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Development of welding process to overcome misalignment in

root pass at butt joint TIG welding of stainless steel
Sung-Bin, Im

Department of Materials Processing Engineering, The Graduate School,
Pukyong National University

Abstract

TIG welding is used to produce high quality. weldment. However it has
some problems such as tnstable backbead after welding. In order to overcome
those problems, there are many ongoing studies to investigate

that various welding factors have influence on stable backbead. However it is
difficult to find a paper to overcome unstable backbead in ‘case of joint
misalignment in weld groove. Therefore, it is necessary to develope TIG
welding process that enables to from stable backbead when misalighment exist.

In this study, the effect of misalignment on back bead width with butt joint
welding on STS304 thickness 3mm was investigated. Arc length was changed
from Imm to 3mm. Misalignment was changed from 1mm to 2mm. Back
beveling height was changed from 0.5mm to 2mm. Back bead width was
increased as misalignment and arc length was decreased in‘this range. Back
bead becames higher-as back “beveling height ..up to’ misalignment though arc
length varies from Imm to-3mm was increased.

Key Words: Misalignment, Arc length, Back beveling, TIG welding, GTAW,
STS304, Aspect ratio, Front bead, Back bead, Butt welding



A 17 AE

TIG £4<& uEdolm -2 A7t 41 BFsithe FA-o]
Aw, Fe 07 e YA 2L dxo] Utk TIG $FAAE &
Aol A wWEe L W aFHE /Y OF §£3S 3, RE
o= FolZ Ak o3 AP Al ARl 2AZE A5 EA s
A FEQS wso] % 833 Aot FEHY IR &5
&9 <ol FUbsta FEE&FoE As)-HlE& AFto] TSt FAI7F
WA g o3 EAE ddetr] Yal AN E AF TIG LHlg &
He AHESHY skal AN gholx FYwo] mE gapys S5E 5
A= AAg digke]l glo] AHES 7)¥ete AA ot wepx dAE FF
& & Ae A I sNEe] Hasirt

12 AT+538 4 7H8

B a7 2he TG S8 Bl ge §H4L AEs oz
Bo] §4e 489S W FAG oWMHEES b FHL AU
otk wehH B AT oldn] AN W] BE §9 SHS ¥
WHE, oWHE W Bwow wm ¥Asgo



A 27 o|EF w7
21 TIG & 7F process

Ho ol s wAEE GA(SF 60000)0 2 SHR
= v

2 HAIAN7E HHoR 2RATA (SMAW, GMAW, SAW, EGW)# H]
AR A4 (TIG, PAW)o.2 78T 4= 9t} Table 2.1& ZZA X FF
2 247 B depin.

Table 2.1 Classification of various welding
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(%) CW : cold welding LBW : laser beam welding
DFW : diffusion welding PAW : plasma arc welding
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I]EXQ//V\’ : fexplosive xivcialding SMAW : shielded metal arc
RW : friction welding welding
FW : flash welding SW : stud arc welding
GTAW : gas tungsten arc TW : thermit welding
welding USV : ultrasonic welding
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Table 2.1 Properties_of shielding gas

Shield gas Argon Helium
Ionization 'potential 15.8 eV 24.6 eV
Arc initiation Good Poor
Arc stability Good Poor
g‘f;?i;f;c}ugt;gty 0.406x10™ 332x10*
Density(relative to air) 1.38 0.137
Cleaning action Good Poor
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Table 2.2 Arc shape with the mixing ratio of shield gases

100%Ar 50%Ar+50%He 100%He

100A

200A

300A
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Table 3.1 Welding condition for experiment

Electrode DCEN ¢2.4 2%Th-W 45°
Current 100A
Fixed
Welding speed 13cpm
Shield gas—flow rate Ar 100% 15¢/min
Varied Arc length Imm, 2mm, 3mm
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g 29 81 2aold

EA Al of= o7} oHHIE P mA=

Table 4.1 Welding condition for experiment

Electrode DCEN 2.4 2% Th-W45°
Welding current 100A
Fixed Shield gas 100% Ar, 15¢/min
Welding speed 13cpm
Back shield gas flow rate 100% N2, 5¢/min
Misalignment 1mm, Zmm
Varied
Arc length 1mm, 2mm, 3mm

Fig. 42+ &4 REAZE BoEth AlBs 1A F N2 7t==
495 Table\42& 4 TAHS HEUAL Fig. 438 84 %/ v=d =4
SRS vehich JPHANA A, B, CHEL ARl 99
5L 93 9 Avb ¢ EEpi= " olmMl=E 2 S5t

Table 4.2 Experiments list
No. Misalignment Arc length
1 1
2 0 2
3 3
4 1
5 1 2
6 3
7 1
8 2 2
9 3
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Table 4.4 Bead appearance and cross section of misalignment Imm
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(a) Bead appearance (b) .Cross section

Fig. 5.1 Cross section and bead appearance in STS 304 3mmt
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521 43 A=
Zo] 100mm, ¥ 40mm, 77| 3mm®| STS 304 A|HS ¥
NE D7) o]0 2 BXE Imm, 2mm AFAAIA W wdy @ AFA
7 S-S 7S A T
AP A E A8 AlHS B T N, 7h2E W dYS slo] o]
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Base meta

Back beveling —T
Gas out

O(ﬁﬂn

Fig. 5.2 Specimen for TIG welding

_37_




522 43d W

Table 512 @2t £ A] of= o]t wf wjlgo] ojHuH|= Ao 1]
A= ol Uik Ao &4 ot
Table 5.1 Welding condition for experiment
Electrode DCEN 2.4 2% Th-W45°
Welding current 100A
Fixed Shield gas 100% Ar, 15¢/min
Welding-speed 13cpm
Back shield gas flow rate 100% N2;.50/min
Misalignment Imm, 2mm
Varied Arc length Imm, 2mm, 3mm
Back beveling 0.5mm, 1.0mm, 1.5mm, |2.0mm
Fig. 52€ 8§31 RARSWHAEH AHES 33475 N2 7t=2 o
dd S Table 528 Agl £4E YUEHIL Fig. 538 &4 % Rl=F =574
EAEE UBdT- AR 5% BT 20mm Eold A CHES A9
sto] 3709 JTHS dWEske &9 SA= AESIAY. A dHoly
99 9a) ww Ank F vlaE o] W3 F CAD TR0l gse] nwl
=

=
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2
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=
y
Ll
(%
o
P‘l
b4ty
iY
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Table 5.2 Experiments list

z
e

Misalignment

Arc length

Beveling
height

1

0.5mm

3mm

1.0mm

OO ||| W ||+

0.5mm

1.0mm

Imm

1.5mm

2.0mm

0.5mm

1.0mm
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Fig. 5.3 Schematic of measurement points




53 43 A3 9 33
531 W o|H H=9#A 9 &4 Jdd v

35 A3F &4 o} @zt ImmYw o= Zo] 3mmollA W |
AAde] BHRlE, ojHHIE g3 &3 JUAHS HoAFEo

FAvlEE vEeA Uygon olmZdo] 3mmela ¥ wwyS 3%
oW oM =rF PR kAT W wWEES 0.5mm, 1.0mm3dte

5
$H% A% F5F o|AMES} FyHo] W wEYe FEYS AFHY

Table 5.3 Bead appearance and cross section of misalignment Imm

Arc length 3mm T
. Back/beveling Bead appearance J
|- i section
height
Front
0.5
Back
Front
1.0
Back

_40_



Table 54= A3 Ao wat @2 2mmAw] of=ZZo] ImmolA =
Wy HAAE] THvE, ojHulE agl1 &3 JuHS HAFTh

WowE e 0.5mm, 1.0mm, 1.5mm 23 23} o|Hu| =7 FAE A 2t
ok SHARE W WS 2.0mmet A @A o|HHI =T FSstA A
= 3t

Table 5.4 Bead appearance and cross section of misalignment 2mm

Arc length Imm Ch
» Back beveling Bead appearance "
height section
Front
0.5
Back
Front
1.0
Back
Front
1.5
Back
Front
2.0
Back
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Table 5.5 23 <A wel @32 2mmeuw] of=Zdo] 2mmol A 4
ey WAAYe] Funs, ojdn= Jgu &7 S RojFEh,

0 1.0mm3 A 23 o|uu|=rt FAHA Fdh

3210 1.5mm, 2.0mm %353 o]HH| =7} AU},

Table 5.5 Bead appearance and cross section of misalignment 2mm

Arc length 2mm Eios
» Back beveling Bead appearance "
height section
Front h
05 &
Vi N -
Front 5
10 =/
o -
Front 5
15 ="
E—
Front E
20 B -
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Table 5.6 Ad Ao wat @2 2mmYw] o= Z o] 3mmeolA]
Hwey HAAFY FHr|=, ojHul=E 181 £F IUHS HoFEo)

B oY 0.5mm, 1.0mm 29 23 o|dAn|=rF A A U &HA
o WEE-e 1.5mm, 2.0mm3 AlFHeA ORI =ETE FEskA @4

= At

Table 5.6 Bead appearance and cross section of misalignment 2mm

Arc length 3mm T
, Back beveling Bead appearance i
height section
Front
0.5
Back
Front
1.0
Back
Front
1.5
Back
Front
2.0
Back
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Fig. 54+ @k 1mm, ot=ZZ4°] 3mmolA W wWHEE Omm, 0.5mm,
1.0mm WA wE FHHI=S} ojiH = 25 YEdY

Zo ojmolt 2 B4E 23 ZAHIAW, W WE

Fold W& W3l= ATH

oW WEEe W WY ko7l F7 B45F FAsA S

10
8r v An———< 3
€
E K
<
S
z | M
©
©
o)
m 2t
—0— Front
—O0—Back
0 B 1 " 1 L 1
0.0 0.5 1.0

Back beveling height (mm)

Fig. 5.4 Bead width with beveling height.
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Fig. 55 - 5.6 T} 2mm, 0]—3_7‘ o] Imm, 2mm, 3mmeol| A B w4
WA e muvss olWns 23 yeha

®W HEZFL2 ofa 4|7t F7} 33} 5 4F FTFSAAT, 9 g
Fold mE Eﬂ:@}—t— ATt

o MEEE W MwY kot E7F B4S FASA S
ke, 2mm°ﬂ/‘1 B owEE o] Imm ©|st AP oHR| =T RO

2 AQHAAT A1FH H st AA R E5HA FShh

ll‘l

fl

l i
rlo

10

@

—0— Arc length 1mm
2+ —0— Arc length 2mm
—&A— Arc length 3mm

Front bead width (mm)
N

O 1 " 1 n 1 " 1
0.5 1.0 1.5 2.0

Back beveling height (mm)

Fig. 5.5 Front bead width with beveling height.
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Fig. 5.6.-Back bead width with beveling. height.
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