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Heat and Mass Flow in Plasma Arc Keyhole-Welding of Thin Plate
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Abstract

Use of a plasma arc as the source of energy for penetration welding of thin plates gives rise to
a cylindrical hole surrounded by the molten metal. Material moves from the front to the the rear
of the hole by flowing around the hole as the workpiece is translated relatively to the arc. Based
on the finite difference method, three different computer models have been proposed for the
steady state, two dimensional heat and mass flow during the plasma arc welding. In the formula-
tion energy equation was derived by the energy blance method through the cell control volume,
and all the governing equations derived for the fixed coordinates was translated for the moving
coordinate system. The driving force for fluid flow being considered was only electromagnetic
force. The calculated and measured molten pool and HAZ width were compared and better
agreement was obtained for the models considering the keyhole effect.
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Table 1 Chemical composition of AISI 4130

C Mn Si P S Cr Mo Ni Cu
Min. 0.28 0.40 - 0.20 0.80 0.15
Max. 0.33 0.60 0.35 0.025 0.025 1.10 0.25 0.25 0.35
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Fig. 4 Thermal property of AISI 4130®
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Table 2 Physical properties used for calculation

Symbols Physical properties Symbols Physical properties
o (kg/m?) 7.845% 10° Ts(C) 1535
u(kg/ms) 6.0x1073 Aa(C) 757
€ 0.9 T,*(C) 2730
un(N/AZ) 4X3.14159%x 1077
* Iron

Table 3 Plasma arc welding conditions for bead on plate welding in AIST 4130

Conditions Case 1 Case 2 Case 3 Case 4
Current (DCSP), A 100 100 100 100
Arc voltage, V 30 30 30 30
Travel speed, mm/s 5.0 5.0 4.0 4.0
Plasma gas flow rate, L/min 1.5 1.5 1.5 1.5
Shilding gas flow rate, L/min 2.0 2.0 2.0 2.0
Torch standoff, mm 4.0 4.0 4.9 4.0
Electrode diameter, mm 2.4 2.4 2.4 2.4
Nozzle bore diameter, mm 2.4 2.4 2.4 2.4
Shroud diameter, mm 12.7 12.7 12.7 12.7
Vertex angle,” 30 30 30 30

Base metal initial temperature, 'C

20 200 20 200
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Table 4 The comparison between the experimental and the calculated results of the width of the pool and HAZ.

w Case 1 Case 2 Case 3 Case 4
Comparison
1 4.7 4.8 5.5 5.6
2 5.5 5.6 — 6.6
Experiment 3 — 4.1 — —
4 - . 6.0 — —
Pool width, Average 5.1 5.1 5.5 6.0
mm (1535%C) §
Model 1 4.6 4.8 4.8 5.5
(%) —9.8) (—5.9) (—12.7) (~-8.3)
Model 2 5.5 5.8 5.5 6.3
Theory (%) (7.8) (13.7) (0.0) (5:0)
Model 3 5.4 5.7 5.5 6.2
(%) (5.9) (11.8) (0.0) (3.3)
Rosenthal 6.2 7.2 7.7 8.9
(%) (21.6) (41.2) (40.0) (48.3)
1 8.2 8.5 9.6 9.2
2 9.6 10.8 — 10.6
Experiment 3 — 7.8 — -
4 — 10.7 — -
22?7‘;7"2;’ Average 8.9 9.5 9.6 9.9
Mcdel 1 7.8 8.5 8.2 10.4
(%) (—12.4) (—10.5) {(—14.6) 5.1
Model 2 8.8 9.6 8.9 11.3
Theory (%) (-1.1) (1.1 (—=7.3) (14.1)
Model 3 8.8 9.6 8.9 11.2
(%) (-1.1) (1.1 (—=17.3) (13.1)
Rosenthal 14.5 16.2 16.9 17.9
(%) (62.9) (70.5) (76.0) (80.8)
. (%-1)“00%
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(c) Cross section

Fig. 5 Keyhole and cross section of single arc weld made in horizontal position on 3.2mm thick
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Fig. 9 Calculated stream line patterns for case 3
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