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PRODUCT AND PROCESS BY LOCALIZED HEAT TREATMENT OF
SHEET STEEL

[0001] This application claims priority from United States Provisional Patent
Application No. 61/511,283, which was filed on July 25, 2011, the entire contents of

which are incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The invention relates gencerally to sheet metal components with tailored
tempered properties, and more particularly to a process for the localized strength
enhancement of sheet metal components based on laser-beam heat treatment, a system

for performing the process, and products produced therewith.
BACKGROUND OF THE INVENTION

[0003] In the field of vehicle construction, more and more vehicle parts made of
high-strength and ultra-high-strength steel are being employed in order to satisfy
criteria for lightweight construction. This applies to car body construction where, in
order to meet weight goals and safety requirements, for instance structural and/or
safety clements such as door intrusion beams, A and B columns, bumpers, side rails
and cross rails arc increasingly being produced from UHSS (Ultra High Strength
Steel), and thermo-shaped and press-hardened steel having tensile strengths greater

than 1000 MPa.

[0004] In different applications of motor vehicle engineering, shaped parts are to
have high strength in certain regions while in other regions they are to have higher
ductility relative thereto. “Tailoring™ the properties of shaped parts in this way
facilitates subsequent forming operations, such as for instance trimming or perforating
the part, and results in regions that can convert crash energy into deformation by
crumpling. One common approach includes heating a shect metal blank to above its
austenitization temperature, such as for instance in a furnace, and then quickly
transferring the heated blank to a cooled press and forming the blank into the desired

shape. Heating or thermally insulating inserts within the forming surfaces of the press
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are used to control the cooling rate of selected portions of the sheet metal blank
during the forming and cooling steps, such that the selected portions attain lower
tensile strength and/or lower hardness. This approach is suitable for forming
localized areas with reduced tensile strength and/or reduced hardness within a
component having otherwise high tensile strength and/or high hardness.
Unfortunately, this approach has a high energy cost associated with heating the entire
part to its austenitization temperature, and causes significant wear to the forming tool.
This approach is not well suited for producing parts having relatively small areas of
high strength and/or hardness. Additionally, the maximum production rate is limited

due to the need to cool the forming tool between parts.

[0005] Jahn et al. (Physics Procedia 12 (2011) 431-441) describe a process for the
local strengthening of steel sheets for load adapted component design in car body
structures. In order to strengthen the steel sheets, Jahn et al. used a process of laser
remelting followed by an intrinsic self~quenching to yield selective material
strengthening effects. This remelting area is a narrow weld bead and the surrounding
material can act as the bulk material to absorb the heat from the weld bead.
Resolidification following remelting produces a material with a fine microstructure,
which has a higher strength relative to the original material. Other laser hardening
processes of bulk material are known in the prior art, which also rely on self-
quenching to achieve a desired phase transformation. The self-quenching effect is
provided through the bulk material adjacent to the heated material, as already
described with reference to the teaching of Jahn et al. Unfortunately, these
approaches require a sufficient amount of bulk material to produce the self-quenching
effect, and therefore tend to be unsuitable for use with components that are fabricated

using thin steel sheets.

[0006] It would therefore be beneficial to provide a method and system that
overcome at least some of the above-mentioned limitations and disadvantages of the

prior art.
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SUMMARY OF THE INVENTION

[0007] According to an aspect of at least one embodiment of the instant invention,
there is provided a process for the localized heat treatment of a steel sheet component
formed of a hardenable ferrous alloy, comprising: providing the steel sheet
component; projecting a laser beam onto the steel sheet component; providing relative
movement between the laser beam and the steel sheet component for scanning a lascr
beam across a predetermined portion of the steel sheet component along a scan
direction, the laser beam having a power selected to heat material within the
predetermined portion to a temperature of austenitizing transformation; during
scanning the laser beam across the predetermined portion, applying a source of
external cooling to the material within the predetermined portion and immediately
behind the laser beam along the scan direction of the laser beam, the source of
external cooling selected to cool the material at a sufficiently rapid rate to form a
locally hardened region defined substantially within the predetermined portion; and
subsequent to applying the source of external cooling, allowing the material within
the predetermined portion of the steel sheet component to cool to ambient

temperature.

[0008] According to an aspect of at least one embodiment of the instant invention,
there is provided a system for performing localized heat treatment of a steel sheet
component formed of a hardenable ferrous alloy, comprising: a support structure for
holding the steel sheet component during the localized heat treatment thereof: a laser
source for generating a laser beam, the lascr source being movable relative 1o the
support structure for scanning the generated laser beam across a predetermined
portion of the steel sheet component, the laser source having an output power that is
sufficient to form a heating spot capable of heating material within the predetermined
portion to a temperature of austenitizing transformation; and a source of external
cooling disposed adjacent to the laser beam source and movable with the laser beam
source, relative to the mount, such that during use the source of external cooling is
disposed for cooling material within the predetermined portion and immediately
behind the heating spot produced by the laser beam along a scan direction of the laser

beam.
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[0009] According to an aspect of at least one embodiment of the instant invention,
there is provided a system for performing localized heat treatment of a steel sheet
component formed of a hardenable ferrous alloy, comprising: a support structure for
holding the steel sheet component during the localized heat treatment thereof; a laser
source for generating a laser beam, the laser source being movable relative to the
support structure for scanning the generated laser beam across a predetermined
portion of the steel sheet component, the laser source having an output power that is
sufficient to form a heating spot capable of heating material within the predetcrmined
portion to a temperature of austenitizing transformation; and a source of external
cooling arranged for, during use, cooling material within the predetermined portion
and immediately behind the heating spot produced by the laser beam along a scan

direction of the laser beam.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The instant invention will now be described by way of example only, and
with reference to the attached drawings, whercin similar reference numerals denote

similar elements throughout the several views, and in which:

[0011] Figure 1 is a simplified perspective view showing a portion of a steel sheet
component having a strip of laser beam heat-treated material, according to an

embodiment of the invention.

[0012] Figure 2 is a simplified perspective view showing a system for performing
localized heat treatment of steel sheet components, according to an embodiment of the

invention.

[0013] Figure 3 is a simplified perspective view showing another system for
performing localized heat treatment of steel sheet components, according to an

embodiment of the invention.

[0014] Figure 4 is a simplified perspective view showing yet another system for
performing localized heat treatment of steel sheet components, according to an

embodiment of the invention.
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[0015] Figure 5 is a simplified side view showing yet another system for performing
localized heat treatment of steel sheet components, according to an embodiment of the

invention.

[0016] Figure 6 shows a graphic representation of the temperature that is measured
using a pyrometer, at a fixed location within a lascr beam scan path during localized

heat-treatment of steel sheet components, for different cooling mechanisms.

[0017] Figure 7 shows a graphic representation of the strength enhancement in steel

sheet components subsequent to localized heat-treatment.

[0018] Figure 8 shows an exemplary representation illustrating a part with laser

beam heat-treated strips for increasing the strength of the part.

[0019] Figure 9 shows a schematic representation of a vortex tube using compressed

air for generating a cold air stream for beam-spot cooling.

[0020] Figure 10 shows a schematic representation of an automotive frame including

components with localized heat treatment.
DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0021] The following description is presented to enable a person skilled in the art to
make and use the invention, and is provided in the context of a particular application
and its requirements. Various modifications to the disclosed embodiments will be
readily apparent to those skilled in the art, and the general principles defined herein
may be applied to other embodiments and applications without departing from the
scope of the invention. Thus, the present invention is not intended to be limited to the
embodiments disclosed, but is to be accorded the widest scope consistent with the

principles and features disclosed herein.

[0022] Figure 1 is a simplified perspective view showing a portion of a steel sheet
component 100 having a strip of laser-beam heat-treated material 102, which is
formed within a predetermined portion 104 of said steel sheet component 100. For

instance, the steel sheet component 100 is stamped from a sheet 106 of hardenable
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steel, such as Usibor® 1500P, Usibor® 1500 or another suitable steel, etc. By way of
a specific and non-limiting example, the component 100 is an automotive structural or
safety element, such as one of a door intrusion beam, an A column, a B column, a

bumper, a side rail or a cross rail, etc.

[0023] Referring now to Figure 2, shown is a simplified perspective view illustrating
various components of a system 200 for performing localized heat treatment of a stecl
sheet component 100, according to an embodiment of the invention. For clarity,
components of the system 200 that are not essential to achieving an understanding of
the invention have been omitted from this discussion. Accordingly, components such
as for instance laser beam generation units, laser delivery optics, drive mechanisms
and flow-control systems for cooling fluids etc. are not shown in Figure 2. Further, in
the interest of clarity the steel sheet component 100 is illustrated as a flat, rectangular
sheet 106. It is to be understood that in practice the steel sheet component 100 may
have a complex, three-dimensional shape. For instance, the steel sheet component

100 may be a B-column for an automobile, ctc.

[0024] Referring still to Figure 2, the system 200 includes a support structure 202 for
holding the steel sheet component 100 during localized heat treatment thereof, A
laser beam shaping optic 204 is represented as a laser beam source for providing a
laser beam 206 and for projecting the laser beam 206 onto the predetermined portion
104 of the steel sheet component 100, thereby producing heating spot 208. In the
specific example that is shown in Figure 2 the laser beam 206 is circular in cross-
section and produces a circular heating spot 208. The support structure 202 is
relatively moveable to the laser beam source 204 for scanning the laser beam 206
across the predetermined portion 104 of the steel sheet component 100. In particular,
the laser beam 206 is scanned along a scan direction as indicated using the block
arrow in Figure 2, such that the heating spot 208 heats the material within the
predetermined portion 104 of the steel sheet component 100. Optionally, the laser
beam 206 is stationary and the support structure 202 is moved in a direction opposite
the scan direction, or the support structure 202 is stationary and the laser beam 206 is
moved in the scan direction. Alternatively, both the laser beam 206 and the support

structure 202 are moved. In an embodiment, the laser beam 206 is movable in one of
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the x-direction and the y-direction, and the support structure 202 is movable in the
other one of the x-direction and the y-direction, thereby supporting the formation of
curved-strips or other shapes of laser-beam heat-treated material. Alternatively, the
laser beam 206 or the support structure is movable in the x-direction and in the y-

direction.

[0025] During operation, the heating spot 208 heats the material within the
predetermined portion 104 to a temperature of austenitizing transformation. For
instance, the material within the predetermined portion 104 is hcated to between about
800°C and about 950°C. The material of the steel sheet component 100, both within
and adjacent to the predetermined portion 104, is insufficiently thick to support self-
quenching of the laser-beam heated material. That is to say, the rate of cooling of the
material after the heating spot 208 heats it is not sufficiently fast to transform a
mainly austenitic microstructure of the material to a mainly bainitic and/or martensitic
microstructure. Accordingly, the system 200 includes a source of external cooling
210. In the example that is shown in Figure 2, the source of external cooling 210
comprises a conduit for directing a flow 212 of a cooling fluid toward the material
within the predetermined portion 104 and immediately behind the laser beam 206
along the scan direction of the laser beam 206. The source of external cooling 210
provides the flow 212 of the cooling fluid during scanning of the laser beam 206
across the predetermined portion 102. That is to say, the cooling fluid is directed

toward a point that trails the heating spot 208.

[0026] The source of external cooling 210 is selected and adjusted to cool the
material at a sufficiently rapid rate to form a locally hardened and/or strengthened
region substantially within the predetermined portion 104. In particular, the source of
external cooling 210 is selected to cool the material at a rate that is sufficiently fast to
transform a mainly austenitic microstructure of the material to a mainly bainitic
and/or martensitic microstructure. Cooling the material in this way achicves
predetermined mechanical properties, such as high strength and tough microstructure.
Options for adjusting the source of external cooling 210 include, for instance, varying
the distance between the heating spot 208 and the source of external cooling 210.

Said distance may be determined in order to achieve optimal cooling behavior.
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Alternatively, the cooling fluid itself is selected to achieve optimal cooling behavior
for a particular application. According to an embodiment, the cooling fluid is cold
air. Optionally, other gaseous or liquid cooling media are used as the cooling fluid.
For instance, dry ice (CO;) and water mist are two alternate cooling fluids. Further,
the cooling rate that is achieved using the source of external cooling 210 depends
upon the flow rate and/or flow volume of the cooling fluid, the interacting time of the
cooling fluid with the heated material, and the temperature of the cooling fluid. As
discussed in some of the examples below, the interacting time of the cooling fluid
may be increased by employing multiple conduits for providing the cooling fluid, and

by properly arranging the spacing between the conduits.

[0027] Referring still to Figure 2, the source of external cooling 210 is shown
disposed along the same side of the sheet metal component 100 as the laser beam
source 204, that is to say, along the heating side of the sheet metal component 100.
Alternatively, the source of external cooling 210 is disposed for directing a flow of
the cooling fluid toward the material along the side of the sheet metal component 100
that is opposite the heating side. Further alternatively, separate flows of cooling fluid
are directed toward the heating side and toward the reverse side of the sheet metal

component 100.

[0028] Optionally, the laser-beam heat-treatment process is performed on a single
sheet metal part, on a sub-assembly of parts, or on a complete assembly of parts.
Advantageously, the laser beam 206 can be directed toward any predetermined
location of a part or sub-assembly to create a local strengthening, even at locations

that otherwise are difficult to access.

[0029] Although the example that is shown in Figure 2 illustrates a flat sheet metal
component 100, it is to be understood that the process is equally applicable to tubular
or other closed-profile structures, in particular hydroformed tubular parts.
Analogously as described heretofore, laser beam 206 is used to provide local heating
to a predetermined area of the tubular part within which the mechanical properties are

to be improved, followed by rapid cooling/quenching of the heated area to cause a



WO 2013/013305 PCT/CA2012/000700

phase transformation from a mainly austenitic microstructure to a mainly martensitic

and/or bainitic microstructure.

[0030] Referring now to Figure 3, shown is a simplified perspective view illustrating
another system 300 for performing localized heat treatment of a steel sheet component
100, according to an embodiment of the instant invention. For clarity, components of
the system 300 that are not essential to achieving an understanding of the invention
have been omitted from this discussion. Accordingly, components such as for
instance laser beam generation units, laser delivery optics, drive mechanisms and
flow-control systems for cooling fluids etc. are not shown in Figure 3. Further, in the
interest of clarity the steel sheet component 100 is illustrated as a flat, rectangular
sheet 106. It is to be understood that in practice the steel sheet component 100 may
have a complex, three-dimensional shape. Ior instance, the steel sheet component

100 may be a B-column for an automobile, etc.

[0031] Referring still to Figure 3, the system 300 includes a support structure 302 for
holding the steel sheet component 100 during localized heat treatment thereof. A
laser beam shaping optic 304 is used to represent a laser beam source for providing a
laser beam 306 and for projecting the laser beam 306 onto the predetermined portion
104 of the steel sheet component 100, thereby producing heating spot 308. In the
specific example that is shown in Figure 3 th’e laser beam 306 is square in cross-
section and produces a square heating spot 308. The support structure 302 is
relatively moveable to the laser beam source 304 for scanning the laser beam 306
across the predetermined portion 104 of the steel sheet component 100. In particular,
the laser beam 306 is scanned along a scan direction as indicated using the block
arrow in Figure 3, such that the heating spot 308 heats the material within the
predetermined portion 104 of the steel sheet component 100. Optionally, the laser
beam 306 is stationary and the support structure 302 is moved in a direction opposite
the scan direction, or the support structure 302 is stationary and the laser beam 306 is
moved in the scan direction. Alternatively, both the laser beam 306 and the support
structure 302 are moved. In an embodiment, the laser beam 306 is movable in one of
the x-direction and the y-direction, and the support structure 302 is movable in the

other one of the x-direction and the y-direction, thereby supporting the formation of
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curved-strips or other shapes of laser-beam heat-treated material. Alternatively, the
laser beam 306 or the support structure 302 is movable in the x-direction and in the y-

direction.

[0032] During operation, the heating spot 308 heats the material within the
predetermined portion 104 to a temperature of austenitizing transformation. For
instance, the material within the predetermined portion 104 is heated to between about
800°C and about 950°C. The material of the steel sheet component 100, both within
and adjacent to the predetermined portion 104, is insufficiently thick to support sclf-
quenching of the laser-beam heated material. That is to say, the rate of cooling of the
material after the heating spot 308 heats it is not sufficiently fast to transform a
mainly austenitic microstructure of the material to a mainly bainitic and/or martensitic
microstructure. Accordingly, the system 300 includes a source of external cooling
310. In the example that is shown in Figure 3, the source of external cooling 310 is a
conduit for directing a flow 312 of a cooling fluid toward the material within the
predetermined portion 104 and immediately behind the laser beam 306 along the scan
direction of the laser beam 306. The source of external cooling 310 provides the flow
312 of the cooling fluid during scanning of the laser beam 306 across the
predetermined portion 102. That is to say, the cooling fluid is directed toward a point

that trails the heating spot 308.

[0033] The source of external cooling 310 is selected and adjusted to cool the
material at a sufficiently rapid rate to form a locally hardened region substantially
within the predetermined portion 104. In particular, the source of external cooling
310 is selected to cool the material at a rate that is sufficiently fast to transform a
mainly austenitic microstructure of the material to a mainly bainitic and/or martensitic
microstructure. Cooling the material in this way achieves predetermined mechanical
properties, such as high strength and tough microstructure. Adjusting the source of
external cooling 310 includes, for instance, varying the distance between the heating
spot 308 and the area toward which the cooling fluid is directed. Said distance may
be determined to achieve optimal cooling behavior. Alternatively, the cooling fluid
itself'is selected to achieve optimal cooling behavior for a particular application.

According to an embodiment, the cooling fluid is cold air. Optionally, other gaseous

10
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or liquid cooling media are used as the cooling fluid. For instance, dry ice (CO;) and
water mist are two alternate cooling fluids. Further, the cooling rate achieved by the
source of external cooling 310 depends upon the flow rate and/or flow volume of the
cooling fluid, the interacting time of the cooling fluid with the heated material, and
the temperature of the cooling fluid. As discussed in some of the examples below, the
interacting time of the cooling fluid may be increased by employing multiple conduits
for providing the cooling fluid and properly arranging the spacing between the

conduits.

[0034] Figure 3 shows the source of external cooling 310 disposed along the same
side of the sheet metal component 100 as the laser beam source 304, that is to say,
along the heating side of the sheet metal component. Alternatively, the source of
external cooling 310 is disposed for directing a flow of the cooling fluid toward the
material along the side of the sheet metal component 100 that is opposite the heating
side. Further alternatively, separate flows of cooling fluid are directed toward both

the heating side and the reverse side of the sheet metal component 100.

[0035] Optionally, the laser-beam heat-treatment process is performed on a single
sheet metal part, on a sub-assembly of parts, or on a complete assembly of parts.
Advantageously, the laser beam 306 can be directed toward any predetermined
location of a part or sub-assembly to create a local strengthening, even at locations

that otherwise are difficult to access.

[0036] Although the example that is shown in Figure 3 illustrates a flat sheet metal
component 100, it is to be understood that the process is equally applicable to tubular
or other closed-profile structures, in particular hydroformed tubular parts.
Analogously as described heretofore, laser beam 306 is used to provide local heating
to a predetermined area of the tubular part within which the mechanical properties are
to be improved, followed by rapid cooling/quenching of the heated arca to cause a
phase transformation from a mainly austenitic microstructure to a mainly martensitic

and/or bainitic microstructure.

11



WO 2013/013305 PCT/CA2012/000700

[0037] Referring now to Figure 4, shown is a simplified perspective view illustrating
yet another system 400 for performing localized heat treatment of a steel sheet
component 100 according to an embodiment of the instant invention. For clarity,
components of the system 400 that are not essential to achieving an understanding of
the invention have been omitted from this discussion. Accordingly, components such
as for instance laser beam generation units, laser delivery optics, drive mechanisms
and flow-control systems for cooling fluids etc. are not shown in Figure 4. Further, in
the interest of clarity the steel sheet component 100 is illustrated as a flat, rectangular
sheet 106. It is to be understood that in practice the stecl sheet component 100 may
have a complex, three-dimensional shape. For instance, the steel sheet component

100 may be a B-column for an automobile, etc.

[0038] Referring still to Figure 4, the system 400 includes a support structure 202 for
holding the steel sheet component 100 during localized heat treatment thereof. A
laser beam shaping optic 304 is used to represent a laser source for providing a laser
beam 306 and for projecting the laser beam 306 onto the predetermined portion 104 of
the steel sheet component 100, thereby producing heating spot 308. In the specific
example that is shown in Figure 4 the laser beam 306 is square in cross-section and
produces a square heating spot 308. The support structure 202 is relatively moveable
to the laser beam source 304 for scanning the laser beam 306 across the
predetermined portion 104 of the steel sheet component 100. In particular, the laser
beam 306 is scanned along a scan direction as indicated using the block arrow in
Figure 4, such that the heating spot 308 heats the material within the predetermined
portion 104 of the steel sheet component 100. Optionally, the laser beam 306 is
stationary and the support structure 202 is moved in a direction opposite the scan
direction, or the support structure 202 is stationary and the laser beam 306 is moved in
the scan direction. Alternatively, both the laser beam 306 and the support structure
202 are moved. In an embodiment, the laser beam 306 is movable in one of the x-
direction and the y-direction, and the support structure 202 is movable in the other
one of the x-direction and the y-direction, thereby supporting the formation of curved-
strips or other shapes of laser-beam heat-treated material. Alternatively, the laser

beam 306 or the support structure is movable in the x-direction and in the y-direction.

12
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[0039] During operation, the heating spot 308 heats the material within the
predetermined portion 104 to a temperature of austenitizing transformation. For
instance, the material within the predetermined portion 104 is heated to between about
800°C and about 950°C. The material of the steel shect component 100, both within
and adjacent to the predetermined portion 104, is insufficiently thick to support self-
quenching of the laser-beam heated material. That is to say, the rate of cooling of the
material after the heating spot 308 heats it is not sufficiently fast to transform a
mainly austenitic microstructure of the material to a mainly bainitic and/or martensitic
microstructure. Accordingly, the system 400 includes a source of external cooling
402. In the example that is shown in Figure 4, the source of external cooling 402 is a
plurality of conduits for directing a flow 404 of a cooling fluid toward the material
within the predetermined portion 104 and immediately behind the laser beam 306
along the scan direction of the laser beam 306. The source of external cooling 402
provides the flow 404 of the cooling fluid during scanning of the laser beam 306
across the predetermined portion 102. That is to say, the cooling fluid is directed

toward a point that trails the heating spot 308.

[0040] The source of external cooling 402 is selected and adjusted to cool the
material at a sufficiently rapid rate to form a locally hardened region substantially
within the predetermined portion 104. In particular, the source of external cooling
402 is selected to cool the material at a rate that is sufficiently fast to transform a
mainly austenitic microstructure of the material to a mainly bainitic and/or martensitic
microstructure. Cooling the material in this way achieves predetermined mechanical
properties, such as high strength and tough microstructure. Adjusting the source of
external cooling 402 includes, for instance, varying the distance between the heating
spot 308 and the source of external cooling 402. Said distance may be determined to
achieve optimal cooling behavior. Alternatively, the cooling fluid itself is selected to
achieve optimal cooling behavior for a particular application. According to an
embodiment, the cooling fluid is cold air. Optionally, other gaseous or liquid cooling
media are used as the cooling fluid. For instance, dry ice (CO;) and water mist are
two alternate cooling fluids. Further, the cooling rate achieved by the source of

external cooling 402 depends upon the flow rate and/or flow volume of the cooling

13
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fluid, the interacting time of the cooling fluid with the heated material, and the
temperature of the cooling fluid. In the instant example, the interacting time of the
cooling fluid is increased relative to the systems 200 and 300 by employing a plurality
of conduits for providing the cooling fluid and properly arranging the spacing
between the conduits. Two separate conduits are shown in Figure 4, but it is to be

understood that more than two separate conduits may be employed.

[0041} Figure 4 shows the source of external cooling 402 disposed along the same
side of the sheet metal component 100 as the laser beam source 304, that is to say,
along the heating side of the sheet metal component. Alternatively, the source of
external cooling 302 is disposed for directing a flow of the cooling fluid toward the
material along the side of the sheet metal component 100 that is opposite the heating
side. Further alternatively, separate flows of cooling fluid are directed toward both

the heating side and the reverse side of the sheet metal component 100.

[0042] Optionally, the laser-beam heat-treatment process is performed on a single
sheet metal part, on a sub-assembly of parts, or on a complete assembly of parts.
Advantageously, the laser beam 306 can be directed toward any predetermined
location of a part or sub-assembly to create a local strengthening, even at locations

that otherwise are difficult to access.

[0043] Although the example that is shown in Figure 4 illustrates a flat sheet metal
component 100, it is to be understood that the process is equally applicable to tubular
or other closed-profile structures, in particular hydroformed tubular parts.
Analogously as described heretofore, laser beam 306 is used to provide local heating
to a predetermined area of the tubular part within which the mechanical properties are
to be improved, followed by rapid cooling/quenching of the heated area to cause a
phase transformation from a mainly austenitic microstructure to a mainly martensitic

and/or bainitic microstructure.

[0044] Referring now to Figure 5, shown is a simplified side view illustrating yet
another system 500 for performing localized heat treatment of a steel sheet component

100 according to an embodiment of the instant invention. For clarity, components of
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the system 500 that are not essential to achieving an understanding of the invention
have been omitted from this discussion. Accordingly, components such as for
instance laser power sources, laser optics, drive mechanisms and heat sink cooling
features etc. are not shown in Figure 5. Further, in the interest of clarity the steel
sheet component 100 is illustrated as a flat, rectangular sheet 106. It is to be
understood that in practice the steel shect component 100 may have a complex, three-
dimensional shape. For instance, the steel sheet component 100 may be a B-column

for an automobile, etc.

[0045] Referring still to Figure 5, the system 500 includes a support structure 202 for
holding the steel sheet component 100 during localized heat treatment thercof. A
laser beam source 204 is provided for generating a laser beam 206 and for projecting
the laser beam 206 onto the predetermined portion (indicated using dashed lines) of
the steel sheet component 100, thereby producing heating spot 208. In the specific
example that is shown in Figure 5 the laser beam 206 is circular in cross-section and
produces a circular heating spot 208. The support structure 202 is relatively moveable
to the laser beam 206, for scanning the laser beam 206 across the predetermined
portion 104 of the steel sheet component 100. In particular, the laser beam 206 is
scanned along a scan direction as indicated using the block arrow in Figure 5, such
that the heating spot 208 heats the material within the predetermined portion 104 of
the steel sheet component 100. Optionally, the laser beam source 204 is stationary
and the support structure 202 is moved in a direction opposite the scan direction, or
the support structure 202 is stationary and the laser beam source 204 is moved in the
scan direction. Alternatively, both the laser beam source 204 and the support
structure 202 are moved. In an embodiment, the laser beam source 204 is movable in
one of the x-direction (left-to-right in Figure 5) and the y-direction (in-and-out of the
plane of the page in Figure 5), and the support structure 202 is movable in the other
one of the x-direction and the y-direction, thereby supporting the formation of curved-
strips or other shapes of laser-beam heat-treated material. Alternatively, the laser
beam source 204 or the support structure 202 is movable in the x-direction and in the

y-direction.
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[0046] During operation, the heating spot 208 heats the material within the
predetermined portion 104 to a temperature of austenitizing transformation. For
instance, the material within the predetermined portion 104 is heated to between about
800°C and about 950°C. The material of the steel sheet component 100, both within
and adjacent to the predetermined portion 104, is insufficiently thick to support self-
quenching of the laser-beam heated matcrial. That is to say, the rate of cooling of the
material after the heating spot 208 heats it is not sufficiently fast to transform a
mainly austenitic microstructure of the material to a mainly bainitic and/or martensitic
microstructure. Accordingly, the system 500 includes a source of external cooling. In
the example that is shown in Figure 5, the source of external cooling is a heat sink
member 502 that is provided in thermal communication with the steel sheet
component 100 along a side thereof that is opposite the side heated by the laser beam
206. The heat sink member 502 is also aligned with the predetermined portion 104,
and has a width that is chosen to be proportional to an expected heat affected zone
based upon the heat-treatment process. By way of a specific example, the heat sink
member 502 is a fitted contact metallic heat sink, fabricated from steel and/or copper
or another suitable material. For instance, the heat sink member 502 is fabricated
using an ultra conductive copper alloy, which is soft, flexible and can be easily bent to
follow the shape of the laser heat-treated predetermined portion 104. Optionally, the
support structure 202 and/or another fixturing device is provided adjacent to the heat
sink member 502. Optionally, supplemental cooling using one of the external cooling

sources 210, 310 or 402 is provided.

[0047] The heat sink member 502 cools the heated material within the predetermined
portion 104 at a rate that is sufficiently fast to transform a mainly austenitic
microstructure of the material to a mainly bainitic and/or martensitic microstructure.
Cooling the material in this way achieves predetermined mechanical properties, such
as high strength and tough microstructure. Optionally, the laser-beam heat-treatment
process is performed on a single sheet metal part, on a sub-assembly of parts, or on a
complete assembly of parts. Advantageously, the laser beam 206 can be directed
toward any predetermined location of a part or sub-assembly to create a local

strengthening, even at locations that otherwisc are difficult to access.
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[0048] Figure 6 shows a graphic representation of the temperature measured by a
pyrometer at a fixed location within a laser beam scan path during localized heat-
treatment of steel sheet components with different cooling mechanisms. The
pyrometer is capable only of measuring temperatures in the range of 270°C to 960°C.
In general, it is believed that a cooling rate of about 50°C per second produces a
significant amount of bainite and martensite volume in a steel alloy, resulting in
acceptable hardening and/or strengthening of the laser-beam heat-treated material.
The graphs that are presented in Figure 6 show that a cooling rate of about 50°C per
second is achievable with the use of a cooling air jet. Further, it is clearly shown in
Figure 6 that the cooling rate when no source of external cooling is used is not

sufficiently rapid to achieve the desired formation of bainite and martensite.

[0049] Figure 7 shows a graphic representation of the strength enhancement that was
observed in steel sheet components subsequent to localized heat-treatment. The
tensile strength of the 4130 alloy increased from about 500 N/mm? before heat
treatment to more than 1500 N/mm? after heat treatment. Similarly, the tensile
strength of the 1050 alloy increased from about 500 N/mm? before heat treatment to

more than 2000 N/mm? after heat treatment.

[0050] Referring now to Figure 8 shows an exemplary representation illustrating a
part 800 with laser beam heat-treated strips 802 for increasing the strength of the part.
In the example that is shown in Figure 8, the part 800 is a B-column for an automobile
and the laser beam heat-treated strips 802 extend generally along at least a portion of
the length of the B-column. As shown in Figure 8, the laser beam heat-treated strips

802 curve and follow the shape of the part.

[0051] Figure 9 shows a schematic representation of a vortex tube using compressed
air for generating a cold air stream for beam-spot cooling. In particular, the vortex
tube 900 may be used as the source of external cooling 210, 310 or 402 as described
above with reference to Figures 2, 3 and 4, respectively. For instance, the vortex tube
900 functions as a conduit that uses compressed air as a power source, without
requiring any moving parts inside of the device. Compressed air 902 that is provided

to the vortex tube 900 is separated into two streams of air inside the tube. Through
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energy exchange between the two air streams by means of the principle of
conservation of angular momentum, one stream becomes a cold stream 904 that is
directed toward the predetermined portion 104 of the sheet steel component 100. The
other stream 906 is exhausted away from the sheet steel component. The vortex tube
900 is capable of lowering air temperature up to 46°C or greater, and as such is well
suited for cooling the material within the predetermined portion 104 after it is heated

by the heating spot of the laser beam.

[0052] Figure 10 shows a schematic representation of an automotive frame 1000
including components that have been subjected to a localized laser-beam heat-
treatment process as described above. In particular, Figure 10 illustrates how areas of
localized laser heat-treatment (white lines 1002) can be applied to a body structure of
an automotive component to provide local enhancement of mechanical properties in
predetermined areas of the automotive component. Of course, the localized laser heat
treatment may also be applied to other automotive components, as well as other non-

automotive components.

[0053] In the examples that are described with reference to Figures 1 through 4, the
laser beam heat-treated material 102 extends linearly and defines a narrow strip.
Alternatively, different sized laser beam spot-sizes may be used to produce strips of
laser beam heat-treated material having different widths. For instance, a strip of 12
mm in width has been produced using an available 16 mm x 16 mm square laser beam
spot. Notably, phase transformation was achieved throughout the thickness of the
laser beam heat-treated material in the 12 mm wide strip, and experimental
determinations indicated that the strength of this strip increased significantly after

localized laser-beam heat treatment.

[0054] The embodiments of the invention as described above provide a process and
system for the local strengthening of sheet metal components by local heating using a
laser-beam, followed by rapid cooling using a source of external cooling. In the case
of sheet metal components, the heating effect of the laser-beam extends substantially
through the entire thickness of the sheet metal component and hence the sheet metal

component is not subject to self-quenching as is the case for bulk metal components.
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The active cooling step that is performed using the source of external cooling
provides a product with a locally hardened region, which extends substantially
through the entire thickness of the sheet metal component as opposed to only a

hardened top layer that is formed in bulk metal components.

[0055] While the above description constitutes a plurality of embodiments of the
present invention, it will be appreciated that the present invention is susceptible to
further modification and change without departing from the fair meaning of the

accompanying claims.
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CLAIMS
What is claimed is:

1. A process for the localized heat treatment of a steel sheet component formed of a
hardenable ferrous alloy, comprising:

providing the steel sheet component;

projecting a laser beam onto the steel sheet component;

providing relative movement between the laser beam and the steel sheet
component for scanning a laser beam across a predetermined portion of the steel sheet
component along a scan direction, the laser beam having a power selected to heat
material within the predetermined portion to a temperature of austenitizing
transformation;

during scanning the laser beam across the predetermined portion, applying a
source of external cooling to the material within the predetermined portion and
immediately behind the laser beam along the scan direction of the laser beam, the
source of external cooling selected to cool the material at a sufficiently rapid rate to
form a locally hardened region defined substantially within the predetermined portion;
and

subsequent to applying the source of external cooling, allowing the material
within the predetermined portion of the steel sheet component to cool to ambient

temperature.

2. The process of claim 1 wherein the material within the predetermined portion of the
steel sheet component has a thickness, and wherein the thickness of the material is
other than sufficient to support self-quenching of the heated matcrial within the

predetermined portion.
3. The process of claim 1 or 2 wherein the rate of cooling is sufficiently rapid to

transform a mainly austenitic microstructure of the material to a mainly at least one of

bainitic microstructure and martensitic microstructure.

20



WO 2013/013305 PCT/CA2012/000700

4. The process of any one of claims 1 to 3 wherein the temperature is between 800°C

and 950°C.

5. The process of any one of claims 1 to 4 wherein scanning the laser beam other than
forms a weld seam between the steel sheet component and another steel sheet

component.

6. The process of any one of claims 1 to 5 wherein scanning the laser beam across the
predetermined portion of the steel sheet component causes heating through the entire

thickness of the material.

7. The process of any one of claims 1 to 6 wherein applying the source of external
cooling comprises directing a cooling fluid toward the material within the
predetermined portion and immediately behind the laser beam along the scan

direction of the laser beam.

8. The process of any one of claims 1 to 6 wherein the laser beam impinges upon a
surface along a first side of the stecl sheet component and wherein applying the
source of external cooling comprises providing a heat-sink material in thermal
communication with a surface along a second side of the steel sheet component that is

opposite the first side.

9. The process of any one of claims 1 to 8 wherein the source of external cooling is
applied to the material within the predetermined portion prior to the material cooling
below either the bainitic start temperature or the martensitic start temperature of the

ferrous alloy.

10. A system for performing localized heat treatment of a steel sheet component
formed of a hardenable ferrous alloy, comprising:
a support structure for holding the steel sheet component during the localized

heat treatment thereof’
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a laser source for generating a laser beam, the laser source being movable
relative to the support structure for scanning the generated laser beam across a
predetermined portion of the steel sheet component, the laser source having an output
power that is sufficient to form a heating spot capable of heating material within the
predetermined portion to a temperature of austenitizing transformation; and

a source of external cooling disposed adjacent to the laser beam source and
movable with the laser beam source, relative to the mount, such that during use the
source of external cooling is disposed for cooling material within the predeterminced
portion and immediately behind the heating spot produced by the laser beam along a

scan direction of the laser beam.

11. The system of claim 10 wherein the source of external cooling comprises at least
one conduit disposed for directing a flow of a cooling fluid toward the material within

the predetermined portion and immediately behind the heating spot.

12. The system of claim 10 wherein the source of external cooling comprises at least
one conduit disposed for directing a flow of a cooling fluid toward material
immediately adjacent to the material within the predetermined portion and

immediately behind the heating spot.

13. The system of claim 11 or 12 wherein the cooling fluid is a gas.

14. The system of claim 11 or 12 wherein the cooling fluid is a liquid.

15. The system of claim 11 wherein the at least one conduit is a plurality of conduits
and wherein each one of the plurality of conduits is disposed for directing a portion of
the flow of the cooling fluid toward the material within the predetermined portion and
immediately behind the heating spot.

16. The system of claim 12 wherein the at least one conduit is a plurality of conduits

and wherein the plurality of conduits cooperate for directing a portion of the flow of
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the cooling fluid toward the material immediately adjacent to opposite edges of the

material within the predetermined portion and immediately behind the heating spot.

17. The system of claim 10 wherein the source of external cooling comprises a vortex

tube.

18. A system for performing localized heat treatment of a steel sheet component
formed of a hardenable ferrous alloy, comprising:

a support structure for holding the steel sheet component during the localized
heat treatment thereof;

a laser source for generating a laser beam, the laser source being movable
relative to the support structure for scanning the generated laser beam across a
predetermined portion of the steel sheet component, the laser source having an output
power that is sufficient to form a heating spot capable of heating material within the
predetermined portion to a temperature of austenitizing transformation; and

a source of external cooling arranged for, during use, cooling material within

the predetermined portion and immediately behind the heating spot produced by the

laser beam along a scan direction of the laser beam.

19. The system of claim 18 wherein the source of external cooling is disposed
adjacent to the laser beam source and movable with the laser beam source, relative to
the support structure, and comprises at least one conduit disposed for directing a flow
of a cooling fluid toward the material within the predetermined portion and

immediately behind the heating spot.

20. The system of claim 18 wherein the source of external cooling comprises a vortex

tube.
21. The system of claim 18 wherein the support structure holds the steel sheet

component such that the laser beam impinges upon a surface along a first side of the

steel sheet component and wherein the source of external cooling comprises a heat-
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sink material in thermal communication with a surface along a second side of the steel

sheet component that is opposite the first side.

22. The system of claim 21 wherein the heat-sink material is an ultra-conductive

copper alloy.

23. The system of claim 22 wherein a width of the heat-sink material is proportional

to an expected heat affected zone based on the localized heat treatment.
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