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Abstract

Effects of gravitationa orientation on gas tungsten arc welding (GTAW) for 304 stainless steel were
studied to determine the critical factors for weld pool formation, such as weld surface deformation and
weld pool shape. This study was accomplished through an analytical study of weld pool stability as a
function of primary welding parameters (arc current and arc holding time), material properties (surface
tension and density), and melting efficiency (cross-sectional ared). The stability of weld pool shape and
weld surface deformation was confirmed experimentally by changing the welding position. The arc current
and trandational velocity were the major factors in determining the weld pool stability as a function of the
gravitational orientation. A 200A spot GTAW showed a significant variation of the weld pool formation as
the arc held longer than 3 seconds, however the weld pool shape and surface morphology for a 165A spot
GTAW were 'stable, i.e, constant regardless of the gravitational orientation. The cross-sectional area of the
weld (CSA) was one of the critica factors in determining the weld pool stability. The measured CSA
(13.5mm?) for the 200A spot GTAW showed a good agreement with the calculated CSA (14.9mm?).

*Corresponding author : nhkang@pusan.ac.kr (Received August 22, 2007)

Key Words : Weld pool shape, Weld surface deformation, 304 stainless steel, Gravitationa orientation,
Welding position, Cross-sectional area (CSA), Gas tungsten arc welding (GTAW)
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Table 1 Process parameters used to produce the
weld using the gas tungsten arc welding

(GTAW)
Parameters Conditions
Welding current 165A / 200A
Arc voltage 14.2V / 15.0V
Diameter of the electrode 2.4mm

Distance from the tip to the specimen 1.7mm

Electrode tip angle 60°

Ar / 25CFH
50 x 50 x 6.5mm

Shielding gas / flow rate
Sample size
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and (c) cross—sectional area for 165A spot
GTAW

e WAL ofa fAAZE 0.5

= HZ 89 9 THAo] %0} *267}'3}3?\

.ok FAIANZE 5x7F AvbaA &7 o

sle] Z71EIl e (Fig. 2b € 2¢), €4

7} 7Vl ¥al TR o|fole A dA3H

ItHFig. 2a). Fig. 2014 & <
: =5

Ao A= gHu

T"rxlf\]ﬂol U]Zt dFe BEHA oY
3

ofo 023
o o

Hu

agwﬂuﬁm

>

o
J%H
ofo
A
S
¢
g
2
- 1o
Obo Jh ST
v} OH'l
2,
9
H

N
N
lo
0,
o
—U
2 12

AL stable) ]2} ]8Tt
%Xézd%'&] o?'% A3 -&0}04 2OOA 23F
A

$5%7h Zo\5WN 5% ol A9 4T E B
vt aeht g9 ok fAA A R
Z 2 ol mheh sl
$HY P99 Wake vehigleh 3 ol us)a o

W AR E 32 ok fAALY BE 28% F
A 89e YRR 102 §A% A% 15% 27}

g & Hanh old AAgdte] &R dRiAE
X‘ZMMH FES W ke Eﬂ\:‘r SRR
200A AESHNME o3 FAA|IZF 3% o]THE &

8% Zlow AYHUT. o]g o] SRAA A uhet
BT o] AA Weks 24, & 200A ~F84 Al
o} AFAAE 3% o]F] S BT (unstable)
o} % o3ttt

SHAT 165A 2E8H A= o2 FAAIRE 10%
S T 9ol wel &HF Pl Ao dHsisle
o2 A wE &35 FAE s Hol U
H(Fig. 2). 28y 854771 165A0A 200AZ 5
7vebaA S8 elel mEk &9 9 8 dHA
7g3e Wshyl ok (Fig. 3). webA of= fAAIZE
3% °o]%9 200A 2=FE&FH Al &HAA wE &3
F e Byt Ao= AgE A

Journal of KWJS, Vol. 26, No. 2, April, 2008



65

o

‘_.#mo
-
o
ofo
K
B
A

£ 304 2HQB A% 88X

Spot-GTA &5 Aol

sl Fig.

=
=

22| E? (laser profilometry) o=

AARE A

1
T

ol &4 =T of= offiellM dofut

7B

7F AR

EERUERRR

]

o] Ael <%

7h e Ao AR

A
S

al

o
°

A2

2

28] Ha) A

oF XN~ I 5 B oor oW B
BT S T W Mo~ o
Eﬂuu%ﬂoaTquu
Mm _&ﬁl ol o =~
X ﬂIl Eﬂe i ] N ,m_x <F N
wo N 911@ olo _ N
,UAl ‘mL O~ 7m0 7E ‘Nﬂ ;i U_X (ap)]
B0 PFgx T o
TaN=IT oy X
5 < 5 N o o X
T X oz o~ o & ok
— B ok . ~ K -
X N I
= © i ;ﬁ N ms ©
Roo AL ok ol B8R
N W o 2o S0 o
10 N o o B gy X
e T B TN o o
XX RG o OB R
° %S B oA MW o
;i o) AT X < TO HA
.o K|
— o "m0
R S
A K do wo Nl %o PIK
< 9 = o o oF
® o= P T D CHRA
oF B o B O W o W AR
c E S
o S 3
5 HE
gl 1
= i mm ©
L
L\ +
° .
2 N )
Z T

(W) yIpIm [eonIs A

Arc holding time (seconds)

Mx LR oo ak
kB P DT ok
Oﬂl ,ol.Waﬂiﬁo
T TN TS o
T B < ol %0 =
oy W E R I g
Col = oF o X° ol
= ~
I -
o T dr;wﬂ.é\ﬁ
ﬁT‘x_lHTE\l/Enﬂ_f/ETvﬁo
Bom R oaw Fow
oy X do o . RE X
,_._mo.oLllﬂ.m.cﬁoﬂHTdﬂ
pae oLXBF 0 o T
OO OH_O(Jlaoo
of o T X o Mo
_f%_&ﬂA%
w MM R R T g o
T o o TN W R B
ek O W Mo oo B
= * Mo T
.e_u%»rﬁaﬂ%ulr%%af
\UIHL_KT.OTPOW]NIHH
T "E Cooome M ST
Tode ol AT TRy
il BT R BK o R
,/ WO
o N\
3 N\ S E=
2 N
= /,/ o =
Nt
o] LN
L NN ~
Q \
3 h

8

© <

(ww) uoneijausg

Fig. 4e

2= Ak (Fig. 4f).

Zo| &

0]
o

7FgAkel el

Arc holding time (seconds)

Al

JL mio TR E
o K N T
o A wm P
g ode B X
I
8 E N
0 = ~ mu_.o ,WL
% =K M w o o+
X O -
0
Mo oo B .F._L_n#_ o
= T ™ B om
oK o oo Moy M
Bk omor g .
dﬂ 1:\_ ﬁo TR L <
m = R Hc.l
e X oo P odo R
B o wr N T om M
R N I
‘m,ﬁ L0 .?T \W;\_ ﬂ.A
B o o Ty
G BNC Sy
*LTTESL
TIF S MNT W
. 2
=} //// k] m
. = >
N
A ”// L] .,_\.
. e _
) RN
2 N\
& R

(;WW) BAIE [BUONIIS —SS01))

12

10

Arc holding time (seconds)

2 oz g WA

2 4EA

to

10©

jgaze]

(e}

3+ 9b% (vortex) 9l

=

~

o
)

=)

T

Fig. 8 Measured weld pool (a) width, (b) penetration

and (c) cross—sectional area for 200A spot

GTAW

165A%F 200A 2=

Aol e

o2

o

167

KIEEH- TR Bt 55264 29k, 20084 4H



66 739d - gld % - 275 - Singh Jogender - Kulkarni Anil
2 2
165A 165A
01 01 01 oy
"
E o £ o E o Wv‘* j
E=} E=) =l ¥v\ }(
o= = 3
a a [=
8 -4 8 -4 8 -1 \*\
¥
—e— 05sF —e— 0.5s—F g e 0.55—F
~6{ ¥ & for Flat weld o 055V 61 0 055V 61 o 055V
- N for Flat weld T . g for Flat weld N
= g for Vertical weld T 05sF be - 0.5s-F ' —w— 05s—F
—v— 05s-V = g for Vertical weld == 0.55-V = g for Vertical weld —x5— 0.55=V
_g -8 -8
-6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6
Vertical axis (mm) Vertical axis (mm)
(a)
2
01
g ] £ S
£ £ £
k=i b= =)
a [« [«
oy SR 9)
A a a
—a— 05s—F o 0.55—F
—61 } & for Flat weld o 055V —61 Voo o 0.5s-V —61 hal o o 0.5V
g for Flat weld g for Flat weld N
—w— 05s—F — - 055—F ¥ o for Flat weld e 05s—F
N for Vertical weld g (5e—v Ll for Vertical weld e 055-V | e for Vertical weld L
-6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6

Vertical axis (mm)

(d)

Vertical axis(mm)

Vertical axis (mm)

(f)

Fig. 4 Measured weld surface deformation and weld pool shape for 165A spot GTAW:; (a) 0.5s, (b) 3s, (c)
10s arc hold time and for 200A spot GTAW:; (d) 0.5s, (e) 3s, (f) 10s arc hold time.

27 A ZEo] welo] w2 878 Farel wsl A
o] Nz te Aoz uehton] o &3 AW
#F7F th27] wiZelgt Ak €t Rokhlin
go] ol AR AlFl wldate] et
SN Tw Wy P ol e =9 B
o] gk wHTHAY 16540 WlE E ola AR

200A ~AEEHANE =L ofa gt o
Foz ¥l Wye Fwrt Aesth(Fig. 4e 2 4f).
Who] 165A AEER M E Re ol gFor 93

| A

< 71 165A 2FEH- N AR Wgd 1]
e 8 k9o 9ddfo] 200A AELH ) vlE AL
Ao ® P}

i gy B Aoas 32k 7HAl

e Aor 44 de =

W Aded 9 FHE BF 23 51
o < B

=
=7
3]
i
N

)

o
fu
2
v
lo
3
ok
_0|L
v B oo

e B

y B

oo [+ =3

o ’ ne
ol X i rE

(cross—sectional area, CSA)
Z98t B Ykt 85 e

(2AF B AN G ARSH(EAY

oX, dfL B offf X 1% o

S
m
rlo
oo
ao

ofo ol

Y

o,

ofo
2
—‘U‘. M

©
W
N
.2
jﬁ 1o
ol
N
.
e
oo m
o RS
=4
i)
o Jo
b
T n
£y
i)
oft Hr

Bt (Fig. 3). &AM wgt WEshe 484
4E T e A PR ol FAAIZE 3% o]/
zdA o Uelsith: &5 &
Jdmm, €% 2.1mm, ©94(CSA) 13.5mm”. &4
- gote] g e & SR FelA e &AM

7ol

Journal of KWJS, Vol. 26, No. 2, April, 2008



67

o

o
-
o
ofo
Tk
B
A

£ 304 2HQB A% 88X

Spot-GTA &5 Aol

T T
=3
P
< W
%)
C o
e
faul
)
<
RS
w O
o B
ﬂw <
do T
Yo
SR
Y
R o
o
o| m
™ o
mo
NS
3 2
gan =
=
MG
o HK
<|
-
wn <
g 3
W
ey
Gy
T
%
=
T
No M1
N
BIAI: I

ojt}. Akl

A

A 2

39 Wash 24 gekh 1654 2ESHAA ol #

7 2 o= 1.169 (N mD),

o
=]

94 4ase

3|

5.3mm 18]

—_

MAL 14 9mm’E A=Y}

Nfo
zlt

JJ

‘,.ao

o

o

A (Delreh 2ol &

e
=

A 3t
ARt

3
pol

A (CSA)9

3l A1

Heh &4

sl 2A5

&

4% ol

<]

by
[}

]

T
=4

Aol A <]

R

v
oo
K
<]

Z

Fack 200A

9

3]

3
15 SR

=

= °

A7 3

[e]
T

fot. e 9] o)

S

o|7| =

< Fig. 5l VeI

= A

B

ol A A

O

13.5mm’®|%ct. 13.5mm”

R

9]

p 84

@} 379l 7h

A A]

=
=

o 4eur} 2 W 44

tHFig. 4d).

A

R
%

™

714

slpe B o

—
© ©

o] 7}

314

s

Aol <)

™

<

A

d

<

1
o

017} of
Tl

SAZES 13.5mm’E

Ao A

(1)olA

k. 4

B

Al <]

1
.

Fik(14.9mm?) 3 A o

£ At
otk a8y 165A 2F-EF 0N

o]

o}z fAAIRE 102

1
.

nY
e
W%
~ A
Njo 1”|
s
= o
Ew
o
o
CH=
"
N
B oo
%

LS
ou_n ﬂvﬂ_
o

"
%W
o W
T
o

A P 2t

qge A

F,=F,+F,

2 200A9]

Tk 165A
o =7

=

&

7}

s

go) gt g 47

mﬂmaﬁmw
1Tk
i % o) B
@m?mﬂ
w o
A 1M %Mu

- 10)
o 5y
g &
w R o
do B W O
w e
i o, I
EePE
e
2203
" "o - B
o T T
T P
of % ™ ol
M4

{0)
MﬂA
= H
o_u&ﬁ
oD
w A
mﬂz?du.
T H B
E.Aﬂwﬂ
orlﬂa
Ny
w3
™ @ B°
B! I
T oW
2= 9
T
4T o=
<%
5 S

P —
— oty O
o KXY =
N oE

oy b TR T
_i JIO ) =
S [
n oo o K
= o <o ' <
i B T T (-
= o alpl MT_.
ra s
== T ol %
o - do R F
B R
= W J
o B Y = o
) Ly —) o _,AH
N o = B o dlo
5 -
rr N EET %
%ﬁ o o) o %0 _#M 4
= of gy M )
o ol . T m.n_ iR o
o T v o ™ T
™ T B o o B A
T KR 2 4w,
o) AR = M.m mﬁ Mw Eo =
(o]
T G
<0 o8 ol alo W3
B o o1 ol
<
i =
S I
\ [3] /
./ O N \\
AN /,,. &.\\.
S
=
w
O
I
SRS

14.9mm’Z At )

Fig. 5 Weld pool support geometry

169

KIEEH- TR Bt 55264 29k, 20084 4H



68

AS

(o]

B -

- 273 % - Singh Jogender - Kulkarni Anil

2) o}2 AF 200A 2~FEEF AdoMe
AlZE 3% o|FHE &7 ¥ g
W9lel met Wsiglon, ofufe
2 A2H(14.9mm*) & A9 _
3) 23U 165A AFELA A= ola 9A|A]

10z Bt THo et

5) AEAHoR ofd AfF7L FEI Eob §84 #W
o Wge] Ax Hu) &§ wuA PAgut 2 &4
ToaRAe R A4S, S o8 Bgew A &
fefo] FA| erow] AFole SHAAC w44
T gl el Wshs Zloz wdEn

& 0 7 3

1. B. E. Paton: Welding in space,
57-1(1972), 25-29

2. D. K. Aidun, J. J. Domey, and G. Ahmadi: Effect of
high gravity on weld fusion zone shape, Weld. J.,
79-6(2000), 145s-150s

3. K. Nogi, Y. Aoki, H. Fujii, and K. Nakata: Behavior
of bubbles in weld under microgravity, Acta Mater.,
46-12(1998), 4405-4413

4. J. S. Foley and C. M. Banas: Laser welding
stability limits, ICALEO’87, (1987), 47-54

Weld. Engineer,

170

5.

10

11.

12.

14.

CA9E

.M. L. Lin and T. W. Eager:

S. Kou and D. K. Sun:
penetration in stationary arc welds,
16A-2(1985), 203

AT 8ol 9 &8E9] fe2 nHd &
FAEA, de-eAeslA], 15-1(1997), 26-35

Fluid flow and weld
Met. Trans.,

. N. Kang, T. A. Mahank, A. K. Kulkarni, and J.

Singh: Effects of gravitational orientation on surface
deformation and weld pool geometry during gas
tungsten arc welding, Mater. Manuf. Process,

18-2(2003), 169-180

. N. Kang, J. Singh, and A. K. Kulkarni: Gravitational

effects on the weld pool shape and microstructural
evolution during gas tungsten arc and laser beam
welding of 304 stainless steel and Al-4wt%Cu alloy,
Ann. N. Y. Acad. Sci., 1027(2004), 529-549

. P. W. Fuerschbach and G. A. Knorovsky: A study of

melting efficiency in plasma arc and gas tungsten
arc welding, Weld. J., 70-11(1991), 287s-297s

. B. Hu and G. den Ouden: Synergetic effects of

hybrid laser/arc welding, Sci. Technol. Weld. Joi.,
10-4(2005), 427-431

M. Suban, J. Tusek and M. Uran: Use of hydrogen
in welding engineering in former times and today,
J. Mater. Process. Tech. 119(2001), 193-198

S. 1. Rokhlin and A. C. Guu: A study of arc force,
pool depression, and weld penetraion during gas
tungsten arc welding, Weld. J., 72-8(1993), 381s-
390s

Influence of arc
pressure on weld pool geometry, Weld. J., 64-6( 1985),
163s-169s

S. Grigoriev and E. Z. Meilikhov, Handbook of
Physical Quantities; CRC Press, Boca Raton, FL,
1997

Journal of KWJS, Vol. 26, No. 2, April, 2008



	Spot-GTA 용접자세에 따른 304 스테인리스강 용융지 표면 및 용접부 형상 거동
	Abstract
	1. 서론
	2. 실험방법
	3. 실험결과
	4. 고찰
	5. 결론
	참고문헌


