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An Analytical Solution for Transient Temperature Distribution in Fillet Arc
Welding Including the Effect of Molten Metal
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Abstract

This paper presents an analytical solution to predict the transient temperature distribution in fillet
arc welding including the effect of molten metal. The solution is obtained by solving a transient
three-dimensional heat conduction equation with convection boundary conditions on the surfaces of
a plate, and mapping the infinite plate onto the fillet weld geometry with energy equation. The
electric heat input on the fillet weld and on the infinite plate is assumed to have a combination
of two bivariate Gaussian distribution. To check the validity of the solution, FCA welding experiments
were performed under various welding conditions. The actual isotherms of the weldment cross-sections
at various distances from the arc start point are compared with those of simulation result.
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Table 1. Physical properties of the weldment

PROPERTY NOTATION(UNIT) WELDMENT
Thermal conductivity K(W/m°K) 303
Specific heat c(/Kg°K) 752
Density p(Kg/m®) 7860
Forced convection heat coefficient 4 (W/m*°K) 50
Natural convection heat coefficient 4, (W/m*°K) 18

Table 2. Welding condition

CONDITION NOTATION(UNIT) VALUE
Welding current A 240
Heat input W 7200
Gun travel speed mm/sec 5
Contact tube to workpiece mm 20

Table 3. Chemical composition of the weldment

C Mn Si P S
0.15% 1.3% 0.35% 0016%  0.007%
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Fig. 6 The heat of molten metal is assumed as a
Gaussian distributed heat source and apply on
the plane which across the centroid G.
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Fig. 7 Temperature distributions for various heat ap-
pling position{distance from arc start point @ 3
5mm, arc efficiency : 76%, current . 240A, vol-
tage : 30V, travel speed : 5 mm/sec)
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