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Numerical Analysis of Weldment by Considering the Convection
of Welding Arc and Weld Pool

W. H. Kimand S. J. Na

i

4= duA &3,

FEol Bol AE

S

JA%/FgARsd
FA/19573 4/

gry @ 0 2a |

A3/ 873 8]
£91/19524 /8 4
A58 @ o)A
e vd drsa

M B

A=7t 235 95 84 I I8 F0 A

44 Ye AR FPRE Qe golaA go

o,
)=}
i
% AF &Y LA, EH WY T

oleig MEUFF &3A YAHE A, =
A 7t R el % 23 ¥ 9 SR
A EAHE

o ol gt webA A 83 FAdS 3
A HFEE o] 8T 2] A ) o3 &3
¥ AL FYsE ol o FAHH, ERH
d = 3lth

SHRo e d L BA £F ATE §HR

A ob7ldE Bed dge Tk A% B
Q Bopz A He] HAZME ol AW B

[e)

L.

A7t &as) APsam glck FHRY FE F

ol g A7 F 1o AlALE upe} o] 1940
o) Rosenthaloll ]3] 81412l vho] A= o]
19803t W 74#| = FE A% (conduction) §Ho]
" AR WA dig SHE A
o] At AYurkstd &4 Fol £V €4
o ol&f v sk HES Holy] ol 1

b 19803 ) SHHRE iF d@4S 2He Y
o] #H 1 glon LR dF NS 1T
£34 = (pool) o] B} HAUF BHE A 4
Zof g4t}

£ E9 UF YL dodle +5HE A
AN, g4 A, e 2 mapze ofa sk
o] 2Edo] Q) <l 4 FH JE F F=
AZ:ol 2L 3 FFY FEH disfA R 7t
2 F2 A7 4R HYp .

Zgtzn) olA Jlx9 FEHE 1 sy AN
MNeE 94 83 olze nd HAS 53 8359
A B AgEH = o] @50l AL Holok
oy, wakd H o @Y AL S oA &
7 otaet £ Fo] W Ed AAo #PHL
Q= AAe|m W EF ] 4 T/ FEHE
2T st zt 7EEH W £-F 4L v
i@ A e 3 =g EAA R R Bt
A=

E rudoME &3 Epoo) o 5SS
SRR 3 &AM HA L HE AAE
o, £ GTAW {(gas tungsten arc welding)
GMAW (gas metallic arc welding) &3l tist

3R W
3

4 ¥ o

Journal of KWS, Vol. 15, No. 2, February, 1997



84 ok 2 88 £

FEe A

& 4%

S EL

27

Table 1. Summary of theoretical work on weld pool fluid flow and heat transfer
year nation researcher(s) model problem driving pool shape pool surface remarks
force(s)
1980 | England D.R.Athey 2-D. axisymmetric MHD prescribed flat
(Magch  wood steady stationary arc
EnglLab.)
1984 | America G.M.Oreper 2-D. axisymmetric MHD calculated flat
ML) J.Szekely transient | stationary arc buoyancy
surface tension
1984 | America C.Chan 2-D. axisymmetric surface tension | calculated flat
(Illinois Univ.) | J.Mazumder transient moving laser
M.M.Chen
1985 | America S.Kou 2-D. axisymmetric MHD calculated flat
(Wisconsin D.K.Sun steady stationary arc buoyancy
Univ. surface tension
Camegie-
Mellon Univ.)
1986 | America S.Kou 3-D. moving laser buoyancy calculated flat
(Wisconsin Y.H. Wang quasi- surface tension
Univ.) Steady
1986 | America T.Zachria 3-D. moving arc MHD calculated free
(Oak Ridge | A -H.Eraslan transient stationary arc buoyancy deformable
National Lab. D.K.Aidun surface tension
Clarkson Univ.)
1989 | Korea S.D.Kim 2-D. axisymmetnic MHD calculated free BFC
(KAIST) S.JNa steady stationary arc buoyancy deformable (Vorticity-
surface tension stream
gas drag function)
1991 | Korea J.W.Kim 3-D. moving arc MHD calculated free BFC
(KAIST) S.J.Na quasi- buoyancy deformable
steady surface tensi
1992 | America R.T.C.Choo 2-D. axisymmetric MHD calculated flat “PHOENICS”
{Toronto Univ. J.Szekely steady stationary arc buoyancy code
MLT. S.A.David {couple with surface tension
Osk Ridge plasma arc)
National Lab.)
1993 | Japan A.Matsunawa | 2-D axisymmetric MHD calculated flat
(Osaka Univ.) S.Yokoya steady stationary arc buoyancy
surface tension
gas drag
1994 | Korea S.Y.Lee 2-D. axisymmetric MHD calculated free BFC
(KAIST) S.J.Na steady stationary arc surface tension deformable
(couple with gas drag
plasma arc)
1996 | Korea W.H.Kim 2-D. axisymmetric MHD calculated free BFC
~ (KAIST) S.J.Na steady stationary  arc | buoyancy deformable
pulsed- current | surface tension
arc gas drag
(couple with
pl arc)
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(surface tension force or Maranngoni flow effect)
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Fig. 1 Schematic representation of GTAW

Table 2. Boundary conditions for weld pool model
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Table 3. Welding parameters used

Welding parameter Value used
Arc length, mm 2.0
Arc voltage, V 14.0
Electrode angle, deg 60
Electrode diameter, mm 3.2
Electrode tip diameter, mm 0.4
Nozzle diameter, mm 12.7
Shielding gas (Ar), 1/min 10.0
Welding current, A 100

Fig. 2 Solution domain and mesh generation
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Fig. 3 Arc characteristics on molten pool surface
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Fig. 5 Weld pool profile due to different driving forces
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Fig. 6 Flow patterns due to driving force for =200 A
after 1 s of welding.
A - Stream function contours for flat surface
B - Velocity distribution for flat surface
C - Stream function contours for deformed surface
D - Velocity distribution for deformed surface

Fig. 7 An example of calculated weld surface
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