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Heat Source Modeling of GMAW Considering Metal Transfer

Ki-Nam Jung*, Ji-Hye Lee*, Jae-Young Lee* and Choong-Don Yoo*

*Dept. of Mech. Eng., KAIST, Daejon 305-701, Korea

Abstract

The Gaussian heat source has been widely used to simulate the heat flux of the welding arc, and applied to
calculating the temperature distribution of a workpiece. The conventional two-dimensional Gaussian heat source for the
GMAW is modified in this work by decomposing the arc heat into heats of the cathode and metal transfer. The
efficiency and effective arc radius of each heat source are determined analytically for the free-flight mode such as the
globular and spray modes. The temperature distribution and weld geometry are calculated using the finite element
method, and distribution of the drop heat is found to have significant effects on the penetration. The predicted results
show good agreements with the available experimental results, especially with the penetration.
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Table 1 Material properties of mild steel and parameters used in simulations

@y, Constant component of effective radius of cathode heat source 7.7322

a1, Constant component of effective radius of cathode heat source 43,9627 V A/mm |
Cp. Specific heat 753J/kg - K

CTWD, contact tip to workpiece distance 19mm

d,. Wire diameter 1.2mm

Hy, Latent heat of fusion

2.470%10° J/kg

Hyr,. Latent heat of vaporization of Fe

6.535x 10" J/kg

k1. Constant component of arc voltage 16.14v
k., Electrical resistance of arc column 0.02376 2
k3, Constant component related to electric field intensity 0.533V/mm

k4. Constant component related to electric field intensity

6.395x10* V/A - mm

Mpg,, Molecular weight of Fe

0.05585 kg/mol

T,.. Wire melting temperature 1809K

T,. Plasma temperature 10000K

X . Mole fraction of Fe 0.97

A . Thermal conductivity in arc column 0.0178J/s -m - K
¢, Work function 4,18V

0, Wire density 7700 kg/m®

04, Electrical conductivity of drop

7.576x105 (2 -m)"

0,. Blectrical conductivity of wire

1.180%106 (2 -m)*
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Fig. 3 Calculated arc length and welding efficiency
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