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Abstract
The presented work deals with the development of a novel TIG hot-wire process for the additive manufacturing of metallic
components, which, in contrast to previous arc processes, enables a significant increase in melting performance with simulta-
neously reduced heat input. This is achieved by means of an upstream resistance heating of the wire between two contact points
within the hot wire feeding system. The torch, hot wire feeder and gas nozzle are designed in such a way that a constant bead
geometry can be guaranteed regardless of the machining direction. On the one hand, this can improve the dimensional accuracy;
on the other hand, an increase in productivity is achieved through a significant reduction of process times. Essential parts of the
work include the simulation-supported development of the processing system, the design and implementation of an innovative
process control system and the testing of the new technology.

Keywords WAAM .GTAW . TIG . Hotwire . SPH

1 Introduction

The increasing digitalization of industrial value chains requires
the development of new, intelligent manufacturing technolo-
gies that are not only characterised by a high degree of auto-
mation but are also capable of producing a wide range of
complex component geometries in small quantities at low pro-
duction costs. The demands for highly flexible, competitive
small-series production can not be met sufficiently to a limited
extent by conventional primary shaping, forming and cutting
production processes, so that the development of additive pro-
duction technologies is focused. They represent a complemen-
tary technology to existing, conventional processes and offer
the user completely new possibilities with regard to geometric
design. Additive manufacturing technologies are based on the
use of a CAD/CAM environment that enables computer-aided
component modelling and design to be increasingly networked

with component production. The layered production of parts
and components, using additive manufacturing technologies,
allows the realisation of resource-efficient, sustainable produc-
tion through the consistent utilisation of the function-integrated
lightweight construction potential (e.g. internal cooling chan-
nels, multi-material design) [1]. At the present, the majority of
additive manufacturing technologies are based on the use of a
wire or powdered filler material that is melted by laser, electron
beam or arc processes [2–4], whereby the energy source is
moved over the substrate by a robot or a CNC system accord-
ing to the specified component geometry [5]. While beam-
based additive manufacturing processes are particularly suit-
able for the production of highly complex components with
small sizes [3, 4], arc-based processes are primarily suitable for
the production of large-volume components with moderate
complexity [2, 6]. The melting rates of arc processes exceed
those of beam-based processes by many times, so that a very
high productivity can be achieved. At the same time, the in-
vestment, operating andmaintenance costs of arc processes are
only a fraction of those of beam-based processes, being the
reason why arc-based processes are particularly suitable for
applications in small and medium-sized companies [2].
Despite the numerous advantages, additive arc processes are
not widespread in mass production so far, since the require-
ments for geometric dimensional accuracy and material prop-
erties (prevention of Widmannstätten structure) cannot be
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sufficiently met [7]. The reason for this is the high local heat
input that is typical for welding processes. On one hand, this
leads to a change in the microstructure. On the other hand,
there is a locally uneven expansion and contraction of the
metallic material. As a result thermally induced stresses are
introduced into the component during the production process
[8, 9]. These internal stresses cause distortion, so that the de-
sired dimensional tolerances cannot be achieved. Martina et al.
[10, 11] show the integration of mechanical rollers as a possi-
ble way for compensating residual stresses and distortion.

The limitation of the introduced heat and thus the influenc-
ing of the component properties using arc processes for addi-
tive manufacturing can be realised in different ways.
Depending on the arc type, GMAW processes introduce rela-
tively much heat into the workpiece due to the coupling of
energy and filler material supply. At the same time, the filler
material is fed coaxially and is therefore evenly molten
through the arc. To limit heat input and thus the penetration,
GMAW processes with modified short arcs (e.g. ColdArc or
CMT) are mainly used in additive production [12–17].
However, the resulting process-related melting rates are limit-
ed. In contrast, GMAW welding processes with pulsed, spray
or rotating arc have high melting rates [18], but the higher
local heating of the components has a pronounced influence
on the microstructure as well as the formation of residual
stresses and distortion. This often means that the mechanic
and geometric requirements cannot be met [19]. The resulting
long cooling times between the individual layers, which must
be observed in order to prevent the components from collaps-
ing due to excessive heating, also lead to a significant reduc-
tion of economic efficiency caused by very long process times
[20].

Compared to GMAWprocesses, GTAWhot wire processes
are characterised by a separate supply of energy and filler
material. Therefore, it is possible to control the heat input
better [21]. This makes it possible to ignite the arc indepen-
dently of the filler material supply by means of high-
frequency or drawn arc ignition, which facilitates a stable,
spatter-free starting process. TIG hot wire processes are main-
ly used in the additive production of highly reactive materials
such as high-alloyed steels as well as titanium and nickel-
based alloys [22–30]. However, a striking disadvantage of
processes with a non-melting electrode is that the torch
is set vertically with a lateral hot wire feeding system.
Consequently, there is no rotationally symmetrical supply of
the wire material. Therefore, a constant adjustment of the hot
wire feed to the torch travel direction is necessary.

The varying geometry of the welding bead depends pri-
marily on the feeding angle of the hot wire and the entry
position of the wire into arc and weld pool (leading, trailing)
[31]. Up to now, it is possible to realise hot wire entry angles
of approximately 50° without inclination of the welding torch
[32]. If more than one hot wire is used, it must be assumed

that the melt pool is asymmetrical [33–36]. Variation of the
weld pool geometry also influences the seam scales and thus
the surface roughness [37]. In the production of rotationally
symmetric components, the problem of missing direction in-
dependence can be solved by using turn-tilt tables [26, 27,
29]. TIG hot wire processes have not yet reached the produc-
tivity of GMAW high-performance processes of more than
8 kg/h [18, 38, 39]. The reduction of the mean melt pool
temperature cannot be compensated by the joule heating
due to the short preheating distance between the hot wire
nozzle and the melt pool, resulting in binding defects. As a
result, only small wire diameters and feeding rates can be
achieved [40], resulting in low melting rates compared to
other arc processes [18]. An increase of the melt pool tem-
perature can be achieved by plasma processes, which are
characterised by a significantly more concentrated heat input
[41, 42]. Based on these findings, high-performance TIG hot
wire processes have already been developed with the aim of
increasing melting performance and welding speed.
Shinozaki et al. [43–46] and Hori et al. [47] have shown that,
depending on the wire material, wire feeding rates up to
approx. 9 m/min are possible by pulsing the hot wire current.
Santangelo’s [48] and Henon’s [38] investigations also show
that drop separation and melting performance can be im-
proved by additional mechanical oscillation of the hot wire.
A further increase in the melting rate can be achieved by
using two hot wire sources. Depending on the current inten-
sity, the melting rate can almost be doubled [49]. Recent
developments also show that it is possible to significantly
increase the melting rate and thus also the welding speed by
using two-cathode torches in combination with one or two
hot wire feeders [50]. Chen’s publication [51] shows that an
increase in hot wire feed and thus in melting rate can be
achieved by connecting the hot wire source directly to the
TIG torch so that the arc attaches the hot wire. Therefore,
decoupling of heat input and filler material supply is
achieved. For materials with low electrical resistance, a wire
preheating by an additional arc was also developed [52].

2 Development goals

Within the scope of the presented work, a novel GTAW hot-
wire system for wire-based additive manufacturing was devel-
oped, tested and evaluated, which is characterised by a high
productivity as well as a direction independence at automated
traversing devices to guarantee a constant bead geometry. The
system allows the decoupling of melting rate and heat input
through the application of a preceding preheating unit.
Therefore, no contact between the wire and the melt pool is
required so that the process window can be enlarged signifi-
cantly. Furthermore, the process stability is increased since the
arc is not deflected by the hot wire feeding. Consequently, the
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penetration of the base material is lower compared to conven-
tional hot wire process. Additionally, small contact angles can
be realised to avoid faulty connections between the individual
beads.

2.1 Realisation of torch and controlling system

The presented torch system includes a TIG hot wire supply
and a new type of process control. It consists of a TIG
torch and a preheating unit, which are built into a common
gas nozzle, whereby very large hot wire feeding angles of
up to 70°, without an inclination of the TIG torch, can be
achieved (see Fig. 1b). Therefore, a rotationally symmetri-
cal heat input is guaranteed. TIG torch and hot wire feed-
ing system have been designed in such a way that they are
characterised by a high cooling performance and a very
slim shaft, whereby the wire feeding angle can be in-
creased significantly. The TIG torch has a shaft diameter
of 15 mm, whereas the hot wire system has a diameter of
20 mm. The demonstrator has been designed in such a way
that it is also possible to vary the entry position of the hot
wire into the melting pool. Furthermore, the shielding gas
flow can be influenced by installing different gas nozzles.
The process is characterised by indirect resistive heating of

the hot wire (see Fig. 1b). For this purpose, two consecu-
tive contact points have been provided within the hot wire
feeding system in order to realise an adaptable preheating
current. The process is controlled by a software, which
allows the adjustment of the TIG current and the hot wire
current depending on the position of the welding torch on
the workpiece. In addition, a further circuit for a joule
preheating can be integrated between the workpiece-side
contact nozzle and the substrate. The heat input into the
component can be controlled independently of the selected
melting rate due to the individually adjustable circuits of
the TIG torch and hot wire preheating. It is also possible to
vary the preheating length inside the hot wire system. The
complete automation of the presented TIG hot wire process
enables the realisation of a spatter-free ignition process.

2.2 Methodical approach

In order to prove the suitability and the potential of the devel-
oped TIG hot wire system, comparative investigations were
carried out with a cathode-focused GTAW hot wire high-
performance process. The test arrangement implemented for
this purpose can be seen in Fig. 1a.

Fig. 1 (a) cathode focussed
GTAW hot wire welding (b) TIG
hot wire welding with indirect
ohmic preheating

Fig. 2 Electrical conductivity as function of the temperature [55] Fig. 3 Applied model geometry
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The following evaluation criteria were considered for the
validation of the novel TIG hot wire process:

& Determination and comparison of the productivity of both
technologies by determining the maximum wire feeding
rates

& Checking the direction independence by measuring the
bead geometry using 3D digital microscopy when moving
the torch system in different directions, with constant po-
sition of the hot wire feeding

& Determination of the penetration and the contact angle by
metallographic examinations

The following materials and geometrical relations were ap-
plied for the investigations:

& Base material: mild steel (S235JR)
& Filler wire material: mild steel (G3Si1)
& Filler wire diameter: 1.2 mm
& Travel speed: 0.3 m/ min
& Arc length: 6 mm

Within the scope of the study, the influence of the follow-
ing process parameters was examined to analyse and compare
the process behaviour of the developed hot wire technology
with conventional hot wire processes:

& TIG current
& Wire feeding rate
& Hot wire current

1 Preliminary studies of cathode-focussed GTAW hot wire
welding using SPH method

For the further enlargement of the process boundaries of
hot wire processes, the modes of failure have to be under-
stood. In order to get an insight into the process and its behav-
iour, a numerical model of a cathode focussed hot wire pro-
cess was developed. The model is based on the Smoothed
Particle Hydrodynamics (SPH) method [53] - a lagrangian,
particle based approximation for conservation equations.

The influence of the arc on the base material is approximat-
ed by imposing boundary conditions on the surface using the
measured arc pressure and heat input as well as an approxi-
mated arc shear force on the weld pool surface [54]. The
mathematical description of the model, including boundary
conditions, has been described in detail in [54]. The model
takes the weld pool flow into account including the surface
tension, the Marangoni convection, the arc properties on the
workpiece as well as the gravity [54]. The heat transfer con-
siders the arc heat input, convection and thermal diffusion, the
black body radiation as well as the hot wire heat input [54].
The heat input due to the hot wire current is taken into account
in the solid hot wire only. As the wire diameter d is known, the

current density j
!

in the wire can be calculated analytically.

j
!¼ π

4
d2 ð1Þ

The volumetric specific heat input Sq is calculated using
Ohm’s law with the temperature dependent electric conduc-
tivity σ (see Fig. 2) of the filler wire material:

Sq ¼ j
!2

σ
ð2Þ

Figure 3 shows the applied model geometry.
The process starts at the start point and moves to the end

point with a travel speed of 0.3 m/min. The total hot wire

v W
 

ni
m/

m
5

=
v W

ni
m/

m
7

=

Fig. 4 Temperature distribution during cathode focussed GTAW hot wire
welding

1332 Weld World (2020) 64:1329–1340



speed results from the wire feeding rate in addition with the
travel speed. For the calculation wire feeding rates of 5 m/min
and 7 m/min were assumed, and a hot wire angle of 30° was
realised. The calculation is based on the application of a cath-
ode focussed GTAW process with a TIG current of 250 A and
a hot wire current of 150 A.

Figure 4 shows the weld pool with the temperature distri-
bution and the solid material for the two calculated wire feed-
ing rates. In both cases, the position, at which the filler wire is
molten, is located several millimetres behind the arc process.
Using a wire feeding rate of 5 m/min, the wire melts on the
weld pool surface. If the wire feeding rate is increased to 7 m/
min, the wire is pushed into the weld pool and is molten
inside. Therefore, it becomes obvious that high wire feeding
rates require a melting position of the wire which is closer to
the arc axis and thus contributes to a more direction indepen-
dent process behaviour.

In Fig. 4, it can be seen that the weld pool is cooled down
using high wire feeding rates due to the high amount of rela-
tively cold filler material. This leads to smaller weld pool
dimensions on the top of the solidified welding seam. In this

case, the filler wire converges on the solidified welding seam,
so that the possibility of a contact between wire and solid
material is increased. In a real process, this would lead to a
deflection or stop of the wire feed and thus irregularities can
occur. It is worth mentioning that the contact of wire and solid
material does not happen in the calculated case in the process
area but near the melting position of the filler wire inside the
weld pool. Consequently, a larger filler wire angle can im-
prove the coaxial material transfer leading to fewer defects.

2.3 Experimental investigations using
cathode-focussed GTAW hot wire welding

First, a process parameter study was carried out in which
100 mm long weld beads with leading hot wire feed arrange-
ment were realised onto a flat sheet using a cathode focussed
GTAW hot wire process. Subsequently, the beads were sub-
jected to a 3D microscopic analysis, and the influence of the
process parameters on the bead geometry was investigated.
Figure 5 shows the bead width and height as function of the
TIG current and the wire feeding rate at a hot wire current of

 

ITIG = 250 A, vW = 3,5 m/min, IHW = 150 A ITIG = 250 A, vW = 6,0 m/min, IHW = 150 A ITIG = 400 A, vW = 8,0 m/min, IHW = 150 A
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Fig. 5 Bead geometry as a function of wire feeding rate and TIG current as well as process behaviour during cathode focussed GTAW hot wire welding
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150 A and hot wire stickout of 20 mm. The hot wire voltage
was approx. 2.0 V, resulting in a hot wire power of about
300 W. It becomes clear that an increase of the wire feeding
rate with constant TIG current leads to a decrease of the bead
width with simultaneous increase of the bead height. These
results correlate with existing knowledge of [39, 56, 57]. A
possible explanation for this behaviour could be the higher
cooling of the weld pool by the filler wire at high wire feeding
rates. Due to the ohmic preheating, the filler wire has in fact a
significantly higher temperature than in cold wire processes
but is still significantly lower than the temperature of the
existing melt pool. If the wire feeding rate is increased, more
cold additional material is introduced into the melt pool, lead-
ing to a reduced mean temperature of the molten metal. As a
result, there is an increase in viscosity and surface tension so
that the molten material can no longer run in width but builds
up in height. This results in welds with a large contact angle on
the weld flanks, which are not suitable for the additive
manufacturing of metallic components, as on the one hand
the risk of binding defects increases. On the other hand, more
beads must be realised within a layer due to the smaller bead

width. In order to be able to produce flat and wide beads, the
mean temperature of the melt pool must be increased directly
by increasing the TIG current or indirectly by raising the hot
wire temperature. In addition to increasing the hot wire cur-
rent, high hot wire temperatures can also be achieved by
realising a larger preheating section. However, since the
preheating length correlates with the available free wire
length, an increase of the preheating length leads to a reduc-
tion in process stability. Increasing the hot wire current is
therefore the best way of increasing the hot wire temperature
and reducing the temperature difference between the filler
wire and the molten pool. However, this can lead to so much
heat being introduced into the hot wire through the arc that the
wire is molten before the melt pool is reached, thus breaking
up the desired melting bridge. As a result, the reproducibility
of the hot wire process is also significantly reduced.

Figure 5 shows the material transfer and the bead geometry
achieved using 3 selected parameters. Particularly in the lower
performance range, a significant constriction of the melting
bridge can be recognised, since a high heat input into the filler
wire occurs through the ohmic preheating and the arc process.
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If the heat input is further increased by adjusting the process
parameters at the same wire feeding rate, the melting bridge
breaks off and an irregular, material transfer appears. One way
to prevent premature dripping of the hot wire is to increase the
feed angle of the hot wire. However, the investigations of Wu
show that depending on the available installation space
through the application of the TIG torch and inert gas nozzle,
the angle of the hot wire feeder can only be varied to a limited
extent [32]. Accordingly, in the development of the hot wire
system with indirect ohmic preheating, the hot wire feeding
unit was integrated into the shielding gas nozzle.

Another way to increase the temperature of the molten pool
is to increase the TIG current. This intensifies the transport of
charged particles via the arc, whereby more energy is intro-
duced into the component. However, this causes problems
with dimensional accuracy and achieving defined
mechanical-technological properties. On one hand, the higher
heat input supports the development of residual stresses and
distortion. On the other hand, a pronounced coarse grain

growth occurs as the process proceeds, leading to differences
in strength within the component, depending on the structure
height [17]. As a result, longer resting times must be integrat-
ed into the build-up process in order to consider temperature-
time regimes, which finally reduce economic efficiency. In
addition to the relationship between process parameters and
bead geometry, the direction independence was also investi-
gated. For this purpose, welds in form of a square were
realised in order to achieve different feeding directions of
the hot wire under quasi-stationary conditions. Subsequently,
the bead geometry was measured using 3D digital microscopy
and evaluated as function of the direction of travel. Based on
this, metallographic investigations were carried out to deter-
mine the penetration and contact angle. The aim was to
achieve a low penetration, to produce a low degree of melting
and to obtain low contact angles to avoid undercuts.

As shown in Fig. 6, it becomes clear that by using the select-
ed parameter sets with low and high wire feeding rates, it is
possible to produce a smooth bead surface regardless of the
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direction of travel. In contrast, medium wire feeding rates with
90° offset of the wire feeding to the application direction lead to
the collapse of the process. Since only the wire feeding rate was
adjusted in the lower performance range, the cooling of the weld
pool by supplying more cold additional material led to a reduc-
tion of the weld pool dimensions. As a result, the wire was
molten the edge of the weld pool, resulting in irregularities. At
this point, a further increase of the TIG current is necessary to
produce a regular bead. Based on these results, metallographic
investigations were limited to samples produced with low and
high wire feeding rates (3.5 m/min and 8.0 m/min). Cross sec-
tions were made along the yellow marked planes (see Fig. 6),
and the penetration profiles as well as the contact angles were
determined. At low wire feeding rates, a uniform penetration
depth can be determined regardless of the direction of applica-
tion (see Fig. 7). In contrast, a clear influence of the traverse
direction on the penetration can be seen at high wire feeding
rates despite the TIG current was increased significantly. If the
travel and wire entry axis match, a very deep and uneven pen-
etration can be detected. If the traversing axis and wire axis are
offset by 90°, a uniform, flat penetration profile is achieved. A
possible explanation for this behaviour could be the fact that the

wire does not immerse as much into the melt pool since the
molten material is moved to the side by the higher arc pressure.
Through the high wire feeding rate, the wire hits the bottom of
the melt pool, so that the wire feed stalls for a short time and can
thus be melted off. When the wire is fed from the side, the
distance of the wire inside the melt pool is larger, so that melting
is possible before the wire hits the bottom of the melt pool. If
high wire feeding rates are aspired, the TIG current must be
increased further to produce a uniform penetration profile to
guarantee direction independence. However, this means that
the requirements for a low heat input into the base material
cannot be met adequately. In contrast to penetration, small con-
tact angles in the range of approx. 50° to approx. 65° can be
achieved so that a reliable bonding is possible duringmulti-layer
deposition. This is primarily caused by the comparatively high
heat input through the TIG process.

2.4 Experimental investigations using TIG hot wire
welding with indirect ohmic preheating

To estimate the potential of the developed TIG hot wire tech-
nology, parameter studies were carried out to determine the

Fig. 8 Bead geometry as a function of the TIG current, hot wire current and wire feeding rate as well as external appearance of the produced seams with
leading hot wire feed in travel direction during hot wire welding with indirect ohmic preheating

1336 Weld World (2020) 64:1329–1340



process limits. Figure 8 shows the dependence of the hot wire
current and the wire feeding rate on the bead geometry for a
TIG current of 250 A using a hot wire angle of 70°.

The external appearances of the generated beads were
compared using 3D microscopy at TIG currents of 200 A
and 250 A. The investigations show that the bead width
varies only slightly even with significant changes in hot
wire current and wire feeding rate. While an increase of
the wire feeding rate leads to a slight decrease of the bead
width, an increase of the hot wire current causes a slight
increase of the bead width. At the same time, a larger bead
width can be generated by increasing the TIG current. In
contrast, a rise of the wire feeding rate leads to a significant
increase in the height of the bead (see Fig. 8). If the hot
wire current is increased, the bead height drops slightly,
due to the lower viscosity and surface tension. Thus, also
lower contact angles are achieved. Figure 8 illustrates this
relationship. Based on the parameter studies the influence
of the application direction on the bead geometry was
investigated.

Figure 9 shows the bead geometry and the external
appearance depending on the traversing direction. It be-
comes clear that the developed TIG hot wire technology
makes it possible to produce very uniform welding beads
regardless of the application direction, since both the bead
width and the bead height are subject to minor variations.
By increasing the hot wire current, an increase wire feed-
ing rate from 6 m/min to 8 m/min leads to an increase of
the bead width. At the same time, the bead height in-
creases from 3.5 mm to 4.0 mm. Therefore, the volume
of the weld bead is increased from 22.6 mm2 to 33.2 mm2

(+30%). In addition to the external joint analysis, cross
sections along the yellow planes (see Fig. 9) were pre-
pared for the internal joint analysis, which were used to
determine the penetration profile and the contact angle
(see Fig. 10).

According to Fig. 10, it becomes clear that a significant
reduction of the penetration is possible using the devel-
oped TIG hot wire technology. The penetration can be
reduced from approx. 1.75 mm to 1.15 mm (3.5 m/min)
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Fig. 9 Bead geometry as a function of the application direction with
constant hot wire feeding during hot wire welding with indirect ohmic
preheating (red lines depict the measurement region of the bead geometry,

yellow lines illustrate the cutting planes for the determination of
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and 3.00 mm to 1.75 mm (8.0 m/min) (see Figs. 7 and 10)
using the same wire feeding rate. The reason for this be-
haviour is the significantly reduced TIG current, so that
even with high wire feeding rates only a small amount of
heat is introduced into the base material. This leads to a
drop in the temperature of the melt and thus to an increase
in viscosity and surface tension, which produces signifi-
cantly larger contact angles (see Fig. 10). Consequently
the probability of bonding errors during the multi-layer
deposition is increased. Due to the decoupling of material
and energy input as well as the possibility to control the
heat input through the individually controllable circuits, it
is possible to adjust the bead geometry. The developed
process also shows a high process stability and reproduc-
ibility. The parameters were chosen in a way that compar-
ative investigations could be carried out between the con-
ventional cathode-focused TIG hot wire process and the
developed TIG hot wire process with indirect ohmic

preheating. With the help of the new TIG hot wire tech-
nology, very high wire feeding rates of up to 15 m/min
can be achieved. However, from wire feeding speeds of
approx. 13 m/min, feeding problems can occur so that the
process stability is significantly reduced.

2.5 Summary, conclusion and outlook

Within the scope of the presented work, the suitability of a
novel TIG hot wire system for wire and arc-based additive
manufacturing was proven. It is characterised by a decoupling
of wire melting rate and heat input. Therefore, even at high
melting rates, less heat can be introduced into the component,
which reduces residual stresses and distortion. The aim was to
improve the quality of additively manufactured component
structures with regard to dimensional accuracy. This is of fun-
damental importance in order to be able to produce complex
components economically in small quantities and consequently
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to support the transfer of arc-based additive production into
industrial practice. The GTAW hot wire technology is
characterised by the following characteristics:

& High productivity through achievable wire feeding rates
of up to 15 m/min

& Direction independence through high wire feeding angles
up to 75° and hot wire feeding inside the gas nozzle

& Low penetration of the component but high contact angles
through very low heat input

The findings form the basis for further investigations re-
garding the wire feeding angle and the positioning of TIG-
torch and hot wire unit. Therefore, the process tolerance and
reproducibility will be determined. In addition, the
mechanical-technological properties will be determined and
further research studies using high-alloyed steels as well as
nonferrous materials and materials with high thermal conduc-
tivity will be carried out. Finally, it is planned to develop a
prototype for welding under industrial conditions.
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