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Abstract

The purpose of this paper is to understand the behavior of GHTAW process under the space
environment with the experimental and numerical analysis. Gas Hollow Tungsten Arc Welding (GHTAW)
using a hollow tungsten electrode was adopted, since the ignition and discharge of a conventional GTAW
process is not appropriate to the space environment due to low pressure in space. In order to clarify the
phenomena of GHTAW under space environment, an investigation of thermal and physical properties of the
GHTAW arc plasma was experimentally performed under low pressure conditions. Furthermore, the molten
pool behavior and weldment of GHTAW were understood by CFD-based numerical analysis, based on the

models of GHTA heat source,

arc pressure and electromagnetic force induced by arc plasma, the

characteristics of which were obtained by the captured images of a CCD camera.
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Fig. 1 Experimental apparatus for GHTAW
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Fig. 2 Arc discharge process
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Table 1 Welding parameters(SUS304)

Current 150A
Arc length 3,5,7/mm
Argon gas flow rate 0.1, 1, 2, 5L/min
Time duration of weld 5s
Electrode tip angle 600°
Ambient pressure 1.3kPa(10torr)

Transient arc region

204

Voltage (V)

Welding time

Welding start
Fig. 3 Arc voltage of GHTAW under low pressure
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Fig. 4 Effect of gas flow rate on period of transient
arc
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Fig. 5 Effect of gas flow rate on bead shape
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Fig. 6 Effect of gas flow rate on arc plasma
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Fig. 7 Effect of gas flow rate on penetration depth

Fig. 8 Effect of gas flow rate(3L/min) on molten pool
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Fig. 9 Flow chart of heat source modeling
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Fig. 10 Effect of gas flow rate on heat flux

Journal of KW]S, Vol. 28, No. 4, August, 2010




S5 oA GHTAW ol 543 &8+ ol &gt A+

4. GHTA &84 82 882 dlilY

970 AN A PPN AF BE WY, &
g 0E PN} AUA PPl olsh vl
A

VOPHE olgsle] A% EWe T ol
o B $& RSP AL B =R B
WY Ao} o] §8A9] A% FFL F T

SojoRiie, Ayt FEEEe Yol oo
=]
H

45 Ay 549 2
GHTAW 9] 49l ¥k o}= 3t it a1zj7} &
A Al das "k e ol ol ofe] kA
Hol7] Fsta BAl, A%, =
ghznl A BEAl] AA o il

afPR B Ao 5% ot om HeH F I

Lol bl thEk A7ES Wl Alko 2 SAS A
t}. Table 32 GHTAW &5 A3 A] A3 #Hdat

A& ofF ARES Kol F1 Table 4+ Ao ARE-gH
44 W 9 EAAE e

Fig. 11> &3 Wiy Alggold A3E Hlalste]
Uepd Apglelth 0.1L/m 9] 49 of=9] fra WHiol
545mm=z 7P A3 3% o3 7 E3F 143 sec
2 7P A7) diFel o9 8§ afo] WX H
3w 55 7P AA e e 2
A Wgo= Qldl Aoz 89ld dFS F
el ofa &g 4 HAp|Hoe] wH HFHo
obx g9o] Al g &84 AsS
B AxpE 9 oolm gtlo] ® gl H]
o2 §§A xH] FAdA Yo FA= fE HE

e}
T
=

o

Wl HobAA ol AsHom AxIE, oha ¢
o] A7 Hol & W e ol Wom P}

Table 3 Arc voltage and period of transient arc

during GHTAW
Length Gas Vol Per
(mm) (L/min) (V) (sec)
0.1 124 1.43
05 11.7 1.25
o 1 117 078
2 12.2 0.6

¥Length: Arc length, Gas: Gas flow rate, Vol Arc
voltage, Per: Period of transient arc
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Table 4  Welding condition and thermo-physical
properties of material for GHTAW(SUS
304)
Names Values
Current(A) 150
Voltage(V) Measured value(Table 3)

Welding time(sec) Measured value(Table 3)

Thermal expansion(T-1) 42e-5
Density(Kg/m3) 7170
Specific heat(J/kgK) 730
Latent heat of fusion(k]/kg) 290
Thermal conductivity(W/mk) 22
Liquidus temperature(K) 1727
Solidus temperature(K) 1672
Dynamic viscosity(kg/ms) 0.005
Magnetic permeability(H/m) 1.26e-6
Surface tension(N/m) 18
(N0 0
Arc length(mm) 5

Gaussian heat distribution

Measured value(Table 3)
parameter(mm)

Gaussian pressure distribution

Measured value(Table 3)
parameter(mm)

Gaussian current density

distribution parameter(mm) Measured value(Table 3)

1727

0.1L/min
1580

1433
0.5L/min

L | 1286

1L/min
L | 1139

2L/min

Fig. 11 Comparison of the simulated molten pool

to experimental cross section
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