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Abstract

The mathematical model of gas metal arc (GMA) welding, focusing on short-circuiting transfer, is
developed. First, a model of short arc welding is proposed, based on a previous reported model of spray
arc welding. Then, the proposed model applied to the high speed oscillating GMA process, and the
short-circuiting dynamics is investigated. Numerical calculation result revealed that short-circuiting
regularly occurs at both oscillating edges at oscillating frequencies close to half the rate of short-circuit-
ing under non-oscillating condition. The finding indicates that the arc sensor properties improved by

setting the oscillating frequency to this value.
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Equivalent electrical circuit for GMA welding (Ref.4)
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Schematic representation of short circuiting transfer mode
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List of symbols

Symbols of spray transfer condition
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A : Arc heating coefficient of wire melting, 0.22mms ™ 'A™! L, : Droplet length, mm

B : Joule heating coefficient of wire melting, 6.3x 10 5s 'A ™2 L, : Wire extension length of no-melting part, mm

E  : Electric field intensity in arc column, 0.7 Vmm ! N : Numbers of short-circuiting with oscillation, s ™!

I : Welding current, A N cot Numbers of short-circuiting without oscillation, s~
J, .+ Joule heating weight of wire extension, A’ R, : Radius of droplet that supposed spherical shape, mm
J : Joule heating weight at the location z of wire extension, A’ S': cross sectional area of wire, mm?

K : Slope of the U-I characteristic of power source, 0.02() t,,: Time when i th short-circuiting is broken, s

La : Arc length, mm L, Time when i th short-circuiting is started, s

L, : Wire extension length, mm «a : Coefficient of droplet length, 3

LS : Inductance of circuit, 2.5x 10 *H B Coefficient of short-circuiting time, 200

L[ : Torch height (Le + La), mm

Ra : Electric resistance of arc column, 0.03 Q Symbols of torch oscillation

R _: Resistance of welding power cable, 5x1073Q f: Oscillating frequency in a groove, Hz

Re : Resistance of wire extension, () W Oscillating width, 3mm

r(]z) : Resistance of unit length of wire extension as a function of J, X : Oscillating position, mm

9x107% +3.5x107* Qmm™!

t : Time of simulation, s ELEREN
U : Arc voltage, V 1) Lesnewich, A.:Weld. J. 37(8), 343-353(1958)
a
U : Constant component of arc voltage, 16V 2) Halmoy, E.:Conference on Arc Physics and Weld Pool Behavior. London. 1979, p.49-

ao

. . 57
U : Voltage drop across wire extension, V

3) B EE TR 3(1), 191-196(1985)
U : Equivalent output voltage of power source in the state of I =0, V 4) BRI AR AT . 14(1),99-107(1996)
U, : Welding voltage (U, + U,), V 5) BR O IhEEE AT OUE. 14(1), 108-115(1996)
Vf: Wire feeding rate, mms ™! 6) TPk I AR SR L. 4(3), 18-23(1986)
V, : Wire melting rate, mms ™' 7 R Eh s R ICE. 15(2),272-280(1997)
z : Time, s 8) FH I AT R 22(2), 224-232(2004)
9) Hermans, den Ouden: Sci. Technol. Weld. Joining. 3, 135-138(1998)
10) JBE (1 Eh a0 23(2), 252-258(2005)
Symbols of short-circuiting transfer condition 1) A 1320 T H #Ed. (382), 48-52(2005)

B : Joule heating coefficient of wire melting at short-circuiting,

3.8x10°mms 'A2Q !
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