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Effect of Up-and-Down Torch Oscillation for Providing Uniform Heat Input
along the Sidewall of Gap on Ultra Narrow Gap Welding

Doo-Young Kim* and Suck-Joo Na*

*Department of Mechanical Engineering, KAIST, Dagjeon 305-701, Korea

Abstract

Narrow gap welding has many advantages over conventional V-grooved butt welding such as high productivity, small
defcrmation and improved mechanical property of joints. With narrower groove gap, less arc heat input is expected
witl. all the other advantages of narrow gap welding. The main defects of narrow gap welding include the lack of
roo: fusion, convex bead surface and irregular surface, all of which have negative effects on the next welding pass.
Thi:. paper suggests an up-and-down torch oscillation for ultra narrow gap welding with gap size of 5Smm and
investigates the proper welding conditions to fulfill the reliable and high welding quality.

First, GMA welding model was suggested for ultra narrow gap welding system with Halmoy’s model referenced for
wir:: melting modeling. And the arc length in ultra narrow gap was defined. Secondly, based on the experimental
restlts of up-and-down torch oscillation welding, phase shift of current and wire extension length were simulated for
varving oscillation frequency to show that weld the bead shape in ultra narrow gap welding can be predicted.

As the result, it was confirmed that reliable weld quality in ultra narrow gap welding can be achieved with
up-ind-down torch oscillation above 15Hz due to its ability to provide uniform heat input along the sidewall of gap.

Key Words :

1. M =

AFAA V-O2FHY o]F V-OFES} #2 9

rz

e

1
Blo| 8o Bol oj2olxm itk e, ol
L3de Be gAda 48 282 stu ] Wi
2o AT 2 g9dE 5 SNEAS As F
g% 89150 Wol whalgith, weby, Ee AT
43Ed 3 JEN Fe aTHsl epEgt?
OFH Zo| FolA4E olae] B @Al ofa
stk ggase] £5%o| A Hol 885%] A
P3ldo] A1, FEFFED] 4717 Hd. =9
L5 3%0] F540 Bl ¥W M= gio) B

FEYEREETE $2145 H3%. 20034 64

(Received February 10, 2003)

Ultra narrow gap welding, Up-and-down torch oscillation, Oscillation frequency, GMAW.

AV E53 Fejrt Ho] o 2 34 A
ob)slr] 40 Ao e LE Y2 A &
A ZHNME bmmAEe 158 Zolx HAAF
93t gjolo] EEZolE AloJdtn oL 9| (9]
of EHE IFE oA A8 FAAA olaYgES
Bk Aolste FAol ARAJ?Y . o] L ola
dde 1RE Yo 1T E¥AZozH LgFde

58T S7HIA Hl= B9 49 JId 9 FEH
Ao g3E 2838 gHsy] g Aolth. e, o
e dukEel GMASHVIE A4 + flu, A/
ool ALY % 4% 93 T AR
ARl glo} o) AT E
712 WHES B M 5mm7§E-4 <EFG Yz

o r}m o -h

341



87 3R AgAbse 298 WelAd o429
2 2717 el AAAY Het EXeEE
jch. w3 Qukael A2y Fe SRFEAS
et} AP HEAL ARl

;K

©

N2 e e
2
of

\*J

gE Y29 3 gRN2de 2deEy] ool
gjojo] g-grulo] FHsojo} gt

Halmoy: 4ol 44 z7d giad Aaddel 9
olo] E2RM HEHow ZyHe Hlaum, %
olo] BuMe Ao sl solo] SgEwd
A3 g fEade Y.

sfojole] E220|(L,)9) Wage A(1)FH 2e B
Ag M

mh oo

L}

Al
Vf - 2
1-B(L, /Vf )

i, A= Vs, +h) 32%2(H0+b> olt}.

aE olo] B3R TUoNe A71AE(Qmm), b
£ AeoA golole] douA](J/mm’), L& olo]
EZ270|(m), Ve golo] $F%E(mm/s). St ¢
olole] WHA(mmY), Ve oold &% T
(mm/s), Hoe £20lg AR 849 o 9 2oz
o},

Halmoys Stolo] E&%o|Ae] AdaHV,) &

A(2)2 JeRQIeH Y.

v :VfSH =aL61_bes
Y SR I @

AN, Hee folol BFY BholA BY B3
gole}.

o= e AGAE(VL), EFAF, of2Ho](La)
Kjole] B Ayrtons] Ao2 4/(3)% o] HSIELH.

V.=V,+RI+E|L, &)
ann, E,=Ey+E L o

Fig. 12 GMASHAI2H"e] 57171828 Yehd
Rolth, GMASHAIAEe -5} o] By Hrt.

342

Power source model

VRV SO, -
R L R
L

it Contact tip

[ ILW..,= Zsin(2mit)

CTWD (Vo)

v

Fig. 1 Equivalent circuit of GMA welding system
included torch vibration

dl
V=V+R+R)+(L +L )—
o c (s p) (s p)dt (4)

VC = Va + Ve (5)

ggoz gE Yas A - EXY a8
=g 1asld ol Zol2 oA Y.

Fig. 291 (@)H™ Loowom (= Wg/201% o}z Ho]
E La = Lo/t 88 A7M, Liotoms &elo] £
Tl d ZEWR|] ZolzA T Ao sl Ws}
sl Et.

l‘bottom = CTWD + Lvib - Le (7)
Lvib =7 sin(27rft) (8)

71N, Lape SHEAY 7EiAe 8593, Ze
AZ = 2EF¥$ CTWD (Contact Tip to
Workpiece Distance)= BEQIA ZA7ZAY A
olt},

Fig. 291 (b))% Liowwom YWg/20IH o} Zol&
L.=Wy/22 dAsitta A gt

anz B dFqME ofa HolE usd o
Aoty

- Lbottom< :Wg/ 2?_] 73'?" La= Lbottom
- Lbottom >Wg/2?l 73‘?‘ La:Wg/z

SEZ W2$ 3 A2 2d ey
Aoz vehdn, 2(1)elA 4 (8)2 FAlel Eojok
gt B AFdxE 474 Runge-Kutta®W o g H|A1E
o 2gas EAh

24zve] A43k2 Table 19 A2kt

Journal of KWS, Vol. 21, No. 3, June, 2003



SEH Y2$ 3 8304 A ) DE olagd $¥E AL 4 -8 EARS 19 87

L

vib

l Wire

= Zsin(2nft) 1 " Contact tip

Lbutton

(a) Liottom < = Wg / 2 (La = LboLtom)

L= Zsin(2mft) «

l Wire

L

1 i Contact tip

‘botton

(b) Lbottom>Wg / 2 (La:Wg / 2)

Fig. 2 Definition of arc length in ultra narrow

gap welding

Table 1 Parameters used for numerical analysis

of arc characteristics

I 400 A
Welding Ve 357 mm/s
conditions CTWD 28 mm
Leo 25 mm
Vo 3BV
Power seurce | 1,41, 0.002 H
Rs+Rp 0.001 @
Vao 15.22 v
Arc Ra 30.7 mQ
Ea 0.6315 V/mm
Eai 1.02<10° ©/mm
Electrode wire a 1.2¢10° Qmm
(21.2 YOW15) b 3.98 J/mm3
80% Ar Ho 11.1 J/mm’
+ 20% CO2 ® 348 V
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Fig. 4 Arc images in ultra narrow gap welding
(oscillation distance : 4mm )
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Fig. 8 Bead cross—section on welded area in ultra
narrow gap
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Fig. 9 Bead shape on varying oscillation frequency
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