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(54) HEATING APPARATUS AND HEATING METHOD

(57) To provide a heating apparatus in which a coil
has a simple shape, an edge part of a metal plate can
be overheated and uniform heating in a widthwise direc-
tion of the metal plate is enabled, the present invention
provides a heating apparatus comprising: a first heating
unit spaced apart from one side of a metal plate to gen-
erate a magnetic field for heating the metal plate and
arranged in parallel with the metal plate; and a second
heating unit spaced apart from the other side of the metal
plate, wherein the first heating unit and the second heat-
ing unit include magnetic cores extending in the width-
wise direction of the wound coil extending in the advanc-
ing direction/widthwise direction of the metal plate,
wherein the magnetic cores have first members extend-
ing along an inner surface of a horizontal unit, and an
outer surface of the horizontal unit is opened in the wound
coil.
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Description

[Technical Field]

[0001] The present disclosure relates to a heating ap-
paratus and a method of use thereof, and more particu-
larly, a heating apparatus and method for heating a metal
plate continuously fed thereto while overheating edge
regions of the metal plate and uniformly heating the re-
maining region of the metal plate.

[Background Art]

[0002] Transverse Flux Induction Coils (TFICs) are in-
duction heating coils developed based on Longitudinal
Flux Induction Coils (LFICs).
[0003] FIGS. 1A and 1B are views illustrating how a
metal plates are heated by LFICs and a TFICs.
[0004] Referring to FIG. 1A, the LFIC generates a mag-
netic field in a transverse direction with respect to the
metal flux, and thus eddy currents are generated in cross-
sections of the metal plate. For efficiently heating the
metal plate using a magnetic field, the thickness of the
metal plate may be a distance equal to or three times or
more that of the penetration depth (δ = √(1/πfmσ) of the
magnetic field. The reason for this is to prevent eddy
currents flowing in opposite directions in upper and lower
regions of the metal plate from colliding with each other
and cancelling each other out, as illustrated in FIG. 1B.
[0005] Therefore, for efficient induction heating by
LFICs, the penetration depth of such a magnetic field
should be decreased as the thickness of a metal plate is
decreased, and for this, a material having a high degree
of permeability (m) and an apparatus having a high op-
erational frequency (f) are necessary.
[0006] However, the permeability of a metal is an in-
herent property which may be difficult to control, and the
high operational frequency requirement limits the con-
struction of high-capacity power equipment. Therefore,
there is a limit to the induction heating of thin non-mag-
netic metal plates using LFICs.
[0007] FIGS. 2A and 2B illustrate a TFIC technique. A
TFIC may generate a magnetic field in a direction per-
pendicular to that of a metal plate moving in a transverse
direction so as to induce eddy currents in transversal
cross-sections having a wide area, and thus the cancel-
ling-out of eddy currents may be prevented. In addition,
as the thickness of the metal plate is decreased, more
eddy currents flowing in upper and lower regions of the
metal plate in the same direction may overlap each other
(refer to portions B in FIG. 2B) to increase the current
density in the metal plate and thus improve the efficiency
of heating (P=I^2*R).
[0008] That is, thin non-magnetic metal plates may be
induction-heated more efficiently by using TFICs.
[0009] Early TFICs had a simple rectangular shape as
illustrated in FIG. 3A. However, such TFICs transfer en-
ergy non-uniformly in the width direction of steel sheets.

Particularly, the amount of energy transferred to edge
regions of a steel sheet adjacent to edges 20 is less than
that transferred to the center region of the steel sheet by
about 20%, and thus the edge regions are insufficiently
heated (refer to portion C in FIG. 3B). In the case of a
TFIC proposed to address this problem, heads 10 (both
sides) of the TFIC are bent into a circular shape. In ad-
dition, the cross-sectional area of the heads 10 is mark-
edly reduced, or the heads 10 are enlarged outwardly
into a circular shape, so as to increase the current density
of insufficiently-heated regions of a metal plate or extend
current paths to edge regions of the metal plate for pre-
venting insufficient heating and realizing widthwise uni-
form heating.
[0010] In this case, however, the position of the TFIC
(particularly, the positions of the heads 10 of the TFIC)
has to be precisely controlled because the pattern of
heating is largely varied according to the distances be-
tween ends of the heads 10 and edges of a metal plate.
In other words, the TFIC has an optimal position for uni-
formly heating a metal plate in width direction of the metal
plate, and the optimal position of the TFIC is varied ac-
cording to the width or off-centering of the metal plate.
Therefore, the TFIC has to be moved according to vari-
ations of the optimal position.
[0011] As a result, for the control of coil positions, U-
shaped TFICs have been developed by dividing a pair
of heating coils as illustrated in FIG. 4A into two pairs of
heating coils.
[0012] An induction heating system using two pairs of
TFICs requires two power supplies, matching elements
(such as a condenser and a transformer), and a mech-
anism for controlling the positions of the TFICs according
to width variations and off-centering of a metal plate. In
addition, since the shapes or cross-sections of heating
coils are varied at heads, coils may have to be manufac-
tured using a welding method. In this case, however,
holes may be formed in welded portions due to overheat-
ing, and coolant may leak therethrough. That is, induction
heating systems using two pairs of TFICs have problems
such as difficulties in manufacturing coils, high system
complexity, and high initial costs.

[Disclosure]

[Technical Problem]

[0013] An aspect of the present disclosure may provide
a heating apparatus having a simple coil structure, ca-
pable of overheating edge regions of a metal plate and
uniformly heating the remaining region of the metal plate
in the width direction of the metal plate.
[0014] Another aspect of the present disclosure may
also provide a heating apparatus capable of overheating
edge regions of a metal plate and uniformly heating the
remaining region of the metal plate in the width direction
of the metal plate without using a coil positioning mech-
anism.
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[0015] Another aspect of the present disclosure may
also provide a heating apparatus and method for over-
heating edge regions of a metal plate and uniformly heat-
ing the remaining region of the metal plate in the width
direction of the metal plate even in the case that the metal
plate is off-centered.

[Technical Solution]

[0016] The present disclosure provides a heating ap-
paratus and a heating method as described below.
[0017] According to an aspect of the present disclo-
sure, a heating apparatus may include: a first heating
unit including a coil spaced apart from and disposed to
be parallel to a side of a metal plate to heat the metal
plate by generating a magnetic field, the coil including a
pair of lengthwise parts extending in a width direction of
the metal plate and a pair of widthwise parts extending
in a moving direction of the metal plate; and a second
heating unit including a coil spaced apart from and dis-
posed to be parallel to the other side of the metal plate,
the coil including a pair of lengthwise parts extending in
the width direction of the metal plate and a pair of width-
wise parts extending in the moving direction of the metal
plate, wherein each of the first and second heating units
may further include magnetic cores extending along the
pair of lengthwise parts, and the magnetic cores may
include first members extending along inner surfaces of
the pair of lengthwise parts.
[0018] The coils may have a rectangular shape elon-
gated in the width direction of the metal plate, the mag-
netic cores may include: a front magnetic core disposed
in a forward direction in the moving direction of the metal
plate; and a rear magnetic core disposed in a rear direc-
tion in the moving direction of the metal plate.
[0019] The magnetic cores may further include second
members disposed on surfaces of the coils opposite to
the metal plate.
[0020] The second members of the magnetic cores
may include extensions and may be longer than the first
members of the magnetic cores in the width direction of
the metal plate, and the extensions may extend to ends
of the coils in the width direction of the metal plate.
[0021] The heating apparatus may further include a
magnetic field shield box accommodating the coils and
the magnetic cores so as to prevent leakage of a mag-
netic field generated by the coils.
[0022] The magnetic cores may be formed by sintering
powder formed of a material having a high relative per-
meability of 1000 or greater, or formed by stacking elec-
trical steel sheets having a relative permeability of 1000
or greater in a length direction thereof, so as to minimize
core loss.
[0023] Insulation plates may be disposed between the
magnetic cores and the coils, and heat-dissipating plates
may be disposed on outer sides of the magnetic cores.
The heat-dissipating plates may be water-cooling heat-
dissipating plates having a shape corresponding to a

shape of the magnetic cores, and a water-cooling coil
may be arranged on outer sides of the heat-dissipating
plates.
[0024] The heating apparatus may further include a
magnetic field shield box accommodating the coils and
the magnetic cores so as to prevent leakage of a mag-
netic field formed by the coils, wherein the coils, the in-
sulation plates, the magnetic cores, and the heat-dissi-
pating plates may be fixed to a base using coupling parts
in the magnetic field shield box.
[0025] The magnetic cores may be formed by sintering
powder formed of a material having a high relative per-
meability of 1000 or greater, and the powder may have
a particle diameter equal to or less than a penetration
depth of a magnetic field.
[0026] The magnetic cores may be formed by stacking
electrical steel sheets having a relative permeability of
1000 or greater in the length direction thereof, and the
electrical steel sheets may have a thickness equal to or
less than a penetration depth of a magnetic field.
[0027] The magnetic cores may be formed by stacking
the electric steel sheets in the length direction thereof by
using adhesive layers, and the electrical steel sheets may
have a volume fraction of 95% or greater in the magnetic
cores for obtaining a uniform heating pattern in the width
direction of the metal plate.
[0028] Parts of the magnetic cores disposed on inner
lengthwise sides of the coils may have a length greater
than 80% of a width of the metal plate but less than 120%
of the width of the metal plate.
[0029] The magnetic field shield box may have a thick-
ness greater than a penetration depth of a magnetic field,
and a distance between the coils and an inner surface
of the magnetic field shield box may be greater than a
distance between the coils and the metal plate so as to
reduce induced current loss in the magnetic field shield
box.
[0030] According to another aspect of the present dis-
closure, a rolling line may include: the heating apparatus;
and a rolling mill disposed behind the heating apparatus.
[0031] According to another aspect of the present dis-
closure, there is provided a method of heating a metal
plate continuously fed into a heating apparatus disposed
on both sides of the metal plate, the method including:
feeding a metal plate into the heating apparatus; and
heating the metal plate by generating a magnetic field in
a direction perpendicular to the metal plate by using a
coil of the heating apparatus, wherein the heating of the
metal plate may be performed by adjusting density of the
magnetic field using a magnetic core to overheat edge
regions of the metal plate as compared with a center
region of the metal plate and to uniformly heat the center
region of the metal plate for obtaining a uniform widthwise
temperature distribution in the center region of the metal
plate.
[0032] The heating of the metal plate may be per-
formed prior to a rolling process so as to feed the heated
metal plate to the rolling process. Since the edge regions
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of the metal plate are significantly cooled in the rolling
process, the edge regions of the metal plate may be over-
heated prior to the rolling process. The remaining region
of the metal plate may be uniformly heated for obtaining
a product having uniform quality after the rolling process.

[Advantageous Effects]

[0033] According to the present disclosure, the heating
apparatus having a simple coil structure can overheat
edge regions of a metal plate and uniformly heat the re-
maining region of the metal plate in the width direction
of the metal plate.
[0034] In addition, according to the heating apparatus
and method of the present disclosure, edge regions of a
metal plate can be overheated, and the remaining region
of the metal plate can be uniformly heated in the width
direction of the metal plate by using a simple structure
without using a coil positioning mechanism.

[Description of Drawings]

[0035]

FIGS. 1A and 1B are views illustrating a longitudinal
flux induction coil (LFIC) of the related art.
FIGS. 2A and 2B are views illustrating a transverse
flux induction coil (TFIC) of the related art.
FIGS. 3A and 3B are views illustrating an exemplary
TFIC of the related art, FIG. 3A being a plan view
illustrating a coil and a metal plate, FIG. 3B being a
power distribution graph of the metal plate heated
using the TFIC.
FIGS. 4A and 4B are views illustrating another ex-
emplary TFIC of the related art, FIG. 4A being a plan
view illustrating a coil and a metal plate, FIG. 4B
being a power distribution graph of the metal plate
heated using the TFIC.
FIG. 5A is a graph illustrating eddy current density
distribution in a metal plate heated using the TFIC
of explained with reference to FIGS. 3A and 3B, and
FIG. 5B is a view showing paths of eddy currents
induced in the metal plate illustrated in FIG. 5A.
FIG. 6 is a perspective view illustrating a transverse
flux induction heater according to an embodiment of
the present disclosure.
FIGS. 7A and 7B are a perspective view and a plan
view illustrating a coil of a heating unit of the trans-
verse flux induction heater according to the embod-
iment of the present disclosure.
FIGS. 8A to 8D are a perspective view, a side view,
a front view, and a plan view illustrating magnetic
cores of the heating unit of the transverse flux induc-
tion heater according to the embodiment of the
present disclosure.
FIGS. 9A and 9B are an exploded perspective view
and a cross-sectional view illustrating the heating
unit according to the embodiment of the present dis-

closure.
FIGS. 10A to 10C are views illustrating the positions
of magnetic cores in comparative examples and a
first inventive examples.
FIG. 11 is a graph showing power distributions ac-
cording to the positions of the magnetic cores of
FIGS. 10A to 10C.
FIG. 12 is a view illustrating the positions of magnetic
cores in first to third inventive examples.
FIG. 13 is a graph showing power distributions ac-
cording to the positions of the magnetic cores of FIG.
12.
FIG. 14 is a graph showing a power distribution in
the third example and a power distribution in the re-
lated.
FIG. 15A is a plan view illustrating a heating appa-
ratus according to an embodiment of the present dis-
closure.
FIG. 15B is a graph showing power distributions ac-
cording to the length of a magnetic core of the heating
apparatus of the embodiment of the present disclo-
sure.
FIG. 16 is a cross-sectional view illustrating a heating
apparatus according to an embodiment of the
present disclosure.
FIGS. 17A and 17B are graphs showing power dis-
tributions according to the off-centering of a metal
plate.
FIG. 18 is a graph showing a power distribution in a
metal plate heated using a transverse flux induction
heater of the present disclosure.
FIG. 19 is a schematic view illustrating a rolling line
in which a heating apparatus is disposed according
to an embodiment of the present disclosure.

[Best Mode]

[0036] Hereinafter, exemplary embodiments of the
present disclosure will be described in detail with refer-
ence to the accompanying drawings.
[0037] FIG. 5A is a graph illustrating eddy current den-
sity distribution in a metal plate heated using a transverse
flux induction coil (TFIC) illustrated in FIGS. 3A and 3B,
and FIG. 5B is a view showing paths of eddy currents
induced in the metal plate illustrated in FIG. 5A. Referring
to FIGS. 5A and 5B, when the TFIC of FIGS. 3A and 3B
is used, edge currents are concentrated in edge regions
E of the metal plate. The density of eddy currents is in-
creased in the edge regions E due to distortion and con-
centration of a magnetic field, and this is known as the
end effect.
[0038] The end effect occurs in edge regions E’ located
outside of a heating coil as well as the edge regions E
located inside of the heating coil. Thus, an outer current
path loop as well as a main central current loop is formed
as illustrated in FIG. 5B. That is, currents are divided into
two in the edge regions, and thus the density of currents
is lowered at the dividing points, thereby resulting in in-
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sufficiently heated regions.
[0039] The insufficiently heated regions may be re-
moved by preventing electromagnetic coupling to the out-
er edge regions E and concentrating currents in the edge
regions E located in the heating coil. That is, it is neces-
sary to preventing current paths from running outward.
[0040] Thus, the inventors used magnetic cores to con-
centrate current paths in a region of a metal plate located
inside of a heating coil and thus to concentrate currents
in edge regions of the metal plate located inside of the
heating coil.
[0041] FIG. 6 is a perspective view illustrating a trans-
verse flux induction heater 1 according to an embodiment
of the present disclosure. As illustrated in FIG. 6, accord-
ing to the embodiment of the present disclosure, the
transverse flux induction heater 1 includes: an upper
heating unit 100 disposed above a metal plate P; and a
lower heating unit 200 disposed under the metal plate P.
[0042] The upper heating unit 100 includes: a magnetic
field shield box 101 preventing leakage of a magnetic
field; a coil 110 disposed in the magnetic field shield box
101 to generate a magnetic field in a direction perpen-
dicular to a horizontal surface of the metal plate P; and
magnetic cores 120 and 130 covering inner surfaces and
a portion of an upper surface of the coil 110 to control
the flux density of a magnetic field generated by the coil
110 according to position.
[0043] Both sides of the coil 110 extending in the width
direction of the metal plate P are defined as a pair of
lengthwise parts, and both sides of the coil 110 extending
in a moving direction of the metal plate P are defined as
widthwise parts. Then, the magnetic cores 120 and 130
are disposed on upper surfaces and inner surfaces of
the lengthwise parts.
[0044] Similarly, the lower heating unit 200 includes a
magnetic field shield box 201, a coil 210 disposed in the
magnetic field shield box 201, and magnetic core 220
and 230 covering inner surfaces and a portion of a lower
surface of the coil 210.
[0045] FIGS. 7A and 7B are a perspective view and a
plan view including the coil 110 of the upper heating unit
100 of the transverse flux induction heater 1 according
to the embodiment of the present disclosure.
[0046] The coil 110 is formed of copper having high
degrees of thermal conductivity and electric conductivity.
The coil 110 is spaced apart from a metal plate moving
in a transverse direction by a predetermined distance in
the thickness direction of the metal plate. The shape of
the coil 110 may be varied according to design. In the
embodiment of the present disclosure, for example, the
coil 110 may have a rectangular shape elongated in the
width direction of the metal plate P and may have a rec-
tangular cross-sectional shape. The coil 110 may include
three windings: an outer winding 111, an intermediate
winding 112, and an inner winding 113.
[0047] The lengthwise parts of the coil 110 have a
length (a) in the width direction of the metal plate P, the
widthwise parts of the coil 110 have a length (b) in the

moving direction of the metal plate P. The outer winding
111 and the inner winding 113 of the coil 110 include
connection parts 114 and 115 connected to a power sup-
ply.
[0048] The distance between the metal plate P and the
coil 110 is determined in consideration of variations of
the height of the metal plate P so that the coil 110 may
not collide with the metal plate P. However, the distance
between the metal plate P and the coil 110 may be set
to be as small as possible so as to enhance electromag-
netic coupling between the metal plate P and the coil
110. For example, if the metal plate P has a thickness of
20 mm, preferably, the distance between the upper coil
110 and the lower coil 210 may be set to be about 80
mm so as to obtain strong electromagnetic coupling while
preventing collision. However, the distance between the
upper coil 110 and the lower coil 210 may be varied ac-
cording to design.
[0049] FIG. 8A is a perspective view illustrating the
magnetic cores 120 and 130 of the upper heating unit
100 of the transverse flux induction heater 1 according
to the embodiment of the present disclosure. FIG. 8B is
a side view of the magnetic core 120, FIG. 8C is a front
view of the magnetic core 120, and FIG. 8D is a plan view
of the magnetic core 120.
[0050] Referring to FIG. 8A, in the embodiment of the
present disclosure, the magnetic cores 120 and 130 are
rear and front magnetic cores in the moving direction of
a metal plate P. The rear and front magnetic cores 120
and 130 may have the same shape except for vertical
parts 121 varying according to the shape of the connec-
tion part 115. The vertical parts 121 of the front and rear
magnetic cores 130 and 120 are spaced apart from each
other and face each other in the coil 110. However, ac-
cording to the thicknesses of the magnetic cores 120 and
130 and the width (b) of the coil 110 (refer to FIGS. 7A
and 7B), the magnetic cores 120 and 130 may be pro-
vided in one piece.
[0051] Referring to FIG. 8B, the rear magnetic core
120 includes: the vertical part (first member) 121 covering
an inner surface of the coil 110; and a horizontal part
(second member) 122 covering an upper surface of the
coil 110. The rear magnetic core 120 may have a re-
versed L-shape. The horizontal part 122 includes a mid-
dle part 122b corresponding to the vertical part 121, and
extensions 122a and 122c extending from both sides of
the vertical part 121 to ends of the coil 110. The vertical
part 121 does not include extensions corresponding to
the extensions 122a and 122c because the vertical part
121 covers an inner surface of the coil 110. In the em-
bodiment of the present disclosure, the lengthwise parts
of the coil 110 are not covered with the magnetic cores
120 and 130 but are exposed to the outside.
[0052] As illustrated in an enlarged cross-sectional
view in FIG. 8D, the magnetic core 120 of the embodi-
ment may be formed by stacking electrical steel sheets
123 having a high relative permeability of 1000 or greater
in the length direction of the magnetic core 120 (that is,
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in the width direction of a metal plate P). In this case,
adhesive layers 124 may be formed between the electri-
cal steel sheets 123. The thickness of the electrical steel
sheets 123 may be equal to or less than the penetration
depth of a magnetic field induced by the coil 110 so as
to prevent core loss. For example, since the penetration
depth of a magnetic field into the magnetic cores 120 and
130 is about 0.37 mm at an operational frequency of 1000
Hz, it may be preferable that the thickness of the electrical
steel sheets 123 be set to be less than about 0.37 mm.
[0053] In the embodiment of the present disclosure,
the magnetic cores 120 and 130 may be formed by sin-
tering a material having a high relative permeability of
1000 or greater. In this case, the material may have a
particle diameter equal to or less than the penetration
diameter of a magnetic field to reduce core loss. For ex-
ample, since the penetration depth of a magnetic field is
about 0.37 mm at an operational frequency of 1000 Hz,
it may be preferable that the material have a particle di-
ameter less than about 0.37 mm.
[0054] Particularly, when the electrical steel sheets
123 are stacked using the adhesive layers 124, the vol-
ume fraction of the electrical steel sheets 123 in the mag-
netic core 120 may be 95% or greater. If the volume frac-
tion of the adhesive layers 124 is greater than 5%, the
function of the magnetic core 120 may deteriorate, and
thus a widthwise heating pattern of a metal plate P may
be varied.
[0055] FIGS. 9A and 9B are a perspective view and a
cross-sectional view including the magnetic cores 120
and 130 and the coil 110 fixed in the magnetic field shield
box 101.
[0056] Referring to FIGS. 9A and 9B, the magnetic
cores 120 and 130 and the coil 110 are fixed to a base
190 connected to the magnetic field shield box 101. In
detail, insulation plates 140 are disposed between the
coil 110 and the magnetic cores 120 and 130 to insulate
the coil 110 from the magnetic cores 120 and 130 and
cool the magnetic cores 120 and 130. Heat-dissipating
plates 150 cover upper surfaces of the magnetic cores
120 and 130. The insulation plates 140 and the heat-
dissipating plates 150 are formed of materials having a
high thermal conductivity.
[0057] A water-cooling coil 180 is disposed on the heat-
dissipating plates 150 to cool the magnetic cores 120
and 130 heated by a magnetic field generated from the
coil 110.
[0058] Bushes 160 having a predetermined thickness
are disposed between the base 190 and the heat-dissi-
pating plates 150 to form a space therebetween for the
water-cooling coil 180. The bushes 160 are connected
to the coil 110 through the magnetic cores 120 and 130,
the insulation plates 140, and the heat-dissipating plates
150.
[0059] The bushes 160 make contact with the base
190, and coupling parts such as bolts 170 penetrating
the base 190 are coupled to the bushes 160 so as to fix
the insulation plates 140, the heat-dissipating plates 150,

and the magnetic cores 120 and 130 to the base 190.
[0060] The base 190 to which the coil 110, the insula-
tion plates 140, the heat-dissipating plates 150, and the
magnetic cores 120 and 130 are fixed is connected to
the magnetic field shield box 101. That is, the coil 110,
the insulation plates 140, the heat-dissipating plates 150,
and the magnetic cores 120 and 130 are fixed in the
magnetic field shield box 101.
[0061] One of embodiments of the present disclosure
has been described. Hereinafter, examples of magnetic
cores having different shapes will be described.
[0062] FIGS. 10A to 10C is a view illustrating First In-
ventive Example III and Comparative Examples I and II,
and FIG. 11 is a graph illustrating power distributions in
a metal plate P for First Inventive Example III and Com-
parative Examples I and II.
[0063] Referring to FIGS. 10A to 10C, in First Inventive
Example III, a magnetic core 120 is constituted by only
a vertical part 121 disposed on an inner surface of a coil
110. In Comparative Example I, a magnetic core 120 is
constituted by only a vertical part 125 disposed on an
outer lateral surface of a coil 110, and in Comparative
Example II, a magnetic core 120 is constituted by only a
horizontal part 122 disposed on an upper surface of a
coil 110.
[0064] Except these, the coils 110 have the same
structure such as the number turns, pole pitch, and in-
terval. FIG. 11 illustrates heating patterns of a metal plate
P after passing through TFICs. Each of the heating pat-
ters was obtained through numerical analysis by calcu-
lating the integral of joule heat of the metal plate P in the
moving direction and the thickness direction of the metal
plate P for each widthwise point of the metal plate P.
[0065] Referring to FIG. 11, in Comparative Example
I, the temperature of the metal plate P is decreased at
an edge region like in the related-art case of FIG. 3B in
which a magnetic core 120 is not used. That is, an insuf-
ficiently heated region is not removed. In Comparative
Example II, an insufficiently heated region is slightly re-
duced. That is, the effect of the magnetic core 120 is
insignificant. However, in First Inventive Example III, an
insufficiently heated region is sufficiently reduced.
[0066] The reason for this is that since the magnetic
core 120 is disposed on an inner surface of the coil 110,
a magnetic field is concentrated in a region inside of the
coil 110. Therefore, main eddy current paths between
the (upper) coil 110 and a lower coil 210 are enhanced,
and the density of a magnetic field in an outer edge region
(refer to E’ in FIG. 5) is lowered to prevent the eddy cur-
rent paths from diverging outwardly. That is, the width of
the metal plate P is uniformly heated owing to the mag-
netic core 120 disposed the inner surface of the coil 110.
[0067] Referring to FIGS. 12 and 13, examples of mag-
netic cores 120 each covering an inner surface and an-
other surface of a coil are proposed, and power distribu-
tions from the center of a metal plate heated using the
examples are illustrated in a graph.
[0068] Referring to the upper region of FIG. 12, in First
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Inventive Example III, a magnetic core 120 is constituted
by only a vertical part 121 like the magnetic core 120
illustrated in FIG. 10C, and the vertical part 121 covers
only an inner surface of a coil 110.
[0069] Referring to the middle region of FIG. 12, in Sec-
ond Inventive example IV, a magnetic core 120 includes:
a vertical part 121 covering an inner surface of a coil 110;
and a horizontal part 122 having a width corresponding
to the width of the vertical part 121 and covering an upper
surface of the coil 110. The magnetic core 120 has an
approximately reversed L-shape. The sides of the mag-
netic core 120 facing an outer surface of the coil 110 and
a metal plate are opened.
[0070] Referring to the lower region of FIG. 12, in Third
Inventive Example V, like in Second Inventive Example
IV, an magnetic core 120 includes: a vertical part 121
covering an inner surface of a coil 110; and a horizontal
part 122 having a width corresponding to the width of the
vertical part 121 and covering an upper surface of the
coil 110. However, the horizontal part 122 extends to
widthwise ends of the coil 110 as described with refer-
ence to FIGS. 8A to 8D. Like In Second Inventive Exam-
ple IV, the sides of the magnetic core 120 facing an outer
surface of the coil 110 and a metal plate are opened.
[0071] FIG. 13 is a power distribution graph showing
heating patterns in First to Third Inventive Examples III
to V. Referring to FIG. 13, edge regions of the metal plates
are sufficiently heated in First to Third Inventive Exam-
ples III to V.
[0072] Specifically, Second Inventive Example IV re-
sults in an improved heating pattern as compared with
First Inventive Example III. Furthermore, Third Inventive
Example V results in an improved heating pattern as com-
pared with Second Inventive Example IV.
[0073] Particularly, in Third Inventive Example V, an
insufficiently heated region having a normalized power
value of 1 or less is not prevent, and an edge region is
overheated. Therefore, the edge region that will be over-
cooled in a rolling process after being heated by the upper
heating unit 100 may be previously overheated for pre-
venting insufficient heating.
[0074] FIG. 14 is a power distribution graph showing
a widthwise heating pattern obtained by Third Inventive
Example V and a widthwise heating pattern obtained by
two pairs of U-shaped TFICs developed by dividing a pair
of heating coils into two pairs of heating coils as illustrated
in FIG. 4.
[0075] Referring to FIG. 14, although the U-shaped
TFICs as illustrated in FIG. 4 are proposed to remove an
insufficiently heated region, the widthwise heating pat-
tern is unstable. However, in Third Inventive Example V,
the widthwise heating pattern is stable.
[0076] Furthermore, an induction heating system using
two pairs of TFICs such as those illustrated in FIG. 4
requires tow power supplies, matching elements (such
as a condenser and a transformer), and a mechanism
for controlling the positions of TFICs according to width
variations and off-centering of a metal plate. However,

Inventive Examples of the present disclosure are not sen-
sitive to off-centering. This will be described later in detail
with reference to FIGS. 16 to 17B.
[0077] In addition, since the shapes or cross-sections
of the TFICs are varied at heads 10 (refer to FIG. 4), the
TFICs may have to be manufactured using a welding
method. In this case, however, holes may be formed in
welded portions due to overheating, and coolant may
leak therethrough. However, according to the embodi-
ments of the present disclosure, the cross-sectional ar-
eas of coils 110 are not varied, and thus the coils 110
may be easily manufactured.
[0078] FIGS. 15A and 15B illustrate heating patterns
according to a relationship between the width of a metal
plate P and the lengths of magnetic cores 120 and 130
of the present disclosure. FIG. 15A is a plan view illus-
trating a heating unit 100 according to an embodiment
of the present disclosure. A coil 110 includes three wind-
ings: an outer winding 111, an intermediate winding 112,
and an inner winding 113. The (front) magnetic core 130
and the (rear) magnetic core 120 are disposed on inner
and upper surfaces of the coil 110.
[0079] Each of the magnetic cores 120 and 130 illus-
trated in FIG. 15A includes a vertical part 121 and a hor-
izontal part 122 like the magnetic cores 120 and 130 il-
lustrated in FIGS. 8A to 8C. The horizontal part 122 in-
cludes extensions 122a and 122c. The length of the mag-
netic cores 120 and 130 means a common length of the
horizontal parts 122 and the vertical parts 121. That is,
the length of the magnetic cores 120 and 130 means the
length L of the vertical part 121 of the magnetic core 130
which is equal to a short length of the inner winding 113
of the coil 110.
[0080] FIG. 15B illustrates heating patterns according
to the length L of the vertical part 121. As illustrated in
FIG. 15B, when the width of the metal plate P is 1000
mm, undesirably, an edge portion of the metal plate P is
not overheated if the length L of the magnetic core 130
is 800 mm (80% of the width of the metal plate P). In
addition, when the width of the metal plate P is 1000 mm,
an insufficiently heated region is increased if the length
L of the magnetic core 130 is 1200 mm (120% of the
width of the metal plate P). Therefore, when the length
L of the magnetic cores 120 and 130 is longer than 80%
of the width of the metal plate P but equal to or shorter
than 120% of the width of the metal plate P, the edge
region of the metal plate P may be overheated and the
remaining region of the metal plate P may be uniformly
heated.
[0081] Referring to FIG. 16, according to an embodi-
ment of the present disclosure, the distance d2 between
a magnetic field shield box 101 and a coil 110 may be
greater than the distance d1 between the coil 110 and a
metal plate P so as to minimize induced current loss in
the magnetic field shield box 101.
[0082] In addition, the magnetic field shield box 101
may be formed of a metal plate to facilitate magnetic field
screening by induced current. In the embodiment of the
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present disclosure, the magnetic field shield box 101 may
be formed of copper. However, the embodiments of the
present disclosure are not limited thereto.
[0083] To weaken a portion of a magnetic field gener-
ated by the coil 110 and leaked to the outside in an
amount of 70% or more, the thickness of the magnetic
field shield box 101 may be greater than a penetration
depth of the magnetic field at a given frequency. For ex-
ample, since the penetration depth of a magnetic field
into copper at an operational frequency of 1100 Hz is 2
mm, it may be preferable that the thickness of the mag-
netic field shield box 101 be greater than 2 mm.
[0084] FIG. 16 illustrates a heating apparatus accord-
ing to an embodiment of the present disclosure when the
metal plate P is off-centered.
[0085] Referring to FIG. 16, in the embodiment of the
present disclosure, heating units 100 and 200 are dis-
posed above and under the metal plate P, and the metal
plate P passes between coils 110 and 210. It is ideal that
the metal plate P passes between the coils 110 and 210
with centers thereof being aligned. However, practically,
the metal plate P may be off-centered. In this case, if the
metal plate P is not heated according to the above-de-
scribed heating pattern, the heating apparatus may be
moved or adjusted according to the off-centering of the
metal plate P by using an adjustment mechanism.
[0086] An off-center distance OC may be defined as a
horizontal distance between the center of the metal plate
P and the center of the coils 110 and 210.
[0087] FIGS. 17A and 17B are power distribution
graphs illustrating heating patterns with respect to dis-
tance for off-center distances of 30 mm and 40 mm. As
illustrated in FIGS. 17A and 17B, although the metal plate
P is off-centered, edge regions of the metal plate P are
overheated and a center region of the metal plate P is
uniformly heated by the heating units 100 and 200 of the
embodiment. That is, the heating patterns have an ap-
proximate U-shape.
[0088] FIG. 18 is a performance graph obtained by ac-
tually manufacturing the transverse flux induction heater
1 illustrated in FIG. 6 and performing a performance test
thereon according to the embodiment of the present dis-
closure. In the experimental example, the length L of the
magnetic cores 120 and 130 was set to a value corre-
sponding to the width of a metal plate P, and the power
capacity of the transverse flux induction heater 1 was
100 kW. In addition, the operational frequency of the
transverse flux induction heater 1 was 1100 kHz, and a
stainless steel sheet (conductivity=1.1x106 S/m) was
used as the metal plate P.
[0089] As illustrated in FIG. 18, like the numerical anal-
ysis results described above, the transverse flux induc-
tion heater 1 overheated edge regions of the metal plate
P and uniformly heated a center region of the metal plate
P.
[0090] FIG. 19 illustrates a rolling line in which a heat-
ing apparatus is disposed according to an embodiment
of the present disclosure. Referring to FIG. 19, in the

embodiment of the present disclosure, an upper heating
unit 100 and a lower heating unit 200 of the heating ap-
paratus are disposed above and under a metal plate
(strip) to heat the strip passing therebetween, and the
heated strip is fed into a rolling mill 7 for rough rolling or
finish rolling.
[0091] While exemplary embodiments have been
shown and described above, it will be apparent to those
skilled in the art that modifications and variations could
be made without departing from the spirit and scope of
the present disclosure as defined by the appended
claims.
[0092] In the embodiments of the present disclosure,
lengthwise parts and widthwise parts of a coil are parts
extending in the width direction of a metal plate and parts
extending in a moving direction of the metal plate. The
lengthwise parts and the widthwise parts are not limited
a straight shape. For example, the lengthwise parts and
the widthwise parts may be curved.
[0093] For example, in an embodiment of the present
disclosure, when a magnetic core covers two or more
surfaces of a coil, parts of the magnetic core covering
the surfaces of the coil may be provided in one piece or
as separate parts.
[0094] The heating apparatus of the present disclosure
is not limited thereto heating thin plates, but may be used
to heat thick metal plates after adjusting the number of
turns of the coils, the shape of the coils, and the opera-
tional frequency thereof according to the thickness of the
metal plates.

Claims

1. A heating apparatus comprising:

a first heating unit comprising a coil spaced apart
from and disposed to be parallel to a side of a
metal plate to heat the metal plate by generating
a magnetic field, the coil comprising a pair of
lengthwise parts extending in a width direction
of the metal plate and a pair of widthwise parts
extending in a moving direction of the metal
plate; and
a second heating unit comprising a coil spaced
apart from and disposed to be parallel to the
other side of the metal plate, the coil comprising
a pair of lengthwise parts extending in the width
direction of the metal plate and a pair of width-
wise parts extending in the moving direction of
the metal plate,
wherein each of the first and second heating
units further comprises magnetic cores extend-
ing along the pair of lengthwise parts, and
the magnetic cores comprise first members ex-
tending along inner surfaces of the pair of length-
wise parts.
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2. The heating apparatus of claim 1, wherein the mag-
netic cores comprise:

a front magnetic core disposed in a forward di-
rection in the moving direction of the metal plate;
and
a rear magnetic core disposed in a rear direction
in the moving direction of the metal plate.

3. The heating apparatus of claim 1, wherein the mag-
netic cores further comprise second members dis-
posed on surfaces of the coils opposite to the metal
plate.

4. The heating apparatus of claim 3, wherein the sec-
ond members of the magnetic cores comprise ex-
tensions and are longer than the first members of
the magnetic cores in the width direction of the metal
plate.

5. The heating apparatus of claim 4, wherein the ex-
tensions extend to ends of the coils in the width di-
rection of the metal plate.

6. The heating apparatus of claim 1, further comprising
a magnetic field shield box accommodating the coils
and the magnetic cores so as to prevent leakage of
a magnetic field generated by the coils.

7. The heating apparatus of claim 1, wherein the mag-
netic cores are formed by sintering powder formed
of a material having a high relative permeability of
1000 or greater, or formed by stacking electrical steel
sheets having a relative permeability of 1000 or
greater in a length direction thereof, so as to minimize
core loss.

8. The heating apparatus of claim 1, wherein insulation
plates are disposed between the magnetic cores and
the coils, and heat-dissipating plates are disposed
on outer sides of the magnetic cores.

9. The heating apparatus of claim 8, wherein the heat-
dissipating plates are water-cooling heat-dissipating
plates having a shape corresponding to a shape of
the magnetic cores, and a water-cooling coil is ar-
ranged on outer sides of the heat-dissipating plates.

10. The heating apparatus of claim 9, further comprising
a magnetic field shield box accommodating the coils
and the magnetic cores so as to prevent leakage of
a magnetic field formed by the coils,
wherein the coils, the insulation plates, the magnetic
cores, and the heat-dissipating plates are fixed to a
base using coupling parts in the magnetic field shield
box.

11. The heating apparatus of claim 7, wherein the mag-

netic cores are formed by sintering powder formed
of a material having a high relative permeability of
1000 or greater, and the powder has a particle di-
ameter equal to or less than a penetration depth of
a magnetic field.

12. The heating apparatus of claim 7, wherein the mag-
netic cores are formed by stacking electrical steel
sheets having a relative permeability of 1000 or
greater in the length direction thereof, and the elec-
trical steel sheets have a thickness equal to or less
than a penetration depth of a magnetic field.

13. The heating apparatus of claim 12, wherein the mag-
netic cores are formed by stacking the electric steel
sheets in the length direction thereof by using adhe-
sive layers, and the electrical steel sheets have a
volume fraction of 95% or greater in the magnetic
cores for obtaining a uniform heating pattern in the
width direction of the metal plate.

14. The heating apparatus of claim 2, wherein parts of
the magnetic cores disposed on inner lengthwise
sides of the coils have a length greater than 80% of
a width of the metal plate but equal to or less than
120% of the width of the metal plate.

15. The heating apparatus of claim 6, wherein the mag-
netic field shield box has a thickness greater than a
penetration depth of a magnetic field, and
a distance between the coils and an inner surface of
the magnetic field shield box is greater than a dis-
tance between the coils and the metal plate so as to
reduce induced current loss in the magnetic field
shield box.

16. A rolling line comprising:

the heating apparatus of claim 1; and
a rolling mill disposed behind the heating appa-
ratus,
wherein a metal strip heated by the heating ap-
paratus is rolled by the rolling mill.

17. A method of heating a metal plate continuously fed
into a heating apparatus disposed on both sides of
the metal plate, the method comprising:

feeding a metal plate into the heating apparatus;
and
heating the metal plate by generating a magnetic
field in a direction perpendicular to the metal
plate by using a coil of the heating apparatus,
wherein the heating of the metal plate is per-
formed by adjusting density of the magnetic field
using a magnetic core to overheat edge regions
of the metal plate as compared with a center
region of the metal plate and to uniformly heat
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the center region of the metal plate for obtaining
a uniform widthwise temperature distribution in
the center region of the metal plate.

18. The method of claim 17, wherein the heating of the
metal plate is performed prior to a rolling process so
as to feed the heated metal plate to the rolling proc-
ess.

17 18 



EP 2 800 452 A1

11



EP 2 800 452 A1

12



EP 2 800 452 A1

13



EP 2 800 452 A1

14



EP 2 800 452 A1

15



EP 2 800 452 A1

16



EP 2 800 452 A1

17



EP 2 800 452 A1

18



EP 2 800 452 A1

19



EP 2 800 452 A1

20



EP 2 800 452 A1

21



EP 2 800 452 A1

22



EP 2 800 452 A1

23



EP 2 800 452 A1

24



EP 2 800 452 A1

25



EP 2 800 452 A1

26



EP 2 800 452 A1

27



EP 2 800 452 A1

28



EP 2 800 452 A1

29



EP 2 800 452 A1

30



EP 2 800 452 A1

31



EP 2 800 452 A1

32



EP 2 800 452 A1

33



EP 2 800 452 A1

34

5

10

15

20

25

30

35

40

45

50

55



EP 2 800 452 A1

35

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

