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1 INTRODUCTION

Computer simulations of the three—dimensional heat transfer and fluid flow in gas metal arc
(GMA) welding have been studied for analyzing the effect of tip—to—workpiece distance on the weld
pool shape by considering the. three driving forces for weld pool convection, that is the
electromagnetic force, the buo’yé,ncy' force and the surface tension force at the weld poo! surface and
also by considering t.he effect of inolten electrode droplets. In the numerical simulation, difficulties
associated with the megulu slmpe of the weld bead have been successfully overcome by adopting a
boundary-—ﬁt.ted coordimate system that eliminates the analytical complexity at the weld pool and
bead surface boundary.

2 FORMULATION

2.1 Governing equations

Figure 1 shows the schematic diagram of the GMA welding process, in which the heat source is
moving at a constant speed U and a constant supply of the consumable electrode is maintained
through the center of the welding nozzle. The coordinate system (z, y, 2) moves with the heat
source at the same speed, and its origin coincides with the center of the electrode.

The governing equations, describing the continuity equation, the momentum equation and the
energy equation for stcady state velocity and temperature fields in the workpiece, may then be
written as follows:
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2.2 Bou'ndary conditions
The boundary conditions for the fluid flow and temperature distributions are as follows:
(i) Top surface
Von=20
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BV(V-t)-n=—~3%) V7. in the weld pool,

= ~U, y= w= 0in the solid region,
~kVT-n= qa(z-n) forr<a

—kVT~n=qc=h(T—Tw) forr>a

where zis the unit vector of z—direction and A a combined heat transfer coefficient for the radiative
and convective boundary conditions(Ref. 1).

(i) Bottom surface (iii) Center plane (y=0) (iv) Side surface
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where 'Tb is the temperature of the boundary and the subscript i means the internal node of the

boundary.

2.3 Surface deformation
The weld pool surface under the arc pressure forms a shape which satisfies the equilibrium
condition of the surface in the grdvitational field. Hence, it is usually convenient to use the
condition of equilibrium by directly solving the variational problem subject to the constraint that
the volume of weld pool is constant. Ignoring the derivative term of surface tension, the following
equation can be derived.
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where the surface tension ¢ at the weld pool surface was assumed to vary with temperature.

3 NUMERICAL PROCEDURE
Equation (1) is transformed to a general curvilinear coordinate system (¢, #, (), and the grid sizes
{ie., A, An, and AC ) are set to be unity to simplify the calculation of transformation coefficients.
The second order central differencing technique is used for approximating the diffusion and the
source terms. For the convection terms, the hybrid differencing scheme(Ref. 2) is employed. A
velocity—pressure correction algorithm SIMPLE—C(Ref. 3) was used for the solution procedure of
the discretized equations.

4 CALCULATION RESULTS AND DISCUSSION

For investigating the effect of tip—to—workpiece distance on the weld pool formation, the relevant
paranieters to the tip—to—workpiece distance variation are selected as shown in Table 2. It was
considered from the analysis that the increase of the arc length due to the increased
tip—to—workpiece distance makes the distribution of heat, current flux and pressure of arc be
expanded{Refs. 4—6). '

In the experiment for the tip—to—workpiece distance variation, it was revealed that the effect of
tip—to—workpiece distance on the weld shape is considerable(Fig. 2). Figure 3 shows the fluid flow



pattern at the center plane(y = Omm) in the weld pool. As the tip—to—workpiece distance
decreases, the decreased radii of welding current flux and distributed velocity of the molten
electrode were considered and consequently the maximum velocity of the fluid motion is increased.
Figures 4 show the comparisons of the calculated weld shape with experimental one. The calculated
penetration shape was underestimated in the condition of 15mm tip—to—workpiece distance in
comparison with the measured weld shape and slightly overestimated in the condition of 25mm
tip—to—workpiece distance, which is considered to be due to the rough model of transferred molten
droplets. In spite of many assumptions and simplifications, it is revealed that the calculated weld
shapes correspond well with those of experiments. It can be thus expected that a better model of
molten electrode droplets could make the calculation be more accurate.

-5 CONCLUSION
From the experiment and calculation results, it was revealed that the tip—to—workpiece distance
exerts a considerable influence on the formation of weld pool and then weld bead shape by affecting
the arc length and welding current. The tip—to—workpiece distance is thus considered as one of the
important variables which control the formation of the GMA welds.
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Table 1 Parameters used in computations

p = 7200 Kg/m3 T, =20°C

p =0.006 Kg/ms T, =1520°C

g =104K1 T, =2500°C

pm = 0.26x10°6 H/m H =12mm
do/dT=10"5 N/m°C U =17 mm/sec L

Fig.1 Schematic sketch of GMA welding system



Table 2 Relevant parameters to the tip—to—workpiece distance(L) variation

tip—to—workpiece a b ¢ e Paax Q
distance fmm] (mm] [mm] [mm] [(mm] [KN/m? Wi

15 8.0 5.2 5.4 1.6 0.85 6615
20 10.0 6.5 6.0 2.0 0.80 6170
25 12.0 7.8 7.2 2.4 0.75 5733
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Fig.3 Velocity distribution at the center plane(y = 0mm)
in weld pool(L = 20mm)
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Fig.4 Comparisons of calculated weld shapes with experimental ones
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