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Laser + MAG Hybrid Welding of T-Joints

Abstract: The article presents the possibilities of the hybrid welding (laser + MAG)
of T-joints, discusses primary technological conditions of the HLAW process as
well as discusses the possibilities of using the HLAW method when making vari-
ous types of T-joints in various configurations of interface preparation, joint po-
sitioning and laser beam-mAG welding torch alignment.
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Introduction

The hybrid (laser + MmaAG) method is one of
the variants of the HLAW (Hybrid Laser Arc
Welding) process characterised by a number of
advantages not available when using the com-
ponent processes of the method separately. The
recent years have seen the intense research and
technological development of the method in
different variants as well as its increasing pop-
ularity in industrial applications. Presently, the
method is applied when welding joints hav-
ing thicknesses restricted between several and
between ten and twenty millimetres, made of
various structural steel grades used in the ship-
building industry, power engineering, automo-
tive industry etc. [1-24].

Technological Conditions of the
HLAW (Laser + MAG) Process

The efficiency and stability of the process as well
as the quality of joints made using the hybrid
(laser + MAG) method depend on the appro-
priate adjustment and correlation of the entire
set of parameters of both heat sources used in
the above-named method, i.e. electric arc and

laser. The most important of these parame-
ters include the filler metal wire feeding rate,
arc voltage and current, laser radiation power
as well as the position and diameter of the la-
ser beam and its geometric parameters (the so-
called beam caustic). Another important aspect
is the position of both heat sources in relation
to the direction of welding, i.e. determining
whether during the melting of sheet edges, arc
precedes or follows the laser beam. The pa-
rameters of welding arc and the size of the la-
ser-triggered plasma cloud over the weld pool
are also affected by the type of a shielding gas.
The MAG torch nozzle diameter and the shield-
ing gas flow rate should be adjusted to the size
and shape of the weld pool formed as a result
of the simultaneous effect of both heat sources.
In addition to the adjustment and correlation
of the above-presented primary parameters of arc
and laser in the hybrid method, another crucial
aspect is the position of the maG welding torch
and of the laser beam in relation to each other
as well as in relation to the edge of the interface
and the surface of the sheets making up a joint.
The position-related possibilities are primarily
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determined by the design
of the hybrid head and the
kinematics of the manipu-
lator on which the hybrid
weld is positioned during
welding. Examples of vari-
ous hybrid welding stations
are presented in Figure 1. The
manipulator can be a simple
single-axle transport system,
gantry system (Fig. 1a, b),
robot station or the combi-
nation of the above-named
systems, e.g. a robot mount-
ed on guide bars (Fig. 1cand
d) or a versatile robot station
featuring a tilt-and-turn ta-
ble (Fig. 1e).

The HLAW method is usu-
ally used when welding butt
joints, where the process
of welding involves the sin-
gle-run penetration of the
unscarred interface of sheets
having the same thickness
and the uninterrupted for-
mation of the weld root.
The laser beam and the maG
welding torch are positioned
in one plane perpendicular
to the surface of the sheets
being welded (Fig. 2a). The
above-named process can be
performed using a manipula-
tor enabling the stable move-
ment in one horizontal axis
(e.g. Y-axis, Fig. 3) and the ad-
justment of a height at which
the head is positioned over
a joint being welded (Z-ax-
is) as well as a standard hy-
brid head in which the laser
beam axis and that of the
MAG welding torch are in one

plane (Fig. 3).
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Fig. 1. Exemplary laser+ MAG hybrid welding stations:
a, b) HLAW station modules (ESAB) [18],
c) station for the welding of large-sized closed sections (REIS) [10],
d) robot station for the welding of car chassis elements [11],
e) versatile HLAW station at Instytut Spawalnictwa, Gliwice:
1: station with a TruDisk 12002 laser and protective cabin, 2: inside the cabin -
robot with the hybrid head and the tilt-and-turn table

laser

welding
direction

g

MAG torch
MAG torch

b)

d)

Fig. 2. Examples of the positioning of the MAG torch and the laser beam
(in relation to each other) in the hybrid method
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Fig. 3. Head used in
the HLAW method:
1: laser head,

2: MAG welding
torch,

3: optical fibre con-
nection,

4: filler metal wire
feeder module,

5: camera monitor-
ing the laser beam
position

Such a head should also provide the pos-
sibility of adjusting the MaG welding torch at
a specific angle in relation to the surfaces of
sheets subjected to welding (angle a accord-
ing to Fig. 2a) and the precise adjustment of
a very important HLAW process parameter, i.e.
the distance between the electrode wire tip
and the laser beam axis (Fig. 2c and d), affect-
ing the size of the weld pool and the stability
of the process. If the above-named distance is
excessively long, the hybrid process turns into
the so-called combined process [4], where two
separate weld pools (Fig. 2d), not affecting each
other in a synergic manner, are formed.

The above-presented types of heads are of-
fered by companies manufacturing HLAW heads
and modules or complete
hybrid welding stations.
It is also possible to indi-
vidually build such heads,
(Fig. 4), particularly in cases
where standard laser weld-
ing heads have appropriate
fixing planes enabling the
mounting of an additional
module with a MmaG weld-
ing torch.
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Because of the possibility (particularly when
welding materials characterised by the low ab-
sorption of laser radiation) of the reflection of
laser radiation and its partial return to the op-
tical system of the head and optical fibre, it is
favourable if either the entire head-manipula-
tor system or the laser beam alone could be de-
flected from the perpendicular by a slight angle
(angle B according to Fig. 2e) so that reflected
radiation would not return to the optical system
damaging the optics of the head or the optical
fibre. When welding butt joints made of sheets/
plates having different thicknesses, it could also
be favourable to incline the entire beam-maG
torch system by a slight angle (angle y accord-
ing to Fig.2b) in relation to the joint axis.

Welding of T-Joints using the Laser
+MAG Method

T-joints are frequently welded using the maG
method. However, to ensure the appropriate
strength of joints, it is often necessary to make
multi-run fillet welds (Fig. 5a), the cross-section
of which could provide the required strength of
ajoint. The welding of T-joints is often connect-
ed with the bevelling of the edge of one of the
sheets/plates (1/2v or 1/2U joint) and the mak-
ing of multilayer butt welds (Fig. 5b).

The laser-only welding of T-joints with full
penetration (Fig. 5¢) requires the precise prepa-
ration of a joint with a gap close to zero and
entails a risk of the incompletely filled groove,
usually constituting an unacceptable structural
notch. The position of the laser beam excessively

— .,ﬁ

Fig. 4. Hybrid welds made at Instytut Spawalnictwa in Gliwice, based on standard
CO, laser welding heads (a) and YAG laser heads (b)
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close to perpendicular in Z

relation to the horizontal- \%@/ o %\‘ = Y
ly positioned sheet/plate \\O’% ok K _
might reduce the beam pow- ' ;
er, where part of the beam
affects the vertical sheet and
partially melts the above-
named sheet above the in- Fig. 5. Examples of T-joints made using various methods
terface (Fig. 5¢).

The HLAW method can be successfully used
when welding T-joints and enables the obtain-
ment of welds characterised by geometry and
shapes not available when using the compo-
nent processes of the method separately. The )
laser + mAG method enables the making of fil-
let welds with a significant and precisely ad-

justed penetration depth (Fig. 6b) as well as of  Fig. 6. Examples of fillet welds having various geometry:

unique, in terms Of Shapes and geometry) butt a) classical weld made using the MAG method,
b) fillet weld with deep penetration made using the
HLAW method; g, - effective thickness of the fillet weld

affecting the strength of a joint

welds in T-joints (Fig. 5d).

A simple method applied when making
T-joints using a standard
hybrid head and a manip- o
ulator enabling the move- & %
ment in one axis only is L
welding in the flat posi-
tion (Fig. 7). When welding
large-sized structures, the
above-named positioning
of joints constitutes an ad-
ditional operation requiring
the use of large-sized posi-
tioners enabling the precise
positioning of large-sized
structures (Fig. 8).

Depending on the thick-
ness of sheets/plates being
welded, laser power and the
MAG torch nozzle diameter,
when performing the sin-
gle-sided welding of joints
in the flat position it is pos-
sible to obtain single-layer =&
fillet welds with deep pene- =
tration (Fig. 9a) or butt welds : =54
(Fig. ob). When performing Fig. 8. Exemplary positioners used when welding large-sized structures
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the double-sided welding, it
is possible to obtain two-lay-
er butt welds (Fig. 9¢) or fil-
let welds (Fig. od).

If the manipulator, on
which the welding head is
mounted enables the pre-
cise inclination of the head
at a significant angle, one of

MAG torch

||p3
q3
d)

the T-joint sheets/plates can
be positioned horizontally
(Fig. 10a). The above-pre-
sented variant is simpler

Fig. 9. Exemplary butt joints made using the HLAW method: g1, g2, g3 - sheet/
plate thicknesses; ¢-

nozzle diameter; d — distance between the nozzle and the

sheet/plate edge; P1, P2, P3 - laser power

as regards the positioning
of a joint as it does not re-
quire the use of a special
positioner. In addition, the

above-named positioning
of elements also enables the
simultaneous double-sided

welding of joints in the hori-
zontal position (Fig. 10b)
making it possible to increase the process effi-
ciency, use a low power laser, simplify the mak-
ing of a structure and to reduce welding stresses
and strains in joints.

An angle at which the laser beam strikes the
sheet/plate surface determines the location of
penetration or of the weld in a melting material
(when welding both in the flat and horizontal
position). The direction and shape of penetra-
tion in the material in relation to various an-
gles at which the laser beam strikes the material
are presented in Figure 11. During maG weld-
ing, the shape of fillet and butt welds also de-
pends on the angle at which the welding torch
is positioned in relation to the joint.

Due to the foregoing, when adjusting vari-
ous angles of laser beam insertion in the mate-
rial and of welding torch inclination used when
performing maG welding (Fig. 12a), it is pos-
sible to obtain welds of unique geometry and
to make butt welds in T-joints having signifi-
cant thicknesses (even between ten and twen-
ty millimetres.
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Fig. 10. Schemes of the single-sided (a) and double-sided (b) welding of T-joints

performed using the HLAW method

Fig. 11. Position of the weld (in a T-joint) made using
laser only in relation to the laser beam angle of incidence;
partially melted vertical sheet/plate of the joint resulting
from the use of boundary angle y4

The performance of the above-named pro-
cess requires the use of a special head enabling
the positioning of the laser beam and of the MaG
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welding torch in various planes
(independent of each other) (Fig.
12a) or the modification of the
design of a standard hybrid head.
An example of the above-named
head developed by Instytut Spa-
walnictwa is presented in Figure
12b. If the size of a structure pre-
cludes the positioning of the joints
of the structure in the horizon-
tal position, the above-presented
HLAW method can also be used in
other positions (e.g. flat, horizon-
tal overhead, vertical up position

etc.). If the laser power is insuffi- Fig. 12. Laser + MAG welding of T-joints involving the use of various laser

cient to make a butt weld with full  beam and MAG torch angles of inclination in relation to the plane of the

interface of sheets/plates (a); design and positioning of the head when weld-
ing T-joints using the hybrid welding station at Instytut Spawalnictwa (b)

penetration in a T-joint, it is pos-
sible to perform the double-sid-
ed welding of a joint. The hybrid method can
be expertly combined with e.g. the MAG meth-
od, where both processes can be performed at
the same time (Fig. 13).

Exemplary macrostructures of T-joints made
using the HLAW method when welding T-joints
made of sheets having various thicknesses and
using various angles of the laser beam and maG

torch positioning in relation to the interface of  Fig. 13. Combination of the MAG and HLAW method
sheets/plates are presented in Figure 14. when welding T-joints

Fig. 14. Exemplary T-joints made using the HLAW method:
a) material: steel S960QL, thickness: 5 mm;
b), ¢) material: steel P265GH, thickness: 4 mm;
d, e, f) material: steel S960QL, thickness: 8 mm,
g) material: steel S960QL, thickness: 12 mm
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Summary and Concluding Remarks

1. Components available on the market such
as lasers, manipulators, robots and hybrid heads
make it possible to create various hybrid weld-
ing (laser + MmAG) stations used when welding
structures containing T-joints.

2. Depending on laser power, laser beam pa-
rameters, manipulator possibilities and the hy-
brid head design, there are various manners
in which the HLAW method can be used when
welding T-joints. T-joints can be joined us-
ing fillet welds with deep penetration or butt
welds replacing multi-run welds made using
the maG method. The welding of T-joints can
be performed in the flat or horizontal position
(pa and pB respectively); welds can be one or
two-sided.

3. When welding T-joints using butt welds,
without the scarfing of an edge of one of the
sheets, the optimum manner enabling the ob-
tainment of quality joints with full penetration
involves the setting of various properly adjusted
laser beam angles of incidence and MAG torch
angles of inclination in relation to the plane of
the interface between the sheets.

4. When welding T-joins, the replacement
of multi-run welds made using the MmAG meth-
od with single-run welds made using the HLAW
method simplifies the making of structures, sig-
nificantly increases process efficiency and re-
duces the consumption of filler metals.

The research work contains
selected results obtained during the
implementation of Project no. PBS3/
B5/31/2015, path B, financed by the
National Centre for Research and
Development.
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