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The Effects of the Arc Pressure Variation as the Filler Wire
Feed Rate on the Penetration in Pulsed TIG Welding

Jin-Woo Kim

Department of Material Processing Engineering, Graduate School,
Pukyong National University

Abstract

In a general TIG bead welding, the faster wire feeding rate is, the narrower bead
is and the shallower penetration is. Otherwise, the slower wire feeding rate is, the
wider bead is and the deeper penetration is.

In this study, it was in the standpeint of the arc pressure that the relation
between wire feed rate and the penetration were investigated. The arc pressure is
varied according to the depth-into-arc of the filler wire in pulsed TIG welding. The
parameters investigated were the welding current and the filler wire feeding rate. The
pure Ar gas was used as a shield gas. By making the experiment on the arc pressure,
We could know that the arc pressure was in proportion to the sguare of welding
current and was fluctuated as the depth-into-arc of the tungsten rod. Instead of the
filler wire, the tungsten rod was supplied into the molten pool to prevent from
melting the filler wire. The arc pressure was measured as the depth-into-arc of the
tungsten rod by using the manometer. So, We could know the effect of the wires
depth-into-arc on the arc pessure. It was proved that the arc pressure got higher as
the wire feed rate was slow. We could verify that the arc pressure had effect on the
penetration and bead shape. By changing the wire feed rate, the penetration could be
controlled and bead shape apt to the purpose and the design could be made.

Key Words: Pulsed TIG welding, Arc pressure, Wire feeding rate, Manometer,

Penetration, Tungsten rod, Molten pool
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Table 2.1 Classification of various welding

o2 ¢ &89 d 49 A7 A5 2o Uy H] 1
ESW A 4 glE £92
PW
PW. RW i) HE S BENS
RW
LBW 2Ard AES Hogle
EBW A M= e AF
DFW A ofst g | vhA EE A | 24EF
GMAW
H71 A GTAW
o] 1 | PAW ol=d teels 7h
EGW
FCAW
SAW
SMAW ol24 HEglS ¥
FCAW
FW
FW, SW ot A 25
SW
e DFW BArE ‘2@%}%1 7%&3
S, EXW - S Wy 2EUS Bk U
W Ll AE S 9
- CW - =4k e E*__?%’i% 1R\ T
FRW Agd ALk HEQE 1\ K
A1 USW e ST nege | n4sd
GTAW : gas tungsten arc welding

() CW ' cold welding

DEW : diffusion welding
EBW : electron beam welding
EGW : electro gas welding
ESW : electro slag welding
EXW : explosive welding
FRW : friction welding

FW : flash welding
GMAW : gas metal arc welding

LBW : laser heam welding
PAW : plasma arc welding
PPW : projection welding
RW ! resistance welding
SAW
SMAW : shielded metal arc welding
SW : stud arc welding

TW ! thermit welding

USW : ultrasonic welding

submerged arc welding
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Fig. 2.1 Current—voltage characteristics of discharge
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Fig. 3.1 Schematic of filler wire TIG welding experiment
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Ip: 200A, Ib; 60 A, pulse frequency; 4Hz, pulse width:

Fig. 3.3
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Fig. 3.3 Waveform of welding current & voltage in pulsed TIG welding
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Table 3.1 B~ TIG Hl=83 AP2Ag Yehd Fojth de] go]o]
FEEE7 2, BAAFTE 130 ARl EF ZE Al 22 AFE 4
Z} o2 A 245l (Non-pulse, Ip : 200A, Ip : 300 A) HA TIG v =87
& oGt Ip 1 300 Acl M= BaFkg 2dat] HEAF 130A% 239

ﬂml

faai glolofe] $FA A= §HAY LT tate] Ao P 2
H2h 90, A7 0% BT

Table 3.1 The condition( I ) of TIG welding with filler wire

Base metal Mild steel 150x40X2¢t
Angle of tungsten electrode 45°
Diameter of filler wire ¢ 1.2
300 A
Ip
(Ib: 60A) 200 A
Non-pulse
lavg. 130 A
Pulse frequency 4 Iz
Welding speed 20 cpm
Angle 20 ~ 25°
Supply of
. PPy } Speed 110 cpm
filler wire
Position Forward supply
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Table 3.2 B2 TIG ¥ =44 2d 2 A& VeR Holth L7 golo] &
FEE5 27 2 2ddo $I3HA7 OEA HEF dgler, §3%5
T 20cpme B A L3389}

Ae] ojolojo] £FAA= SR A WL st A &, 2
4 90%, 97 0= ot

Table 3.2 The condition(II) of TIG welding with filler wire

Base metal Mildsteel 150402t
Angle of tungsten electrode 45°
Diameter of filler wire ¢ 1.2
I
y 200 A
(Ib: 60 A)
lavg. 130 A
Pulse frequency 4 Hz
Welding speed 20 cpm
Angle 20 ~ 25°
F/ 173 cpm
Supply of s 0
filler wire Speed Fo 110 cpm
F.™ 74 cpm
Position Forward supply

*! fast feed rate #*: middle feed rate =+*! slow feed rate
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Fig. 3.6 Bead appearance and penetration according to welding

current
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Fig. 4.1 Schematic for measurement of arc pressure
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Tungsten rod

Fig. 4.2 Definition for the supply position of tungsten rod

measuring arc pressure
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Fig. 4.3 The actual image in measurement of arc pressure
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Fig. 4.4 The magnified image of manometer in measurement of arc
pressure
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Table 4.1 Depth of tungsten rod into arc

) Depth-intc—arc of
Wire feed rate Photo

tungsten rod

Non-filler

Fs

F¢

# Welding direction
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Table 4.2% Fig. 4.33} Zo] 33 2

A9} ol mlxulE o] FEFS HEoRA Had 3o FH
=22 e Aolth A (4.1)S Aede YEhl = ﬂcltﬂ, o] A& %sﬂ
o=+ & AlE AT

Table 4.2 Difference of water head in manometer according to
the supply position of Tungsten rod

Ah (m)

Position— _
. Ff Fm Fs Non filler
mnto—arc

150A 0.036 0.04 0.05 0.06

Current

60A 0.016 0.016 0.016 0.02

Parc = pxgxXAh(Pa) (4.1)

o 7] A], Pue : Arc pressure (Pa)
p - Density of water (kg/m”)
g : Gravitational acceleration (m/s®)

Ah : Difference of water head (m)
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Depth-into—arc of tungsten rod

Fig. 4.5 Arc pressure according to position-into—arc of tungsten rod
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Fig. 4.6 Relation of arc pressure and penetration according to wire

feed rate
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Fig. 4.72 ola¢re s} 4919 #A4E 8 2 el 3olt}h Ry, = tungsten
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Arc pressure ratio, Rgp,

Arc pressure by supply position of tungsten rod

Ry =

Arc pressure at Non filler (4.2)

Penetration ratio, R,

Penetration by wire feed rate

H =
° Penetration at Non filler (4.3)

-
[}
T
O
]

=)
oo
T
1

o
P
I
1

Ratio of a respective penetration to
penetration at Non—filler (Ryene-)
o
(@]

T

o
N

T_| L \ ) ) 1 . 1 N 1
0 0.6 0.7 0.8 0.9 1.0

Ratio of a respective arc pressure 1o arc
pressure at Non=filler (Ry)

Fig. 4.7 Ralation between arc pressure and penetration
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