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Effect of the Filler Metal Shape on the Stability of Metal Transfer on
GTAW

Hyeong—Chang, Ryu

Dept. of Mechanical Engineering,

The Graduate School, Pukyoung National University

Abstract

Unlike other welding methods that use consumable electrodes such as
GMAW and FCAW, GTAW is a welding method that uses non—consumable
tungsten electrodes and supplies a separate filler metal. The arc and filler
metal are separately controlled while welding.

Depending on the shape of the filler metal used in GTAW, the area where
the arc plasma enters the filler metal and the density of the current vary. In
the case of a circular filler metal, the location of transmission to the arcs
varies easily depending on the cast and helix, making if difficult to achieve
stable transfer. In this case, sticking due to unmelting of the filler metal is
likely to occur at a high current and fast filler metal feeding speed, and a
high current density plasma stream directly enters the base metal, causing a
humping bead. have. In addition, when the filler height is high, intermittent
bridging in which the bridge of continuous bridging is broken or falling may
occur, and sticking may occur when the filler height is low. Therefore, it is
necessary to develop an algorithm that can maintain the proper arc length
and filler height of filler metal by analyzing the welding phenomenon that
occurs when the arc length and filler height change.

In this study, welding phenomena when the arc length and filler height are
changed using GTAW circular filler metal and a wide C-type filler metal



were compared by waveform signal, and the effect of filler metal shape on
the stability of metal transfer was modeled, and a metal transfer mode
classification algorithm that can be applied to welding was developed.

Key Words : GTAW, Filler Metal Shape, Plasma Stream, Arc length, Filler

height, Continuous Bridging Transfer, Intermittent Bridging Transfer
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¢) 6mm

b) 4mm

a) 2mm

Fig. 2.5 Schematic of molten pool with arc length®
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Fig. 2.6 Schematic of molten pool with electrode angle”
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Fig. 2.9 Incident plasma stream on Q1.2 wire by theory of plasma

stream

Fig. 2.10 Incident plasma stream on C-Filler by theory of plasma

stream

_16_



gas HozZie Super-TIG filler
guide front

iy 8

electrode

-type filler

Fig. 2.11 Super-TIG welding equipments

_17_



Al 3% GTAWOA &7HA Bdo] &4 ol ¢AAA
nX = G B 4T

3.1 A

ANE de ARsE A% 240 e

Ho
:(!)L_“
(o
ol
S
o,
ol @
o
B[
AT
rlo
T
l 3!
o)
il
>
>,
ofo
ol
9
ofo
iy
ol
rlr
offt
r o
ofo
iy
k)

oz Aok, N Filler A2 A=3 &7FA] Alole] HAgtoe=
golstgem, 34 Filler At &7FA9F BA Alolo] Hstoz A ojst

ATt

_18_



L e S

Fig. 3.1 Definitions of Arc voltage and Filler voltage
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3.2 9438 ¢to]o] = AL 3 GTAWI A £ AYg A AF
321 4% A=

Ao A= F74 10mm, Z°] 300mm, % 150mm¢!
SS400(ASTM A283)S AF&stlom, waje] A2 Fig. 3.291 HEeEFHA
th 7= Zo] 1.2mm<! Inconel 625(ERNiCrMo-3) & ¢}o]o]l &= A}
43199 th. Table 317 Table 32% =A< &7HA419] st S e
Aolth, 48 HArlae Ar 3% Hy 7% S £33 7t2g A&39

o, % 204 /minS = st

=

Table 3.1 Chemical composition of SS400 base metal (wt. %)

Classification C Si Mn P S Cr Ni

55400 0.155 0.163 0.455 0.007 0.009 0.019 | 0.0101

Table 3.2 Chemical composition of Inconel 625 filler metal (wt. %)

Classification C Si Mn Cr Ni Mo Fe Co

Inconel 625 0.10 050 0.50 230 3.0 100 50 1.0
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gtk Fig 34= Aol &3 3718 U ez d=d A9

LONGRUN 1000PT2 &H71& = APt

Table 3.3 Welding conditions used by Inconel 625 ®1.2mm wire

Electrode

Filler
met:

Supply

1]

Lower—Filler
Voltage

Arc Voltage

Fig. 3.3 Definitions of welding system

Base metal SS400, T 10
: Inconel 625
Filler metal
(P1.2mm)
Feed rate(cpm) 387.8
Fixed Shield gas(L/min) Ar + H 7%
Current(A) 300
Welding speed(cpm) 20
Deposition rate(kg/h) 2.0
Deposition area(mm?) 21
. Arc length(mm) 4—6
Varied Filler height(mm) 0—2
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Fig. 362 43 ¢folo]& A& A3 A9 Arc length7} 4mm, Filler
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with circular wire (Inconel 625)
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Fig. 3.7 Wave forms during about 3 cycles of metal transfer for

changing arc length with circular wire (Inconel 625)
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changing filler height with circular wire (Inconel 625)

_31_



Fig. 3.6 (b), ()¢} Fig. 3.8 (b), (c)olA] Separationo] AIsl= Jod&
23 B Separation® Bridge7} 2 AstE F7)7F dA S A Fe AL

=)
AW & Qi ok Fo] FI wwHo] e 97 sojoje B4
8

ox o

)
)

H
o] wj &7pAe] &g HolHFo R o]Fo] AA oA FelxntY
= S dASA FAS= Aol @A ¥a, A3k Separation

time® 7b47] offth EE, ¥ AFAES of Fehxvh FAL Mol
X

L
H
35 o] stickings 2 F da, A7}

o2 AFRESY ofa Ek=vhrl EA 9] molten pool®

2 99 gelolrt dAElE AL RSSO, Fig. 311 opa e

=i}
=

]_

ol
>,
filo
SE
2,
=
ox
uj
fr
dg
ot
o
o,
2
X

o,
>,
i,
o
fijo
=)
K=
I
Lo
i
rlo
>y
u

o
ol

H
%7} molten pool® ZHE=E QJAlste] &9e] 2 oJ A a1, stickinge] &

s
2,

_32_



(a) Right feeding position (b) Wrong feeding position

Fig. 3.10 Filler metal feeding position (Front view)

Fig. 3.11 Sticking due to Wrong feeding position (Side view)
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33 CH &7MAE A8T GTAWAXNY &3 AY 54 4¥
331 43 A=

Ao A= F74 10mm, Z°] 300mm, % 150mm¢!
SSA00(ASTM A283)& A&l on, wae A4 948 gojo] 2 AlE
g A3 Fig. 32% sdsith. &7H= Fo] 5,0mm<sl CH &7HA4E At
&3l AdS AF ofolojet FUg Alloy 6255 ArE3sHl L, A&
C¥ &7}49 macro sections Fig. 3.120] Yehdch. 2xjet &7141 ¢
sfstAd - Tl 98 olojo]E ALE3F Table 3.13 Table 3.29F &< 3slt}.
|8 Aovtae dF golofol Aok TdsAl Ar 93%°l Hy 7%E &

e slas Agagon, $3E 200 /mne AT £47] TF
A

1 i

Fig. 3.12 Cross section of C-Filler
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A e SS400 EA o] Inconel 625 €7HA1E &
AePstAar, 93 olojE ALEs= dwk GT xZ Y2 C-Filler:
AHEBEE GTAWS &3 At 84 ola ddg nusty) 9ls) &5

g mUEe Ax9e B 84 AR, A4S ASsAth Arc A

)

3l Bead On Plate®

o
=
©

=457 Y8 AJFAAE A ZA(H F-2eta, g Filler
ALS A7 Adaf AGAE AF(-)F 7P| =L R E(+)o] F2313

o, 8% Filler 442 5437 913 AGANE o] EZEEC)SE 2
(ool Ak ARAQ §4H £AE Table 3400 tehliet.

871 gl wet ojmel dAmAel gerde neste] oka ol

(Arc length)E 6mm= AA3Ga, 849 ol =9 wE Ao 54
< Fetstr] sl &7FAleE BA] Alole] £ ol (Filler Height)E Omm

A 2mm=z S7HA7IH S AT FF xolE S/l wet

Arc length7} 37 2mm 718k 283}, Arc lengthe= 9743 Aol A

Table 3.4 Welding conditions used by Inconel 625 C-Filler

Base metal SS400, T 10
) Inconel 625
Filler metal .
C-Filler (5mm?)

Feed rate(cpm) 4

Fixed Shield gas(L/min) Ar + H 7%
Current(A) 300
Welding speed(cpm) 20
Deposition rate(kg/h) 2.0
Deposition area(mm?) 21
. Arc length(mm) 6—8
Varied Filler height(mm) 0—2
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333 4% 2% & &

Fig. 3.132 C¥ &71AE AF&3F A4 2] Arc length’} 6mm, Filler
height7} Ommz 443 we] 23 Azlolt} Fig 313 (a) ©] wel H
=o#s yeEd Zola, (hE BEYEHY AuE ALEste] ASe A

Arc Al A4 3PS tehd Aol (0 AY Filler A4 53
Filler 91978] A7 532 tehdl glolth 943 stolojst FUsA 47
FEAS AAE TIG $49 AW AF 254 AT F A3,

Arc length®} Filler heighte] ®-so] §lo] dAs A =9 F3F& &<l

=L A~
g 5 3l
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Fig. 3.13 Bead appearance and Wave forms for normal welding with

C-Filler (Inconel 625)
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Fig. 3.14%= C8 £7IAE AF83 A A9 Arc length’7} 6mm, Filler
height7} Ommel A 2mm# 37 F7tsl= ddolA el 43 Adtelt). Fig
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2%s 9T 4 o, &4 Filler kel 74-¢ Bridging 1 2.86 Vel

A Separation Al 12.03 V2 F7lste= AS g0 = e, 93 9ol
o E AE3 Arc length 571 233 sd3 A &8 5A4S 99T +

[e3]
2R

_38_



() Bead appearance

-
T
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e } o
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o AV 2264V :
g (b) Wave forms of CL;rrent and Arc voltage
% :
i | dE Filler HY
(Ece) |
; Avg: 1947V
ﬁ 0.00
¢ | SH5 Filler ©E
(Ezr)
’-1 Avg: 2.74V '

(c) Wave forms of Upper a‘nd Lower filler voltage

Fig. 3.14 Bead appearance and Wave forms for changing arc length

with C-Filler (Inconel 625)
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Fig. 3.15 Wave forms during about 3 cycles of metal transfer changing

arc length with C-Filler (Inconel 625)
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(a) Bead appearance

E Fs] !
Avg: 301.64 A
! Arc HY
(EL
Avg: 22.63 V \W .
(b) Wave forms of Current and Arc voltage
T Filler T2}
(Evr) |
PSR Filler HY !
(Eg) 3
Ave: 271V
Ay T AT '

(c) Wave forms of Upper and Lower filler voltage

Fig. 3.16 Bead appearance and Wave forms for changing filler height
with C-Filler (Inconel 625)
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Fig. 3.17 Wave forms during about 3 cycles of metal transfer changing

filler height with C-Filler (Inconel 625)
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Fig. 3.18 Melting shape of C-Filler

_45_



GTAW

-

1

St

°

AL

=

=

GTAWSF C8 &71A
GTAWol A Filler height’} W3al+= 25 &

-

1

-

1

St

°

B

AL
A3

=
=

=

=

29 sho]o]
% ofolo]

]

I
R

[e]

=
L

1)

]

31, Separation®} Bridging©] ulx}

34 A4

7

At}
GTAWY A%

-
ol
o
o

el

)
=3
"o

el

o

Fol =

w

(¢}

[e)
32
Riu

-

1

o

°©

A}

=

} 74l Separation® Bridging©]

o

2) C8 &71A

%9

AT

+
o

el
Ton

—

o
ol

ol
e

o
oF
il
A4r
_1!
olo
ol

o
ﬁo

GTAWY

AL goh

=
=

D 47 oo

ol
M

A7F AAA

A

b2

%% Melting rate®

I Filler height”} =}

9]

SESOE

By

el
T

gase)

B

Tl

N

2

olF o=

;OO
=0

fite)
<0

M

W
o

o] = Qow

3
=

=

1

=]
=

3 2] Bridge7} #¢

o]z‘s
@ C¥ ¢}olof
el &74A1e] Castet Helix7b %o

=23
=

A} 3ol

=

=

He 8714

=

3z

_46_

GTAWS] 7%

St

°

AL

=

=



Fo] molten pool® ©]%&&hof| we} ol=3 =

S

2 ol

ol

AgaE

=
=

2kA, CE &7HA

_47_



41 A4
AR =S AREste] gholo] Edto] ol o] gsk= GMAW, FCAW

5 B £HHYE 98] AHs GTAWIA = B AEA A= ¥xe &7}
Ae 344 842 JAdsH7] wiol Filler heightE A& Ao
2~ olo %

T /\)\-AE]

Filler height® &%3le] oty A2 ALngo]lddS {8t o]

7FA €] Plasma stream W Melting positiono] wha} 243k

=
th. Filler height7} o™ A& meto]sfo] st Filler height7} 3
M molten pool®} Filler metal AFo] 2] Separation®] WAsle] &wl
o] A o2 {FA 7| oyt wWEtA As GTAWolA HH A<
o] A2 4 YE= Filler heightS F43}o] Separatione] 3l
g Fo] Jho] A Qs
Fol Ao A Hastelloy C-276 C¥ £7FA41S AF&3lo] 3739
3toll A1 Arc length ¥ Filler height ¥ 7
Aasto] &7k A w

2]3Fo] Separation A Ea, Eur, Eird 3 EA4 3, Arc length

o2
y
2

% aetol

o2

01

e Rl
1

o

Fl(‘

o~
T

rh
o

P—
5

(@)

e}

=

@,
o
DN
3
fo
offt
e
ro
ofo
BN
Y

i
st

%

LIS

ftlo
2
ol
)
J|m
o,
o
R
El
ol
ol
32
K
2
2

it

“
ofk
o
Hm

rE
o,
-
K3
ﬁ
i
w
[0}
ke
8
g
o
=]
>,
o
t
&
t
(@
e
t
=
=5}
o
ol
)
|
o,
ftlo
off
:(x)L_‘,
2L

[e)
IT

oft

GTAWoO| A& 7153 obx 4ol ALwgolagdS 93k 84 o] n=

e R E

5 o

M
kI

_48_



4.2 GTAWOA A &7FA Ao o& Filler height ¥743 A3

421 A% A=

BoAgA EAE FA4 10mm, Z°] 300mm, % 150mm¢!

SS400(ASTM A283)= Abgatlen, Ao F42 3% A&d 24

o

FA3tth. 7= F9o] 5mmg<l Hastelloy C-276 A& CE £71A

=

2 Ag5H%th Table 41 AHESE C-276 CF 7149 seg=e v
Q

ﬂl

Table 4.1 Chemical composition of C-276 filler metal (wt. %)

Classification C Si Mn Cr Ni Mo Fe S
Hastelloy
0.01 0.08 1.0 16.0 57.0 16.0 50 0.03
C-276
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Welding vision cameraql WL2-H7ML-M35 = 9& AF&3FQt). Fig. 4.1
= ARESE ZhElEtE UERd Aol
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Table 4.2 Welding conditions used by C-276 C-Filler

Base metal SS400, T 10
. Hastelloy C-276
Filler metal )
C-Filler (5mm?)
Feed rate(cpm) 84
Fixed Shield gas(L/min) Ar + H 7%
Current(A) 300
Welding speed(cpm) 20
Deposition rate(kg/h) 2.0
Deposition area(mm?) 21
. Arc length(mm) 678
Varied Filler height(mm) 072

Fig. 41 Weldvis WL2-H7ML-M35
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Fig. 4.2 Snap shot of Arc length 6mm, Filler height Omm
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Fig. 4.3 Bead appearance and Wave forms for normal welding with

C-Filler (C-276)
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Fig. 44% Hastelloy C-276 C3¥ £7FA& AF&3lo] Arc length 6mm,

Filler height OmmelA ZtZF 2mm® F7HA 715 A8 293 Jato

snap shoto] i, Fig. 45% 239 Z3lo|H, Fig. 462 Filler height’} 7}
3}o] Separation©] AP S Wl o]d F=7} 3cycle WHEEHE FoHY

(a) Al 6mm/F.h Omm, (b) Al 8mm/F.h 2mm,

Bridging Bridging

(¢) Al 8mm/F.h 2mm,

Separation

Fig. 4.4 Snap shots of Arc length 6 8mm, Filler height 072mm
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Fig. 4.5 Bead appearance and Wave forms for changing arc length

with C-Filler (C-276)
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Fig. 4.6 Wave forms during about 3 cycles of metal transfer for

changing arc length with C-Filler (C-276)
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(a) Al 6mm/F.h Omm, (b) Al 6mm/F.h 2mm,

Bridging Bridging

(¢) Al 6mm/F.h 2mm,

Separation

Fig. 4.7 Snap shots of Arc length 6mm, Filler height 072mm
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Fig. 4.10 Arc voltage changes with current and arc length®
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Table 4.3 Inconel 625, Hastelloy C-276 C¥ &£71A& A}-&3F 230
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A ATl A L7HATA e At DASA T, Arc length7bF DA S 7
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Table 4.3 Comparison Ea, Eur, ELr according to changed by Arc
length and Filler height

[Unit: V1
. Inconel 625 Hastelloy C-276
C-Fill
e En | Bw | Ewr | Es | Ew | Eur
Normal Bridging 22.81 1 19.64 | 2.72 | 22.53 | 19.21 | 2.81

Arc length | g0 ation | 26.18 | 13.63 | 12.03 | 25.64 | 13.55 | 12.00
Filler height

Bridging | 23.48 | 20.22 | 2.86 | 22.65 | 19.70 | 2.82

Increasing

Only Separation | 24.49 | 11.17 | 12.90 | 24.59 | 11.14 | 13.06
Filler height

Increasing | DBridging |-20.40 | 17.37 | 2.84 | 20.30 | 17.17 | 2.84

Table 4.4 Schematics of metal transfer mode and Comparison Eyp/Err

according to changed by Arc length and Filler height

C-Filler Before changing | After changing Eur/ELr
'_'___“]
Normal welding l ] ,E«v >5
Arc length, — — “
Filler height 7 ; >1
Increasing s ;
Only —
Filler height <1
Increasing
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