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Abstract

Gas tungsten arc(GTA) welding is used to repair the seat ring in swing type check valve in power
plant because of its high weld quality. In order to automate the welding process, it is needed to
analyze the process of inside pipe girth welding. In this study, the shapes of weld bead on pipe inside
and outside were predicted and its validity was investigated. On the assumption that the welding arc
has a bivariate gaussian distribution, analytical solution was derived to predict the temperature
distribution in pipe weld using mapping under consideration of physical relationships. The size of weld
bead could be predicted from this equation and its accuracy was verified by experiments.
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Fig. 1 Schematic diagram of GTA pipe inside
girth welding
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Table 1 Physical properties for materials used
in calculation

6063
P AISI | SUS
roperty unit A
1042 304
alloy
Thermal
W/mK | 303 137 | 226
conductivity
Specific heat JkgK 752 1033 | 582
Density kg/m® | 7860 2700 | 7900
Liquidus temperature e 1495 652 | 1450
HAZ temperature °C 723
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Table 2 Welding conditions for circumferential

pipe welding

Rated input voltage {200V single phase

Power
source
Rated output current 300A
Rated load voltage 35V
High frequency

Spark generation
generator

X 2% thoriated
Welding Electrode material

tungsten
torch 3

Electrode diameter 2.4mm

Electrode tip angle 45" +5°

. Water cooling
Cooling system

type
Shielding Composition 99.9% Ar
gas gas flow rate 10 /min

Work 304 stainless steel pipe with 108mm
piece inner diameter and 3mm thickness
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Fig. 4 Calculated and measured liquidus (LT)
boundaries of 6063 Al alloy welds
(Vw = 2mm/s, Iw = 60A)
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Fig. 7 Weld bead cross section changes according
to welding speed
{current=80A, torch rotational angle=180° )

4. 42 B

\

dom Q7 §34 deol Aol UE BY
o gele] spolze] vFol gl Aol dhsh 7t
3 ew BETE 43¥ 5 At d4 dE A
ik, MMl 33U @ W Pl o
% A7 $EO] deo] o5 o YHE WA
g Zolx e HRelHel ex BEAE AR
geoh A BAAE ol gete] TolZ £3ol
Hel ¢ EEAoz w@gozs 2% + 3
Ak,

1 P & Beas watncaicuaeY)
_ 284 o M- Bead widthimessured)
£ B ’
E s X Penstraton depthicaiculatad)
g o —Xx -~ Panels n deplh(measured)
s 244 © Bead widthicalculaled)- Al glioy
& —om ’ roc)-
5 2] . " O Basd width(massurecy- Al atioy
H st
H S
2 204 -
H 7
. 18 i ° o
§.c] o e R .
i
3 1 !
a x

12

10 L T T T

o « ) s 180

Torch moving snghe (degres)

Fig. 8 Bead width and penetration depth of AISI
1042 resultant welds and 6063 Al alloy welds

@ Bead width(calculaied)
244 R —8—Baad widih(measured)
22 X Peneiration depth(ceicuiated)
_ 1 . —x— Panetration depth(messured)
£ 204 e
3 ~—
z —
g 184 ~—— .
2 T
£ 164 .
H
L 144
s
H
2 124
- X
£ 1.0 XN
3 %
3 oo T
[ T
® 08 T
X
04 8

T T T T T
20 25 30 35 40 45 5.0 8.5

Welding valocity (mm/s)

Fig. 9 Bead width and penetration depth of SUS 304

steel pipe welds
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