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ABSTRACT Most of the familiar objects in modern society, from buildings and bridges, to vehi-
cles, computers, and medical devices, could not be producedithout the use of welding. Especially,
with the rising development of advanced manufacturing indwstry, such as aircraft and aerospace in-
dustries, shipbuilding and marine industries and automotive industries, cost{e ective high{e ciency
high{quality welding processes are being progressively rpired for increasing performance require-
ments and enhancements in product quality. Thus, the plasmaarc welding (PAW) provides a means
for these process demands by using a high power density heabwrce. The keyhole e ect is commonly
recognized as the primary attribute to the deep-penetration welding. Compared to electron beam weld-
ing and laser welding, PAW is more cost e ective and more toleant of joint gaps and misalignment.
However, the mechanism of keyhole formation in PAW process icers from that in other high power
density welding processes. In PAW the keyhole is produced ahmaintained mainly by the pressure
of the plasma arc, rather than by the recoil pressure of the eaporating metal in electron beam and
laser welding. Considerable research has been focused orykele tracking and e ective heat source
models for PAW process. However, the existing models rarelgan present the transient in uences of
the keyhole evolution on heat transfer and uid ow in the wel d pool. In this work, a three dimensional
PAW model was established with the interaction between heatsource and keyhole evolution consid-
ered. A combined heat source model was proposed to accountrfthe transient energy propagation.
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It consists of a Gaussian heat ux model on the top surface andbelow a dynamic developing conical
heat source, which continues rising in the wake of the keyha growth. Volume of Fluid (VOF) method
was applied to track the dynamic keyhole shapes, and the trasient height of heat source model was
simultaneously updated with the increasing keyhole depth. The transient evolution of heat density
distribution concerning the keyholing e ect was analyzed in details, and the corresponding temperature
eld was calculated and displayed to reveal the mechanism ofieat transfer in the weld pool. The keyhole
process and molten metal ow in the weld pool was also investjated. Finally, experiment was carried
out on a stainless steel plate with thickness 6 mm, and the calulated results showed good agreement
with the experimental data. It validated the mathematical m odel and the applicability of the dynamic
heat source, which provides an insight into the understanding of the thermal process in the keyhole of

PAW.
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Fig.1 Schematic of plasma arc welding (PAW) process
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Table 1  Thermophyical properties of stainless steel 0Cr18Ni9 and w elding conditions
Parameter Value Parameter Value
Ambient temperature Ti , K 300 Density , kg/m 3 7200
Solidus temperature Ts, K 1663 Radiation emissivity " 0.4
Liquidus temperature T, K 1723 Welding current |, A 169
Latent heat of fusion La, J/kg 26 10° Arc voltage U, V 24.2
Latent heat of vaporization Ly, J/kg 73.43 10° Thermal e ciency of PAW 0.55
Magnetic permeability m, H/m 126 10 © Arc current parameter  j, mm 1.2
Thermal expansion coe cient , K 1 1.0 10 * Stefan-Boltzmann constant , W/(m 2 K*) 5.67 10 8

10 15 20 25 30 32

2 01s
Fig.2 Distribution of heat source (a) and temperature (b) on the to
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Fig.3 Dynamic evolution of heat source (a, c, e, g, i, k) and tempera ture (b, d, f, h, j, I) on the cross-section of
weld pool at 0.3 s (a, b), 0.5s (¢, d), 0.8s (e, f), 1.0s (g, h), 1 .2s (i, j)and 1.3 s (k, I)
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Fig.4 Dynamic evolution of keyhole and velocity in the weld pool 0. 3 s (a), 0.5 s (b), 0.8 s (c), 1.0 s (d), 1.2 s (e)

and 1.3 s (f) (The red lines represent keyhole interfaces)
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Fig.5 Comparison of weld cross{section between experimental ima ge (a) and calculated result (b)
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Fig.6 Comparison of experimental (a) and calculated (b)
keyhole shapes on the bottom of workpiece
2
Table 2 Comparison of experimental data and calcu-
lated results

Parameter Measured Calculated
Keyhole length, mm 0.99 1.04
Keyhole width, mm 0.97 1.00
Top weld width, mm 10.57 10.20
Bottom weld width, mm 2.18 2.10
’ 5%1
4
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