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Development of Super—-TIG Welding Process

to Improve Gap Bridging Ability in Sheet Welding

Hyuk-yong, Kwon

Dept. of Materials System Engineering,

The Graduate School, Pukyoung National University

Abstracts

In high speed sheet GMAW for automobile, welding failures take place,
including burn-through, gap bridging fault, bead position fault, slag,
spatter and arc start instability. In high speed welding, arc stability is an
important factor for quality, and the arc may become unstable, even with
a little change of the wire electrode, and if the arc stability becomes
worse, welding failure rate, also, increases.

This study aims to develop and apply a new welding process, suitable
for high-speed welding for sheet using Super-TIG welding. Super-TIG
welding uses a non—consumable electrode, and the arc is separated from
the feed, so it has excellent arc stability. In addition, it uses C-type filler
metal, So it has a high deposition rate and is suitable for high—speed
welding. Super—-TIG welding does not generate spatter and slag, so it can
get clean, uniform beads. It can also extend the width of the filler metal
significantly larger than the wire of common metal, so it has a big gap
bridging ability. Using these characteristics, the applicability of Super-TIG

welding to the sheet welding process was examined.



Key Words : GTAW, TIG, High speed welding, Super—-TIG, High current,

Shield gas, Humping bead, Under cut, Deposition rate
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Fig.1.1 Problems in sheet GMAW (a)spatter, (b)burn through, (c)bead

surface slag, (d)bead bridging failure
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Table.1.1 Welding condition of TIG field welding (arc length 3~5mm)

Wire ® 1.2mm / 330cpm
AF(A) 280
A4 (V) 12
AL ZF(J/cm) 9,164
|2A=E E5EE(%) 15.27
|2AFE1gT YEZF(/g) 6,932
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Table 2.2 Comparison of bead shape according to the polarity
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Table 2.4 Characteristic of Ar and He
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Table 2.5 F(O) value and o value of stream line

Stream line £(0) Value 0 Value Equation
v i e (r) = 5.59_[:’2]
? i e (r) = 5.59_[;]
® 5.5 rd f(r) = 5 50 157)
® o 089 f(r) = 5 50 )
® 5.5 0.48 [%]
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Table 2.6 Equation of normal in stream line

°©

A4

3o
=

S
h=i

o

9

Stream line

1.55x+1.88
1.26x+1.81
1.52x+1.52
2.25%x+0.82
6.25%x+0.18

y
y
y
y
y

1.88
1.81
47
.82
0.18

1

0
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Fig. 2.17 Schematic principle of the energy distribution

in lap joint welding process
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A 3 & T1.4 2+ Bead on plate(BOP) AF WA A3
3.1 Super-TIG AF HF AF

3.1.1 43 A=

HoAg oA EAl= Fig 3.19 Z4°] 130mm, % 40mm, 77 1.4mm¢$!

SPFC 590MPa 14 #EZA#S Ag3tglom &71AE @4 6.6mm° ER
316L C-type ZHE A&t C-type Zd & A4S Fig.3.29] e

oglom EAe] A& Table 3.1¢] vERAATE A=7A~= Ar 90%9l

He 10%ES 2333 20L/minY o=z AA )

Table 3.1 Chemical composition of base metal

wt.%

SPFC 590 | 0.09 | 0.25 1.6 0.03 | 0.003 -
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Fig.3.1 Design of SPFC590MPa high streingth steel sheet

Fig.3.2 Cross section of C-type filler
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3.1.2 Ad U9

Jung Hyun Park %©°] Super-TIGE ©]&3 n& 83 A3l ATES 233t
i g $HE5E 100cm/min®] n&5EHS APsly] e Hertaw
Ar 70%° Hes 30% =% AH&ste] vz, = gl 44 Rl=E
FAsIAT. & A= Hedl &
th 2AJ SPFC 590 nd8 7 ®Hol&o] ugsted S84 55
gelstr] 98] Heolaa EAjAbele] o] 10mm TAE =S Ty TIGEA]

= o BRI AAE FAEH A" T C-type Lo TAlo] LA

ofN

Super-TIG BOP &% Z=71& YeISlch AH3ddA AlgdE &5 dAdLS
Fig.3.39] Powwel DC TIG 600EP©|il Fig.3.4%] Super-TIG system? A}
g3sto] 84& Mg
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Fig.3.4 Super-TIG system
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Table 3.2 Welding condition for Super—-TIG welding

with bead on plate test

Base metal

SPFC 590 tl1.4

Current (A) 350
Filler metal ER 316L

Strip cross section area (mm?) 6.6
Fixed Feed rate (cpm) 120
Welding speed (cpm) 100
Deposition area (mm?) 7.9
Deposition rate (kg/hr) 3.8

Shield gas Ar + He 10% , 20L/min

Variable Curret (A) 200 | 250 | 300 | 350 | 400

_30_




3.1.3 4¢ 2% & u3F

Table 3.32 Super-TIG BOP €4oA €4H445EE 100cm/mino. 2 4]
StAA HAFwsle] wE w=ody 89S Ry AFE 200, 250,
300, 350, 400A% WHHAsIH 23S 233 A} 200AA EA7F =4 &

o

b &f=dol BAste] At= # 4o =rbe sh3laL, 250AM = FiL
=53 v=rp weofion w2 HARE s 0.14mme] &9 HERA
Tk 300A%k 350AA A4 Hl=9jd-S 7hAT 350A04 B g HR] &

A4S HEFHATE. 400A AF=E &S w &=ho] WAste] SAHAA Al
sttt &EYS5A2 Fig. 3.5¢ Zo] EAEHAA] Fusion lineZ7bA 2] Hj
dol= A3t Fig 3.69014 &1 o= S0l A/ S7kel wep &0l
dolxl AL & F Aok &4 T 2 =R S s S sk sk
=
Table 3.3 Bead appearance and cross section
with bead on plate by Super-TIG
Cross Section/

Current Bead Appearance Penetration
200A

250A

300A

350A

400A # .. B o, - - e 4| Burn through
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Fig.3.6 Penetration by current in bead on plate test
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3.2 GMAW £&dH3A v

A3

AbEEI T 8418 ¢foloj= ER70S
8t Table 3.4 YeEAT

ot
1

Table 3.4 Chemical composition of filler wire

wt%

el
B
@

Si Cr

N
?
oo
o0

0.08 0.50 1.05 = %
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3.22 A¥ U9

SPFC 590 &A1¢] ageztsto] HeolEo| A= v Super-TIG A
7 WA A3 s A2 2A 9 Heolg Atele] o] 10mm FAIEES il
AAA LR 55 AFsGT 3 EXE HP20 24 g% of
BT AR A HHE HA o) Asow 45 HNaysh ALE
H 1AL Fig. 3.79 Fronius TransPuls Synergic 7200°]t}. Fig. 3.8
o] GMAW EYHH Alx"lor HdFEs ZFAH3Sh ¥ Super-TIG BOP
Aol HuE 3 Td FHAEH 7.9mm’E AFS APt
GMAW®] &7h4E A7 1.2mme ER70S A£A1Z AH&381903 GMAWE &

F&zo o8 AF7E 245 es 24adHe 7.9mm’E 2F7) Y F

o

¥ % 720cm/mings AHESEAIAL o] wf SAHH AF= 279A0|

Fig. 3.7 Fronius TransPuls Synergic 7200
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Fig 3.8 GMAW Monitoring System
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Table 3.5 Welding condition for GMAW with bead on plate test

Base metal

SPFC 590 tl1.4

Current (A) 279
Filler metal ER70S g¢l1.2
Wire cross section area (mm®) 1.1
Fixed Deposition rate (kg/hr) 3.8
Feed rate (cpm) 720
CTWD (mm) 12
Welding speed (cpm) 100
Shield gas Ar + CO2 10% , 20L/min
Welding Speed (cpm) 100
Variable
Deposition area (mm?) 7.9
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3.23 AdZdx ¢ uZ
Super-TIG?F GMAW®] A4S wlaetr] 913 zlae o A2 Table 3.5
A & = %ol GMAWE Super-TIGS #& €44 % 100cm/minel A
A 2ol 7.9mm S 7HA 7] Y8 AF 279A7F e o] HAFoIA &
H&Emo] BAgle]l &go] AT AL e 4 gtk Super-TIGE °F=
Hute & C-type Zej7b ool 350AdAME HE=E  FASHAA T
GMAW:= ofaxdigtee] nt&2 RAR ddwo] &gho] A B Fo=
ke

Table 3.5 Bead appearance with bead on plate by GMAW

Cross Section
Penetration

279A 100cpm c, ' "’”) Burn through

Current | Welding Speed Bead Appearance
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4.1 v Super-TIG lap joint X7z ¥17 A3

411 A3 A=

s AR ARESIaL ER316L C-type A& 87HAE AREH3lH. o]

_|>L
o
et
=
T
%

7h el 3tk B-& Table 4.13 Table 4.2 YeERA

Table 4.1 Chemical composition of base metal

C Si Mn P S (s Ni Mo
SPFC 590 | 0.09 0.25 1.6 0.03 | 0.003 v - -

Table 4.2 Chemical composition of C-type filler

C Si Mn | P S | Ni Cr Mo |Cu |N
ER316L | 0.0001 | 0.38 | 1.90 | 0.021 | = | 12.10 | 19.10 | 2.30 | 0.25 | 0.021
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Table 4.3 Welding condition for Super—-TIG welding

with progressive angle

Base metal

SPFC 590 tl1.4

Current (A) 350
Filler metal STS 316L
Filler cross section area(mm2) 6.6
Feed rate (cpm) 120
Fixed

Welding speed(cpm) 100
Deposition area(mm2) 7.9
Deposition rate(kg/hr) 3.8
Work angle (°) 30

Shield gas Ar + He 10% , 20L/min

Vairiable Progressive angle (°) 0 10 20 30 40
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30.0°

Fig. 4.1 Schemetic of teaching point

Welding direction

[\' b .
|

102 202 302

Fig. 4.2 Schemetic of Progressive angle
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A A 0°9F 10°0A] FFu)| =7k wrAEg T 20°, 30°, 40°0A4 dFFo)
A eFol gEERo] WSl o 1 A3E Table 4.2 YeERIH A

o] F7}stel s

=
el wae] F7he

Table 4.2 Bead appearance and cross section

by progressive angle

Progressive adla i Cross Section
angle (°) jP'¢ BReHralgy Penetration
0 0.45mm
10 0.27mm
20 SHEE LF
30 S} LF
40 5HF LF
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Welding direction >

(a) 0° (b) 30°

Fig 4.3 Cause of lack of fusion by increment of progressive angle
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4.2 Lap joint AFZ7} A3

F2 350A, 370A, 390A, 410AZ Z7}A
71AA AFE AP Pa AA S =4S Table 4.39] eI}

Table 4.3 Welding condition for Super-TIG welding with current

Base metal SPFC 590 t1.4
Filler metal STS 316L
Filler cross section area(mmz2) 6.6
Feed rate (cpm) 120
Welding speed(cpm) 100
Fixed
Deposition area(mm?2) 7.9
Deposition rate(kg/hr) 3.8
Work angle (9) 30
Progressive angle (2) 10
Shield gas Ar + He 10% , 20L/min
Variable Current (A) 350 370 390 410
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422 438 A% 4 1%

A 350A°0A FFn =7} TP 370AA AAFA QA H=T) wrEoj R o
U oHl=7E B58qltE 390A, 410A00A A H=7t vhEol Xt Fig.
4.4% BW 350A%t 370A= &%fe] HIszghH] 390A0A Yol F7HE AL
HolF=d o] 370A7MAE C-type FE|7F ofa FAldlAl Hof FHujola
Hs HolEy] wZel shdtel] A4 dFS FA ESHARE AFIE FobA
S7HAI7E oAl A HA Hal Hojola o] shatel] FtAom
231907 W<l Aoz daHE) Fig. 3.6% Fig. 4.4°14 Fd A7 350A
o] 89S v XA bead on plateo] A HT} lap jointoll A €4l ] ZHA

2 o

o

YElY =t lap jointdll A& A3 93 stAYER Uy stagddoe] A4
5}o] lap jointoll A sl &<1o] AT HdE T

Table 4.4 Bead appearance and cross section by current

Cross Section
Current Bead Appearance .
penetration

350A
370A
390A

410A
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Penetration{mm)
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0.8 4
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Current(A)

Fig.4.4 Lower sheet penetration by current in lap joint
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4.3 Lap joint gap bridging A3

4.3.1 4d %4
Lap jointoll A A2 g3t epat Apoleo] wrAd gt o] A7|7F dAsHA &
vz 3] Omm, lmm, 2mm, 3mmel|Al Zt2t B2 A3S AAlstH Fig.
4.59F Zeol 4] Omm(a) Bt 3] 2mmb)ollA e Beldstr] f&) ot
S Aol AAA Ha FRAAHAS FIHATIV] HH e FEERe] T
7b7F dasizleh wpepA kel Ao wmdl FuE L 80~240cm/minZtA]
wEEe wE &AW A FUket 3 BYA

2o B/ HAEE Ay 1 A 7S Table 4.5 YE T

=N,

(@) GapOmm (b)) gap 2mm

Fig 4.5 Deposition area by gap size
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Table 4.5 Welding condition for Super—-TIG welding

with variation of gap height

Base metal

SPFC 590 tl1.4

Current (A) 390

Filler metal STS 316L
Fixed Welding speed(cpm) 100
Work angle (2) 30
Progressive angle (°) 10

Shield gas Ar + He 10% , 20L/min
Gap (mm) PIA2, 3
Variable

Feed rate(cpm)

80, 100, 120, 140, 160,
180, 200, 220, 240
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432 A8 23 € 1%
Lap jointelA] gap bridging A3 A3 o] Omm¥d W FIFHE
80cm/minol A d3Fu|=7} WA 100 ~ 200cm/minZ7FA] A&l vl =
skt 240cm/minell Al shgto] 5] ol §RHETo] WAL o]
= o7y} vj= v 2 8918 Table 4.6 YERATE 3Y0]

1
Ful=st §HEY WAl FolA YL W=E IYF FREE

i

o2 2

712 140, 160, 180cm/min -7Fellowm Hl=93 9 Hl= @2 Table
o) GERAAT 2mmell A B 7hsdk 772 120, 140, 160cm/min
Zolal 1 A= Table 4.89 YENATE. Lap jointe] #e] 3mm <

BE A rE o] BE7Fssa Ad Add mE HE=ois
Table 4.9 e ST

dde s 4 A A7)0 wet AR gE SEEE g9 AR Al

e~

£ N

ol Folx =l Fig. 4.6 A =7]o w& HBAF 773kl el HEbd Sl
ok 3] 3mmE PHHEHo| ErFEste] AQsigien A AV|7F F54F A B
gl go] 7hsd A FFFEF HelAE e A T 5 d=d Aol AA
F= olA 9t stk At WolAa A (2.2)94 oka dol7t AoIA Qaross
7 AAA =W g el st FFEF] FFE Ao R ddET o

E Fig 47904 ) @ & dEd RS AT 9 o] F4E s

Hyoung Jin ParkS¢l A9l W.J. KangSe] AWola uhsto] a-a)al
2mme S AC pulse GMAWE o] &3} H A3 +=d Super-TIGE ©]
€3t 1.4mm ¥ S 2mmfS Bt Ay dlusnd 553k

e Aned s8e 1 Aow wuE 4 9l
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Table 4.6 Bead appearance and cross section with Omm gap

Cross Section
penetration

Feed rate Bead Appearance

0.84mm

100cpm 0.75mm
120cpm 0.72mm
140cpm 0.70mm
Omm 160cpm 0.63mm
180cpm 0.61mm
200cpm 0.28mm
220cpm Shot LF
/
240cpm SHot LF

Table 4.7 Bead appearance and cross section with 1mm gap

Feed rate Bead Appearance Ziiis Sec:tlon
penetration

_50_



Table 4.8 Bead appearance and cross section with 2mm gap

penetration

80cpm ‘% ' W — __ 4 ' 0.73mm
100cpm 0.56mm
120cpm 0.33mm
140cpm 0.32mm
2mm 160cpm 0.31mm
180cpm 0.28mm
200cpm Shok LF
220cpm o}k LF
240cpm / S}k LF

Table 4.9 Bead appearance and cross section with 3mm gap

Cross Section

3mm
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Fig. 4.6 Mapping of gap bridging area
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Fig 4.7 Variation of lower sheet penetration by increment of feed rate
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Fig. 4.8 Welding current versus wire feed speed
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Fig. 4.9 Prevention of burn through by Super-TIG in sheet welding
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