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(57) Abrege(suite)/Abstract(continued):

predetermined distance. A second laser beam (L2) I1s applied to a welding region (P2) to weld the steel sheets (W1, W2) and Is
moved the welding direction In synchronism with the first base beam (L1). An amount of heat applied by the first laser beam (L1), a

moving speed of the first laser beam (L1), and a focused spot diameter of the first laser beam (L1) are set to keep the sheet (W1)
Irradiated with the first laser beam (L1) in an unmelted state and plastically deform the sheet (VW1).
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Abstract

While steel sheets, overlapping each other (W1, W2) are
positioned and held by a holding mechanism (12), a first
laser beam (L1l) is applied to a heating region (P1l) of the
stéel sheet (W1) to space the steel sheet (W1l) from the
other steel sheet (W2) by a predetermined.distance. A

second laser beam (L2) 1s applied to a welding region (P2)

to weld‘the steel sheets (W1, W2) and is moved the welding
direction 1in synchronism with the first base beam (L1). An
amount of heat applied by the first laser beam (L1l), a
moving speed of the first laser beam (L1), and a focused
spot diameter of the first laser beam (Ll) are set to keep

the sheet (Wl) irradiated with the first laser beam (L1l) in

an unmelted state and plastically deform the sheet (W1).
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LASER BEAM WELDING METHOD AND APPARATUS

This is a divisional application of Canadian Patent

Application Serial No. 2,442,961 filed on April 24, 2002.

Technical Field

The present invention relates to a method of and an
apparatus for welding overlapping regions of a plurality ot
plates, each having a base metal covered with a layer of a
metal whose melting point is lower than the melting point of
the base metal, to each other by‘applying laser beams to the
overlapping regions. It should be understood that the
expression “the invention” and the like encompasses the
subject matter of both the parent and the divisional

applications.

Background Art

Japanese Patent Publication No. 3115456 (herelnafter
referred to as “prior art 1”) discloses a known laser beam
welding process of welding two plates, each having a base
metal covered with a layer of a metal whose melting point 1is

lower than the melting point of the base metal, overlapping

each other.

According to the disclosed laser beam welding process,
two steel sheets plated with zinc, i.e., two galvanized
steel sheets, each having a steel sheet as a base metal
Covered with a layer of zinc whose melting point 1is lower
than the melting point of the base metal, overlap each
other, and supported with their ends unconstrained. Only

one of the galvanized steel sheets to which the laser beam
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is applied is melted in advance by the laser beam at a
positioa which 1s displaced 1 mm through 15 mm from the
center of the welded region of the overlapping steel sheets
toward the constrained region thereof. The end of the
galvanized steel sheet which is irradiated with the laser
beam is deformed, creating a gap between the galvanized
steel sheets. Thereaffer, the superposed galvanized steel
sheets are welded to each other.

'According to the piior art 1, in order to deform the
end of the galvanized steel sheet, the laser beam is applied
to melt the galvanized steel sheet, and the galvanized steel
sheet 1s spaced from the other galvanized steel sheet upon
solidification and shrinkage of the melted surface.
Depending on how the galvanized steel sheet is melted, the
amount of deformation of the end of the galvanized steel
sheet varies. For example, the amount of deformation of the
end of the galvanized steel sheet may be reduced even if the
amount by which the galvanized steel eheet is melted
increases.

\ Sspecifically, as shown in FIG. 15 of fhe accompanying
drawings, a laser beam L was applied to a galvanized steel
sheet 1 having a thickness t, and the depth D of a melted

pool 2 produced in the galvanized steel sheet 1 by the laser

beam L and the amount K by which the galvanized steel sheet

1 is deformed at a position spaced 10 mm from the position

where the laser beam L is applied were detected for

different samples. The thickness t was 0.7 mm and 2.0 mm,
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and the laser beam L. was moved at speeds '(ma.ch-ining speeds)
of 5 m/min. and 2 m/min. At various laser output settings
(w), the following results were obtained:

Table 1

Thicknes’s(mm) Machining speed|Output (w) ,

(m/min)

300 0.106
0.199
0.235
1200 0.332
1500 0.444
800 0.324
1000

1200 0.976
1500 1.597

0.130
0.220
0.270
0.274
0.097

~ O

0.970
0.11

N

-
-
O
W

.
.

It can be seen from Table 1 that the galvanizéd steel
sheet 1 cannot be deformed as desired simply by‘ increasing
the laser output setting to increase the amount by which the
galvan_ized' steel sheet is melted. Therefore, a zinc gas
vaporized when two galvanized steel sﬁeets 1l are Welded is
not well discharged out, resulting in a welding failure due
to blowhole, etc.

According to t‘he convent:i.onal laser beam welding
process disclosed in the prior art 1, it is necessary to
apply a first laser ‘beam to deform the gnd of one of the
galvanized steel sheets and also to apply a second laser
beam to weld the overlapping regions of the galvanized steel

sheets, independently of each other. Therefore, the entire

- laser beam welding process is considerably complex and has

low productivity.



10

15

20

25

CA 02543692 2002-04-24

WO 02/087816 | PCT/JP02/04076

- 4 =

For joining the ends of three or more overlapping
sheets with a laser beam, it is customary to apply the laser
beam in the directidnin which the sheets ovérlapeachrother
for welding the ends of the overlapping sheets. If the
overlapping sheets to be welded ate thick, then a large
amount of heat needs to be applied to melt the sheets,
resulting in a large thermal strain which makes it
impossible to perform a dgsired laser beam welding process.

Other welding processes for welding dverlapping sheets
are disclosed in Japanese Laid-Open Patent Publication No.
7-16775 (hereipaftgr'referredto as "prior art 2") and
Japanese‘Laid—Open-Patent PublicafionNo. 9-206969
(hereinafter referred to as "prior art 3"). .

According to the prior art 2, as shown in FIG. 16 of
the accompanying drawings, of three overlapping flanges la,
2a, 3a are to be welded, the flange la at one end in the
overlapping direction,.i.e., tﬁe direction in which the
flanges la, Za; 3a overlap each other, and the flange 2a

adjacent to the flange la are irradiated with a high-density

laser beam which is applied in the overlapping direction.
The flanges la, 2a are'welded together by the applied high-
density laser beam, with a bead 4a formed across the flanges
la; 2a in the overlépping direction.

Then, the flanges 2a, 3a are welded to each other by a
laser beam which is applied to the edges thereof in’a
direction perpendicular to the overlapping direction

parallel to the interfaces of the flanges 2a, 3a. A bead 5a
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is formed in the flanges 2a, 3a'alpng'the interfaces thereof
in the direction perpendicular to the overlapping direction.

According to the prior art 3, as shown in FIG. 17 of
the accdmpanying drawings, three sheets including an outer
panel 6a, an inner ﬁanel 6b, and a reinforcement 6c¢ have
overlapping ends to be welded into a joint 8a by a laser
beam welding machine 7a. The laser beam welding machine 7a
applies a laser beam to the edge of the joint 8a while
moving in a zigzag pattern over the edge of the joint 8a,
thus heating the edge of the joint 8a and.forming a zigzag
welded seam 9a.

With the prior art 2, when the three flanges la, 2a, 3a
are to be welded together,'the first laser'beam,is applied
in the overlapping direction to weld the flanges la, 2a to
each other, and the second laser beam is applied in the
direction perpendicular to the overlappingdiredtion to weld
the flanges 2a, 3a to each other. The welding process
according to the prior art 2 involveé a number of welding
steps and is low in productivity the three Sheets need to bé
irradiated with.the two 1aser’bemms applied in the different
directions. '

With the prior art 3, the welding system is complex in
structure and control as the laser beam welding machine 7a
has to be moved in the zigzag pattern, and may possibly fail
to weld the interfaces of overlapping sheets having |

different thicknesses and materials.
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Disclosure of Invention

It is a general object of the present invention to
provide a method of and an apparatus for performing a high-
quality laser beam welding process simply and quickly for
increased productivity. ‘

A main object of the present invention is to provide a
method of and an apparatus for welding thé overlapping edges
of three or more sheets guickly and reliably with a simple
process and arrangement. ‘

According to the present invention, a welding region of
sheets to be welded is positioned and held by a holding
mechanism, and a first laser beam is applied to one of the
sheets near the hoiding mechanism to heat and space the
sheet from the other sheet by a predetermined distance. A
second laser beam is appiied to a region of the sheets
spaced from the first laser beam thereby to weld the sheets
to each other.

An amount of heat applied by the f£first laser beam, a

moving speed of the first laser beam, and a focused spot

diameter of the first laser beam are set to keep the sheet

irradiated with said first laser beam in an unmelted state.

-The amount by which the sheet is deformed is prevented from

' varying unlike the conventional process in which the sheet

tends to be deformed differently when melted. The sheets to

be welded can well be welded while being spaced a desired

distance from each other.

A metal gas, e.g9., a zinc gas, vaporized when the
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sheets are welded is weii discharged through the gap between
the sheets. Therefore, the sheets can be welded accurately
and efficiently by the laser beams for increased -
productivity without causing a welding failure.

According to the present inveﬁtion, a welding region of
sheets to be welded is positioned and held by a holding
mechanism, and a first laser beam is applied to one of the

sheets near the holding mechanism and, at the same time, 1is

- moved in a welding direction to heat and space the sheet

from the other sheet by a predetermined distance. A second
laser beam is applied to a region of the sheets spaced from
the first laser beam,. and is moved in the welding direction
in synchronism with the first laser beam, thereby to weld
the sheets to each. other.

Since the first and second laser beams are moved in the
welding direction in synchronism with each other, the sheets
are welded to each other in one stroke of movement of the
laser beams. The laser beam welding pi‘ocess is thus
performed simply and quickly for effectively increased
productivity, unlike the conventional laser beam welding
process in which laser beams are individually applied twice.

According to the present invenfion, furthermore, while
sheets to be ﬁelded are .be:l.ng positioned and held by a
holding mechanism, as many laser beams as the number of two
or more interfaces provided by contacting surfaces of the
sheets are substantially simultaneously applied to the

interfaces. Therefore, the two or more interfaces between
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the sheets which contribute to a desired strength can
simultaneously be melted by.applying the laser beams once.
The sheets can thus be welded efficiently and quickly with a
simple process and arrangement, and‘thermal stralns are
prevented from being developed 1in the.Sheets.

The present i1nvention also provides a method of welding

overlapping ends of at least three sheets by applying laser

beams thereto, comprising the steps of positioning and
holding the at least three sheets with a holding mechanism,
and applying as many laser beams as the humber of at least
two interfaces previded by contacting surfaces of the at
least three sheets, substantially simultaneously to the at
least two interfaces thereby to Weld the at least three
sheets. to each other.

The present invention also provides an apparatus for
welding overlapping ends of at least three sheets by
applying laser beams thereto, comprising a holding mechanism
for positioning and holding overlapping ends of the at least
three sheets, a laser beam applying mechanism for applying
as many laser beams as the number of at-leest two interfaces
provided by contacting surfaces of the at least three
sheets, substantially simultaneously to the at least two
interfeces, and an amount-of-heat control mechanism for
controlling the amounts of heat applied by the laser beams
depending on the material and/or thickness of the at least

three sheets.
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The present invention also provides an apparatus for

welding overlapping ends of at least three sheets by

applying laser beams thereto, comprising a holding mechanism
for positioning and holding overlapping ends of the at least
three sheets, a laser beam applying mechanism for applying
as many laser beams as the number of at least two interfaces
provided by contacting surfaces of the at least three
sheets, substantially simultaneously to the at least two
interfaces, and an applied position control mechanism‘for
controlling the applied positions of the laser beams
depending on the material and/or thickness Qf the at least
three sheets.

The present invention also provides an apparatus for
welding overlapping ends of at least three sheets by
applying laser beams thereto, comprising a holding mechaniém
for positioning and holding overlapping ends of the at least
three sheets, a laser beam applying mechanism for applying
as many laser beams as the number of at least two i1nterfaces
provided by contacting surfaces of the ét least three
sheets, substantially simultaneously to the at least two
interfaces, an amount-of-heat control mechanism for
controlling the amounts of heat applied by the laser beams

depending on the material and/or thickness of the at least
three sheets, and an applied position control mechanism for

controlling the applied positions of the laser beams
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depending on the material and/or thickness of the at least

three sheets.

The above and other objects, features, and advantages

of the present invention will become more apparent from the

following description when taken in conjunction with the

accompanying drawings 1n which preferred embodiments of the

present invention are shown by way of illustrative example.

Brief Description of Drawings

FIG. 1 1s a side elevational view, partly in cross
section and in block fofm, of a laser beam welding apparatus
which carries out a laser beam welding method according to a
first embodiment of the present invention;

FIG. 2 1s a perspective view of a linearly moving means
and a rotating means of the laser beam welding apparatus;

FIG. 3 is a fragmentary perspective view showing the
manner in which the laser beam welding apparatus operates;

FIG. 4 i1s a diagram showing the relationship between
focused spot diameters and angles at a laser output of 400 W
and a moving speed of 5 m/min. for welding a steel sheet
having a thickness of 0.7 mm;

- FIG. 5 1s a diagram showing the relationship between
focused spot diameters and angles at a laser eutput of 900 W

and a moving speed of 2 m/min. for welding a steel sheet
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having a thickness of 2.0 mm;

FIG. 6 is a diégram.showing the relationship between
laser outputs, moving speeds, and angles for welding a steel
sheet having a thickness of 1.4 mm;

FIG. 7 is a side elevational view, partly in block
form, of aiaser beam welding apparatus according to a
second embodiment of the present invention;

FIG. 8 is a side elevational view of laser beam welding
apparatus according to a third embodiment of the présent
invention;

FIG. 9 is a side elevational view, partly in cross
section and in block form, of a laser beam welding apparatus
according to a fourth embodiment of'the present invention;

FIG. 10 is a perspective view of a linearly moving
means and a rotating means of the laser beam welding
apparatus acéording to the fourth embodiment;

FIG. 11 is a view illustrétive of a process of changing
abeam.rain‘with the laser beam welding apparatus according
to the fourth embodiment; ‘

. -FIG; 12 is a view illustrative of a process of rotating
a laser beam with the laser beam.wéldingapparatus accbrding
to the fourth embodiment;

FIG. 13.is a side elevational view, partly in cross
section, of a lasér beam welding apparatus according to a
Eifth embodiment 6f the present invention;

FIG; 14 is a side elevational view, partly in block

form, of a laser beam welding apparatus according to a sixth
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embodiment of the present invention;

FIG. 15 is a view illustrative of a laser beam welding

process according to prior art 1;

FIG. 16 is a view illustrative of a laser beam welding

process according- -to prior art 2; and

FIG. 17 is a view illustrative of a laser beam welding

process according to prior art 3.

Best Mode for Carrving Out the Invention

FIG. 1 shows in side elevation, partly in cross section
and in block form, a laser beam Weldiﬁgapparatus 10 which
carries out a lasef beam welding method of a first
embodiment according to the present invention.

The laser beam welding apparatus 10 is not limited to a
particular use, and.but may be used to weld galvanized steel
sheets WL, W2 such as automobile roof sheets.

The laser beam welding apparatus 10 comprises a holding
mechanism 12 for positioning and holding'a'welding region of
the steel sheets W1, Wz; a laser beam applying mechanism 14
for applying a first ;aser beam L1 to a.heating region Pl of
the steel sheet W1l in the vicinity'pf the holding mechanism
12 to heat the heating region Pl and also applying a second
laser beam L2 to a welding region P2, which is spaced a
inen distance from the first laser beam L1, to weld the
steel sheets W1, W2 to each other, a robot arm (moving
mechanism) 16 for moving the first and second laser beams

L1, L2 in synchronism with each other in a welding
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direction, and a control mechanism 18 for controlling the
amounté of heat épplied by the first and second laser beams
L1, L2.

A support bracket 22 of a workpiece position correcting
mechanism 20 is fixed to the robot arm 16. The mechanism 20
operates for correcting a position.of a workpiede and for
returning the robot arm 16 in a home position. The support
bracket 22 has an upper horizontal panel\24 and a side
vertical panel 26 extending downwardly.from.the upper
horizontal panel 24 Substantially pefpendicularly'therefo.
A first actuator 28 such as an air cylinder or the like is
mounted on an upper surface of the upper horizontal panel
24. A guide member 30 which slidably supports a‘moving
member 32 is attached to an inner side surface 26a of the
side vertical panei\26.

One side of the moving member 32 is slidably supported
by the guideﬁember 30. The moving member 32 has an upper
end fastened to a rod 34 of the first actuator 28 by a nut
36 aﬁd a lower end including an integral bend 38 projecting
toward the robot arm 16. The moving member 32 is
reciprocally movable in the longitudinal direction of the
side vertical panel 26, i.e.,.in the;vertical direction in
FIG. 1, by the first actuator 28 while being guided by the
guide member 30. ‘

- A bolt 42 threaded in the upper surface of the bend 38
by a nut 40 serves to adjust the stroke length of the laser

beam applying mechanism 14. The stroke length of the laser
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beam applying meéhanism 14 can be adjust-ed by increasing orxr
decregsing the distance by which the bolt 42 .is threaded in
the upper surface of the bend 38. An élaStic member 44 is
mounted on the lower surface of the side vertical panel 26
in vertical alignment with the bolt 42. The elastic member
44 serves as a stbp and a shock absorber when the bolt 42
hits the elastic member 44.

A base plate -46 is fixedly mounted on a side of the
moving member 32 remote from the robot arm 16. The J.aser
beam applying mechanism 14 for applying the first and second
laser beams L1, L2 is .attached to the base plate 46.

- ‘The laser beam applying mechanism 14 has a casing 48
fixed to the base plate 46. An optical fiber 52 for
introducing a laser beam . from a laser oscillator 50 into
the casing 48 is connected to an upper end of the casing 48.
The casing 48 houses therein a collimator lens 54 and a

condensing lens 56 which are disposed on the optical axis O

O0f the laser beam_L emitted from the lower end of the

optical fiber 52. The collimator lens 54 is spaced upwardly

from the condensing lens 56 in the direction indicated by
the arrow A. A prism 58 is movably disposed between
collimator lens 54 and the condensihg lens 56, and is
linearly movable by 'a linearly moving means 60 and rotatable
by a rotating means 62.

- As shown in FIGS. 1 and 2, the linearly moving means 60
comprises a second actuator 66 such as a cylinder or the

like fixed to a rotating member 64. The second actuator 66
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has a rod 68 projecting horizontally toward the optical axis

O. The prism 58 is fixed to the tip end of the rod 68. The

rotating member 64 is rofatably supported on the casing 48
by bearings 69. The prism 58\serves to divide the laser |
beam.L into the first and second laser beams Ll, L.2. The
linearly moving means 60 serves to adjust the output ratio
of the first and second laser beams L1, L2.

The rotating means 62 comprises a third actuator 70
such as a rotary actuator or thé-likewhich has a rotatable
shaft 72 with a drive gear 74 ﬁounfed.thereon. The drive
gear 74 is held in mesh with a ring-shaped driven gear 76
mounted on the rotating member 64. The rotating means 62
serves to adjuét the position irradiated by the first laser
beam L1 for thereby adjusting the relat%ve positions
(angular position) of the first and second laser beams L1,
L2.

As shown in FIG. 1, the laser beam applying mechanism
14 irradiates the steel sheet Wl with the first laser beam
L1 which has a smalier output aﬁdthe second laser beam L2
whidhhas an output large enough to penetrate the steel
sheet Wl. The first laser beam L1 serves to heat the
surface of the steel sheet Wl. As shown in FIG. 3, when a
region of the steel sheet W1l is heated by the first laser
beam .1, the heated region is plastically deformed upwardly,
creating a gap H between the steel sheets W1, W2.

The second iaser beam L2 is applied to the welding

region P2 of the heated steel sheet W1l to keep the gap H
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forméd_ﬁetﬁeen the steel sheets W1l, W2 in the welding region
P2 and also to weld the steel sheets W1, W2 to each other.
When the steel sheets Wl, W2 are welded to each other, a
zinc plating gas vaporized from the steel sheets W1, W2 is

discharged through the'gap H into the atmosphere.

A guide member 86 has an integral plate-like holder 84
'extending obliquely downwardly. One end of the guide‘member
86 is fixed to a lower surface 82 of the bend 38 of the .
moving member 32. The holding mechali‘ism .'12 for holding the
steel sheets Wl, W2 is supported on the other end of the
guide member 86. .

Theholding'mechahism 12 comprises a bracket 90 mounted
on a base plate 88 attached to the other end of the guide
member 86 and a roller 92 rotatably supported on the\bracket
90 by a shaft 92a. The holding mechanism.lz may employ a
holding jlg, father than the roller 92,-for‘holding the

steel sheets Wl, W2 along the welding direction.

The control mechanism 18 has an actuator contrbller 94
and é robot controller 96. The actuator controller 94
controls the first, second, and third actuators 28, 66, 70,
’and the robot controller 96 controls a robot, hot shown,
which has the robot arm 16. The control mechanism 18 also
controls the laser oscillator 50.

Operation of the laser beam welding apparatus 10 thus
constructed will be described below.

First, an amount of heat to be applied by the first

laser beam L1, as a forming laser beam applied from the
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laser beam applying mechanism 14 to the steel sheet Wl, a
moving speed of the first laser beam L1, and a focused spot
diameter of the first laser beam L1 are established. These
conditions are selected, as shoﬁm in FIG. 3, to' keep the
heating region Pl of the steel sheet Wl irradiated with the
First laser beam L1 in an unmelted state, and to space the
welding region P2 from the heating region Pl of the steel
sheet Wl by a distance of 3 mm, for example, and set the gap
H between the steel ..sheets Wl, W2 to 60 ymm (i.e., an angle
of 1°) when the first laser beam L1 is applied to the steel
sheet Wl. '

An experiment was conducted in'which the steel sheet W1
had a thickness of 0.7 mm, the first laser beam L1 had an
output of 400 W, and the first laser beam Ll mofred at a
speed of 5 m/min., and focused spot diameters of the first
laser beam L1 and angles by which the steel sheet Wl is
deformed' were detected. FIG. 4 shows__ the results of the
experiment. The focused spot diameters of the first laser
beam L1 for achieving the desired gap H and keeping the
steel sheet W1l unmelted were 1.6 mm and 2.0 mm.

Another experimenf was conducted in which the steei
sheet W1 ha;d a thickness of 2.0 mm, the first laser beam L1
had' an output of 900 W', and the first laser beam L1 moired at
a speed of 2 m/min. ,. and an optimum focused spot diameter of
the first laser beam L1 Was detected. FIG. 5 shows the
results of the experiment. The desired gap H was achieved

and the steel sheet W1l was kept unmelted when the focused
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spot diameter of the first laser beam L1 was 3.6 mm.

FIG. 6 shows angles by which the steel sheet W1 is
deformed with respéct to laser beam outputs énd.moving
speeds at a focused spot diameter (withwhich the surface of
the steel sheet W1l remains unmelted) for maximizing thef
deformation of thé steel sheet W1l which has a thickness of
1.4 mm.

When the steel sheets Wl, W2 each having a thickness of
1.4 mm are welded at a'maéhining speed (moving speed) of 3
m/min., the steel sheets W1, W2 are reliably spaced from
each other by the desired gap H (60 pm) in the welding
region P2 by being irradiated'with the first laser beam L1
whose focused spot diameter is about 2 mm. Therefore, the
steel sheets W1l, W2 can be welded.toiproduce a high~quality
joint by the second lasex beam L2.

If the machining speed is to be increased, then the
first laser beam L1 as the forming laser beam is required to
have aihigher output proportional to the machining speed.
For example, if the steel sheets Wl, W2 are to be welded at
a _.machining speed of 5 m/min., for example, then the output
of the first laser beam Ll may be set to about 700 W.

If each of the steel sheets W1, W2 to be welded has one
side not plated with zinc, the first laser beam L1 as the
forming laser beam.may;have a re&uced output since the

amount by which the steel sheet W1l is to be deformed is

reduced.

The thickness of the steel sheet W1 and the output of
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the first laser beam L1 as the forming laser beam are
proportional to each other. For example, if the thickness
of the steel sheet Wl is 0.7 mm, then the amount by which
the steel sheet W1l having a thickness of 1.4 mh is deformed
with the laser beam output of 600 W’can‘be achieved by
applying the first laser beam L1 having an output of 300 W.

A process ofwelding the steel sheets W1l, W2 with the
laser beam welding apparatus 10 whose conditions have been
determined.és described above will be described below.

As shown in FIG. 1, the galvanized steel sheets W1, W2
which are of an elongate shape are held and positioned by
the holding mechanism 12 while having respective portidns
overlapping each other. Specifically, the first actuator 28
is operated to lower the moving member 32, causing the
roller 92 of the holding mechanism 12 to press the steel
sheets W1, W2. .

The robot arm 16 is actuated to move thehdlding
mechaniém.lz forward ih the direction indicated by the arrow
X in FIG. 3. At this time, the control mechanism 18
energizes the ‘laser osciilator 50 to emit the laser beam L,
which is introduced through the optical fiber 52 into the
laser beam applying mechanism 14.

In the laser beam.applyingmechanismf14, when the laser
beam L travels through the collimator lens 54 to the
condensing lens 56, it is divided into the first and second
laser beams L1, L2 by the prism 58 (see FIG. 1). The first

laser beam L1 is applied to the heating region Pl of the
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upper steel sheet W1l which is held on the lower steel sheet
W2 by the rollex 92.

The heating region Pl of the steel sheet W1 which is
irradiated by the first laser beam Ll is'heated, and
plastically deformed upwardly iﬁ an unmelted state along the
direction of movement of the first laser beam L1, i.e.,
along the direction indicated by the arrow X. Therefore,
the gap H is created between the steel shéets Wl, W2 (see
FIG. 3). ' \

| The second laser beam L2 is applied to the steel sheet
W_l at a position (welding region P2) which is spaced from
the heating region P1 by a distance S1 in the direction
opposite to the direction indicated by‘ the arrow X aﬁd by a
distance S‘2 in the direction away from the rollexr 92, i.e.,
in the diréction indicated by the arrow Y. Each of the
distances S1, S2 is set to a value in the range from 0.5 mm
to 20 mm.

The steel sheets Wl, W2 are now welded to each other‘

along the welding region P2, and a metal (zinc) plated on

the steel sheets Wl, W2 is vaporized into a gas which is

discharged through the gap H into the atmosphere.
Consequently, the steel sheets W1, W2 are reliably and
firmly welded to each other.

Affer the steel sheets W1, W2 are welded to each other,
the first actuator 28 is operated to lift the moving member
32. The steel sheets Wl, W2 are released from the holding

mechanism 12 and fed to a next process where they are
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processed into a final product.

In the first embodiment described above, thé amount of
heat applied by the first laser beam L1, the moving speed
thereof, and the focused spot dliameter are selected to keep
the steel sheet W1l irradiated by the first laser beam in the
unmelted staté for forming the steel shéet Wl.

Unlike the conventional welding process in which the
heating region Pl of the steel sheet W1l is melted, the steel
sl;eét W1l is not deformed differe.ntly depending on how it is
melted, but is formed or deformed through a desired angle at
all times to keep the desired gap H between thé steel sheets
Wi, W2. The steel sheet W1l is .free of shortcomings such as
ﬁndesired stresses which would be imposed if it were melted.

' The laser beam welding apparatus 10 1is capable of
easily welding the steel sheet W1l which has different
thicknesses. The zinc gas vaporized when the steel sheets
Wl, W2 are welded is reliably discharged through the gap H
into the atmosphere, allowing the steel sheets W1, W2 to be
welded preferably and firmly to each other. - The laser beam
welding apparatus 10 is thus capable of performing a high-
quality laser beam welding process simply and reliably for
effectively increased productivity.

In the first émbodiment, the first laser beam L1l of a
smaller output is moved in the direction indicated by the
arrow X while being applied to the heating region Pl of the
upper steel sheet Wl, and plastically deforms the heating

region P1 of the upper steel sheet Wl td create the gap H
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between the steel sheets W1, W2. The sécond laser beam L2

is applied to the welding region P2 which is spaced a given
distance from the first laser beam L1, and is moved in the
direction indicated by the arrow X in synchronism with the

first laser beam Ll for thereby welding the steel sheets Wl,

W2 to each other along the heating region P2.

As described above, the first and second laser beams
L1, L2 are emitted from the laser beam applying mechanism
14, and the "'1aser beam applying mechanism 14 is moved in the
direction indicated by the arrow X by the robot arm 16 to
move the first and second laser beams Ll, L2 in the
direction indicated by the arrow X in synchronism with each
6ther. Therefore, when the laser beam épplying mechanism 14
is moved one time in the diréction indicated by the arrow X,
the gap H is created between the steel sheets W1l, W2, and
the zinc gas is discharged thicough the gap H, allowing the
steel sheets Wl, W2 to be reliably welded to each other.

The laser beam welding apparatus 10 can thus perform a
laser beam welding process in a single movement unlike the
conventional laser beam welding process in which the steel
sﬁeets Wl, W2 are irradiated individually with the first
laser beam Ll and then the second lasexr beam L2. In the
first embodiment, therefore, the steel sheets W1, W2 can be
welded simply and quickly for effectively increased
productivity.

As shown in FIG. 3, the second laser beam L2 is spaced

from the first laser beam L1 by the distance S1 downstream
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in the welding direction (opposite to the direc_:tion
indicated by the arrow X) and by the distance S2 in the
direction away from the holding mechanism 12, i.e., in the
direction indicated by the arrow Y. Each of the distances
5 S1, S2 is set to a value“in the range from 0.5 mm to 20 mm.
While the gap H‘is being accurately maintained between the
steel sheets .Wl, W2, the steel sheets W1, W2 are welded to
each other, and the zinc gas from the steel .sheets Wl, W2 is
reliably discharged, allowing the steel sheets W1, W2 to be |
10 welded preferably and firmly to each other.
The holding mechanism 12 has the roller 92 for pressing
the steel gheet Wl against the steel sheet W2. The steel .
sheets W1, W2 may be flat sheets or various other formed
sheets such as pressed sheets as they can securely be held
15 in position by the holding mechanism 12. The laser beam
welding apparatus 10 has a wide range of applications as it
is not required to hold ends of such formed sheets.
The roller 92 of the holding mechanism 12 rotates while
pressing the stéel sheet Wl. The holding mechanism 12 is
20 capable of reliably positioning and holding the steel sheets
Wl, W2 with a simple arrangement. When the steel sheets Wi,
W2 are welded to each other, the roller 92 is subject to the
heat produced by the welding of the steel sheets W1, W2.
Therefore, the roller 92 should preferably be cooled by a

25 cooling mechanism constantly, not shown.

In the first embodiment, the output ratio of the first

and second laser beams Ll, L2, i.e., the amounts of heat
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applied thereby, can be controlled by the control mechanism
18, and the relative posifions of the first and second laser
beams L1, L2 can easily be changed.
Specifically, the second actuator 66‘of the linearly
moving means 60 is operated to positionally adjust the priSm

58 in the direction indicated by the arrow B in FIG. 1 for

thereby changing output ratio of the first and second laser

beams L1, L2 divided from the laser beam L to easily adjust

the amounts of heat applied by the first and second laser
beams L1, L2.

When the third actuator 70 of the rotating means 62 is
operated to rotate the drive gear 74, the driven géar 76
meshing with the drive gear 74 is rotated, causing the
rotating member 64 to adjust the angular-position of the
prism 58 (see FIG. 2). Therefore, the relative positions of
the first and second laser beams L1, L2 are changed to apply'
the first and second laser beams L1, L2 to respective
desired positions. ‘

FIG. 7 shows in side elevation, partly in block form, a
laser.beameeldingapparatus 100 of a second embodiment
aécording to the present invention. Those parts of the

laser beam welding apparatus 100 which are identical to

_. those of the laser'beammwelding'apparatus 10 of the first

embodiment are denoted by identical reference characters,
and will not be described in detail below.
The laser beamwelding apparatus 100 has first and

second laser beam heads (laser beam applying mechanisms)
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102, 104 for independently applying the first and second

laser beams L1, L2, respectively. The first and second

laser beam heads 102, 104 ére integrally fixed to the Base-

plate 46.

Each of the first and second'laser*beam.heads 102, 104
has a collimator lens and a condensing lens, not shown,
housed in its casing. The first and second laser beam heads
102, 104 focus the réspective first and second laser beams
Ll, L2 delivéred.through respective optical fibexrs 106, 108
at given focal lengths and apply the focused first and
second laser beams L1, L2 to the steel sheets W1l, W2. The
second laser beam head 104 is disposed obliQuely behind the
first laser beam head 102 along thewelding direction. The
first and second laser beam.ﬁeads 102, 104 are thus a:ranged
in a two-beam applying configuration.

In the second embodiment, while the steel sheets W1, W2
are being held by'the'hqlding'm@chanismb12, the first laser
beam head 102 applies the first laser beam L1l to the heating
region Pl of the steel sheet Wl, heating the steel sheét Wl
in an unmelted state and plastically deforming the steel
sheet Wl thereby to create the gap H between the steel
sheets W1, W2.

The second laser beam head 104 emits and applies the
second laser beam L2 to the welding region P2 of the steel
sheets ﬁl, W2. The robot arm 16 moves the first and second
laser beam heads 102, 104 in ﬁnisonﬂwith.each.otﬁer in the

welding direction. A vaporized zinc gas is discharged
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through the gap H between the steel sheets W1, W2, which are

reliably and firmly welded to each other at the welding

region P2.

In the second embodiment, the laser beam welding
apparatus 100 is thus. capable of performing a laser beam
welding process simply and quickly for efféctively inéreased
préductivity, and offers the same advantages as those 'of the
laser beam welding apparatus 10 of the first embodiment.

FIG. 8 shows in side elevation laser beam welding
apparatus 120a, 120b of a third embodiment according to the .
present invention. Those parts of the laser beam welding
apparatus 120a, 120b which are identical fo those of the
laser beam welding apparatus 100 of the second embodiment
are denoted by identical reference \characters, and will r;ot
be described in detail below.

The laser beam welding apparatus 120a has a first laser
beam head 102 mounted on a first robot arm 16a, and the
1asér beam welding appafatus 120b has a second laser bﬁaam

head 104 mounted on a second robot arm 16b.

The laser beam welding apparatus 120a is disposed on
the side of the steel sheet W1l, and applies the first laser
beam L1 to the heating region Pl of the steel sheet W1l to
heat ‘the steel sheet W1 in an unmelted state. The laser
beam welding apparatus 120b is 613posed on the side of the
steel sheet W2, and applies the second laser beam L2 to the
welding region P2 from the side of the steél sheet W2 for

thereby welding the steel sheets Wl, W2 to each other.
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In the third embodiment, therefore, when the first and
second robot arms l6a, léb are controlled to operate ih‘
synchronism with each other, the laser beam welding
apparatus 120a, 120b offer the same advantages as thosé of
the laser beam welding apparatus 10, 100 of the first and
second embodiments.

FIG. 9 shows in side elevation, partly in cross section
and in block.fbrm; of a laser beam welding apparatus 210 of
a fourth.embodiment aécording to the present invention.

The laser beam welding apparatus 210 comprises a
holding mechanism.zlz for positioning and holding a welding
region of three workpieces Wla, W2a, W3a such as metal
sheets, a laser beam applying mechanism 218 for
substanfia11y simultaneous1y'applying as many first and
second laser beams Lla, L2a as the number of intexrfaces 214,
216 providedfby'contacting surfaces of the workpieces Wla,
W2a, W3a to the interfaces 214, 216, an amount-of-heat
control mechanism 220 fdr'controlling the amounts of heat
applied by the first and second laser beams Lla,'LZa
depending on the material and/or thickness of the workpieces
Wla, W2a, W3a, and an;appliedjposition controlmechanism.ZZZ
for controlling a position where'the firSt and second laser
beams Lla, ILL2a are applied.(hereinafter referred to as
"applied position")aependingon the material and/or
thickness of the'workpieces W1a,'WZa,‘WSa.

The laser beam welding apparatus 210 is mounted on a

robot arm 224 to which a support bracket 228 of an
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equalizing mechanism 226 1s fixed. The support bracket 228,
which is substantially of an L shape, supports a first baée
230 on its upper surface. A guide rod 232 is fixed to and‘
extends horizontally between the opposite ends of the first
base 230. The guide rod 232 supports a tube 236 of a
movable frame 234 thereon, and springs 238a, 238b. disposed
around the guide rod 232 are held against respective
opposite ends of the tube 236 to keep the tube 236 in a
predetermined position on the guide rod 232.

The holding mechanism 212 has a fixed roller 240
supported on the movable frame 234 and a movable rollier 242
movable toward and away from the movable frame 234 in the
direction indicated by the arrows X. The fixed roller 240
is rotatably mounted on an attachment 244 bent downwardly
from the distal end of the movable frame 234, and engages
the workpiece Wla which may be an autombbile body outer
panel.

The movable roller 242 is fixed by an attachment 250 to
a rod 248 extending from a first actuator 246 such as a
cylinder or the like in the direction indicated by the
arrows X. The first actuator 246 is mounted oﬁ the movéble

frame 234. The movable roller 242 is rotatably mounted on

the attachment 250 and engages the workpiece W3a in

confronting relation to the fixed rollexr 240.
A second base 252 is fixedly mounted on the movable
frame 234. The applied position control mechanism 222

comprises a second actuator 254 such as a motor or the like
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mounted on an end of the second base 252. The second

actuator 254 has a drive shaft coaxially connected to a ball

screw 256 rotatably supported on the second base 252 and

threaded through a.moving member 258. The laser beam

applying mechanism 218 has a casing 260 fixedly mounted on
the moving member 258.

An optical fiber'264 for introducing a laser beam La
from a laser oscillator 262 into the casing 260 is connected
to an end of the éasing 260. The casing 260 houses therein

a collimator lens 266, a bending mirror 268, and a

- condensing lens 270 which are disposed on the optical axis O

6f the laser beam.La emitted from the end of the optical
fiber 264. A prism 272 is movably disposed between
collimator lens 266 and the bending mirror 268, and is
linea:ly movable and angularly movable by the amouhtrof—heat
cqntrolmechanism.zzo and the appliéd position control
mechanism 222.

As shown in FIGS. 9 and 10, the amount-of-heat control
mechanism 220 has a third actuator 276 fixed to a rotating
membér 274. The prism 272 is fixed to thé distal end of a
rod 278 which projects from the third actuator 276 toward
the optical axis O. The rotating member 274 is rotatably
supported on the casing 260 by'bearihgs 279. The prism 272

serves to divide the laser beam L into first and second

‘laser beams Lla, L2a. The amount~-of-heat control mechanism

220 serves to adjust the output ratio of the first and

second laser beams Lla, IL2a.
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The applied position control mechanism 222 has a fourth
actuator 280 such as a motor or the like which has a
rotatable shaft 282 with a drive gear 284 mounted thereon.
The drive gear 284 is held in mesh with a ring-shaped driven
gear 286 mounted on the rotating member 274. The applied
position control medhanism 222 serves to adjust the relative
positions (angular positions) of the first and second laser
beams Lla, L2a with the fourth actuator 280, and also to
adapt to qhanges in the thiékness of the workpiece Wla with
the second actuator 254.

As shown in FIG. 9, the laser beamwelding apparatus
210 is controlled by a control mechanism 290 having an
actuator controller 292 and a robot controller 294. The
actuator contrqller 292 controls the first, second, third,

and fourth actuators 246, 254, 276, 280, and the robot
controllexr 294 controls a robot, not shown, which has the
robot arm 224. The control mechanism.290 also controls the

laser oscillator 262.

Operation of the laser beam welding apparatus 210 thus

constructed will be described below.

First, the workpieces Wla, W2a, W3a are held and
pbsitioned by the holding mechanism 212 while having
respective portions overlapping each other. Specifically,

the robot controller 294 moves the robot arm 224. causing

the fixed roller 240 of the holding mechanism 212 into

abutment against theWorkpiece'WIa.

Then, the first actuator 246 is operated to move the
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rod 248 in the direction indicated by the arrows X. Tﬁe _—
movable roller 242 movés in the direction-indicéted by the
arrow X1 in unison with the attachment 250 fixed to the rod
248, into engagement with theworkpiedeWSa. The
overlapping ends of the-workpiecesWIé,‘WZa,W3a are now
positioned and held by the fixed roller 240 and the movable
roller 242.

The control mechanism 290 energizes the laser
oscillator 262 to emit the,laser.beamLa, which is
introduced through the optical fiber 264 into the laser beam
applying mechanism 218.

In the laser beam applying mechanism 218, when the
laser beam La travels through the collimator'lens 266 to the
condensing lens 268, it is divided into the firét and second
laser beams Lla, L2a by the prism 272.

_The-first and second laser beams Lla, LZaIafe reflected
and bent downwardly about 90° by the bending mirror 268.
Then, the first and second laser beams Lla, L2a are applied
through the condensing lens 270 to the overlapping ends of
the workpieces'WIa, W2a, W3a. The first laser beam Lla
serves as a core beam, and is applied to the interface 214
between the workpieces Wla, W2a to weld the interface 214.
The second lasexr beam L2a serves és a rotary beam, and is
applied to the interface 216 between the workpieces W2a, W3a

to weld the interface 216.

Then, the robot arm 224 is moved in the welding

direction on the workpieces Wla, W2a, W3a. While the fixed
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roller 240 and the movable roller 242 are positioning and
holding the 6verlapping énds of the workpieces Wla, W2a,
W3a, the laser beam applying mechanism 218 ai)plies the first
and second laser beams Lla, L2a' to the interfaces 214, 216
to weld the interfaces 214, 216. .

In the fourth embodiment, the two interfaces 214, 216
are-  present in the overlapping ends of the workpieces Wla,
W2a, W3a, and as many first and second laser beams Lla, L2a
as the number of the interfaces 214, 216 are substantially
simultaneously applied to ‘tﬁe interfaces 214, 216 to weld
the workpieces Wla, W2a, W3a together. |

Consequently, when the laser oscillator 262 emits the
laser beam La, the emitted laser -beam La is divided into. the
first and second laser beams Lla, L2a to simultaneously melt
the interfaces 214, 216 between the workpieces Wla, W2a, ﬁSa
which contribute to a desired strength. The workpiecés Wla,
W2a, W3a can thus be welded efficiently and quickly with al
simpler process and arrangement than the 'convéntional

welding process in which the first and second laser beams

Lla, L2a are individually appllied to the interfaces 214,

216.

No laser beam is applied to the workpieces Wla, W2a,
W3a in the overlapping direction, but thé first and second |
laser beams Lla, L2a are applied to the interfaces 2—14, 216
between the workpieces Wla, W2a, W3a in the direction .
perpendicular to the ovérlapping direction. Therefore,

since a large amount of heat, which would otherwise be
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reguired to weld overlapping thick sheets in the overlapping

direction, is not required, thermal strains are prevented

 from being developed in the workpieces Wla, W2a, W3a.

The laser beam applying mechanism 218 is supported on
the robdt arm 224 by the equalizing mechanism 226. The
fixed rollér 240 is moved in the Welding‘ direction to follow
the position of the workpiece Wla by the equaliz-ing
mechanism 226. Therefore, the position of the fixed roller
240 with respect to i:he interface 214 is held constant,
allowing the first laser beam Lla as the core beam to be
‘appli'ed accurately to the interface. 214 at all times to
perform the welding process reliably.

In the fourth embodiment, when the thickness and
material of the workpieces Wla, W2a, W3a are changed, the
amount-of~-heat control mechanism 220 and/or the apélied
position control meghanism' 222 are operated to accommodate
such a change. Operation of the amount-of-heat control
mgchanism 220 and the applied poéition control mechanism 222
at the time the thickness of the workpieces Wla, W2a, W3a is
changed will be described below. A change in the material
of the workpleces Wla, WZa, W3a can bé handled by adjusting
the output ratio of the first and second laser beams Lla,
L2a, and will not be described in detail below.

As shown in FIG. 11, if the workpieces W2a, W3a are
thicker than the workpiece Wla, then the beam ratio of the
second laser beam L2a for the thicker workpieces needs to be

made higher than the beam ratio of the first laser beam Lla
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for the thinner workpiece.

The third actuator 276 of thé amount-of-heat control
mechanism 220 is operated to positionally adjust the prism
272 in the direction indicated by the arrow Y in FIG. 9.
The output ratio of the first and second laser beams Lla,
L2a divided from the laser beam La is changed to join the
Workpieces Wla, W2a, W3a eaéily and reliably to achieve a
desired strength.

If the intermediate workpiece W2a is considerably thin
as shown in FIG. 12, then it may be possible to reduce the
distance between the first and second laser beams Lla, L2a.

However, the melted regions produced by the first and second

- laser beams Lla, L2a may be joined to each other, possibly

failing to melt the interfaces 214, 216 as desired.

According to the present invention, the fourth actuator

280 of the applied position control mechanism 222 is

operated to rotate the drive gear 284 to cause the driven
gear 286 meshing therewith to rotate the rotating member 274
for thereby adjusting the an‘gula:\r: position of the prism 272
(see FIG. 10).

Therefore, as shown ili FIG. 12, the second laser beam
L.2a 1is rotated :Ln the direction indicated by the arrow
around the first laser beam Lla; and is reliably applied to
the interface 216. Since the second laser beam L2a 1is
rotated while the distance bétween the first and second
laser beams Lla, L.2a is being kept constant, meited regions

produced by the first and second laser beams Lla, L2a are
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independént of each other‘, allowing the intexrfaces 214, 216
to be melted as desired. The interfaces 214, 216 can thus
firmly be welded.

ﬁhen the thickness of the outer workpiece Wla is
changed, the second actuator 254 of the applied position
coﬁtrol mechanism 222 is operated to rotate the ball screw
256 to move the moving member 258 in the direction indicated
by the arrow X. The distance between the fixed roller 240
and the optical axis. O is adjusted to cause the first laser
beam Lla to be applied accurately and reliably to the
interface 214 between the workpieces Wla, W2a.

' In the laser b‘eam applying mechanism 218, the prism 272
is spaced from the optical axis O to apply the single laser
beam La to the interface of two workpieces (not shown) .
Thus, two workpieces can smoothly be welded to each other by
the sing'le' laser beam La applied to the intexrface of the
workpieces.

In the fourth embodiment, the second actuator 254 is
used to positionally adjust the first and second laser beams
Lla, L2a in the direction indicated by the arrow X. .
However, the second actuator 254 may not be used, but the
bending mirror 268 may be arranged so as to be angularly
adjustable. '

FIG. 13 shows in side elevation, partly in cross
section, of a laser beam welding apparatus 300 of a fifth
embc;diment according to the present invention. Those parts

of the laser beam welding apparatus 300 which are identical
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to'those of the laser beam welding apbaratﬁs 210 of the

fourth embodiment are denotéd'by'identical reference

characters, and will not be described in detail below.

The laser beam welding apparatus 300 has a laser beam
applying mechanism 308 fbr substantially simultaneously
applying as many first through third lasex béams Lla, L2a,
I.3a as the number of interfaces 302, 304, 306 provided by
contacting surfaces of four workpieces Wla, W2a, W3a, W4a to .
the interfaces 302, 304,.306.

The;aser beam welding apparatus 300 has a casing 310
which houses therein a pair of prisms 272a, 272b positioned
between acollimatof lens 266 aﬁda condensing lens 270.
The‘prisms 272a, 272b are movable toward and away from the
optical axis O of the laser beam La by' respectife amount-of -
heat control mechanisms 220a, 220b, and angularly'movéble by
the applied position control mechanism 222.

The amount-ofaheat contro1:medhanisms 220a, 220b have
respective third actuators 276a, 276b having respective rods
278a, 278b to which the prisms 272a, 272b are fixed,
respectively. The laser beam applying mechanism 308 is of a
straight-head configuration.

In the laser beam applying mechanism 308, when the

laser beam La travels through the collimator lens 266 to the

condensing lens 270, it is divided into the first, second,

and third laser beams Lla, L2a, L3a by the prisms 272a,

272b. The first laser beam Lla sexrves as a core beam, and

is applied to the interface 304 between the workpieces W2a,
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W3a. The second and.third laser beams L2a, L3a serve as

rotary beams, and are applied to the interface 302 between

the workpieces Wla, W2a and the interface 306 between the

workpieces W3a, WAa.

Because the-first, second, and third laser beams Lla,
LL.2a, L3a are substantially simultaneously applied.to the
three interfaces 302, 304, 306, the laser beam welding
apparatus 300 is capable of welding the workpieces Wla_
.through‘W4a simply and quickly, and offers the sama
advantages as those of the laser beam welding apparatus 210
of the faurth embodimeht.

While the straight-head laser beam applying mechanism
308 is used in the fifth embodiment, the laser beam applying
mechanism 308 may be arraaged as a bent-head laser beam
applyingmedhanism'having the bending mirror 268 as with the
laser beam applying mechanism 218 of the fourth embodiment.
By contrast, the laser beam.applyingmechanisma218 according
to the foufth embodiment may be of a straight-head type
without using thebehdingmirror 268.

FIG. 14 shows in side elevation, partly in block form,
of a laser beam welding apparatus 320 of a sixth embodiment
according to the present invention. Those parts of the
laser beam welding apparatus 320 which are identical to
those of the laser beam welding apparatus 210 of the fourth
embodiment are denoted by identical reference characters,

and will not be described in detall below.

The laser beam welding apparatus 320 has first and
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second laser beam heads -(lase:r.; beam applying mechanisms)

322, 324 for independently applying the _first and second

laser beams ILla, LZé, respectively. The first and second

laser beam heads 322, 324 are integrally fixed to the moving

member 258.

Each of. the first and second 1aser beam heads 322, 324
has a collimator lens anld a condensing lens, not shown,
housed in its casing. The first and second laser beam heads
322, 324 focus the respective first and second laser beams

Lla, L2a delivered through respective optical fibers 326,

328 at given focal lengths and apply the focused first and

| second laser beams Lla, L2a to the interfaces 214, 216

between the workpieces Wla, W2a, W3a.

The laser beam welding apparatus 320 of the sixth
embodiment 1s capable of performing a lasexr beam welding
process simply and quickly for effectively increased
productivity, and offers the same advantages as those of the

laser beam welding apparatus 210, 300 of the fourth and

fifth embodiments.

Industrial Applicability
According to the present invention, an amount of heat
to be applied by the first laser beam, a moving speed of the

first laser beam, and a focused spot diameter of the Ffirst

laser beam are established as settings for spacing the

sheets to be welded from each other by a given distance, and

the sheet irradiated with the first laser beam is kept in an
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unmelted state. .The anmnount by which the sheet is deformed
is prevented from ;rerying' unlike the conventional process in
which the sheet tends to be deformed differently when
melted. The sheets to be welded can well be welded while
being spaced a desired distance from each other. The
deformed sheet is free -o:E shortcomings such as undesired
stresses which would be imposed if it were melted.

A metal gas, e.g., a"zinc gas, vaporized_ when the
sheets are welded is well discharged i:hrough the .,gap"between

the sheets. Therefore, the sheets can be welded accurately

and efficiently by the laser beams for increased

productivity without causing a welding failure.

According to the present invention, since the first
laser beam for spacing the sheets a given distance from each
other and the second laser beam for welding the sheets to
each other are moved in the welding direction in synchronism
with each other, the sheets are welded to each other ‘:i_.n one
stroke of movement of the laser beams. The ;aser beam
welding process is thus performed simply and quickly for
effectively increased productivity, unlike the conventional
laser beam welding process in which laser beams are
indiv:i.dually applied t;wice.

. According to the present invention, furthermore, as

many laser beams as the number of two or more interfaces

provided by contacting surfaces of sheets to be welded are
substantially simultaneously applied to the interfaces.

Therefore, the two or more interfaces between the sheets
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which contribute to a desired strength can simultaneously be
melted. The sheets can thus be welded efficiently and
quickly with a simple process and arrangement, and thermal
strains are prevented from being developed in the sheets.

The amounts of heat epplied by two or more laeer beams
are changed depending on the material and/or thicknesses of “
the sheets. Therefore, the sheets can be melted in a
balanced fashion depending on the material and/or
thicknesses thereof, and can reliably be welded to each
other.

The applied positions of two or more laser beams ere
changed depending on the material and/or thicknesses of the
sheets. Consequently, the laser beam welding apparatus are
capable of handling changes in the material and/or
thicknesses of the sheets with ease, and of wel_ding various
different sheets reliably to each other.

Although certain preferred embodments of the present
invention have been shofm and described in detail, it should

be understood that various changes and modifications may be

" made therein without departing from the scdpe of the

appended claims.
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. A method of welding overlapping ends of at least three
sheets by applying laser beams thereto, comprising the steps
of:

positioning and holding said at least three sheets with a
holding mechanism, and applying as many laser beams as the
number of at least two interfaces provided by contacting
surfaces.of the at least three sheets, substantially

simultaneously to the at least two 1nterfaces thereby to |

weld the at least three sheets to each other.

2. A method according to claim 1, wherein the amounts of
heat applied by said laser beams are changed depending on at

least one of the material and thickness of said at least

three sheets.

3. A method according to claim 1 or 2, wherein the applied
positions of said laser beams are changed depending on at

least one of the material and thickness of said at least

three sheets.

4 . An apparatus for welding overlapping ends of at least
three sheets by applying laser beams thereto, comprising:
a holding mechanism for positioning and holding

overlapping ends of said at least three sheets;

a laser beam applying mechanism for applying as many laser
beams as the number of at least two interfaces provided by
contacting surfaces of the at least three sheets,
substantially simultaneously to the at least two interfaces

sOo as to weld the at least three sheets to each other; and
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an amount-of-heat control mechanism for controlling the

amounts of heat applied by said laser beams depending on at

least one of the material and thickness of said at least

three sheets.

5. An apparatus for welding overlapping ends of at least
three sheets by applying laser beams thereto, comprising:

a holding mechanism for positioning and holding
overlapping ends of said at least three sheets;

a laser beam applying mechanism for applying as many laser
beams as the number of at least two interfaces provided by
contacting surfaces of the at least three sheets,
substantially simultaneously to the at least two interfaces
so as to weld the at least three sheets to each other; and

an applied position control mechanism for controlling the
applied positions of said laser beams depending on at least

one of the material and thickness of said at least three

sheets.

6. An apparatus for welding overlapping ends of at least
three sheets by applying laser béams thereto, comprising:

a holding mechanism for positioning and holding
overlapping ends of said at least three sheets;

a laser beam applying mechanism for applying as many laser
beams as the number of at least two interfaces provided by
contacting surfaces of the at least three sheets,
substantially simultaneously to the at least two interfaces

sO as to weld the at least three sheets to each other;

an amount-of-heat control mechanism for controlling the

amounts of heat applied by said laser beams depending on at

least one of the material and thickness of said at least

three sheets; and
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an applied position control mechanism for controlling the
applied positions of said laser beams depending on at least

one of the material and thickness of said at least three

\sheets.
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