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A Study on the Improvement of Process Robostness in
Lap Joint Fillet Welding by Super-TIG

Sang-Yeol, Kim

Dept. of Materials Systems Engineering,
The Graduate School, Pukyoung National University

Abstract

Thin plate stainless steel is mainly used for Lap Joint fillet welding through
GTAW and GMAW processes. However, due to the machining tolerance of
the product, gaps are generated, and the seam of the product before welding
is not constant, so welding defects such as a burn throgh and a bead shift
frequently occur.

On the other hand, when applying Super-TIG to the lap joint, the gap
bridging ability is improved compared to conventional TIG welding due to
the wide C-Filler, and it is expected that it will be possible to prevent weld
defect even if the seam is not constant because it is easy to broaden the bead
width.

In this study, we examined preceding molten pool by changing progressive

angle, incline angle, deposition area in lap joint fillet welding.

Key Words : Super-TIG, C-Filler, Lap joint, Fillet Welding, Seam Leave, Gap Bridging,
High Speed Welding
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(a) Offset: Negative

(b) Offset: Zero (c) Offset: Positive
Fig. 1.1 Bead cross section according to 'y position' teaching point"

Fig. 1.2 Gap bridging failure due to excessive gap in lap joint fillet
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Welding speed : 3 m/min Wire feeding speed : 6.6 m/min

Current: 2504 (TIG) s H . o
] Wire feeding angle : 30

Bead Appearance on mild steel

Wire melting point

Fig. 2.6 Results with Hotwire TIG system?®
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Fig. 2.9 Incident plasma stream on ®1.2 wire by theory of plasma stream

Fig. 2.10 Incident plasma stream on C-Filler by theory of plasma stream
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2.5 Teaching point 3Y

Fig. 2.112 lap joint fillet &4 2] teaching point 24 =% YE
t}, oluw] Fig. 2.119 (a)o] YEl}=0] teaching pointt= A edgeE
o2 MHAs A Fig. 2.119] (bl YEPHSI %] gapel F7Hgel stox

edgeE 7|+ 2 teaching 3F317] wlitol oz RE Azl dAs

P
°

N
N
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i

(a) Gap Omm (b) Gap 2.0mm

Fig. 2.11 Schematic of teahing point
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Fig. 2.12 Schematic principle of the energy distribution

in lap joint welding process

Qtota=QeMut Qrvt QMLT QELossT QaLoss (2.3)
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Qrm
QBML
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: Heat input of Upper Base Metal
. Heat input of Filler Metal
: Heat input of Lower Base Metal
: Loss energy of Electrode

. Loss energy of Arc
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A 3% Lap Joint Fillet €8NA €8¢ A3jd B AE

3.1 Progressive angle HAAY

3.1.1 49 A=

E Ao EA= FA4 2.0mm, o] 140mm, & 40mm¢l STS 304 plate
Z Abgstgien, mAel A4S Fig. 3.10 deEhhith &7bE @EF o)
5.0mm?¢l  STS 316L& AFE3Sith.  STS 316L C-Fillere] AEH-2
STC-316L°]t}. Fig. 3.2% A}&% C-Fillerd macro sectiong UERA ZHolm,

Table 3.13} Table 3.2= RAle} &7kA19] b ds HERd slojth. &48
AEZFEE Ar 93%7120l HaE 7% ERE 7kAE AMgsigleon, Ad 32
200/mino. =2 3},

Table 3.1 Chemical composition of base metal .
wt.2o

C Si Mn 2 5 Cr Ni Mo

STS 304 0.08 0.75 2.00 | 0.045 | 0.030 | 19.00 | 10.00 -

Table 3.2 Chemical composition of C-type filler metal

wt.%

C Si Mn P Cr Ni Mo Cu N

STC 316L | 0.001 | 0.38 | 1.90 | 0.021 | 12.10 | 19.10 | 2.30 | 0.25 | 0.021

_21_



40.00

2.00

A

120.00

Fig. 3.1 Design of stainless steel 304 sheet

Fig. 3.2 Cross section of C-Filler
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3.1.2 438 44

= &Asth 84 § Ao &= 2 nj=e 4 FFE Sl Sl =
QL STS 304 A1 7 A Hlo]&3 A &3 Aleld] 20mme] gape] &
AEA 1Al TIG EX= ol i) AAME FA8hH, B8 d52 30°
2 7haete]l ARgeRalar, BaEl d=e] T4l Astel C-Filler®] FAlol wiA]A]
A C¥ &7HA7} plasma streams wAsHA s F A=EF AA A vl
24 A5 B2d A5 AAES oS a840% 7] SN A5 A

HAorslo] ARRPATHY. Hadl ASe AW edges VFOR yEOR

o

2.0mm, z%22 3.5mm EolZl A wiAAIZIT) e ek BT A4
|77 S8 A 20°2 RS Table 3.3 A A¥x0S
etk wgEE A77 10°, A7 20°, AWZ 30°= ®AsSH AP
Agstgon, 72+ AzxzPEE &AW 4 7mm®, 8mm?, 9mm?, 10mm?® 1lmm
o8 WAst AdS Adsidt. APANA AFES &4 power sources Fig.
3.32] WORLDWELL 100TP2°]3i, Fig. 3.4% Super-TIG €73 o] 43 Ad
Abzleltt, Fig. 3.5 Agoll A3t ©H2dl 759 ez mAEe} 2497t

teaching point® EAE=E YEeERJSIT

et
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Table 3.3 Welding condition

Base metal

STS 304, t2.0

Filler metal

STC 316L, 5.5mm?

Shield gas Ar 93% + Hy 7%. 25L/min
Fixed Welding speed 100cm/min
Teaching point(y, z) 2.0, 3.5
Current 300A
Work angle 20°
Progressive angle 10°, 20°, 30°
Variable

Deposition area

7mm?, &nm?, 9mm?, 10mm?, 1lmm?

Fig. 3.3 WORLDWEL LONGRUN 1000PT?2
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Fig. 3.4 Super-TIG system

Welding direction

(a) Progressive angle (b) Work angle and teaching point

Fig. 3.5 Schematic of progressive angle, work angle and teaching point
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3.1.3 48 23 ¢ u#

Table 3.4, Table 3.5, Table 3.6 Hx1Z} 10°, ©x1z} 20°, #x12F 30°¢A4
lap joint fillet % A] AFE 300A= FA A &2 HA
=9l % macro sections YWERHAT A7 1009 A7 20%00 4= &F
G 7Tmm?ol A o}A9] current flux7t BEAR AUXA FHF5Ho] Aol
WAEkd L, R HA 8mm?, 9mm?®, 10mm?, 11mm?olAE &2dwz o] &

72 Q18] EAE &= current fluxZF Aol A H=E FA3A

B
o,
=2
=)
i
=

FH, Az 300 AYAA 2 Az ew Qs EAE sk current
flux7} Fastal &7FA= &ske current flux7b F7kete] EE &2 dH A 9
_]

5 2= 8.9
FA = UAEY

N
N
=2
R
N
)
o,
=
[r
Al
o?.L

e

,
a4
o
fu

m
N2
o
ofy
tlo

1y

= BAoA] &8 =9 toe angle®] & A g-ole
2377t dojgd 4 gemaY toe angle 100°~110°2 normaldt ZFeje] H
=, toe angle 110° ]S 3k Aeje] w|=g 2 st} Table 3.7 77+
474 ¥M=9] macro section°l|A] H]E=9] toe angles SA3td =2 eERd A
o|™, Fig 3.6 &z dHdo]| mE toe angles, Fig. 3.7 A7t w2 toe
angles YeRd AHolth z1zhe] Ao WE &4 B =9 toe anglex A3 2

W 2= 84 20 toe angle 110° ©]de] 7d3 Hl=& SR 33IH

ey

Fig. 3.82 Axzto] m& &5=° Ads B4k Aojrt. A7 AHE &4
Al BFES AAATIE FL2 okadgoelrh HAXZE 10004 A7 20°% F7HA
Aol we} &§Fo] MPFo] T7lste] toe angleo]l FT7FsAATE wbA, A7}
20°% A7 30°= FVHAIEE wol JUAA & AXZtew Q& current
flux7b RARY &7PA= JFEo] A dd™Feo]l #Aasalr] wiol, 23]
S8Fo dagFo] Haste] toe angleo] HAd oz kTt
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Table 3.4 Bead appearance of progressive angle 10°

Deposition
area

Bead appearance

Macro section

10mm?

11mm?
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Table 3.5 Bead appearance of progressive angle 20°

Deposition
area

Bead appearance

Macro section

10mm?

11mm?
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Table 3.6 Bead appearance of progressive angle 30°

Deposition
area

Bead appearance

Macro section

10mm?

11mm?
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Table 3.7 Toe angle according to progressive angle

. Deposition 7mm’ 8mm’ 9mm’® | 10mm? | 11mm?
Progressive area
angle 10 Toe angle - | 131.8° | 126.4° | 122.8° | 119.0°
Deposition ) ) ) ) )
Progressive Aren 7mm 8mm' 9mm’ 10mm” | 11mm'
angle 20 Toe angle ~ | 1455° | 134.7° | 128.3° | 124.5°
Deposition p ) ) ) )
Progressive ~ 7mm 8mm' 9mm' 10mm® | 11mm
angle 30 Toe angle | 143.8° | 138.1° | 131.5° | 126.0° | 121.4°
200 _
180 — 1 Progressive angle 10*
] —+ Progressive angle 20°
140 4 —"— Progressive angle 30°
170
180
£ 150 4
=, 140
| 4
T 130 4
S o
=1 Good
11 e e
wo
s0] Normal
a0

Deposition area (mm?)

Fig. 3.6 Toe angle according to deposition area
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200
1580
180
170

160
150
140
130
120
10 e o
BT B R —
90
30

Toe angle (%)

—1 Deposition area: Tmm’
—+ Deposition area: mm?*
—"— Deposition area: 9mm’
—= 7 Deposition area: 10mm’
—»— Deposition area: 11mm?

Good

Normal

Progressive angle (%)

Fig. 3.7 Toe angle according to progressive angle

30.0°
10.0° 20.0°

(@) Progressive angle 10° (b) Progressive angle 20° (c) Progressive angle 30°

Fig. 3.8 Modeling of leaded molten pool according to progressive

angle
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3.2 Incline angle §73 243

3.2.1 49 ¥

|3%E5%E 100cm/min®] LEHEF S8 FFH| =, AfFlo] fle AT H=
E PgA37] 98l Ar 93%°l HoE 7%E <% 3 7t2=& AFE3%ler, 100mm

|8kt 84 F 2Ae &= % vnl=e 4 FFE Q] Sl &2
AQl STS 304 Al@H 14 Al Hol&¥ mAl &35 Ateld] 20mme| gapo] 3
AEA AR H TIG EX= of#ji7] AAlE FAehH, ©§28 d=& 30°
2 7bstol Abgetda, "aE A=l F4 Hato] C-Fillere] FAlol x4
A CH &7MA7} plasma streams #H3HA WS F JEF AASGITE H|A

O

= 87 daN A% A

i

i)

w A=l

R

Hod A= AatES o 585
S Addle] ALEEATO HaE AL AR edgeE V|FoR yIZom
2.0mm, z=°Z 3.5mm "olA x|d I AIZIL}. AHy} s =T HAs
SEA7171 fd A2 20°2 FA3E3AH Table 3.8< A ddxd&
ERRIEh ArRE AL 10, AARRI 20° AR 50°F WA a2
do AP on, 72+ AAEREE G HEY Tmm’, 8Smm? 9mm? 10mm?,
lmm?o.2 WA 29S Aasiit. Fig 395 Super-TIG 4 A9 4
& AE Al7lolth. Fig 3.1000= Asle] Abgak Bxel A=o Qa7 mAzo}

2k17F 4 teaching point®] EAEE YEM AT

o
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Table 3.8 Welding condition

Base metal

STS 304, t2.0

Filler metal

STC 316L, 5.5mm?

Shield gas Ar 93% + Hy, 7%. 25L/min
Fixed Welding speed 100cm/min
Teaching point(y, z) 2.0, 3.5
Current 300A
Work angle 20°
Incline angle 10°, 20°, 30°
Variable

Deposition area

7mm?, dnm?, 9mm?, 10mm?, 1lmm?
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Fig. 3.9 Super-TIG system

& e/o;,h ]

[/
'4///

j=)
(=)
™

(a) Incline angle (b) Work angle and teaching point

Fig. 3.10 Schematic of incline angle, work angle and teaching point
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322 4% 24 2 u#

Table 3.9, Table 3.10, Table 3.11 ZAFSI 10°, AAFSH 20°, ZAFSH
30°°| 4] Lap Joint Fillet 84 Al AF/FE 300A=2 FXstHA &2HHA
of m& Hl=9]# % macro sectione YEFNATE A 10°914 ALS

300744 BE SAWRA 204 AW MES AT dndon W

o R
RS

iy

2 1

A
tsS W FAloA 83U =9 toe angleo] & Aol 23t o
2 4 g9lomE  toe angle 100°~110°Z normaldt 4B H]Z= toe angle
110° o1& 58 Julel nl=etx 3rh Table 3.12% ZHzte] &34 M=
macro section® 4] H]E9] toe angles Z743sto] A= YERA Aolw, Fig.
3.11= £&dH Ao wE toe angled, Fig. 3.122 AR wE toe
angles WERA Zlo|th. Z}zbe] xHo] wE &FH| =9 toe angles AT
I 2E S F8NA toe angle 110° o9 X3 B =S FHEH

Fig. 3.132 ZAlstlel] meE &F&9 Hals E23sks Aotk At ARE
|3 A, 88ES ABN7IE A2 THolth BARSHR 10°91 4 BAstR 30°=
S7HA Ao wep &gFol A8t THo] S7kst7] Wl &8E A Fol

=718} toe angleo] Z7}8}ATh

N
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Table 3.9 Bead appearance of incline angle 10°

Deposition .
Bead appearance Macro section
area

10mm?

11mm?
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Table 3.10 Bead appearance of incline angle 20°

Deposition

Bead appearance Macro section

area

10mm?

11mm?
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Table 3.11 Bead appearance of incline angle 30°

Deposition

area

Bead appearance

Macro section

10mm?

11mm?
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Table 3.12 Toe angle according to incline angle

Deposition ) ) ) ) )
Incline angle aren 7mm 8mm 9mm 10mm* | 11mm
10 Toe angle 143.3° | 134.1° | 124.9° | 120.6° | 117.8°
Deposition ) ) ) ) )
Incline angle Aren 7mm 8mm' 9mm 10mm® | 11mm
20 Toe angle 144.5° | 143.9° | 135.8° | 127.5° | 117.4°
Deposition ) ) ) ) )
Incline angle Aren 7mm 8mm 9mm 10mm® | 11mm
30 Toé angle | 152.1° | 145.1° | 142.0° | 127.8° | 119.9°
200 :
— 1 Incline angle10®
s —_+ Incline angle20®
180 1 —"— Incline angle30°
170 4
180
£ 150 4
=, 140
| 4
130
a ]
2 120 4
=1 Good
1] ——— e e e o i i
wo
s0] Normal
BI:I T T T T T
7 2 ] 10 11

Deposition area (mm?)

Fig. 3.11 Toe angle according to deposition area
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200

100 | —FDeposition area: 7mm°
180 —(+Deposition area: Bmm®
. —"Deposition area: 9mm’
1 —Deposition area: 10mm’
160 - —>—Deposition area: 11mm®
82 150 -
2] O
oy 4
T 130 4
S 2] _g
= Good
10 e e e e e
BT B R —
90 Normal
80 ]

Incline angle (%)

Fig. 3.12 Toe angle according to incline angle

=

(a) Incline angle 10° (b) Incline angle 20° (¢) Incline angle 30°

Fig. 3.13 Modeling of leaded molten pool according to incline angle
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A 4% Process A7 IS % 9+

4.1 Process 434 AEAY

4.1.1 4% ¥y
|3%E5% 100cm/min®] L&HEH S8 FFH| =, AfFlo] fle AT H=
S A A8 Ar 93%°l .5 795 =% 3 725 AFE3FY 2, 100mm
| 84 5 2Ae &2 2 wu=o] P FFE Rl faE 2
ARV STS 304 A1FA 7 A Heolad A &35 Akeldl 20mme] gape] &
AEA AR T TIG EX= of#jiry] AAE FAeH, 28 d=& 30°
7beate] Abgerglal, WaEl A= S4 sl C-Fillere] F4lell wiA]A]
A C¥ £7}#17} plasma streams T U3HA BS F J=F A3 Hx
g AFe A edged 7]F0E y=O7 20mm, z=2 % 3.5
of WiAA Y, a3 sk 25 Ads] &§A717] fle AdAS 20°0= FA
3t} Lap joint fillet &394 gap2 A3t st AlojoA WAL}y, g
AA AAM = A AFS] seame] IASA #He7t HA g weEbA
A= gaps WA 7IH, gapol Wl y= teaching pointE ©]53]7HH
FA AAN AE: AIS A3 Fig. 4.12 yF teaching pointZ, Fig.
A5 YeRdTt Chapter 3914 Ax2ba) ZAALsHz &

4 =l
WwAs A3 Axp FAbekd 30°7F 7FE toe angleo] Hoewmz FAbak

il

fe

30°% AdAstgler, &g o] 22 49 gap bridginge] © =sha, &3
Aol 2 749 toe angleo] AT Zlo|nz SHAYWA 9mm*E M 3}e]
APE A8t Table 4.1 A A0S Yebddeh Gapol A8t
T X704 C-Fillerd] olyr=s #Estr] 9 594 ZF94& AAsAAth
o= $h(arc voltage)s A7) EAG+)eF SR ALDA) AAME

a9,
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Table 4.1 Welding condition

Base metal STS 304, t2.0
Filler metal STC 316L, 5.5mm?
Shield gas Ar 93% + Hy 7%. 25L/min
Welding speed 100cm/min
Fixed
Deposition area 9mm?
Current 300A
Work angle 20°
Incline angle 30°
Gap Omm, 1.0mm, 2.0mm, 2.5mm
Variable Offset upper plate: (1.0, 3.5), (1.5, 3.5)
Teaching point(y, z) | Default seam line: (2.0, 3.5)
Offset lower plate: (2.5, 3.5), (3.0, 3.5)
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(a) y axis teaching point: 1.0mm (b) y axis teaching point: 1.5mm

(c) y axis teaching point: 2.0mm (d) y axis teaching point: 2.5mm

(e) v axis teaching point: 3.0mm

Fig. 4.1 Schematic of teahing point
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(¢c) Gap 2.0mm (d) Gap 2.5mm

Fig. 4.2 Schematic of teahing point according to gap
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4.1.2 A¥ A7

Table 4.2, Table 4.3, Table 4.4, Table 4.5 gap Omm, gap 1.0mm, gap
2.0mm, gap 2.5mmolA lap joint fillet &% A AFZE 3004, S2FdHA
Imm’E  FAstHA] y= teaching point WA wWE H=93% 2L macro
section2 YEFHATE Gap Ommol 4] gap 1.0mm 7FA&= y3 teaching pointZ
HAg RE A A v=g FASHA, gap 2.0mmelAE yH
teaching point7} 3.0mm¥&uw] 43 AuEj7} LI A T AHZ v=E §
dakaltt. Gap 2.5mmelA = i) FxolA gap bridgingell A8t
Table 4.6 &% H]E=9] macro section®l|A] toe angles Z743sto] X2 LE
H Aolw, Fig. 4.3& y= teaching pointd] ™WE toe angleS el Ao|t},
747kl ZAo] wWE SHW =9 toe angled FAHI A3, gap 2.0mme yFH
teaching point7} 1.0mm% W= toe angle®] 107°Z normaldt AEe &4 =
£ Ao 1 9o EE AT 110°04Y -3 &H=E A
3tttk 3 y= teaching point7} st 02 X|9-F el we} toe angle’= 57t

s AES #AdE 5 3
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Table 4.2 Bead appearance of gap Omm

y—axis
teaching Bead appearance Macro section
point
1.0
Offset
upper
plate
1.5
Default
seam 2.0
line
2.5
Offset
lower
plate
3.0
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Table 4.3 Bead appearance of gap 1.0mm

y—axis
teaching Bead appearance Macro section
point
1.0
Offset
upper
plate
1.5
Default
seam 2.0
line
2.5
Offset
lower
plate
3.0
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Table 4.4 Bead appearance of gap 2.0mm

y—axis
teaching Bead appearance Macro section
point
1.0
Offset
upper
plate
1.5
Default
seam 2.0
line
2.5
Offset
lower
plate
3.0
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Table 4.5 Bead appearance of gap 2.5mm

y—axis
teaching Bead appearance Macro section
point
1.0 -
Offset
upper
plate
1.5 -
Default
seam 2.0 -
line
2.5 -
Offset
lower
plate
3.0 -
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Table 4.6 Toe angle

according to gap length

y—axis teaching
. 1.0mm | 1.5mm | 2.0mm | 2.5mm | 3.0mm
Gap Omm point
Toe angle 124.7° | 127.1° | 140.5° | 140.7° | 146.6°
y—axis teaching
) 1.0mm | 1.5mm | 2.0mm | 2.5mm | 3.0mm
Gap 1mm pont
Toe angle 112.4° | 118.5° | 126.0° | 132.1° | 134.2°
y—axis teaching
) 1.0mm | 1.5mm | 2.0mm | 2.5mm | 3.0mm
Gap 2mm point
Toe angle 107.0° | 121.5° | 140.5° | 145.8° | 130.8°
180 Standard line ‘
] —_ Gap Omm
170 1 —(_— Gap Tmm
o™ —/\— Gap 2mm
150 —
Q 140—_
> |
5 1304
[y ]
& 120 |
A 110 IS ol —— —— | Good
1T ..., Ste,,... = | [ |
i | Normal
90 4 |
g0l . . .
1.0 1.5 20 25 30

y-axis teaching point (mm)

Fig. 4.3 Toe angle according to y-axis teaching point
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SHEGe] FAe 7P dEA e =719 yF teaching point 2.0mme} 7HF
4S5 H<Ql yF teaching point 3.0mmoll AWt A8Y3}At}. Fig. 4.4, Fig. 4.5

= gap Ommol A lap joint fillet 78438 F #33 5942 snap shot |t}

o

Fig. 4.4 Snap shot of y—axis teaching point: 2.0mm

(a) Bridging of droplet (b) Separation of droplet
Fig. 4.5 Snap shot of y—-axis teaching point 3.0mm
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yZ teaching point7} 2.0mm¥ W C-Fillerd A#ZZ3y stz 2319 A

st 4= 9t} y& teaching point7}
3.0mm% W Fig. 4.19] (e)ollA A35k npe} o] C-Filler7} 3t} afdol
A "ol Ao m R, bridge’t P ATH}, separationo] §HEA O R H= HAF

B2 ¢ 5

o

Fig. 4.6, Fig. 4.7% gap 1.0mmeoll A lap joint fillet 88 = &
Aol snap shot ©]t}.

rot

5

o2

(a) Growth of droplet = (b) Moving of droplet (c) Bridging of droplet
Fig. 4.6 Snap shot of y—axis teaching point 2.0mm

(a) Bridging of droplet (b) Separation of droplet
Fig. 4.7 Snap shot of y—axis teaching point 3.0mm
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v% teaching point7} 2.0mm% W C-Fillerd] ¥z &3 AEngto]dfo]
Hal AW, % 8§42 1.0mmo] gapo® A3 IHpR oA X
C-Filler®] T4lZ%o =z &2o] olste] oldH= S & & 5 Advh y=
teaching point7} 3.0mm¥ wjolE Fig. 4.19 (e)ollA] =EA3sk ulel o]
C-Filler7t 73 spdellA  "Hojdlom=z,  bridgeZ7t AW AJA7E
separation®] HHEA o7 m= AL Az 3 5 9]

Fig. 4.8, Fig. 4.9 gap 2.0mmolA lap joint fillet 75 AF = Fg3l =

Aol snap shot ©]t}.

-
>

(a) Growth of droplet (b) Moving of droplet (c) Bridging of droplet

Fig. 4.8 Snap shot of y—axis teaching point 2.0mm

(a) Bridging of droplet (b) Separation of droplet
Fig. 4.9 Snap shot of y—axis teaching point 3.0mm
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yvZ teaching point7} 2.0mm¥ w C-Fillere At#zZ g8 oALaegto]djo]

i AN, SE £4E 2.0mme] gapl @ <QlE) ZupE o]d

o
i)
N
b
QL

al
C-Filler?] T4H& A 1A FRH O oFste] o5 = As A2 & +
AT}t y= teaching point’} 3.0mm<% wol= Fig. 4.19] (e)ol A =E2A3}3t npe}
@ol C-Filler7} ¥zt dhwtolr wojdomz  bridge’t o
separation®] ¥HEA o2 w= ANS #z g 4 Qi)

Fig. 4.10, Fig. 4.11& gap 2.5mmol A lap joint fillet 88 = Fg3s =

A4+ snap shot ©|t}.

(a) Growth of droplet (b) Moving of droplet (c) Bridging of droplet
Fig. 4.10 Snap shot of y—axis teaching point 2.0mm

(a) Bridging of droplet (b) Separation of droplet
Fig. 4.11 Snap shot of y—axis teaching point 3.0mm
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v% teaching point7} 2.0mm% W C-Fillerd] ¥z &3 AEngto]dfo]

A3 YA, S §4L 20mme] gapoE s 2wk olYxA Fala,
C-Fillers] $4%& A} A 4uEoz olFste] oPst AL T ¥ 5

ATk AN A o] o] PE Sl E ETSkal AUAA F gapo® A&l gap
bridginge] H#| Xst= AL #FF F 2

v% teaching point7} 3.0mm% W= Fig. 4.19] (e)ollA] R 23}3F npe} 7o)
C-Filler7} 73 spdelA  Hojdlom=z,  bridgeZ7t  FAWHAJAE
separation®] W5z o® UEFCO™, gap bridginge]l HA &= Aol yH
teaching point 2.0mmX.t} o FE5A @2= At webA] process A 3
& 98iAe C-Fillerd] A#%3} shi% wFor 2315 o|d s Aol 1
g HI=EE FAste Fed Aow ddEn

e
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4.3 &3 A Y3t o]PrE=9 uF

GTAWSIA olam=s) ol=dgtste] @A sl we dadisel ok
4E olzAgre SAAEY BUHY, §7h4) olamEe] B F3 ge o
AA B ATANE o} TGS S ol el HolAae v

9t} Fig. 4.12, Fig. 4.13, Fig. 4.14, Fig. 4.15& 5x77Fe] o= A 33

e

(wave form)S A3 ZolH, Fig. 4.16= o}zl Eob4dst =79 y&
teaching pointZ} 3.0mm¢% wj¢] 1z a3 S yebd Aot y=
teaching point”’} 3.0mm<%¥ "= Fig. 4.5, Fig. 4.7, Fig. 4.9, Fig. 4.11]4 ¥
Z3lgl5zo] bridge® &% o] separation® = @70l ofa AYerE ## Vb
atem, gapol S7betol Wi} separation¥ e SF7F SRS o4 4 4
Fig. 417 Z+7Zk9] gap, y% teaching pointoll 3k o} AdgS ez 2 e}
A, A A o2 vy teaching pointZ} 571stel] wha}, gapo] &7Fsto] uwh
g} ofm i Stol F7betA. o= Fig. 4.13 Fig. 4.20] EA33 tiz, y=
teaching point7} st#%£o 2 A -AFE J2ul d5025E Fae 77t 9
A7) witel ofaAel7t Ttk FFOE FTEHM, gapo] F7FEel wet ©
'l A=3 spae] At "ojxr] Mo m ddEn.
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(a) y-axis teaching point 1.0mm
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(b) y-axis teaching point 1.5mm
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(e) y-axis teaching point 3.0mm

Fig. 4.12 Wave forms in 5 second range at gap Omm
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(a) y-axis teaching point 1.0mm
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el
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(b) y-axis teaching point 1.5mm
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(c) y-axis teaching point 2.0mm
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(e) y-axis teaching point 3.0mm

Fig. 4.13 Wave forms in 5 second range at gap 1.0mm
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(a) y-axis teaching point 1.0mm

Tawmin
N - g)

=i v

v

(b) y-axis teaching point 1.5mm

=
NEEn 8

e

OG- 7.7 I S’ ¥ 0 S

(¢) y-axis teaching point 2.0mm
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i LTV
(d) y-axis teaching point 2.5mm
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- 24.5V

i
upgn 18

(e) y-axis teaching point 3.0mm

Fig. 4.14 Wave forms in 5 second range at gap 2.0mm
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(a) y-axis teaching point 1.0mm
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(e) y-axis teaching point 3.0mm

Fig. 4.15 Wave forms in 5 second range at gap 2.5mm
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Separation
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Fig. 4.16 Wave forms in 1 second range at y—axis teaching point 3.0mm
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- Standard line \

| — 1+ Gap Omm
—(_— Gap 1.0mm
254 -~ Gap 2.0mm
1 =/ Gap 2.5mm
24
=
o 23
g
©
> 90 |
21 -
20 T T T " T T y T
10 15 20 25 3.0

y-axis teaching point (mm)

Fig. 4.17 Arc voltage according to y—axis teaching point
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4.4 CH £I7HAE AH83E TIG €49 olgne 2dy

Fig. 4.18. Fig. 4.19, Fig. 4.20, Fig. 4.21& GTAW®| Lap Joint Fillet &%
A CE &7HE AFEatals o el oldldds dEste] &
th Gap Omm% wWell= C¥ 877 882 o iy FaF 234 o]g
Hof Hl=7t A ET SHARE gape] EAStE A Sole stiE &

1.0mm¢ w o3
e mEPe ot siE &Aool FH 93 C-Fillerd] FAO=E
ap®] 1.0mmo = HwA 7] wol| o]Fstd stiE &% o] &§F
wgEo] o] FHr} Fig. 4.20= gap 2.0mmY ol FHAS HAF T Aolt}
ol x| E3t F|E g-o] FTH 93 C-Filler? FALoE o]F3lal, o=
ol ol el melting bridge®t &&= d4S YEWAT. Fig. 4.21&
gap 2.5mm¢¥ w olyFFS mELFI Zlo|n, gapol AUAA A7) W&l

gap bridgingell A=t 7S a5

L K
0
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Fig. 4.18 Transfer mode of lap joint fillet welding
by Super-TIG at gap Omm

B ¥

(a) Grow of droplet (b) Moving and bridging of droplet
Fig. 4.19 Transfer mode of lap joint fillet welding

by Super-TIG at gap 1.0mm
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(a) Grow of droplet (b) Moving of droplet (c) Bridging of droplet
Fig. 4.20 Transfer mode of lap joint fillet welding

by Super-TIG at gap 2.0mm

ISy

(a) Grow of droplet (b) Moving of droplet (c) Bridging of droplet
Fig. 4.21 Transfer mode of lap joint fillet welding

by Super-TIG at gap 2.5mm
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(a) Gap 1.0mm (b) Gap 2.0mm (¢c) Gap 2.5mm
Fig. 4.21 Modeling of bead deflection according to gap
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Fig. 4.22 Weldable area of lap joint fillet by Super-TIG

y-axis teaching point (mm)
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