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Abstract

Tungsten Inert Gas(TIG) welding is today one of the most popular arc welding process because of its high quality
welds and low equipment costs. Even if welding productivity increases with welding speed and current, this strategy is
limited by the appearance of defects such as undercut and humping bead due to the depressed molten metal. The
purpose of this study investigates the effect of He mixing ratio on the characteristics with high current and speed in
TIG welding. The conclusions obtained permit to explain the arc start characteristics quantitatively and the maximum
welding speed on stable bead formation with He mixing ratio for high current and speed TIG welding observed in
experiments. Also through the relation of the maximum arc pressure and surface depression depth at high current and
speed TIG welding, it made clear the mechanism of unstable bead formation.

* Corresponding author : dongsoh@kopo.ac.kr (Received February 25, 2005)
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Table 2 Basic characteristics of Ar and He gasn'ZO)
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Photo 1 Surface bead and cross section for 300A

Journal of KWS, Vol. 23, No. 3, June, 2005



HAR 14 TIG 4 540 vX= He E5Hl9 9% 57
22 84 U= E2 §9 QoI BF gaste 3T 7k oksh He67 7kx o}l B¢ §HEEA 371
& HgTh Ar 7bx o}=ol) Wdl He ks ofme  shskE @AM 0.20~0.25 BES] g molw,
84457 27k Weh W= E7} 89 Jol BE  Photo 13} 2ol E M=a4 tehhn gl

of ghtelAl Adtshe AFS EAt Fig. 594 &
A&=7E F7kdel wWEh Ar ks ol=e] P4
(aspect ratio)7} 718k A& Ar 7t o 39 A%
AR GGol|A] o} FAKR olz o] AA AT
WAl 922 AU = (finger bead) AT £4
H & Zof Hg] &9 o7t Rojx”] wieltd. He33

—0O— Ar
—{3— He33
—/\— Heb7

i \D (undercut)]

10} \é,\A VR
~ET—A—A— A

L O i

8

6|

4L (undermy \O
.0 \
0

Bead width (mm)

(undercut)

(tunnel bead) (humping bead)

1 1 it ! 1 L 1 !

1
20 30 40 50 60 70 80 90 100

Welding speed (cm/min)
Fig. 3 Relation between welding speed and bead
width

5.5

T T T

5.0 | 300A

m—

CHRaA —D—He33
E a0} —A— He67
< 35
o
g 30} A\o
§ 25|
B a0l \E‘\ -
3 D\n O0—A—
o 15} i
[0}
~ o0}

05 |

0.0

20 30 40 50 60 70 80 90 100
Welding speed (cm/min)
Fig. 4 Relation between welding speed and penetration

depth
0.8 — .

o] —0--He33
0.6 |- o/ —A—He67 |
05 L / J

wl

0.3

| E\ 4
ozl Bﬁé;gfé,:ézﬁxgzg

0.1 |-

Aspect ratio, D/W

0.0

20 30 40 50 60 70 80 90 100 '
Welding speed (cm/min)

Fig. 5 Relation between welding speed and aspect
ratio

KRG 235 3%, 20054 67

Photo 1949} o] Ar 7}~ ol39] A% &44%
20cm/minell A AdA T PP =} T2 By o]
=7} A ¥tk 834557 30cm/mine® &
7ht AS £H HE E ES R FEd §9rog 18
& 4 Jd& A5 A9 FMHA AdyAe] LA
. £345E 40cm/min °lFoE F7MAFIE A%
AYAR FPH|=rt WA AFEE, EHEHER
P AT

olo wla] Ar 7}2o] He 7}AZ 33 He E37}
28 AMS e dYAT dguisg 2 Bebydt
vlErt 49X g ns A £3E4%0) d94
1A F7Fsk3eh. Photo 13 Zo] He33 7kx of=s}
He67 7h& o} A% 314 SHNE 443 &=
A oS- Pge vl o @a 9 FA4E Holu §)
t}. Fig. 3o Jeld Az Zo] He33 7kx ofAst
He67 7}2 o9 A 53 Ar 7k of3el |3
okgul= FHd 84457} 70cm/min® 80cm/min7}
A Z7kIRY. & A= A2 Ar 7RAE AR AS
20cm/min®)A %, He67 7}20AE 80cm/minZtAl
HPE HjErt dojrlez He E3729] Al <3
4] &H&® F7h B dojAth Wl He €
s dARF 14 TIG €8 EAd o$ & d93dS

1 AW, He &E3H7} 3715 ddR{ 15371 ¢

S 7S 4 5 o

HAT7kA2 &3 Ar 7HAE AMSS A4S £3AF
7t 2 0AE d9os 21842 $3AR AFol
vl vk Zek2ul 7)F] 93 of= shEo|
@ olz o] FA TV oja) Bebg Y w=s) @
Afttn A7, g FHErL dojrle &3
&ert Yol Zeoltt, tiAF ud TIG &3¢ Bt

Aus g4 B FAHA #Ae o 2 o=
B3 nZddA 7led
33 o=z Ezol| ofeh 2ok HIE M9
nE

3.3.1 of= ¢ U] 884 Aol 7l
A B
3.2700A 1EZ A o] A& 7tAZ Ar 7RAFE
& AE5 EHZ‘_TEr 1% 83E s H4, dEn=
o} AYA T 22 EQPY = A4 o) o ¥
A%%x (critical travel speed) ol £4o| E71s3t
Fo}. ol Boby Hize] AL A YAF 499

269



58

255094 244

L 4y 4,
%
Fig. 6 Correlation of molten pool and plasma stream
motion® ‘

oA Behzwt sRe] S WAHE ok R
oI5 ABo|pH 8D,
$870) A8 ol YR $8A Yol

2 gwiae] o ¢ae] BAE Fig 63 2x, 1

AL thewt 2ol AuE 4 JAgho.

P,=pgh+P, o)
o 71A,

P, Arc pressure

© : Density of molten metal

£  Gravitational acceleration

& Depression depth

P, : Pressure by surface tension of depressed
molten metal

h , - Penetration depth

2 (1)l fdhRol e 2 (2)8) Zo] XEH 4

et
_P.—P,

h= = @

TIG €34olA £8xe Zetzn} 715 93 of=
g POl 98l Fig. 63 Zo] A 4" A=
gt & A (1), Q)9 2ol Pt 3A H4, AF
Al A £8A EHY Wt A "ok £YHEES
A St EHEEE FolW, £3 d9 A
o3 &% Aol kot A B A £8FE o
A Y. g Pl o8 £84] R Rid 3
A Blo] &34 Ha, To wel YA 28X &
do] sty wie] E<HEd vizyt gAE Ae=m

3.3.2 Hul o} 4 P 0l A7 il e
%

Fig. 7& d{ 994 A= 7t EFdl wet o}
A FAAA v WEgo g 3 BAHd FEdhe
olZ ¢E P o REE Ui Roltt). tidF 99
ol £4AE 300A°lM Ar 7}A olFE He E37bx
ofze] Hlg| FFA EAH A8k WA g
91%7}t o2 F4FE 71EeE A% 2.0mm oJuld]
P 7t AFsie] 28 ' Tol vle] He 871~
ofzZe] Hd of=Z ¢ P 2 Ar 7k ol3d] H|F
AASHA RAT, o2 whAwEe 2 YA EXdim
YTk ol Zo] RAF FGelH £58 Ar b
ofFdMe oz AR oA AHsllM Pt A4
Frketeg Auizly) gsgu|=e} e Boby vjcg g
s | ez Ak

FU9 AFS 20 ARVE WAL S o2 ¥
F . & A% Agd vastn'”, P .= A7
AF wldske Aoz guix Yot wa Ay
A ATl o3 &8A9] dUZol he F ol v
#ele, AF AF vaAgn Buso] Jop”.

Cho¥& o2& Holdgelx AAY 8o ug
Zehznt Aol g he £9%2¢) k8 2o wd
ddx, Fahzuk Al o3 §8X9 he uF AR
o Agel wAsAT, AIo] el we} AR
st g gelstint.

=3 88X A ke Lind Eagare 7%
At Zol P o vlEE, AR AFE wHd}
3 Haso] gtk Fig. 8& Lin® Eagare 97l
2A8A® Ago] 7] Badge” P .7 484
9 hste] #AE Uehd Aot

Q T T T T
4500 ] ]
\ s
4000 i
—{]}— He33
Q
& 3800 —A—Heb67 |
g
\E/ 3000 | .
o 2500 F ]
£
7
2 2000 -
& o
& 1500 F~p
3} ~~p
% 1000
A—n
500 ~—A
\8§
0 L g\n Pa) 7 Fa) -

0 1 2 3 4 5

Radial distance from the arc axis (mm)

Fig. 7 Arc pressure distribution of low current and
high current range with He gas mixing ratio

Journal of KWS. Vol. 23. No. 3. June. 2005



W7 1% TIG 84 549 vlAle He EFH9 4%

59

T
" 300A Ar

@ Experiment

3.0} © Estimated by max. arc pressure 1

—— Linear Regression Analysis

25 4

2.0 { 200A Ar ]
15} 4

300A He33
10}

300A He67
05

Surface depression depth (mm)

100A Ar
L L

0.0 . L
0 1000 2000 3000 4000 5000

Maximum arc pressure (N/m?%)

Fig. 8 Relation between surface depression depth of
molten pool and maximum arc pressure

Fig. 614 €8x ®He re ZAH el ol g
A4S sl Fojatn JH®. aEy B A4 i
E A9 QA Addsln mA EAAARE Y
H Zolz Hosled A} aAe £ UGl o7
h,o B4 ZHo=RE jld 88X ®HY KE
Blwsle] B9HE vl P4 wete nFs] AT
Aolt},

Fig. 894 &4HAF 200A%t 300A]l Ar 7hAd
N P 238 #'Voln, 484 FH9 ke
£ A o 349 golth. 28y 100A9) Ar 7}
29 dAF 999 SHAF 300A9] He33 7hx¢}
He67 7F=9] 8841 99 A 200A% 300A9 Ar
7tz 239 hol @l o3 A7 ARE MF 3
A B3l 239 P, Yosxe 239 ey
Ehd A ot}

E A¥eM 200A% 300AS] Ar 7kzo] e 273
B b P oo FAE Ling FEagarel @74
Ao} ol P ol ¥l#ske AL Boln, Fig. 8%
Zo] &84 EWO hE P,..°l vdEsld 218
FHRF 499 200A¢ HHF J9 30049 Ar 7}
2 olAojA ESHE 8-§X HHe kol vE] 300A9)
He33 7k28t He67 7k P 7t A @&
% oole}, F3E 48X FWe h =TI wj$ FHo
I 2% AF 3% 85 Al He33 7kx o224}
He67 7} o129 7% dguj=rt HAHR] Ftcta
AT & He E7AE ALSSPE dAF 14 &
FelMz ggujert HASA 4 F=2 884 &
ol i Eria AE)

KEBIEHRBETE H23% H3%%. 20054 6/

3.3.3 4¥Zo] kol oF ERFY H= A A7 E
T8

Fig. 9& 3.3.22dA4 naA3d FHE ¢yl
kst Fig. 49 €445 we 89 ol i, @&
AZ Alst Jebd Aol Fig. 9 <rol FAE A
A& Fig. 894 &t A3 Zo| &5 wat &
e &84 BHY hst Ho of2 4 Pl o
3 F8€9 rE U RAoltt. ke &3 AL o
3 A=Y, SHETI S we £ e
Zxo ol ke A Hez ke 83 G¥Ed o
&g, 18y 8§64 BHY ke 9A ofa 4HE
P o o A3=E 24&5e A8 #AV} gl &
23 AR, A5 A A= vkxe FHRF 2R
9H P . #ol 2FEHEE 88X qW| 4E 93
& & A €t Photo 13 Fig. 3elAje} Z2o] A=
tAR 5% Ar 7RAE AR S £3EE0h
40cm/min ©]&olA EEH =9 FFH =7 BYHY
=, AL Fig. 9% 2] k% 884 F9 &
#ol A9 ZA HUZ WEelth & Wt k% BA
HA §8A s nAFIF w250 FAAA &5
A gAo] T HEZR Egu|=e dgu|ert
Ad Aoty a3y Heskrg He EVIAE AL
& A5 &84 BHY Wl hET ofF B Fo
AAstn Qo] FPr=e A3 DAY sl ¢loh
o AZrE, wetd He E3vie 484 EH Aol
AA 4= X, He E7I2E AMSsHA diAdF
3% TIG 84¢] 7Fesiditke As EIE & Ut

Photo 2 (a)¢} (b)= SHAF 949 300A44 A
TAAE Ar 7tAE ARES AS BARES HyH=

5.5 T T T T T e
—~ R Y - N : Surface depression 3004 1
€ asl depth, h —0—Ar
E —O—_He33
4.0} ]
g —A—Heb7
R o - Npo---n-- S00A AT T ]
= R
§ 30} ~o R
g 251 A/A\A\ p
s 20 -_._Z_QQ{\.fxf ..... T._E_] e - TR -
£ sl SSRE O AEIR
& ol ......._300AFess ]
L 1.0F
A _.300A He67 ]
08 ke 100AAc . ____
0.0

\ . . . ; . . . 3
20 30 40 50 60 70 80 90 100
Welding speed (cm/min)

Fig. 9 Relation between penetration depth and surface
depression depth

271



60

285 394244

(a) 300A, Ar, 30cm/min

(b) 300A, Ar, 40cm/min

Photo 2 Ilustration of weld bead profile between
finger bead and tunnel bead
7t 849 AL vms 1&1 erd

7} X" 2[99

Rolth. Photo 2 (a)F
o] FAH = 2445 30cm/minel
Me 84 48y #Aae ZA Ik Pl 938 ¥
=9 B F FF AHAe] HAHUAG, FES
44 gl s AR HFAA 8o YPE H
Foltt, 28y, £3EEE 40cm/ming F7MA17H
28 g9 FFd o3 Ao A=Y 2A FUh
g P o3l &8x R %t kot AL 2A
Ho] Hdu|=rt FAHA E Feg detd
4. Z =

qHF 25 TIG 83 540 vAe He &3
FES TS At ok A B} STS304 #*
Ao 14 &zt AL v =Gl tisly ol &
&2 AN At e 2 ZES I

1) TIG $3EUEZ Al2Eld] & ola AAl 54
< SHEoZN Ar 7F2o] He 7k2E £33t AME-
s of= JHAl A AR HA Hof ol= sjA] A4
o] Aihe AL AP oz FFHt.

2) Ar 7bx H|3] He &37h2~9] <Hguiz= Ho)

84 &xE @A) 3718401, 300A0H Ar Zhsol
Wlal He67 7kasl % 4ule) 2 8] Fhsaige

3) Ar 7k= obad| oI Hd ok %Y P
§67 Zuel A gzl kel WA MA He
ol W kel 24 719 sl

4) Ar 7heel 9@ 884 EHe gadel At
ool G Pl Mdge Agdoz 85
O, Pom Il il 89 M= 34 dh)
& Aeigct

0 B ot

aly

o2t

F

Flo
rat

. AWS : Welding Handbook, Vol. 2, 8th Ed (1991), 74-75

. Yutaka Kimura, Susumu Harada, Toyoyuki Satoh,
Keiki Ariga, and Katsuhiko Yasuda : Application of
He-DCEN - TIG Orbital Welding to Aluminium Piping,
Journal of JWS, 15-1(1997), 45-50(in Japanese)

3. G. R. Cannell and R. P. Ruth : Closing Spent Nuclear

DN =

272

10.

1

=t

12.

13

14.

15.

16.

17.

18

19.

20.

. Sang-Myung Cho :

LI HRIHEE -

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

. K. Hiraoka, A. Okada and M. Inagaki :

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

Fuel Canisters with GTAW, Welding Journal,
(2003), 28-32

82-12

A Study on the Bead Stability in
High Speed TIG Welding, KOSME, 18-3(1994), 68-77
(in Korean)

BET- W, HEEA AR ESET-
7 PR E4(1990) (in Japanese)

BAGEREE © FWT 4 VSRR L BT, IR
(1992)(in Japanese)

Pressure Produced by
Gas Tungsten Arcs, Metallurgical Transactions B,
17B(1986), 601-609

Effect of
Electrode Geometry on Maximum Arc Pressure in
Gas Tungsten Arc Welding, Journal of JWS, 3-2

(1985), 246-252(in Japanese)

. K Hiracka, A. Okada and M. Inagaki @ Effect of He Gas

on Arc Characteristic in Gas Tungsten Arc Welding,
Journal of JWS, 3-2(1985),241-246(in Japanese)

H. Nishikawa, K. Yoshida, T. Maruyama, T. Ohji,
Y. Suita, and K. Masubuchi : Gas Hollow Tungsten
Arc Characteristics Under Simulated Space Environment,
Science and Technology of Welding and Joining,
6-1(2001), 12-16

. Dong-Soo Oh, Yeong-Sik Kim, and Sang-Myung Cho

: The characteristics of Arc Pressure Distribution by
Shield Gas Mixing Ratio in TIG Welding, Journal of
KWS, 23-1(2005), 41-47(in Korean)

Dong-Soo Oh, Yeong-Sik Kim, and Sang-Myung Cho
: Derivation of Current Density Distribution by Arc
Pressure Measurement GTA Welding, Science and
Technology and Welding and Joining, accepted for
publication 2005(reference paper No. STWJ 511)
Influence of Arc Pressure
on Weld Pool Geometry, Welding Journal, 64-6
(1985), 163s-169s

P.F. Mendez and T.W. Eagar @ Estimation of the
Characteristic Properties of Weld Pool during High
Productivity Arc Welding, Mahematical Modelding of
Weld Phnnomena 5, Institute of Materials, London,
U.K., 2001, 67-94

P.F. Mendez and T.W. Eagar @ Penetration and
Defect Formation in High-Current Arc Welding,
Welding Journal, 82-10(2003), 296s-306s

C.S. Wu, P.C. Zhao, and Y.M. Zhang, Numerical
Simulation of Transient 3-D Surface Deformation of
a Completely Penetration GTA Weld, Welding Journal,
83-12(2004), 330s-335s

S. 1. Rokhlin and A. C. Guu @ A Study of Arc Force,
Pool Depression, and Penetration During Gas Tungsten
Arc Welding, Welding Journal, 72-12 (1992), 381s5-390s
R.T.C. Choo, J. Szekely and R.C. Westhoff : Modeling
of High-Current Arcs with Emphasis on Free Surface
Phenomena in the Weld Pool, Welding Journal.
69-9(1990), 346s-361s

W. R. Recchelt, J. W. Evancho and M. G. Hoy @ Effect
of Shielding Gas on Metal Arc Welding Aluminum,
Welding Journal, 59-5(1980), 147s-155s

M. Suban and J. TuSek ' Dependence of Melting in
MIG/MAG Welding on the Type of Shielding Gas
Used, Journal of Materials Processing Technology,
119(2001), 185-192

Journal of KWS. Vol. 23. No. 3. June. 2005



