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Abstract. Stability and controllability of a welding arc hawa large influence on both the weld quality andding
productivity in the process of welding. Metal fugiand weld forming depend on the forces affectimg drc. Welding
current creates electromagnetic forces, which b#giaefine the influence of arc forces on moltertah While
estimating the magnitude of the influence of etatiagnetic forces, it is necessary to investigagerdidial distribution of
arc pressure on the surface of a weld pool anditakeaccount the dependence of distribution oftetenagnetic forces
on the non-consumable electrode tip geometry.

Keywords: TIG, welding arc pressure, influence of electronetig (Lorenz) forces, liquid metal convection.

1. Introduction characteristics defining the quality of the weldetht of
the running process: mode and intensity of liquidtah

One of the basic problems of perfection of perfatoga  convection, degree of arc compression as well axifig

of arc welding is the increase of speed of the mrized of the weld. In case of fusion welding the arc hath the

welding. As it is known, more often speed of wetfis  thermal and mechanical effects on the welded niéfal

limited to occurrence of the deviation of the wgkbmetry The mechanical effect of the arc asserts through th

and welding defects. The hydrodynamic processes imechanical pressure of gas stream, vapours of snatel

welding pool influence the pool geometry and afteraction of ionised particles directed to the surfatenetal

solidification the shape of weld. The study of thein treatment. Volumetric electromagnetic forcesurcand

hydrodynamical phenomena and ways to control thiel we operate both in the arc column and in the weldinglp

formation by pool control is the way to create newcreating a mechanical compression in arc column and

technological receptions and increase the rateadflimg. causing the liquid metal convection [2-8]. Therefothe

The last studies in the field of arc welding inteciive gas complete effect of arc forces consists from arc gesam

are directed on study of the nature, size and cteraf pressure and action of volumetric electromagneticds in

distribution of the forces acting in the arc gapheT the welding arc and pool.

physical processes running in a welding pool could

determine a weld forming. The influencing on a virdd

pool will allow to improve a weld forming at higipeseds 2. The technique of the research

of welding. The magnitude and nature of forces,chlare

governing liquid metal of a welding pool, is one tbe In the research of welding arc power action the
basic factors in a problem of a liquid metal coriet manometric way of arc pressure measuring was Uisexdl.
control. experiments welding was carried out by using a dfixe

During a TIG welding process it is the welding areamagnitude direct current of the straight polarityelding
and arc plasma that contain the information on theurrent | = 150 A, diameter of electrogde= 5 mm, the
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length of an arc cplumn - 2.4 mm. The shape of thevhereP, - real pressureP, - experimental pressure; -
tungsten electrode tip: sphere, cone 30°, conef@cone parameter of lawg=(0.9-1.2)mm-17 - radius of strobing

90°. holey spot.

Operational analysis of a metering device (analyeer For mathematical modelling of processes, which are
pressure) [9] displays, that manometric system & t taking place in the welding arc and the pool, thtef
device has a surge characterisio: element method (FEM) was used. For FEM simulation 2

temperature model of a welding arc was used.
t The analysis of the distribution of electrical and
ht)=1-e ") 1) magnetic fields, and also of arising electromagnftices

was made with estimation of the thermal effect pioaver
source on welded metal, geometrical shape of tengst
electrode tip (cylindrical, spherical and conicj¢c ahape
(electrode not immersed, immersed electrode) armd th
temperature-dependent physical characteristics o t
welded metal and argon plasma.

Considering static and dynamic fields and neglected

wherey - stationary value of time of the systetm;time.

At known magnitude fory the equation (1) allows to
define the most admissible velocity of the analysis
which the contortions of manometric system are kriiae
folowing relation binds the velocity of the analysvith its

time: currents displacement (quasi-stationary limit), the
D following subset of Maxwell's equations could belad:

Vo =— &)
ta VX{H} ={J} (6)

where v, - velocity of analysis;D - diameter of a o{ B}
rotationally symmetric spot of pressurg;- time of the V{E}=———

analysis. ot
The analysis of a pulse propagation of different (7)
duration through a system with the surge charatteri
held with the help of the Duhamel integral displagmt V -{B} =0 (8)
for achievement of small contortions of impulse® th
execution of requirement is necessary. where {H} - magnetic field intensity vector;
{} - total current density vector;

vy oy {E} - electric field intensity vector;
X=_—= d xV, <001 3) B} - magnetic flux density vector.

ta At flowing the liquid metal brake because of

overcoming the hydrostatic pressure of liquid mefatail
where y - non dimensional velocityf, - time of the front of a pool, and resistance forces - becausésobsity
analysis;d - diameter of strobing holey spat; - velocity  of the flow. The change of speed of liquid metavement
of the analysis. from a forefront of a pool towards tail dependsweiding
In this case at applying an ideal transmitter (pign  rate, form of a fusion line and direction of a eutr
infinitesimal cross-sectional area) the automatitaring connection plug location. Magnetic forces (Lorenecés)
instrument of the analyzer will play back real @ref in current carrying conductors are numerically gnéded:
radial allocation of a welding arc force. The irgity of the

f has the di i f d is bourid .
tﬁrec:edaz;zr:: e dimension of pressure and is bouritlkip {F Jb}: J'VOI {N}T ({J }X{B})d(vol) ©)
Frox = P XS (4) where {\} - vector of shape functions.

The hydraulic flow of liquid metal is modelled by
model of Newtonian fluid. From the law of conservatof

where F.x - maximal force of welding arcS - area of o .
max g arcs mass comes the continuity equation:

strobing spotP,.x - maximal pressure.

However to implement such a transmitter is pratifica
impossible. The sizes of the transmitter reducentreage 0P N 8(DVX) N a(pvy) N a(pVZ) _0 (10)
of force intensity, therefore the experimental ritisttion ot OX oy 0z
curve differs from the curve of real allocation:

whereV,, V, andV, - components of the velocity vector in

_p a’r? ®) thex, y andz directions, respectively;
r © 2-e (ar +1)] £ - density;
X, Y, Z- global Cartesian coordinates;
t—time.
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3. Discussions and analysis of results magnitude of only a vertical component of the cotre
density (Fig. 3).

The experimental method allows to define local galu Even the small changes of physical and chemic# sta
of the total magnetic and brake pressures on acaidf of the surface of tungsten electrode and shapésafip
the chilled copper anode, and also the magnituderocé  determine the change of important parameters of the
of pressure by graphic integration of pressureriligion  welding arc: the shape of the plasma column, 8igtion
on radius. This method does not allow to deterntmee  of equipotential fields of arc voltage, magnitudecorrent
magnitude of electrodynamic forces acting on a imgld density on the surface of the welding pool. In jpleeral
pool. In the literature the stationary values ohdi of area of the arc the distribution of current densitynot
measuring systems, velocity of the analysis andhdiar completely symmetrical in relation to the axis bé tarc,
of the strobing canal frequently are not pointetd Many  but near to the arc column and in the column itisei&n be
researchers notice a strong dependence of magnifide considered as approximately symmetric.
measured pressure from the velocity movings of ate Comparing the experimental and calculated distidiout
above strobing canal. The sizes of the channel dibtke  curves of current density it was established, thaarc
analyzer are reduced to an average of instantaneomsne with 10000 °K temperature the curves do not
amplitudes of pressure of plasma stream that causmincide, though the greatest magnitude of theeoairr
aperture contortions of distribution curve of thegsure. It density in both cases is practically identicaltHa arc zone
does not allow to judge about actual pressureiligion  of the low temperature (5000 °K) the experimentadl a

on the anode plane Fig. 1. calculated curves coincide (Fig. 2).
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Fig. 1. Experimental and real (an experimental curve wité Fig. 2. Distribution of arc current density on the surfaf¢he

account of the inertia of the analyser) distribntiof impact metal obtained by different methods (the shap&etungsten

pressure of an arc on a surface of the anode: sifahe tungsten  electrode tip - cone 60°): y1 - an experimentaleuy? - a curve
electrode tip - cone 60°, direct current, straigblarity, 2mm of obtained by FEM

arc length, 200A

_ The experimental curve is unbalanced frequentlys Th  The possible error of the results occurs because th
is explained that in the moment, when the arc pressn  tyo_temperature mathematical model of a welding afrc
an input of the analyzer will exceed a maximum amtl  \yas used. In a real welding arc the wide tempesatur
begin to diminish, in the gating channel there isoanter  §istribution takes place.
current. It pushes the arc aside from the hole and Tne form of distribution of current and electrodgmie
sometimes even changes electrical condition of weld torces in different sections of a pool is built aating to
process. Therefore uprising part of the curve otdle zjculations (Fig.4, Fig.5). Therefore, it is pdsi to
process of change more correctly. _define the influence of electrodynamic forces te th
The maximal real pressure of an arc was establishedlechanism of mass transfer in volume of weldingl foo
when the tip of the tungsten electrode was cone &0  gectional welding conditions.
the minimal when the tip of the tungsten electrois At welding the majority of current flows from foreht
cone 90°. o o of pool towards the current connection clamp (Bigl4a
Using FEM the distribution of current density ineth ) |ength of weld the effect of the magnetic febf arc
welding arc and pool was calculated depending @ therrent varies.
shape of the tungsten electrode tip. . At approach of an arc to a current connecting clémep
~In case of the conic shape of the tungsten eleetipd  jnquction sharply grows because of local increae o
in the arc there will be a maximal absolute magtétof  cyrrent density. For maintenance of stable welgirggess

shape of the tungsten electrode tip - the maximale|d area.
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Fig. 3. Distribution of a current density in the weldinge @lepending on the shape of the tungsten electipda — cylindrical shape
(ideal arc form); b — cylindrical shape (real aocnf); ¢ — sphere shape; d — cone shape; Z00 A,U = 12 V, ¢ =5 mm, cross-
sectional projection)
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Fig. 4. Current density distribution in a welded platendudinal  Fig. 5. Current density distribution in a welded plateufsverse
projection) section)

During electric arc welding the current of a welglin tic fields and electromagnetic forces created byding
circuit determines the appearance of volumetricurrent. Under the influence of the electromagnietice in
electromagnetic forces (Fig. 6). These forces dpetize  the welding pool two circular streams of liquid alegfrom
movement of the welding arc and convection of liqui the surface of the pool towards the fusion line)veztion
metal pool. The processes occurring in the welgiogl  are formed (Fig. 7).
and formation of weld depend on the total effeatnaigne-
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Fig. 6. Lorentz force density distribution in a welded tpla
(longitudinal projection, shape of the tungstencetede tip —
cone 60°)
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Fig. 7. Distribution of convection velocity within liquignetal
under the influence of the electromagnetic forceaiweld pool
(the shape of the tungsten electrode tip - coffe 60

Conclusions

1. In case of the conic shape of the tungstenreléet
tip, in the arc there will be a maximal absolutegmitude
of the vector of current density, and in case efghherical

shape of the tungsten electrode tip - the maximald-
magnitude of only a vertical component of the cuotrre

density.

3. The comparison of the experimental and calcdlate
current density distribution shows, that two-tenapere
area welding arc mathematical model describes dnoug
precisely the electromagnetic processes, whichrdodie
arc zone of low temperature zone (5000 °K), buhenarc
high temperature zone (10000 °K) the inaccuracyhef
results arises.

4. Under the influence of the electromagnetic fdrce
the welding pool two circular streams of liquid @aleffrom
the surface of the pool towards the fusion line)weation
are formed.
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2. Comparing the experimental and calculated ctirren

density distribution curves it was establishedt thaugh
the greatest magnitude of the current density astprally
identical, in the arc high temperature zone (108K)Pthe
curves do not coincide, but in the low temperatzoae
(5000 °K) curves coincide very well.
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