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(54) HEAT TREATMENT METHOD FOR AHSS HOT ROLLED COILS, AND COLD ROLLING METHOD 
USING SAME AND HEAT TREATMENT APPARATUS

(57) Disclosed herein are a hot coil of an advanced
high strength steel (AHSS), a cold rolling method and a
heat treatment apparatus using the same. A heat treat-
ment method of a hot coil of an advanced high strength
steel (AHSS)includes performing a hot rolling on a rolled
material, cooling and winding the rolled material, forming
the hot coil, performing a first cooling on the hot coil to a
temperature at which a phase transformation is complet-
ed such that a hard phase is generated at an edge portion
of the hot coil, heating only the edge portion of the hot
coil and increasing a temperature of the edge portion of
the hot coil to a tempering temperature, maintaining the
tempering temperature for a predetermined time, weak-
ening a strength of the edge portion of the hot coil such
that the edge portion of the hot coil which was processed
in the performing of the first cooling has a strength similar
to that of a central portion of the hot coil and performing
a second cooling of the hot coil which was processed in
the weakening of the strength of the hot coil edge.



EP 3 231 523 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of Korean Patent Application No. 2014-0175568, filed on December 09,
2014, Korean Patent Application No. 2014-0177699, filed on December 10, 2014 and Korean Patent Application No.
2015-0080524, filed on June 08, 2015 in the Korean Intellectual Property Office, the disclosure of which is incorporated
herein by reference.

BACKGROUND

1. Field

[0002] Embodiments of the present disclosure relate to a heat treatment method of a hot coil and a heat treatment
apparatus which heats a wound coil and performs a heat treatment.

2. Description of the Related Art

[0003] A hot rolling process performed in a steel manufacturing process reheats a slab manufactured in a blast furnace
and the like to a temperature suitable for rolling in a heating furnace or the like in which the slab was manufactured, and
the slab is rolled into a hot rolled steel sheet in a strip shape through a series of rolling apparatuses such as a roughing
mill, a finishing mill, and the like, and is wound in a coil shape by a winder after being cooled by a cooling machine.
Then, the wound hot coil is stacked on a yard and shipped to a cold rolling factory or as a product after an air cooling
process.
[0004] A material quality deviation is generated between an edge of the hot coil in contact with the atmosphere and
an inner portion of the hot coil due to a cooling speed difference in the air cooling process, and the material quality
deviation causes a coil break or a tipping effect during the subsequent cold rolling process and generates manufacturing
difficulties.
[0005] Meanwhile, a strip produced through the hot or cold rolling is wound in a coil shape for transferring or storing.
After winding, in many cases, the heat treatment is performed on the wound strip coil by heating to decrease a material
quality deviation or obtain a required physical characteristic.
[0006] A batch method, which accommodates a wound coil in a heating machine and heats the wound coil, and a
continuous method, which heats a strip while the strip is being unwound from a coil state and is being transferred, have
been known as a method for heating a strip. From these, the batch method is capable of heating a strip in a coil state
and has a merit in that it does not need a machine for winding and unwinding the coil and the size of a machine can be
small compared to the continuous method because a space for the strip is not large.
[0007] A conventional batch type coil heating machine includes a heating furnace accommodating a coil therein, a
heating apparatus which heats the inside of the heating furnace, a circulation fan which circulates heat in the inside of
the heating furnace, and a coil skid provided on the bottom of the inside of the heating furnace for stacking the coil.
[0008] Such a coil heating machine heats a coil stacked in the heating furnace by heat inside the heating furnace
being circulated inside the heating furnace by a circulation fan. A conventional coil heating machine includes a type in
which the circulation fan blows heat downward from an upper portion of the heating furnace.
[0009] The circulating heat heats one side of a coil while flowing down from a blower fan, and heats the opposite side
of the coil when it changes a direction by arriving at the bottom of the heating furnace and then flows toward the opposite
side thereof, and rises. Overall, the circulating heat circulates by surrounding a circumference of the coil. A portion of
heat heats a hollow portion of the coil while flowing toward the opposite side by passing through the hollow portion (the
inner wound portion).
[0010] However, in such a coil heating machine, since most of the heat flows an outer side surface and a circumferential
surface of the coil, the heat flowing in the hollow portion of the coil is negligible. In addition, since a lower surface of the
coil is hidden by the coil skid, heat cannot arrive the lower surface. Accordingly, it is difficult to uniformly heat the entire
coil, and thus there is a limitation in obtaining a totally uniform heat treatment effect.

SUMMARY

[0011] Therefore, it is an aspect of the present disclosure to provide a heat treatment method which may decrease a
material quality deviation in a width direction of a hot coil of an advanced high strength steel (AHSS) and a cold rolling
method using the same.
[0012] It is another aspect of the present disclosure to provide a heat treatment apparatus which may uniformly heat



EP 3 231 523 A1

3

5

10

15

20

25

30

35

40

45

50

55

an entire coil and obtain a uniform heat treatment effect.
[0013] Additional aspects of the disclosure will be set forth in part in the description which follows and, in part, will be
obvious from the description, or may be learned by practice of the disclosure.
[0014] In accordance with one aspect of the present invention, a heat treatment method of a hot coil of an advanced
high strength steel (AHSS) comprises performing a hot rolling on a rolled material, cooling and winding the rolled material,
forming the hot coil, performing a first cooling on the hot coil to a temperature at which a phase transformation is completed
such that a hard phase is generated at an edge portion of the hot coil, heating only the edge portion of the hot coil and
increasing a temperature of the edge portion of the hot coil to a tempering temperature, maintaining the tempering
temperature for a predetermined time, weakening a strength of the edge portion of the hot coil such that the edge portion
of the hot coil which was processed in the performing of the first cooling has a strength similar to that of a central portion
of the hot coil and performing a second cooling of the hot coil which was processed in the weakening of the strength of
the hot coil edge.
[0015] In the weakening of the strength of the edge of the hot coil, the tempering temperature may be in the range of
400 to 700 °C.
[0016] A temperature of the hot coil which is completely wound in the forming of the hot coil may be in the range of
500 to 700 °C.
[0017] In the performing of the first cooling, a temperature at which the phase transformation is completed may be in
the range of room temperature to 400 °C.
[0018] In the performing of the first cooling, a width of the edge portion of the hot coil may include a region of one
fourth of an entire width of the hot coil.
[0019] A tensile strength of the hot coil may be 780 MPa or more.
[0020] The heating in the weakening of the strength of the edge portion of the hot coil may include rapidly heating the
hot coil such that a region of one fourth of an entire width of the hot coil from an edge of the hot coil along a width direction
of the hot coil reaches the tempering temperature.
[0021] In the weakening of the strength of the edge of the hot coil, the predetermined time may be set to be in the
range which is defined by a following equation. 

[0022] The temperature may be the tempering temperature and 7600≤X≤8600.
[0023] The performing of the second cooling may include cooling the edge portion of the hot coil at a cooling speed
of 3 °C/min or more.
[0024] In accordance with another aspect of the present invention, a cold rolling method which manufactures a cold-
rolled steel sheet from a hot coil of an AHSS having a tensile strength of 780 MPa or more, the method comprises
performing a first cooling of an edge portion of the hot coil of the AHSS which has a winding temperature of in the range
of 500 to 700 °C to in the range of room temperature to 400 °C and completing a phase transformation of the edge
portion into a hard phase, reheating only the edge portion which is completely phase transformed into hard phase,
maintaining a temperature in the range of 400 to 700 °C for in the range of 30 to 480 minutes, weakening a strength,
performing a second cooling of the hot coil of the AHSS whose strength was weakened at a speed of 3 °C/min or more
and performing a cold rolling.
[0025] In accordance with another aspect of the present invention, a heat treatment apparatus which performs a heat
treatment of a hot coil, comprising a heat treatment furnace including a heating chamber into which transfer carts which
stack and transfer the hot coil come and a plurality of heating means installed at thermal insulation wall surfaces forming
the heating chamber and configured to heat the hot coil, wherein the plurality of heating means include first burners
installed in the heating chamber to control a temperature of the heating chamber, second burners installed on both
sidewalls of the heating chamber to heat both side surfaces of the hot coil, and hot blast supply portions which supply
hot blast toward an inner wound portion of the hot coil.
[0026] The hot blast supply portions may collect high temperature exhaust gas discharged from the heating chamber
and may jet the gas toward the inner wound portion of the hot coil.
[0027] Each of the first burners may include a flame burner, and the flame burner may be installed on an upper wall
of the heating chamber such that jetted flames are not in direct contact with the hot coil.
[0028] Each of the second burners may include a radiant burner which heats the both side surfaces of the hot coil
with radiant heat, and at least one radiant burner may be disposed on the sidewall to face a side surface between a
center and a lower end of the hot coil.
[0029] Each of the hot blast supply portions may include a nozzle which jets hot blast toward the inner wound portion



EP 3 231 523 A1

4

5

10

15

20

25

30

35

40

45

50

55

of the hot coil, a collection pipe connected to an exhaust pipe through which a high temperature gas in the heating
chamber is discharged and configured to supply the exhaust gas flowing in the exhaust pipe to the nozzle, a damper
which adjusts a supply of the exhaust gas from the exhaust pipe to the collection pipe and a blast fan which supplies a
blast force which transfers the exhaust gas flowing in the collection pipe toward the nozzle.
[0030] The heat treatment furnace includes a main body in a tunnel shape including an upper wall and the both
sidewalls such that a front surface, a rear surface, and a lower portion of the heat treatment furnace is open, wherein
the open lower portion may be closed by the transfer cart when the transfer cart enters the heating chamber, and the
open front surface and the rear surface may be closed by opening and closing doors installed at the heat treatment furnace.
[0031] The heating chamber may be formed to have an insulated structure by the upper wall and the both sidewalls
which are formed with the thermal insulation wall surface, and a thermal insulation panel disposed at a top surface of
the transfer cart.
[0032] The heat treatment apparatus may further comprise a sealing apparatus which seals a gap between the both
sidewalls and the transfer cart when the transfer cart enters the heating chamber.
[0033] The sealing apparatus may include a rotating arm rotatably coupled to one side of a lower end of the sidewall
of the main body and including a thermal insulation member configured to seal the gap and a driving unit which drives
the rotating arm such that the thermal insulation member moves between a first position to seal the gap and a second
position to be spaced apart from the gap.
[0034] The heat treatment apparatus may further comprise a controller configured to control a temperature in the
heating chamber, wherein the controller may control the plurality of heating means to maintain the temperature in the
heating chamber to be higher than a heating target temperature of the hot coil at an initial stage of heating the hot coil,
and to maintain the temperature in the heating chamber at the heating target temperature after a predetermined time
has passed.
[0035] Two transfer carts which are installed to be movable along a rail from both sides of the heat treatment furnace
may be provided, and the two transfer carts may alternatively enter and exit the heating chamber.
[0036] In accordance with another aspect of the present invention, a heat treatment apparatus comprises a heating
furnace which accommodates and heats a wound coil, a circulation apparatus which circulates heat in the heating furnace
and flow guide portions which guide a portion of heat flowing around the coil in the heating furnace to a hollow portion
of the coil.
[0037] Each of the flow guide portions may include a guide board extending from a sidewall of the heating furnace
facing a side surface of the coil toward the hollow portion of the coil.
[0038] The guide board may include an inclined guide surface inclined with respect to a central line of the coil to guide
flowing heat to the hollow portion of the coil.
[0039] The guide board may be formed such that a coupling end coupled to the sidewall of the heating furnace may
have thicker thickness than a free end facing the hollow portion of the coil.
[0040] The guide board may be provided such that a free end facing the coil hollow portion may have a width equal
to or less than a diameter of the hollow portion of the coil.
[0041] The guide board may be provided such that a coupling end coupled to the sidewall of the heating furnace may
have a minimum width equal to or greater than a diameter of the hollow portion of the coil and has a maximum width
equal to or less than an outer circumferential diameter of the coil.
[0042] The flow guide portions may be respectively installed on both sidewalls of the heating furnace facing both side
surfaces of the coil.
[0043] The inclined guide surface may be provided in a curved shape.
[0044] Each of the flow guide portions may further include a coupling member installed at the sidewall of the heating
furnace and configured to rotatably support a coupling end of the guide board to adjust an angle of the guide board and
a support portion which supports the guide board in a state in which the angle of the guide board is adjusted.
[0045] Each of the flow guide portions may further include a guide rail installed on the sidewall of the heating furnace,
a coupling member which is movably coupled to the guide rail and configured to support a coupling end of the guide
board and a movement apparatus which moves the coupling member.
[0046] The circulation apparatus may be disposed to blow heat from an upper portion of the heating furnace through
a space between one side surface of the coil and a sidewall of the heating furnace toward a bottom of the heating furnace.
[0047] A guide board may be disposed at a height between a center of the coil and an upper end of the hollow portion
of the coil when guiding descending heat, and may be disposed at a height between the center of the coil and a lower
end of the hollow portion of the coil when guiding rising heat which passes through a lower portion of the coil.
[0048] The heat treatment apparatus may further comprise a corner guide portion provided at a corner at which the
bottom of the heating furnace and the sidewall of the heating furnace meet, and including a flow guide surface inclined
with respect to the bottom of the heating furnace to switch a flow direction of the heat.
[0049] The heat treatment apparatus may further comprise a coil support apparatus which is disposed at a side of a
bottom of the heating furnace and supports a circumferential surface of a lower side of the coil, wherein a ventilating air
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path configured to flow heat in multiple directions is formed in the coil support apparatus.
[0050] The coil support apparatus may include a plurality of support blocks disposed to be spaced apart from each
other and each including the ventilating air path through which a side surface and a top surface are communicated with
each other and a plurality of separating members which are installed at the top surface of the support blocks to be
separated from each other, support the coil, and separate the coil and the top surface of the support blocks.
[0051] In accordance with another aspect of the present invention, a heat treatment apparatus comprises a heating
furnace which accommodates and heats a wound coil, a circulation apparatus which circulates heat in the heating furnace
and a coil support apparatus which is disposed at a side of a bottom of the heating furnace and supports a circumferential
surface of a lower side of the coil, wherein a ventilating air path configured to flow heat in multiple directions is formed
in the coil support apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052]

FIG. 1 is a view illustrating a hot rolling process according to an embodiment of the present disclosure.

FIG. 2 is a flow chart of a heat treatment method according to the embodiment of the present disclosure.

FIG. 3 is a view illustrating a temperature change during a heat treatment process according to the embodiment of
the present disclosure.

FIG. 4 is a graph illustrating a strength in a width direction of a hot coil before a heat treatment according to the
embodiment of the present disclosure.

FIG. 5 is a graph illustrating a strength according to a reheating starting temperature of a heat treatment after a heat
treatment according to the embodiment of the present disclosure.

FIG. 6 is a graph illustrating a strength variation according to a pre-heat treatment microstructure, a heat treatment
temperature, and a heat treatment time according to the embodiment of the present disclosure,

FIG. 7 is a graph in which a combined variable of the temperature and the time of the graph in FIG. 6 is plotted on
an x-axis.

FIG. 8 is a graph illustrating whether there is a strength weakening effect according to a maximum temperature of
a heat treatment according to the embodiment of the present disclosure.

FIG. 9 is a graph illustrating a temperature change of two positions which are the edge portion and an inner portion
of the hot coil during a heat treatment process.

FIG. 10 is a graph illustrating a temperature distribution of a hot coil in the width direction during a heat treatment
process.

FIG. 11 is a diagram illustrating a material quality deviation of a hot coil in a width direction in comparison with a
conventional case, wherein heat treatment is performed on the hot coil according to the embodiment of the present
disclosure.

FIG. 12 is a schematic view illustrating a heat treatment apparatus according to a first embodiment of the present
disclosure.

FIG. 13 is a view when a transfer cart according to the first embodiment of the present disclosure enters a heat
treatment furnace.

FIG. 14 is a schematic view illustrating a sealing apparatus according to the first embodiment of the present disclosure.

FIG. 15 is cross-sectional view illustrating an internal structure of the heat treatment furnace according to the first
embodiment of the present disclosure.
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FIG. 16 is a view illustrating an arrangement structure of a radiant burner according to the first embodiment of the
present disclosure.

FIG. 17 is a schematic view illustrating a hot blast supply portion according to the first embodiment of the present
disclosure.

FIG. 18 is a control block diagram illustrating a temperature control of a heating chamber according to the first
embodiment of the present disclosure.

FIG. 19 is a graph illustrating two steps of temperature control of a heating chamber according to the first embodiment
of the present disclosure.

FIG. 20 is a graph illustrating a temperature change at a surface of the hot coil when a temperature control of a
heating chamber is performed according to the first embodiment of the present disclosure.

FIG. 21 is a view illustrating two transfer carts installed both sides of the heat treatment furnace according to the
first embodiment of the present disclosure.

FIG. 22 is a perspective view illustrating a heat treatment apparatus according to a second embodiment of the
present disclosure.

FIG. 23 is a cross-sectional view taken along a line II-II’ of FIG. 22.

FIG. 24 is a perspective view of a guide board of a flow guide portion of the heat treatment apparatus according to
the second embodiment of the present disclosure.

FIG. 25 is a perspective view of a corner guide portion of the heat treatment apparatus according to the second
embodiment of the present disclosure.

FIG. 26 is a perspective view illustrating an example of a modified corner guide portion of the heat treatment apparatus
according to the second embodiment of the present disclosure.

FIG. 27 is a perspective view illustrating a coil support apparatus of the heat treatment apparatus according to the
second embodiment of the present disclosure.

FIG. 28 is a view illustrating an example of a modified separating member mounted on the support block of the heat
treatment apparatus according to the second embodiment of the present disclosure.

FIGS. 29 and 30 are views illustrating examples of a modified guide board of the flow guide portion according to
the second embodiment of the present disclosure.

FIGS. 31 and 32 are views illustrating examples of a flow guide portion according to the second embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0053] Hereinafter, embodiments of the present disclosure will be described in detail with reference to following draw-
ings. The following drawings are examples which provide the scope of the present disclosure to those skilled in the art.
The present disclosure is not limited to the following embodiments and may be implemented in different forms. Parts
irrelevant to description are omitted in the drawings in order to clearly describe the present disclosure, and widths,
lengths, and thicknesses of components in the drawings may be exaggerated for convenience of description. In this
specification, like reference characters denote like components
[0054] FIG. 1 is a view illustrating a hot rolling process according to an embodiment of the present disclosure, FIG. 2
is a flow chart of a heat treatment method according to the embodiment of the present disclosure, and FIG. 3 is a view
illustrating a temperature change during a heat treatment process according to the embodiment of the present disclosure.
[0055] Referring to FIGS. 1 to 3, a cold rolling method according to an embodiment of the present disclosure includes
forming a hot coil (S10), performing a first cooling (S20), weakening an edge strength of the hot coil (S30), performing
a second cooling (S40), and performing a cold rolling (S50).
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[0056] The forming of the hot coil (S10) includes rolling a slab S1 and manufacturing a hot coil 20 which is an advanced
high strength steel (AHSS) that is wound in a final coil shape and has a tensile strength of 780 MPa or more. Specifically,
the slab S1 is heated to a suitable temperature for rolling in a heating furnace 10, a bar S2 type is formed by performing
width rolling and thickness rolling on the heated slab S1, which was heated in the heating furnace 10, in a rough rolling
machine 11 including three to four rolling stands, and then a strip S3 may be rolled to have a required thickness by a
finishing rolling machine 12 including six to seven rolling stands performing a last thickness rolling to the required
thickness. Next, the strip S3 is supplied to a winder 14 after being cooled to a predetermined temperature while passing
through a cooling process 13, and the winder 14 may wind the completely cooled strip S3 into a coil form and form the
hot coil 20. Hereinafter, the slab S1, the bar S2, and the strip S3 are referred to as a rolled material S. The rolled material
S includes a dualphase (DP) steel, and a transformation induced plasticity (TRIP) steel which are rolled AHSS and have
a tensile strength of 780 MPa or more. In addition, a temperature T1 of the hot coil 20 may be in the range of 500 to 700
°C when the hot coil 20 is wound by the winder 14 after the hot rolling process.
[0057] The performing of the first cooling S20 includes cooling the hot coil 20 to a temperature at which a phase
transformation is completed and an adequate cooling speed is maintained such that a hard-phase (martensite and
bainite) is formed at an edge portion of the hot coil 20 wound by the winder 14.
[0058] The temperature at which the phase transformation is completed in the performing of the first cooling S20 may
correspond to a reheating starting temperature T2 of a heat treatment in FIG. 3, and may be included in the range of
room temperature to 400 °C. At this point, the temperature at which the phase transformation is completed will be
described with reference to FIGS. 4 and 5. FIG. 4 is a graph illustrating a strength in a width direction of a hot coil before
a heat treatment according to the embodiment of the present disclosure, and FIG. 5 is a graph illustrating a strength
according to a reheating starting temperature of a heat treatment after a heat treatment according to the embodiment
of the present disclosure. As illustrated in FIG. 5, when the reheating starting temperature is 400 °C or less, strength is
weakened after the heat treatment compared with strength of the hot coil before the heat treatment in FIG. 4, however,
when the reheating starting temperature is 400 °C or more, the strength is not greatly weakened. The reason for this is
that when the reheating starting temperature is 400 °C or more, the phase transformation is not totally completed, and
hard-phase is formed again in the performing of the second cooling S40 after reheating in the same way as in the forming
of the hot coil S10. Accordingly, it is preferable that the first cooling S20 be performed to cool the hot coil 20 to 400 °C
or less which completes the phase transformation at the edge portion of the hot coil 20. At this point, the performing of
the first cooling S20 may cool the hot coil 20 to a temperature at which the phase transformation is completed using a
temperature difference between room temperature and the hot coil in a state in which the coil is stacked on a yard of a
factory or a bottom of a coil storage.
[0059] The weakening of the edge strength of the hot coil S30 includes performing a heat treatment which heats the
hard-phase of the edge portion of the hot coil 20, which was formed through the performing of the first cooling S20, and
increases a temperature of the edge portion of the hot coil 20 to a tempering temperature T3, and then maintains the
tempering temperature T3 for a predetermined time such that the edge portion of the hot coil 20 has a strength similar
to that of a central portion of the hot coil 20.
[0060] Specifically, the weakening of the edge strength of the hot coil S30 includes heating only the edge portion of
the hot coil 20 and increasing the temperature of the edge portion of the hot coil 20 to the tempering temperature T3
(for example, 400 to 700 °C) (S31), and temperature maintaining which maintains the tempering temperature T3 for the
predetermined time required for a tempering effect to occur (S32).
[0061] The heating S31 may heat the hot coil 20 such that a temperature of a region which is one fourth or more of
the entire width of the hot coil 20 in the width direction of the hot coil 20 from the edge of the hot coil 20 (a border at
which strength becomes high due to the hard-phase illustrated in FIG. 4) reaches the tempering temperature T3.
[0062] The temperature maintaining S32 weakens the hot coil 20 such that the edge portion of the hot coil 20 has a
strength similar to that of the central portion of the hot coil 20 by the temperature of the edge portion of the hot coil 20
(for example, the region of one fourth of the entire width) reaching the tempering temperature T3 and the tempering
temperature T3 being maintained for the predetermined time.
[0063] At this point, a relation between the tempering temperature T3 and a maintenance time of the tempering
temperature T3 will be described with reference to FIGS. 6 to 8. FIG. 6 is a graph illustrating a strength variation according
to a pre-heat treatment microstructure, a heat treatment temperature, and a heat treatment time according to the em-
bodiment of the present disclosure, FIG. 7 is a graph in which a combined variable of the temperature and the time of
the graph in FIG. 6 is plotted on an x-axis, and FIG. 8 is a graph illustrating whether there is a strength weakening effect
according to a maximum temperature of a heat treatment according to the embodiment of the present disclosure.
[0064] First, referring to FIG. 6, a pre-heat treatment microstructure is classified into three, a ferrite plus martensite
(F+M), a ferrite plus pearlite (F+P), and a ferrite plus pearlite (As-R, a position of one fourth of an air cooled coil after
rolling), and the F+M corresponds to the edge of the coil, the As-R corresponds to the central portion of the coil, and
the F+P corresponds to a structure between the edge and the central portion of the coil. At this point, when the heat
treatment temperature is 400 °C, a strength weakening effect is not great in the F+M and the F+P cases no matter how
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much time increases. Conversely, the strength thereof greatly decreases in a short time when the heat treatment tem-
perature is maintained at a higher temperature.
[0065] Referring to FIG. 7, FIG. 7 is a graph in which the combined variable of the temperature and the time of the
graph in FIG. 6 is plotted on the x-axis, wherein the temperature, the time, and strength data of a specific microstructure
forms one line. The combined variable of the temperature and the time is defined as X (Hollomon-Jaffe parameter) below. 

[0066] At this point, although initial strengths are different according to microstructures, strengths converge on the
same strength value as an X value is increased. When the strength value is the same as a strength of the As-R structure,
since a material quality deviation in the width direction of a coil disappears, a range of the heat treatment temperature
and the heat treatment time may be found based on the X value at this point. However, as illustrated in FIG. 8, when
the heat treatment temperature is 700 °C or more, since cementite decomposes into austenite and a hard-phase is
formed again in the subsequent cooling process, a heat treatment effect disappears. Accordingly, the heat treatment
temperature has to be set to 700 °C or less. Accordingly, the tempering temperature T3 may be in the range of 400 to
700 °C. In addition, in FIG. 7, the maintenance time of the tempering temperature T3 (for example, 600 °C) corresponds
to a section in which 7600≤X≤8600, which is a portion (a shadow portion) in which the edge portion and the central
portion of the hot coil 20 have the same strength, and when this is substituted into equation 1, equation 1 becomes 7600
≤ 873(7.0+log(time)) ≤ 8600, and the maintenance time of the heat treatment may be in the range in which 55.8 min. ≤
time ≤ 709.7 min. At this point, when the maintenance time of the heat treatment is less than approximately 56 min., the
heat treatment effect is not great, and when the maintenance time of the heat treatment is greater than 710 min., the
strength of the edge portion of the hot coil 20 is excessively weakened and becomes weaker than that of the central
portion of the hot coil 20.
[0067] Meanwhile, the heating S31 may rapidly heat only the edge portion of the hot coil 20 to reach the tempering
temperature T3 required to weaken a strength of the hot coil 20 so as to minimize internal oxidation of the hot coil 20
due to reheating. Specifically, FIG. 9 is a graph illustrating a temperature change of two positions which are the edge
portion O and an inner portion P of the hot coil 20 during a heat treatment process. Since the hot coil 20 is heated from
the outside in the heat treatment process, a temperature of the edge portion of the hot coil 20 is rapidly increased and
reaches an upper temperature limit, which is 700 °C, and the inner portion of the hot coil 20 is slowly heated. At this
point, the heat treatment occurs from a time at which each temperature of the positions in the width direction is increased
to a lower temperature limit, which is 400 °C. This is illustrated in FIG. 10, which illustrates a temperature distribution of
the hot coil 20 in the width direction. At this point, the heat treatment region is between O and P, and a temperature in
the region has to be maintained between the upper limit and the lower limit. A position of P is a border at which a strength
is high due to a hard-phase, and a gap between O and P has to be greater than one fourth of a width of the hot coil 20
based on the graph in FIG. 4. The heat treatment time at which the heat treatment temperature of the region of the hot
coil between O and P is maintained between the upper limit and the lower limit illustrated in the graph in FIG. 9, is a
time from a start of the heat treatment until the heat treatment is completed. Since the entire remaining time in the heating
furnace includes time for which a temperature is increasing, the entire remaining time is longer than the real heat treatment
time, and is from a heating start until the heat treatment is completed. Accordingly, it is preferable from a viewpoint of
suppressing the internal oxidation of the hot coil 20 that a rapid heating be performed such that time between the heating
start until reaching the tempering temperature T3 is shortened.
[0068] The performing of the second cooling S40 includes cooling the hot coil 20, which was weakened through the
weakening of the edge strength of the hot coil S30, to room temperature. At this point, since a structure of the hot coil
20 is weakened, rehardening according to a cooling speed does not occur. However, to minimize the internal oxidation
effect according to the heat treatment, the edge portion of the hot coil 20 may be cooled with a cooling speed which is
3 °C/min or more.

[Embodiment]

[0069] FIG. 11 is a diagram illustrating a material quality deviation of a hot coil in a width direction in comparison with
a conventional case, wherein heat treatment is performed on the hot coil according to the embodiment of the present
disclosure. A steel grade of a hot coil 20 is high elongation 980DP, and it has a size of a 2150 mm outer diameter, a
762 mm inner diameter, and a 1200 mm width. Applied heat treatment conditions are cooling at room temperature for
48 hours or more after rolling, and rapidly cooling after reheating at 550 °C and maintaining that temperature for 4 hours.
An air cooled material which is not treated at all after rolling has a material quality deviation of about 250 MPa or more
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between an edge portion and a central portion, and the material quality deviation in a width direction is decreased to
150 MPa or less when a conventional annealing box is used. In addition, when the embodiment of the present disclosure
is applied, since great material weakening in the edge portion occurs, a material deviation in the width direction is
decreased to 50 MPa or less.
[0070] Hereinafter, a heat treatment apparatus according to a first embodiment of the present disclosure will be
described.
[0071] FIG. 12 is a schematic view illustrating a heat treatment apparatus according to the first embodiment of the
present disclosure, FIG. 13 is a view when a transfer cart according to the first embodiment of the present disclosure
enters a heat treatment furnace.
[0072] Referring to FIG. 12, a heat treatment apparatus 30 according to the first embodiment of the present disclosure
mainly includes a transfer cart 40, and a heat treatment furnace 50.
[0073] The transfer cart 40 may stack and transfer the hot coil 20 formed in the forming of the hot coil S10, and may
simultaneously be used for cooling the hot coil 20 in the performing of the first cooling S20.
[0074] Such a transfer cart 40 may include a cart body 43 in a flat plate shape in which wheels 42 moving along a rail
41 installed at a factory yard. The cart body 43 may be moved back and forth along the rail 41 by the wheels 42 which
are capable of forward and reverse rotation by a driving apparatus (not shown).
[0075] The cart body 43 may be provided of high strength steel or a steel alloy to stably support the hot coil 20, and
a thermal insulation panel 44 which is formed of a refractory material for thermal insulation may be disposed on a top
surface of the cart body 43.
[0076] In addition, a plurality of skids 45 may be disposed on a top surface of the thermal insulation panel 44 for
supporting the hot coil 20 by being disposed to be spaced a predetermined distance along a longitudinal direction of the
top surface.
[0077] A plurality of hot coils 20 may be cooled when supported by the plurality of skids 45 before entering the heat
treatment furnace 50.
[0078] The transfer cart 40 on which the plurality of hot coils 20 are seated may move along the rail 41 and then enter
an inner portion of the heat treatment furnace 50. At this point, the thermal insulation panel 44 of the transfer cart 40
may form an insulated structure of a lower portion of the heat treatment furnace 50. To this end, the transfer cart 40 may
be provided to have a width slightly less than that of the heat treatment furnace 50, and may have a length slightly greater
than that of the heat treatment furnace 50.
[0079] Such a transfer cart 40 may perform a first cooling in a state in which the plurality of hot coils 20 are supported
by the skids 45, when the first cooling is completed, the transfer cart 40 may move along the rail 41 to enter the inner
portion of the heat treatment furnace 50 and may form a part of the insulated structure of the heat treatment furnace 50.
Accordingly, since an operation in which the plurality of hot coils 20 are loaded on or unloaded from the transfer cart 40
for a heat treatment operation is omitted, a standby time of the hot coils 20 for the heat treatment operation may be
significantly decreased.
[0080] The heat treatment furnace 50 may be provided in a tunnel shape having a size capable of accommodating
the transfer cart 40. Such a heat treatment furnace 50 includes a main body 51 in a box shape in which a front surface,
a rear surface, and a lower portion are open, and an inner portion of the main body 51 may form a heating chamber 60
for heating the hot coil 20 when the transfer cart 40 enters the heat treatment furnace 50.
[0081] When the transfer cart 40 is inserted into the inner portion of the heat treatment furnace 50, the open lower
portion of the main body 51 may be closed by the transfer cart 40, the open front surface and the rear surface of the
main body 51 may be respectively closed by opening and closing doors 55 installed at the main body 51 to be vertically
slidable.
[0082] Accordingly, as illustrated in FIGS. 12 and 13, the heating chamber 60 may form an insulated space sealed by
an upper wall 52 of the main body 51, both sidewalls 53 and 54 respectively extending from both ends of the upper wall
52 to a lower portion, the thermal insulation panel 44 of the transfer cart 40 which closes the open lower portion of the
main body 51, and the opening and closing doors 55 which close the open front and rear surfaces of the main body 51.
[0083] Specifically, when the opening and closing doors 55 close the open front and rear surfaces of the main body
51, lower ends of the opening and closing doors 55 may come into contact with the thermal insulation panel 44 of the
transfer cart 40, and thus the opening and closing doors 55 may seal the open front and rear surfaces of the main body
51. When the transfer cart 40 enters the heating chamber 60, the thermal insulation panel 44 of the transfer cart 40 may
seal the lower portion of the main body 51, and thus the inner portion of the heat treatment furnace 50 may form a sealed
heating chamber 60.
[0084] A wall surface of the heating chamber 60 formed by the opening and closing doors 55, the main body 51, and
the transfer cart 40 may include a thermally insulated wall surface for preserving heat of an inner portion of the heating
chamber 60. That is, since the refractory material is disposed at the upper wall 52 and the both sidewalls 53 and 54
inside an iron shell forming an exterior and the refractory material is even disposed inside the opening and closing doors
55, the heating chamber 60 may form the insulated structure together with the thermal insulation panel 44 of the transfer
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cart 40.
[0085] At this point, a predetermined gap between the transfer cart 40 and the both sidewalls 53 and 54 may occur,
and sealing apparatuses 70 may be installed at one side of the main body 51 for sealing the gap.
[0086] FIG. 14 is a schematic view illustrating a sealing apparatus according to the first embodiment of the present
disclosure.
[0087] Referring to FIG. 14, a plurality of sealing apparatuses 70 may be spaced apart from each other along a
longitudinal direction of the main body 51 to be respectively installed at lower ends of both sidewalls of the main body
51 and seal a gap t formed between the transfer cart 40 and the both sidewalls 53 and 54. Hereinafter, the sealing
apparatus 70 installed at one sidewall 53 of the main body 51 will be described.
[0088] The sealing apparatus 70 includes a rotating arm 71 rotatably coupled to one side of a lower end of the sidewall
53 of the main body 51, a driving unit 72 which drives rotation of the rotating arm 71, and a thermal insulation member
74 disposed at an end portion of the rotating arm 71 and capable of moving between a first position, which seals the
gap t according to a rotating direction of the rotating arm 71, and a second position spaced apart from the gap t.
[0089] The driving unit 72 may include an electric, electronic, hydrodynamic, or pneumatic cylinder including a rod 73
which moves back and forth and advances and retreats, and the rod 73 may be connected to the rotating arm 71 by a
link member 75.
[0090] The rotating arm 71 may be installed at the lower portion of the sidewall 53 of the main body 51 to be rotatable
about a rotation shaft, one side of the rotating arm 71 is hinge coupled to the link member 75, and the thermal insulation
member 74, which is formed to extend a predetermined length along the longitudinal direction of the main body 51, may
be provided at the other side. The thermal insulation member 74 may be separably coupled to the other side of the
rotating arm 71 to be replaced for maintenance.
[0091] With such a structure, when the transfer cart 40 enters the heating chamber 60, since the gap t formed between
the transfer cart 40 and the sidewall 53 may be sealed by the thermal insulation member 74 installed at an end portion
of the rotating arm 71 rotated by the driving unit 72, exhaust gas or heat in the heating chamber 60 is prevented from
being leaked to the outside through the gap t.
[0092] A plurality of heating means 80 for heat treating the edge portions of the plurality of hot coils 20 stacked on the
transfer cart 40 after the open portion of the main body 51 is sealed by the opening and closing doors 55, the transfer
cart 40, and the sealing apparatus 70 are provided in the heat treatment furnace 50.
[0093] FIG. 15 is cross-sectional view illustrating an internal structure of the heat treatment furnace according to the
first embodiment of the present disclosure, and FIG. 16 is a view for describing an arrangement structure of a radiant
burner according to the first embodiment of the present disclosure.
[0094] Referring to FIGS. 15 and 16, the plurality of heating means 80 according to the first embodiment of the present
disclosure include first burners 81, which heat inner air of the heating chamber 60 for controlling a temperature of the
inner portion of the heating chamber 60, second burners 82 configured to heat both side surfaces of the hot coil 20
arranged in the heating chamber 60, and hot blast supply portions 90 configured to heat an inner wound portion 21 of
the hot coil 20 arranged in the heating chamber 60.
[0095] The first burners 81 may include a flame burner (a high speed flame burner) which burns fuel to rapidly heat
inner air of the heating chamber 60 with flames.
[0096] The first burners 81 may be installed at the upper wall 52, provided to vertically jet flames, and disposed at
positions spaced a predetermined distance (for example, 500 mm or more) from the both side surfaces of the hot coil
20 such that the jetted flames do not directly come into contact with the hot coil 20. The reason for this is to prevent the
hot coil 20 from being non-uniform due to a local increase in temperature when the flames jetted from the first burners
81 come into direct contact with the hot coil 20.
[0097] The second burners 82 configured to rapidly heat edge portions of both side surfaces of hot coil 20 may include
a radiant burner (a flat flame burner) which burns fuel at a heating surface of a porous flat plate shape and heats the
both side surfaces of the hot coil 20 with radiant heat.
[0098] The second burners 82 may be disposed at the both sidewalls 53 and 54 respectively facing the both side
surfaces of the hot coil 20 disposed in the heating chamber 60, and positioned at the sidewall 53 to face a side surface
between a center and a lower end of the hot coil 20 as illustrated in FIG. 14 in consideration of a vertical temperature
difference of the second burners 82 since a discharge pressure of combusted gas is not great due to a structure of the
radiant burner, and two or more second burners 82 may be provided to be disposed at both left and right sides with
respect to the sidewalls of a single hot coil 20 to uniformly heat the hot coil 20 along a circumferential direction.
[0099] The hot blast supply portions 90 are for heating the inner wound portion 21 of the hot coil 20 which is relatively
slowly heated while the hot coil 20 is being heated by high temperature gas in the heating chamber 60. That is, since
the inner wound portion 21 of the hot coil 20 is far from the flames of the first burners 81 and the second burners 82,
and is a portion in which a flow of the combusted gas is also imperfect, a heating speed of the inner wound portion 21
is slower than that of the other portions of the hot coil 20. Accordingly, as the hot blast supply portions 90 jet hot blast
to the inner wound portion 21 of the hot coil 20, a temperature deviation occurring at the inner wound portion 21 of the
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hot coil 20 may be decreased.
[0100] FIG. 17 is a schematic view illustrating a hot blast supply portion according to the first embodiment of the
present disclosure.
[0101] Referring to FIG. 17, the hot blast supply portion 90 according to the first embodiment of the present disclosure
may be provided to collect a high temperature exhaust gas discharged from the heating chamber 60 and to supply the
high temperature exhaust gas to the inner wound portion 21 of the hot coil 20 again.
[0102] To this end, the hot blast supply portion 90 may include nozzles 91 installed at the both sidewalls 53 and 54
to face the inner wound portion 21 of the hot coil 20 disposed in the heating chamber 60, collection pipes 92 connected
to an exhaust pipe 59 through which high temperature gas in the heating chamber 60 is discharged and configured to
supply the exhaust gas flowing through the exhaust pipe 59 to the nozzle 91, a damper 93 which controls supply of the
exhaust gas from the exhaust pipe 59 to the collection pipes 92, and blast fans 94 which supply a blast force which
transfers the exhaust gas flowing through the collection pipes 92 toward the nozzles 91.
[0103] With such a structure, combusted gas generated by the first burners 81 and the second burners 82 is discharged
to the outside through the exhaust pipe 59 after heating the both side surfaces and an outer wound portion of the hot
coil 20. At this point, the exhaust gas discharged through the exhaust pipe 59 has a high temperature, which is approx-
imately in the range of 700 to 800 °C. In this case, by adjusting an opening degree of the damper 93 to introduce exhaust
gas flowing through the exhaust pipe 59 to the collection pipes 92 and jetting the exhaust gas toward the inner wound
portion 21 of the hot coil 20 through the nozzle 91, the hot blast supply portion 90 may rapidly heat the inner wound
portion 21 of the hot coil 20 which is relatively slowly heated.
[0104] Hereinafter, a heat treatment method using the heat treatment apparatus according to the first embodiment of
the present disclosure will be described.
[0105] First, as illustrated in FIG. 12, the hot coil 20 formed in the forming of the hot coil S10 is transferred and stacked
on the skid 45 of the transfer cart 40.
[0106] In addition, the hot coil 20 stacked on the transfer cart 40 is air cooled while a sufficient cooling speed is
maintained until a hard-phase is formed at edge portions of both side surfaces.
[0107] Next, the transfer cart 40 moves along the rail 41 to enter the inner portion of the heat treatment furnace 50.
[0108] When the transfer cart 40 completes entering the inner portion of the heat treatment furnace 50, the opening
and closing doors 55 installed at the main body 51 are closed and the sealing apparatuses 70 simultaneously close the
gap t between the transfer cart 40 and the both sidewalls 53 and 54, and a heat treatment operation is performed in a
state in which the heating chamber 60 is sealed.
[0109] At this point, since there is no need to transfer the hot coil 20 again for the heat treatment operation as the hot
coil 20 was transferred by the transfer cart 40, heat treatment operation time is decreased. In addition, as illustrated in
FIG. 21, when two or more transfer carts 40 are provided, while one transfer cart 40 enters the heat treatment furnace
50 and a heat treatment is performed for the hot coil 20, the other transfer cart 40 performs the first cooling in a state in
which the hot coil 20 is loaded, and stands by. Then, when the heat treatment is completed in the heat treatment furnace
50, and one transfer cart 40 exits, and since the other transfer cart 40 may immediately enter the heat treatment furnace
50, an operation rate of the heat treatment furnace 50 may increase. That is, two transfer carts 40 and 40a are provided
to be movable back and forth along the rail 41 respectively at both sides of the heat treatment furnace 50. While one
transfer cart 40 is charged to the inner portion through the open front surface of the heat treatment furnace 50 and a
heat treatment is performed, the other transfer cart 40a stands by at the outside of the heat treatment furnace 50, and
when the heat treatment is completed and the one transfer cart 40 exits through the open front surface of the heat
treatment furnace 50, the other transfer cart 40a enters the inner portion of the heat treatment furnace 50 through the
open rear surface of the heat treatment furnace 50.
[0110] After the heating chamber 60 is sealed, a heat treatment operation of the hot coil 20 is performed while a
temperature control of the heating chamber 60 is performed by the plurality of heating means 80.
[0111] At this point, as illustrated in FIG. 18, the temperature control of the heating chamber 60 for heat treatment of
the hot coil 20 may be performed by a controller 100 which controls the plurality of heating means 80 based on a
temperature sensed by a temperature sensor 98 which senses a temperature of the inner portion of the heating chamber
60.
[0112] The controller 100 may suitably set a temperature of the heating chamber 60 in consideration of different initial
temperatures according to kinds of the hot coil 20.
[0113] As illustrated in FIG. 19, when the hot coil 20 is reheated, such a controller 100 may firstly drive the plurality
of heating means 80 and rapidly increase a temperature of the heating chamber 60 such that the temperature of the
inner portion of the heating chamber 60 is maintained to be greater than an upper temperature limit (a heating target
temperature) of heat treatment of the hot coil 20 in initial heating, and after a predetermined time has passed, may
secondarily drive the plurality of heating means 80 to lower the temperature of the inner portion of the heating chamber
60 to the upper temperature limit and to constantly maintain the temperature such that a surface temperature of the hot
coil 20 is not greater than the heating target temperature, and thus a heat treatment time may be decreased.
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[0114] FIG. 20 is a graph illustrating a temperature change at a surface of the hot coil and a position which is 300 mm
from the edge portion when a temperature control of the inner portion of the heating chamber is performed.
[0115] In FIG. 20, when a temperature of the heating chamber is constantly maintained at 700°C, and an initial
temperature of the heating chamber is maintained at 900°C for one hour and thirty minutes and is lowered to 700°C and
maintained for heat treatment time, the heat treatment time of two cases are respectively 9.5 hours and 11.5 hours when
compared based on a time in which a temperature at the position which is 300 mm from the edge portion reaches 550
°C, and thus there is an effect that the heat treatment time may be decreased by 2 hours when the temperature control
of the heating chamber 60 according to the first embodiment of the present disclosure is performed.
[0116] Meanwhile, while the heat treatment operation of the hot coil 20 is performed in the heating chamber 60, the
cooled edge portions of the both side surfaces and the inner wound portion 21 of the hot coil 20 may be rapidly heated
by the plurality of heating means 80, and an energy saving effect may be exhibited by using high temperature exhaust
gas discharged from the heating chamber 60.
[0117] In addition, when the heat treatment operation is completed in the heating chamber 60, the transfer cart 40
moves along the rail 41 and exits the heat treatment furnace 50, and then the second cooling of the plurality of hot coils
20 stacked on the transfer cart 40 is performed.
[0118] Hereinafter, a heat treatment apparatus according to a second embodiment of the present disclosure will be
described.
[0119] As illustrated in FIGS. 22 and 23, a heat treatment apparatus according to the second embodiment of the
present disclosure includes a heating furnace 110 which accommodates a coil 120, which is wound, a heating apparatus
130 which heats an inner portion of the heating furnace 110, a circulation apparatus 140 which circulates heat in the
heating furnace 110, a coil support apparatus 150 installed at a bottom of the heating furnace 110, and flow guide
portions 170 which guide a portion of the circulating heat to a hollow portion 122 of the coil 120.
[0120] The heating furnace 110 may have a wall provided with an iron shell 110a and refractory material 110b, and
include a structure in a hexahedral shape in which a heating space, which accommodates the coil 120 therein, is formed.
Although the heating furnace 110 is not illustrated in the drawings, an opening may be formed at sidewalls 113 and 114
or an upper wall 111 for moving the coil 120 into the heating space or discharging the coil 120 in the heating space, and
the opening may be opened or closed by a door or a cover.
[0121] The coil 120 accommodated in the heating furnace 110 may be loaded on the coil support apparatus 150 so
that a circumferential surface 121 of the coil 120 is disposed at a central portion of a bottom 112 of the heating furnace,
and both side surfaces 123 and 124 of the coil 120 may be disposed to respectively face the sidewalls 113 and 114 of
the heating furnace 110. Open both ends of the hollow portion 122 of the coil 120 respectively face the sidewalls 113
and 114 of the heating furnace 110.
[0122] Like the example illustrated in FIG. 22, the heating apparatus 130 may include burners which heat the heating
space to a temperature for heat treatment of the coil 120 by jetting flames into the heating space. A plurality of heating
apparatuses 130 may be installed at the upper wall 111 or the sidewalls 113 and 114 of the heating furnace 110 to
uniformly heat the heating space, however, an installation position, the number of installations, and the like are not
limited to the disclosed embodiment.
[0123] As illustrated in FIG. 23, the circulation apparatus 140 may include a blower fan 141 disposed at an upper
portion of the heating space adjacent to one sidewall and configured to blow heat downward, and a driving motor 142
installed at an upper portion of the heating furnace 110 to drive the blower fan 141.
[0124] The circulation apparatus 140 blows heat toward the bottom 112 of the heating furnace 110 from the upper
portion of the heating furnace 110 through a space between one side surface 123 of the coil 120 and the sidewall 113
of the heating furnace 110. Accordingly, the blown heat heats a side of the one side surface 123 of the coil 120 while
descending from the circulation apparatus 140, and switches a direction and flows to the opposite side through a lower
portion of the coil 120 when it arrives at the bottom of the heating furnace 110. Subsequently, the heat rises to heat a
side of the opposite side surface 124 the coil 120. At this point, although the circulation apparatus 140 is installed at the
upper wall 111 of the heating furnace 110 as an example, the installation position and the number of the circulation
apparatuses 140 may vary, and thus a flow and a circulation direction of heat may vary.
[0125] The flow guide portions 170 may be respectively installed at the both sidewalls 113 and 114 of the heating
furnace 110, and cause the hollow portion 122 to be easily heated by guiding a portion of the heat flowing around the
coil 120 to the hollow portion 122 of the coil 120.
[0126] As illustrated in FIGS. 23 and 24, the flow guide portions 170 positioned at both sides of the heating furnace
110 include guide boards 171 extending from the heating furnace sidewalls 113 and 114 facing the side surfaces 123
and 124 of the coil 120 toward the hollow portion 122 of the coil 120.
[0127] The guide boards 171 include inclined guide surfaces 171 a and 171b disposed to face a flow direction of heat
flowing due to an operation of the circulation apparatus 140. The inclined guide surfaces 171 a and 171 b maintain
inclinations at a predetermined angle with respect to a central line 125 of the coil 120 to guide flowing heat to the hollow
portion 122 of the coil 120.
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[0128] In the guide boards 171, coupling ends 171c coupled to the sidewalls 113 and 114 of the heating furnace 110
have a thicker thickness than free ends 171 d facing the hollow portion 122 of the coil 120 (a wedge shape). Accordingly,
the inclined guide surfaces 171 a and 171b are naturally formed at upper surfaces and lower surfaces of the guide
boards 171, respectively. Since such a shape has a bending stress which increases toward the coupling ends 171c, the
free ends 171 d may be prevented from sagging.
[0129] As illustrated in FIG. 23, a portion of heat descending from the circulation apparatus 140 may be guided to
naturally curve toward the hollow portion 122 of the coil by an upper side inclined guide surface 171 a of the guide board
171 (a right guide board in the drawing) coupled to one sidewall 113, and may enter the hollow portion 122 of the coil.
A portion of heat rising from the opposite side after flowing through the lower portion of the coil 120 naturally curves due
to a guide of a lower side inclined guide surface 171b of the guide board 171 (a left guide board in the drawing) coupled
to the opposite sidewall 114 and may enter the hollow portion 122 of the coil 120. Accordingly, heat introduced from
both sides of the hollow portion 122 of the coil into the hollow portion 122 increases a heating effect of the hollow portion
122 of the coil by forming a flow field which rotates in the hollow portion 122.
[0130] Although the embodiment describes the case that the inclined guide surfaces 171 a and 171b of both of the
sides guide boards 171 are disposed to respectively face the upper portion and the lower portion of the heating furnace
110 to guide descending heat or rising heat in the heating furnace 110 to the hollow portion 122 of the coil, when a flow
direction of the heat is changed due to a position change of the circulation apparatus 140 and the like, the inclined guide
surfaces 171 a and 171 b of the guide board 171 may also be disposed to face the flowing heat.
[0131] Although the embodiment describes a case in which the inclined guide surfaces 171 a and 171b are formed
at the upper surface and the lower surface of the guide board 171 to have shapes which correspond to each other, the
inclined guide surfaces may also be formed at only one side surface which faces flowing heat. In addition, although the
embodiment describes the case that the guide boards 171 are respectively installed at the both sidewalls 113 and 114
of the heating furnace 110, even when the guide board 171 is installed at any one side, the hollow portion 122 may also
be heated by heat being guided to the hollow portion 122 of the coil.
[0132] Referring to FIG. 24, a width of the guide board 171 narrows from the coupling end 171 c coupled to the sidewall
113 of the heating furnace 110 to the free end 171 d (a width from the left to the right thereof in the drawing). Accordingly,
a portion of the descending heat may flow to the hollow portion 122 of the coil, and the remaining portion may bypass
the both sides of the guide board 171 to flow toward the lower portion of the coil 120. In a similar way, a portion of the
rising heat at the opposite side may flow to the hollow portion 122 of the coil, and the remaining portion may flow toward
the upper portion of the coil 120. The reason why the guide board 171 is formed with such a structure is that when the
free end 171 d has an excessively large width, the guide board 171 may block descending or rising heat and hinder the
uniform heating of the coil 120.
[0133] It is preferable that the free end 171 d of the guide board 171 have a width equal to a diameter of the hollow
portion 122 of the coil 120 or less than a diameter of the hollow portion 122. The reason for this is that although the free
end 171 d has a width greater than the diameter of the hollow portion 122 of the coil, a flow guided to the hollow portion
122 of the coil is not increased, but, the flow which bypasses the both sides of the guide board 171 is hindered.
[0134] It is preferable that the minimum width of the coupling end 171 c of the guide board 171 be greater than or
equal to the diameter of the hollow portion 122 of the coil, and the maximum width be less than or equal to an external
diameter of the coil 120. When the width of the coupling end 171c is the smallest, the guide board 171 may have a
rectangular shape as in an illustrated example in FIG. 29. Since a flow which by passes the guide board 171 may be
hindered when the width of the coupling end 171c is greater than the external diameter of the coil 120, and thus is not
preferable.
[0135] Referring to FIG. 23, it is preferable that the guide board 171 be disposed at a height between a center of the
coil 120 and an upper end of the hollow portion 122 of the coil when guiding flowing heat. In addition, it is preferable
that the guide board 171 be disposed at a height between the center of the coil 120 and a lower end of the hollow portion
122 of the coil when guiding heat rising through the lower portion of the heat coil 120.
[0136] Heat descending from the circulation apparatus 140 is curved to be introduced toward a lower half portion of
the hollow portion 122 of the coil by the guiding of the guide board 171. Accordingly, since a flow does not face the
hollow portion 122 and faces downward by coming into contact with the side surface 123 of the lower portion of the coil
120 when a height of the guide board 171 is lower than the center of the coil 120, a heating effect of the hollow portion
122 is not great. Conversely, since the side surface 123 of the upper portion of the coil 120 hinders a flow facing the
hollow portion 122 when the height of the guide board 171 is higher than the upper end of the hollow portion 122 of the
coil, a heating effect of the hollow portion 122 is not great.
[0137] As illustrated in FIG. 23, the heat treatment apparatus according to the embodiment includes corner guide
portions 180 disposed at both corners where the bottom 112 and the sidewalls 113 and 114 of the heating furnace 110
meet and having flow guide surfaces 181 which switch a flow direction of heat. One side corner guide portion 180 guides
heat descending toward the bottom 112 of the heating furnace 110 toward the lower portion of the coil 120, and the
other side corner guide portion 180 guides heat passing through a lower side of the coil 120 in an upper direction.
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[0138] As illustrated in FIG. 25, the corner guide portions 180 may be provided to have a length corresponding to a
width of the sidewalls 113 and 114 of the heating furnace 110, and the flow guide surfaces 181 may have inclined flat
surfaces with respect to the bottom of the heating furnace for seamless direction switching of heat. FIG. 26 is a view
illustrating a case when a flow guide surface 182 has an inclined inward curving surface as a modified example of the
corner guide portion 180. According to such a corner guide portion 180, since heat which circulates in the heating furnace
110 may switch a direction while maintaining a flow speed, heat may be smoothly circulated.
[0139] As illustrated in FIG. 23 and 27, the coil support apparatus 150 disposed at a side of the bottom 112 of the
heating furnace 110 includes ventilating air paths 152, 153, and 154 formed in multiple directions for heat ventilation.
[0140] As illustrated in FIG. 27, the coil support apparatus 150 includes a plurality of support blocks 151 disposed to
be spaced apart from each other to secure the ventilating air paths 152 and 153, a plurality of separating members 155
mounted on each of top surfaces of the support blocks 151 to be separated from each other and configured to support
the coil 120 and separate the coil 120 from the top surface of the support block 151. The support blocks 151 may have
lower portions which are connected to each other by a connecting plate 156.
[0141] Each support block 151 may be formed to have a hexahedral structure for supporting a weight of the coil 120,
which is about 35 tons. In addition, in each support block 151, the ventilating air paths 154, which communicate with
each other, are formed at a plurality of side surfaces 151 b and a top surface 151 a.
[0142] In the coil support apparatus 150, since the ventilating air paths 152 and 153 are secured by the plurality of
support blocks 151 being separately disposed from each other, and at the same time, the ventilating air paths 154
through which the side surfaces and the top surface communicate with each other are formed in the support blocks 151,
flowing heat may easily approach a lower side of the circumferential surface 121 of the coil 120.
[0143] Since the plurality of separating members 155 secure flow paths through which heat flows by minimizing a
support area and separating the circumferential surface 121 of the coil from the top surface 151 a of the support block
151, the lower portion of the coil 120 may be smoothly heated by circulating heat even in a state in which the circumferential
surface 121 of the lower side of the coil 120 is supported by the coil support apparatus 150.
[0144] FIG. 28 is a view illustrating an example of a modified separating member. In FIG. 28, each separating member
158 may be provided to have an external surface in a semi-cylindrical shape coming into contact with the circumferential
surface 121 of the coil 120. Such a separating member 158 may cause the circumferential surface 121 of the coil 120
and the separating member 158 to come into contact with each other in advance to decrease a support area, and thus
may cause heat to more smoothly approach the circumferential surface 121 of the lower side of the coil.
[0145] As described above, in the heat treatment apparatus according to the embodiment, since the flow guide portion
170 including the guide board 171 guides a portion of heat flowing around the coil 120 to the hollow portion 122 of the
coil 120, a temperature deviation between the external surface of the coil 120 and the hollow portion 122 may be
minimized during heating of the coil 120. In addition, since heat may smoothly approach the circumferential surface 121
of the lower side of the coil 120 through the multi-directional ventilating air paths 152, 153, and 154 formed in the coil
support apparatus 150, a temperature deviation between the upper portion and the lower portion of the coil 120 may
also be minimized. Accordingly, by entirely uniformly heating the coil 120, a uniform heat treatment effect may be obtained.
[0146] FIG. 30 is a view illustrating an example of a modified guide board of the flow guide portion 170. In FIG. 30,
inclined guide surfaces 271 a and 271 b of an upper side and lower side of a guide board 271, respectively, are provided
in as inward curving surfaces. The guide board 471 may also be provided such that a coupling end 271 c has a thicker
thickness than that of a free end 271 d, and the coupling end 271 c has a width less than that of the free end 371d. In
addition, since the inclined guide surfaces 271 a and 271 b have the inward curving surfaces, central portions thereof
may have a thickness less than that of both side ends.
[0147] In such a guide board 271, since the inclined guide surfaces 271 a and 271 b of inward curving surfaces induce
circulating heat to gather toward the hollow portion 122 of the coil, the heat may be more smoothly guided to the hollow
portion 122 of the coil.
[0148] FIG. 31 is a view illustrating an example of a modified flow guide portion. In FIG. 31, a flow guide portion 370
includes a coupling member 372 mounted on a sidewall 113 of a heating furnace 110, and configured to rotatably support
a coupling end of a guide board 371, and a support portion 373 which supports the guide board 371 in a state in which
an angle is adjusted.
[0149] Since the coupling end is rotatably connected to the coupling member 372 by a shaft 374, the angle of the
guide board 371 may be adjusted by lowering or raising a height of a free end 371 d when necessary. Accordingly, a
flow direction of heat flowing toward the hollow portion 122 of a coil may be adjusted by adjusting the angel of the guide
board 371 when a coil which has a different specification is heated.
[0150] Since one end of the support portion 373 is rotatably connected to a lower surface of the guide board 371 and
the other end is rotatably connected to the coupling member 372, the guide board 371 may be supported in a fixed state.
The support portion 373 may have a turnbuckle type capable of adjusting the length thereof to adjust the angle of the
guide board 371. In addition, the support portion 373 may be replaced with another support portion which has a different
length when the angle of the guide board 371 needs to be adjusted.
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[0151] FIG. 32 is a view illustrating another example of a modified flow guide portion. In FIG. 32, a flow guide portion
470 may include a guide rail 474 installed on a sidewall 113 of a heating furnace 110, a coupling member 472 movably
installed at the guide rail 474 and configured to rotatably support a coupling end of a guide board 471 for adjusting an
angle of the guide board 471, a movement apparatus 475 moving the coupling member 472, and a support portion 473
which supports the guide board 471 in a state in which the angle is adjusted. That is, the angle and a height of the guide
board 471 may be adjusted when necessary.
[0152] The movement apparatus 475 may include a screw shaft 475a rotatably supported in a coupled state to the
coupling member 472 and extended in a direction in which the guide board 471 moves (along a longitudinal direction of
the guide rail), and a rotating means which rotates the screw shaft 475a. The rotating means may include a rotating
handle 475b provided at one end of the screw shaft 475a, a driving motor (not shown) which rotates the screw shaft
475a, or the like. Although the movement apparatus having a screw shaft method is described as an example, the
movement apparatus may be changed variously such as a chain-sprocket method, and a rack and pinion method.
[0153] In the example in FIG. 32, although the height and the angle of the guide board 471 may be adjusted, this may
be slightly modified such that the guide board 471 is also fixed to the coupling member 472. In this case, the angle of
the guide board 471 cannot be adjusted, rather the height may be adjusted by operating the movement apparatus 475,
and thus a direction of heat flowing toward a hollow portion 122 of a coil may be adjusted.
[0154] As is apparent from the above description, twist and appearance failures due to a material quality deviation
during cold rolling may be prevented by decreasing the material quality deviation along a width direction of a hot coil of
AHSS.
[0155] In addition, since only the edge portion of the hot coil of the AHSS is heated, internal oxidation due to the reheat
is minimized, and thus a scale peelability can be secured during a pickling process before cold rolling.
[0156] In addition, since the heat treatment apparatus in accordance with one embodiment of the present disclosure
guides a portion of heat flowing around the coil to the hollow portion of the coil, a temperature deviation between the
external surface and the hollow portion of the coil can be minimized. Accordingly, the entire coil is uniformly heated and
a uniform heat treatment effect can be achieved.
[0157] In the heat treatment apparatus in accordance with one embodiment of the present disclosure, since heat
smoothly approaches even the side of the circumferential surface of the lower side of the coil through the multi-directional
ventilating air paths formed at the coil support apparatus, a temperature deviation between the upper portion and the
lower portion of the coil is minimized and an entirely uniform heating can be implemented.
[0158] In the heat treatment apparatus in accordance with one embodiment of the present disclosure, since heat
circulating in the heating furnace is guided by the corner guide portions installed at the lower portion of the heating
furnace, a flow rate of the heat can be maintained and a flowing direction can be switched, and thus the heat can be
smoothly circulated.
[0159] Although a few embodiments of the present disclosure have been shown and described, it should be appreciated
by those skilled in the art that changes may be made in these embodiments without departing from the principles and
spirit of the disclosure, the scope of which is defined in the claims and their equivalents.

Claims

1. A heat treatment method of a hot coil of an advanced high strength steel (AHSS) comprising:

performing a hot rolling on a rolled material;
cooling and winding the rolled material;
forming the hot coil;
performing a first cooling on the hot coil to a temperature at which a phase transformation is completed such
that a hard phase is generated at an edge portion of the hot coil;
heating only the edge portion of the hot coil and increasing a temperature of the edge portion of the hot coil to
a tempering temperature;
maintaining the tempering temperature for a predetermined time;
weakening a strength of the edge portion of the hot coil such that the edge portion of the hot coil which was
processed in the performing of the first cooling has a strength similar to that of a central portion of the hot coil; and
performing a second cooling of the hot coil which was processed in the weakening of the strength of the hot
coil edge.

2. The heat treatment method of claim 1, wherein, in the weakening of the strength of the edge of the hot coil, the
tempering temperature is in the range of 400 to 700 °C.
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3. The heat treatment method of claim 1, wherein a temperature of the hot coil which is completely wound in the forming
of the hot coil is in the range of 500 to 700 °C.

4. The heat treatment method of claim 1, wherein, in the performing of the first cooling, a temperature at which the
phase transformation is completed is in the range of room temperature to 400 °C.

5. The heat treatment method of claim 4, wherein, in the performing of the first cooling, a width of the edge portion of
the hot coil includes a region of one fourth of an entire width of the hot coil.

6. The heat treatment method of claim 1, wherein a tensile strength of the hot coil is 780 MPa or more.

7. The heat treatment method of claim 6, wherein the heating in the weakening of the strength of the edge portion of
the hot coil includes rapidly heating the hot coil such that a region of one fourth of an entire width of the hot coil from
an edge of the hot coil along a width direction of the hot coil reaches the tempering temperature.

8. The heat treatment method of claim 7, wherein, in the weakening of the strength of the edge of the hot coil, the
predetermined time is set to be in the range which is defined by a following equation. 

wherein, the temperature is the tempering temperature and 7600≤X≤8600.

9. The heat treatment method of claim 1, wherein the performing of the second cooling includes cooling the edge
portion of the hot coil at a cooling speed of 3 °C/min or more.

10. A cold rolling method which manufactures a cold-rolled steel sheet from a hot coil of an AHSS having a tensile
strength of 780 MPa or more, the method comprising:

performing a first cooling of an edge portion of the hot coil of the AHSS which has a winding temperature of in
the range of 500 to 700 °C to in the range of room temperature to 400 °C and completing a phase transformation
of the edge portion into a hard phase;
reheating only the edge portion which is completely phase transformed into hard phase;
maintaining a temperature in the range of 400 to 700 °C for in the range of 30 to 480 minutes;
weakening a strength;
performing a second cooling of the hot coil of the AHSS whose strength was weakened at a speed of 3 °C/min
or more; and
performing a cold rolling.

11. A heat treatment apparatus which performs a heat treatment of a hot coil, comprising a heat treatment furnace
including a heating chamber into which transfer carts which stack and transfer the hot coil come and a plurality of
heating means installed at thermal insulation wall surfaces forming the heating chamber and configured to heat the
hot coil,
wherein the plurality of heating means include first burners installed in the heating chamber to control a temperature
of the heating chamber, second burners installed on both sidewalls of the heating chamber to heat both side surfaces
of the hot coil, and hot blast supply portions which supply hot blast toward an inner wound portion of the hot coil.

12. The apparatus of claim 11, wherein the hot blast supply portions collect high temperature exhaust gas discharged
from the heating chamber and jet the gas toward the inner wound portion of the hot coil.

13. The apparatus of claim 11, wherein each of the first burners includes a flame burner, and the flame burner is installed
on an upper wall of the heating chamber such that jetted flames are not in direct contact with the hot coil.

14. The apparatus of claim 11, wherein each of the second burners includes a radiant burner which heats the both side
surfaces of the hot coil with radiant heat, and at least one radiant burner is disposed on the sidewall to face a side
surface between a center and a lower end of the hot coil.



EP 3 231 523 A1

17

5

10

15

20

25

30

35

40

45

50

55

15. The apparatus of claim 12, wherein each of the hot blast supply portions include:

a nozzle which jets hot blast toward the inner wound portion of the hot coil;
a collection pipe connected to an exhaust pipe through which a high temperature gas in the heating chamber
is discharged and configured to supply the exhaust gas flowing in the exhaust pipe to the nozzle;
a damper which adjusts a supply of the exhaust gas from the exhaust pipe to the collection pipe; and
a blast fan which supplies a blast force which transfers the exhaust gas flowing in the collection pipe toward
the nozzle.

16. The apparatus of claim 11, wherein the heat treatment furnace includes a main body in a tunnel shape including an
upper wall and the both sidewalls such that a front surface, a rear surface, and a lower portion of the heat treatment
furnace is open, wherein the open lower portion is closed by the transfer cart when the transfer cart enters the
heating chamber, and the open front surface and the rear surface are closed by opening and closing doors installed
at the heat treatment furnace.

17. The apparatus of claim 16, wherein the heating chamber is formed to have an insulated structure by the upper wall
and the both sidewalls which are formed with the thermal insulation wall surface, and a thermal insulation panel
disposed at a top surface of the transfer cart.

18. The apparatus of claim 16, further comprising a sealing apparatus which seals a gap between the both sidewalls
and the transfer cart when the transfer cart enters the heating chamber.

19. The apparatus of claim 18, wherein the sealing apparatus includes:

a rotating arm rotatably coupled to one side of a lower end of the sidewall of the main body and including a
thermal insulation member configured to seal the gap; and
a driving unit which drives the rotating arm such that the thermal insulation member moves between a first
position to seal the gap and a second position to be spaced apart from the gap.

20. The apparatus of claim 11, further comprising a controller configured to control a temperature in the heating chamber,
wherein the controller controls the plurality of heating means to maintain the temperature in the heating chamber
to be higher than a heating target temperature of the hot coil at an initial stage of heating the hot coil, and to maintain
the temperature in the heating chamber at the heating target temperature after a predetermined time has passed.

21. The apparatus of claim 16, wherein two transfer carts which are installed to be movable along a rail from both sides
of the heat treatment furnace are provided, and the two transfer carts alternatively enter and exit the heating chamber.

22. A heat treatment apparatus comprising:

a heating furnace which accommodates and heats a wound coil;
a circulation apparatus which circulates heat in the heating furnace; and
flow guide portions which guide a portion of heat flowing around the coil in the heating furnace to a hollow portion
of the coil.

23. The apparatus of claim 22, wherein each of the flow guide portions include a guide board extending from a sidewall
of the heating furnace facing a side surface of the coil toward the hollow portion of the coil.

24. The apparatus of claim 23, wherein the guide board includes an inclined guide surface inclined with respect to a
central line of the coil to guide flowing heat to the hollow portion of the coil.

25. The apparatus of claim 24, wherein the guide board is formed such that a coupling end coupled to the sidewall of
the heating furnace has thicker thickness than a free end facing the hollow portion of the coil.

26. The apparatus of claim 24, wherein the guide board is provided such that a free end facing the coil hollow portion
has a width equal to or less than a diameter of the hollow portion of the coil.

27. The apparatus of claim 26, wherein the guide board is provided such that a coupling end coupled to the sidewall of
the heating furnace has a minimum width equal to or greater than a diameter of the hollow portion of the coil and
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has a maximum width equal to or less than an outer circumferential diameter of the coil.

28. The apparatus of claim 24, wherein the flow guide portions are respectively installed on both sidewalls of the heating
furnace facing both side surfaces of the coil.

29. The apparatus of claim 24, wherein the inclined guide surface is provided in a curved shape.

30. The apparatus of claim 23, wherein each of the flow guide portions further includes:

a coupling member installed at the sidewall of the heating furnace and configured to rotatably support a coupling
end of the guide board to adjust an angle of the guide board; and
a support portion which supports the guide board in a state in which the angle of the guide board is adjusted.

31. The apparatus of claim 23, wherein each of the flow guide portions further includes:

a guide rail installed on the sidewall of the heating furnace;
a coupling member which is movably coupled to the guide rail and configured to support a coupling end of the
guide board; and
a movement apparatus which moves the coupling member.

32. The apparatus of claim 22, wherein the circulation apparatus is disposed to blow heat from an upper portion of the
heating furnace through a space between one side surface of the coil and a sidewall of the heating furnace toward
a bottom of the heating furnace.

33. The apparatus of claim 32, wherein a guide board is disposed at a height between a center of the coil and an upper
end of the hollow portion of the coil when guiding descending heat, and is disposed at a height between the center
of the coil and a lower end of the hollow portion of the coil when guiding rising heat which passes through a lower
portion of the coil.

34. The apparatus of claim 32, further comprising a corner guide portion provided at a corner at which the bottom of
the heating furnace and the sidewall of the heating furnace meet, and including a flow guide surface inclined with
respect to the bottom of the heating furnace to switch a flow direction of the heat.

35. The apparatus of claim 22, further comprising a coil support apparatus which is disposed at a side of a bottom of
the heating furnace and supports a circumferential surface of a lower side of the coil, wherein a ventilating air path
configured to flow heat in multiple directions is formed in the coil support apparatus.

36. The apparatus of claim 35, wherein the coil support apparatus includes:

a plurality of support blocks disposed to be spaced apart from each other and each including the ventilating air
path through which a side surface and a top surface are communicated with each other; and
a plurality of separating members which are installed at the top surface of the support blocks to be separated
from each other, support the coil, and separate the coil and the top surface of the support blocks.

37. A heat treatment apparatus comprising:

a heating furnace which accommodates and heats a wound coil;
a circulation apparatus which circulates heat in the heating furnace; and
a coil support apparatus which is disposed at a side of a bottom of the heating furnace and supports a circum-
ferential surface of a lower side of the coil,
wherein a ventilating air path configured to flow heat in multiple directions is formed in the coil support apparatus.
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