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(57) Abréegée/Abstract:

A laser welding method for stacked workpieces according to the present invention, a laser irradiation diameter that is irradiated on a
surface of one workpiece 1 among two stacked workpieces 1 and 2 Is set such that a laser irradiation diameter B at a weld ending-
edge portion Is equal to or greater than approximately 1.5 times a laser irradiation diameter A at a weld starting-edge portion. Thus,
at the weld ending-edge portion, the material is melted in a wider area compared to the conventional example, and therefore, the
melted material is supplied to the center portion of the weld ending-edge portion while the weld ending-edge portion is solidifying.
As a result, a depth of the recess at the weld ending-edge portion can be made shallow enough to guarantee the welding quality of
each of the workpieces 1 and 2.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




10

CA 02660062 2009-02-04

ABSTRACT

A laser welding method for stacked workpieces according to the present
invention, a laser irradiation diameter that is irradiated on a surface of one workpiece
1 among two stacked workpieces 1 and 2 1s set such that a laser irradiation diameter B
at a weld ending-edge portion is equal to or greater than approximately 1.5 times a
laser 1rradiation diameter A at a weld starting-edge portion. Thus, at the weld ending-
edge portion, the material is melted in a wider area compared to the conventional
example, and therefore, the melted material is supplied to the center portion of the
weld ending-edge portion while the weld ending-edge portion is solidifying. As a
result, a depth of the recess at the weld ending-edge portion can be made shallow

enough to guarantee the welding quality of each of the workpieces 1 and 2.
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DESCRIPTION

LLASER WELDING METHOD FOR STACKED WORKPIECES

TECHNICAL FIELD

[0001] The present invention relates to a laser welding method for
stacked workpieces, in which, for example, plate-shaped workpieces are stacked n
plurality, and each of the workpieces is welded by irradiating a substantially circular

laser onto a surface of a workpiece that is positioned at one end.

BACKGROUND ART

[0002] Generally, as shown in FIG. §, in a laser welding of stacked
workpieces, for example, a laser head 3 is disposed above a surface of one workpiece
1 among two stacked plate-shaped workpieces 1 and 2, and while irradiating a
substantially circular laser 4 from the laser head 3 toward the surface of the workpiece
1, the laser head 3 is moved linearly with respect to each of the workpieces 1 and 2,

whereby each of the workpieces 1 and 2 is welded. Reference numeral 4 denotes a

path of the laser.

[0003] In addition, a laser irradiation diameter A on the surface of the
workpiece 1 is substantially identical at a weld starting-edge portion, halfway from
the weld starting-edge portion to a weld ending-edge portion, and at the weld ending-
edge portion. In order to improve an efficiency of laser energy, the smallest focusing
beam diameter (focused state) is set so that an energy intensity of the laser 4 is
maximized, and a penetrating capacity by the laser 4 is maximized.

[0004] However, as shown in FIG. 6(b), in the conventional laser
welding method described above, inconveniences occur such as a recess 5 being
formed in the surface of the workpiece 1 and a through hole being formed that passes
through the workpiece 1 at the weld ending-edge portion after the welding has been
completed. The bonding strength and the sealing characteristics of each of the
workpieces 1 and 2 are reduced, and it is not possible to guarantee the welding quality
of the workpieces 1 and 2. Note that the portion that is shown by reference numeral 6

denotes a portion that has solidified after having been melted by a laser.
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[0005] The reason that the recess 5 or the through hole is formed in the
surface of the workpiece 1 at the weld ending-edge portion of the workpieces 1 and 2
1s that, 1n such welding using the laser irradiation, a material that has melted
simultaneously with the formation of a keyhole 20 due to the laser irradiation forms a

weld while being driven into the keyhole 20 toward the back side thereof with respect

10

15

20

23

30

to the direction of the forward movement, and then the melted material that has been
driven into the keyhole 20 cools and gradually solidifies.

[0006)] However, at the weld ending-edge portion, the recess 5 or the
through hole may be formed in the center portion when the material is not sufficient
to completely fill the inside of the keyhole 20 because sufficient material has not been
supplied to the inside of the keyhole 20 from the forward direction, and the melted
material becomes cooler than the surroundings and contracts while solidifying.

[0007]  Note that Patent Document 1 discloses a stacked laser welding
method for zinc plated copper plates in which the beam shape at the irradiation
position 1s an elliptical shape that has a major axis that is parallel to the welding line
and a minor axis that is perpendicular thereto.

Patent Document 1: Japanese Patent Application Publication No. JP-A-2002-219590

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0008] In the invention of Patent Document 1 described above, because
the beam 1s formed into an elliptical shape, spattering of the melted metal and
blowholes are greatly reduced in comparison to the conventional case. However, at
the weld ending-edge portion, it is not possible to eliminate inconveniences such as
recesses, through holes, and the like that are formed in the workpiece surface.

[0009] The present invention has been devised in consideration of such
points. Thus, 1t is an object of the present invention to provide a laser welding
method for stacked workpieces that enables the reduction of inconveniences such as
recesses and through holes that are formed in the workpiece surface at the weld
ending-edge portion when plate-shaped workpieces that are stacked in plurality are
welded by 1rradiating a laser on the surface of the workpiece that is positioned at one

end.
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Means for Solving the Problems

[0010] In order to solve the problems described above, the laser welding
method for stacked workpieces according to the present invention is characterized in
that a laser irradiation diameter that is irradiated on a surface of the workpiece such
that a laser irradiation diameter at a weld ending-edge portion is larger than a laser
irradiation diameter at a weld starting-edge portion. |

[0011] Thereby, a depth of a recess that is formed in the workpiece
surface at the weld ending-edge portion can be significantly reduced compared to the
conventional example.

' [0012] Note that each of the modes of the laser welding method for

stacked workpieces of the present invention and the operation thereof will be

explained in detail in the following sections (modes of the invention).

Exemplary Forms of the Invention

{0013] Below, several exemplary forms of the invention for which patent
claims are perceived to be allowable in the present application (below, referred to
"claimable invention") will be illustrated, and these forms will be explained. Note
that each of the forms, similar to each of the claims, is divided into sections, a number
1s attached to each of the sections, and disclosure thereof is carried out with citing
other sections, as necessary. This is only to facilitate the understanding of the
claimable invention, and there is no effect that lirhits the'combination of structural
elements that structure the claimable invention to the content disclosed in each of the
following sections. That is, the claimable invention should be understood with
reference to the disclosures that accompany each of the sections, embodiments and
the like. In accordance with this interpretation, an exemplary form in which other
structural elements are further added to an exemplary form of each section and an
exemplary form in which structural elements are eliminated from an exemplary form

of each section can serve as an exemplary form of the claimable invention.

[0014] (1) A laser welding method for stacked workpieces is
characterized in that a laser irradiation diameter that is irradiated on a surface of the
workpiece is set such that a laser irradiation diameter at a weld ending-edge portion is

larger thap a laser irradiation diameter at a weld starting-edge portion.
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[0015] Therefore, in the laser welding method for stacked workpieces in
section (1), the laser irradiation at the weld ending-edge portion is defocused so that
the laser irradiation diameter that is irradiated on the workpiece surface is set such
that the laser irradiation diameter at the weld ending-edge portion is larger than the
laser irradiation diameter at the weld starting-edge portion. Thus, at the weld ending-
edge portion, the material 1s melted in a wider area compared to the conventional
example, and therefore, the melted material is supplied to the center portion of the
weld ending-edge portion while the weld ending-edge portion is solidifying. As a
result, the depth of the recess at the weld ending-edge portion can be reduced
compared to the conventional example.

[0016] (2) The laser welding method for stacked workpieces as disclosed
in section (1), characterized in that a laser irradiation diameter halfway from the weld
starting-edge portion to the weld ending-edge portion is set to be substantially
identical to the laser irradiation diameter at the weld starting-edge portion.

[0017]} Therefore, in the laser welding method for stacked workpieces in
section (2), by setting the laser irradiation diameter halfway from the weld starting-
edge portion to the weld ending-edge portion to be substantially identical to the laser
irradiation diameter at the weld starting-edge portion, a high penetrating power is
maintained without reducing the laser energy halfway from the weld starting-edge
portion to the weld ending-edge portion so that the bonding strength between each of
the workpieces is not reduced.

[0018] (3) The laser welding method for stacked workpieces as disclosed
in section (1), characterized in that the laser irradiation diameter in the interval from
the weld starting-edge portion to the weld ending-edge portion is gradually widened
from the weld starting-edge portion toward the weld ending-edge portion.

10019]  Therefore, in the laser welding method for stacked workpieces in
section (3), the laser irradiation diameter at the weld ending-edge portion is set larger
than the laser irradiation diameter at the weld starting-edge portion by gradually
increasing the laser irradiation diameter from the weld starting-edge portion toward
the weld ending-edge portion.

[0020] (4) The laser welding method for stacked workpieces as disclosed
in any one of section (1) to section (3), characterized in that the laser irradiation
diameter is appropriately set by changing the distance of the laser head from the

workpiece surface.
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[0021] (5) The laser welding method for stacked workpieces as disclosed
in any one of section (1) to section (3), characterized in that the laser irradiation
diameter is appropriately set by changing the distance of the laser focusing unit inside
the laser head from the workpiece surface.

[0022] Therefore, in the laser welding method for stacked workpieces in
section (4) and section (5), as means for making the laser irradiation diameter at the
weld ending-edge portion larger than the laser irradiation diameter at the weld
starting-edge portion and defocusing the laser irradiation at the weld ending-edge
portion, one of first means that changes the distance between the laser head and the
surface of the workpiece and second means that changes the distance between the
laser focusing unit inside the laser head and the surface of the workpiece is
appropriately selected and used.

[0023] (6) The laser welding method for stacked workpieces as disclosed
in any one of section (1) to section (5), characterized in that the laser irradiation
diameter at the weld ending-edge portion is set equal to or greater than 1.5 times the
laser irradiation diameter at the weld starting-edge portion.

(0024] Therefore, in the laser welding method for stacked workpieces in
section (6), at the weld ending-edge portion, the depth of the recess that is formed in
the workpiece surface can be made shallow enough to guarantee the welding quality
of each of the workpieces.

[0025] (7) The laser welding method for stacked workpieces as disclosed
in any one of section (1) to section (6), characterized in that the workpieces are plate-
shaped, and are welded after two or three have been stacked.

[0026] Therefore, in the laser welding method for stacked workpieces in
section (7), when laser welding is carried out after two or three plate-shaped
workpieces have been stacked, it is possible to make the depth of the recess at the
weld ending-edge portion in the surface of the workpiece positioned at one end

shallow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]) FIG. 1 1s a schematic diagram for explaining a laser welding

method for stacked workpieces according to an embodiment of the present invention;
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FIG. 2(a) is a plane view of a surface of one workpiece, and (b) 1s a

longitudinal cross-sectional view after welding of each of the workpieces has been

completed;

FIG. 3 is a schematic diagram showing first means for setting a laser

irradiation diameter;

FIG. 4 1s a schematic diagram showing second means for setting the laser

irradiation diameter;

FIG. 5 1s a schematic diagram for explaining a conventional laser welding

method for stacked workpieces; and

FIG. 6(a) 1s a longitudinal cross-sectional view that shows a state in which
each of the workpieces is welded by using the conventional laser welding method for
stacked workpieces, and (b) is a longitudinal cross-sectional view after the welding of

each of the workpieces has been completed.

Description of Reference Numerals

1,2 workpiece

3 laser head

4 laser

9 laser focusing unit

A B laser 1rradiation diameter

BEST MODES FOR CARRYING OUT THE INVENTION

[0028] Below, best modes for carrying out the invention will be
explained in detail with reference to FIG. 1 to FIG. 4. Note that members that are
identical to those of the conventional example are explained by using identical
reference numerals.

[0029] Asshown in FIG. 1, a laser welding method for stacked
workpieces according to an embodiment of the present invention is one in which two
plate-shaped workpieces 1 and 2 are stacked, and each of the workpieces 1 and 2 is
welded by irradiating a substantially circular laser on a surface of the workpiece 1. A
laser irradiation diameter that irradiates the surface of the workpiece 1 is set such that
a laser irradiation diameter B at a weld ending-edge portion becomes larger than a

laser irradiation diameter A at a weld starting-edge portion.
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[0030] Note that the present laser welding method for stacked
workpieces i1s used in a mode in which the two plate-shaped workpieces 1 and 2 are
stacked and welded, but the method can be used in a mode in which three plate-

shaped workpieces are stacked and welded.

[0031] Below, the present laser welding method for stacked workpieces
will be explained in detail with reference to FIG. 1 to FIG. 4.

[0032] Asshown in FIG. 1, a laser head 3 1s disposed above the
workpiece 1 among the two stacked workpieces 1 and 2, and the laser head 3 1s held
by an arm portion of a multi-jointed robot (not illustrated) and can be moved linearly
with respect to each of the workpieces.

[0033] Note that in the present embodiment, the two plate-shaped
workpieces 1 and 2 that are to be welded are made of steel plates that are used, for
example, in an automobile body, and the respective thicknesses of the workpieces 1
and 2 are within a range of 0.6 mm to 3 mm. In addition, a laser output 1s set within a
range of 2 kW to 6 kW, and a movement speed (welding speed) of the laser head 3
depends on the thicknesses of each of the workpieces and the like. Specifically, in the
case in which the laser output is 2 kW, the laser irradiation diameter at the surface of
the workpiece 1 at the weld starting-edge portion 1s 0.6 mm, and the thickness of each
of the workpieces 1 and 2 1s 0.7 mm, the movement speed is set to 2 m/min.

[0034] As shown in FIG. 3, a laser focusing unit 9 is disposed inside the
laser head 3. The laser focusing unit 9 focuses a laser 4 from a light emitting source
11 and is structured by opposing convex lenses 8.

[0035] The laser 4 from the light emitting source 11 passes through the
laser focusing unit 9, whereby the laser 4 is radiated from the laser head 3 such that
the substantially circular irradiation diameter thereof gradually narrows toward the
surface of the workpiece 1. In this manner, while radiating the laser 4 from the laser
head 3 toward the surface of the workpiece 1, each of the workpieces 1 and 2 is
welded by moving the laser head 3 linearly from the weld starting-edge portion to the
weld ending-edge portion.

[0036] Thus, in order to improve the efficiency of a laser energy, the
laser 1rradiation diameter A at the surface of the workpiece 1 at the weld starting-edge
portion 1s set to be the smallest focus diameter (focused state) so that an energy

density of the laser 4 is maximized. Note that in the present embodiment, the laser

irradiation diameter A at the weld ending-edge portion is set to 0.6 mm.
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[0037] In addition, the laser irradiation diameter at the surface of the
workpiece 1 halfway from the weld starting-edge portion to the weld ending-edge
portion is set to be substantially identical to the laser irradiation diameter A at the
weld starting-edge portion.

[0038] Furthermore, at the weld ending-edge portion, the laser irradiation
from the laser head 3 at the surface of the workpiece 1 is defocused. Specifically, in
the present embodiment, the laser irradiation at the surface of the workpiece 1 is
defocused by moving the laser head 3 away from the surface of the workpiece 1, and
the laser irradiation diameter B of the weld ending-edge portion is set to 0.9 mm. In
the present embodiment, the laser irradiation diameter B at the weld ending-edge
portion 1s set equal to or greater than 1.5 times the laser irradiation diameter A at the
weld starting-edge portion.

[0039] In this manner, the laser irradiation diameter that irradiates the
surface of the workpiece 1 is set such that the laser irradiation diameter B at the weld
ending-edge portion is equal to or greater than 1.5 times the laser irradiation diameter
A at the weld starting-edge portion. Thus, as shown in FIG. 2, the material is melted
In a wider area at the weld ending-edge portion compared to the conventional
example, and therefore, the melted material is supplied to the center portion of the
weld ending-edge portion while the weld ending-edge portion is solidifying. As a
result, a depth of the recess 5 that is formed in the surface of the workpiece 1 at the
weld ending-edge portion can be significantly reduced.

[0040] At the weld ending-edge portion of the workpieces 1 and 2, first
and second means, explained below, are used as means for making the laser
irradiation diameter B at the weld ending-edge portion larger than the laser irradiation
diameter A at the weld starting-edge portion and for defocusing the laser irradiation at
the weld ending-edge portion.

[0041]  The first means vertically moves the laser head 3 so as to change
the distance between the laser head 3 and the surface of the workpiece 1, as shown in
FIG. 3 where the first means is employed in the present embodiment.

[0042] The second means changes the distance between the laser
focusing unit 9 which is disposed so as to move freely in a vertical direction inside the
laser head 3, and the surface of the workpiece 1, as shown in FIG. 4. Needless to say,

in the second means, it is not necessary to move the laser head 3 vertically.



10

15

20

235

30

CA 02660062 2009-02-04

[0043] Specifically, in the second means, the pair of convex lenses 8 and
8 constituting the laser focusing unit 9 inside the laser head 3 are integrated by using a
frame body 14. One end of the frame body 14 is guided by a linear guide 12 that

extends in a vertical direction, while another end of the frame body 14 is threaded on
a ball screw 15 that is linked to a shaft portion of a servomotor 13. In addition, by
driving the servomotor 13, the frame 14 that integrates the pair of convex lenses 8 and
8 is moved vertically inside the laser head 3, and thus the distance to the surface of the
workpiece 1 1s changed.

[0044] Note that in the laser welding method for stacked workpieces
according to the embodiment of the present invention, taking into consideration the
weld quality, the laser irradiation diameter at the surface of the workpiece 1 halfway
from the weld starting-edge portion to the weld ending-edge portion 1s set to be
substantially identical to the laser irradiation diameter A at the weld starting-edge
portion. However, the laser irradiation diameter may gradually widen from the weld
starting-edge portion toward the weld ending-edge portion.

[0045] As explained above, according to the laser welding method for
stacked workpieces according to the embodiment of the present invention, the laser
irradiation diameter that is irradiated on the surface of the workpiece 1 among two
stacked workpieces 1 and 2 is set such that the laser irradiation diameter B at the weld
ending-edge portion is equal to or greater than 1.5 times the laser irradiation diameter
A at the weld starting-edge portion. Thus, at the weld ending-edge portion, the
material is melted in a wider area compared to the conventional example, and
therefore, the melted material is supplied to the center portion of the weld ending-
edge portion while the weld ending-edge portion is solidifying. As a result, the depth
of the recess 5 at the weld ending-edge portion can be made shallow enough to
guarantee the welding quality of each of the workpieces 1 and 2.

[0046] In addition, in the laser welding method for stacked workpieces
according to the embodiment of the present invention, for the laser irradiation
diameter that 1s 1rradiated on the surface of the workpiece 1, the laser irradiation
diameter halfway from the weld starting-edge portion to the weld ending-edge portion
1s set to be 1dentical to the laser irradiation diameter A at the weld starting-edge

portion. Therefore, a high penetrating power is maintained without reducing the laser

energy within this range so that the welding quality is not reduced.
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[0047] Furthermore, the present laser welding method for stacked
workpieces can be realized by using existing equipment and does not require new

equipment. Therefore, expenses related to capital investment are not necessary.

10
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CLAIMS:
1. A laser welding method for stacked workpieces, comprising:

irradiating on a surface of a workpiece of the stacked workpieces using a
laser that is set such that a laser irradiation diameter at a weld ending-
edge portion is larger than a laser irradiation diameter at a weld starting-
edge portion and that is set to have a laser power at the weld ending-edge
portion which melts a material in a wider area at the weld ending-edge
portion than at the weld starting-edge portion, wherein a high penetrating
power of the laser power is maintained without reducing laser energy from

the weld starting-edge portion to the weld ending-edge portion.

2. The laser welding method for sacked workpieces according to claim 1,
characterized in that a laser irradiation diameter halfway from the weld starting-
edge portion to the weld ending-edge portion is set to be substantially identical to

the laser irradiation diameter at the weld starting-edge portion.

3. The laser welding method for stacked workpieces according to claim 1 or
2, characterized in that the laser irradiation diameter at the weld ending-edge
portion is set equal to or greater than 1.5 times the laser irradiation diameter at

the weld starting-edge portion.
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FIG.5 (PRIOR ART)

WELD STARTING-EDGE PORTION WELD ENDING-EDGE PORTION
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FIG.6 (PRIOR ART)

WELD ENDING-EDGE PORTION
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