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A Study on the Metal Transfer Considering Fluid Flow in GMAW
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ABSTRACT

It is commonly known that, in GMAW, the characteristics of metal transfer and the size of molten drop
are highly dependent on the welding current. These changes in the characteristics of metal transfer has a
considerable effect on the weld quality, and a lot of studies have been made on metal transfer modes for
that reason.

In this study, two cases were investigated: the one in which the metal transfer proceeds with gravita-
tional force, surface tension, and no electromagnetic force, and the other in which the process has electro-
magnetic term in addition, where the current density in the fluid has been assumed to have Gaussian dis-
tribution on any given cross-section and it acts vertically.

Using fluid flow analysis, this study has observed the whole process of the development and break-up of
the molten drop, and it also showed that transitional processes, drop rate, and the drop size in each metal
transfer mode can be estimated.
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Fig. 2.1 Boundary condition and initial condition

(2) ERAYL 441 A ¥Bo hal) 2, FA 2
=9 AL WY o= RN E IR,
(3) &4 ¥4 1 WSS = gFol}.
(4) 834 2= ot29 ZExE Fig. 2.17 29
Fggcia 78
FA0) AxAe] o, ANFE =4 A5, A(2-
2), (2-3)9] F,Fol JxB7} 82 2 t3leiA]7] wj &
2 EHE Maxwell 323 Ohme ¥ o8 +¢
o},

VxB=pu,J 2-5)
VXE=0 2-6)
V-B=0 2-7
J=0E 2-8)

4714, J& AFLEH, o FiH9 A7 ARR0
o, B A&ARoY, s AF FM ERAEE
JerlH, Ex A713S Jdepdth

2.3 x| sy

AAte] AHEE Al W3ge Ar=10%secold, AA
9] A7) AW 0.08mm °|H 2 3t A 3s1qt}.

E dpdae 99 2L 2d S o4t 2319 &)
A #F A4S #Ys2H, o] 4L f#84 CFD
code?l FIDAP 7.58 AMH-3llx, EA4A E2 Table.
2.1% o] 4314

£ 9] AlzbiAzle] Ui FARRY A7 o|GAY S
#3A3}7] Y8 & XM volume-of-fluid(VOF)
WS AR, AREELE VOF Bl o3t 3
Aoj UepiA Et. fAle 44 AT (vol-



T3P FHIA A154 A43 (1998 49)

Table. 2.1 Input data for numerical analysis

wire diameter (d ) 1.6 mm
surface tension ( y) ig Nim
density (p ) 7800 kg/m®
viscosity (4 ) 0.004 kg/ms
gravitational acceleration ( g ) 9.81 m/s*
electric conductivity ( o) 10807 1m !
permeability of free space ( gy) 1.26%10~8 H/m
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Fig. 3.1 Shape of the maximum drop at Uz=16cm/s
(7=1.0N/m, t=86ms)
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Fig. 3.2 Shape of the maximum drop at Uz=20cm/s
(7=1.0N/m, t=56ms)

Table. 3.1 Comparison of the different wire feed rate

Wire feed Break-up Time passed from pinch
rate time to break-up

16 om/s 98.9 ms 12.9 ms

20 omfs 71.0 ms 15.0 ms
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Fig. 3.4 Metal transfer in process at I=150A
(Uz=4.0cm/s, y=1.8N/m, t=68.5ms)
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Fig. 3.5 Metal transfer in process at I=200A
(Uz=4.5cm/s, Y=1.8N/m, t=42.9ms)
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Fig. 3.6 Metal transfer in process at I=250A
(Uz=5.5cm/s, 7=1.8N/m, t=7.8ms)

1

N

- D

Fig. 3.7 Metal transfer in process at I=300A
(Uz=6.6cm/s, 7=1.8N/m, t=7.2ms)
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Fig. 3.8 Convection effect in a drop on its development and
break-up (I=150A, t=62ms)

Fig. 3.9 Convection effect in a drop on its development and
break-up (I=150A, t=68=s)
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Fig. 3.10 Convection effect in a drop on its development and
break-up (I=300A, t=3.8ms)
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Fig.3.11 Convection effect in a drop on its development and
break-up (I=300A, t=6.9ms)
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5.1 m/s

Fig. 3.12 Convection effect in a drop on its development and
break-up (1=300A, t=2.9ms)

5.1 m/s

Fig. 3.13 Convection effect in a drop on its development and
break-up (I=3004A, t=3.8ms)
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Fig. 3.14 Comparison of theoretic, experimental® and simu-
lated drop size

ALE 24Pl Y nelstel $49] 2718 BH Y
ouk, #4459 A4 rpYs) BAYY Ag] o
24§59 B2 Astel §29] olwT AN 4
ol 4z,

4.2 B

24 34 old AL 44 45 Teise A4
gom, thes g AeE At

(1) #4 5 H4E ogdozA 49 43 #3
AN BeE WA A HE & BRY & AQT

(2) 849 W% 458 789 $42 YUY 54
A BA¥E dued, o f AR A B B
22 XYY H§3t P §29) Dol w4t

(3) 3% oA HAL WY HEL 7YY §HE Y
Ashe BRAN 7V Bdea, Be Edo) g AL
254 Zett

(4) 2% o138 WS AA9 45E ol g3tel A4
3% 2 BEo e Aol #3, §4 o|g§ 190 $4
SERELESL RS

P |

1. Greene, J. E., “An Analysis of Transfer in
Gas-Shielded Welding Arcs’, AIEE 79, pp.
194-202, 1960.

2. Needham, J. C., Cooksey, C. J., and Mil-
ner, D. R., "Metal transfer in inert gas
shielded arc welding”, British Welding Jour-
nal, Vol. 7, No. 2, pp. 101-114, 1960.

155

10.

11.

12.

13.

14.

Amson, J. C., "An Analysis of the Gas
Shielded Consumable Metal Arc Welding
System”, Br. Weld. J., pp. 232-249, 1962.
Lancaster, J. F., “Metal transfer in fusion
welding’, Proc. Int. Conf. on Arc Physics and
Weld Pool Behaviour, pp. 170-174, 1979.
Paton, B. E., “Controlling metal transfer in
arc welding with a consumable electrode’,
Aut- omatic Welding, Vol. 18, No. 5, pp. 1-
8, 1965.

Rayleigh, L., “The instability of superposed
fluids™, Theory of Sound, Dover Publ., New
York, pp. 428-433, 1894.

Murty, G. S., “Instability of conducting fluid
cylinder due to axial current’, Arkiv foer
Fysik 18, pp. 241-250, 1960.

Waszink, J. H., “Experimental Investigation
of the Forces Acting on a Drop of Weld
Metal”, Welding Journal, pp. 108s-116s,
1983.

Allum, C. J., "Metal transfer in arc welding
as a varicose instability : I", J. Appl.
Physics., Vol. 18, pp. 1431-1446, 1985.
Rhee, Sehun., Kannatey-Asibu, Elijah Jr.,
“Analysis of arc pressure effect on metal
transfer in gas metal arc welding , J. Appl.
Physics., Vol. 70, No 9, pp. 5068-5075, 1991.
Joo, Tong M., Yoo, Choong D., Lee, Tae S.,
“Effects of Welding Conditions on Molten
Drop Geometry in Arc Welding', Journal of
Manufacturing Science and Engineering,
Vol. 118, No 4, pp. 623-627, 1996.

Cram, L. E., "A Numerical Model of Drop
Formation”, Computational Techniues &
Appli-cations : CTAC83, pp. 182-188, 1983.
A4, #FE, &4, "VOF Wi ol 4%
GMA $39 3% ol &3 73 a4 (1), ol
-4 e3A], A154, A13%, pp. 36-46, 1997,
Nestor, O. H., “Heat intensity and current
density distributions at the anode of high-
current, inert gas arcs’, J. Appl. Physics.,
Vol. 33, No. 5, pp. 1638-1648, 1962.



