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Description

[Technical Field]

[0001] The present invention relates to a method and
device for refining a magnetic domain of a grain-oriented
electrical steel plate, for permanently performing mag-
netic domain refinement on a steel plate by irradiating a
grain-oriented electrical steel plate with a laser beam.

[Background Art]

[0002] For example, to reduce power loss of an elec-
tronic device such as a transformer and to improve effi-
ciency of the electronic device, there is a need for a grain-
oriented electrical steel plate with magnetic characteris-
tics such as low iron loss and high magnetic flux density.
[0003] To reduce iron loss of a grain-oriented electrical
steel plate, disclosed is a technology of reducing iron loss
using a mechanical method or by irradiating a surface of
the steel plate with a laser beam to refine a magnetic
domain in a vertical direction with respect to a rolling di-
rection, thereby reducing iron loss.
[0004] A magnetic domain refining method may broad-
ly classified into a temporary magnetic domain refining
method and a permanent magnetic domain refining
method according to whether an effect of enhancing re-
finement of a magnetic domain is maintained after an-
nealing for removing stress is performed.
[0005] The temporary magnetic domain refining meth-
od is disadvantageous in that an effect of refinement of
a magnetic domain is lost after annealing for removing
stress is performed. In the temporary magnetic domain
refining method, a magnetic domain is refined by forming
a local compress stress portion on the surface of the steel
plate. However, in this method, an insulating coating lay-
er of the surface of the steel plate is damaged and, thus,
re-coating is required and magnetic domain refinement
needs to be processed in an intermediate process in-
stead of a final product, thereby disadvantageously in-
creasing manufacturing costs.
[0006] In the permanent magnetic domain refining
method, an effect of improving iron loss characteristics
is also maintained after heat treatment is performed. For
the permanent magnetic domain refinement processing,
a technology using an etching method, a roll method, or
a laser method is mainly used. It is disadvantageous that
the etching method is not environmentally friendly in that
it is difficult to control a depth or a width for forming a
groove, it is difficult to ensure the characteristics of iron
loss of a final product, and an acid solution is used. The
method using a roll is disadvantageous in terms of sta-
bility, reliability, and complex processes with respect to
mechanical processing.
[0007] In a method of permanently refining a magnetic
domain of a steel plate using a laser, a magnetic domain
may be refined by irradiating a laser beam to the surface
of the steel plate to form a melting groove in the surface

of the steel plate in a state in which the steel plate is
supported and tension is adjusted. As such, there is a
need to enhance and optimize as effective as possible
process to reduce iron loss of an electrical steel plate
and to increase magnetic flux density while high speed
processing is possible in refinement of a magnetic do-
main using a laser.
[0008] Systems disclosed in the prior art: KR2012
0073913A shows adjustable in height supporting rolls for
continuously laser-scoring an electrical steel sheet for
magnetic domain refinement. JP2004 351447A disclos-
es an adjustable roller in a continuous line for laser treat-
ment and the possibility of controlling and setting various
angles on the arced part on the supporting roll for the
continuously moving web. KR 2015 0076894 discloses
measures as to how to avoid the radiant heat reflected
against the laser optical system and in particular by set-
ting a proper liquid refrigerant and guiding the same
through the channels of a cooling block.

[DISCLOSURE]

[Technical Problem]

[0009] The present invention has been made in an ef-
fort to provide a method and device for refining a mag-
netic domain of a grain-oriented electrical steel plate hav-
ing advantages of optimizing equipment and processes
to enhance magnetic domain refinement efficiency and
enhancing enhance workability to improve processing
capability.
[0010] An exemplary embodiment of the present in-
vention provides a method and device for refining a mag-
netic domain of a grain-oriented electrical steel plate, for
preventing an optical system from being damaged due
to reflection and radiant heat of a laser beam.
[0011] Another embodiment of the present invention
provides a method and device for refining a magnetic
domain of a grain-oriented electrical steel plate, for more
effectively removing pollutant such as hill up and spatter
formed via laser beam irradiation.
[0012] Yet another embodiment of the present inven-
tion provides a method and device for refining a magnetic
domain of a grain-oriented electrical steel plate, for pro-
viding an optimum operation environment required for a
process.

[Technical Solution]

[0013] According to an embodiment of the present in-
vention, a method of refining a magnetic domain of a
grain-oriented electrical steel plate as disclosed in claim
1, includes steel plate support roll position adjusting for
controlling a position of the steel plate in up and down
directions while supporting the steel plate transferred in
a production line, laser beam irradiating for irradiating a
laser beam to a surface of the steel plate to melt the steel
plate to form a groove in the surface of the steel plate,
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and removing step for absorbing and removing radiant
heat due to reflection of the laser beam irradiated to the
surface of the steel plate during the laser beam irradiat-
ing.
[0014] The removing may include heat-exchanging
and absorbing radiant heat of a laser beam through a
cooling block installed below an optical system for irra-
diating a laser beam corresponding to a reflected position
of a laser beam reflected by the steel plate, and circulat-
ing a coolant in the cooling block to maintain cooling tem-
perature of the cooling block.
[0015] The removing may further include detecting a
flow rate of the coolant supplied to the cooling block, and
controlling driving of a laser oscillator when the fed flow
rate of the coolant is abnormal.
[0016] The laser beam irradiating may include irradi-
ating the laser beam at a position spaced apart from a
center of a steel plate support roll from a reference point,
(P) which is determined as a laser beam irradiation po-
sition when an irradiation direction of a laser beam pass-
es through a center axis of the steel plate support roll
with respect to the surface of the steel plate transferred
to contact the surface of the steel plate support roll in a
circular arc form, along an external circumferential sur-
face at a predetermined angle.
[0017] The laser beam irradiating may include irradi-
ating a laser beam in a spacing range of 3 to 7° along an
external circumferential surface at a center of the steel
plate support roll with respect to the reference point.
[0018] The method may further include setting and
maintaining for setting and maintaining an internal oper-
ation environment of a laser room in which laser beam
irradiation is performed.
[0019] The setting and maintaining may include isolat-
ing an internal portion of the laser room from the outside
to prevent external pollutant from being introduced, and
controlling temperature, pressure, and humidity inside
the laser room.
[0020] The method may further include tension con-
trolling for applying tension to the steel plate to maintain
the steel plate in a flat state.
[0021] The method may further zigzag controlling for
transferring the steel plate without being inclined in right
and left directions along a production line center.
[0022] The method may further include post process-
ing for removing hill up and spatter formed on the surface
of the steel plate via the laser beam irradiation.
[0023] The post processing may include brushing for
removing hill up and spatter attached on the surface of
the steel plate by a brush roll.
[0024] The post processing may further include clean-
ing for additionally removing hill up and spatter remaining
on the surface of the steel plate via electrolysis reaction
between the steel plate and an alkaline solution, and fil-
tering for filtering impurities included in an alkaline solu-
tion and removed from the steel plate in the cleaning from
the alkaline solution.
[0025] The zigzag controlling may include zigzag de-

gree measuring for measuring a degree by which a cen-
tral position of the steel plate deviates from a production
line center in a width direction, and zigzag degree con-
trolling for rotating and moving an axis of a steering roll
to adjust a direction in which the steel plate is transferred
according to a zigzag degree of the steel plate, measured
in the zigzag degree measuring.
[0026] The zigzag degree controlling may include con-
trolling a zigzag degree within 61 mm.
[0027] The tension controlling may include steel plate
tension applying for applying tension to the steel plate
by the tension bridle roll, a steel plate measuring for
measuring tension of the steel plate on which the steel
plate tension applying is applied, and steel plate tension
controlling for adjusting speed of the tension bridle roll
according to the steel plate tension measured in the steel
plate tension measuring to control the tension of the steel
plate.
[0028] The steel plate support roll position adjusting
may include steel plate supporting for supporting the
steel plate positioned in the laser beam irradiating by a
steel plate support roll, brightness measuring for meas-
uring brightness of flame generated in the laser beam
irradiating on the steel plate in the laser beam irradiating,
and plate support roll position controlling for adjusting a
position of the steel plate support roll by a steel plate
support roll position control system according to bright-
ness of flame measured in the bright measuring to posi-
tion the steel plate in a depth of focus of the laser beam.
[0029] The laser beam irradiating may include laser
beam irradiating and energy transferring for irradiating a
laser beam to the surface of the steel plate to form a
groove having an upper width within 70 m m, a lower
width within 10 m m, and a depth of 3 to 30 m m by an
optical system that receives the laser beam emitted from
the laser beam oscillator and, simultaneously, transfer-
ring laser beam energy density in the range of 1.0 to 5.0
J/mm2 required to melt a steel plate to the steel plate to
produce a re-solidified portion accumulating on an inter-
nal wall of the groove of a melted portion during laser
beam irradiation.
[0030] The laser beam irradiating may include laser
beam oscillation controlling for controlling a laser oscil-
lator to oscillate a laser beam in an on state under a
normal working condition and controlling the laser oscil-
lator in an off state when a zigzag degree is equal to or
greater than 15 mm.
[0031] The laser irradiating may include oscillating a
single mode consecutive wave laser beam by the laser
oscillator.
[0032] The laser irradiating may include controlling la-
ser scanning speed to adjust an interval between laser
beam irradiation lines to 2 to 30 mm in a rolling direction
by an optical system.
[0033] The laser irradiating may further include angle
changing for changing an angle of an irradiation line of
the laser beam irradiated to the surface of the steel plate.
[0034] The angle changing may include changing the
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angle of the irradiation line of the laser beam in a width
direction of the steel plate to a range of 64°.
[0035] The laser beam irradiating may further include
preventing reflected light and scattered light of a laser
beam from being introduced into an optical system of the
laser beam irradiation equipment.
[0036] The laser beam irradiating may further include
dust collecting for absorbing and removing fume and
melted iron generated during the laser beam irradiating.
The dust collecting may include spraying for spraying
compressed dry air into a groove of the steel plate to
remove melted iron remaining in the groove.
[0037] According to another embodiment of the
present invention, a device for refining a magnetic do-
main of a grain-oriented electrical steel plate as disclosed
in claim 7, includes steel plate support roll position ad-
justing equipment configured to control a position of the
steel plate in up and down directions while supporting
the steel plate transferred in a production line, laser beam
irradiation equipment configured to irradiate a laser beam
to a surface of the steel plate to melt the steel plate to
form a groove in the surface of the steel plate, and an
absorption portion configured to absorb and remove ra-
diant heat due to reflection of the laser beam irradiated
to the surface of the steel plate.
[0038] The absorption portion may include a cooling
block installed below an optical system of the laser beam
irradiation equipment to corresponding to a reflected po-
sition of the laser beam reflected by the steel plate and
configured to absorb radiant heat of a reflected laser
beam via heat exchange.
[0039] The absorption portion may further includes a
cooling path formed in the cooling block and a supply
portion configured to circulate and supply the coolant to
the cooling block through a supply pipe connected to the
cooling path.
[0040] The cooling block may be installed below an
optical system along a surrounding portion of the opening
through which a laser beam is passed.
[0041] The cooling block may be inclined in such a way
that a front surface to which a reflected light beam of a
laser beam faces toward an irradiation direction of the
reflected light beam.
[0042] The cooling block may form a chemical vapor
coating layer to prevent scattered melted iron from being
attached to the surface.
[0043] The cooling path of the cooling block may in-
clude a plurality of paths formed in a straight line through
an external surface of the cooling block, and a plug con-
figured to block a path in the path to connect the paths
in one direction at an intersection between the paths and
formed in a zigzag form.
[0044] The plug may be fixedly installed to the cooling
block via cogging of the cooling block.
[0045] The supply portion may include a heat exchang-
er installed on a coolant circulation line, a supply pump
configured to supply the coolant passed through the heat
exchanger, a flow switch configured to detect a fed flow

rate of the coolant introduced into the cooling block along
the circulation line according to driving of the supply
pump, and a control circuit configured to control driving
of the laser oscillator of the optical system based on a
detected value of the flow switch.
[0046] The laser beam irradiation equipment may irra-
diate the laser beam at a position spaced apart from a
center of a steel plate support roll from a reference point,
which is determined as a laser beam irradiation position
when an irradiation direction of a laser beam passes
through a center axis of the steel plate support roll with
respect to the surface of the steel plate transferred to
contact the surface of the steel plate support roll in a
circular arc form, along an external circumferential sur-
face at a predetermined angle.
[0047] The laser beam irradiation equipment may irra-
diate a laser beam in a spacing range of 3 to 7° along an
external circumferential surface at a center of the steel
plate support roll with respect to the reference point.
[0048] The device may further include a laser room
configured to isolate the steel plate support roll position
adjusting equipment and the laser beam irradiation
equipment from the outside to provide an operation en-
vironment for laser beam irradiation.
[0049] The laser room may include an over pressure
device configured to accommodate the laser beam irra-
diation equipment and the steel plate support roll position
control equipment to form an internal space to be isolated
from the outside, including an inlet and an outlet at op-
posite sides in a transferred direction of the steel plate,
and formed therein to increase internal pressure of the
laser room compared with external pressure, an optical
system lower frame configured to separate an upper
space in which an optical system of the laser beam irra-
diation equipment is positioned, from a lower space in
which the steel plate is passed, and an isothermal-iso-
humidity controller configured to control temperature and
humidity inside the laser room.
[0050] The device may further include tension control
equipment configured to apply tension to the steel plate
to maintain the steel plate in a flat state.
[0051] The device may further include zigzag control
equipment configured to transfer the steel plate without
being inclined in right and left directions along a produc-
tion line center.
[0052] The device may further include post-processing
equipment configured to remove hill up and spatter
formed on the surface of the steel plate.
[0053] The post-processing equipment may include a
brush roll disposed at a rear end of the laser room and
configured to remove hill up and spatter of a surface of
the steel plate.
[0054] The post-processing equipment may further in-
clude a cleaning unit disposed at a rear end of the brush
roll to additionally removing the hill up and spatter re-
maining on the surface of the steel plate via electrolysis
reaction between the steel plate and an alkaline solution
and a filter unit connected to the cleaning unit to filter
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impurities included in the alkaline solution of the cleaning
unit from the alkaline solution.
[0055] The zigzag control equipment may include
steering rolls for changing a transferring direction of the
steel plate, a zigzag measuring sensor for measuring a
degree (zigzag degree) by which a central position of the
steel plate deviates from a production line center in a
width direction, and a strip center position control system
for rotating and moving an axis of the steering rolls ac-
cording to the output value of the zigzag measuring sen-
sor to adjust a direction in which the steel plate is trans-
ferred.
[0056] The tension control equipment may include ten-
sion bridle rolls for guiding transferring while applying
tension to the steel plate, a steel plate tension measuring
sensor for measuring tension of the steel plate passed
through the tension bridle rolls, and a strip tension control
system for adjusting speed of the tension bridle rolls de-
pending on tension of the steel plate measured by the
steel plate tension measuring sensor.
[0057] The steel plate support roll position adjusting
equipment may include the steel plate support roll for
supporting the steel plate at the laser beam irradiation
position, a brightness measuring sensor for measuring
brightness of flame generated when a laser beam is ir-
radiated to the steel plate by the laser beam irradiation
equipment, and a steel plate support roll position control
system for controlling a position of the steel plate support
roll depending on the brightness of the flame measured
by the brightness measuring sensor.
[0058] The laser beam irradiation equipment may in-
clude a laser oscillator configured to oscillate a consec-
utive wave laser beam and an optical system configured
to irradiate the laser beam oscillated by the laser beam
oscillator to the surface of the steel plate to form a groove
having an upper width within 70 mm, a lower width within
10 mm, and a depth of 3 to 30 mm and, simultaneously,
to transfer laser beam energy density in the range of 1.0
to 5.0 J/mm2 required to melt a steel plate to the steel
plate to produce a re-solidified portion accumulating on
an internal wall of the groove of a melted portion during
laser beam irradiation.
[0059] The laser beam irradiation equipment may fur-
ther include a laser oscillator controller configured to con-
trol a laser oscillator to oscillate a laser beam in an on
state under a normal working condition and to control the
laser oscillator in an off state when a zigzag degree is
equal to or greater than 15 mm.
[0060] The laser oscillator may oscillate a single mode
consecutive wave laser beam.
[0061] The optical system may control laser scanning
speed to adjust an interval between laser beam irradia-
tion lines to 2 to 30 mm in a rolling direction.
[0062] The laser beam irradiation equipment may be
configured in such a way that an optical system config-
ured to irradiate a laser beam to the steel plate is rotatable
by a driver and to be rotated with respect to the steel
plate to change an irradiation angle of the laser beam in

a width direction of the steel plate.
[0063] The laser beam irradiation equipment may fur-
ther include a shield configured to prevent scattered light
and heat of a laser beam from being introduced into the
optical system.
[0064] The laser beam irradiation equipment may fur-
ther include melted iron removal equipment for removing
fume and spatter that are generated via irradiation of a
laser beam to the steel plate.
[0065] The melted iron removal equipment may in-
clude an air knife for spraying compressed dry air into a
groove of the steel plate to remove melted iron remaining
in the groove and dust collection hoods for absorbing and
removing fume and melted iron.

[Advantageous Effects]

[0066] As described above, according to the present
exemplary embodiment, even if the steel plate is trans-
ferred at high speed equal to or greater than 2 m/sec, a
magnetic domain refinement process may be stably per-
formed using a laser and, thus, a iron loss improvement
rate before and after heat treatment of the steel plate
may be ensured by 5% or greater and 10% or greater,
respectively.
[0067] An optical system may be prevented from being
heated by radiant heat due to reflection of a laser beam,
thereby being prevented from being thermally deformed
and damaged.
[0068] A cooling block may have a simplified structure
and may be easily manufactured and, thus, may be easily
installed and repaired below an optical system even in a
narrow space between the steel plate and the optical
system.
[0069] Heat crack of the cooling block may be mini-
mized and scattered melted iron melted by a laser beam
may be prevented from being fused to the cooling block.
[0070] A coolant flow may be continuously detected to
control a laser oscillator to prevent an error in terms of
magnetic domain refinement processing due to degrad-
ed performance of the optical system.
[0071] The magnetic domain refinement efficiency
may be enhanced and workability may be enhanced to
increase magnetic domain refinement capability.
[0072] Pollutants such as hill up and spatter formed
via laser beam irradiation may be more effectively re-
moved to enhance quality of products.
[0073] An optimum operation environment required for
processes and, thus, high-quality products may be mas-
sively produced.

[Description of the Drawings]

[0074]

FIG. 1 is a schematic diagram showing a structure
of a magnetic domain refining method of a grain-
oriented electrical steel plate according to the
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present exemplary embodiment.
FIG. 2 illustrates a steel plate on which magnetic
domain refinement is processed according to the
present exemplary embodiment.
FIG. 3 is a schematic diagram showing a structure
of an optical system of laser beam irradiation equip-
ment including an absorption portion according to
the present exemplary embodiment.
FIG. 4 is a schematic diagram showing a structure
of a cooling block installed below an optical system
according to the present exemplary embodiment.
FIG. 5 is a perspective view showing a cooling block
according to the present exemplary embodiment.
FIG. 6 is a schematic diagram showing a cooling
path inside a cooling block according to the present
exemplary embodiment.
FIG. 7 is a schematic diagram showing a plug fixing
structure of a cooling block according to the present
exemplary embodiment.
FIG. 8 is a schematic diagram showing a structure
in which a coolant is supplied to a cooling block ac-
cording to the present exemplary embodiment.

[Mode for Invention]

[0075] The technical terms used hereinafter is only for
describing a specific exemplary embodiment and is not
intended to limit the present invention. As used herein,
the singular forms are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It
will be further understood that the terms "comprises"
when used in this specification, specify the presence of
stated features, regions, integers, steps, operations, el-
ements, and/or components, but do not preclude the
presence or addition of other features, regions, integers,
steps, operations, elements, components, and/or groups
thereof.
[0076] Hereinafter, exemplary embodiments of the
present invention are described in detail so as for those
of ordinary skill in the art to easily implement with refer-
ence to the accompanying drawings.
[0077] The invention may be embodied in many differ-
ent forms and these embodiments are provided so that
this disclosure will be thorough and complete, and will
fully convey the concept of the invention to those skilled
in the art. Accordingly, as those skilled in the art would
realize, the embodiments may be modified in various dif-
ferent ways, all without departing from the scope of the
present invention.
[0078] Hereinafter, equipment for permanent magnet-
ic domain refinement of a grain-oriented electrical steel
plate used in an iron core of a transformer or the like is
exemplified according to the present exemplary embod-
iment of the present invention.
[0079] FIG. 1 is a schematic diagram showing a mag-
netic domain refining device of a grain-oriented electrical
steel plate according to the present exemplary embodi-
ment. FIG. 2 illustrates a steel plate on which magnetic

domain refinement is processed according to the present
exemplary embodiment. Hereinafter, in FIG. 2, a rolling
direction or a steel plate transferring direction refers to
the x-axis direction, a width direction refers to a direction
perpendicular to the rolling direction and the y-axis direc-
tion in FIG. 2, and a width refers to a length of a steel
plate in the y-axis direction. In FIG. 2, a reference numeral
31 refers to an irradiation line that is continuously formed
in a surface of the steel plate 1 by digging the surface in
the form of a groove by a laser beam.
[0080] Referring to FIG. 1, the device for refining a
magnetic domain of a grain-oriented electrical steel plate
according to the present exemplary embodiment may
stably perform permanent magnetic domain refinement
processing even if the steel plate 1 is transferred at high
speed of 2 m/s or more.
[0081] The device for refining a magnetic domain ac-
cording to the present exemplary embodiment may in-
clude a steel plate support roll position adjusting equip-
ment for controlling a position of steel plate in up and
down directions while supporting the steel plate 1 trans-
ferred along a production line, laser beam irradiation
equipment for irradiating a laser beam to melt a steel
plate and forming a groove in the surface of the steel
plate, and an absorption portion for absorbing and re-
moving radiant heat based on reflection of the laser beam
irradiated onto the laser beam irradiated to the surface
of the steel plate.
[0082] The device for refining a magnetic domain may
further include a laser room 20 that isolates the steel
plate support roll position adjusting equipment and the
laser beam irradiation equipment from the outside to pro-
vide an operation environment for irradiating a laser
beam.
[0083] The device for refining a magnetic domain may
further include tension control equipment for applying
tension to a steel plate to maintain the steel plate in a flat
state without sagging.
[0084] The device for refining a magnetic domain may
further include zigzag control equipment for transferring
the steel plate without being inclined in right and left di-
rections along a production line center.
[0085] The device for refining a magnetic domain may
further include post-processing equipment for removing
hill up and spatter which are formed on the surface of the
steel plate along with laser beam irradiation.
[0086] The hill up refers to a portion formed by accu-
mulating melted iron on a steel plate at opposite sides of
a groove by a predetermined height or more when a laser
beam is irradiated to the surface of the steel plate to form
the groove. The spatter refers to melted iron that is gen-
erated by irradiating a laser beam and is solidificated on
the surface of the steel plate.
[0087] The zigzag control equipment may include
steering rolls 2A and 2B for changing a transferring di-
rection of the steel plate 1, a zigzag measuring sensor 4
for measuring a degree (zigzag degree) by which a cen-
tral position of the steel plate 1 deviates from a production
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line center in a width direction, and a strip center position
control system 3 for calculating a detection signal of the
zigzag measuring sensor 4 and rotating and moving an
axis of the steering rolls 2A and 2B to adjust a direction
in which the steel plate 1 is transferred.
[0088] The zigzag measuring sensor 4 may be dis-
posed at a rear end of the steering roll 2B and may detect
an actual zigzag degree of the steel plate passed through
the steering roll in real time.
[0089] The zigzag control equipment may allow the
steel plate to be straightly transferred along a production
line center without being inclined to right and left direc-
tions to form the groove in a surface of the steel plate
over an entire width of the steel plate.
[0090] The zigzag control equipment may measure a
zigzag degree of the steel plate by the zigzag measuring
sensor 4 in a previous process of formation of a groove
in the surface of the steel plate via laser beam irradiation.
The value measured by zigzag measuring sensor 4 may
be output to the strip center position control system and
the strip center position control system may calculate an
output value of the zigzag measuring sensor and may
rotate and transfer axes of the steering rolls 2A and 2B
depending on the calculated zigzag degree. As such, the
steering rolls 2A and 2B may be rotated and transferred
to adjust a direction of moving the steel plate that is wound
around the steering roll and is transferred. Accordingly,
a zigzag degree of the steel plate may be controlled within
61 mm.
[0091] The tension control equipment may include ten-
sion bridle rolls (TBRs) 5A and 5B for guiding transferring
while applying tension with predetermined amplitude to
the steel plate 1, a steel plate tension measuring sensor
7 for measuring tension of the steel plate 1 passed
through the tension bridle rolls, and a strip tension control
system 6 for adjusting speed of the tension bridle rolls
5A and 5B depending on tension of the steel plate 1
measured by the steel plate tension measuring sensor 7.
[0092] The steel plate tension measuring sensor 7 may
be disposed at a rear end of the tension bridle roll 5B and
may measure actual tension of the steel plate to which
tension is applied through the tension bridle roll 5B in real
time.
[0093] According to the present exemplary embodi-
ment, tension of the steel plate may be set to prevent a
wave end due to an excessive amplitude of tension while
planarizing a surface shape of the steel plate at a laser
beam irradiation position of the laser beam irradiation
equipment.
[0094] The tension control equipment may adjust
speed of the tension bridle rolls (TBRs) 5A and 5B by the
strip tension control system 6 depending on tension of
the steel plate measured by the steel plate tension meas-
uring sensor 7 to perform work with tension of the steel
plate within a predetermined range
[0095] Accordingly, the tension control equipment may
control tension error of the steel plate 1 within the pre-
determined range and may apply the tension to the steel

plate.
[0096] The steel plate passed through the tension con-
trol equipment may be introduced into the laser room 20,
may be magnetic domain-refined through the steel plate
support roll position adjusting equipment and the laser
beam irradiation equipment and, then, may be trans-
ferred out of the laser room 20. The laser room is re-
described below.
[0097] According to the present exemplary embodi-
ment, a steel plate support roll 9 may be disposed imme-
diately below the laser beam irradiation equipment in the
laser room 20 and deflector rolls 8A and 8B may be dis-
posed to face each other across the steel plate support
roll.
[0098] A transferring direction of the steel plate 1 may
be changed toward the steel plate support roll 9 by the
deflector rolls 8A and 8B. The transferring direction of
the steel plate 1 may be changed toward the steel plate
support roll 9 through the deflector roll 8A to contact the
steel plate support roll 9 and, then, may be re-changed
toward the deflector roll 8B to be transferred through the
deflector roll 8B.
[0099] The steel plate 1 may be wound along the steel
plate support roll 9 in a circular arc form by the deflector
roll and may be transferred to surface contact the steel
plate support roll. To minimize a variation in a laser beam
focal distance due to vibration and wave of the steel plate
during laser beam irradiation, the steel plate needs to be
transferred to sufficiently surface-contact the steel plate
support roll and, in this state, a laser beam needs to be
irradiated to the steel plate that is transferred along the
steel plate support roll. According to the present exem-
plary embodiment, as described above, as the surface
of the steel plate contacts the steel plate support roll, a
laser beam may be accurately irradiated to the steel plate.
[0100] The steel plate support roll position adjusting
equipment may include the steel plate support roll 9 for
supporting the steel plate 1 at the laser beam irradiation
position of the laser beam irradiation equipment, a bright-
ness measuring sensor 10 for measuring brightness of
flame generated when a laser beam is irradiated to the
steel plate 1 by the laser beam irradiation equipment,
and a steel plate support roll (SPR) position control sys-
tem 12 for controlling a position of the steel plate support
roll 9 depending on the brightness of the flame measured
by the brightness measuring sensor 10.
[0101] The steel plate support roll position adjusting
equipment may support the steel plate 1 at the laser beam
irradiation position by the steel plate support roll 9 and a
position of the steel plate support roll 9 may be adjusted
in up and down directions as a whole to achieve a best
state of brightness of flame generated while a laser beam
is irradiated to the steel plate to allow the steel plate to
be positioned in a depth of focus with high laser steel
plate irradiation efficiency. The brightness of flame gen-
erated while a laser beam is irradiated to the steel plate
may be measured using the brightness measuring sen-
sor 10.
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[0102] According to the present exemplary embodi-
ment, the steel plate support roll position adjusting equip-
ment may further include a distance measuring sensor
11 for measuring an actual distance between the surface
of the steel plate and an optical system of the laser beam
irradiation equipment. The SPR position control system
12 may calculate the brightness of the flame measured
by the brightness measuring sensor 10 and the distance
between the steel plate and the optical system actually
measured from distance measuring sensor 11 and may
more accurately control a position of the steel plate sup-
port roll 9.
[0103] The zigzag control equipment, the tension con-
trol equipment, and the steel plate support roll position
adjusting equipment may make a steel plate condition at
a laser beam irradiation position for accurately forming
a laser groove in the steel plate by the laser beam irra-
diation equipment. A central position of the steel plate at
the laser beam irradiation position needs to be positioned
in a production line center and a distance of the steel
plate from the optical system needs to be maintained as
a predetermined value.
[0104] The laser beam irradiation equipment may in-
clude a laser oscillator controller 13, a laser oscillator 14
for oscillating a consecutive wave laser beam 16, and an
optical system 15.
[0105] As shown in FIG. 3 and FIG. 4, the optical sys-
tem 15 may include a module plate 37 rotatably installed
and configured to determine an angle of a laser beam
irradiation line in a width direction of the steel plate, a
driver 36 for rotating the module plate 37, a header 39
installed on the module plate 37 and configured to emit
a laser beam applied from the laser oscillator 14 into the
optical system 15, a polygon mirror 32 rotatably installed
on the module plate 37 and configured to reflect a laser
beam emitted from the header 39, a rotation motor 33
for driving rotation of the polygon mirror 32, a condensing
mirror 35 installed on the module plate 37 and configured
to reflect a laser beam 16 reflected by the polygon mirror
32 toward the steel plate and to condense the laser beam
16 to the steel plate, a driving motor 34 connected to the
condensing mirror 35 and configured to move the con-
densing mirror 35 to adjust a focal distance of the laser
beam, and a shutter 38 installed on the module plate 37
and configured to selectively block the module plate 37
according to whether a laser beam is irradiated.
[0106] The optical system 15 may configure one body
by disposing the header 39, the polygon mirror 32, the
condensing mirror 35, and the shutter 38 in the module
plate 37 configuring an optical box. The laser oscillator
14 and the header 39 may be connected to each other
via, for example, an optical cable 41. Thus, a laser beam
emitted from the laser oscillator 14 may be transmitted
to the header 39 through the optical cable 41. The header
39, the polygon mirror 32, and the condensing mirror 35
may be disposed at appropriate positions to reflect the
laser beam 16 at a desired position within the module
plate 37 configuring the optical box. As shown in FIG. 3,

for example, the headers 39 may be disposed at opposite
sides across the polygon mirror 32 to emit a laser beam
to toward the polygon mirror 32. The two the condensing
lenses 35 may be disposed to correspond to each laser
beam reflected by the polygon mirror 32. The laser beam
emitted from the header 39 may be reflected by the pol-
ygon mirror 32 that is rotated according to driving of the
rotation motor 33 and may be transmitted to the condens-
ing mirror 35. The laser beam 16 reflected to the con-
densing mirror 35 may be reflected toward the steel plate
from the condensing mirror 35 through the shutter 38 and
may be condensed on the steel plate 1 surface. Thus, a
laser beam may be periodically irradiated to the surface
of the steel plate to form consecutive grooves in a width
direction.
[0107] An overall focal distance of the laser beam 16
by the optical system 15 may be adjusted by moving the
steel plate support roll 9 in up and down directions and
mismatch of focal points at right and left sides may be
adjusted by the driving motor 34 connected to the con-
densing mirror 35.
[0108] The shutter 38 may be installed below the mod-
ule plate 37 to close and open the module plate 37. The
shutter 38 may be open to prevent interference with a
laser beam when the laser beam is emitted downward
from the condensing mirror 35 and may be closed to pre-
vent external fume or impurities from being introduced
into the optical system 15 when the laser beam is not
emitted.
[0109] When a zigzag degree of the steel plate is ex-
cessive, the steel plate deviates from the laser beam ir-
radiation position, a laser beam may be irradiated to dam-
age the steel plate support roll 9. Thus, to prevent the
steel plate support roll 9 from being damaged, the laser
oscillator controller 13 may control the laser oscillator in
an on state under a normal working condition and may
control the laser oscillator in an off state when a zigzag
degree is equal to or greater than 15 mm.
[0110] The laser oscillator 14 may oscillate a single
mode consecutive wave laser beam and transmit the la-
ser beam to the optical system 15. The optical system
15 may irradiate the transmitted laser beam 16 to the
surface of the steel plate.
[0111] The laser oscillator 14 and the optical system
15 may irradiate a laser beam to the surface of the steel
plate to form a groove having an upper width within 70
mm, a lower width within 10 mm, and a depth of 3 to 30
mm and, simultaneously, may transfer laser beam energy
density in the range of 1.0 to 5.0 J/mm2 required to melt
a steel plate to the steel plate to produce a re-solidified
portion accumulating on an internal wall of the groove of
a melted portion during laser beam irradiation.
[0112] The optical system 15 may have a function for
controlling laser scanning speed to adjust an interval be-
tween laser beam irradiation lines 31 (refer to FIG. 2) to
2 to 30 mm in a rolling direction. Thus, influence of a heat
affected zone (HAZ) due to a laser beam may be mini-
mized to improve iron loss characteristics of the steel
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plate.
[0113] The laser beam irradiation equipment may be
configured to change an angle of an irradiation line of a
laser beam irradiated to the surface of the steel plate in
a width direction of the steel plate. According to the
present exemplary embodiment, the laser beam irradia-
tion equipment may change an angle of an irradiation
line of a laser beam irradiated to the surface of the steel
plate in a width direction of the steel plate to a range of
64°.
[0114] To this end, the laser beam irradiation equip-
ment may be configured in such a way that the optical
system 15 for irradiating a laser beam to the steel plate
is rotatable by the driver 36 to change an angle of an
irradiation line of the laser beam formed on the surface
of the steel plate in the width direction of the steel plate.
As such, the angle of the irradiation line of the laser beam
by an optical system may be changed and, thus, an irra-
diation line 31 of a laser beam may be formed to be in-
clined by a range of 64° in a direction perpendicular to
a rolling direction of the steel plate. Accordingly, degra-
dation in magnetic flux density due to formation of a
groove by a laser beam may be minimized.
[0115] According to the present exemplary embodi-
ment, the laser beam irradiation equipment may control
an irradiation position of a laser beam with respect to the
steel plate 1 to prevent a back reflection phenomenon in
which a laser beam irradiated to a steel plate is reflected
by the steel plate and is introduced into an optical system
or a laser oscillator.
[0116] To this end, as shown in FIG. 4, the laser beam
irradiation equipment may be configured to irradiate a
laser beam at a position spaced apart from a center of
the steel plate support roll 9 from a reference point P,
which is determined as a laser beam irradiation position
when an irradiation direction of a laser beam irradiated
from the optical system 15 passes through a center axis
of the steel plate support roll 9 with respect to the surface
of the steel plate that is transferred to contact the surface
of the steel plate support roll 9 in a circular arc form, along
an external circumferential surface at a predetermined
angle (hereinafter, referred to as a spacing angle R for
convenience of description).
[0117] The reference point P may be an intersection
point between the steel plate and a line that passes
through a central axis of the steel plate support roll 9 in
FIG. 4. When an irradiation direction of a laser beam
passes through the central axis of the steel plate support
roll 9, a focal point of the laser beam is matched with the
reference point P. In this case, as an irradiation direction
of a laser beam forms a right angle with a tangential line
of the steel plate support roll 9 at the reference point P,
a back reflection phenomenon in which a laser beam
reflected by the steel plate is introduced into an optical
system and a laser oscillator to damage the optical sys-
tem and the laser oscillator may occur.
[0118] According to the present exemplary embodi-
ment, as described above, a laser beam may be irradi-

ated at a point spaced apart from the reference point P
at the spacing angle R and, thus, a laser beam re-reflect-
ed by the steel plate may not be incident on the optical
system. Accordingly, the above back reflection phenom-
enon may be prevented and the quality of a groove shape
formed by a laser beam may be maintained.
[0119] According to the present exemplary embodi-
ment, the spacing angle R may be set to the range of 3
to 7° along an external circumferential surface at a center
of the steel plate support roll 9 with respect to the refer-
ence point P.
[0120] When the spacing angle R corresponding to a
position at which the laser beam is irradiated is less than
3°, a portion of a laser beam re-reflected by the steel
plate may be introduced into the optical system or the
laser oscillator. When the spacing angle R is greater than
7°, a groove is not appropriately formed by a laser beam
and an error in terms of formation of the groove may
occur.
[0121] As such, the laser beam irradiation equipment
according to the present exemplary embodiment may ir-
radiate a laser beam to a steel plate at a point spaced
apart from the reference point P at a predetermined angle
and, thus, a back reflection phenomenon may be pre-
vented and an incident path during reflection of a laser
beam may not be interfered, thereby stably maintaining
the quality of a groove shape formed by the laser beam.
[0122] In addition, a reflected light beam reflected at a
laser beam irradiation position may be emitted around
an opening 37A of an optical system but the absorption
portion included in the optical system according to the
present exemplary embodiment may absorb and remove
radiant heat due to reflection of the laser beam to prevent
the optical system from being damaged.
[0123] FIGS. 4 to 6 illustrate a structure of an absorp-
tion portion installed below an optical system according
to the present exemplary embodiment. Hereinafter, with
reference to FIGS. 4 to 6, the absorption portion is de-
scribed.
[0124] The absorption portion may be installed below
the optical system 15 and may include a cooling block
70 that absorbs radiant heat of a laser reflected by the
steel plate. The cooling block 70 may be installed below
an optical system of the laser beam irradiation equipment
to correspond to a position at which a laser beam reflect-
ed by the steel plate 1 is reflected. The cooling block 70
may absorb radiant heat of the reflected laser via heat
exchange.
[0125] The cooling block 70 may be installed below the
optical system along a surrounding portion of the opening
37A through which a laser beam is transmitted. The laser
beam irradiated to the steel plate 1 through the opening
37A below the optical system 15 may be irradiated to be
spaced apart from the reference point P at the spacing
angle R as described above and, thus, may be reflected
around the opening 37A out of the incident path. Accord-
ingly, the cooling block 70 is installed around the opening
37A below the optical system and, thus, radiant heat of
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a laser reflected by the optical system may be effectively
absorbed and removed.
[0126] The cooling block 70 may be formed of a copper
or aluminum material with thermal conductivity to easily
absorb radiant heat. The cooling block 70 may be man-
ufactured as a single structure. Accordingly, in a perma-
nent magnetic domain refining process configured as an
inline process, an operation installing the cooling block
70 with respect to the optical system 15 or separating
the cooling block 70 from the optical system 15 may be
easily performed and a repair time may be minimized.
[0127] As shown in FIGS. 4 and 5, the cooling block
70 may be inclined in such a way that a front surface 71
to which a reflected light beam of a laser beam is irradi-
ated faces toward an irradiation direction of the reflected
light beam. Thus, the reflected light beam is irradiated
directly to the front surface 71 of the cooling block 70 to
enhance absorption efficiency of radiant heat.
[0128] The cooling block 70 may have a chemical va-
por coating layer formed on a surface thereof to prevent
scattered melted iron from being attached to the surface.
[0129] Melted iron such as spatter that is locally formed
on a steel plate by a laser beam irradiated to the steel
plate may have constant grain-oriented characteristics
and, particularly, there is high possibility that the melted
iron is scattered in a direction in which the steel plate is
transferred and processed to be fused to the cooling
block 70. As the scattered melted iron is attached to a
surface of the cooling block 70 to form a layer and is
gradually grown, a lump of melted iron may contact the
steel plate to scratch the steel plate.
[0130] Thus, the cooling block 70 according to the
present exemplary embodiment may have a chemical
vapor coating layer formed on a surface thereof, thereby
preventing scattered melted iron at high temperature
from being attached to the surface of the cooling block
70. When the chemical vapor coating layer is not formed,
alloying occurs via attachment or dissolution of melted
iron at high temperature and, thus, the cooling block may
be damaged by heat crack or a lifetime thereof may be
reduced.
[0131] The chemical vapor coating layer may be
formed by coating alumina or the like on a surface of the
cooling block. Thus, the cooling block may ensure oxi-
dation resistant and slag difficult attachment character-
istics at high temperature. The chemical vapor coating
layer may prevent melted iron from being attached and
may maintain a reformed state of a surface of the cooling
block 70 for a long time and, thus, exchanging and re-
pairing periods of the cooling block 70 may be increased
by 90% or greater compared with the prior art.
[0132] The cooling block 70 may be configured in such
a way that a coolant circulates therein to prevent the cool-
ing block 70 from being heated by radiant heat and to
maintain a cooling state, thereby enhancing absorption
efficiency of radiant heat.
[0133] To this end, the absorption portion according to
the present exemplary embodiment may further include

a cooling path 72 formed in the cooling block 70, and a
supply portion that circulates and supplies a coolant to
the cooling block 70 through a supply pipe connected to
the cooling path 72. The coolant may be, for example,
cooling water and may be any coolant as long as the
coolant is a heat exchangeable fluid without being par-
ticularly limited.
[0134] As shown in FIG. 6, the cooling path 72 may be
formed in a zigzag form along an internal part of the cool-
ing block 70 and, thus, a coolant may uniformly cool the
front surface 71 while uniformly passing through an entire
portion of the cooling block 70. In FIG. 6, arrows indicate
a direction in which a coolant flows.
[0135] The cooling block 70 may also be configured
as a very thin plate in consideration of a narrow interval
between the optical system 15 and the steel plate 1 and,
thus, it may be very difficult to form the cooling path 72
in the cooling block 70 and to connect the cooling paths
72 to each other.
[0136] Accordingly, according to the present exempla-
ry embodiment, the cooling path 72 may include a plu-
rality of paths 73 and 74 that are straightly formed through
an external surface of the cooling block 70, and a plug
or ball 75 that blocks a path in the path to connect paths
in one direction at an intersection between the paths may
be installed and may be formed in a zigzag form.
[0137] That is, straight paths may be formed on a lat-
eral surface and an upper or front surface of the cooling
block 70, respectively. For example, the path 73 that is
formed on a lateral surface of the cooling block 70 in a
horizontal direction and the path 74 that is formed on an
upper surface of the cooling block 70 in a vertical direction
may cross each other in a perpendicular direction. An
intersection portion in which the path 73 in the horizontal
direction and the path 74 in the vertical direction perpen-
dicularly cross each other may be a portion in which a
direction of the cooling path 72 is changed. The plug or
circular ball 75 may be inserted into the cooling block 70
through the path 73 in the horizontal direction, which pen-
etrates into a lateral surface of the cooling block 70, or
the path 74 in the vertical direction, which penetrates into
an upper surface of the cooling block 70. The plug or ball
75 may be a structure that has a size corresponding to
a diameter of a path and blocks the path and may be
inserted at an appropriate position in the path to block
the path.
[0138] The appropriate position in the paths 73 and 74
may refer to a portion that needs to be blocked except
for a path required to form the cooling path 72 in a zigzag
form in one direction in the cooling block 70. As shown
in FIG. 6, the plug or ball 75 may be positioned past the
intersection between the path 73 in the horizontal direc-
tion and the path 74 in the vertical direction, in a direction
in which a coolant flows. Thus, for example, the path in
the horizontal direction may be blocked by the plug or
the ball at the intersection and a coolant may be moved
in a vertical direction. Accordingly, the coolant may be
moved along the cooling path 72, formed in one direction,
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by the plug or the ball.
[0139] Step differences 73A and 74A with a narrowed
width may be formed in the paths 73 and 74 in a direction
in which a coolant is moved to prevent the plug or ball
75 from being moved by fluid pressure of the coolant
flowing along the path in the paths 73 and 74. Accord-
ingly, the plug or ball 75 may not be moved any longer
by being coughed by the step differences 73A and 74A
and may be fixed at the current position.
[0140] In addition, a separate plug 76 may be installed
and may block a portion that is processed and penetrates
through a lateral or front surface of the cooling block 70
to form the path, thereby preventing the coolant from
leaking out.
[0141] Accordingly, according to the present exempla-
ry embodiment, the plug 76 may be fixedly installed by
cogging 77 of the cooling block 70. As shown in FIG. 7,
the plug 76 may be assembled in the cooling block 70
and, then, the plug 76 may be fixedly installed by cogging
77 of the cooling block 70 to cause plastic deformation
in an external circumference portion of the plug 76.
[0142] In general, a screw tightening method of per-
forming tap processing on a plug may be mainly used as
a structure for blocking a hole. However, according to
the present exemplary embodiment, when surface tem-
perature of the cooling block 70 is very high and a tem-
perature gradient is excessively formed in an entire cool-
ing block due to a very small interval between a steel
plate and an optical system, the cooling block may be
very vulnerable to heat crack. Accordingly, when a plug
is assembled via the aforementioned conventional tap
processing structure, micro crack may be generated and
grown on a tap processing portion and, thus, heat crack
may be generated and the possibility in terms of water
leak may be increased.
[0143] Accordingly, according to the present exempla-
ry embodiment, the plug 76 may be fixedly installed by
cogging 77 of the cooling block 70 without tap processing
and, thus, heat crack may be prevented with respect to
high heat and a temperature gradient, thereby reducing
the possibility in terms of water leak.
[0144] FIG. 8 is a diagram showing a structure of the
supply portion.
[0145] As shown in FIG. 8, the supply portion may in-
clude a heat exchanger 79 installed on a coolant circu-
lation line 78 to cool a coolant passed through the cooling
block 70, a supply pump 80 for supplying the coolant
passed through the heat exchanger to the cooling block
70, a flow switch 81 for detecting a fed flow rate of a
coolant introduced into the cooling block 70 along a cir-
culation line according to driving of the supply pump, and
a control circuit 82 for control of driving of the laser os-
cillator of the optical system based on a detected value
of the flow switch.
[0146] The supply portion may further include a ther-
mostatic bath 83 installed on the circulation line 78 to
accommodate a coolant cooled through the heat ex-
changer 79 and to maintain temperature of the coolant.

[0147] At least two supply pumps 80 of the supply por-
tion may be installed at a rear end of thermostatic bath
83 and may be disposed in parallel to each other on the
circulation line 78. Accordingly, when the supply pump
at one side malfunctions, the other supply pump may be
driven to continuously circulate and supply the coolant.
[0148] An appropriate flow rate of the coolant supplied
to the cooling block 70 may not be supplied to the cooling
block 70 due to clogging of the cooling path by impurities,
water leak, malfunction of a supply pump, and so on.
When an appropriate flow rate of a coolant is not supplied
to the cooling block 70, an optical system sensitive to
temperature may deteriorate, aberration may be gener-
ated, and a focal point may be changed and, thus, a de-
gree of magnetic domain refinement may not be uniform
and the quality of magnetic domain refinement may de-
teriorate.
[0149] Accordingly, according to the present exempla-
ry embodiment, the supply portion may be configured to
always monitor whether a coolant of an appropriate flow
rate is supplied and to configure an interlock with a laser
oscillator controller as described above and, thus, when
the cooling block 70 malfunctions, a laser beam irradia-
tion operation may be stopped to protect an optical sys-
tem and to prevent the quality of the steel plate from being
degraded.
[0150] Impurities may be removed from a coolant out-
put from the supply pump 80 while the coolant passes
through a filter 84 installed on the coolant circulation line
78 and pressure of the coolant may be reduced through
a pressure reducing valve 85 prior to the cooling block
70 and, then, the coolant may be branched through a
distribution header 86 and may be distributed and sup-
plied to a plurality of the cooling block 70.
[0151] Flow switches 81 may be separately installed
for each cooling block 70 in lines branched from the dis-
tribution header 86, respectively and, thus, flow speed
or greater or flow rate or greater of the coolant supplied
to each cooling block 70 may be detected.
[0152] According to a detection signal of the flow switch
81, the control circuit 82 may be driven and, thus, laser
oscillator controller 13 (refer to FIG. 1) may turn off driving
of the laser oscillator 14 (refer to FIG. 1). That is, when
flow rate or flow speed of a coolant supplied to the cooling
block 70 is lower than a reference value to cause abnor-
mality, the flow switch 81 may output an abnormality sig-
nal and the control circuit 82 may supply a signal to the
laser oscillator controller 13 according to the output signal
of the flow switch 81. The laser oscillator controller 13
may block power supplied to the laser oscillator 14 ac-
cording to the abnormality signal of the control circuit 82
to stop driving of the laser oscillator. Thus, when a coolant
is not appropriately circulated in the cooling block 70 and
radiant heat of a reflected light beam is not smoothly ab-
sorbed and removed, the laser oscillator may not be op-
erated. Accordingly, the optical system may be prevented
from deteriorating and being deformed and an irradiation
state of a laser beam may be stably maintained and, thus,
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an irradiation line may be stably formed in the surface of
the steel plate to a constant groove depth.
[0153] The laser beam irradiation equipment may fur-
ther include melted iron removal equipment for removing
fume and spatter that are generated via irradiation of a
laser beam to the steel plate.
[0154] The melted iron removal equipment may in-
clude an air knife 17 for spraying compressed dry air into
a groove of the steel plate to remove melted iron remain-
ing in the groove and dust collection hoods 19A and 19B
for absorbing and removing fume and melted iron. Fume
generated during laser beam irradiation may be removed
through the air knife or the dust collection hood to be
prevented from being introduced into the optical system.
The air knife 17 may spray compressed dry air with pre-
determined amplitude of pressure Pa into a groove of the
steel plate 1 to remove melted iron remaining in the
groove. The compressed dry air in the air knife 17 may
have pressure Pa equal to or greater than 0.2 kg/cm2.
This is because, when pressure of the compressed dry
air is less than 0.2 kg/cm2, it is not possible to ensure an
effect of improving iron loss characteristics. Fume and
spatter partially removed by the air knife may be removed
by the dust collection hoods 19A and 19B that are dis-
posed after and before the laser beam irradiation posi-
tion, respectively.
[0155] The laser beam irradiation equipment may fur-
ther include a shield 18 for preventing reflected light, scat-
tered light, and radiant heat of a laser beam from being
introduced into the optical system. The shield 18 may
block reflected light and scattered light introduced into
the optical system via reflection and scattering of the laser
beam 16 irradiated to the steel plate, thereby preventing
the optical system from being heated and thermally de-
formed by radiant heat due to reflected light beam and
scattered light.
[0156] The laser room 20 may be a room structure with
an internal space, may accommodate the laser beam
irradiation equipment and position control equipment of
the steel plate support roll 9 therein to be isolated from
the outside, and may provide an appropriate operation
environment for smooth driving of the laser beam irradi-
ation equipment and the position control equipment of
the steel plate support roll 9.
[0157] An inlet and an outlet may be formed at entry
and exit sides of the laser room 20 based on a transferred
direction of the steel plate. The laser room 20 may include
equipment for blocking introduction of a pollutant to pre-
vent the internal space from being contaminated by ex-
ternal dust or the like. To this end, the laser room 20 may
include an over pressure device 23 for increasing internal
pressure compared with external pressure. The over
pressure device 23 may maintain the pressure inside the
laser room 20 higher than the outside pressure. Accord-
ingly, the external impurities may be prevented from be-
ing introduced into the laser room 20. Air curtains 22A,
22B, 22C, and 22D may be installed at the inlet and the
outlet through which the steel plate is input and output.

The air curtains may spray air to form a film at the inlet
and the output of paths through which the steel plate is
input and output to and from the laser room 20, thereby
preventing dust or the like from being introduced through
the inlet and the outlet. To prevent the internal space of
the laser room 20 from being contaminated, a shower
booth 21 may be installed at a door as an entrance of
the laser room 20. The shower booth 21 may remove
impurities on a visitor that enters the laser room 20.
[0158] A steel plate magnetic domain refinement pro-
cedure using a laser beam may be substantially trans-
ferred in the laser room 20 and, thus, it may be required
to minimize a change in internal environment and to main-
tain an appropriate environment. To this end, the laser
room 20 may include an optical system lower frame 24
for separating an upper space in which the laser oscillator
14, the optical system 15, and so on of the laser beam
irradiation equipment are positioned, from a lower space
through which the steel plate 1 is passed, and an isother-
mal-isohumidity controller 25 for controlling temperature
and humidity inside the laser room 20.
[0159] The optical system lower frame 24 may more
rigorously manage an operation environment of main
equipment such as the laser oscillator 14 and the optical
system 15. The optical system lower frame 24 may be
installed to separate an optical system lower space
through which the steel plate is passed and an optical
system upper space in which a laser oscillator and optical
system mirrors are positioned in the laser room 20. The
optical system upper space may also be separated in the
laser room 20 by the optical system lower frame 24 and,
thus, it may easily prevent main equipment such as a
laser oscillator or an optical system from being contam-
inated and easily control temperature and humidity.
[0160] The isothermal-isohumidity controller 25 may
adjust temperature and humidity in the laser room 20 to
provide an appropriate environment. According to the
present exemplary embodiment, the isothermal-isohu-
midity controller 25 may maintain internal temperature of
the laser room 20 to 20 to 25°C and may maintain hu-
midity to 50% or less.
[0161] As such, appropriate temperature and humidity
to a working environment may be continuously main-
tained in the internal space of the laser room 20 and,
thus, a magnetic domain refinement may be performed
on the steel plate in an optimum state. Accordingly, high-
quality products may be massively produced in an opti-
mum operation environment required for a process.
[0162] According to the present exemplary embodi-
ment, a magnetic domain refinement device may further
include post-processing equipment for removing hill up
and spatter formed on the surface of the steel plate.
[0163] The hill up and the spatter may reduce insula-
tion and a space factor of products and, thus, the hill up
and the spatter may be completely removed by the post-
processing equipment to enhance the quality of products.
[0164] The post-processing equipment may include
brush rolls 26A and 26B that are disposed at a rear end
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of the laser room 20 in a transferring direction of the steel
plate to remove hill up and spatter of the surface of the
steel plate. The brush rolls 26A and 26B may be rotated
at high speed by a driving motor and, in this regard, ro-
tation speed and an interval from the steel plate may be
controlled by a current control system for controlling a
current value of the driving motor, generated during an
operation, to a predetermined target value, and a brush
position control system for adjusting and controlling an
interval between the brush roll and the steel plate. The
brush roll may be disposed only on one surface of the
steel plate, in which a groove is formed via a laser beam,
or may be disposed on opposite surfaces of the steel
plate. The brush rolls 26A and 26B may move hill up and
spatter attached on the steel plate as the brush rolls 26A
and 26B are closely positioned on the surface of the steel
plate and rotate at high speed. As shown in FIG. 1, a dust
collection hood 19C for discharging the hill up and spatter
removed by the brush roll may be further installed adja-
cently to the brush rolls 26A and 26B. The dust collection
hood 19C may absorb and externally discharge melted
iron such as hill up and spatter removed from the steel
plate by the brush rolls 26A and 26B.
[0165] The post-processing equipment may further in-
clude a cleaning unit 29 disposed at a rear end of the
brush rolls 26A and 26B to additionally removing the hill
up and spatter remaining on the surface of the steel plate
via electrolysis reaction between the steel plate and a
filter unit 30 connected to the cleaning unit to filter impu-
rities included in an alkaline solution of the cleaning unit
from the alkaline solution.
[0166] The steel plate may primarily remove hill up and
spatter through the brush rolls 26A and 26B and may
secondarily remove the remaining hill up and spatter
through the cleaning unit 29. Thus, the hill up and spatter
attached on the surface of the steel plate may be com-
pletely removed to enhance product quality.
[0167] The cleaning unit 29 may be filled with an alka-
line solution therein and may have one side connected
to the filter unit 30. As the steel plate is processed through
the cleaning unit, the hill up and spatter removed from
the steel plate may accumulate in the internal alkaline
solution, thereby degrading cleaning performance of the
steel plate. The filter unit 30 may remove hill up and spat-
ter included in the alkaline solution as the alkaline solution
of the cleaning unit is circulated. The filter unit 30 may
remove hill up and spatter to manage content of iron of
the alkaline solution to be equal to or less than 500 ppm.
As such, cleaning performance of the cleaning unit may
be prevented from deteriorating and, thus, the steel plate
may be continuously processed.
[0168] Hereinafter, a magnetic domain refinement pro-
cedure of an electrical steel plate according to the present
exemplary embodiment is described.
[0169] A continuously transferred steel plate may in-
troduced into a laser room through the zigzag control
equipment and the tension control equipment, may be
transferred at speed equal to or greater than 2 m/sec,

and may be magnetic-domain refinement processed.
The steel plate introduced into the laser room may be
magnetic-domain refinement processed through the la-
ser beam irradiation equipment and, then, may be trans-
ferred out of the laser room. The hill up, spatter, and so
on, which remain on the surface of the steel plate, may
be removed from the steel plate transferred out of the
laser room through the post-processing equipment and,
then, the steel plate may be transferred to a subsequent
procedure.
[0170] During this procedure, the laser room in which
laser beam irradiation is performed on the surface of the
steel plate may be configured to appropriately set and
maintain an internal operation environment to provide an
optimum environment for magnetic domain refinement.
[0171] The laser room may be configured to isolate an
internal portion from the outside to prevent external pol-
lutant from being introduced and may control tempera-
ture, pressure, and humidity inside the laser room ac-
cording to an operating environment for formation of
magnetic-domain refinement.
[0172] The laser room may be configured and main-
tained at high internal pressure compared with external
pressure to prevent pollutants such as external dust from
being introduced into the laser room. A film may be
formed by air at an inlet and an outlet of a path for trans-
ferring the steel plate and, thus, pollutants such as dust
may be prevented from being introduced into the laser
room during a procedure in which the steel plate is trans-
ferred through the inlet and the outlet.
[0173] The isothermal-isohumidity controller installed
in the laser room may be maintained at temperature in-
side the laser room of 20 to 25°C and humidity equal to
or less than 50% and, thus, may provide an optimum
condition for processing magnetic-domain refinement via
laser beam irradiation.
[0174] As such, an optimum environment for laser
beam irradiation may be provided by the laser room, and
the steel plate may be accurately positioned at a laser
beam irradiation position through the zigzag control
equipment, the tension control equipment, and the steel
plate support roll position adjusting equipment.
[0175] First, for the magnetic domain refinement
processing, the steel plate may be controlled in a trans-
ferred direction through the zigzag control equipment to
be straightly transferred without being inclined in right
and left directions along a production line center.
[0176] The zigzag measuring sensor may continuously
detect a zigzag degree of the steel plate and, when the
steel plate zigzags, the signal detected by the zigzag
measuring sensor may be calculated and the strip center
position control system may rotate and move a shaft of
a steering roll to transfer the steel plate to a home posi-
tion. As such, the steering roll may be continuously con-
trolled according to a position of the steel plate and, thus,
the steel plate may be continuously transferred without
deviating from the production line center.
[0177] The steel plate may be transferred through a
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tension bridle roll for tension adjustment through the
steering roll. Tension of the steel pate passed through
the tension bridle roll may be detected by the tension
measuring sensor. The strip tension control system may
calculate a measurement value detected by the tension
measuring sensor and may control speed of the tension
bridle roll according to predetermined tension. Accord-
ingly, tension of the transferred steel plate may be con-
tinuously maintained within a predetermined range.
[0178] The steel plate passed through the tension bri-
dle roll may be introduced into the laser room through an
inlet of the laser room. The steel plate may be changed
in direction thereof by the deflector roll in the laser room
and may be transferred in a state in which the steel plate
is closely positioned to the steel plate support roll posi-
tioned between the two deflector rolls.
[0179] The steel plate support roll may transfer the
steel plate in up and down directions to position a laser
beam within a depth of focus of a laser beam.
[0180] When a laser beam is irradiated to the steel
plate from the laser beam irradiation equipment, the
brightness measuring sensor may detect brightness of
flame of the surface of the steel plate in real time, and
an SRP position control system may move the steel plate
support roll in up and down directions to position a laser
beam in a depth of focus of the laser beam according to
the measurement value detected by the brightness
measuring sensor. Accordingly, a laser beam may be
effectively irradiated to the surface of the steel plate to
form a light irradiation line with high quality.
[0181] The laser oscillator controller may turn on/off
the laser oscillator according to a zigzag degree of the
steel plate. The laser oscillator controller may be con-
nected to the zigzag measuring sensor and, when a zig-
zag degree of the steel plate, measured by the zigzag
measuring sensor, is equal to or greater than, for exam-
ple, 15 mm, the laser oscillator controller may determine
that the steel plate much deviates from the steel plate
support roll and may turn off the laser oscillator. Thus, a
laser beam may be irradiated to the surface of the steel
plate support roll through the zigzagging steel plate to
prevent the roll from being damaged.
[0182] According to a command of the laser oscillator
controller, a laser beam generated by the laser oscillator
may be irradiated to the surface of the steel plate through
an optical system. The laser oscillator may oscillate a
TEM00 consecutive wave laser beam and may transmit
the beam to the optical system.
[0183] The optical system may convert a direction of
a laser beam to irradiate a laser beam to the surface of
the steel plate and, thus, may consecutively form a melt-
ed groove in the surface of the steel plate to perform
magnetic domain refinement processing.
[0184] As the surface of the steel plate may be melted
by a laser beam irradiated to the steel plate through the
optical system, a melted groove may be formed along a
light irradiation line. According to the present exemplary
embodiment, a groove having an upper width within 70

m m, a lower width within 10 m m, and a depth of 3 to 30
m m may be formed in the surface of the steel plate via
laser beam irradiation and, simultaneously, laser beam
energy density in the range of 1.0 to 5.0 J/mm2 required
to melt a steel plate may be transferred to the steel plate
to produce a re-solidified portion accumulating on an in-
ternal wall of the groove of a melted portion during laser
beam irradiation.
[0185] A laser beam may be irradiated to a position
spaced apart from a reference point through an optical
system during a laser beam irradiation procedure and,
thus, a laser beam that is re-reflected by the steel plate
may not be incident on the optical system. Accordingly,
the above back reflection phenomenon may be prevent-
ed and an incident path of a laser beam may not be in-
terfered by the reflected light beam and, thus, the quality
of a shape of a groove formed by a laser beam may be
maintained.
[0186] According to the present exemplary embodi-
ment, during a laser beam irradiation procedure, radiant
heat of a reflected light beam that is reflected by the sur-
face of the steel plate may be absorbed and removed to
prevent the optical system from deteriorating.
[0187] The reflected light beam that is reflected by the
steel plate may be irradiated to the cooling block installed
below the optical system, and the cooling block may ex-
change heat with the radiant heat of the reflected light
beam in a state in which the cooling block is cooled by a
coolant flowing therein to absorb and remove the radiant
heat. The coolant may be circulated in the cooling block
to maintain the cooling block at cooling temperature.
[0188] As such, radiant heat of the reflected light beam
that is reflected by the optical system may be absorbed
and removed to prevent the optical system from being
heated.
[0189] According to the present exemplary embodi-
ment, during the above procedure of absorbing and re-
moving of radiant heat of a reflected light beam, a flow
rate of a coolant supplied to the cooling block may be
detected and driving of the laser oscillator may be con-
trolled when a fed flow rate of the coolant is abnormal.
Accordingly, when the coolant is not supplied at an ap-
propriate flow rate, driving of the laser oscillator may be
immediately stopped to protect the optical system and to
prevent the quality of the steel plate from deteriorating.
[0190] The optical system may have a function of con-
trolling laser scanning speed to adjust in interval of a
laser beam irradiation line with respect to a rolling direc-
tion. The optical system may include a rotation function
to change an angle of a laser beam irradiation line. Ac-
cording to the present exemplary embodiment, the opti-
cal system may adjust a laser beam irradiation line inter-
val to 2 to 30 mm in a rolling direction to minimize influ-
ence of a heat affected zone (HAZ) due to a laser beam
and to improve iron loss characteristics of the steel plate.
During the laser beam irradiation procedure, an angle of
a light irradiation line of a laser beam irradiated to the
surface of the steel plate may be changed via rotation of
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the optical system. According to the present exemplary
embodiment, the optical system may change the angle
of the light irradiation line of the laser beam to a range
of 64° with respect to a width direction of the steel plate.
That is, in FIG. 2, the irradiation line 31 of the laser beam
may be formed to be inclined in a range of 64° with re-
spect to the y-axis direction. Accordingly, the light irradi-
ation line formed in the surface of the steel plate may be
formed to be inclined in a range of 86 to 94° with respect
to a rolling direction. As such, the irradiation line may be
formed to be inclined with respect to the y-axis direction,
thereby minimizing degradation in magnetic flux density
due to formation of a groove by a laser beam.
[0191] During the laser beam irradiation procedure, as
the steel plate is melted by a laser beam, a large amount
of fume and spatter as melted iron may be generated.
When fume and spatter contaminate the optical system
and melted iron remains in the groove, it may be difficult
to accurately form a groove and iron loss characteristics
may not be improved and, thus, the quality of products
may be degraded. Accordingly, compressed dry air may
be sprayed into a groove of the steel plate to remove
melted iron remaining in the groove, and fume and melted
iron may be absorbed and removed through the dust col-
lection hoods. Accordingly, during a steel plate refine-
ment procedure, fume may be prevented from being in-
troduced into the optical system and fume and spatter
may be rapidly removed, thereby enhancing magnetic-
domain refinement processing efficiency. During the la-
ser beam irradiation procedure, scattered light and heat
of a laser beam may be prevented from being further
introduced into the optical system of the laser beam ir-
radiation equipment.
[0192] Magnetic domain refinement processing may
be performed while a groove is formed in the surface of
the steel plate via laser beam irradiation, and the mag-
netic-domain refinement processed steel plate may be
continuously transferred and may be externally dis-
charged through an outlet of the laser room.
[0193] A procedure of removing hill up and spatter at-
tached on the surface of the steel plate may be performed
on the steel plate discharged out of the laser room after
the post-processing procedure is performed.
[0194] The steel plate may be closely positioned on
the steel plate to primarily remove hill up and spatter from
the steel plate by the brush roll that rotates at high speed
while the steel plate is passed through the brush roll dis-
posed outside the laser room.
[0195] The remaining hill up and spatter may be lastly
removed via electrolysis reaction between the steel plate
and an alkaline solution from the steel plate passed
through the brush roll while the steel plate is secondarily
passed through the cleaning unit. The steel plate that is
passed through the cleaning unit and from which hill up
and spatter are removed may be transferred to a subse-
quent procedure.

[0196] Table 1 above shows an iron loss improvement
rate of a grain-oriented electrical steel plate by a groove
formed in the surface of the steel plate with a thickness
of 0.27 mm via consecutive wave laser beam irradiation
according to an embodiment of the present invention. As
seen from Table 1 above, according to the present ex-
emplary embodiment, the magnetic-domain refinement
processed steel plate may have improved iron loss char-
acteristics both after laser beam irradiation is performed
and after magnetic domain refinement using a laser
beam and heat treatment are performed.
[0197] While this invention has been described in con-
nection with what is presently considered to be practical
exemplary embodiments, various modifications and em-
bodiments are implemented by one of ordinary skill in
the art. It is to be understood that the invention is not
limited to the disclosed embodiments and does not ex-
ceed the scope of the appended claims.

Claims

1. A method of refining a magnetic domain of a grain-
oriented electrical steel plate, the method compris-
ing:

steel plate support roll (9) position adjusting for
controlling a position of the steel plate (1) in up
and down directions while supporting the steel
plate (1) continuously transferred in a production
line;
laser beam (16) irradiating for irradiating a laser
beam (16) to a surface of the steel plate (1) to
melt the steel plate to form a groove in the sur-
face of the steel plate (1); and
a removing step for absorbing and removing ra-
diant heat due to reflection of the laser beam
(16) irradiated to the surface of the steel plate
during the laser beam (16) irradiating wherein
the laser beam (16) irradiating includes irradiat-
ing the laser beam at a position spaced apart
from a center of a steel plate support roll (9) from
a reference point (P), which is determined as a

(Table 1)

Iron loss improvement rate (%)

After irradiation of laser After heat treatment

9.5 11.6

9.7 12.9

11.5 13.5

8.4 11.6

8.6 11.8

8.5 11.7
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laser beam irradiation position when an irradia-
tion direction of a laser beam passes through a
center axis of the steel plate support roll (9) with
respect to the surface of the steel plate (1) trans-
ferred to contact the surface of the steel plate
support roll (9) in a circular arc form, along an
external circumferential surface at a predeter-
mined angle.

2. The method of claim 1, wherein:
the laser beam irradiating further includes angle
changing for changing an angle of an irradiation line
of the laser beam (16) irradiated to the surface of the
steel plate (1).

3. The method of claim 2, wherein:
the angle changing includes changing the angle of
the irradiation line of the laser beam (16) in a width
direction of the steel plate (1) to a range of 64°.

4. The method of claim 1, wherein:
the laser beam irradiating includes irradiating a laser
beam (16) in a spacing range of 3 to 7° along an
external circumferential surface at a center of the
steel plate support roll (9) with respect to the refer-
ence point.

5. The method of any one of claim 1, wherein:
the removing includes:
heat-exchanging and absorbing radiant heat of a la-
ser beam through a cooling block installed below an
optical system for irradiating a laser beam corre-
sponding to a reflected position of a laser beam re-
flected by the steel plate; and circulating a coolant
in the cooling block (70) to maintain cooling temper-
ature of the cooling block (70).

6. The method of claim 5, wherein:
the removing further includes:

detecting a flow rate of the coolant supplied to
the cooling block (70); and
controlling driving of a laser oscillator (14) when
the fed flow rate of the coolant is abnormal.

7. A device for refining a magnetic domain of a grain-
oriented electrical steel plate (1), comprising:

steel plate support roll position adjusting equip-
ment configured to control a position of the steel
plate (1) in up and down directions while sup-
porting the steel plate (1) continuously trans-
ferred in a production line;
laser beam irradiation equipment configured to
irradiate a laser beam (16) to a surface of the
steel plate (1) to melt the steel plate (1) to form
a groove in the surface of the steel plate (1); and
an absorption portion configured to absorb and

remove radiant heat due to reflection of the laser
beam (16) irradiated to the surface of the steel
plate (1) from the laser beam irradiation equip-
ment,
wherein the laser beam irradiation equipment
irradiates the laser beam at a position spaced
apart from a center of a steel plate support roll
(9) from a reference point, which is determined
as a laser beam irradiation position when an ir-
radiation direction of a laser beam passes
through a center axis of the steel plate support
roll (9) with respect to the surface of the steel
plate transferred to contact the surface of the
steel plate support roll (9) in a circular arc form,
along an external circumferential surface at a
predetermined angle.

8. The device of claim 7, further comprising
a laser room (20) configured to isolate the steel plate
support roll position adjusting equipment and the la-
ser beam irradiation equipment from the outside to
provide an operation environment for laser beam ir-
radiation.

9. The device of claim 8, wherein:
the laser room (20) includes:

an over pressure device (23) configured to ac-
commodate the laser beam irradiation equip-
ment and the steel plate support roll position
control equipment to form an internal space to
be isolated from the outside, including an inlet
and an output at opposite sides in a transferred
direction of the steel plate (1), and formed there-
in to increase internal pressure of the laser room
(20) compared with external pressure;
an optical system (15) lower frame configured
to separate an upper space in which an optical
system (15) of the laser beam irradiation equip-
ment is positioned from a lower space through
which the steel plate (1) is passed; and
an isothermal-isohumidity controller (25) config-
ured to control temperature and humidity inside
the laser room (20).

10. The device of claim 7, wherein
the laser beam irradiation equipment irradiates a la-
ser beam (16) in a spacing range of 3 to 7° along an
external circumferential surface at a center of the
steel plate support roll (9) with respect to the refer-
ence point (P).

11. The device of claim 7, wherein
the optical system (15) is configured to be rotatable
by a driver and to be rotated with respect to the steel
plate (1) to change an irradiation angle of the laser
beam in a width direction of the steel plate (1).
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12. The device of any one of claim 7, wherein:
the absorption portion includes a cooling block in-
stalled below an optical system of the laser beam
irradiation equipment corresponding to a reflected
position of the laser beam reflected by the steel plate
and configured to absorb radiant heat of a reflected
laser beam via heat exchange.

13. The device of claim 7, wherein:
the absorption portion further includes a cooling path
formed in the cooling block (70) and a supply portion
configured to circulate and supply the coolant to the
cooling block (70) through a supply pipe connected
to the cooling path.

Patentansprüche

1. Verfahren zum Verfeinern eines magnetischen Be-
reichs einer kornorientierten Elektrostahlplatte, wo-
bei das Verfahren umfasst:

eine Positionseinstellung einer Stahlplatten-
stützwalze (9), um eine Position der Stahlplatte
(1) in Auf- und Abwärtsrichtungen zu steuern
und dabei die in einer Produktionslinie kontinu-
ierlich beförderte Stahlplatte (1) abzustützen;
eine Bestrahlung mit einem Laserstrahl (16), um
einen Laserstrahl (16) auf eine Oberfläche der
Stahlplatte (1) aufzustrahlen, um die Stahlplatte
zu schmelzen, um eine Nut in der Oberfläche
der Stahlplatte (1) auszubilden; und
einen Beseitigungsschritt, um Strahlungswär-
me, die von der Reflexion des auf die Oberfläche
der Stahlplatte während der Bestrahlung mit
dem Laserstahl gestrahlten Laserstrahls (16)
herrührt, zu absorbieren und zu beseitigen, wo-
bei die Bestrahlung mit dem Laserstrahl (16) be-
inhaltet, den Laserstrahl auf eine Position auf-
zustrahlen, die von einer Mitte einer Stahlplat-
tenstützwalze (9) von einem Bezugspunkt (P)
beabstandet ist, die als Laserstrahlbestrah-
lungsposition bestimmt wird, wenn eine Be-
strahlungsrichtung des Laserstrahls durch eine
Mittelachse der Stahlplattenstützwalze (9) in
Bezug auf die Oberfläche der Stahlplatte (1) ver-
läuft, der übertragen wird, um die Oberfläche
der Stahlplattenstützwalze (9) in einer Kreisbo-
genform entlang einer Außenumfangsfläche in
einem vorbestimmten Winkel zu kontaktieren.

2. Verfahren nach Anspruch 1, wobei:
die Bestrahlung mit dem Laserstrahl darüber hinaus
eine Winkeländerung beinhaltet, um einen Winkel
einer Bestrahlungslinie des Laserstrahls (16) zu än-
dern, der auf die Oberfläche der Stahlplatte (1) auf-
gestrahlt wird.

3. Verfahren nach Anspruch 2, wobei:
die Winkeländerung beinhaltet, den Winkel der Be-
strahlungslinie des Laserstrahls (16) in einer Brei-
tenrichtung der Stahlplatte (1) auf einen Bereich von
64° abzuändern.

4. Verfahren nach Anspruch 1, wobei:
die Bestrahlung mit dem Laserstrahl beinhaltet, ei-
nen Laserstrahl (16) in einem Distanzbereich von 3
bis 7° entlang einer Außenumfangsfläche in einer
Mitte der Stahlplattenstützwalze (9) in Bezug auf den
Bezugspunkt aufzustrahlen.

5. Verfahren nach Anspruch 1, wobei:
das Beseitigen beinhaltet:
Strahlungswärme eines Laserstrahls durch einen
Kühlblock wärmeauszutauschen und zu absorbie-
ren, der unter einem optischen System installiert ist,
um einen Laserstrahl entsprechend einer reflektier-
ten Position eines durch die Stahlplatte reflektierten
Laserstrahls aufzustrahlen; und ein Kühlmittel in
dem Kühlblock (70) umzuwälzen, um eine Kühltem-
peratur des Kühlblocks (70) aufrechtzuerha lten.

6. Verfahren nach Anspruch 5, wobei:
das Beseitigen darüber hinaus beinhaltet:

eine Strömungsrate des dem Kühlblock (70) zu-
geführten Kühlmittels zu erfassen; und
einen Antrieb eines Laseroszillators (14) zu
steuern, wenn die Einspeisungsströmungsrate
des Kühlmittels abnormal ist.

7. Vorrichtung zum Verfeinern eines magnetischen Be-
reichs einer kornorientierten Elektrostahlplatte (1),
umfassend:

eine Stahlplattenstützwalzenpositionseinstel-
lausrüstung, die dazu ausgelegt ist, eine Positi-
on der Stahlplatte (1) in Auf- und Abwärtsrich-
tungen zu steuern und dabei die in einer Pro-
duktionslinie kontinuierlich beförderte Stahlplat-
te (1) abzustützen;
eine Laserstrahlabstrahlungsausrüstung, die
dazu ausgelegt ist, einen Laserstrahl (16) auf
eine Oberfläche der Stahlplatte (1) aufzustrah-
len, um die Stahlplatte (1) zu schmelzen, um
eine Nut in der Oberfläche der Stahlplatte (1)
auszubilden; und
einen Absorptionsabschnitt, der dazu ausgelegt
ist, Strahlungswärme zu absorbieren und zu be-
seitigen, die von der Reflexion des auf die Ober-
fläche der Stahlplatte (1) von der Laserstrahlab-
strahlungsausrüstung aufgestrahlten Laser-
strahls (16) herrührt,
wobei die Laserstrahlabstrahlungsausrüstung
den Laserstrahl auf eine Position aufstrahlt, die
von einer Mitte einer Stahlplattenstützwalze (9)
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von einem Bezugspunkt beabstandet ist, die als
Laserstrahlbestrahlungsposition bestimmt wird,
wenn eine Bestrahlungsrichtung des Laser-
strahls durch eine Mittelachse der Stahlplatten-
stützwalze (9) in Bezug auf die Oberfläche der
Stahlplatte verläuft, der übertragen wird, um die
Oberfläche der Stahlplattenstützwalze (9) in ei-
ner Kreisbogenform entlang einer Außenum-
fangsfläche in einem vorbestimmten Winkel zu
kontaktieren.

8. Vorrichtung nach Anspruch 7, darüber hinaus um-
fassend:
einen Laserraum (20), der dazu ausgelegt ist, die
Stahlplattenstützwalzenpositionseinstellausrüs-
tung und die Laserstrahlabstrahlungsausrüstung
von der Außenseite zu isolieren, um eine Be-
triebsumgebung zur Laserstrahlabstrahlung bereit-
zustellen.

9. Vorrichtung nach Anspruch 8, wobei:
der Laserraum (20) enthält:

eine Überdruckvorrichtung (23), die dazu aus-
gelegt ist, die Laserstrahlabstrahlungsausrüs-
tung und die Stahlplattenstützwalzenpositions-
einstellausrüstung aufzunehmen, um einen von
der Außenseite zu isolierenden Innenraum aus-
zubilden, der einen Einlass und einen Auslass
auf entgegengesetzten Seiten in einer Übertra-
gungsrichtung der Stahlplatte (1) aufweist und
darin ausgebildet ist, um einen Innendruck des
Laserraums (20) im Vergleich zum Außendruck
zu erhöhen;
ein Untergestell eines optischen Systems (15),
wobei das Untergestell dazu ausgelegt ist, einen
oberen Raum, in dem sich ein optisches System
(15) der Laserstrahlabstrahlungsausrüstung
befindet, von einem unteren Raum zu trennen,
durch den die Stahlplatte (1) hindurchläuft; und
eine Isothermie-/Isohumiditätssteuerung (25),
die dazu ausgelegt ist, eine Temperatur und
Feuchtigkeit im Inneren des Laserraums (20) zu
steuern.

10. Vorrichtung nach Anspruch 7, wobei:
die Laserstrahlabstrahlungsausrüstung einen La-
serstrahl (16) in einem Distanzbereich von 3 bis 7°
entlang einer Außenumfangsfläche in einer Mitte der
Stahlplattenstützwalze (9) in Bezug auf den Bezugs-
punkt (P) aufstrahlt.

11. Vorrichtung nach Anspruch 7, wobei:
das optische System (15) dazu ausgelegt ist, durch
einen Antrieb drehbar zu sein und in Bezug auf die
Stahlplatte (1) gedreht zu werden, um einen Bestrah-
lungswinkel des Laserstrahls in einer Breitenrich-
tung der Stahlplatte (1) zu ändern.

12. Vorrichtung nach Anspruch 7, wobei:
der Absorptionsabschnitt einen Kühlblock enthält,
der unter einem optischen System der Laserstrahl-
abstrahlungsausrüstung entsprechend einer reflek-
tierten Position eines durch die Stahlplatte reflektier-
ten Laserstrahls installiert und dazu ausgelegt ist,
Strahlungswärme eines reflektierten Laserstrahls
über einen Wärmeaustauch zu absorbieren.

13. Vorrichtung nach Anspruch 7, wobei:
der Absorptionsabschnitt darüber hinaus einen
Kühlpfad, der in dem Kühlblock (70) ausgebildet ist,
und einen Zuführabschnitt aufweist, der dazu aus-
gelegt ist, das Kühlmittel umzuwälzen und dem Kühl-
block (70) durch ein an den Kühlpfad angeschlosse-
nes Zuführrohr zuzuführen.

Revendications

1. Procédé d’affinement d’un domaine magnétique
d’une tôle d’acier électrique à grains orientés, le pro-
cédé comprenant :

le réglage de position d’un rouleau de support
de tôle d’acier (9) pour commander une position
de la tôle d’acier (1) dans des directions vers le
haut et vers le bas tout en supportant la tôle
d’acier (1) transférée en continu dans une ligne
de production ;
l’irradiation d’un faisceau laser (16) pour irradier
un faisceau laser (16) sur une surface de la tôle
d’acier (1) pour faire fondre la tôle d’acier pour
former une rainure dans la surface de la tôle
d’acier (1) ; et
une étape d’enlèvement consistant à absorber
et enlever de la chaleur rayonnante due à une
réflexion du faisceau laser (16) irradié sur la sur-
face de la tôle d’acier pendant l’irradiation du
faisceau laser (16), sachant que l’irradiation du
faisceau laser (16) inclut l’irradiation du faisceau
laser dans une position espacée d’un centre
d’un rouleau de support de tôle d’acier (9) par
rapport à un point de référence (P), qui est dé-
terminé comme position d’irradiation de fais-
ceau laser lorsqu’une direction d’irradiation d’un
faisceau laser passe par un axe central du rou-
leau de support de tôle d’acier (9) par rapport à
la surface de la tôle d’acier (1) transférée pour
entrer en contact avec la surface du rouleau de
support de tôle d’acier (9) en forme d’arc circu-
laire, le long d’une surface circonférentielle ex-
terne à un angle prédéterminé.

2. Le procédé de la revendication 1, sachant que :
l’irradiation de faisceau laser inclut en outre un chan-
gement d’angle pour changer un angle de la ligne
d’irradiation du faisceau laser (16) irradié sur la sur-
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face de la tôle d’acier (1).

3. Le procédé de la revendication 2, sachant que :
le changement d’angle inclut le changement de l’an-
gle de la ligne d’irradiation du faisceau laser (16)
dans une direction de largeur de la tôle d’acier (1) à
une plage de 64°.

4. Le procédé de la revendication 1, sachant que :
l’irradiation de faisceau laser inclut l’irradiation d’un
faisceau laser (16) dans une plage d’espacement de
3 à 7° le long d’une surface circonférentielle externe
à un centre du rouleau de support de tôle d’acier (9)
par rapport au point de référence.

5. Le procédé de la revendication 1, sachant que :
l’enlèvement inclut :
l’échange de chaleur et l’absorption de chaleur
rayonnante d’un faisceau laser à travers un bloc de
refroidissement installé sous un système optique
pour irradier un faisceau laser correspondant à une
position réfléchie d’un faisceau laser réfléchi par la
tôle d’acier ; et la mise en circulation d’un agent de
refroidissement dans le bloc de refroidissement (70)
pour maintenir une température de refroidissement
du bloc de refroidissement (70).

6. Le procédé de la revendication 5, sachant que :
l’enlèvement inclut en outre :

la détection d’un débit de l’agent de refroidisse-
ment fourni au bloc de refroidissement (70) ; et
la commande d’entraînement d’un oscillateur la-
ser (14) lorsque le débit fourni de l’agent de re-
froidissement est anormal.

7. Dispositif pour raffinement d’un domaine magnéti-
que d’une tôle d’acier électrique à grains orientés
(1), comprenant :

un équipement de réglage de position de rou-
leau de support de tôle d’acier configuré pour
commander une position de la tôle d’acier (1)
dans des directions vers le haut et vers le bas
tout en supportant la tôle d’acier (1) transférée
en continu dans une ligne de production ;
un équipement d’irradiation de faisceau laser
configuré pour irradier un faisceau laser (16) sur
une surface de la tôle d’acier (1) pour faire fondre
la tôle d’acier (1) pour former une rainure dans
la surface de la tôle d’acier (1) ; et
une partie d’absorption configurée pour absor-
ber et enlever de la chaleur rayonnante due à
une réflexion du faisceau laser (16) irradié sur
la surface de la tôle d’acier (1) depuis l’équipe-
ment d’irradiation de faisceau laser,
sachant que l’équipement d’irradiation de fais-
ceau laser irradie le faisceau laser dans une po-

sition espacée d’un centre d’un rouleau de sup-
port de tôle d’acier (9) par rapport à un point de
référence, qui est déterminé comme position
d’irradiation de faisceau laser lorsqu’une direc-
tion d’irradiation d’un faisceau laser passe par
un axe central du rouleau de support de tôle
d’acier (9) par rapport à la surface de la tôle
d’acier transférée pour entrer en contact avec
la surface du rouleau de support de tôle d’acier
(9) en forme d’arc circulaire, le long d’une sur-
face circonférentielle externe à un angle prédé-
terminé.

8. Le dispositif de la revendication 7, comprenant en
outre
une chambre à laser (20) configurée pour isoler
l’équipement de réglage de position de rouleau de
support de tôle d’acier et l’équipement d’irradiation
de faisceau laser par rapport à l’extérieur pour fournir
un environnement opératoire pour l’irradiation de
faisceau laser.

9. Le dispositif de la revendication 8, sachant que :
la chambre à laser (20) inclut :

un dispositif de surpression (23) configuré pour
loger l’équipement d’irradiation de faisceau la-
ser et l’équipement de commande de position
de rouleau de support de tôle d’acier pour former
un espace interne devant être isolé par rapport
à l’extérieur, incluant une entrée et une sortie à
des côtés opposés dans une direction transfé-
rée de la tôle d’acier (1), et formées dans celui-
ci pour augmenter une pression interne de la
chambre à laser (20) en comparaison avec une
pression externe ;
un cadre inférieur de système optique (15) con-
figuré pour séparer un espace supérieur dans
lequel un système optique (15) de l’équipement
d’irradiation de faisceau laser est positionné par
rapport à un espace inférieur à travers lequel la
tôle d’acier (1) est transférée ; et
un dispositif de commande d’isohumidité iso-
thermique (25) configuré pour commander la
température et l’humidité à l’intérieur de la
chambre à laser (20).

10. Le dispositif de la revendication 7, sachant que
l’équipement d’irradiation de faisceau laser irradie
un faisceau laser (16) dans une plage d’espacement
de 3 à 7° le long d’une surface circonférentielle ex-
terne à un centre du rouleau de support de tôle
d’acier (9) par rapport au point de référence (P).

11. Le dispositif de la revendication 7, sachant que
le système optique (15) est configuré pour être rotatif
par un entraîneur et pour être mis en rotation par
rapport à la tôle d’acier (1) pour changer un angle
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d’irradiation du faisceau laser dans une direction de
largeur de la tôle d’acier (1).

12. Le dispositif de la revendication 7, sachant que :
la partie d’absorption inclut un bloc de refroidisse-
ment installé sous un système optique de l’équipe-
ment d’irradiation de faisceau laser correspondant
à une position réfléchie du faisceau laser réfléchi par
la tôle d’acier et configuré pour absorber une chaleur
rayonnante d’un faisceau laser réfléchi par échange
de chaleur.

13. Le dispositif de la revendication 7, sachant que :
la partie d’absorption inclut en outre un chemin de
refroidissement formé dans le bloc de refroidisse-
ment (70) et une partie d’alimentation configurée
pour mettre en circulation et fournir l’agent de refroi-
dissement au bloc de refroidissement (70) via un
tuyau d’alimentation raccordé au chemin de refroi-
dissement.
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