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The plasma column in the metal inert gas weldingcess is investigated by optical
emission spectroscopy and high-speed imaging. Bheentration and repartition of iron
vapours are measured and correlated to the plasthalactrode geometric configuration.
Plasma temperatures and electron densities wevaradasured for each studied position in
the plasma. The temperatures are calculated usimg different methods, allowing
validation of the local thermodynamic equilibriunate of the plasma. The results show a
maximum temperature of 12500 K on the arc uppet;, pmray from the arc axis. The iron
concentration reaches a maximum of 0.3% closed@tivde and strongly decreases along
both the vertical and the radial directions.

The plasma thermophysical properties, calcul&tech this plasma composition, are then
discussed regarding the metal transfer mode.
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1. Introduction

Arc welding is a widely used process for joiningtaie in a wide range of applications. In gas metal

arc welding (GMAW), an arc burns between a consuenabode wire and the workpiece, constituting

the cathode. The melted metal is shielded fromatih@sphere using an inert or an active gas. The
process has been widely investigated since itdsfidevelopments [1, 2], but all phenomenon

governing metal transfer and its dependence omalggmrameters are not yet explained. The melting
of the anode leads to a strong vaporisation arghaenrichment in metal vapours, mainly iron. Even

in the metal inert gas (MIG) process, the plasmapmsition is more complex than in tungsten inert

gas welding process. The arc is also less statdetathe instabilities caused by the melted metal
droplets detaching from the anode.

Depending on the welding conditions, mainly curret¢nsity and shielding gas used, metal transfer
can occur in various modes. The most stable oocallisd spray arc and leads to the best quality sveld

It is characterized by a tapering of the melteddenwire extremity and a cone shaped arc. The drople
mean size is about one half of the wire diametedrthe detachment frequency is several hundreds of
Hertz. Under pure argon, this transfer mode ocfursurrents greater than 250 amperes [3].

Plasma models are developed for understanding raticping welding arc behaviour, but in order to
get meaningful results, many parameters have tmbsidered.

Arc stability and metal transfer quality is sengtito droplets detachment from the anode wire
extremity. The two opposite forces governing thisempomenon are the surface tension and the
electromagnetic force. The last one, causing tlopldts detachment, depends on the current line
geometry in the droplet and the plasma, especabiynd the melting anode wire. As the presence of
metal vapours strongly increases the plasma atattronductivity, information on their repartitiane

of major importance in determining electromagngirces.

The plasma energy balance is also affected by theepce of metal vapours. They increase the
thermal losses due to their greater thermal condtycand their stronger emissivity. Previous résul
[4] have showed that the electron temperature dserkclose to the axis of the arc column, which is
not predicted by models neglecting the influencéhefmetal vapours or assuming their repartition as
homogeneous [5, 6].

In this work, experimental measurements of therpéasnain parameters are presented. The iron
vapours concentration and their spatial repartitiom obtained from iron and argon lines, as well as
the temperature and the electron density. The KpE@cpic data are compared to images obtained with
a high-speed camera, which provided informationtio& temporal evolution of the plasma and
electrodes configuration. The aim of this studyoirovide experimental reference data for plasma
temperature, electron density and composition l@asrpa modelling.

2. Spectroscopic diagnostic

The determination of the proportion of iron vaporargon can be done by measuring the emissivity
of lines for both elements, provided the plasmapmature is known and the Local Thermodynamical
Equilibrium (LTE) hypothesis is validated. Theneftfirst step is to calculate the temperature. tfeor

to validate the LTE hypothesis two methods are uSée first method needs no hypothesis on the
plasma equilibrium state, and allows also the ebectlensity determination. The second method is
used to give the excitation temperatures. Whentwte temperatures match, the LTE state of the
plasma can be assumed. For the plasma parts wieetel £ is valid, the iron vapours concentration

can then be calculated.

2.1. Temperature measurement based on Stark broagen

The basis of this method has initially been devetbpy Sola et al. [7, 8]. In the present work, wedi
the same lines as in what we presented in [4]. Staek broadening of the iron line at 538.3 nm and
the argon line at 696.5 nm are measured underatme £xperimental conditions, after checking the
reproducibility of the experiments. The dependeniceelectron temperature and electron density for
the iron line [9, 10] is given by:
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For the 696.5 nm argon line dependence [11], tla¢ioa writes as:
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The measure of the Stark broadening, of both theline and the argon line, allows equations (1, 2)
to be solved for electronic temperatdgand electronic density..

2.2. Excitation temperature measurement: the Baltunplot method

The excitation temperature can be easily calculasgay the Boltzmann plot method. However, unlike
the one based on Stark broadening, the Boltzmastm@thod needs the LTE hypothesis validity. It is
widely used in plasma diagnostic, using for inseaAc | lines on an electric arc [12].

The emissivity of the transition from a levelo a level is given by:
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Nk = N(Te) is thek level populationAy;, U andAy are the probability, ins the frequency, insand
the wavelength in meter, respectively.

When the Boltzmann equilibrium exists, tiNg population follows the Boltzmann Law and the
emission coefficient becomes:

(3)

E
€ (Te) = K(Te)Aki Vi Ok eX[{——kj 4.)
KT,
This can be written as:
y=In S |apnk -t (5.
AV 9k KT,

By plotting the measured emissivity for lines willifferent energies,, the experimental points
should be aligned with a slope proportional toitheerse of temperature. The three iron lines at %38
539.3 and 539.7 nm have been are selected. Thésdgtéhe spectroscopic parameters are given in
Table 1.

A[A] Configurations Terms Ec[cm-1] O Ai[10°s?]  Accuracy
5383.369 3tp-3d4d 2G°-eH 53352.98 13 0.56 T
5393.167  3Bs4p-334s5s 2D -eD 44677.004 9 0.031 C
5397.127 3s -3d4s4p ar-zD 25899.987 9 0.00259 B
6965.431 4s-4p’ [1 %]°-[v4] 107496.4166 3 0.0639 C

Table 1. Spectroscopic data used for diagnostic [13, 14t[Akacy: A< 5%; B< 10%; C< 25%)].

The three lines, providing a wide energy range, lmamecorded during the same experiment, which
reduced the uncertainty associated with calibratitowever, the accuracy of some line spectroscopic
data remains low.

2.3. Metal vapour concentration calculations
When the plasma is in LTE, the emission coefficid line with a wavelength,,, writes as:

(M
Eom = 4n)|nmEg Ay X kT) (6.)




The emissivity of the argon line and the 538.3 ron iine are measured under the same experimental
condition. The emissivity is obtained after caliima of the optical setup with a tungsten lamp.
Equation 6 is applied to both lines and yieldsh® riatio expression as:
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The patrtition function for argon is taken equalslfovhich is acceptable if the temperature is lower
than 15000 K [15]. The partition function for Iranfitted from the results available in literatyie,
17] by using a polynomial function:

Ure(T) = 2.55743 — 2.236740" T + 4.1140310° T° — 1.8917210™° T° + 3.24343%10"' T* (8.)

3. Experimental setup

The experiments were carried out by using the sefuesented in Figure 1. A
SAFMIG 480 TRS PLUS generator with a solid consumatire anode of mild steel (AWS A5.17)
with a diameter of 1.2 mm was used to perform wejdexperiments. The shielding gas was pure
argon with a flow of 20 L mih and the current was set at 330 amperes. The déstagtween the
contact tip and the metal plate constituting thekp®ce was set to 20 mm and the wire feed speed to
9 m.mn*, which provides an arc length of about 10 mm. Higsance is slightly greater than what is
commonly used in real welding, however, we cheeltgat this arc length leads to no major
modification of the process. In order to get a dyeplasma position, for optics alignment, the torch
was fixed and the workpiece was placed on a matghbe driven by a step motor.

The spectroscopic measurements were made usingbari-tipe spectrograph with a reciprocal
dispersion of 0.2 nm mm The spectra were recorded with a gated two-difnaeas intensified
charge-coupled device (ICCD) with a spectral resmiuof 0.004 nm at 539 nm and 0.003 nm at
696.5 nm. Spectra were recorded with an exposore of 50 ms at a frequency of three acquisitions
per second. In each case a dozen of spectra wanalesl.

The light coming from the plasma was brought togspectrograph entrance slit through a system of
concave and flat mirrors with an optical magnificatof 0.4. This led to a spatial resolution of G2
along the direction of the spectrometer verticiél 8l Dove prism was used to rotate the image by 90
and get radial profiles for the chosen plasma slice
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Figure 1. Experimental Arrangement.

A laser was placed at the output of the spectramstethe backward beam indicates the optical path.
By placing an object where the plasma will burivéts possible to visualize the slice of the plasma



that would be observed. The targeted height waatgd by observing the position of the laser spot
on the consumable wire, before the welding expertfeor each position, close-up photographs were
made to get highest possible precision on the halgtermination. The scale of the pictures was
obtained using precisely known dimensions, sudhe@gonsumable wire or the nozzle diameter. With
an optical setup magnification of 0.4 and a speotter slit width of 40 um, the imaged plasma slice
had a thickness of 100 um. Considering the positgoaccuracy, the vertical step was taken equal to
0.5 mm.

The lower part of the plasma can not be observeilyeas the weld bead can extend more than one
millimetre above the workpiece. The first imageighewas then taken at 2 mm. On the upper side of
the column, the presence of the liquid metal vé&i@asning from the end of the consumable wire also
disturbs the measurement. The diagnostic becomgssgible when its width becomes greater than
0.3 mm, which occurs above 6.5 mm over the bade.pldith these two limits it is possible to get ten
vertical positions.

In addition to the spectroscopic diagnostic, thepghof the plasma was recorded using a high-speed
video camera with a strong magnification. Data warguired at 3000 frames per second (fps) with a
spatial resolution in both directions of 10 umget detailed information on the plasma central part
and the electrodes configuration. Additional expemts were made at 5000 fps with a lower
resolution, about 25 pum for one pixel, to followma@recisely the plasma shape evolution. In order t
get an indication on the metal vapours repartitibe, camera was fitted with an interferential filte
centred at 468.8 nm (3 nm fwhm). In this wavelengihdow, only metal lines can be observed, such
as iron or manganese, and the argon continuum eaoobsidered as proportional to the square
electron density. The pictures obtained can thea giformation not only on the plasma components
reparation but also on the current flow geometry.

For all experiments, the arc electrical parametgae recorded using differential voltage and curren
(Hall effect transducer) probes. The data wereedtansing a numerical oscilloscope and then
transferred to a computer, which allows checkingvid different experiments conduced with the same
input parameters led actually to comparable reslilaso allowed discarding data corresponding to
transient phenomenon or unwanted instabilities.

4.Results
4.1. Plasma imaging

The pictures obtained with the blue filter showaclg two different areas in the plasma, as seen in
Figure 2. The inner one appears bright, which imtgis a stronger iron vapour concentration. Its

boundaries are well defined with a cone shape euitlied edges, the tip of the cone being attached to
the end of the consumable electrode. The outelappears far less intense and its external limés ar

blurred. Its overall shape is also conical but wrtpe end of the anode wire up to the non-melted pa

of the electrode.
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Figure 2. Plasma shape under pure argon at 330 amperes.ePietwrded at 5000 fps.




The streaming vein of liquid metal can be seenhenarc axis. Measurement made on high-resolution
pictures allowed estimating its diameter at 0.36.riime droplets detach at its extremity between 4
and 4.5 mm above the base plate reference posBmmne pinches can be observed on the liquid metal
vein. They first appear 6.5 mm above the plate mrapagate downwards. Two pinches are often
present at the same time, separated by about 1.56wem if with these working conditions the arc

remains stable, the geometric configuration is caitstant. Concerning the plasma, the bright zone
can shrinks or extends with amplitude of more tbaa millimeter in diameter on the lowest part of

the arc. The largest diameters seam to correspotitettimes when droplets impact the weld bead.

Concerning the metal vein, droplets can sometimactieone millimeter below or above the mean
height.

For each height, the radial position of the brigfga limit has been estimated. Results are reported
Table 2 The most important radius variations are obseorethe lowest part of the column.

Height Radius (mm) Uncertainty
(mm) (mm)
2.0 3.57 0.43
2.5 2.68 0.54
3.0 1.99 0.11
35 1.72 0.09
4.0 1.44 0.05
4.5 1.20 0.02
5.0 0.95 0.02
55 0.73 0.07
6.0 0.54 0.05
6.5 0.37 0.05

Table 2. Radius of the central part of the plasma.

4.2. LTE hypothesis validation

The first step for excitation temperature calcolatiis the calculation of calibrated emission
coefficients for the three iron lines. The radiedffle of the 538.3 nm iron line, at 5.5 mm abofie t
cathode, is given ifrigure &. Then the Boltzmann graphs are plotted for eadal position, as
shown inFigure3b for a radius of 0.84 mm at 5.5 mm above the citho
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Figure 3. Intermediary results for excitation temperatureghktion — argon, = 330 A -h = 5.5 mm.

An automatic procedure allows to obtain a file eamng excitation temperature as a function ofahdi
position. It is then plotted on the same graph withelectron temperature, as seen in Figure théor
position 5.5 mm above the base metal. The agreenfieht two temperatures is estimated taking into
account the uncertainties of both methods, whesecthor bars of the two curves overlap. For these
position only the metal vapour concentration iscgkted, assuming the plasma is in LTE. On the



example shown in Figure 4, the two curves bestofitradial position between 0.5 and 3 mm, but
taking into account the error bars the LTE validign be assumed on the entire presented range. This
case is well representative of the various stubeghts, for which this validation procedure is ajs
used. Even when the temperature can be calculategtdater radius, especially in the lower part of
the column, the area where the two temperatureshmmaver exceeds the limit of 4 or 5 mm. In some
case the central part of the plasma has also tdismarded for the metal vapour concentration
calculations. More detailed analysis of this metfard_TE validation is presented in [18].
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Figure 4. Electron temperature at 5.5 mm — argon, 330 A
[m Sola methodp Boltzmann plot method].

4.3. Plasma electron temperature and density

For each measured height, the best spectra weretesglfor parameters calculation. Then the data
were averaged to improve the noise signal ratioilé\&eparate curves were obtained for the ten
vertical positions, it has been chosen to plot canaple results on the same graph. For electron
temperature and density, three parts of the plammaddentified: the lower part, ranging from 2 to

3.5 mm; the medium part, ranging from 4 to 5.5 mmd @he upper part corresponding to 6 and
6.5 mm.
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Figure5. Plasma diagnostic from 2 to 3.5 mm — argdon,330 A.
[mh=2.0mm;e h=2.5mm;A h=3.0 mm;¥ h= 3.5 mm]

4.3.1. The lower part of the plasma

Close to the base plate, constituting the cathadeaximal temperature of 9000 K is observed at a
radius of 2 to 3 mm as seen in Figure 5a. The teatye decreases continuously with radius to & limi

of about 6000 K. Data can be measured up to 9 ram the axis. Temperature also decreases in the
central part of the column, the lowest value bebhgut 7000 K. There is no major difference between

the four considered heights, even if for the uppers, at 3 and 3.5 mm the maximum seems closer to
the arc axis.



The electron density follows a comparable evolutisnseen in Figure 5b, with a maximum value at
2.5 mm away from the axis, a constant decreasertisvthe periphery and, in a smaller proportion, on

the arc axis. The density ranges from abeut0® m* to 1.410% m*. The value on the axis is about
102 m?,
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Figure 6. Plasma diagnostic from 4 to 5.5 mm — ardon,330 A.
[mh=4.0 mme h=45mm;A h=5.0 mm;¥ h=5.5 mm]

4.3.2. The central part of the column

For height between 4 and 5.5 mm the temperaturagslare sharper, as seen in Figure 6a. If the
lower limits remain the same as for the inferiortpaith values of 7000 K on the axis and 6000 K at

the periphery, the maximum rises up to 10800rhe position of this maximum is also closer le t
axis, with a position between 1 and 2 mm.

The electron density also increases with valuesecto 1.610°° m?® as seen in Figure 6b. However,
unlike the lower part of the plasma, in the cenprait no important decrease can be observed on the
axis of the arc. The value at the periphery stithains close toX8.0°7 m*,

Except for the plasma slice at 4 mm, the data cnatdbe measured for radius greater to 5 mm. Bhis i

due to the cone shape of the plasma, with narrowdingensions when closing to the positive
electrode.
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Figure 7. Plasma diagnostic from 6 to 6.5 mm — argon,330 A.
[mh=6.0 mm;e h=6.5 mm]

4.3.3. The upper part of the column.

The temperature strongly increases close to thdegneith a maximum value of about 12500 K at
6.5 mm above the cathode as seen in Figure 7a.abled position of the maximum is less than 1 mm.
Due to the presence of the liquid metal vein atcén@ral part of the plasma, the temperature cammot
measured properly for radius smaller than 0.5 mhe decrease on the axis is then only a trend, for



the curve corresponding to the greatest height. ddew at 6 mm above the base plate this appears
clearly, with a temperature reaching almost 12008nd dropping close to 9000 K on the column

axis. The temperature on the periphery falls rgpdtie to the sharp shape of the plasma cone dose t
the upper electrode.

The electron density still increases when closmghe anode, with a maximum value slightly above
2x10° m* as seen in Figure 7b. The density seems to decaashe arc axis, but the strong fall
observed for the height at 6 mm should be integgretith care.

4.4. Plasma composition: iron vapours ratio ovegam

The proportion of iron vapours over argon (in atomercentages) is measured for all positions. The
data have also been sortednsidering similar behaviour, but four parts rattiean three can be
identified. The general evolution is a strong ies® with height above the base plate. The
concentration falls beyond a given radius that el@ees when closing to the upper electrode and the
maximum values are observed away from the axis.
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Figure 8. Proportion of iron vapour from 2 to 6.5 mm — argbn,330 A.

On the lower part of the plasma, the concentratomains less than 0.002% as seen in Figure 8a. The
two lowest slices show greater iron content thamatwh observed at 3.5 mm. At this position the
repartition seems more homogeneous over radius.

For an intermediate position, corresponding todéetral part of the arc the concentration is about
three times larger but remains below 0.01% as seéigure 8b. If 3.5 mm above the cathode, the

maximum is observed about 2.5 mm away from the, d@ixggets closer than 2 mm for the two upper
slices.

On the upper part of the plasma, the iron concgoiras tenfold increased, with values up to 0.06%
as seen in Figure 8c. The iron content is gredtarheight of 5 mm than for the two upper slices bu



the maximum position still gets closer to the axigen closing to the anode. It is located less thram
millimeter away from the axis for the highest veatiposition.

Data for the last studied height had to be plotiech separate graph due to the scale, the maximum
concentration being five times larger than for gtiee just below. A seen on Figure 8d, the iron
content reaches 0.3% near the anode which is nmare hundred times the value observed at the
lowest part of the column. On the other hand, thteng concentration area is harrower as it is igda
than 1 mm in radius.

5. Discussion

Concerning the electron density, while the incrédaserds the anode follows the evolution observed

for temperature, the radial profile does not s@rtie In particular, there is almost no centralio

the middle height of the plasma. According to theELhypothesis, the correlation between electron

temperature and density would be expected to baggr. The calculation has been made assuming it

was valid, but the two following points must be kapmind:

- The agreement validity between excitation and sbecttemperature was limited, due to the
uncertainties associated with the Boltzmann plothod The results only give a supporting
evidence for equilibrium.

- The proposed method for LTE validation only cheitiesexcitation equilibrium. Full LTE validation
would need Saha equilibrium verification, whichlwéquire additional experimental work.

LTE hypothesis is often assumed to be valid in wglgplasma studies, even in the case of GMAW

plasmas as most parameters determination needsét. work presented here is based on first

experimental investigation of plasma equilibriunatef knowing that complete evidences are still
needed.

Concerning the electron temperature, the two masults are the maximum value measured at
12500 K and the temperature drop of 3000 to 40@M khe central part of the column. The maximum
temperature is about 10000 K less than the onailesédd by models considering either no metal
vapours influence or a constant repartition [5, lBhwever, more recent models that consider an
inhomogeneous repartition of metal vapours haven bdeveloped. The results have showed a
maximum of temperature of about 13000 K droppin@i@®00 K on the arc axis [19, 20].

The measured iron concentration remains howeverwith a maximum value less than 1% close to
the anode, but confirm what had been obtained Bieliska [21]. The analysis of the iron vapours
repartition has to be done taking into accounteleetrodes configuration, especially the preserice o
the liquid metal vein. It is not present below 4 nwich corresponds to the lowers measured values
while the slight increase at 2 and 2.5 mm can Ipda@ed by the proximity of the weld bead. Over the
radial direction, the liquid metal streaming on giasma axis should lead to high concentrationeclos
to the axis, but the dependence between the irnpecration and the temperature seem to be more
relevant. The iron concentration indeed drops tdwhe axis and its maximum value is observed for
the highest temperatures. Even at 6.5 mm abovedattwhere concentration is only calculated for
radius greater than 0.5 mm, intermediary resuksnsi indicate a decrease close to the axis. Tthen i
seems that the iron concentration repartition olkdeya balance between the enrichment from the
liquid metal vein and its cooling effect. Resulterh studies in pulsed GMAW with aluminum [22,
23] indicate a metal vapor concentration above 10Pich is more than fifty time larger than what we
present here. Both results still might be not inpatible as the physical properties of iron and
aluminum strongly differ. This difference would g@got the importance of the thermodynamic
parameters governing the considered metal vapaizaind the resulting metal concentration in the
plasma. Besides, the arc behaviour differs in plulseode, with strong current variation
(50 amperes/ps) and high current (600 amperes) |s®puthat are not observed in continuous
operation. The results we give are obtained foe puigon.

Thus, all these results seem not corroborate tteeatdained by modeling:

- Given the low measured values, the presence ofllinetapors in the plasma column can be
neglected. But models based on this assumptio@] [8o not provide temperature decrease on the
axis of the column, contrary to what has been aelidere.

- Models that take into account that the metal vapodine plasma, can foresee the temperature fall



on the axis of the column [19, 20], but with an ammoof iron in the plasma by several orders of
magnitude higher than those measured in this work.

As supposed in a precedent paper [4] and recerdliged by Shnik et al [20], the dominant effect of
iron could be due to the strong radiative emisgiom the metal vapour, inducing a high radiative
cooling and a temperature fall ®f on the column axis, but without other strong dirféects on the
thermophysical properties of the plasma.

The iron concentration repartition has also to @mgared to the data obtained by plasma imaging. It
appears that the bright zone seems to correspdeeédrto the highest concentration. For exampl2, at
mm above the cathode the concentration drops fadias greater than 3.5 mm and vanishes beyond
4.5 mm, while the bright zone limit oscillates beem 3 and 4 mm. For the slice 5 mm above the
cathode, the concentration falls for radius gretiten 1.4 mm while the limit observed on the images
is about at 1 mm.

The high speed imaging showed evolution of theshi@pe, especially the central bright zone, over
time. Even if the shape remains stable most otithe, the column diameter close to the base plate
can increase and decrease by one millimetre intkess one millisecond. As the exposition time is

50 ms for spectroscopic measurement, the resudpegtra integrates all variations which can explain
the non regular shape of the obtained curves, &dlyahe two peaks observed at 2 mm, 2.5 mm and
4.5 mm above the cathode.
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Figure 9. Thermophysical properties temperature dependeineé\oFe plasma in LTE, atmospheric pressure.
[o Pure argon ; A 99.95% Ar + 0.05% Fe ;v 99.90% Ar + 0.10% Fe ;< 99% Ar + 1% Fe]

6. Thermophysical properties of the plasma and possible effects on the metal transfer in thearc

The thermophysical data calculated by A.B.Murph¥,[25] for an Ar-Fe plasma in different atomic
proportions, show that in the temperature rangdietuin plasma and for small amounts of Fe in
plasma £ 0.1%), the metal vapours have a limited effectl@nvalues of plasma viscosity, electrical
conductivity, and enthalpy (Cf Figure 9). The effea its thermal conductivity is also quite weak,
except perhaps for temperatures between 4000 K@@ K, so in the periphery of the arc column.
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Figure 10. Estimated thermophysical properties in the GMA\&spha column
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In a first approach, it is possible to estimate nafghe thermophysical properties of MIG plasma by

considering a pure argon plasma in LTE at atmosplpeessure (See Figure 10). On these graphs, we

have shown the boundary of the bright area (dditex] according to Table 2), and have marked the

central zone of the arc, corresponding to the sadfithe wire anode and the transition metal drops.

- The temperature drop observed at the center opldema column, clearly leads to an off-axis
maximum of the plasma thermophysical propertiescivthat disappears close to the workpiece;

- The fall of viscosity observed in the center of éne column could explain the transfer of metal in
the plasma, which is always in a spray mode (sdrallets, with axial metal transfer mode) under
pure argon: liquid metal is then channeled thralogiannel” at lower viscosity in the plasma.

First results obtained in metal active gas (MAG)gerss [4], using gas mixture of argon and carbon
dioxyde, seems indicate that the proportion of iionthe plasma column increases with £O
concentration in the shielding gas [21, 26]. Théag viscosity drop in the center of the column
disappears and the molten metal can not easilingethe plasma.

In the same time, C{presence in the shielding gas favors the formaifoen of oxide gangue at the
extremity of the wire, by chemical oxidation-redontreaction [27]. This bad conductor layer hinders
the current transfer and the arc needs a largaehattent zone all around the droplet. That explidias
modification of arc shape associated to the differegimes [28], but also the increase of the size
the droplet.

These droplets are then ejected out of the axid,the transfer of metal in the arc evolve to the
globular regime [3], not available for the proceffgciency.

7. Conclusion

The electron temperature and the electron densityeal as the iron vapours ratio over argon were
calculated with a vertical step of 0.5 mm and aialadesolution of 62 um for GMAW plasma
operating under pure argon, with a current of 330Ae temperature drop is observed in the main part
of the plasma column while the electron densityrseé increase toward the axis, especially on the
middle of the arc. The calculated temperaturesckrger to the numerical results obtained by taking
into account the non homogenous repatrtition of wapours. If the measured concentrations remain
low, our results showed very strong variation othlibe radial direction and the vertical direction.

This work must be continued to study the LTE sitatthe GMAW plasma in metal active gas (MAG)
process, and try to estimate the distribution &dtnée concentrations in argon and iron, and then t
principal transport and thermodynamic charactessti(thermal and electrical conductivity,
viscosity...) in the arc column. First results ob&alrwith adjunction of C®in shielding gas seem to
indicate higher metal vapor concentrations, whighficms the importance of plasma composition on
transport properties [21, 26].
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