent steel, the lower limit dimensionless
concentration value of the subsequent steel is substituted with the upper limit dimensionless concentration value of the
subsequent steel and the upper limit dimensionless concentration value of the subsequent steel is substituted with the
lower limit dimensionless concentration value of the subsequent steel in the same manner. This is applied when the
component concentration of the previous steel is higher than the component concentration of the subsequent steel.
[0122] Thefirstreference concentration and the second reference concentration are reference values for the prediction
of the mixed portion, wherein the first reference concentration and the second reference concentration are changed
according to the type and combination of the previous steel and the subsequent steel.

[0123] When the first reference concentration and the second reference concentration for the prediction of the mixed
portion are set, the dimensionless relative concentration of each of the surface and center of the strand is calculated in
real time from the time of detecting the subsequent ladle opening signal, i.e., t-2*A t, and a time for the calculation of
the dimensionless relative concentration is counted from the time of detecting the subsequent ladle opening signal (t-
2*A t) (S410). Also, a position of the strand at a time of sending the subsequent ladle opening signal is set as a position
in which the dimensionless relative concentration of the surface of the strand begins to be measured. In addition, a
position of -4+4 m from the position of the strand at the time of opening the subsequent ladle is set as a position in
which the dimensionless relative concentration of the center of the strand begins to be obtained.

[0124] As described above, the method of obtaining the dimensionless relative concentrations of the surface and the
center includes the processes of: first calculating an inlet volumetric flow (Qy.i,) of the subsequent steel in the tundish
using Equation 5 (S411), calculating an average dimensionless relative concentration (Ciy_5,c(t+A t)) of the molten steel
in the tundish at a current time by applying the calculated inlet volumetric flow (Q;q.,) of the subsequent steel in the
tundish to Equation 6 (S412), calculating a dimensionless relative concentration (Cyy_o,1(t+At)) of the molten steel dis-
charged from the tundish at a current time by applying the calculated average dimensionless relative concentration
(Cig-ave(t+A 1)) at a current time to Equation 7 (S413), calculating an average dimensionless relative concentration
(Crng-aver (t+AD) of the molten steel in the mold at a current time by applying the calculated dimensionless relative
concentration (Ciy_o t(t+At)) of the molten steel discharged from the tundish at a current time to Equation 8 (S414), and
calculating a dimensionless relative concentration (C,q_out(t+At)) of the strand discharged from the mold at a current
time by applying the calculated dimensionless relative concentration ((Cy_ot(t+At)) of the molten steel discharged from
the tundish at a current time and the calculated average dimensionless relative concentration (C,q_ayer (1+At)) of the
molten steel in the mold at a current time to Equation 9 (S415). In this case, since a dimensionless relative concentration
(Crng-in(t*+At)) of the molten steel introduced into the mold at a current time in Equation 9 is the dimensionless relative
concentration ((Ciy_qut(t+At)) of the molten steel discharged from the tundish at a current time, the dimensionless relative
concentration ((Ciy.oui(t+At)) of the molten steel discharged from the tundish at a current time calculated by Equation 7
is applied to the dimensionless relative concentration (C,,4.i5(t+At)) of the molten steel introduced into the mold in Equation
9.

[0125] In the above-described method of calculating the concentration, the dimensionless relative concentration of
the surface of the strand may be calculated by applying a value of interpolation and extrapolation factor for the calculation
of the surface to an interpolation and extrapolation factor (f) of each of Equation 7 for calculating the dimensionless
relative concentration ((Ciy_qut(t+At)) of the molten steel discharged from the tundish at a current time and Equation 9
for calculating the dimensionless relative concentration (C,,4.out(t+At)) of the steel discharged from the mold at a current
time. That is, the dimensionless relative concentration of the surface of the strand may be obtained when 2.2+0.6 is
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applied to the interpolation and extrapolation factor (f) of Equation 7 for calculating the dimensionless relative concen-
tration ((Cig_out(t+At)) of the molten steel discharged from the tundish and 0.5=0.2 is applied to the interpolation and
extrapolation factor (f) of Equation 9 for calculating the dimensionless relative concentration (C,q_out(t+At)) of the steel
discharged from the mold. Similarly, the dimensionless relative concentration of the center of the strand may be obtained
when 4+2 is applied to the interpolation and extrapolation factor (f) of Equation 7 for calculating the dimensionless
relative concentration ((Cq_o,i(t+At)) of the molten steel discharged from the tundish at a current time and 0.7+0.4 is
applied to the interpolation and extrapolation factor (f) of Equation 9 for calculating the dimensionless relative concen-
tration (C,q-out(t+At)) of the steel discharged from the mold at a current time.

[0126] When the dimensionless relative concentrations of each of the surface and the center of the strand are obtained
in real time, positions in the longitudinal direction of the strand having the calculated dimensionless relative concentration
of the center and the calculated dimensionless relative concentration of the surface are calculated (S420). The position
of the strand having the calculated dimensionless relative concentration of the surface may be calculated by dividing a
product of a mold discharge volumetric flow (Q,,4.o,¢) in the strand and liquid density of the molten metal by a product
of a cross-sectional area (A,,q) of the strand and solid density (pg) of the molten steel as illustrated in Equation 10.
Herein, a solid density of the molten steel of 7,600 kg/m3 to 8,000 kg/m3, for example, approximately 7,800 kg/m3 is
used as a density value. In addition, the position of the strand having the obtained dimensionless relative concentration
of the center is a position of -4+4 m from the position of the strand having the dimensionless relative concentration of
the surface calculated at the same time.

[0127] The dimensionless relative concentrations of each of the surface and the center of the strand are obtained by
the above-described method, and a time of calculating the concentration is compared with the reference time in real
time while the positions in the longitudinal direction of the strand having the obtained dimensionless relative concentrations
of each of the surface and the center are calculated (S500). If the calculation time is within the reference time (YES),
the calculated dimensionless relative concentrations of each of the center and the surface of the strand are respectively
compared with the first reference concentration and the second reference concentration (S600).

[0128] When the dimensionless relative concentration of the center obtained in real time reaches the first reference
concentration and the dimensionless relative concentration of the surface reaches the second reference concentration,
the calculation of the concentration is terminated and the mixed portion is predicted and set (S700). That is, when the
dimensionless relative concentration of the center obtained in real time reaches the first reference concentration, the
calculation of the position in the longitudinal direction of the strand having the dimensionless relative concentration of
the center is terminated, and the position of the strand, in which the dimensionless relative concentration of the center
reaches the first reference concentration, is set as a starting position. Also, when the dimensionless relative concentration
of the surface obtained in real time reaches the second reference concentration, the calculation of the position in the
longitudinal direction of the strand having the dimensionless relative concentration of the surface is terminated, and the
position of the strand, in which the dimensionless relative concentration of the surface reaches the second reference
concentration, is setas an end position. Herein, a region from the position of the strand in which the obtained dimensionless
relative concentration of the center has a first reference concentration value to the position of the strand in which the
obtained dimensionless relative concentration of the surface has a second reference concentration value is predicted
as the mixed portion. Thereafter, since the cutter automatically cuts the strand at the starting position and the end
position, the heterogeneous steel mixed portion is cut off from the strand (S1100).

[0129] When the dimensionless relative concentration of the center does not reach the first reference concentration
or the dimensionless relative concentration of the surface does not reach the second reference concentration, the
obtaining of the dimensionless relative concentrations of the surface and the center of the strand (S410) and the calculating
of the positions of the corresponding dimensionless relative concentrations (S420) are repeated.

[0130] If a time for obtaining the concentration and calculating the position exceeds the reference time (NO), the
acquisition of the concentrations of the surface and the center of the strand and the calculation of the positions are
terminated (S800). In addition, it is determined whether or not a combination of the previous steel and the subsequent
steel subjected to a current operation is a type that is included in a preset mixed portion cut-off length table (S900). For
example, in a case in which the combination of the heterogeneous steels subjected to the current operation is a com-
bination that is included in the preset mixed portion cut-off length table, the strand is cut to the cut-off length listed in the
mixed portion cut-off length table (S1200). In this case, the strand may be cut to a corresponding cut-off length based
on a position of the meniscus of the strand. However, in a case in which the combination of the heterogeneous steels
subjected to the current operation is a type that is not included in the preset mixed portion cut-off length table, the strand
is cut to a predetermined cut-off length, e.g., a maximum length, based on the position of the meniscus (S1300). After
the strand is cut to a predetermined length, the slab before the mixed portion and the slab after the mixed portion are
set as abnormal materials and components are verified with a component analyzer.

[0131] FIG. 15is a graph in which lengths of mixed portions are analyzed by the method of predicting a mixed portion
according to the exemplary embodiment for 1 year.

[0132] Referring to FIG. 15, it may be understood that the length of the mixed portion was varied from 0 m to 23 m
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according to a real-time operation method and a concentration of the steel. That is, in the present disclosure, since the
length and the position of the mixed portion were calculated for each operation of heterogeneous steels without cutting
the strand to a predetermined length regardless of operating conditions for each operation of heterogeneous steels as
in the related art, the mixed portion was predicted and then cut, and thus, its accuracy was improved. Specifically, the
dimensionless relative concentrations of each of the surface and the center of the strand are obtained in real time, and
the length and the position of the mixed portion were deduced by using the dimensionless relative concentrations. Thus,
in the present disclosure, a decrease in profitability due to excessive cut-off of the mixed portion may be prevented, and
the shipment of defect products due to less cut-off of the mixed portion to client companies may be prevented.

INDUSTRIAL APPLICABILITY

[0133] A method of continuous casting heterogeneous steels according to the present disclosure may predict a mixed
portion of a strand, which is manufactured by mixing previous steel and subsequent steel, and may automatically cut
the mixed portion. Thus, since the accuracy of the prediction of the position and the length of the mixed portion is
improved, a decrease in profitability due to excessive cut-off of the mixed portion may be prevented and the shipment
of defect products due to less cut-off of the mixed portion to client companies may be prevented. Therefore, there is an
effect of improving productivity in which a high-quality slab is manufactured in the continuous casting operation of
heterogeneous steels.

Claims
1. A method of continuous casting heterogeneous steels, the method comprising:

obtaining dimensionless relative concentrations of subsequent steel to previous steel respectively at surface
and inside of a continuous cast strand in real time;

calculating positions in a longitudinal direction of the strand having the dimensionless relative concentrations
of the surface and the inside obtained in real time;

predicting a mixed portion in the strand by respectively comparing the obtained dimensionless relative concen-
trations of the surface and the inside with reference concentrations; and

cutting off the predicted mixed portion.

2. The method of claim 1, wherein the positions of the strand, from which the dimensionless relative concentrations
are obtained, are a surface and a center in a height direction of the strand.

3. A method of continuous casting heterogeneous steels, the method comprising:

obtaining dimensionless relative concentrations of subsequent steel to previous steel respectively at a plurality
of positions in a height direction of a strand solidified and continuous cast from a mold in real time by using
relative amounts of the previous steel and the subsequent steel in a tundish and relative amounts of the previous
steel and the subsequent steel in the mold;

calculating positions in a longitudinal direction of the strand having the dimensionless relative concentrations
obtained in real time;

predicting a mixed portion in the strand by respectively comparing the obtained dimensionless relative concen-
trations with reference concentrations; and

cutting off the predicted mixed portion.

4. The method of claim 3, wherein the plurality of positions in the height direction of the strand, from which the dimen-
sionless relative concentrations are obtained, comprises a surface and a center of the strand.

5. The method of claim 1 or 3, further comprising setting the reference concentrations, before the obtaining of the
dimensionless relative concentrations of the subsequent steel to the previous steel in the continuous cast strand in
real time,
wherein the setting of the reference concentrations comprises:

setting a lowermost limit concentration among upper limit concentrations of each component of the previous

steel as a first reference concentration; and
setting an uppermost limit concentration among lower limit concentrations of each component of the subsequent
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steel as a second reference concentration.

The method of claim 5, wherein the setting of the first reference concentration and the second reference concentration
comprises:

calculating concentrations of the components of the previous steel as lower limit dimensionless concentrations
and upper limit dimensionless concentrations;

setting a lowermost limit dimensionless concentration among the upper limit dimensionless concentrations of
the each component of the previous steel as the first reference concentration;

calculating concentrations of the components of the subsequent steel as lower limit dimensionless concentra-
tions and upper limit dimensionless concentrations; and

setting an uppermost limit dimensionless concentration among the lower limit dimensionless concentrations of
the each component of the subsequent steel as the second reference concentration.

The method of claim 6, wherein the calculating of the concentrations of the each component of the previous steel
as the lower limit dimensionless concentrations and the upper limit dimensionless concentrations comprises sub-
stituting a lower limit dimensionless concentration value of the previous steel with an upper limit dimensionless
concentration value of the previous steel and substituting the upper limit dimensionless concentration value of the
previous steel with the lower limit dimensionless concentration value of the previous steel when the lower limit
dimensionless concentration of the previous steel is greater than the upper limit dimensionless concentration of the
previous steel; and

the calculating of the concentrations of the each component of the subsequent steel as the lower limit dimensionless
concentrations and the upper limit dimensionless concentrations comprises substituting a lower limit dimensionless
concentration value of the subsequent steel with an upper limit dimensionless concentration value of the subsequent
steel and substituting the upper limit dimensionless concentration value of the subsequent steel with the lower limit
dimensionless concentration value of the subsequent steel when the lower limit dimensionless concentration of the
subsequent steel is greater than the upper limit dimensionless concentration of the subsequent steel.

The method of claim 2 or 4, wherein the strand is determined to be in a mixed state when at least one dimensionless
relative concentration of the obtained dimensionless relative concentrations of the surface and the center is deviated
from the reference concentration, and

a position in the longitudinal direction of the strand, in which at least one dimensionless relative concentration of
the obtained dimensionless relative concentrations of the surface and the center is deviated from the reference
concentration, is determined as the mixed portion.

The method of claim 8, wherein a position in the longitudinal direction of the strand, in which the obtained dimen-
sionless relative concentration of the center reaches the reference concentration, is determined as a starting point
of the mixed portion, and

a position in the longitudinal direction of the strand, in which the obtained dimensionless relative concentration of
the surface reaches the reference concentration, is determined as an end point of the mixed portion.

The method of claim 2 or 4, further comprising:

receiving data of a residual amount of molten steel in the tundish, casting speed, and concentrations of each
of the previous steel and the subsequent steel on-line and storing the data; and

detecting a subsequent ladle opening signal, before the obtaining of the dimensionless relative concentrations
of the subsequent steel to the previous steel.

The method of claim 10, further comprising:

obtaining dimensionless relative concentrations of each of the surface and the center of the strand in real time
from a time of detecting the subsequent ladle opening signal, and counting a dimensionless concentration
acquisition time from the time of detecting the subsequent ladle opening signal to be compared with a reference
time in real time;

comparing the obtained dimensionless relative concentration of the center with the first reference concentration
and comparing the obtained dimensionless relative concentration of the surface with the second reference
concentration when the dimensionless concentration acquisition time is the reference time or less; and
terminating the acquisition of the dimensionless relative concentrations of each of the surface and the center
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of the strand when the concentration acquisition time is greater than the reference time.

12. The method of claim 11, further comprising:

determining whether or not a type between the previous steel and the subsequent steel is a type that is included
in a preset heterogeneous steel cut-off table;

cutting the strand to a cut-off length of the corresponding heterogeneous steel type when the type between the
previous steel and the subsequent steel subjected to a current operation is the type that is included in the preset
heterogeneous steel cut-off table; and

cutting the strand to a preset predetermined cut-off length when the type between the previous steel and the
subsequent steel subjected to the current operation is not included in the preset heterogeneous steel cut-off
table, after the terminating of the acquisition of the dimensionless relative concentrations of each of the surface
and the center of the strand.

13. The method of claim 10, wherein the detecting of the subsequent ladle opening signal comprises:

sending a virtual ladle opening signal;

detecting a weight of the tundish in real time, in milliseconds (ms) from a time when the virtual ladle opening
signal is sent;

calculating the weight of the tundish detected in milliseconds (ms) as an average weight of the tundish at
predetermined time intervals in seconds (s); and

setting a time of opening the subsequent ladle using a time of continuously increasing the average weight of
the tundish.

14. The method of claim 13, wherein, when W(t) is a weight of a residual-steel amount in the tundish at a current time

15.

and W;(t-A t) is a weight of a residual-steel amount in the tundish at an earlier time,

t-2*A tis determined as the time of opening the subsequent ladle when both of Wy(t) - Wiy(t-A t) and Wiy(t) - Wiy(t-
2*A t) are greater than or equal to "0",

the dimensionless relative concentrations of each of the surface and the center of the strand are obtained from t-
2*A t, and

the residual-steel amount in the tundish and the casting speed are stored from t-4* At.

The method of claim 2 or 4, wherein the obtaining of the dimensionless relative concentrations of the subsequent
steel to the previous steel at the surface and the center of the strand comprises:

calculating an inlet volumetric flow (Q.i,) of the subsequent steel in the tundish;

calculating an average dimensionless relative concentration (Ciy_5.e(t+A t)) of the molten steel in the tundish at
a current time using the inlet volumetric flow (Qq.i,) of the subsequent steel in the tundish;

calculating a dimensionless relative concentration (Cyy_,t(t+At)) of the molten steel discharged from the tundish
at a current time using the average dimensionless relative concentration (Ciq_,,6(t+A t)) of the molten steel in
the tundish at a current time;

calculating an average dimensionless relative concentration (C,q_aver (t+At)) of the molten steel in the mold at
a current time using the dimensionless relative concentration (C,y_o(t+At)) of the molten steel discharged from
the tundish at a current time; and

calculating a dimensionless relative concentration (C,,4.,t(t+At)) of the strand discharged from the mold at a
current time using the average dimensionless relative concentration (C4.aver (t+At)) of the molten steel in the
mold at a current time and a dimensionless relative concentration (C (t+At)) of the molten steel introduced
into the mold at a current time.

md-in

16. The method of claim 15, wherein the inlet volumetric flow (Qq;,) of the subsequent steel in the tundish is calculated

by Equation 5,
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[Equation 5]

GG
Qtd—in_ A £ ), +Qtd-fmt

wherein W4(t) is a total weight of the molten steel in the tundish at an earlier time, W4(t+A t) is a total weight
of the molten steel in the tundish at a current time, Q4o is @ volumetric flow of the molten steel discharged
from the tundish, and p| is liquid density of the molten steel,

the average concentration (Ciy_5,(t+A 1)) of the molten steel in the tundish at a current time is calculated by
Equation 6,

[Equation 6]

Wfd(l) X Cid—ave(l)+ Qtd—in(t) X AIX Pz X Cfd—in(l) Qfd—our(t) X Atx Pr X Cfd—our(t)
W (tt At) Waltt A

Cid—ave(t+ At):

wherein Ciy_5,(t) is an average dimensionless relative concentration of the molten steel in the tundish at
an earlier time, Qq_in(t) is an inlet volumetric flow of the molten steel introduced into the tundish at an earlier
time, Ci4.in(t) is an inlet concentration (dimensionless relative concentration) of the subsequent steel in the
tundish at an earlier time, Q;y_,4(t) is a volumetric flow of the molten steel discharged from the tundish at
an earlier time, C,y_,,,1() is a concentration (dimensionless relative concentration) of the molten steel dis-
charged from the tundish at an earlier time, and p_is liquid density of the molten steel,

the concentration ((Cyy_o,1(t+At)) of the molten steel discharged from the tundish at a current time is calculated
by Equation 7,

[Equation 7]

Crd-our(f+ﬁf):frd X Crd-ave(t—l_ Af)"—(l'frd) A Crd-in(t—l_ AI)

wherein fiy is an interpolation and extrapolation factor of the tundish, Ciy_,,(t+A t) is an average di-
mensionless relative concentration of the molten steel in the tundish at a current time, and Cyy_j,(t+At)
is a dimensionless relative concentration of the molten steel introduced into the tundish at a current time,
the average concentration (C (t+At)) of the molten steel in the mold at a current time is calculated
by Equation 8,

md-aver

[Equation 8]

Wmd(t) X Cmd-ave(t)+ de-in(t) K ALK Pr X Cmd-in(t) de-out(t) K ALK Pr X Cma’-out(r)

C tAN=
md-ave ¢ ) W, (t+ 1) Wttt Ar)

wherein W, 4(t) is a total weight of the molten steel in the mold at an earlier time, C,4_aver (t) is @n
average dimensionless relative concentration of the molten steel in the mold at an earlier time,
Qmg-in(t) is an inlet volumetric flow of the molten steel in the mold at an earlier time, C,,4.in(1) is an
inlet concentration (dimensionless relative concentration) of the molten steel in the mold at an
earlier time, W,,4(t+A t) is a total weight of the molten steel in the mold at a current time, Q,,y_out(t)
is a volumetric flow of the molten steel discharged from the mold, C,,4.,.1(t) is @ dimensionless
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relative concentration of the strand discharged from the mold at an earlier time, and p|_is liquid
density of the molten steel, and

the concentration (C,,,y_out(t+At)) of the strand discharged from the mold at a current time is calcu-
lated by Equation 9,

[Equation 9]

Cmd-our(t+At):fmd X Cmd-ave(t+At)+( l'fma') K Cmd-in(t+At)

wherein f,,4 is an interpolation and extrapolation factor of the mold, C,4.aver (1+At) is an average
dimensionless relative concentration of the molten steel in the mold at a current time, and
Chd.in(t+At) is a dimensionless relative concentration of the molten steel introduced into the mold
at a current time.

The method of claim 16, wherein, in the calculating of the dimensionless relative concentration of the center of the
strand,

4=x2 is applied to the interpolation and extrapolation factor (f4) of Equation 7, and

0.7+0.4 is applied to the interpolation and extrapolation factor (f,4) of Equation 9 to calculate the dimensionless
relative concentration (Cp,q_out-center) ©f the center of the strand.

The method of claim 16, wherein in the calculating of the dimensionless relative concentration of the surface of the
strand,

2.2+0.6 is applied to the interpolation and extrapolation factor (f4) of Equation 7, and

0.5+0.2 is applied to the interpolation and extrapolation factor (f,4) of Equation 9 to calculate the dimensionless
relative concentration (C,q_out-surface) Of the surface of the strand.

The method of claim 16, wherein a liquid density of the molten steel is used as a density (p,) value in Equations 5,
6, and 8, and

a value of 7,000 kg/m3 to 7,400 kg/m3 is used as the density of the molten steel.

The method of claim 10, further comprising:

setting a position of the strand in which the dimensionless relative concentration of the surface of the strand
begins to be obtained; and

setting a position of the strand in which the dimensionless relative concentration of the center of the strand
begins to be obtained,

wherein a position of the strand at the time of opening the subsequent ladle is set as the position in which the
dimensionless relative concentration of the surface of the strand begins to be obtained, and

a position of -4==4 m from the position of the strand at the time of opening the subsequent ladle is set as the
position in which the dimensionless relative concentration of the center of the strand begins to be obtained.

The method of claim 20, wherein, in the calculating of the position in the longitudinal direction of the strand having
the obtained dimensionless relative concentration of the surface,

the position is calculated by Equation 10 in which a volumetric flow (Q,q.out) Of the molten steel discharged from
the mold is divided by a product of a cross-sectional area (A,,,4) of the strand and solid density (p,) of the molten steel,

[Equation 10]

Qm‘ =0 X p
(AL gy
Amd>< pS
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wherein Q,4_,t is @ volumetric flow of the molten steel discharged from the mold, A, is a cross-sectional area of
the strand, and py is solid density of the molten steel, wherein a value of 7,600 kg/m3 to 8,000 kg/m3 is used.

22. The method of claim 21, wherein, in the calculating of the position in the longitudinal direction of the strand having
the obtained dimensionless relative concentration of the center,
a position of -4=4 m from the position having the obtained dimensionless relative concentration of the surface is
set as the position having the dimensionless relative concentration of the center.

23. The method of claim 22, wherein a region from a point of the strand, in which the real-time obtained dimensionless
relative concentration of the center of the strand reaches the first reference concentration, to a point of the strand,
in which the real-time obtained dimensionless relative concentration of the surface of the strand reaches the second
reference concentration, is predicted as the mixed portion.

24. The method of claim 22, further comprising:

setting the point of the strand, in which the real-time obtained dimensionless relative concentration of the center
of the strand reaches the first reference concentration, as a first cut-off position;

setting the point of the strand, in which the real-time obtained dimensionless relative concentration of the surface
of the strand reaches the second reference concentration, as a second cut-off position; and

cutting off the mixed portion by cutting the strand respectively at the first cut-off position and the second cut-off
position.

25. The method of claim 1 or 3, wherein the predicting of the mixed portion of the strand and the cutting off of the
predicted mixed portion are performed as an online process.
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[Fig.2]
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[Fig.3]
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[Fig.5]
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[Fig.6]
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[Fig.7]
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[Fig.10]
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[Fig.11]
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[Fig.12]

( START )

CALCULATE INLET VOLUMETRIC FLOW(Qto-in)
OF SUBSEQUENT STEEL IN TUNDISH — S411
[EQUATION 5]

CALCULATE AVERAGE DIMENSIONLESS RELATIVE
CONCENTRATION(C td-ave(t+at)) OF MOLTEN
STEEL IN THE TUNDISH AT CURRENT TIME

[EQUATION 6]

— S412

CALCULATE DIMENSIONLESS RELATIVE
CONCENTRATION(Ctd-out(t+at) OF THE MOLTEN
STEEL DISCHARGED FROM THE TUNDISH AT CURRENT TIME
[EQUATION 7]

— S413

CALCULATING AVERAGE DIMENSIONLESS RELATIVE
CONCENTRATION (Cma-ave(t+at))OF THE MOLTEN
STEEL IN THE MOLD AT CURRENT TIME
[EQUATION 8]

5414

CALCULATING DIMENSIONLESS RELATIVE
CONCENTRATION(C md-out(t+at))OF THE STRAND

DISCHARGED FROM THE MOLD AT CURRENT TIME — 5415
[EQUATION 9]

END

39



EP 3 088 102 A1

[Fig.13]
| CUT-OFF LENGTH BY PREDICTION MODEL |
| CUT-OFF LENGTH BY COMPONENT MEASUREMENT |
! | e CENTER m SURFACE
! MEASUREMENT VALUE MEASUREMENT VALUE
| |---- CENTER — SURFACE ]
! PREDICTION MODEL PREDICTION MODEL |
=z |1 CENTER _ __  __g-—-- :
S|l | PREDICTION RESULT—— ___oemm="""
'E :I®.8 """""""""""""""""" ’/"'— """""""""""""""""""""""
B |l >
w = et
SG0.6| A
& ol SURFACE i
%3 | P PREDICTION RESULT |
= 8|04 T i
= W : /"’ :
= > | / [
O = | i
= ). 2 #
Hlval |
L | g/ i
[ 7 N ! [ J L L ol L |
-1 % 1 2 3 4 5 6 7 8 9 10 11
~— CASTING SLAB LENGTH[m]
DIRECTION

40



[Fig.14]

DIMENSIONLESS
RELATIVE CONCENTRATION

—1

EP 3 088

CUT-OFF LENGTH BY
PREDICTION MODEL

102 A1

CUT-OFF LENGTH BY

COMPONENT MEASUREMENT

e CENTER | m SURFACE
MEASUREMENT VALUE §  MEASUREMENT VALUE
—— CENTER +— SURFACE
PREDICTION MODEL & PREDICTION MODEL
1 ; o—o—4
® e ‘.i : v
08 . ............................ W
! "\ SECOND REFERENCE
P L R ol i CONCENTRATION......
//‘
0L4%/ [ MENISCUS ] /... )
POSITION i [H.B ESTIMATED
AA 4 POSITION
Q2% FIRST - of fhe T
f "\ REFERENCE |£-35m| |
/1 CONCENTRATJEN |
‘ l | | It | | | | |
0 1 2 3 4 5 6 7 8 9 10 11
~— CASTING SLAB LENGTH[m]
DIRECTION

41



EP 3 088 102 A1

[Fig.15]
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