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(57) Abrege/Abstract:
The Invention relates to a method for gas-shielded metal-arc welding, wherein an arc burns in a shielding-gas environment

between at least one workpiece to be welded and a consumable wire electrode (1) during the welding in order to produce a weld
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(57) Abrege(suite)/Abstract(continued):
along a welding path, which wire electrode Is fed continuously to the at least one workpiece. At the location of the start of the weld

to be produced, a non-consumable electrode (2) Is moved toward the at least one workpiece prior to the ignition of the arc between
the at least one workpiece and the wire electrode (1). An arc Is Ignited In a shielding-gas environment between the at least one
workpiece and the non-consumable electrode (2), by means of which arc the at least one workpiece is locally pre-heated at the
start of the weld to be produced. After the pre-heating process, the non-consumable electrode (2) Is pulled away from the at least
one workplece, and, after said non-consumable electrode (2) has been pulled away, the arc Is ignited between the at least one
workpiece and the wire electrode (1). The invention further relates to a torch head for performing the method.
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(57) Abstract: The mvention relates to a method for gas-
shielded metal-arc welding, wherein an arc burns n a
shielding-gas environment between at least one workpiece to
- be welded and a consumable wire electrode (1) during the
welding in order to produce a weld along a welding path,
which wire electrode 1s fed continuously to the at least one
workpiece. At the location of the start of the weld to be
produced, a non-consumable electrode (2) 1s moved toward
the at least one workpiece prior to the ignition of the arc
between the at least one workpiece and the wire electrode
(1). An arc is ignited in a shielding-gas environment
¢ between the at least one workpiece and the non-consumable
electrode (2), by means of which arc the at least one
workpiece 1s locally pre-heated at the start of the weld to be
produced. After the pre-heating process, the non-
consumable electrode (2) 1s pulled away from the at least
one workpiece, and, after said non-consumable electrode (2)
has been pulled away, the arc is ignited between the at least
one workpiece and the wire electrode (1). The mvention
further relates to a torch head for performing the method.
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(57) Zusammenfassung:
[Fortsetzung auf der nachsten Seite]
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—  vor Ablauf der fiir Anderungen der Anspriiche geltenden

Frist;  Veroffentlichung — wird  wiederholt,  falls
Anderungen eingehen (Regel 48 Absatz 2 Buchstabe h)

Die Erfindung betrifft ein Verfahren zum Metall-Schutzgas-Schweillen, beir welchem wahrend des Schweillens zur Erzeugung
einer Schweillnaht entlang emer Schweillbahn zwischen wenigstens einem zu schweillenden Werkstiick und einer insbesondere
kontinuierlich zu dem wenigstens einen Werkstiick zugefiihrten abschmelzenden Drahtelektrode (1) ein Lichtbogen i einer
Schutzgasumgebung brennt. Am Ort des Anfangs der zu erzeugenden Schweilinaht wird zeitlich vor dem Ziinden des Lichtbogens
zwischen dem wenigstens einen Werkstiick und der Drahtelektrode (1) eine nicht abschmelzende Elektrode (2) autf das wenigstens
eine Werkstiick zu bewegt. Zwischen dem wenigstens einen Werkstiick und der nicht abschmelzenden Elektrode (2) wird in einer
Schutzgasumgebung ein Lichtbogen geziindet, mit dem das wenigstens eine Werkstiick lokal am Anfang der zu erzeugenden
Schweillnaht vorgewarmt wird. Nach dem Vorwiarmen wird die nicht abschmelzende Elektrode (2) von dem wenigstens einen
Werkstiick weggezogen und nach dem Wegzichen der nicht abschmelzenden Elektrode (2) der Lichtbogen zwischen dem
wenigstens einen Werkstiick und der Drahtelektrode (1) geziindet. Des weiteren betrifft die Erfindung einen Brennerkopf zur
Durchfithrung des Vertahrens.




10

15

20

25

CA 02940201 2016-08-19

METHOD AND APPARATUS FOR GAS METAL ARC WELDING

The invention relates to a method of gas metal arc
welding in which an electric arc burns in a shield gas layer during
the welding for production of a weld along a welding path between
at least one workpiece to be welded and a melting wire electrode
that is in particular continuously delivered to the at least one

workpiece. The invention alsoc relates to a torch head for gas

metal arc welding.

Gas metal arc welding, also abbreviated as GMAW welding,
is known in the prior art and has the advantages that the melting
metal of a wire electrode delivered in particular continuously to
the workpiece during welding and alsc the melting metal of at least
one workpiece to be welded is protected by a shield gas against the
oxidizing ambient atmosphere during the welding process.

In this case it is also known that for example inert
gases such as argon or helium can be used as a shield gas, the
welding method then being designated as MIG welding, or also that

as shield gas an active or reactive shield gas, such as for example

carbon dioxide or a mixture of carbon dioxide and argon is used,

which is then designated as MAG welding. The selection of the type

of shield gas is made substantially as a function of the material

of the at least one workpiece to be welded.

In these welding methods torches that have a wire feed
for the wire electrode to be melted are usually used, and in this
case the wire electrode to be melted is guided by a current contact

nozzle in order to apply the welding current to the wire electrode.
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The current contact nozzle itself is in a shield gas nozzle that 1is
usually of sleeve-like construction through which the selected
shield gas is guided past the current contact nozzle and the wire
electrode to the weld point, so that the local environment around
the generated electric arc is in a shield gas layer during welding.

The gas metal arc welding of this known type can be
carried out both with manual guiding of a torch and also automated
guiding of a torch, such that a weld following the welding path is
usually produced by movement of the torch along this welding path.

In the prior art it is known that in gas metal arc
welding in particular the starting end of the weld, which also
coincides in terms of time with the start of the welding process,
frequently has insufficient weld penetration and accordingly
constitutes an unsatisfactory connection between the at least one
workpiece to be welded and the metal material delivered by the wire
electrode or also between two workpieces to be connected to one
another.

In order to reduce this problem, in particular when a
torch is guided on a self-contained welding path, as is the case
for example when butt-welding pipe ends, attempts have been made to
reduce the problem of lack of weld penetration at the starting end
of the weld by an cverlap between the starting end of the weld and
the finish end of the weld. Investigations of the starting end of
the weld, for example by cut samples and microsections, have
however shown that such overlapping welding also does not

completely solve the problem of the lack of weld penetration in the
case of GMAW, in particular MAG welding.
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Furthermore it has also become known in the prior art for
a weld that has been produced by a GMAW welding method, that is to
say under inert gas or also active gas, to be melted again without
addition of a filler metal, specifically for example by passing
over the weld with an ignited electric arc that burns between the
at least one workpiece to be welded and a nonconsumable electrode.

Such a welding method, which 1s carried out with a
nonconsumable electrode, is for example the so-called TIG welding
method, in which a tungsten electrode is guided in a shield gas
layer consisting of inert gas after ignition of the electric arc
along the weld previously produced in the GMAW welding method.
This should remelt melting the MIG weld, in particular MAG weld
already produced previously and in this way should improve the weld
penetration and equalize the weld. However, such methods prove
complex and expensive because of the use of two different welding
methods.

Furthermore, from EP 1 583 359 describes a torch head for
gas metal arc welding that has a first torch for delivery of a
melting wire electrode and a second torch with a nonconsumable
stationary electrode where the two torches are mechanically
connected to one another, the electrocdes are in a common shield gas
nozzle that can be supplied with shield gas, and the directions of
the longitudinal extent of the electrodes intersect, in particular

at an acute angle.

According to this document such a combined torch head is
employed in order to produce a weld by simultanecusly carrying out

MIG and TIG welding processes, and this document says that TIG
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welding methods allow the MIG process to proceed, and thus during
the entire welding process for production of a weld first of all
the at least one workpiece is melted by the electric arc burning
between the at least one workpiece and the nonconsumable electrode
and then in the subsequent MIG welding method material from a
melting wire electrode is delivered tc the weld. Such a method
using this known combined torch head is expensive and technically
complex, since during the execution of a weld along a welding path
the two torches of the combined torch head are continuously in
cperation and in this case the two simultaneously existing electric
arcs can influence one another, so that here special provisions of
a technical nature must be made for reciprocal shielding of the
electric arcs.

The object of the invention is to improve a gas metal arc
welding method of the above-described type, as well as a torch head
with torches both for the delivery of a melting wire electrode and
also for holding a nonconsumable electrode, in such a way as to
overcome the problem of lack of weld penetration at the starting
end of a weld to be produced in a GMAW method, in particular a MAG
method.

In a development of the known method of gas metal arc
welding this object is attained according to the invention in that
at the location of the starting end of the weld to be produced,
chronologically before ignition of the electric arc between the at
least one workpiece and the melting wire electrode, first of all in
a preceding step a nonconsumable electrode is moved toward the at

least one workpiece, after which between the at least one workpiece
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and the nonconsumable electrode moved toward it, in a shield gas,
in particular inert shield gas, an electric arc is ignited by which
the at least one workpiece is preheated locally at the site where
the weld is to be produced, and, after preheating, the
nonconsumable electrode is removed from the at least one workpiece
and after the removal the electric arc 1is ignited between the at
least one workpiece and the melting wire electrode.

The essential core idea of the method according to the
invention is that, only at the location of the starting end of a
weld to be produced as a whole, which is produced along a welding
path, in particular also a self-contained welding path, in the gas
metal arc welding method that is to be carried out, first of all a
local preheating of the at least one workpiece is carried out
chronoclogically before ignition of the electric arc between the at
least one workpiece and the melting wire electrode, so that then
the gas metal arc welding method is carried out in an already
preheated region of the at least one workpiece, in particular of
two workpieces to be connected to one another.

In this case, in a preferred manner by comparison with
the previously described prior axt, at no time does a combined
superimposition of two different welding methods take place, in
particular no simultaneous existence of two electric arcs, as in
the prior art of MIG and TIG welding methods, but at any time only
one of these welding methods is carried out, and the
chronologically preceding welding with a nonconsumable electrode

under a shield gas atmosphere remains limited locally to the

starting end of the weld.
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Furthermore, in order tc carry out this method the
invention provides for the use of a torch head having both a first
torch for delivery of a melting wire electrode and a second torch
with a nonconsumable electrode, the constructive modification
according to the invention ensuring that the torch ¢of the
nonconsumable electrode has a drive that longitudinally displaces
the nonconsumable, in particular rod-like or needle-like electrode.

Thus there is not only the possibility of operating the
two torches with the different electrode units chronologically one
after the other, but also furthermore the possibility that the
nonconsumable electrode for carrying out a chronologically
subsequent MIG welding method along the weld to be produced is
completely removed from the local sphere of influence of the
electric arc between the melting wire electrode and the weld, since
with the apparatus according to the invention the nonconsumable
electrode can be advanced by the drive both toward the workpiece
and also retracted away from the workpiece into the torch, in
particular so that it is pulled completely ocutside the sphere of

influence of the subsequently produced electric arc of the other

toxrch.

Here preferably the nonconsumable electrode, such as for

example a tungsten electrode with a preferably pointed lower end,

can be moved to and fro by the drive between two end positions, for
which corresponding stops between which the nonconsumable electrode
is movable can be provided in the torch.

In this case according to the invention one of the end

positions, specifically the lower end position in which an electric
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arc is ignited on the nonconsumable electrode, is at the
intersection of the directions of the longitudinal extent of the
two electrodes, that is to say both the melting wire electrode and
also the nonconsumable electrode. This ensures that at the
starting end of the weld the nonconsumable electrode is set exactly
to the local position of the at least one workpiece to be welded at
which chronologically thereafter the gas metal arc welding method
then begins with the application of the melting wire electrode.

Ignition of the electric arc on the nonconsumable
electrode can take place by high-voltage pulses with a space
between the electrcde tip and the at least one workpiece or also by
contacting the at least one workpiece and subsequently retracting
the electrode. The retraction can be done by moving the entire
torch head or also only by moving the electrode for example by the
drive.

After preheating has taken place before ignition of the
electric arc on the melting wire electrode initially the
nonconsumable electrode is retracted by the drive of the workpiece,
in particular when the electric arc has already been extinguished
solely by the retraction, or also by simultaneous or prior
switching off of the current supply. Thus the electric arc on the
melting wire electrode always ignites only after extinguishing of
the electric arc on the nonconsumable electrode.

Furthermore, in this case, in the torch head according to
the invention, the torch of the nonconsumable electrode has a mouth
that is in the common shield gas nozzle and is closable, in

particular by a pivotal valve flap, and through which mouth the tip
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of the nonconsumable electrode extends during movement between the
end positions.

Thus for example according to the invention, during
movement into the lower position required for welding, the
nonconsumable electrode passes through the mouth and moves the
valve out of its closed position into an open position. If on the
other hand the nonconsumable electrode is retracted by the drive
unit, then the invention may provide, for example by spring-lcading
of the valve, that this valve automatically closes the mouth again
as soon as the tip with the nonconsumable electrocde has passed
through the mouth in the retraction direction.

Thus in this way it can be ensured that the mouth is
automatically closed in the retracted position of the nonconsumable
electrocde and thus this electrode 1is located completely outside the
sphere of influence of the electric arc when MIG welding is being
carried out, and thus for example also cannot be contaminated by
sprayed-out welding beads.

The drive specified here for movement of the

nonconsumable electrode can in principle be constructed in any way
whatsoever, for example powered by an electric motor, hydraulically
or pneumatically, where "pneumatically" may be understcod to mean
not necessarily using compressed air, but generally compressed gas,
in particular using at least the shield gas employed in the welding
processes. Such a drive is preferably in each case constructed as

a linear drive that linearly moves along the direction of extension

of the nonconsumable electrode.
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A particuvlarly preferred embodiment of the torch head
according to the invention may provide that the drive is
constructed as a c¢ylinder-piston assembly that in a further
preferred embodiment is operated by a gas, such as for example with
an inert shield gas, in particular an inert shield gas such as
argon or helium, which can also be used for carrying out the local
preheating at the starting end of the weld or also additiocnally for
carrying out the further welding with a melting wire electrode.

When such a cylinder-piston assembly is used according to
the invention the nonconsumable electrode is in a displaceable
piston of this cylinder-piston assembly, for example disposed
coaxially therein. A clamp, in particular by positive and or non-
positive engagement between the electrode and the piston, can be
provided here.

Thus by the application of pressure to the piston by the
gas, such as for example an inert gas, the piston and thus the
nonconsumable electrode can be moved.

In this case the invention may in principle provide that
the piston of this cylinder-piston assembly can for example be
reversibly acted on by with pressurized gas on two opposite piston
faces so that the direction of movement of the piston is produced
as a function of which piston face is currently subjected to the
greater pressure. Advancing or retracting the nonconsumable
electrode can then take place by mere reversal of the pressure.

An alternative embodiment can also provide here that the
piston can be switchably supplied with pressurized fluid only on

one piston face, for which purpose this piston face is in a piston
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chamber of the c¢ylinder that can be supplied with pressure, and in
the event of this application of pressure is displaced against a
restoring spring force. If the application of pressure is then
switched off and for example by valve actuation the piston chamber
is relieved of pressure, for example to the external surroundings,
then the piston and thus the nonconsumable electrode are turned by
the spring force that can be exerted for example by a compression
spring, and in this case in particular the nonconsumable electrode
is moved away from the workpiece into the torch.

In the above-described embodiments particularly
preferably the cylinder-piston assembly for driving the piston is
connected in such a way that it can be switched off or switched
over to an inert gas source, such as for example an argon or helium
compressed gas source, that simultaneously is also the common
shield gas tube or can be supplied with inert gas.

This ensures that even in the event of any leaks that are
provided for in the design or are unintentional, in the event of a
fault the entire torch head system is always only under the
influence of inert gas, and thus no oxidizing damage to the
nonconsumable electrode can coccur.

As a result, particularly preferably, by the same
compressed gas source the shield gas flushing with inert gas for
preheating the starting end of the weld is carried out in
accordance with the method according to the invention before the
beginning of the MIG welding.

A development of the method according to the invention

may provide that before ignition of the electric arc between the at

- 10 -
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least one workpiece and the nonconsumable electrode the wire
electrode is retracted away from the workpiece and then only after
this retraction of the nonconsumable electrode is advanced out of
the torch toward the at least one workpiece, and the electric arc
is ignited briefly, for example for less than 10 seconds, for local
pPreheating at the starting end of the welding path and, after
extinguishing this electric arc and in particular only after
retracting the nonconsumable electrode, the melting wire electrode
1s again delivered to the at least one workpiece.

i1t may be provided here that the retraction of the
melting wire electrode is carried out into the interior of the
current contact nozzle s¢ that also, while the preheating is
carried out with the nonconsumable electrode, the lower end of the
filler wire electrode is outside the electric arc and influences
associated therewith.

A development according to the invention may provide here
that, after locally preheating the starting end of the welding
path, a sensor provided in the torch head, preferably in the torch
of the melting wire electrode, determines the wire tip position in
order to obtain information from this as to how far the melting
wire electrode must be advanced for the beginning of the MIG
welding.

Even without such a sensor, according to the invention a
targeted advance can take place that is for example reduced in the
advancing speed tc the normal delivery speed during the MIG welding
as a function of the measured current, which increases dramatically

upon ignition of the electric arc.

- 11 -
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Furthermore, in a preferred embodiment the method
according to the invention may provide that ignition of the
electric arc is carried out between the at least one workpiece and
the melting wire electrode while a preheated region of the at least

cne workpiece 1s present at the location of the starting end of the

weld after the removal of the nonconsumable electrode.

It may be provided here that this time interval between
extinguishing of the electric arc on the nonconsumable electrode
and ignition of the electric arc on the melting wire electrode is
chosen to be in the range from 1/100 to 200/100 seconds. In a
preferred embodiment the time interval may be chosen so that the
local temperature of the workpiece at the starting end of the weld

does not fall below 400 °C.

Thus furthermore according to the invention it should

preferably be ensured that with the drive described in the

introduction a correspondingly quick retraction of the

nonceonsumable electrode from the welding position back into the
torch can take place, in particular so that the entire movement
between the two end;positions,.in particular during the retraction,
lasts for a shorter time than the above-described maximum time
interval between the extinguishing and ignition of the two

above-described electric arcs on the two different electrodes.

This ensures that recooling of the workpiece preheating

produced by the nonconsumable electrode and the electric arc
produced thereby is reliably avoided and thus the MIG welding
method always starts when it is certain that a preheated region

exists at the starting end of the seam to be produced,

- 12 -
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Furthermore the invention preferably provides that during
the entire method step according to the invention, with local
preheating produced at the starting end of the weld using an
electric arc on the nonconsumable electrode, the torch head
according to the invention is in a rest position relative to the at
least one workpiece, and thus accordingly a travelling movement of
a torch delivering the melting wire electrode, or in the event of
use of the torch head according to the invention traveling of this
entire torch head, only begins after extinguishing the electric arc
between the nonconsumable electrode and the at least one workpiece
and after starting of the electric arc between the melting wire
electrode and the at least one workpiece. In particular it may be
provided here that before the beginning of the travelling movement
a residence time is provided in which the starting end of the weld
is welded by infeed of the melting wire electrode.

In principle the method according to the invention can be
used with any welding path, and a preferred embodiment may provide
that the method according to the invention is implemented in
particular using the torch head according to the invention in self-
contained welding paths, since in this case a rationalization of
the welding and qualitative optimization can take place not only
through improvement of the weld penetration at the starting end of

the weld but also, when the method according to the invention is
used, an overlapping welding between the end of the finish weld and
the starting end of the weld can be omitted.

Thus the welding method according to the invention, in

particular using the torch head according to the invention, can for

- 13 -
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example preferably be used for butt-welding pipe ends both
internally and also externally, and provision may be made for
producing a weld internally by the method according to the
invention and for providing a plurality of superimposed welds
externally, where at least one, in particular the lowest, but
preferably all of the weld layers can be implemented by the method
according to the invention.

In particular with this butt-welding along a pipe surface
both internal and also external, provision may be made to provide
the pipe ends with chamfers internally and externally before they
are butted against one another, where the inner chamfer may be
smaller than the outer chamfer, so that an annular contact zone of
the abutting pipe stubs or the end faces is displaced radially
inward over the center of the pipe wall thickness. Thus for
subsequently contacting the smaller internal chamfer of the
abutting pipe ends can form a V-shaped groove that can be closed by
one single weld layer, and the deeper, external V-shaped channel
can be closed by a plurality of, in particular at least two weld
layers.

In a preferred development of the torch head, according
te which the torch head has a first gas connection, in particular
for delivery of an inert gas, and a second gas connection, in
particular for delivery of an active gas, and also has a
controllable valve apparatus by means of which the first or the
second gas connection can be connected alternatively to the shield
gas nozzle, when the method according to the invention is carried

out preferably the duration of the electric arc between the
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nonconsumable electrode and the at least one workpiece flushing of
the starting end of the weld is carried out through the shield gas
nozzle with inert shield gas, such as for example argon or helium,
and for the duration of the electric arc between the melting wire
electrode and the at least one workpiece flushing is carried out
with active shield gas, in particular carbon dioxide or a mixture
of carbon dioxide and argon, in particular when the gas supply into
the common shield gas nozzle after extinguishing of the electric
arc between the nonconsumable electrode and the at least one
workpiece is switched from inert to active shield gas.

Thus welding along the welding path can be carried ocut as
a MAG welding method, although the local preheating at the starting
end of the weld has been handled under the influence of inert gas,
for example as a TIG welding method.

A torch head according to the invention that can be used
for carrying out the method according to the invention, but that is
not limited in its application exclusively to carrying out this
method, is explained in greater detail with reference tc the sole
figure and described further below.

This figure shows a torch head 6 of the type according to
the invention that as shown the drawing has a torch 3 on the left
side provided for MIG welding. The lower end of this torch 3 has a
current contact nozzle 3a having a bore through which a melting
wire electrode 1 can be fed to this nozzle 3a while in current
contact.

A torch 7 that has a nonconsumable electrode, for example

a tungsten electrode 2, extends at an angle to the travel path of

~ 15 =



10

15

<0

25

CA 02940201 2016-08-19

the wire electrode 1. This electrode 2, which here is a rod, is
displaceable by a drive 8 in the torch, in particular displaceable
between two end positions that define the respective end positions
of the displacement path. The direction of displacement is here
along the center line of the nonconsumable electrode 2 and thus at
the same previously mentioned angle a to the feed direction of the
wire electrode 1. This angle & is preferably an acute angle
smaller than 45°.

With the embodiment of the torch head according to the
invention the tip 2a of the nonconsumable electrode 2 in the lower
end position is preferably located exactly at the intersection 4 of
the two feed directions of the wire electrode and the nonconsumable
electrode.

In this embodiment the drive 8 is formed by a cylinder-
piston assembly that is operated by a compressed gas, in particular
a compressed inert gas, and in which a piston 8a is displaceable
within the cylinder 8c. The embodiment described here makes it
clear that in the annular space 8 the back piston face 8b is
subjected to force by an application of pressure by the gas, in
particular the inert gas such as argon or helium, and is
displaceable toward the workpiece against a restoring force of a
spring 11 acting on an opposite front piston face.

If the application of pressure to the annular space 8d is
switched off, for example by closing a valve and relieving pressure

from the annular space inte the surroundings, then the piston 8a,

which here holds the nonconsumable electrode coaxially, is

retracted into a retracted position.
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In this case the nonconsumable electrode 2 can be held in
the piston 8a for example by a collet.

FIG. 1 also makes it clear that in the illustrated
position the lower tip of the nonconsumable electrode 2 has passed
through a mouth 10 of the torch 7 and in this case has displaced a
valve 9 into an open position. Here the invention provides that
the valve 9 has a spring biasing it into a closed position in which
the valve 9 here simultaneously is engaged with the electrode 2.
Accordingly retraction of the nonconsumable electrode 2 through the
mouth 10 back into the torch automatically closes the valve 9 and
thus the electrode tip Z2a of the nonconsumable electrode 2 is
located cutside any influence by an electric arc or a welding
process of the torch 3.

The invention can provide in principle that for
displacement of the piston the cylinder-piston assembly can be
operated by any gas, in an alternative embodiment alsc by a liquid.
Furthermore, in the event of operation by a gas, it is preferably
provided that the inert gas is used as working fluid and is
simultaneously also used for flushing the pressure head through the
common shield gas nozzle 5 while the preheating is carried out
before the beginning of a GMAW welding method with the melting wire
1.

Although not shown, the invention may provide that the
torch head has gas feeds both for an inert gas such as argon or
helium and also for an active gas such as for example carbon

dioxide or a mixture of carbon dioxide and argon, and a switching
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valve can supply the interior of the shield gas nozzle 5 with the
gas from one or the other of the two gas supplies.

Accordingly it is possible to carry out the local
preheating at the starting end of a weld using the nonconsumable
electrode while flushing with inert gas, and then after
extinquishing the electric arc¢ from this nonconsumable electrode
the gas supply of the shield gas nozzle 5 is switched over from
inert gas to an active gas, such as carbon dioxide or a mixture of
carbon dioxide and argon from the other gas feed.

Thus the subsequent shield-gas welding method can be
carried out for example under active gas as a MAG welding method.
While retaining the shield gas flushing with inert gas, on the
other hand, the subsequent GMAW welding method is carried out as
MIGC welding.

Thus it can be seen that with a torch head according to
FIG. 1, both welding methods can be carried ocut with the one torch
3 and alsc with the other torch 7 chronoclogically one after the
other, in particular for carrying out the method according to the

invention, and welding, in particular local preheating, is carried

out by the torch 7 only at the starting end of a weld and
chronologically before the GMARWR welding process.
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Clainms

1 A method ¢of gas metal arc welding, in which method an
electric arc burns in a shield gas environment during the welding
for production of a weld along a welding path between at least ocne
workpiece to be welded and a melting wire electrode (1) that is in
particular continuously delivered to the at least one workpiece,
characterized in that

a) at the location of the starting end of the weld to be
produced, chronologically before ignition of the electric arc
between the at least one workpiece and the wire electrode (l) a
nonconsumable electrode (2) is moved toward the at least one
workpiece,

b) between the at least one workpiece and the
nonconsumable electrode (2), in a shield gas environment an
electric arc is ignited by which the at least one workpiece is
preheated locally at the starting end of the weld to be produced,

c) after the preheating the nonconsumable electrode (2)
is removed from the at least one workpiece, and

d) after the removal of the nonconsumable electrode (2)

the electric arc is ignited between the at least one workpiece and

the wire electrode {1).

2. The method according to claim 1, characterized in

that preheating is carried out according to at least one of the

following steps:
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a) the preheating 1s carried out up to a temperature

below the transformation temperature of the structure of the at

least one workpiece,

b) the preheating is carried out up to a temperature
below the melting temperature of the at least one workpiece and

above a temperature from which a transformation of the structure of

the at least one workpiece is carried out, or

c) the preheating is carried out up to and beyond a

temperature above which the at least one workpiece melts.

3. The method according to claim 2, characterized in
that ignition of the electric arc between the at least one
workpiece and the wire electrode (1) is carried out according to
one of the following alternatives:

a) within n/100 seconds after extinguishing of the
electric arc on the nonconsumable electrode with n<100, preferably
n<lg,

b) at a time when the at least one workpiece has reached

a temperature below the transformation temperature,
c) at a time at which a melt of the at least one

workpiece is still present at the location of the starting end of

the weld.

4. The method according to one of the preceding claims,
characterized in that a travelling movement in the welding
direction of a torch (3) delivering the melting wire electrode (1)
only begins after extinguishing the electric arc between the

nonconsumable electrode (2) and the at least one workpiece and
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after starting of the electric arc between the melting wire

electrode (1) and the at least one workpiece.

S. The method according to one of the preceding claims,
characterized in that, before ignition of the electric arc between
the at least one workpiece and the nonconsumable electrode (2), the
wire electrode (1) is retracted and is delivered again to the at

least one workpiece after extingquishing of this electric arc.

6. The method according to one of the preceding claims,
characterized in that the melting wire electrode (1) and the
nonconsumable electrode (2) are fed on paths that intersect at an
angle (a), in particular an acute angle (a), in particular wherein
the intersection (4} of the two routing paths is located

a) within the material thickness of the at least ocne
workpiece to be welded or

D) exactly in the surface plane or

c) above the surface plane of the at least one workpiece

to be welded.

7. The method according to one of the preceding claims,
characterized in that the melting wire electrode {l) and the

nonconsumable electrode (2) are moved within a common shield gas

nozzle (5) that is flushed with shield gas.

8. The method according to claim 7, characterized in
that, for the duration of the electric arc between the

nonconsumable electrode (2) and the at least one workpiece,
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flushing of the starting end of the weld is carried out through the
shield gas nozzle {5) with inert shield gas, in particular argon or
helium, and for the duration of the electric arc between the
melting wire electrode and the at least one workpiece flushing is
carried out with active shield gas, in particular carbon dioxide or
a mixture of carbon dioxide and argon, 1in particular with the gas
supply into the common shield gas nozzle (5) after extinguishing of
the electric arc between the nonconsumable electrode and the at

least one workpisce being switched over from inert to active shield

gas .

9. A torch head (6) for gas metal arc welding comprising
a first torch for delivery of a melting wire electrode (1) and a
second torch (7) with a nonconsumable electrode (2), the two
torches (3, 7} being mechanically connected to one another, the
electrodes (1, 2) being disposed in a common shield gas nozzle (5)
that can be supplied with shield gas and the directions of the
longitudinal extent of the electrodes intersecting, in particular
at an acute angle (a), characterized in that the torch {7) of the

nonconsumable electrode has a drive (8) that displaces the

nonconsumable electrede (2) longitudinally.

10. The torch head according to ¢laim 9, characterized
in that the nonconsumable electrode (2), in particular a tungsten
electrode (2), can be moved to and fro by the drive (8) between two
end positions, in particular wherein in one of the end positions

the tip (2a} of the nonconsumable electrode (2) is at the
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intersection (4) of the directions of the longitudinal extents of

the two electrodes (1, 2).

11. The torch head according to one of the preceding
claims 9 or 10, characterized in that the torch (7)) of the .
nonconsumable electrode (2) has a mouth (10) in the common shield
gas nozzle (5) and closable, in particular by a pivotable valve
(%), and through which the tip (2a) of the nonconsumable electrode
is passed during movement between the end positions, in particular
wherein in one of the end positions the mouth (10) is closed
automatically by application of an actuating force to the valve

(9) .

12. The torch head according to one of the preceding
claims 9 to 11, characterized in that the drive (8} is constructed
as

a) a cylinder-piston assembly operated by an in
particular gas and the nonconsumable electrode (2), is preferably
coaxially in a displaceable piston (Ba) or

b) an electromagnetic lifting drive, in particular where
the nonconsumable electrode is in a magnetic or magnetizable
element that is movable in an electromagnetic, in particular

reversible field.

13. The torch head according to claim 12, characterized
in that the piston (8a)
a) can be reversibly supplied with pressurized fluid on

two piston faces that are opposite one another, or
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b} can be controlledly supplied with pressurized fluid on

a piston face (8b) against a restoring spring force (11).

14. The torch head according to claim 12 or 13,
characterized in that the cylinder-piston assembly (8) for driving
the piston (8a) 1is connected such that it can be switched off or
switched over tc an inert gas source by which simultaneously the

common shield gas nozzle (5) is or can be supplied with inert gas.

15. The torch head according to one of the preceding
claims 9 to 14. characterized in that the torch (3) of the melting
wire electrode (1) has a sensor for determining the wire tip

position, in particular after retraction of the wire electrode (1).

16. The torch head according to one of the preceding
claims 9 to 15, characterized in that the torch head has a first
gas connection, in particular for delivery of an inert gas, and a
second gas connection, in particular for delivery of an active gas,
and also has a controllable valve that can connect the first or the

second gas connection to the shield gas nozzle (5).
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