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Effects of Surface Depression on Pool Convection and Oscillation in GTAW
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Abstract

Surface depression in the arc welding is calculated numerically to analyze its influence on pool
convection and oscillation. The magnitude of surface depression due to arc pressure on the stationary
GTA pool surface is relatively small, and fluctuations of the surface and velocity are caused mainly by
arc pressure. The inward flow on the surface due to the electromagnetic force and positive surface
tension gradient acts to decrease surface depression. Surface depression appears to have minor effects
on average flow velocity and thus pool geometry. Pool oscillation occurs due to surface vibration, and
oscillation frequencies are affected mainly by the surface tension and pool width. The input parameters
such as arc pressure and current have negligible effects on the oscillation frequency. and the surface
tension gradient has limited effects. Since the oscillation frequency varies slightly according to
penetration, pool oscillation for the partial penetration weld pool is applicable to monitor the pool
width.
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Table 1 Material properties of mild steel used for

calculation
Mass Density. p 7860 (kg/m*)
Kinematic Viscosity, v 5.6x107(m"/s)
Surface Tension Coefficient, y 1.2, 1.8 (N/m)

Surface Tension gradient, dy/dT | £4.9x10" (N/mK)

Electrical Conductivity, o 8.54x 10" (mho/m)

Permeability. 4nx 107 (H/m)
Thermal Conductivity, k 30 (W/mK)
Specific Heat, C, 795 (J/kgK)
Latent Heat of Fusion, 4H 272 (kJ/kg)
Liquidus Temperature, Ti, 1809 (K)
Solidus Temperature, T. 1789 (K)
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Fig. 2 Surface depression and convection patterns for Piw and Pyo (I= 0A, y=1200dyne/cm)

Journal of KWS, Vol. 17, No. 6, December, 1999




GTA €-M 4829 EH W] 50 Aol vX e % 73
1.2
Pyor £= 58.6H3
] - -~ Py, f= 58,6H
10 T =r=m By, = 56.6H3 0.8
oo . g
= Moy 3
E 0.8 7 ii‘ il ,”i, i"ﬂr'é| ac .Y P A e g
k| i e [ S sy eyt £
g i"!,'i."i-.u' O A O I S T I S =
Foos e LNy AN o e 3
4 Pl ‘.I v ] i \ [T R N ) Lo o
& LR gLt gt g ] Y 5
oo Vi §oa-
4 i! [ T I I B A N N I
- R TR R U B B, E
22 NN N 5
42} 0A. f=58.6Hz
0.0 1 -+ 1004, f=58.6Hz
' ood4 ' T 200A. {=58.6Hz
: ~—— 300A. =58.6Hz
-0.2 T T M T T T v
0.0 01 0.2 0.0 0.1 0.2 0.3 0.4
Time(sec) . Tims(ssec)
(a) Surface depression (a) Surface depression
. Py
8! oo P
B ™ -
/z_l}\ m
= >
= pe)
B~ A
% E l‘.‘ ‘g‘ A0 ,\'1‘ AA »‘“1
= 2 AN N
g Z
< 1
&% 8
5 %
= o
2
<
-8

T
0.0 0.1 0.2
Time(sec)
(b) Average axial velocity

Fig. 3 Variations of surface depression and axial
velocity due to arc pressure (I=0A,
y=1200dyne/cm)

ol 4L Pulz & n AFRE WAL o
L5 B WY U F49 WEE Fig.40l
HEMRAT otZ 8- AFe AA7HE A
718, AR F 93td &5F AL FHojr] F
Aog gt whAA g A fFo] HAT
Fig.4(a)ol Yehd uie} Zo] 100A9 AAFA A$
o B¥ HE L Ao g3 4TS A et 1y
U, AF7E Z716H 39 @3 o) asey, ol A
Az o] S et 8% T o Fo A FA
o2 Fate F&o] St T4 F29 AHe| F
74el7] wEolth, AR WAl wE &§E9 4%
oM ZHwekel §4& Figd(b)ol vehigict o}ﬂ
et 283l Fig.3(b)9 Ae} vimstd, #%
FArelA g Fig.4(b)el A$dE &
%o gt AFY F7hdl wet S a8
Z AF7F Z71EE £8E BHAM SRR ﬂks}_
]

5

l

Sol FrtstER B9 W¥o] s, f&9
< F2 737 Uy ot} T {49 33&
< A7 st YA

BT ol UH Pue HAF 200A°]4 EHGE

o,

)

KEERFEEE F174 HO%, 19994 127

v T . v
0.0 0.1 0.2 0.3 04
Tims(ssec)

(b) Average axial velocity

Fig.4 Variations of surface depression and axial
velocity due to current (P=Pyy)

< 12007 1800dyne/cmE Wadtes Ao &4
9 9 ¥¥H 2w §4E Fig.5d Ve
FERAH| F718tdE EH S ¥y el & ¢

°1 F837] Q& Fig.5(a)el 2 uie} o]
WY R Fo] ATt 2y Fig 5(b)dl b
W ouke} o] FH G o] MEHr §&4L A7
WalalA) gttt a1gne FHAo Wils 282
o] 9 Wdd P FAT F&dle 9FE 74
3}

o}= 9+ P200, AR 200A ¢ A$o gy
vl 2 £0.49dyne/cmKE Al&-3led Marangoni 7%
o] #5F EY WM fH&o vXE JFL AN
Z3E Fig.6o YeriAch, 943 a7l &9 &
¢l A% (Fig.6(a)), Marangoni #%9 o8] £¢Z
FHo FHAA gHoz F3le AlA Wy A
FrEol B, YR E A7 &) wA)A
W] 3 Kol HART TR Furt o
#Q A% (Fig.6(b)), Marangoni %5 Wakat A
27180l % K5 Wifo] FUSEE WA A wHEF
9] 3 frEo] LAY f&o] Fh}

S.’lrEJESl

428




74

4l
oX,
ot
b
o
el
Jo
ofy
i

"""" Y : 1200 dyne/cm, f=58.6Hz
=y 1800 dyne/cm. =73 2Hz

Surface depression (mm)

0.0 0.1 0.2
Time(sec)
(a) Surface depression

===y : 1800 dyne/cm

Average azial velocity(cm/s)

0.0 ' 01 0.2
Time(sec)
(b) Average axial velocity

Fig. b Variations of surface depression and axial
velocity due to surface tension (P =Py,
1=200A)

Fig.63 B4 & 2204 At & &6F F4
o] ¥4 Wy g §4L Fig.7d Jebd uiet
#o] Marangoni ¥ ZA 4&& vevh ZHAY
g Tt O49dyne/ch?l 39, 8F EHAA
FH o ggite fEo] FUIEER B W0 §&
3] 7+A% 1 100mseco] £l HEo] %’i"f e
o =23ttt FHAY Frt -0.49dyne/cmKS]

A$ole EHA Fo 2 Fdh= Marangoni 1%
o] A7 23 FF5E FHAAIIRE A ¥H o
Z7reg. W ﬁé‘& f&o H3tE Fig 7(b)dl Y
b uhel o]l EWAAE Fulr} 0.49dyne/cmKSl

72A%-o] Marangoni %3 A7 & F59
wgko] B DE Wk §do] F&d Zrlatg}.
Fd948 97t -0.49dyne/cmK 7§
Marangom frEo] AAZIH & F5& AT

= 98s stnz ) 5—.‘—% sttt

£gZo] A &1lo] B WFY {5 vlAE
J &S Fig .87 99 Yehlldct £4€ Smm= 1%
A7) &9 B HAIF|E, Wo| g E
A ®Wygo 3 NF ] w2 A i
(Fig.8(a)). ol £8&9 WHio] od FdU3 &

429

— : 10cm/s

\WNN‘/
P e

e .ou-\.\ﬁ—-)
b pammsss o

[

’oil(-
Vet b
.
- v
A

106msec 112 msec

(a) dy/dT = -0.49dyne/cmK

== 10cm/s

106msec 112 msec

b) dv/dT = 0.49dyne/cmK

Fig. 6 Surface depression and convection patterns
due to surface tension gradient (P =Py,
1=200A)

(F g8(b)) 4&F9 WS SbmmE 143
£ W79 Fig. 9o vebd =
il

5mm °] 2718l AS-o B 3o okae nl o
fAFSTE, £400] 2. 5mmE L £§FdA E‘?ﬂ ]

gel AF §90] Smm 144 7
ol& ﬂ1iﬂmﬁﬂ”41ﬂ@ﬂﬁﬁmliﬂ4ﬂ
o 2ot} Fig.9(b)el e ko) o] gio] %7}

S0 MY BT =t AT, §9] 3712
52 550 A3 9T AAYe] F7Hem
2 fd0) Z/lekE Aow U AL AneR

B §5E9 03 Wge 2 29 H¥d 9%2 0|
]
S

ol e v

FHol Puo, AF7F 200A, EHAY FHi7lt £
0.49dyne/cmK J A5l diste e 233 A

A e 888 ¥42 Fig. 10 Jehldch. B9
&8 Fuyzt —0.49dyne/ch°]?i oJ#o =z et
Marangoni #%°l 98t} &8F9] =71sl
o]}t frEo] AR ot &H B
A7NBZ £9dL Fopo. EH

o.,., -
o
F

©
+

17

AL
O A
o &
28 Fu

41 o
3

Journal of KWS, Vol. 17, No. 6, December, 1999




GTA 27394 &5Z9 84 o] 57 35 v|A = I7 75
1.0
= dy/dT = -0.49dyne/cmK, =65.9Hz —— radius - 3mm. f=122.1Hz
----- dy/dT = 0.49dyne/emK, =58 6Hz 77 radius © dmm, {=83.0Hz
0.8 0.8 - radius : 5mm, f=58 6Hz
e E
E E
g 06 £
z g
8. 04 &
< 3
8 8
& 021 &
5 3
A N S R A
0071 W Y pes
-0.2 T T T T T i ! T
0.00 0.05 0.10 0.15 0.20 0.0 o1 0.2
Time(sec) Time{sec)
(a) Surface depression (a) Surface depression
40
— &/dT = -0.49dyne/cmK
----- ay/dT = 0.49dyne/emK
& 304 e menmm e an e e mnaed @
~
§ £
E z
3 201 g
e 4
: 3
& 5
[
% %
—
g 2
z <
<t radius : 3mm
""" radius | 4mm
radius © 5mm
1o ' J | ' ) : " ° 0.0 ' 01 ' 0
0.00 0.05 0.10 0.15 0.20 : o 2
Time(sec) Time(sec)

(b) Average axial velocity
Fig. 7 Variations of surface depression and
convection due to surface tension gradient
(P=Py,. [=200A)

0.49dyne/cmKel®, WH & &3l= Marangoni &
T AR Fe 3 FFo] WEo] FUHER &%

[
[«
WA gasn S 452 ML &

%’o’] [« =3
ge 27hh olstue AN ARE A2 HA 2
Bhs} fAbSTE .

[— =] Ir
32 82 2¢ Eo M

245EY AE Fore T AFF (resonant
frequency)ol A5, 8§ 59 A o 74
(damping) E#7} &7} WFol| nF JFTet FA
g g ZH 5“4 otz ¢telo] W3alste 7 Lo
Fig.3(a)9 &8& %W AF+E Fourier 98-S
ol &3ld A4tStA ofZ 3 FHSHA 58.6Hzol
. P Afole & o3 el ¥99 MES
W steg gEol ¥ S Hae xol=
ol 7t 54 dde &% 01]
H3A17] Figd(a)d % 34
= dé

(noise) A%
sty HARFE
58.6HzZ FYdlth olw ota hHojut M7

KEERPEE F174H H69, 19994 128

(b) Average axial velocity

Fig. 8 Effects of pool radius on surface depression
and axial velocity (Penetration=5mm,
P=Paw. I=200A, y=1200dyne/cmK)

E“’#’“QO] 12003 1800dyne/cm¢ 7%
(Fig.5(a)), A& Fod4<= 2t7 58.63 73.2Hzo
th EREe ~¥8n 5493 3945 vehez
gEAHe] 7kt Fugee SridY 294 7
Hioll 2%t Marangoni #%9 932 Fig.7(a)dl K
¢ Hpel o FWHAY Fuirt -0.499 0.49dyne
/cmKQl %o &5&L& 2t7} 65,99 58.6Hz& 7
ok oh ERGE Pt o] 4 A Sl AE F
g7t F7kske AL ZAAE Fulof] st 2] (6)
I o] BFFE WY FAHA Foz el A
G3o| 2t g3to 2 vige] FAHE ol Bl A
YT AHE W] HEQ) Ao g FHdn

BEEY e ANF FohFo & 4TS 1=
o2 el don, &g&9 ELE Fig.8(a
Q1 uhe} Fo] WHAo] FIEW FaFe Th




76

Surface depression(mm)
fe=t
-y
L

0.2+
penetration:2.5mm, {=53.7Hz
0.0+ ~ - ~ penetration: Smm, =58 6Hz
-+~~~ penetration:7.5mm. f=58.6Hz
penetration:10mm, f=58.6Hz
-0.2 v T
0.0 0.1 0.2
Time(sec)

(a) Surface depression

Surface depression(mm)

penetration:2.5mm
-5 = =~ = penetration: 5mm
~ == penetration:7 S5mm
penetration: 10mm

-10 T
0.0 0.1 0.2
Time(sec)
(b) Average axial velocity

Fig. 9 Effects of penetration on surface depression
and axial velocity (Pool radius=5mm,
P:PQOO, I:2OOA, Y=1200dyne/cm)

Xiao” %°] mild steel® o}2& B 3I7}AE AME3}
o 25Hz9 2~ AFE 7RI Ag Az} v)wsd
Fig.11(a)ol Yehd uie} o] AMtd e 4847
H 18 A g oS5ttt o] Fatof v
4L Fig.9(a)@} 11(b)ol Yehd npe} 2ol
$oF A3 o S BUY. £t &
AR} ZolxH Eeo] nd AAHAAM
3 i

< AEE F7letE i ZAA A apgdo

A HZe] 5o uA e o] Fistnz Fag

Aol A =Y, o]d2- FH &= surface wave

£ T AT,
&

fr B g 22 ox of

BEg Eol AN ARERY AE Fore Y
R ERCEREMEE RS e SR T

IX

=
T T AFAA IF
Z2 B Folle &del S7tst

¥
3§49 WAel 27 o
,ﬂ_
°]
%, g0l 47 g ol 4oz 27HEW AF Foek

12.0 4

11.0

z axis{mm)
.
o
fen]
)

9.0 1

8.0

T T T T T
0.0 1.0 2.0 3.0 4.0 5.0
r axis(mm)

(a) dy/dT = -0.49dyne/cmK

—  10cm/s

\\\\
- Y
i
o
S A

TR

3 3\'\\\ ‘
SRR

RN

-

z axis(mm)
—
<
<
]

9.0

8.0

7.0 T T T T T
0.0 1.0 2.0 3.0 4.0 5.0
r axis(mm)

(b) dy/dT = 0.49dyne/cmK

Fig.10 Molten pool profiles with surface tension
gradient (P=Pum, [=200A)

[
r

oba el % &5
o Ao goz ANEe
A7 A9l0] ©

P

L
=2

B oft lo

B Lo N B e oal
o |0 E of
o

>
X
far
18
mg(_:
o

ol

o]

[}
Marangoni &% Z& @39 3Ad f-%o] LAYs}
B2 B AgL Folxla §52 FUhsiRt. &

Journal of KWS, Vol. 17, No. 6, December, 1999




GTA &34 &&E9 4 ¥¥o] F 53 el vA= 9%

77

®  experimental result by Xiao{9]
analysis result

Oscillation frequency(Hz)

3
Pool radius{mm)

(a) Effect of pool radius

60 -

Oscillation frequency(Hz)

504

T T T T T
4 6 8 10
Penetration{mm)

(c) Effect of penetration

&)

11 Effects of weld pool geometry on oscillation
(P=Pyw. [=200A, y=1200dyne/cmK)

Fig.

& Xt A F5H &85 AL
AT AT FASIAT FEEY 29 {1% T3
T B 855 A7 93t 2
Marangoni %] 8ty 7t
g ot s ‘jc
oo Frtsd 2%
Raa=1

—

(&
LTS -
ne o ral Ok &L rhy

RN RIS

ro

1. J.F. Lancaster : The physics of welding, 2nd
Ed., Pergamon Press(1985)

2. G.M. Oreper, T.W. Eagar, J. Szekely
Convection in arc weld pools, Welding Journal,
Vol.62, No.11(1983), pp.307s-312s

3. C.R. Heiple, J.R. Roper :

element effect on GTA fusion zone geometry,

Mechanism for minor

KBS $174 $65, 19994F 128

10. %

11.

12.

13.

14.

.M.C. Tsai and S. Kou :

. M.L. Lin, T.W. Eagar :

.M. Zacksenhouse,

. Y.H. Xiao, G.D. Ouden :

Welding Journal, Vol.61, No0.4(1982),

102s

pp.97s-

. T. Zacharia, S.A. David, J.M. Vitek, T. Debroy :

Weld pool development during GTA and laser
beam welding of type 304 stainless steel, part I -
theoretical analysis, Welding Journal, Vol.68,
No.12(1989), pp.499s-509s
Electromagnetic-force-
induced convection in weld pools with a free
surface, Welding Journal, Vol.69, No.6(1990),
pp.241s-246s

Influence of arc pressure
on weld pool geometry, Welding Journal, Vol.64,
No.6(1985), pp163s-169s

. T. Zacharia, S.A. David, J.M. Vitek, T. Debroy :

Weld pool development during GTA and laser
beam welding of type 304 stainless steel, part II
- experimental correlation, Welding Journal,
Vol.68, No,12(1989), pp.410s-519s

D.E. Hardt @ Weld pool
impedance identification for size measurement
and control., Journal of Dynamic Systems,
Measurement and Centrol, Vol.105, No.9(1983),
pp.179-184

A study of GTA weld
pool oscillation, Welding Journal, Vol.89.
No.8(1990), pp.289s-293s

FE ALY o AFE o) 8T FASHY o BT
AT, e E3A, Vol.11, No.8(1993). pp.74-
85

L FFE AEY 0 VOF g o443 GMA
49 F&olgd w3 FARAN(1)-YF LAY A2
glo] olgel M, ha&3eE A, Vol.15, No.3
(1997), pp.168-177

H.K. Versteeg, W. Malalasekera An
introduction to computational fluid dynamics,
Longman Scientific & Technical(1995)

I.G. Currie : Fundamental mechanics of fluids,
2nd Ed., McGraw-Hill(1993 )
E.A. Brandes, G.B. Brook :
reference book, 7th Ed.,
Heinemann Ltd.(1992)

Smithells metals
Butterworth -

432



