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ABSTRACT A 3D mathematical model was developed to calculate the temperature and velocity
distributions in a moving A-TIG weld pool with different oxygen concentrations. It is shown that
the oxygen element, which changes the temperature dependence of surface tension coefficient (9v/8T)
from a negative value to a positive value, can cause significant changes in the weld penetration and
depth/width ratio (D/W) of the weld pool. When the oxygen content increases, the weld bead penetra-
tion and D/W increases sharply while the weld metal width decreases. When oxygen content exceeds
150x 1078, the surface temperature decreases and then remains a constant. When the oxygen content
increased beyond 200x 1076, the increase in oxygen content did not effect the weld pool size and shape.
As the oxygen content is less than 300x 107, negative and positive 8v/8T exist at the same time in
the weld pool. The increase of oxygen content and the decrease of surface temperature can extend the
region of positive surface tension coeflicient and increase the depth of the pool. As the oxygen content
exceed 300x107® the temperature at the maximum surface tension increases beyond the simulated
maximum surface temperature, and 8v/97T is positive. Depending upon the oxygen concentrations,
three, one, or two vortexes with different positions, strengths, and directions may be found in the weld
pool. The contrary vortexes can efficiently transfer the thermal energy from the arc, creating a deep
weld pool.

KEY WORDS A-TIG welding, oxygen content, surface tension, flow patterns, depth/width ratio -
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- system used in the calculation
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# 1 HEPEREH SUS30M RNERBIRYESH
Table 1 Thermophysical properties of SUS304 stainless steel and welding conditions used in calculation

Parameter and condition

Parameter
Solidus temperature T, K
Liquids temperature Tj, K
Viscosity u, kgm™1-s~1 0.006
Thermal conductivity of solid K, W.m~1.K~1 22.0

Standard heat of adsorption AH?, kJ-kg™1-mol~1 -146.3x 103

Specific heat of liquid ¢, J-kg~1.K~? 700.0

Density p, kg:m™

Constant related to entropy of segregation k;

1670.0
1723.0

3 7200.0

1.38x10™2

Latent heat of melting L, J-kg~?! 2.675x10°
Radiation emissivity & 0.4
Coefficient of thermal expansion g, K—! 104

Surface excess at saturation I's, kg-molem~—2 2.03x108

Ambience temperature Ty, K 298.0
Welding current I, A 160
Arec efficiency 7 0.75
Welding voltage U, V 14
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