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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. axisymmetric 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
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ol W Eo| FAY 37 AL B T+ AN
o, 53] $Pule) BF AAT Aol Fod

Journal of KWS, Vol. 15, No. 2, February, 1 997



g4 otz 2 £4 22 /S vl £HF FA Y

£ 39 v s
Y —— calculated haif &th

S

- 3 — a i

5 32 »  observed pool width L

= 30 L e Doce o

= 28

[}

i

2

S 22

220 ;

a CF »

® 16 /e

O 1af .

S 12F T

g 1ot [

g o8 =

§ 06 L 1

X 4 /»'/ et

T 02 z E

® : L ) N A . L N L

3’ 0'00.3 02 04 06 08 10 12 14 16 18 20

Time (sec)

Fig. 4 Computed weld pool depth, half width and
aspect ratio

Fole WstZo] vy z=x| gtk

Fig. 5l M= 2zt +5 3] 93 a}& 4§ Fo
B4E& AAsta Qe

Fig. 5-A% #Adgd it Ax2 45 B¥XE
£ 29 FHAAM nigo Fgal= FHE Hol
o H £ o 12.9 cm/secE Ve T},

Fig. 5-B¥ &% x4 93 Alltd daz
€3 dol7t A vEelden, tiF og3e
g gAY Ao (Fig. 5N & Aol7t des
e 4 At

Fig.5-C& €3 & U9 2x Fujol o) 44

€ 3Y9 G e A7E 2o Fz Qo
8 AHgoz 283 AAHYA &5
ANe JFe 7R 2 F3= o Hon, F
) £X = 0.05cm/secE ofn| o2 AlgEo| At
st B E AAIS ARt fAME ZA1E B
a8 £ Zo A HEge] ualg 2w
Ao FAHA vebgy £ f5 wEe 84 F
Mo g2 i upgoe s &= g4 2o FA,
Fig. 5-D& %& EelRvl oA 7p29 3o 9
& 55 HeHE At vk 2 & 5 9
%ol ZHf EHAA FA f-5 wtE wgow u}
Zro 7 Fsin, Ao £x2=9 2 cm/sec AEE U}
Ehgct meps] 8o 7 3158 5 81 E9 o
7 Ede] v 2 dFE RAGE AL 4 F
AUt

Fig. 5-Ex= €3 & WolAM 9 A7 &3 =] 3

KBEBEEGIE F158 H1W, 1997F 28

31

& dxprige] o f% HHE R F1 g
o Fo WA KA FE5S &Y FAHL s}
i e, 8 Fo e Ko o3 A o)
T AN A4S Be Fu Yo A fF &
EE 0.2cm/secE o9 FL ke Yl 3 9l
Fig.5-F= &4 & W9 2% oo & =
EY 843 940 o3 &3 49 239 #%
& BoFn ot dvrd oz 0 4% FeEe

48 Alee B3 9 FHBAEE 849 )
Fo wets & ol uEhiich B Aabs 4
(12) ol Folxl Aoz AMd 75 A st ¢l
o frE T g WIgos wigow aln
Rew, Ho vbg ek £53= 8.9 cm/secE
Byt

B2 aA 2do sy Aoz AdE £E A27)e
olu] T AlgEe] Aakg =7)(0.005 cm/sec~
100 cm/sec) & A FH o2 FAS g B T

T:}- 4,7,10,11, 14,16, 21)

4.2 GTAW SJolA AlSI 1042 Z

AISI 1042 7 AR E AFE3 GTAW 5AHA ¢
dollA AAF 4F 79 F5EL ¥ ndd 3
A A9 dAelth, xu) WA AL Vorticity -
Stream Function Approach %ol 93] &f2o] 4=
5 A}, Fig. 6-A,B ¢ Fig.6-C,D = ztzt ¢
BHo| 39 ZHeo AyY SFHAY H Lo
MY ARG 2o T3 k. F A9 AolA v
$ FARE 5 HEHE BogFa glond, 89 7
ofo] SlolM = ¥FEE &-§ 9 Y AHA7t o
A JGelgon, oAL &8 F FHd 288}
E Btz st 38 o8 olaz B &§
E B9 A8ete @ Hed o] 724 H7) g
th & o2 Qla| Wl #F5 "hdko] nigZ o
2 &Fsla gld.

4.3 GMAW =ZEolM AISI 1010 &

AISI 1010 7+ A 85& AH8-3F GMAW F Aol A ¢
Y T A28, 249 @ 39 Aol ud &
HE-9 33 M AAE AAF dAEA 53
& AF589 8% oy A 1y HYD?.
Fig. 7% 53 % ola Joll 93 £ o ¥ &



32

Heat Flux (W/mm2

Gas Shear Stress (Pa)

& ANG adelth o3 FHAM &H
He &8 <8 o vl HYE A4S

<

\AREE RAL

YT T YT T Y T Y Y Y T YT T T T YT YT YT Y

2 3 4 5 ] 7 8
Radial Position (mm)

(A) Heat flux

TTTYIr YT rYyrTTeTY TrrreyTY

TryYYYTY

2 3 4 5 6 7 8 9 10
Radial Position (mm)

(C) Anode gas shear stress

Current Density (A/mn)

Arc Pressure (Pa)

70

65

TYTYTTYrYY

\Ad RASSE B4 T

1 2 3 4 5 [} 7 8 9
Radial Position (mm)

(B) Current density

aadaasalasasd

addas

asalasaatasaslasaadasaslasaadaanaal

1 2 3 4 5 6 7 8 9

Radial Position (mm)

(D) Arc pressure distribution

Fig. 3 Arc characteristics on molten pool surface
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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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