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Description
TECHNICAL FIELD

[0001] The present disclosure relates to an apparatus
and a method for measuring a surface level, and more
specifically, to an apparatus and a method for accurately
measuring a surface level of molten metal.

RELATED ART

[0002] Generally, a blast furnace operation includes a
process of charging iron ore and coke to an upper portion
of a blast furnace, a process of blowing hot blast into a
tuyere defined in the blast furnace to combust the coke,
a process of removing impurities and oxygen from the
iron ore with heat and gas generated by combusting the
coke to produce molten iron. The molten iron in a liquid
state is stored in a lower portion of the blast furnace and
is discharged through a tap hole after a certain period of
time.

[0003] In this connection, when the molten iron is
stored at a level equal to or higher than a certain level in
the lower portion of the blast furnace because a discharg-
ing operation is not performed properly, the hot blast sup-
plied through the tuyere may not be smoothly supplied
into the blast furnace, thereby increasing a blowing pres-
sure. When this phenomenon becomes worse, chan-
neling may occur in the blast furnace, thereby deteriorat-
ing an efficiency of the blast furnace operation. In addi-
tion, the molten iron may flow reversely to the tuyere and
damagethe tuyere, and the entire blast furnace operation
may beinterrupted. Therefore, itis necessary to measure
the level of the molten iron in the blast furnace, and main-
tain the level properly.

[0004] Conventionally, the level of the molten iron in
the blast furnace was predicted by comparing amounts
of raw materials such as the iron ore, the coke, and the
like charged into the blast furnace with an amount of the
molten iron that is discharged in order to measure the
level of the molten iron. However, there is a limit to ac-
curately calculate the amounts of the raw materials
charged into the blast furnace, so that the level of the
molten iron may not be accurately predicted.

[0005] Alternatively, stress transferred to an outer sur-
face of the blast furnace was measured using a strain
sensor or an amount of current returned from the blast
furnace was measured to speculate the level of the mol-
ten iron. However, accuracy is low such that usability is
very low. Therefore, there is a need for a technology that
may accurately measure the level of the molten iron in
the blast furnace.

(Related Art Document)

[0006] Korean patent application publication No.
2001-0019977
[0007] Korean patent application publication No.
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2010-0071347
SUMMARY

[0008] The present disclosure provides an apparatus
and a method for accurately measuring a surface level
of molten metal.

[0009] The present disclosure provides an apparatus
and a method for accurately measuring a surface level
of molten metal that may reliably perform a molten metal
discharging operation.

[0010] An apparatus for measuring a surface level of
molten metal accommodated in a container having an
outlet according to an embodiment of the present disclo-
sure includes: a measuring unitinstalled on the container
to measure induced electromotive forces caused by mo-
tion of the molten metal based on vertical levels; and a
processing unit configured for determining a surface level
of the molten metal using the electromotive force values
measured based on the vertical levels.

[0011] The measuring unitincludes a plurality of meas-
uring instruments arranged in a vertical direction.
[0012] A tuyere from which hot blast is supplied is de-
fined in the container, and the plurality of measuring in-
struments are disposed between the outlet and the
tuyere.

[0013] The outletincludes a plurality of outlets, and the
measuring unit includes a plurality of measuring instru-
ments respectively installed for the plurality of outlets.
[0014] The processing unit includes a processor con-
figured for determining a maximum value among the in-
duced electromotive force values measured based on
the vertical levels and for selecting a vertical level corre-
sponding to the maximum value as the surface level of
the molten metal.

[0015] The apparatus furtherincludes a controlling unit
connected to the processing unit to control opening and
closing of the outlet.

[0016] The controlling unitincludes: a comparator con-
figured for comparing the vertical level corresponding to
the maximum induced electromotive force with a prede-
termined vertical level range; and a controller configured
for adjusting an opening duration of the outlet when the
vertical level is out of the predetermined vertical level
range.

[0017] The outletincludes a plurality of outlets, and the
controller controls a concurrent opening duration of the
plurality of outlets.

[0018] A method for measuring a surface level of mol-
ten metal inside a container according to an embodiment
of the present disclosure includes: opening an outlet de-
finedin the container; discharging the molten metalinside
the container; closing the outlet; measuring induced elec-
tromotive forces generated by motion of the molten metal
based on vertical levels; and deriving a surface level of
the molten metal using the measured induced electro-
motive force.

[0019] The deriving of the surface level of the molten
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metal includes: determining a maximum value among
the induced electromotive force values measured based
on the vertical levels; and selecting a vertical level cor-
responding to the maximum value as the surface level
of the molten metal.

[0020] The outletincludes a plurality of outlets, and the
measuring of the induced electromotive forces based on
the vertical levels includes measuring each induced elec-
tromotive force for each outlet.

[0021] The determining of the maximum value among
the induced electromotive force values measured based
on the vertical levels includes: determining one outlet us-
ing each induced electromotive force measured for each
outlet and determining the maximum value for the deter-
mined outlet.

[0022] The outletincludes a plurality of outlets, and the
measuring of the induced electromotive forces based on
the vertical levels includes measuring the induced elec-
tromotive force for an outlet being opened and closed
among the plurality of outlets.

[0023] The method further includes: after deriving the
surface level of the molten metal, comparing the derived
level value with a predetermined vertical level range; and
adjusting an amount of the molten metal to be discharged
when the derived vertical level is outside the predeter-
mined level range.

[0024] The adjusting of the amount of the molten metal
to be discharged includes adjusting an opening duration
of the outlet.

[0025] Openingdurations of the plurality of outlets may
overlap with each other, and the adjusting of the opening
duration of the outlet includes adjusting at least one of
an opening duration of each outlet or a concurrent open-
ing duration of the plurality of outlets.

[0026] The measuring of the induced electromotive
forces based on the vertical levels includes sequentially
and vertically upwardly measuring the induced electro-
motive forces.

[0027] The containerincludes a blast furnace or a FIN-
EX melting furnace, and the molten metal includes mol-
ten iron.

[0028] According to embodiments of the present dis-
closure, when the discharging of the molten iron stored
in the container is stopped, the induced electromotive
forces caused by the horizontal motion of the molten met-
al may be measured based on the vertical levels. Thus,
the surface level of the molten metal may be accurately
measured using the measured induced electromotive
force.

[0029] In addition, since the surface level of the molten
metal may be accurately measured, the amount of the
molten metal to be discharged may be determined such
that the adequate amount of the molten metal is stored
in the container. Thus, the discharging of the molten met-
al may be stably performed to maintain the amount of
the molten metal in the container adequately. Therefore,
the increase of the blowing pressure in the container, the
occurrence of the channeling, or the backflow of the mol-
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ten metal to the tuyere may be suppressed or prevented.
BRIEF DESCRIPTION OF THE DRAWINGS
[0030]

FIG. 1 illustrates a structure of a blast furnace instal-
lation according to an embodiment of the present
disclosure.

FIG. 2 illustrates an apparatus for measuring a sur-
face level of molten metal according to an embodi-
ment of the present disclosure.

FIG. 3 illustrates change in a level of molten steel
above an outlet according to an embodiment of the
present disclosure.

FIG. 4 is aflowchart showing a method for measuring
a surface level of molten metal according to an em-
bodiment of the present disclosure.
FIG.5illustrates a discharging schedule of a plurality
of outlets according to an embodiment of the present
disclosure.

FIG. 6 is a graph showing a measurement result of
induced electromotive forces measured based on
vertical levels according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0031] Hereinafter, exemplary embodiments of the
present disclosure will be described in detail with refer-
ence to the accompanying drawings. However, the
present disclosure is not limited to the embodiments dis-
closed below, but may be implemented in various forms.
The embodiments of the present disclosure are provided
tomake the disclosure of the present disclosure complete
and fully inform those skilled in the artto which the present
disclosure pertains of the scope of the presentdisclosure.
The drawings may be exaggerated to illustrate the
present disclosure in detail, wherein like reference nu-
merals refer to like elements throughout.

[0032] FIG. 1 illustrates a structure of a blast furnace
installation according to an embodiment of the present
disclosure. The embodiment of the present disclosure
exemplifies that an apparatus for measuring a surface
level of molten metal is provided in a blast furnace 11,
but the scope of application is not limited thereto. The
apparatus for measuring the surface level of the molten
metal may be installed on various containers such as a
FINEX melting furnace and the like that stores the molten
metal.

[0033] Referring to FIG. 1, the blast furnace 11 is a
facility that continuously produces molten iron using iron
ore and coke. The blast furnace 11 may be formed in a
container shape having an open top and an internal
space defined therein. An outer surface of the blast fur-
nace 11 is made of a steel plate 11a, and a refractory
material may be used to build a structure inside the steel
plate 11a. When the iron ore, the coke, and the like are
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charged into the open top of the blast furnace 11 together
and heated to about 1500 °C by blowing hot blast, molten
metal (or molten iron or slag) may be stored in a lower
portion of the internal space of the blast furnace 11.
[0034] A tuyere 12 may be defined in a lower portion
of the blast furnace 11. The tuyere 12 may be connected
to a hot blast supply line 20 and may blow hot blast sup-
plied from the hot blast supply line 20 into the blast fur-
nace 11. The tuyere 12 may include a plurality of tuyeres
arranged radially along a periphery of the blast furnace
11.

[0035] The hot blast supply line 20 may include an an-
nular tube 21 surrounding the periphery of the blast fur-
nace 11 so as to uniformly supply the hot blast supplied
from a hot blast furnace (not shown) to the internal space
of the blast furnace 11, and a blowing branch pipe 22
branched from the annular pipe 21 to each tuyere 12.
Therefore, the hot blast supplied from the hot blast fur-
nace may be uniformly introduced into the blast furnace
11 through the plurality of tuyeres 12.

[0036] An outlet 13 may be formed at a lower portion
of the blast furnace 11. The outlet 13 is located below
the tuyere 12. The outlet 13 may include a plurality of
outlets. For example, four outlets may be provided and
arranged in four directions along the periphery of the blast
furnace 11, respectively. The outlet 13 is openable and
closable. Therefore, when the outlet 13 is closed, an
amount of the molten metal stored in the blast furnace
11 may increase, and when the outlet 13 is opened, the
molten metal stored in the blast furnace 11 may be dis-
charged. However, the number of the outlets and a struc-
ture of the blast furnace 11 are not limited thereto and
may vary.

[0037] In this connection, when the molten metal is
stored at a level equal to or higher than a certain level in
the lower portion of the blast furnace 11, the hot blast
supplied through the tuyere 12 may not be smoothly sup-
plied into the blast furnace 11 such that blowing pressure
may be increased. When this phenomenon becomes
worse, channeling may occur in the blast furnace 11,
thereby deteriorating an efficiency of the blast furnace
operation. In addition, the molten metal may flow reverse-
ly to the tuyere 12 and damage the tuyere 12, and the
entire blast furnace operation may be interrupted. There-
fore, itis necessary to measure a level of the molten iron
in the blast furnace 11, and maintain the level properly.
[0038] FIG. 2illustrates an apparatus for measuring a
surface level of molten metal according to an embodi-
ment of the present disclosure. Further, FIG. 3illustrates
change in a level of molten steel above an outlet accord-
ing to an embodiment of the present disclosure.

[0039] Referringto FIG. 2, an apparatus 100 for meas-
uring a surface level of molten metal according to an em-
bodiment of the present disclosure measures a surface
level of molten metal accommodated in the container pro-
vided with the outlet 13. The apparatus 100 for measuring
a surface level of molten metal includes a measuring unit
110 installed on the container so as to measure, based
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on vertical levels, induced electromotive forces generat-
ed by a motion of the molten metal and a processing unit
120 for determining the surface level of the molten metal
using values measured based on the vertical levels. Fur-
ther, the apparatus 100 for measuring a surface level of
molten metal may further include a controlling unit 130
connected to the processing unit 120 to control opening
and closing of the outlet 13. In this connection, the con-
tainer may be the blast furnace 11 or the FINEX melting
furnace, and the molten metal may be molten iron S.
[0040] The measuring unit 110 measures the induced
electromotive forces resulted from the motion of the mol-
ten iron S in the blast furnace 11 based on the vertical
levels. The measuring unit 110 includes a plurality of
measuring instruments 111 arranged in a vertical direc-
tion.

[0041] The measuring instruments 111 may measure
the induced electromotive force. The outer surface of the
blast furnace 11 is made of the steel plate 11a and an
inner surface of the blast furnace 11 is made of a refrac-
tory material 11b. The measuring instruments 111 may
be installed passing through the steel plate 11a and the
refractory material 11b from the outside of the blast fur-
nace 11. Thus, the measuring instruments 111 may be
brought close to the molten iron S, and the measuring
instruments 111 may more accurately measure changes
in the induced electromotive force.

[0042] Further, the measuringinstruments 111 may be
respectively made of an electrode penetrating the refrac-
tory material 11b of the blastfurnace 11 and a conducting
wire connected to the electrode. The refractory material
11b may protect the electrode from high temperature of
the molten iron S. However, the present disclosure is not
limited thereto, and the measuring instruments 111 may
be formed in a single conducting wire such as a platinum
wire.

[0043] The measuringinstruments 111 may be remov-
ably installed at the blast furnace 11. Therefore, when
the measuring instruments 111 are broken because of a
long period use, the measuring instruments 111 may be
easily removed from the blast furnace 11 and replaced.
Therefore, maintenance of the measuring unit 110 may
be facilitated.

[0044] Inthis connection, a phenomenon that a current
is induced, by a relative motion of a magnet and a coil,
inthe coil is called an electromagnetic induction phenom-
enon. Electromotive force generated by the electromag-
netic induction phenomenon is called induced electro-
motive force. When the molten iron S moves, an induced
magnetic field may be generated. Further, the measuring
instruments 111 may measure induced electromotive
force generated at this time.

[0045] For example, when the molten iron in the blast
furnace 11 is discharged as shown in FIG. 3, due to a
viscosity and a surface tension of the molten iron S, only
a portion of the molten iron S near the outlet 13 may be
discharged through the outlet 13, and the molten iron S
in other regions may not move smoothly to the outlet 13.
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Therefore, a surface level of the molten iron S above the
outlet 13 may be relatively lower than a surface level of
the molten iron S in other regions. Thus, when the outlet
13 is closed, due to a nature of the molten iron S in the
blast furnace 11 to be leveled, the molten iron S above
the outlet 13, temporarily lowered during the discharging,
horizontally restores to an upper side. Therefore, the mol-
ten iron S above the outlet 13 may be leveled with the
molten iron S in other regions.

[0046] When the molten iron S is moving horizontally,
the plurality of measuring instruments 111 may measure
magnitudes of the induced electromotive forces caused
by the motion of the molten iron S based on the vertical
levels. Since a surface of the molten iron S moves verti-
cally and upwardly to be restored, the induced electro-
motive force may be sequentially measured by the plu-
rality of measuring instruments 111, from a bottommost
measuring instrument 111 to a topmost measuring in-
strument 111. The surface levels of the molten iron S
may be measured using measured values from the
measuring instruments 111.

[0047] The blast furnace 11 is formed with the tuyere
12 through which the hot blast may be supplied and the
outlet 13 through which the molten iron S is discharged.
The plurality of measuring instruments 111 may be dis-
posed between the tuyere 12 and the outlet 13. The plu-
rality of measuring instruments 111 may be arranged in
a line in the vertical direction and may measure the in-
duced electromotive forces based on the vertical levels.
The surface levels of the molten iron S from above the
outlet 13 to below the tuyer 12 may be measured using
the measuring instruments 111. Therefore, the surface
level of the molten iron S above the outlet 13 may be
measured. Further, whether the amount of the molten
iron S in the blast furnace 11 has reached a vertical level
of the tuyere 12 may be monitored.

[0048] In this connection, since positions of the meas-
uring instruments 111 are predetermined, a distance be-
tween a bottom face of the blast furnace 11 and the bot-
tommost measuring instrument may be known in ad-
vance. The vertical level values measured using the
measuring instruments 111 start from above the outlet
13. Therefore, the surface level of the molten iron S from
the bottom face of the blast furnace 11 may be measured
by adding the distance value between the bottommost
measuring instrument 111 and the bottom face to the
measured vertical level value.

[0049] In addition, the number of measuring instru-
ments 111 to be provided may be adjusted as needed.
For example, when spacings between the measuring in-
struments 111 are narrowed by increasing the number
of measuring instruments 111, the number of positions
at which the induced electromotive force is measured
increases, thereby more accurately calculating the sur-
face levels of the molten iron S. Thus, the spacings be-
tween the measuring instruments 111 may be adjusted
to adjust or improve a measurement accuracy.

[0050] The blast furnace 11 may be provided with the
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plurality of outlets 13, and the measuring unit 110 may
include the plurality of measuring instruments 111 re-
spectively installed for the plurality of outlets 13. The out-
lets 13 may all be positioned at the same vertical level.

[0051] The processing unit 120 determines the surface
level of the molten iron S using the measured values from
the measuring unit 110. The processing unit 120 includes
a processor 122 for determining a maximum value
among the induced electromotive force values measured
based on the vertical levels and for selecting a vertical
level corresponding to the maximum value as the surface
level of the molten metal. The processing unit 120 may
also include an amplifier 121 for amplifying the measured
values from the measuring unit 110 and an indicator 123
for indicating a calculated result from the processor 122
to an operator.

[0052] The amplifier 121 is connected to the measuring
instruments 111. The amplifier 121 may amplify the in-
duced electromotive force values measured by the meas-
uring instruments 111. Since the magnitude of the in-
duced electromotive force input from the measuring in-
struments 111 is small, the measured induced electro-
motive force may be amplified by the amplifier 121 and
be output. Accordingly, all the induced electromotive
force input from the measuring instruments 111 may be
amplified and output to the processor 122.

[0053] In addition, a noise may be removed from the
amplifier 121 to improve a calculation accuracy of the
processor 122. That is, a function of a low-pass filter may
be added to the amplifier 121. The surface of the molten
iron S may move for other reasons besides the horizontal
motion. For example, the measuring instruments 110 in-
stalled above one outlet 13 may measure the induced
electromotive force generated by the motion of the mol-
ten iron S surface as a noise when the other outlet 13 is
opened or closed. Thus, the noise is removed such that
the processor 122 is prevented from wrongly calculating
the surface level of the molten iron S.

[0054] The processor 122 is connected to the amplifier
121. The processor 122 may determine the surface level
of the molten iron S in the blast furnace 11 using the
measured induced electromotive force values amplified
by the amplifier 121. The processor 122 compares the
measured induced electromotive force values measured
based on the vertical levels and selects the vertical level
at which the largest induced electromotive force is meas-
ured. Thus, the processor 122 may determine that the
selected vertical level is the surface level of molteniron S.
[0055] Theindicator 123 is connected to the processor
122. The indicator 123 may indicate the surface level of
the molten iron S calculated at the processor 122. For
example, the indicator 123 may be a display and visually
indicate the surface level of the molten iron S. However,
the way the indicator 123 informs the operator of the sur-
face level is not limited thereto and may vary.

[0056] The controlling unit 130 may be connected to
the processing unit 120 to control the opening and closing
of the outlet 13. The controlling unit 130 includes a com-
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parator (not shown) for comparing the vertical level cor-
responding to the maximum induced electromotive force
with a predetermined vertical level range and a controller
(not shown) for adjusting opening duration of the outlet
13 when the vertical level value is out of the predeter-
mined vertical level range.

[0057] The comparator is connected to the processor
122. The comparator may compare the surface level val-
ue of the given molten iron S with the predetermined ver-
tical level range. The predetermined vertical level range
may be varied by the operator. The comparator may de-
termine that, when the surface level value of the given
molten iron S is within the predetermined vertical level
range or outside the predetermined vertical level range,
the surface level value is normal or defective.

[0058] When the surface level value of the given mol-
teniron S is above the predetermined vertical level range,
it may be determined that an amount of the molten iron
S stored in the blastfurnace 11 is too large. Further, when
the surface level value of the given molteniron S is below
the predetermined vertical level range, it may be deter-
mined that the amountof molten iron Sin the blast furnace
11 is too small. Therefore, it may be determined that the
amount of the molten iron stored in the blast furnace 11
is not adequate.

[0059] In this connection, the comparator may be con-
nected to the indicator 123. Therefore, when the amount
of molten iron S in the blast furnace 11 is too small or too
large, the comparator may transmit a warning signal to
the operator. Therefore, the operator may monitor wheth-
er the amount of molten iron S in the blast furnace 11 is
adequate.

[0060] The controller is connected to the comparator.
The controller may adjust the opening duration of the
outlet 13 based on the determination resultfrom the com-
parator. Alternatively, opening durations of the plurality
of outlets 13 may be adjusted respectively to overlap the
opening durations of the plurality of outlets 13. The over-
lap duration may be adjusted to increase or decrease the
amount of molten iron S to be discharged. Therefore, the
controller may be adjusted so that the surface level of
the molten iron S stored in the blast furnace 11 is within
the predetermined vertical level range.

[0061] For example, when the surface level value of
the calculated molten iron S is above the predetermined
vertical level range, the amount of the molten steel to be
discharged from the outlet 13 may be increased. That is,
a concurrent opening duration of the plurality of outlets
13 may be increased. Thus, the amount of the molten
iron S discharged from the blast furnace 11 increases as
the duration during which the molten iron is simultane-
ously discharged through the plurality of outlets 13 in-
creases. Therefore, the amount of the molten iron S
stored in the blast furnace 11 may be greatly decreased.
Thus, the surface level of the molten iron S in the blast
furnace 11 may be lowered.

[0062] Onthe other hand, when the calculated surface
level of the molten iron S is below the predetermined
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vertical level range, the amount of the molten iron to be
discharged from the outlet 13 may be decreased. That
is, the concurrent opening duration of the plurality of out-
lets 13 may be decreased. Thus, the amount of the mol-
teniron S discharged fromthe blastfurnace 11 decreases
as the duration during which the molten iron S is dis-
charged through the plurality of outlets 13 decreases.
Therefore, the amount of the molten iron S stored in the
blast furnace 11 may be slightly decreased. Thus, the
lowering of the surface level of the molten iron S in the
blast furnace 11 may be suppressed.

[0063] Likewise, when the discharging of the molten
iron stored in the blast furnace 11 is stopped, the induced
electromotive forces caused by the horizontal motion of
the molten iron S may be measured based on the vertical
levels. Thus, the surface level of the molten iron S may
be accurately measured using the measured induced
electromotive force.

[0064] In addition, since the surface level of the molten
iron S may be accurately measured, the amount of the
molten iron S to be discharged may be determined so
that the molten iron S is stored in the blast furnace 11 in
an adequate amount. Thus, the discharging of the molten
iron S may be stably performed to maintain the amount
of the molten iron S in the blast furnace 11 adequately.
Therefore, the increase of the blowing pressure in the
blast furnace 11, the occurrence of the channeling, or
the backflow of the molten iron S to the tuyere 12 may
be suppressed or prevented.

[0065] FIG. 4 is a flowchart showing a method for
measuring a surface level of molten metal according to
an embodiment of the present disclosure. Further, FIG.
5illustrates a discharging schedule of a plurality of outlets
according to an embodiment of the present disclosure.
Further, FIG. 6 is a graph showing a measurement result
of induced electromotive forces measured based on ver-
tical levels according to an embodiment of the present
disclosure.

[0066] Referringto FIG. 4, a method for measuring the
surface level of the molten metal according to an embod-
iment of the present disclosure includes opening the out-
let provided on the container (S100), discharging the mol-
ten metal inside the container (S200), closing the outlet
(S300), measuring the induced electromotive forces gen-
erated by the motion of the molten metal based on the
vertical levels (S400), and deriving the surface level of
the molten metal using the measured values (S500).
[0067] In this connection, the container may be the
blast furnace or the FINEX melting furnace, and the mol-
ten metal may be the molten iron. Therefore, the method
for measuring the surface level may be a method for cal-
culating the surface level of the molten iron accommo-
dated in the blast furnace. Further, the closing of the out-
letand the measuring of the induced electromotive forces
caused by the motion of the molten metal based on the
vertical levels may be performed simultaneously or se-
quentially.

[0068] Forexample, whenthe molteniron Sinthe blast
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furnace 11 is discharged, due to the viscosity and the
surface tension of the molten iron S, only the portion of
the molten iron S near the outlet 13 may be discharged
through the outlet 13, and the molten iron S in other re-
gions may not move smoothly to the outlet 13. Therefore,
the surface level of the molten iron S above the outlet 13
may be relatively lower than the surface level of the mol-
ten iron S in other regions.

[0069] When the outlet 13 is closed, due to the nature
of the molten iron S in the blast furnace 11 to be leveled,
the molteniron S above the outlet 13, temporarily lowered
during the discharging, horizontally restores to the upper
side. Therefore, the molten iron S above the outlet 13
may be leveled with the molten iron S in the other region.
The induced electromotive force generated by the motion
of this molten iron S may be measured to measure the
surface level of the molten iron S.

[0070] Thatis, the maximum value of the induced elec-
tromotive forces measured based on the vertical levels
may be determined. For example, the maximum value
may be selected by comparing the induced electromotive
force values measured based on the vertical levels.
Then, the vertical level corresponding to the maximum
value may be selected as the surface level of the molten
iron S. Since the molten iron S moves vertically and up-
wardly, the induced electromotive force may be sequen-
tially and vertically upwardly measured.

[0071] In this connection, the blast furnace 11 may be
provided with the plurality of outlets 13. The plurality of
measuring instruments 111 may be installed above the
plurality of outlets 13. Before measuring the induced elec-
tromotive force with measuring instruments 111, infor-
mation on a discharging schedule may be provided. That
is, information on the time when the plurality of outlets
13 are opened and closed may be provided. Accordingly,
a time at which the induced electromotive force is meas-
ured by each measuring unit 110 may be selected based
on a schedule of each of the outlets.

[0072] For example, as shown in FIG. 5, two or four
outlets 13 may be provided on the blast furnace 11. While
determining the surface level of the molten iron S using
the induced electromotive force at one outlet 13 meas-
ured when one outlet 13 is opened and closed, another
outlet 13 may be opened to discharge the molten iron S.
Thus, the surface level of the molten iron S may be con-
tinuously determined while performing the discharge of
the molten iron S to the plurality of outlets 13.

[0073] When the outlet 13 includes two outlets, the
blast furnace 11 may be provided with a first outlet 13a
and a second outlet 13b. The first outlet 13a and the
second outlet 13b may be alternately opened and closed
to discharge the molten iron S. Thus, the induced elec-
tromotive force may be measured by the measuring unit
110disposed above the first outlet 13a after the first outlet
13a is opened to discharge the molten iron and then the
first outlet 13 is closed.

[0074] While determining the surface level of the mol-
ten iron S using the values measured by the measuring
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unit 110 disposed above the first outlet 13a, the second
outlet 13b may be opened to continue the discharging of
the molten iron S. In this connection, the first outlet 13a
may be opened before the second outlet 13b is closed,
and the first outlet 13a and the second outlet 13b may
be opened together.

[0075] Thus, opening durations of the first outlet 13a
and the second outlet 13b may overlap. Increasing the
overlap duration may greatly decrease the amount of the
molten metal S in the blast furnace 11, and reducing the
overlap duration may slightly decrease the amount of the
molten metal S in the blast furnace 11. Therefore, when
it is determined that the surface level of the molten iron
S calculated by opening and closing the first outlet 13a
is high, the second outlet 13 may be opened further than
the original opening duration to perform a Lap discharg-
ing. The concurrent opening duration of the first outlet
13a and the second outlet 13b are opened together may
be increased to increase the amount of the molten iron
S to be discharged.

[0076] Then, whenthe second outlet 13bis closed, the
induced electromotive force may be measured by the
measuring unit 110 located above the second outlet 13b.
While determining the surface level of the molten iron S
using the values measured by the measuring unit dis-
posed above the second outlet 13b, the molten iron S
may be continuously discharged through the first outlet
13a.

[0077] The second outlet 13b may be opened before
the first outlet 13a is closed, and the first outlet 13a and
the second outlet 13b may be opened together. A con-
current opening duration of the first outlet 13a and the
second outlet 13b may be adjusted based on a second
predetermined value to adjust the amount of the molten
iron stored in the blast furnace 11. Thus, the discharging
of the molten iron S and the determining of the surface
level of the molten iron S may continue to be performed.
[0078] Further,whenthe outlet 13 includes fouroutlets,
the blast furnace 11 may be provided with the first outlet
13a, the second outlet 13b, a third outlet 13c, and a fourth
outlet 13d. When a maintenance work is performed on
the fourth outlet 13d, the molten iron S may be discharged
while sequentially opening and closing the first outlet 13a,
the second outlet 13b, and the third outlet 13c. Thus,
afterthe firstoutlet 13ais opened and closed, the induced
electromotive force may be measured by the measuring
unit 110 disposed above the first outlet 13a.

[0079] While calculating the values measured by the
measuring unit 110 disposed above the first outlet 13a
to determine the surface level of the molten iron S, the
second outlet 13b may be opened to continue the dis-
charging of the molten iron S. At this time, the first outlet
13a may be opened before the second outlet 13b is
closed, and the first outlet 13a and the second outlet 13b
may be opened together.

[0080] Thus, the opening durations of the first outlet
13a and the second outlet 13b may overlap. Increasing
the overlap duration may greatly decrease the amount
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ofthe molten metal Sin the blastfurnace 11, and reducing
the overlap duration may slightly decrease the amount
of the molten metal S in the blast furnace 11. Therefore,
when it is determined that the surface level of the molten
iron S determined by opening and closing the first outlet
13a is high, the concurrent opening duration of the first
outlet 13a and the second outlet 13b may be increased
to increase the amount of the molten iron S to be dis-
charged.

[0081] Then, when the second outlet 13b is closed, the
induced electromotive force may be measured by the
measuring unit 110 disposed above the second outlet
13b. Further, while determining the surface level of the
molten iron S using the values measured by the meas-
uring unit 110 disposed above the second outlet 13b, the
discharging of the molten iron S through the third outlet
13c¢ may continue to be performed.

[0082] The first outlet 13b may be opened before the
third outlet 13a is closed, and the first outlet 13a and the
third outlet 13c may be opened together. A concurrent
opening duration of the first outlet 13a and the third outlet
13b may be adjusted based on the second predeter-
mined value to adjustthe amount ofthe molten iron stored
in the blast furnace 11. Thus, the discharging of the mol-
ten iron S and the determining of the surface level of the
molten iron S may continue to be performed. However,
the number of the outlets and opening and closing order
of the outlets are not limited thereto and may vary.
[0083] Further,whentheoutlet 13includes the plurality
of outlets, the induced electromotive force may be meas-
ured for each outlet. One outlet 13 may be determined
using the induced electromotive force measured for each
outlet, and the maximum value may be determined for
the determined outlet 13.

[0084] Forexample, when one ofthe plurality of outlets
13isopenedfor closed, and the molteniron S horizontally
moves, not only the measuring instruments 111 above
the open outlet 13 but also the measuring instruments
111 above the another outlet 13 may measure the in-
duced electromotive force. Thus, the induced electromo-
tive force may be measured at a plurality of positions.
However, the induced electromotive force measured at
the outlet opened and closed among the plurality of out-
lets 13 may be greater than the induced electromotive
force measured at other positions. Therefore, the in-
duced electromotive force measured at other positions
may be processed as the noise, and the maximum value
among the induced electromotive force measured above
the outlet 13 opened and closed may be determined to
determine the surface level of the molten iron S.

[0085] Alternatively, when the outlet 13 include the plu-
rality of outlets, the induced electromotive force may be
measured at the outlet 13 which is opened or closed
among the plurality of outlets 13. That is, the induced
electromotive force may be measured only by the meas-
uring instruments 111 located above the outlet 13 opened
and closed, and the induced electromotive force may not
be measured by the measuring instruments 111 located
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above the other outlets 13. Thus, the surface level of the
molten iron S may be accurately measured at a desired
position. Therefore, the values measured at the plurality
of positions may not be processed all at once to prevent
an inaccurate surface level from being measured.
[0086] Once the surface level of the molten iron S has
been determined, the determined level value and the pre-
determined vertical level range may be compared. The
amount of the molten metal to be discharged may be
adjusted when the determined level value is outside the
predetermined vertical level value. That is, the opening
time of the outlet 13 may be adjusted in order to adjust
the amount of molten iron S discharged from the blast
furnace 11.

[0087] For example, increasing the opening duration
of each outlet may greatly increase the amount of the
molten metal S discharged from the blast furnace 11, and
reducing the opening duration of each outlet 13 may
slightly decrease the amount of the molten metal S dis-
charged from the blast furnace 11. Thus, the surface level
of the molten iron S in the blast furnace 11 may be ade-
quately adjusted.

[0088] Alternatively, the opening durations of the plu-
rality of outlets 13 may overlap with each other. The con-
current opening duration of the plurality of outlets 13 may
be adjusted. Therefore, as the concurrent opening dura-
tion of the plurality of outlets 13 increases, the amount
of molten iron S discharged from the blast furnace 11
increases, so that the surface level of the molten iron S
may be greatly decreased. As the concurrent opening
duration of the plurality of outlets decreases, the amount
of molten iron S discharged from the blast furnace 11
decreases, so that the surface level of the molten iron S
may be slightly decreased.

[0089] Thus, when the discharging of the molten iron
stored in the blast furnace 11 is stopped, the induced
electromotive forces caused by the horizontal motion of
the molten iron S may be measured based on the vertical
levels. Thus, the surface level of the molten iron S may
be accurately measured using the measured induced
electromotive force.

[0090] In addition, since the surface level of the molten
iron S may be accurately measured, the amount of the
molten iron S to be discharged may be determined such
that the adequate amount of the molten iron S is stored
in the blast furnace 11. Thus, the discharging of the mol-
ten iron S may be stably performed to maintain the
amount of the molten iron S in the blast furnace 11 ade-
quately. Therefore, the increase of the blowing pressure
in the blast furnace 11, the occurrence of the channeling,
or the backflow of the molten iron S to the tuyere 12 may
be suppressed or prevented.

[0091] Although the present disclosure has been de-
scribed in reference with specific embodiments, various
modifications may be made thereto within a spirit and
scope of the present disclosure. Therefore, the scope of
the present disclosure should not be limited to the em-
bodiments described, but should be determined by the
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appended claims, as well as equivalents to the appended
claims.

Claims

1. Anapparatus for measuring a surface level of molten
metal accommodated in a container having an outlet,
the apparatus comprising:

a measuring unit installed on the container to
measure induced electromotive forces caused
by motion of the molten metal based on vertical
levels; and

a processing unit configured for determining a
surface level of the molten metal using the elec-
tromotive force values measured based on the
vertical levels.

2. The apparatus of claim 1, wherein the measuring
unit includes a plurality of measuring instruments ar-
ranged in a vertical direction.

3. The apparatus of claim 2, wherein a tuyere from
which hot blastis supplied is defined in the container,
and
wherein the plurality of measuring instruments are
disposed between the outlet and the tuyere.

4. Theapparatus of claim 1, wherein the outletincludes
a plurality of outlets, and
wherein the measuring unit includes a plurality of
measuring instruments respectively installed for the
plurality of outlets.

5. The apparatus of claim 1, wherein the processing
unit includes:
a processor configured for determining a maximum
value among the induced electromotive force values
measured based on the vertical levels and for se-
lecting a verticallevel corresponding to the maximum
value as the surface level of the molten metal.

6. The apparatus of claim 5, further comprising:
a controlling unit connected to the processing unit to
control opening and closing of the outlet.

7. Theapparatus of claim 6, wherein the controlling unit
includes:

a comparator configured for comparing the ver-
tical level corresponding to the maximum in-
duced electromotive force with a predetermined
vertical level range; and

a controller configured for adjusting an opening
duration of the outlet when the vertical level is
out of the predetermined vertical level range.
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10.

1.

12.

13.

14.

The apparatus of claim 7, wherein the outlet includes
a plurality of outlets, and

wherein the controller controls a concurrent opening
duration of the plurality of outlets.

A method for measuring a surface level of molten
metal inside a container, the method comprising:

opening an outlet defined in the container;
discharging the molten metal inside the contain-
er;

closing the outlet;

measuring induced electromotive forces gener-
ated by motion of the molten metal based on
vertical levels; and

deriving a surface level of the molten metal using
the measured induced electromotive force.

The method of claim 9, wherein the deriving of the
surface level of the molten metal includes:

determining a maximum value among the in-
duced electromotive force values measured
based on the vertical levels; and

selecting a vertical level corresponding to the
maximum value as the surface level of the mol-
ten metal.

The method of claim 10, wherein the outlet includes
a plurality of outlets, and

wherein the measuring of the induced electromotive
forces based on the vertical levels includes measur-
ing each induced electromotive force for each outlet.

The method of claim 11, wherein the determining of
the maximum value among the induced electromo-
tive force values measured based on the vertical lev-
els includes:

determining one outlet using each induced electro-
motive force measured for each outlet and determin-
ing the maximum value for the determined outlet.

The method of claim 10, wherein the outlet includes
a plurality of outlets, and

wherein the measuring of the induced electromotive
forces based on the vertical levels includes measur-
ing the induced electromotive force for an outlet be-
ing opened and closed among the plurality of outlets.

The method of any one of claims 11 to 13, further
comprising: after deriving the surface level of the
molten metal,

comparing the derived level value with a predeter-
mined vertical level range; and

adjusting an amount of the molten metal to be dis-
charged when the derived vertical level is outside
the predetermined level range.



15.

16.

17.

18.
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The method of claim 14, wherein the adjusting of the
amount of the molten metal to be discharged in-
cludes adjusting an opening duration of the outlet.

The method of claim 15, wherein opening durations
of the plurality of outlets overlap with each other, and
wherein the adjusting of the opening duration of the
outlet includes adjusting at least one of an opening
duration of each outlet or a concurrent opening du-
ration of the plurality of outlets.

The method of any one of claims 9 to 13, wherein
the measuring of the induced electromotive forces
based onthe vertical levels includes sequentially and
vertically upwardly measuring the induced electro-
motive forces.

The method of any one of claims 9 to 13, wherein
the container includes a blast furnace or a FINEX
melting furnace, and wherein the molten metal in-
cludes molten iron.
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