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Description

[0001] The present application relates to a method and
an apparatus for welding together a plurality of pieces of
metal at a joint between the pieces of metal according to
the preamble of claims 1 and 16 (see, for example CN
201 380 364 Y).

Description of Related Art

[0002] Recently commercialized hybrid laser arc weld-
ing is a method of welding two pieces of metal together
which typically combines laser beam welding with gas
metal arc welding, for example, on the same side of a
joint between the pieces of metal to simultaneously direct
both a laser beam and an electric arc at one welding zone
to produce a common molten metal pool which solidifies
to form a weld. As illustrated in FIG. 1 a, a prior art ap-
paratus may accomplish this by directing the laser beam
output 10’ from a laser 10 (which may comprise a laser
resonator and associated optics) and the electric arc out-
put 12’ from a gas metal arc welder 12 at the first side
14a of a joint 14 in order to weld a first piece of metal 16a
to a second piece of metal 16b to form the joint. Hybrid
laser arc welding may increase both the welding speed
and the weld penetration depth as compared to conven-
tional arc welding techniques. However, as illustrated in
FIG. 1 b, the resulting weld 18 may be enhanced much
more so on the first side 14a of the joint 14, which is the
side that the laser beam output 10’ and the electric arc
output 12’ act on, as opposed to an opposite second side
14b of the joint. In particular, the weld 18 may not extend
completely through the joint 14 from the first side 14a to
the second side 14b. Further, when the weld 18 does
reach the second side 14b of the joint 14, a second portion
of the weld 18b may be significantly less thick than a first
portion 18a of the weld on the first side 14a of the joint.
[0003] One attempt to make a more symmetric weld
on both sides of the joint has been to operate the hybrid
laser welder described above on the first side 14a of the
joint 14, followed by either moving the hybrid laser welder
to the second side 14b of the joint or turning over the
pieces of metals 16a, b to direct the laser beam output
10’ and the electric arc output 12’ against the second
side of the joint. As illustrated in FIG. 1 c, operating the
hybrid laser weider first on the first side 14a of the joint
14 and then the second side 14b of the joint may produce
a weid 18’ which has been enhanced on both sides of
the joint. This weid 18’ may be more desirable due to it
extending more fully and completely fram the first side
14a, to the second side 14b of the joint 14, which may
provide both strength and cosmetic benefits. However,
the additional time required to move the hybrid laser wei-
der or rotate the pieces of metal and make two sequential
passes with the welding equipment is undesirable.
[0004] An alternate method which has been developed
is to pravide a hybrid laser weider on each side of the
joint. This embodiment avoids the disadvantage of re-

quiring movement of the metal pieces or the hybrid laser
equipment fram one side to the other. In addition, weld-
ing-induced distortion or deformation in this case may be
less than the 2pass sequential welding pracess men-
tioned above. However, this solution uses a second laser.
Since the lasers used to complete the laser hybrid weld-
ing operation may be very expensive, it may be undesir-
able to operate two separate hybrid laser welders on the
joint.
[0005] US 5990446 A. DATABASE WPI, Week
201001, Thomson Scientific, London, GB; AN 2009-
S23611 & CN 101 590 572 A and JP 61232079 A de-
scribe a welding method and apparatus, wherein a laser
beam is directed onto a first side of a metal for producing
a keyhole extending from the first side to a second side
of the metal, and a welding electrode or arc from an arc
welder is applied to the second side of the metal at a
position close to the keyhole produced by the laser beam.
[0006] CN 201380364 describes a method of welding
together a plurality of pieces of metal at a joint between
the pieces of metal.
[0007] DE 196 08 074 A1 describes a welding method
and apparatus, wherein a laser beam is directed against
a first side of a metal for producing a keyhole extending
through the metal, and wherein an arc of an arc welder
is applied on the same side close to the keyhole.
[0008] Accordingly, a need exists in the art for an im-
proved welding apparatus and corresponding method of
welding.

BRIEF SUMMARY OF THE INVENTION

[0009] The present disclosure in one aspect describes
a method of welding together a plurality of pieces of metal
at a joint between the pieces of metal according to claim
1, which may comprise an angle joint.
[0010] Further, in some embodiments a first joint sur-
face on a first one of the pieces of metal and a second
joint surface on a second one of the pieces of metal define
an angle with respect to one another such that there is
a gap therebetween. The angle may be defined by a
chamfer on one of the pieces of metal. Additionally, the
first output may be directed through the gap to encourage
greater penetration through the joint. Also, the common
molten metal pool may at least partially fill the gap.
[0011] The present disclosure in another aspect de-
scribes a welding apparatus configured to weld together
a plurality of pieces of metal at a joint between the pieces
of metal as defined in claim 16.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWING(S)

[0012] Having thus described the embodiments in gen-
eral terms, reference will now be made to the accompa-
nying drawings, which are not necessarily drawn to scale,
and wherein:
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FIG. 1 a illustrates a prior art hybrid welding appa-
ratus with a laser and a gas metal arc welder oper-
ating on a first side of a joint;
FIG. 1 b illustrates a welded joint which may result
from operating the prior art hybrid welding apparatus
illustrated in FIG. 1 a on the first side of the joint;
FIG. 1 c illustrates a welded joint which may result
from operating the prior art hybrid welding apparatus
from FIG. 1 a on both sides of the joint;
FIG. 2a illustrates a tee-joint comprising a first piece
of metal and a second piece of metal;
FIG. 2b illustrates a schematic representation of a
welding apparatus configured to weld the joint of FIG.
2a comprising a high energy density heat source on
a first side of the joint and an arc welding heat source
on a second side of the joint;
FIG. 2c illustrates a welded joint which may result
from operating the welding apparatus from FIG. 2b
on the joint of FIG. 2a;
FIG. 3a illustrates a corner joint comprising a first
piece of metal and a second piece of metal;
FIG. 3b illustrates a schematic representation of a
welding apparatus configured to weld the joint of FIG.
3a comprising a high energy density heat source on
a first side of the joint and an arc welding heat source
on a second side of the joint;
FIG. 4a illustrates a skewed tee-joint comprising a
first piece of metal and a second piece of metal,
wherein the second piece of metal leans to the right;
FIG. 4b illustrates a schematic representation of a
welding apparatus configured to weld the joint of FIG.
4a comprising a high energy density heat source on
a first side of the joint and an arc welding heat source
on a second side of the joint;
FIG. 5a illustrates a skewed tee-joint comprising a
first piece of metal and a second piece of metal,
wherein the second piece of metal leans to the left;
FIG. 5b illustrates a schematic representation of a
welding apparatus configured to weld the joint of FIG.
5a comprising a high energy density heat source on
a first side of the joint and an arc welding heat source
on a second side of the joint;
FIG. 6a illustrates a skewed corner joint comprising
a first piece of metal and a second piece of metal,
wherein the second piece of metal leans to the right;
FIG. 6b illustrates a schematic representation of a
welding apparatus configured to weld the joint of FIG.
6a comprising a high energy density heat source on
a first side of the joint and an arc welding heat source
on a second side of the joint;
FIG. 7a illustrates a skewed corner joint comprising
a first piece of metal and a second piece of metal,
wherein the second piece of metal leans to the left;
FIG. 7b illustrates a schematic representation of a
welding apparatus configured to weld the joint of FIG.
7a comprising a high energy density heat source on
a first side of the joint and an arc welding heat source
on a second side of the joint;

FIG. 8 illustrates a schematic representation of a
welding apparatus configured to weld a butt-joint
comprising a high energy density heat source on a
first side of the joint and an arc welding heat source
on a second side of the joint;
FIG. 9a illustrates a schematic representation of a
welding apparatus configured to weld a joint com-
prising a high energy density heat source on a first
side of the joint and an arc welding heat source on
a second side of the joint and further a second arc
welding heat source on the first side of the joint;
FIG. 9b illustrates a welded joint which may result
from operating the welding apparatus from FIG. 9a
on the joint;
FIG. 10a illustrates the apparatus of FIG. 9a wherein
the apparatus is configured to operate on a joint with
a first piece of metal that comprises a first joint sur-
face and a second piece of metal that comprises a
second joint surface and a third joint surface wherein
the first joint surface and the second joint surface
define an angle with respect to one another such that
there is a gap therebetween, and wherein the third
joint surface is generally parallel with the first joint
surface;
FIG. 10b illustrates a joint with a first piece of metal
that comprises a first joint surface and a second
piece of metal that comprises a second joint surface
wherein the first joint surface and the second joint
surface define an angle with respect to one another;
FIG. 10c illustrates a joint with a first piece of metal
that comprises a first joint surface and a second
piece of metal that comprises a second joint surface
and a third joint surface wherein the first joint surface
and the second joint surface define an angle with
respect to one another such that there is a gap ther-
ebetween, and wherein the first joint surface and the
third joint surface define an angle with respect to one
another such that there is a second gap therebe-
tween;
FIG. 11 a illustrates a top view of the welding appa-
ratus of FIG. 2b wherein a first output and a second
output are generally directed at the same section of
the joint at the same time;
FIG. 11 b illustrates a top view of the welding appa-
ratus of FIG. 2b wherein the first output leads the
second output;
FIG. 11c illustrates a top view of the welding appa-
ratus of FIG. 2b wherein the first output lags behind
the second output;
FIG. 12 illustrates a top view of the welding apparatus
of FIG. 9a wherein the third output leads the first
output;
FIG. 13 illustrates a flowchart of a method of welding
together a plurality of pieces of metal at a joint; and
FIG. 14 illustrates a flowchart of a method of welding
together an angle joint in a generally horizontal con-
figuration.
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DETAILED DESCRIPTION OF THE INVENTION

[0013] Apparatuses and methods for welding now will
be described more fully hereinafter with reference to the
accompanying drawings in which some but not all em-
bodiments are shown. Indeed, the present development
may be embodied in many different forms and should not
be construed as limited to the embodiments set forth
herein; rather, these embodiments are provided so that
this disclosure will satisfy applicable legal requirements.
Like numbers refer to like elements throughout.
[0014] FIG. 2a illustrates a first piece of metal 116a
and a second piece of metal 116b which are positioned
so as to form a joint 114. FIG. 2b illustrates a correspond-
ing welding apparatus 100 configured to weld together
the first 116a and second 116b pieces of metal at the
joint 114. The welding apparatus 100 includes a high
energy density heat source 110 configured to direct a
first output 110’ against a first side 114a of the joint. The
first output 110’ thereby produces a keyhole 122 (which
may alternatively be referred to as a channel) surrounded
by a first molten metal pool 120a comprising metal from
the first piece of metal 116a and/or the second piece of
metal 116b. Both the keyhole 122 and the first molten
metal pool 120a extend from the first side 114a of the
joint 114 generally toward a second side 114b of the joint.
The first molten metal pool 120a may comprise vapors
and/or liquids produced by heating the first piece of metal
116a and the second piece of metal 116b with the first
output 110’ from the high energy density heat source
110. Further, a filler material may be added to feed into
the first molten metal pool 120a for a larger weld. The
apparatus may simultaneously direct a second output
112’ from an arc welding heat source 112 against the
second side 114b of the joint 114 to produce a second
molten metal pool 120b adjacent the second side. Fur-
ther, the first output 110’ from the high energy density
heat source 110 is directed such that the keyhole 122
extends to the second molten metal pool 120b, such that
it may connect with a lower portion of the second molten
metal pool. Thus, the second molten metal pool 120b
may be joined with the first molten metal pool 120a by
the keyhole 122 to create a common molten metal pool
120 extending substantially across the joint 114. When
the common molten metal pool 120 solidifies, as illustrat-
ed in FIG. 2c, it may form a weld 118 extending com-
pletely through the joint 114 from the first side 114a to
the second side 114b of the joint 114.
[0015] Thus, issues with forming a weld completely
through the joint, as may be experienced using traditional
laser hybrid welding, for example laser energy loss as a
laser beam passes through an electric arc, may be avoid-
ed. In particular, the keyhole may improve the fluid flow
in the between the first molten metal pool and the second
molten metal pool so that a more stable common molten
metal pool is created. Therefore, a thicker weld extending
from one side of the joint to the other side may be
achieved. Further, the weld extending through the joint

may be produced in a single pass without having to pro-
vide a high energy density heat source on both sides of
the joint as described above in regards to the prior art.
Additionally, by providing the first output and the second
output on opposite sides of the joint such that the first
output is directed so that the keyhole extends to the sec-
ond molten metal pool, thermomechanical stabilization
of the arc produced by the arc welding heat source may
occur, which may contribute to the production of a strong-
er and more precise weld with less weld defects. Accord-
ingly, relatively fast welding speeds may be used. A de-
sired weld profile may be obtained as well by optimizing
the welding parameters, including the alignment of the
laser beam, joint position, and the arc welding torch.
[0016] The high energy density heat source 110 com-
prises, according to the present invention, a laser which
produces a laser beam first output 110’.
[0017] Further, the arc welding heat source 112 may
comprise a variety of different sources of heat. For ex-
ample, the arc welding heat source 112 may comprise a
gas metal arc welding (GMAW) torch which produces an
arc second output 112’. In particular, the GMAW torch
may comprise a metal inert gas (MIG) welding torch or
a metal active gas (MAG) welding torch, and metal trans-
fer may involve globular, short-circuiting, spray or pulse-
spray, in some embodiments. In other embodiments the
arc welding heat source 112 may comprise a gas tung-
sten arc welding (GTAW) torch, a flux-cored arc welding
(FCAW) torch, a submerged arc welding (SAW) torch, or
a plasma arc welding (PAW) torch which may operate in
transferred or non-transferred modes. However, various
other types of welding torches may be used as the arc
welding heat source 112. Further, in some embodiments
the arc welding heat source 112 may or may not use a
shielding gas or wire feeder.
[0018] Thus, in summary, the arc welding heat source
112 may comprise many of the known types of welding
devices, so long as the welding device is capable of pro-
ducing the second molten metal pool 120b. In some em-
bodiments the arc welding heat source 112 may com-
prise a high energy density heat source such as a plasma
arc torch, as described above, so long as it produces the
second molten metal pool 120b. Therefore, in terms of
distinguishing characteristics, the arc welding heat
source 112 produces at least the second molten metal
pool 120b, whereas the high energy density heat source
110 produces at least the first molten metal pool 120a
and the keyhole 122.
[0019] In addition to different types of second outputs
112’ produced by the above-described arc welding heat
sources 112, the first output and/or the second output
may also be continuous or discontinuous. For example,
the first output 110’ may be continuous wave, pulsed,
defocused, focused, oscillated, split, or elongated. Fur-
ther multiple high energy density heat sources 110 and/or
multiple arc welding heat sources 112 may be used in
some embodiments.
[0020] The joint between the pieces of metal which are
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welded together may comprise a number of different con-
figurations. In some embodiments the pieces of metal
may form an angle joint. Angle joints, as used herein,
refer to tee-joints 114 (see FIGS. 2a-c),. corner joints 214
(see FIGS. 3a-b), skewed tee-joints 314 (see FIGS. 4a-
b and 5a-b), skewed corner joints 414 (see FIGS 6a-b
and 7a-b), and other joints in which two or more pieces
of metal join such that they create an angle with respect
to one another. When the joints are skewed, they may
be skewed in various directions such as to the right as
illustrated in FIGS 4a-b and 6a-b, or to the left as illus-
trated in FIGS. 5a-b and 7a-b.
[0021] When the angle joints 114, 214, 314, 414 are
oriented as illustrated in FIGS. 2a, 3a, 4a, 5a, 6a, and
7a, the first piece of metal 116a, 216a, 316a, 416a has
a generally horizontal upper surface 116a’, 216a’, 316a’,
416a’ and the second piece of metal 116b, 216b, 316b,
416b has a generally horizontal lower surface 116b’,
216b’, 316b’, 416b’, wherein at least part of the generally
horizontal lower surface of the second piece of metal
abuts the upper surface of the first piece of metal to form
the angle joint. In such embodiments, as illustrated in
FIGS. 2b, 3b, 4b, 5b, 6b, and 7b, the welding apparatus
100, 200, 300, 400 may be oriented such that the first
output 110’, 210’, 310’, 410’ from the high energy density
heat source 110, 210, 310, 410 may be directed such
that the keyhole 122, 222, 322, 422 extends to a point
122’, 222’, 322’, 422’ just in the lower portion of the sec-
ond molten metal pool 120b, 220b, 320b, 420b produced
by the second output 112’, 212’, 312’, 412’ from the arc
welding heat source 112, 212, 312, 412. Accordingly, the
second molten metal pool 120b, 220b, 320b, 420b may
join with the first molten metal pool 120a, 220a, 320a,
420a to form a common molten metal pool 120, 220, 320,
420. However, the embodiments described above are
only some examples of welding positions for the joint.
For example, various combinations of flat welding posi-
tions (known as "1 F"), horizontal welding positions
(known as "2F"), and overhead welding positions (known
as "4F") of the pieces of metal may be used.
[0022] In other configurations wherein the joint is ori-
ented differently and in embodiments wherein the joint
is not an angle joint, the first output and the second output
may still be oriented such that the first output and the
second output form a non-zero angle of incidence with
respect to one another. Non-zero angle of incidence, as
used herein, is not intended to be limited to instances in
which the first output and the second output directly in-
tersect, because in some embodiments, as will be de-
scribed below, the first output and second output may
lead or lag one another. Rather this terminology further
includes embodiments in which the first output and the
second output generally define an angle with respect to
one another as viewed through a cross-section through
the joint. Configurations in which the first output and the
second output form a non-zero angle of incidence may
be preferable, as compared to directing the first output
directly at the second molten metal pool, in order to avoid

blowing out the second molten metal pool with the first
output. In particular, the second molten metal pool may
provide for a relatively larger and stronger weld, so the
first output may be directed such that it does not force
the second molten metal pool away from the joint. Thus,
in some embodiments, the first output may be directed
so that the keyhole extends to a fusion boundary of the
second molten metal pool. In some other embodiments,
the keyhole may extend to the bottom of the second mol-
ten metal pool, or the keyhole may extend to a lower
portion of the second molten metal pool, so as to avoid
blowing out the second molten pool. The first output may
be of such a strength that it substantially only reaches
the boundary of the second molten metal pool, without
extending completely therethrough.
[0023] Various other types of joints may be welded us-
ing embodiments of the invention, such as a butt-joint
514, as illustrated in FIG. 8. In this embodiment, first 516a
and second 516b pieces of metal may be welded such
that their ends join together to form the butt-joint 514.
However, the welding apparatus 500 configured to weld
the butt-joint 514 may generally remain the same, with a
high energy density heat source 510 directing a first out-
put 510’ against a first side 514a of the butt-joint 514 to
create a keyhole 522 surrounded by a first molten metal
pool 520a which extends from the first side of the butt-
joint generally toward a second side 514b of the butt-
joint. The welding apparatus 500 may simultaneously di-
rect a second output 512’ from an arc welding heat source
512 against the second side 514b of the butt-joint 514 to
produce a second molten metal pool 520b adjacent the
second side of the butt-joint. Accordingly, the first molten
metal pool 520a and the second molten metal pool 520b
may join to form a common molten metal pool 520 by
way of the keyhole 522.
[0024] As has been described above, the welding ap-
paratus include a high energy density heat source and
an arc welding heat source. However, as mentioned
above, it further comprise a two or more arc welding heat
sources. As illustrated in FIG. 9a, the high energy density
heat source 910 directs the first output 910’ against a
first side 914a of the joint 914 between first 916a and
second 916b pieces of metal and the arc welding heat
source 912 directs the second output 912’ against a sec-
ond side 914b of the joint in the same manner as de-
scribed above with respect to the welding apparatuses
comprising only a high energy density heat source and
an arc welding heat source. However, the welding appa-
ratus 900 illustrated in FIG. 9a further includes a second
arc welding heat source 928 which directs a third output
928’ against the first side 914a of the joint 914. As with
the first output from the high energy density heat source
and the second output from the arc welding heat source
from the previously-discussed welding apparatuses, the
third output 928’ from the second arc welding heat source
928 may be discontinuous or continuous. Similarly, the
second arc welding heat source 928 may comprise var-
ious embodiments of arc welding devices such as GTAW,
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GMAW, FCAW, SAW, or PAW torches as described
above with respect to the arc welding heat source.
[0025] The third output 928’ forms a third molten metal
pool 920c which combines with the first molten metal pool
920a and the second molten metal pool 920b to form a
common molten metal pool 920. The common molten
metal pool 920 solidifies to form a weld 918, as illustrated
in FIG. 9b, that comprises more material on the first side
914a of the joint 914 as compared to the weld 118 pro-
duced by the welding apparatus 100 without the second
arc welding heat source (see, e.g., FIG. 2c). Thus, the
welding apparatus 900 illustrated in FIG. 9a may be pref-
erable in applications wherein a more symmetrical weld
across the width of the joint 914 from the first side 914a
to the second side 914b is desirable, such as for strength
or aesthetic purposes. Further, the first output 910’ sta-
bilizes the third output 928’ and the third molten metal
pool 920c and a manner similar to the way in which it
stabilizes the second output 912’ and the second molten
metal pool 920b.
[0026] Embodiments of the welding apparatus may al-
so weld joints wherein the surfaces of the pieces of metal
that are in proximity at the joint at least partially form an
angle with one another. In some embodiments a first joint
surface on a first one of the pieces of metal and a second
joint surface on a second one of the pieces of metal define
an angle with respect to one another such that there is
a gap therebetween. Examples of such embodiments are
illustrated in FIGS. 10a-c.
[0027] FIG. 10a illustrates an embodiment of a welding
apparatus 600 configured to weld a joint 614. The joint
614 comprises a first piece of metal 616a and a second
piece of metal 616b. The first piece of metal 616a com-
prises a first joint surface 616a’ and the second piece of
metal 616b comprises a second joint surface 616b’ and
a third joint surface 616b". As illustrated, the first piece
of metal 616a and the second piece of metal 616b may
be aligned such that the first joint surface 616a’ and the
second joint surface 616b’define an angle with respect
to one another such that there is a gap 624 therebetween.
The high energy density heat source 610 is aimed such
that the first output 610’ is directed through the gap 624,
and the second output 612 is aimed at the opposite side
of the joint 614, as previously described. Aiming the first
output 610’ through the gap 624 may be desirable in
some embodiments because the high energy density
heat source 610 may require less power. In some em-
bodiments the welding apparatus 600 comprises a third
output 928’ from a second arc welding heat source 928
in order to assist in filling the gap 624 completely with a
common molten pool. The first output 610’ from a high
energy density heat source may lead or lag the third out-
put 928’ slightly to reduce the power level required for
operation of the high energy density heat source.
[0028] As illustrated in FIG. 10a, the third joint surface
616b" on the second piece of metal 616b may be con-
figured such that it is generally parallel with the first joint
surface 616a’ on the first piece of metal 616a. However,

not all embodiments of joints wherein the surfaces form-
ing the joint at least partially form an angle with one an-
other have this feature. For example, FIG. 10b illustrates
an embodiment of a joint 714 wherein the second piece
of metal 716b does not comprise a third joint surface.
Rather, the gap 724 is formed between a first joint surface
716a’ on the first piece of metal 716a and a second joint
surface 716b’ on the second piece of metal 716b. In an
alternate embodiment, as illustrated in FIG. 10c, the joint
814 may define more than one gap. For example, the
embodiment in FIG. 10c defines a gap 824 between a
first joint surface 816a’ on a first piece of metal 816a and
a second joint surface 816b’ on a second piece of metal
816b and further a second gap 826 defined between the
first joint surface and a third joint surface 816b" on the
second piece of metal. The second gap 826 may thus
generally be located on the opposite side of the second
piece of metal 816b from the gap 824. Two gaps, 824
and 826, may have a same profile in some embodiment.
However, they may have different profiles in some other
embodiments. In this embodiment the arc welding heat
source may direct the second output towards the second
gap such that the second molten metal pool is received
therein. Receiving the second molten metal pool in the
second gap may provide benefits in terms of aesthetics
and also the second gap may function to hold the second
molten metal pool in place and may reduce the required
power level of the first output as well because the keyhole
generated from the first output has a shorter distance to
penetrate.
[0029] In some embodiments the angle forming each
gap may be defined by a chamfer on the first or second
piece of metal. The chamfers may be created by a variety
of manufacturing techniques such as sheared edge, laser
cut edge, single bevel edge, plasma cut edge, or double
bevel edge. In other embodiments, the angle defining the
gap may be created by tilting a square edged piece of
metal against the other piece of metal. In such embodi-
ments the first piece of metal and the second piece of
metal will not be perfectly perpendicular to one another.
[0030] Further, while the angle was generally de-
scribed above as being formed by the second piece of
metal, in alternate embodiments the first piece of metal
may define the angle, such as when the first piece of
metal comprises a chamfer. In other embodiments both
the first piece of metal and the second piece of metal
may comprise features which define the angle. For ex-
ample, both the first piece of metal and the second piece
of metal may comprise respective chamfers.
[0031] Additionally, while the joint surfaces shown and
described above were generally described as comprising
flat surfaces, in alternate embodiments the joint surfaces
may be curved surfaces. Additionally or alternatively,
each joint surface may comprise multiple segments such
that the gap is defined by multiple angles. Regardless of
the particular features comprising the angle(s) and cor-
responding gap, each of the above-described embodi-
ments are intended to be included within the meaning of
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generally horizontal, as previously described, depending
on the orientation of the joint. Thus, for example, although
the second joint surface 816b’ and the third surface
816b" of the joint 814 illustrated in FIG. 10c are not per-
fectly horizontal, this configuration is intended to be in-
cluded within the meaning of generally horizontal as de-
scribed above.
[0032] As described above, the first output and the sec-
ond output are simultaneously directed against the joint.
Simultaneously herein refers to a variety of configura-
tions wherein the first output and the second output are
directed at the joint at the same time, but not necessarily
at the same section of the joint in the welding direction
at the same time. For instance, FIG. 11 a illustrates a top
view of the welding apparatus 100 of FIG. 2b which is
configured to weld the joint 114 along a machine direction
130. Welding in the machine direction 130 may involve
either or both of moving the welding apparatus 100 or
the pieces of metal 116a, b. As illustrated, the first output
110’ from the high energy density heat source 110 and
the second output 112’ from the arc welding heat source
112 may be directed such that they generally align in the
machine direction 130 such that first output and the sec-
ond output are generally directed at the same section of
the joint 114 at the same time. Therefore, the keyhole
122 is generally directed toward the center of the second
molten metal pool 120b as viewed from above.
[0033] However, FIG. 11 b illustrates a welding appa-
ratus 100 from FIG. 2b in which the first output 110’ leads
the second output 112’ in the machine direction 130. Con-
versely, FIG. 11c illustrates a welding apparatus 100 from
FIG. 2b in which the first output 110’ lags behind the
second output 112’ in the machine direction 130. The
first output 110’ may initially lag behind the second output
112’, but then the second output may lead the first output
later in the weld, or the opposite may occur. This could
be the case, for example, when the high energy density
heat source 110 travels along the joint 114 at a faster
speed than the arc welding heat source 112, or vice ver-
sa. Thus, various configurations making use of the weld-
ing apparatus 100 to simultaneously direct first 110’ and
second 112’ outputs at the joint 114 are possible. Note
that in all three of the FIGS. 11 a-c, the first output 110’
creates the keyhole 122 at a position which overlaps
along the machine direction with the second molten metal
pool 120b as created by the second output 112’ such that
the second molten metal pool may join with the first mol-
ten metal pool 120a to form the common molten metal
pool 120.
[0034] With regard to the welding apparatus 900 illus-
trated in FIG. 10a, various configurations are possible
wherein the first output 910’, second output 912’, and
third output 928’ are directed at the joint 914 simultane-
ously, similarly as to the welding apparatus 100 de-
scribed above. Thus, in various combinations, the first
output 910’ may lead or lag the second output 912’, the
third output 928’ may lead or lag the second output, and
the third output may lead or lag the first output along a

machine direction 930 of welding the joint. For example,
an overhead view of the welding apparatus 900 is illus-
trated in FIG. 12. In this embodiment the first output 910’
lags behind the third output 928’. This embodiment may
allow the first output 910’ from the high energy density
heat source 910 to push the third molten metal pool 920c
as provided by the second arc welding heat source 912
into the keyhole 922. By pushing the third molten metal
pool 920c into the keyhole 922, this may facilitate joining
the third molten metal pool with the first molten metal
pool 920a and the second molten metal pool 920b to form
the common molten metal pool 920. Accordingly, crea-
tion of a strong weld may be encouraged.
[0035] The above description generally focused on
embodiments of apparatuses. However, embodiments
of associated methods are also provided. FIG. 13 illus-
trates a method of welding together a plurality of pieces
of metal at a joint between the pieces of metal. The meth-
od comprises directing a first output from a high energy
density heat source against a first side of the joint at op-
eration 1102. The high energy density heat source may
in some embodiments comprise a laser, electron beam
gun, or PAW torch in some embodiments, as indicated
at block 1104. The first output thereby produces a key-
hole surrounded by a first molten metal pool which ex-
tends from the first side generally toward a second side
of the joint as indicated at block 1106.
[0036] While directing the first output at operation
1102, the method further comprises simultaneously di-
recting a second output from an arc welding heat source
against the second side of the joint at operation 1108.
The arc welding heat source may in some embodiments
comprise a GTAW, GMAW, FCAW, SAW, or PAW torch
in some embodiments, as indicated at block 1110. As
indicated at block 1112, the second output thereby pro-
duces a second molten metal pool adjacent the second
side. Further, the first output is directed such that the
keyhole extends to the second molten metal pool at block
1114. Thereby, at block 1116 the second molten metal
pool is joined with the first molten metal pool by the key-
hole. Thus, the method creates a common molten metal
pool which solidifies to form a weld extending through
the joint from the first side to the second side at block
1118.
[0037] In some cases of the method the joint may com-
prise an angle joint, as indicated at block 1120. Addition-
ally in some cases a first joint surface on a first one of
the pieces of metal and a second joint surface on a sec-
ond one of the pieces of metal may define an angle with
respect to one another such that there is a gap therebe-
tween, as indicated at block 1122. As shown at block
1124, the angle may be defined by a chamfer on one of
the pieces of metal. Further as indicated at block 1126,
the first output may be directed through the gap. In some
cases the common molten metal pool may at least par-
tially fill the gap, as indicated at block 1128. Also, in some
cases the method may comprise the operation 1130 of
directing the first output and the second output such that
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the first output and the second output form a non-zero
angle of incidence with respect to one another or the first
output may be directed at a lower portion of the second
molten metal pool to avoid blowing out the second molten
metal pool as described above.
[0038] In additional cases the method may further com-
prise the operation 1132 of directing a third output from
a second arc welding heat source against the first side
of the joint, which produces a third molten metal pool, as
indicated at block 1134. As shown at block 1136, the third
molten metal pool joins with at least the first molten metal
pool to form the common molten metal pool. Further, in
some cases the first output lags behind or leads the third
output, as indicated at block 1138. When the first output
lags behind the third output, it may push the third molten
metal pool into the keyhole. As with the arc welding heat
source, the second arc welding heat source may com-
prise a GTAW, GMAW, FCAW, SAW, or PAW torch. Fur-
ther, as indicated at block 1140, the first output, the sec-
ond output, and/or the third output may be discontinuous.
[0039] Additionally, FIG. 14 illustrates a method of
welding an angle joint between a first piece of metal and
a second piece of metal, wherein the first piece of metal
has a generally horizontal upper surface and the second
piece of metal has a generally horizontal lower surface,
and wherein at least part of the first piece of the generally
horizontal lower surface of the second piece of metal
abuts the upper surface of the first piece of metal to form
the angle joint. An angle joint, as described above, may
comprise tee-joints, corner joints, skewed tee-joints,
skewed corner joints, and other joints in which two pieces
of metal join to such that they create an angle with respect
to one another. The two pieces may or may not have a
small gap in between in some cases. The method com-
prises directing a first output from a high energy density
heat source against a first side of the angle joint at op-
eration 1202. The first output thereby produces a first
molten metal pool in a keyhole extending from the first
side generally toward a second side of the angle joint as
indicated at block 1206.
[0040] While directing the first output at operation
1202, the method further comprises simultaneously di-
recting a second output from an arc welding heat source
against the second side of the angle joint at operation
1208. As indicated at block 1212, the second output
thereby produces a second molten metal pool adjacent
the second side of the angle joint. Further, the first output
may be directed such that the keyhole extends to a point
just in the lower portion of the second molten metal pool
as indicated at block 1214. This may avoid blowing out
the second molten metal pool, such as may occur when
the first output is directed at the center or upper portion
of the second molten metal pool, while still allowing for
fluid communication between the second molten metal
pool and the first molten metal pool. Thereby, at block
1216 the second molten metal pool is joined with the first
molten metal pool by the keyhole. Thus, this creates a
common molten metal pool which solidifies to form a weld

extending through the angle joint from the first side to the
second side as indicated at block 1218. Accordingly,
methods particularly relating to welding angle joints are
also provided.
[0041] Many modifications and other embodiments will
come to mind to one skilled in the art to which these
embodiments pertain having the benefit of the teachings
presented in the foregoing descriptions and the associ-
ated drawings. Therefore, it is to be understood that mod-
ifications and other embodiments are intended to be in-
cluded within the scope of the appended claims. Although
specific terms are employed herein, they are used in a
generic and descriptive sense only and not for purposes
of limitation.

Claims

1. A method of welding together a plurality of pieces of
metal (916a, 916b) at a joint (914) between the piec-
es of metal, comprising:

directing a laser beam (910’) from a laser (910)
against a first side (914a) of the joint,
simultaneously directing a first arc (928’) from a
first arc welder (928) against the first side (914a)
of the joint to produce a first arc-created molten
metal pool (920c) that joins with the laser-creat-
ed molten metal pool to form a joined first-side
molten metal pool; and
simultaneously directing a second arc (912’)
from a second arc welder (912) against the sec-
ond side (914b) of the joint to produce a second
arc-created molten metal pool (920b) adjacent
the second side, characterized in that the laser
beam (910’); produces a keyhole (922) sur-
rounded by a laser-created molten metal pool
(920a) which extends from the first side (914a)
generally toward a second side (914b) of the
joint, in that the laser beam is directed such that
the keyhole extends to the second arc-created
molten metal pool,
and in that the second arc-created molten metal
pool is joined by the keyhole with the joined first-
side molten metal pool to create a common mol-
ten metal pool (920) which solidifies to form a
weld (918) extending through the joint from the
first side to the second side,
so that the common molten metal pool provides
stabilization to both the first arc and the second
arc.

2. The method of claim 1, wherein the stabilization in-
cludes at least thermomechanical weld pool stabili-
zation.

3. The method of claim 1, further comprising directing
the laser beam (910’) and the first arc (912’) such
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that the laser beam and the first arc form a non-zero
angle of incidence with respect to one another.

4. The method of claim 1, wherein a first joint surface
(616a’) on a first one of the pieces of metal (616a)
and a second joint surface (616b’) on a second one
of the pieces of metal (616b) define an angle with
respect to one another such that there is a gap (624)
therebetween.

5. The method of claim 4, wherein the angle is defined
by a chamfer on one of the pieces of metal (616a,
616b).

6. The method of claim 4, wherein the laser beam is
directed through the gap (624).

7. The method of claim 4, wherein the common molten
metal pool (920) at least partially fills the gap (624).

8. The method of claim 1, wherein the laser beam (910’)
lags behind the first arc (928’).

9. The method of claim 1, wherein the laser beam (910’)
leads the first arc (928’).

10. The method of claim 1, wherein at least one of the
laser beam (910’), the first arc (928’), and the second
arc (912’) is discontinuous.

11. The method of claim 1, wherein the first second arc
welder (912) comprises a gas tungsten arc welding
torch.

12. The method of claim 1, wherein the second arc weld-
er (912) comprises a gas metal arc welding torch.

13. The method of claim 1, wherein the second arc weld-
er (912) comprises a flux-cored arc welding torch.

14. The method of claim 1, wherein the second arc weld-
er (912) comprises a plasma arc welding torch.

15. The method of claim 1, wherein the second arc weld-
er (912) comprises a submerged arc welding torch.

16. A welding apparatus (900) configured to weld togeth-
er a pluralité of pieces of metal (916a, 916b) at a
joint (914) between the pieces of metal, character-
ized by a laser (910) configured to direct a laser
beam (910’) against a first side (914a) of the joint to
produce in use a keyhole (922) surrounded by a la-
ser-created molten metal pool (920a) which extends
from the first side generally toward a second side
(914b) of the joint;
a first arc welder (928) configured to simultaneously
direct a first arc (928’) against the first side (914a)
of the joint to produce a first arc-created molten metal

pool (920c) that in use joins with the laser-created
molten metal pool to form a joined first-side molten
metal pool; and
a second arc welder (912) configured to simultane-
ously direct a second arc (912’) against the second
side (914b) of the joint to produce in use a second
arc-created molten metal pool (920b) adjacent the
second side, wherein the laser beam in use is direct-
ed such that the keyhole extends to the second arc-
created molten metal pool,
whereby in use the second arc-created molten metal
pool is joined by the keyhole with the joined first-side
molten metal pool to create a common molten metal
pool (920) which solidifies to form a weld (918) ex-
tending through the joint from the first side to the
second side,
so that the common molten metal pool provides sta-
bilization to both the first arc and the second arc.

17. The welding apparatus (900) of claim 16, wherein
the laser (910) and the first arc welder (928) are ar-
ranged such that the laser beam (910’) lags in use
behind the first arc (928’).

18. The welding apparatus (900) of claim 16, wherein
the laser (910) and the first arc welder (928) are ar-
ranged such that the laser beam (910’) leads in use
the first arc (928’).

Patentansprüche

1. Verfahren zum Verschweißen mehrerer Metallstü-
cke (916a, 916b) an einer Verbindungsstelle (914)
zwischen den Metallstücken, umfassend:

Lenken eines Laserstrahls (910’) von einem La-
ser (910) auf eine erste Seite (914a) der Verbin-
dungsstelle,
gleichzeitiges Lenken eines ersten Lichtbogens
(928’) von einer ersten Lichtbogenschweißvor-
richtung (928) auf die erste Seite (914a) der Ver-
bindungsstelle, um ein erstes mittels Lichtbogen
geschaffenes Metallschmelzebad (920c) zu er-
zeugen, das sich mit dem mittels Laser geschaf-
fenen Metallschmelzebad verbindet, um ein ver-
bundenes Metallschmelzebad der ersten Seite
zu bilden; und
gleichzeitiges Lenken eines zweiten Lichtbo-
gens (912’) von einer zweiten Lichtbogen-
schweißvorrichtung (912) auf die zweite Seite
(914b) der Verbindungsstelle, um der zweiten
Seite benachbart ein zweites mittels Lichtbogen
geschaffenes Metallschmelzebad (920b) zu er-
zeugen, dadurch gekennzeichnet, dass der
Laserstrahl (910’) ein Schlüsselloch (922) er-
zeugt, das durch ein mittels Laser geschaffenes
Metallschmelzebad (920a) umgeben ist, das
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sich von der ersten Seite (914a) im Allgemeinen
in Richtung einer zweiten Seite (914b) der Ver-
bindungsstelle erstreckt,

dadurch, dass der Laserstrahl derart gelenkt wird,
dass sich das Schlüsselloch zu dem zweiten mittels
Lichtbogen geschaffenen Metallschmelzebad er-
streckt,
und dadurch, dass das zweite mittels Lichtbogen ge-
schaffene Metallschmelzebad durch das Schlüssel-
loch mit dem verbundenen Metallschmelzebad der
ersten Seite verbunden wird, um ein gemeinsames
Metallschmelzebad (920) zu schaffen, das erstarrt,
um eine Schweißung (918) zu bilden, die sich von
der ersten Seite zu der zweiten Seite durch die Ver-
bindungsstelle erstreckt,
derart, dass das gemeinsame Metallschmelzebad
sowohl für den ersten Lichtbogen als auch für den
zweiten Lichtbogen Stabilisierung bietet.

2. Verfahren nach Anspruch 1, wobei die Stabilisierung
mindestens thermomechanische Schweißbadstabi-
lisierung umfasst.

3. Verfahren nach Anspruch 1, ferner umfassend das
Lenken des Laserstrahls (910’) und des ersten Licht-
bogens (912’) derart, dass der Laserstrahl und der
erste Lichtbogen einen Einfallswinkel ungleich Null
in Bezug aufeinander bilden.

4. Verfahren nach Anspruch 1, wobei eine erste Ver-
bindungsstellenoberfläche (616a’) an einem ersten
der Metallstücke (616a) und eine zweite Verbin-
dungsstellenoberfläche (616b’) an einem zweiten
der Metallstücke (616b) einen Winkel in Bezug auf
einander definieren, derart, dass dazwischen ein
Zwischenraum (624) ist.

5. Verfahren nach Anspruch 4, wobei der Winkel durch
eine Fase an einem der Metallstücke (616a, 616b)
definiert ist.

6. Verfahren nach Anspruch 4, wobei der Laserstrahl
durch den Zwischenraum (624) gelenkt wird.

7. Verfahren nach Anspruch 4, wobei das gemeinsame
Metallschmelzebad (920) den Zwischenraum (624)
mindestens teilweise füllt.

8. Verfahren nach Anspruch 1, wobei der Laserstrahl
(910’) hinter dem ersten Lichtbogen (928’) nacheilt.

9. Verfahren nach Anspruch 1, wobei der Laserstrahl
(910’) dem ersten Lichtbogen (928’) vorauseilt.

10. Verfahren nach Anspruch 1, wobei mindestens einer
aus der Gruppe umfassend den Laserstrahl (910’),
den ersten Lichtbogen (928’) und den zweiten Licht-

bogen (912’) diskontinuierlich ist.

11. Verfahren nach Anspruch 1, wobei die erste zweite
Lichtbogenschweißvorrichtung (912) einen Gas-
Wolfram-Lichtbogenschweißbrenner umfasst.

12. Verfahren nach Anspruch 1, wobei die zweite Licht-
bogenschweißvorrichtung (912) einen Gas-Metall-
Lichtbogenschweißbrenner umfasst.

13. Verfahren nach Anspruch 1, wobei die zweite Licht-
bogenschweißvorrichtung (912) einen Flussmittel-
kern-Lichtbogenschweißbrenner umfasst.

14. Verfahren nach Anspruch 1, wobei die zweite Licht-
bogenschweißvorrichtung (912) einen Plasmalicht-
bogenschweißbrenner umfasst.

15. Verfahren nach Anspruch 1, wobei die zweite Licht-
bogenschweißvorrichtung (912) einen Unterpulver-
Lichtbogenschweißbrenner umfasst.

16. Schweißvorrichtung (900), die dazu ausgebildet ist,
mehrere Metallstücke (916a, 916b) an einer Verbin-
dungsstelle (914) zwischen den Metallstücken mit-
einander zu verschweißen, gekennzeichnet durch:

einen Laser (910), der dazu ausgebildet ist, ei-
nen Laserstrahl (910’) auf eine erste Seite
(914a) der Verbindungsstelle zu lenken, um bei
Gebrauch ein Schlüsselloch (922) zu erzeugen,
das durch ein mittels Laser geschaffenes Me-
tallschmelzebad (920a) umgeben ist, das sich
von der ersten Seite im Allgemeinen in Richtung
einer zweiten Seite (914b) der Verbindungsstel-
le erstreckt;
eine erste Lichtbogenschweißvorrichtung (928),
die dazu ausgebildet ist, gleichzeitig einen ers-
ten Lichtbogen (928’) auf die erste Seite (914a)
der Verbindungsstelle zu lenken, um ein erstes
mittels Lichtbogen geschaffenes Metallschmel-
zebad (920c) zu erzeugen, das sich bei Ge-
brauch mit dem mittels Laser geschaffenen Me-
tallschmelzebad verbindet, um ein verbundenes
Metallschmelzebad der ersten Seite zu bilden;
und
eine zweite Lichtbogenschweißvorrichtung
(912), die dazu ausgebildet ist, gleichzeitig ei-
nen zweiten Lichtbogen (912’) auf die zweite
Seite (914b) der Verbindungsstelle zu lenken,
um bei Gebrauch der zweiten Seite benachbart
ein zweites mittels Lichtbogen geschaffenes
Metallschmelzebad (920b) zu erzeugen, wobei
der Laserstrahl bei Gebrauch derart gelenkt
wird, dass sich das Schlüsselloch zu dem zwei-
ten mittels Lichtbogen geschaffenen Metall-
schmelzebad erstreckt,
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wodurch bei Gebrauch das zweite mittels Lichtbo-
gen geschaffene Metallschmelzebad durch das
Schlüsselloch mit dem verbundenen Metallschmel-
zebad der ersten Seite verbunden wird, um ein ge-
meinsames Metallschmelzebad (920) zu schaffen,
welches erstarrt, um eine Schweißung (918) zu bil-
den, die sich von der ersten Seite zu der zweiten
Seite durch die Verbindungsstelle erstreckt,
derart, dass das gemeinsame Metallschmelzebad
sowohl für den ersten Lichtbogen als auch für den
zweiten Lichtbogen Stabilisierung bietet.

17. Schweißvorrichtung (900) nach Anspruch 16, wobei
der Laser (910) und die erste
Lichtbogenschweißvorrichtung (928) derart ange-
ordnet sind, dass der Laserstrahl (910’) bei Ge-
brauch hinter dem ersten Lichtbogen (928’) nacheilt.

18. Schweißvorrichtung (900) nach Anspruch 16, wobei
der Laser (910) und die erste
Lichtbogenschweißvorrichtung (928) derart ange-
ordnet sind, dass der Laserstrahl (910’) bei Ge-
brauch dem ersten Lichtbogen (928’) vorauseilt.

Revendications

1. Procédé consistant à souder ensemble une pluralité
de pièces de métal (916a, 916b) au niveau d’un joint
(914) entre les pièces de métal, comprenant :

l’orientation d’un faisceau laser (910’) en prove-
nance d’un laser (910) contre un premier côté
(914a) du joint,
l’orientation simultanée d’un premier arc (928’)
en provenance d’une première soudeuse à l’arc
(928) contre le premier côté (914a) du joint pour
produire une première flaque de métal fondu
créée par arc (920c) qui rejoint la flaque de métal
fondu créée par laser pour former une flaque de
métal fondu de premier côté jointe ; et
l’orientation simultanée d’un second arc (912’)
en provenance d’une seconde soudeuse à l’arc
(912) contre le second côté (914b) du joint pour
produire une seconde flaque de métal fondu
créée par arc (920b) adjacente au second côté,
caractérisé en ce que le faisceau laser (910’)
produit une boutonnière (922) entourée par une
flaque de métal fondu créée par laser (920a) qui
s’étend à partir du premier côté (914a) globale-
ment vers un second côté (914b) du joint,

en ce que le faisceau laser est orienté de sorte que
la boutonnière s’étend jusqu’à la seconde flaque de
métal fondu créée par arc,
en ce que la seconde flaque de métal fondu créée
par arc est rejointe par la boutonnière avec la flaque
de métal fondu de premier côté jointe pour créer une

flaque de métal fondu commune (920) qui se solidifie
pour former une soudure (918) s’étendant à travers
le joint du premier côté au second côté,
de sorte que la flaque de métal fondu commune pro-
cure une stabilisation tant au premier arc qu’au se-
cond arc.

2. Procédé selon la revendication 1, dans lequel la sta-
bilisation inclut au moins une stabilisation de flaque
de soudure thermomécanique.

3. Procédé selon la revendication 1, comprenant en
outre l’orientation du faisceau laser (910’) et du pre-
mier arc (912’) de sorte que le faisceau laser et le
premier arc forment un angle d’incidence non nul
l’un par rapport à l’autre.

4. Procédé selon la revendication 1, dans lequel une
première surface de joint (616a’) sur une première
des pièces de métal (616a) et une seconde surface
de joint (616b’) sur une seconde des pièces de métal
(616b) définit un angle par rapport à l’autre de sorte
qu’il y a un espacement (624) entre ces dernières.

5. Procédé selon la revendication 4, dans lequel l’angle
est défini par un chanfrein sur une des pièces de
métal (616a, 616b).

6. Procédé selon la revendication 4, dans lequel le fais-
ceau laser est orienté à travers l’espacement (624) .

7. Procédé selon la revendication 4, dans lequel la fla-
que de métal fondu commune (920) remplit au moins
partiellement l’espacement (624).

8. Procédé selon la revendication 1, dans lequel le fais-
ceau laser (910’) traîne derrière le premier arc
(928’) .

9. Procédé selon la revendication 1, dans lequel le fais-
ceau laser (910’) devance le premier arc (928’).

10. Procédé selon la revendication 1, dans lequel au
moins un du faisceau laser (910’), du premier arc
(928’) et du second arc (912’) est discontinu.

11. Procédé selon la revendication 1, dans lequel la pre-
mière seconde soudeuse à l’arc (912) comprend une
torche de soudage à l’arc en atmosphère inerte avec
électrode de tungstène.

12. Procédé selon la revendication 1, dans lequel la se-
conde soudeuse à l’arc (912) comprend une torche
de soudage à l’arc sous protection gazeuse.

13. Procédé selon la revendication 1, dans lequel la se-
conde soudeuse à l’arc (912) comprend une torche
de soudage à l’arc avec électrode fourrée.
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14. Procédé selon la revendication 1, dans lequel la se-
conde soudeuse à l’arc (912) comprend une torche
de soudage à l’arc au plasma.

15. Procédé selon la revendication 1, dans lequel la se-
conde soudeuse à l’arc (912) comprend une torche
de soudage à l’arc sous flux en poudre.

16. Appareil de soudage (900) configuré pour souder
ensemble une pluralité de pièces de métal (916a,
916b) au niveau d’un joint (914) entre les pièces de
métal, caractérisé par :

un laser (910) configuré pour orienter un fais-
ceau laser (910’) contre un premier côté (914a)
du joint pour produire en fonctionnement une
boutonnière (922) entourée par une flaque de
métal fondu créée par laser métal (920a) qui
s’étend à partir du premier côté globalement
vers un second côté (914b) du joint ;
une première soudeuse à l’arc (928) configurée
pour orienter simultanément un premier arc
(928’) contre le premier côté (914a) du joint pour
produire une première flaque de métal fondu
créée par arc (920c) qui en fonctionnement re-
joint la flaque de métal fondu créée par laser
pour former une flaque de métal fondu de pre-
mier côté jointe ; et
une seconde soudeuse à l’arc (912) configurée
pour orienter simultanément un second arc
(912’) contre le second côté (914b) du joint pour
produire en fonctionnement une seconde flaque
de métal fondu créée par arc (920b) adjacente
au second côté, dans lequel le faisceau laser en
fonctionnement est orienté de sorte que la bou-
tonnière s’étend jusqu’à la seconde flaque de
métal fondu créée par arc,

de sorte que, en fonctionnement, la seconde flaque
de métal fondu créée par arc est jointe par la bou-
tonnière avec la flaque de métal fondu de premier
côté jointe pour créer une flaque de métal fondu com-
mune (920) qui se solidifie pour former une soudure
(918) s’étendant à travers le joint depuis le premier
côté jusqu’au second côté,
de sorte que la flaque de métal fondu commune pro-
cure une stabilisation tant au premier arc qu’au se-
cond arc.

17. Appareil de soudage (900) selon la revendication
16, dans lequel le laser (910) et la première soudeu-
se à l’arc (928) sont agencés de sorte que le faisceau
laser (910’) traîne en fonctionnement derrière le pre-
mier arc (928’).

18. Appareil de soudage (900) selon la revendication
16, dans lequel le laser (910) et la première soudeu-
se à l’arc (928) sont agencés de sorte que le faisceau

laser (910’) devance en fonctionnement le premier
arc (928’).
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