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Abstract

The national energetic development is stronglydahko pipeline’s construction sites, which becatnengly
dependent of welding processes and its automdatimnthis purpose, is required research and devedapfocusing in
new processes with higher robustness which enswat guality to welding joints. One of the biggesbblems on
orbital welding applications is the variation omdes direction over the weld pool, which changgsedding on welding
position. That is evidenced by the necessity tanghavelding parameters according to weld positinich requires
great ability and control of the welder in mechaudizvelding process. That represents greater tepderaccur welding
defects along the weld bead. So, this also invodvesduction in robustness and process repeayafitit this purpose,
dynamic wire feeding appears in order to elimimatemitigate the problems related to emergence dding defects,
leading to improvements like porosity reduction ardat weld bead wettability. However, many hype#searound
dynamic wire feeding are commercial statementsrtegdoy manufacture companies, without a sciensificly. These
affirmatives make the process attractive for agpiins in pipeline orbital welding where appliebys with difficult
weldability. Nevertheless, researches are necessamyt the real dynamic wire feeding performandsgs Work aims to
compare the dynamic wire feeding with constant dreding, in a multi-pass application inside a geavith filler
metal Inconel 625. Tests were carried out in soneddiwg positions as overhead position, verticaleadant and
descendant, using dynamic and constant wire feedifigrough filming of the weld pool and metal trf@nsit was
observed an increase in process robustness usiragnity wire feed, decreasing discontinuities aldregweld bead and
the risk of electrode contamination. This allowée tpplication of weld process at three positiogimgi constant
current without changes in welding parameters.

1. Introduction

GTAW (Gas Tungsten Arc Weldipgr TIG (Tungsten Inert Ggswvelding process is a technique that has been
applied for a long time in the industry, being afid¢he most important welding methods by electric &hus, over the
years, a lot of works have been conducted aimirignaate and increase the process robustness arilityst&r AW
manual welding is known for provide to welder greantrol over the weld pool, due to its indepen@ebetween arc
power and filler metal addicted [1]. Therefore, QWWAs recognized industrially as a welding processctv provides
great quality and it is used in application whieljuires high responsibility. In general, manual GW 4 recognized as
a low productivity process, but a large percentafiéndustrial applications still use GTAW manuallgo, this
contributes severely to its low productive concéyithough this process concept has changed witluseeof automated
and mechanized systems like robots and the applicatf automatic wire feed through tractions rodled wire
spoolg[2]. In a sense the process automation remove theswetmhtrollability over the filler metal added, sm this
situation the welding power must be set dependinthe quantity of material that is fed.

In recent years, a dynamic wire feeding technigas created, this method works with a forward aacktvard
movement imposed by an electro-mechanical systdnis ffrocess is also known as dynamic feeding @rnmittent
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feeding[3]. When the back/forth movement is made in a higlgdency, this technique aims to vibrate the melted
material and increase its wettability by changiogwection lines on weld pool surfagg. This phenomenon is also
known as Marangoni effect. The agitation caused madted material aims to reduce porosity throdgh fines motion
that facilitates gases expulsion from puddle, iditamh to provide precipitates solubility.

Dynamic wire feeding is known as low frequency wties oscillation happens below 2 Hz, in this cdbe,
goals and effects over weld pool are completeliedéht than the oscillation in high frequency. histsituation the filler
metal action simulates the welder hand movementiwimputs the rod to add material and then taketto let the arc
burns over platgs].

Mechanics systems which makes dynamic wire feedieige created around 1982, in order to work witl lo
current levels in applications as aircraft enginggair [3]. Currently, the dynamic feeding is produced byt pugew
manufactures as Dabber TIG, TIP TIG and TIG Sp&&tNl). After identify its benefits, nowadays thechnique has
been applied in pipeline girth welding and surfatedding using difficult weldability materials likeickel alloys and
stainless steelgl,6,7]. However, there is a lack of scientific contrilouts approaching the phenomena, mechanisms and
real benefits provided by dynamic wire feeding.

Thus, this paper presents a research over theoptera existing in dynamic wire feeding techniquéhwigh
frequency in GTAW process. Attempting to gather #uvantages provided in increase of process robsstior
welding out of flat position, comparing with constavire feeding, conventionally applied. The apgiion chosen for
this work was a filling groove (multi-pass welding$ing Inconel 625 as filler metal in joints madecarbon steel,
aiming dissimilar welding between both materials.

2. Methods and Materials
2.1. Methodology

Tests were conducted to simulate the variatioigieg in pipelines orbital welding. Thus, weldibgads were
carried out at mainly welding positions found in@bital process which are overhead, vertical adaehand vertical
descendant. In this step the flat position wascaotied, which according to previous works is eafian other welding
positions[5].The relation encountered between welding positfonpipes and plates are given according to AWS 3.
representation, as shown in Figure 1.
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Figure 1. Welding positions equivalence for pipsdapted fronm8].

Thus, the behavior observed at plates laid intjposi showed (vertical, overhead and flat) seemsety with
that observed to pipes at corresponding angulaeran

Therefore, it was applied two feeding methods éiyic and constant) with two welding current control
techniques (pulsed and constant), therewith gettiegwelding table as shown in Table 1. From thist the stable
processes which had a good regularity and resutieshtisfactory welds were repeated at three welgiositions
previously mentioned.
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Table 1. Tests chart.

N° Feeding type Current type
1 Constant Feeding Pulsed
2 Constant Feeding Constant
3 Dynamic Feeding Pulsed
4 Dynamic Feeding Constant

During welding process, it was monitored by videousing on puddle behavior depending on feedipg ty
applied. This way, it was possible to identify pbmena hardly identified macroscopically. Finaltywas compared
the characteristics observed in shooting as wellvelsl beads surface appearance, it was also rdadizeansversal
section analysis through macrography.

2.2. Samples

The samples were carried out for simulate the wgldhulti-pass situation through a simple way. Thusas
utilized carbon steel SAE 1020 plates as base mEkal specimens were prepared with 300 mm longl&@dmm
width in plates with 6,35 mm (1/4") thick, and themachined a “V” groove with 40°. The plates werdded to
opposite side to V groove with GMAWsas Metal Arc Weldingprocess and ER 70S-6 as filler metal, this wasezh

out just for create a surface where it was possibldeposit Inconel 625. This groove was filled ®YAW welding
process as shown in Figure 2.

GMAW ‘
ER 708-6 Inconel 625
! , O

GTAW

Figure 2. Samples welding steps.
It was necessary two weld passes for groove Ifulfiht with application of welding torch triangulaeaving
with amplitude of 3,5 mm and 10 mm respectivelye Meaving frequency was 0,8 Hz in first pass atdHY, for
second pass. Others welding parameters were adqoipreliminary tests and its values are shownabhle 2.

Table 2. Welding parameters applied in tests.

Parameter Pulsed Current Constant Current
Feeding Pulsed Dynamic Constant Dynamic
| mear (A) 115 115 115 115
I puise (A) 150 150
Ibas (A) 80 80
tpulse (S) 0-4 0-4 - -
thas (S) 0,4 0,4
Unear (V) 11,3 11,3
Upuie (V) 12,3 12,3
Upas (V) 10,3 10,3
Wr rear (M/MiN) 1,3 1,3 1,3 1,3
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Wi e (M/Min) 1,6 1,6 -
Wrfpas (M/min) 11 1,1
Ts (cm/min) 7,5 7,5 7,5 7,5

It is important toemphasizéhat in pulsed current it uses a wire feeding déffi: betweengliseand base SO,
sometimes it can be called pulsed wire feeding. ¢i@r, this pulsation occurs in a single directiarthe other words,
without back and forward movement present in dyedeeding. This technique must be used due to mgettapacity is
different betweenglise€ hase

2.3. Workbench and Equipment
In this work development it was applied a workbefor samples fixation, with this table was possibb

variate the weld position without take out the vimddbug. The amperage and voltage were trackedAsy (Portable
Acquisition System). Figure 3 shows the tests wendh and others equipment.

Figure 3. Equipment used in tests: 1) Welding bagilope V4; 2) Welding power source; 3) Weldingbuterface;
4) Refrigeration center; 5) Welding bug CPU; 6) &actquisition system; 7) TIP TIG interface.

For tests with dynamic feeding in high frequencwas applied a feeding head manufactured by TI&, Tl
which works with wire frequencies of 16 Hz to 20 &rd an amplitude set in 5 njd0]. Its wire feeding range is of 0,2
to 18 m/min. This means, that in TIP TIG dynamiedmg the welding operator sets the average vakieden
back/forth movement, and the oscillation occurepehdently of this mean. In filming tests it wapléed a welding
camera XIRIS XVC 1000 with HDRHigh Dynamics Rangedunction at an acquisition rate of 55 Frames/$280 x
1024 p[11].

3. Results and Discussions

In its larges applications, the GTAW welding preeapplies a welding supply with current contrdijcli can
be used to welder in some basics configuratiorsoastant current, pulsed current and alternateentirbepending on
application or welder's discretion which technigise most suitable. In order to analyze the dynandeding
characteristics with 625 nickel alloy, this sectipresents the results obtained applying constashtpairsed current at
overhead, vertical descendant and vertical ascémgdding positions.

3.1. GTAW with Pulsed Current and Pulsed Wire Feedig (GTAW Thermic Pulsed)

The pulsed current is known to allow welding outflat position due to its characteristic of expansand
contraction of the welding pool, when the currestilates between a high and low le{2]. This method is also called
as thermic pulsation, since this variation occure®a frequency modifying the heat input to the tpdgpending on the
current level. In this procedure, it is applied coomly a pulsed wire feeding (as mentioned previguslut in only one
direction, and the feeding head feeds more orfibmsmetal depending on current le\jéP].
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The

Figure 2 shows the surface appearance and machygo&ghe joints at three welding position testedSTAW Thermic
Pulsed.

%

First Pass Second Pass Macrography

Figure 2. Surface appearance and macrography in&TAermic Pulsed. In a) Vertical ascendant; b) ialt
descendant; c) Overhead.

Looking at

Figure 2, it is possible to see good weld beadabdity at three positions. With the pulsed currapplication, it
becomes important a weaving synchronism which nestd¢he torch weaving and current level with itsspuperiod
occurring on edge of groove, according to Pigozaeork [13]. Along the process it was noted that current subse
groove’s edge assisted on wettability an stabifitgintenance, avoiding discontinuities and weld bgadmetry
alterations. Observing the welding joints geoncepriofile, it is noted at three positions the lamkmacroscopic
discontinuities, as well as the beads geometrimdas in all positions. In respect to process,liehavior was stable at
all welding conditions and it was possible to kélep same welding parameters, and heat input coastigualong the
tests at all positions. This can contribute to ké®ep same metallurgy along the joint what was natluated in this
work.

Just with process visual analysis from weldingrap, often it is not possible to notice some fmentals
phenomena which are important for a good processhamzation or automatization. A number of everdsuoring
during the welding can be crucial in the choicembfat process is more robust and less susceptibieferts. In the
process tracking through filming is possible toniify phenomena linked to filler metal transfers type (bridge or
intermittent), what the droplet sizes in the int#temt case and detachment frequency, which caeviaduated after
process execution in video. The Figure 5 showsamds sequence taken from tracking shooting atce¢rtiscendant
welding position.

Figure 5. Welding process tracking in GTAW Thermigsed First pass.

It is observed in Figure 5, a metal transfer calfewelding terms as bridge (indicated by arrowirist frame),
this means that the filler metal is in constantctowith the puddle. The frame 2 indicates a pudgidemetry
characteristic from a good wettability in the gre®vedge, according to indicated by arrow in fra@nél'his melted
metal spreading derives from constant current apglin synchronism with torch weaving what meltsriogeny the
groove’s edge.
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However, the stable behavior is not always obskaleng the welding process. Since the procesdlistdd
dependent on many factors, as the forces workiningluwelding execution which change depending ornding
position. In addition, filler metal variations camange its behavior due to the wire curvature paigid from its
spooling and conduite arrangement. In this contiextFigure 6 shows a frame sequence in the secefding pass,
using GTAW thermic pulsed, where occurred internities in filler metal transfer with formation ofytsize droplets
on wire’s tip. This increases largely the probapitif electrode contamination.

Figure 6. Welding process tracking in GTAW Thermigdsed Second pajs

The frame 1 in Figure 6 shows the exactly momerithvoccurs an interruption in metal transfer beidthe
wire is out of the weld pool and receiving arc hédtthis moment, it starts a big droplet formatianwire’s tip which
grows until touch the puddle and be transferredunyace tension. The detachment is assisted by pulsent, which
increases the arc pressure resulting in a meckanie that assists the big droplet transfer.

3.2. GTAW with Pulsed Current and Dynamic Wire Feedhg
Applying the same parameters used previouslyai shanged the feeding type from dynamic feedirggh
frequency. The Figure 7 shows the weld bead sudppearance carried with 625 alloy and its relewaadtrography at

three welding positions tested.

First Pass Second Pass Macrography

Figura 7. Surface appearance and macrography ind&TAermic Pulsed with dynamic feeding. In a) Veatic
ascendant; b) Vertical descendant; c) Overhead.

In a weld bead surface analysis it was not notgtkat discrepancy between results of GTAW thepuoised
and these ones. Both process resulted in good heidlugiood surface appearance for first and sequasses, at all
positions. Analyzing the Figure 7 it is observeddvbeads with good wettability and a joint withaubcrography
discontinuities. It is important to highlight thiatthis configuration with dynamic feeding, the dielg operator sets the
wire feed mean (Wfa) which was set with 1,35 m/min, equivalent to ager value of the tests with pulsed feeding.

Thus, with the use of wire oscillation it was fbksto applies the same Wnin a lyse (150 A) as well as in
Ihase (BOA) without problems like big droplet formati@md process destabilization. The Figure 8 showedb#havior
noted during process shootings.
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Figure 8. Welding process tracking in GTAW ThermRidsed with dynamic feedingrifst pass3.

The Figure 8 shows four frames which illustrate fiier metal back and forth movement along théding. It
is noted small melted droplets formation in wirdip reducing the electrode contamination suscdjtiband
consequently process destabilization. The Figuap@y to current pulse period moment which powdrigher. Thus,
even the melting heat being higher than current g@exiod, it exists just a small droplet in wirdip, according
indicates by arrows in frames 1 and 3. This facagsigned to wire across arc isotherms quickly wués high
instantaneous speed presents in back/forth.

3.3. GTAW with Constant Current and Constant Wire Feeding (GTAW Conventional)

At many applications the GTAW process is used withstant current without the necessity to syndsmn
between torch weaving and current waveform, thisd@@mn becomes the process manually and mechaeizsiér than
pulsed process. However, with constant currenadt difficulties in its execution related to puddiestainability out of
flat position. In addition, it should follow a réllan called by Delgad§2] as Wire feeding X Arc Power. This relation
tries to guarantee that the filler metal quantigy oelted in a continuous way, but without assuranceeld bead
quality.

Without the high level of current pulse, in theremt pulse case, the bead with constant currendistéo result
in a weld with low wettability, and consequenthpead with high convexity and great probability ieleing defects,
mainly in groove’s edge (Figure 9). This fact warsehen it is applied filler materials with high g@sity in melted
state. These are known in welding terms as diffieelttability materials, like Inconel 625.

Figure 9. Joint Surface appearance in GTAW Congeatj in the first pass at vertical ascendant jmosit

The arrows in Figure 9 indicate low wettabilityeas which create a favorable condition to defegpearance
like lack of fusion. In this way, it was not cadieut the second pass for fulfilment, being thecaiss with constant
current quite robust and inappropriate to executstal process with the same welding parametersh\jrocess
shooting it was observed some phenomena as shevsghre 10.

Figure 10. Welding process tracking in GTAW Convemdl with constant feedind-{rst pass.
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The first frame in Figure 10 shows a bridge typetahtransfer. But, at a particular time occursraerruption
in metallic bridge. Such as the wire forward is stant it is verified a big size droplet in its tiphis event creates a
critical condition to electrode contamination, besm the melted droplet has a large mass whichlisdpto gravity
force direction. In third frame it shows the momanthe droplet touch the puddle and is pulledinface tension, and
in fourth frame the wire will keep in forward movent forming another droplet. This interruption ietadlic bridge can
change the bead geometry in addition to its higivegity, as shown in Figure 9. It is known thathwitonstant current
in welds out of flat position, is important the é&ipation of lower current levels, creating a smaéld pool and so
avoiding its run off. However this creates a caticondition facilitating breaks in metallic bridgdgth wire melts
occurring before it touches the puddle, due tousre feeding values.

3.4. GTAW Constant Current and Dynamic Wire Feeding

In this topic, it shows the results in applicatiohdynamic feeding in GTAW with constant currerit.id
important to emphasize the impossibility in procagplication at previously condition with constantrent.

First Pass Second Pass Macrography

Figura 11. Surface appearance and macrography A/\GWith constant current and dynamic feeding. I'Vajtical
ascendant; b) Vertical descendant; c) Overhead.

The welds presented in Figure 11 show a weld ba#d good wettability for first and second passeghw
great repeatability at three welding positions. Thacrographies show the characteristics noted iimsjcsurface
analysis, a bead without macroscopic discontimiithd all positions it was possible to processirasibn applying the
same welding parameters, what prove an incregs®aess robustness with dynamic wire feeding.

In the use of pulsed current, the dynamic wirediieg just showed a reduction in electrode contatiina
probability and weld beads surface appearance siergar for both conditions. However, with constanirrent the
results show more evident benefits, being possibéehieve welds with good aspects similar to gltsarent.

Figure 12. Welding process tracking in GTAW witmstant current and dynamic feedifarét pass.

The Figure 12 shows the moment when wire retraatsby surface tension the puddle is pulled atstrae
direction until the brake in melted bridge. At aolated occurrence, the puddle would keep osciflatp to the energy
of the wire perturbation be dissipated through dtgn system reaction mass-spring-damper. However, nlost
important is that this phenomenon occurs at eacle ©f forward and backward movement in the filfegtal, around 20
Hz. Thus, the puddle dynamic reaction is slow aachgping ratio low enough for does not mitigate gsitbation until
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next wire movement cycle. Therefore, it is posstiolaffirm that the weld pool surface in the prassswith dynamic
wire feeding is in constant vibration.

4. Conclusions

In a results evaluation, it is possible to conelubat the dynamic feeding provides an increaspratess
robustness, due to higher instantaneous feedingdspé the wire. This makes the filler metal runotingh the arc
isotherms faster until touch in the puddle. At tlmiement it melts dropping a small portion of fillmetal, when begins
its backward movement. This decrease the arc Inpatt iover the wire avoiding big droplets formatiahich can
contaminate the electrode, inducing the procegs 3tois phenomenon repeats for pulsed and constargnt, without
significant difference over the weld beads regasilef energy available for melting.

The benefits of dynamic feeding in pulsed curmeate less significant than the results with cortstamrent,
this fact derive from current pulse influence ovyetoceedings, which assists in weld bead wettabilityen
synchronizing the pulse with groove’s edge. Whepliad the Thermic Pulsed synchronized, the mechanton
imposed by arc in current pulse helps to dropletachments formed in wire’s tip, this push themaaithe weld pool.

In constant current the wire dynamic and pudditatign, changed its behavior increasing its walitgbMost
likely for the change in surface tension gradiennégative, this creates a force on puddle surdatiag from high
temperature area to low temperature area (pudeitis).

In grooves fulfillment out of position with Incoh@&25, the dynamic wire feeding shows a great teglewwhen
it applies constant current. Enabling apply simplefding manipulators and welding power sourcesctvitio not have
weaving torch synchronism and pulsed current.
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