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ABSTRACT

Tungsten inert gas (TIG) welding is commonly used in industries that require airtightness, watertightness,
oiltightness, and precision. It is a non-consumable welding method that is commonly used for the welding of
non-ferrous metals, but it can be used to weld most metals. The methods of TIG welding can be divided into
three types. The first, manual welding is done directly on the metal by a welder with a torch. The second,
semi-automatic welding, gets help from a material supplying machine, but it is conducted by a welder. Lastly,
automated welding is conducted fully by a machine during its process and operation. Depending on the selection
of electrode, the amount of heat that is applied to the base material and the electrode rod changes and makes
the shape of welded parts different. A direct-current positive electrode was used for this study. Through the
change of shielding gas type on a structural steel (SS-400) that is commonly used in industry, the composition
and shape changes in welded parts were detected after welding. The heat-affected area, hardness value, and
tensile strength were also identified through hardness testing and tensile testing. In this study, it was found that
the higher hardness value of the heat-affected is, the weaker the tensile strength becomes.

Key Words : Tungsten inert gas Welding(El 1&%]), Filler metal(Z7 ), Automatic welding(A+537%]), Electrode
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. 2 Device for chemical composition analysis
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Fig. 3 Tension tester machine
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Table 1 The size and quantity of experimental base

Material Size 40 20| 40 45 |
200
SS-400 6.5t x 200mm x 150mm = 6EA

Fig. 4 Distance between welding torch and
tungsten electrode & Tested area of
Table 2 Chemical composition of SS-400 material welded parts

before welding

Material Fe C Si Mn P
Lk D~
Chemical 6007 0055 0146 1572 0009 s\{g’t,/
composition

Material S Ni Cr Mo Cu

(a) Area in which width and height are measured after

Chemical 508 0015 0260 0101 0014 penefration
composition

Material v Nb Al Ti B Penetratiol

Chemical Mﬂh-a'ia;z

. 0.003 0.044 0.026 0.016  0.0025 H -

commposition

Material W Co Sn Zr (b) Spots of hardness test

Chemic: 0008 0007 00011 0017 Fig. 5 Measurement of hal:dness and Shape of the
composition penetrated cross section
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Table 3 Result of chemical composition analysis on
welded parts of SS-400

Used gos
Ar80% A 98%
Componnt 0% - -

00 20% 0, 2%
Fe 97.5408  98.0315  97.7967
C 0.070 0.072 0.061
si 0517 0.359 0.395
Mn 1.526 1.204 1.391
P 00094 00117 00111
S 00134 00164 0.0147
Ni 0015 0.014 0013
Cr 0.120 0.114 0.132
Mo 0.046 0.047 0.057
Cu 0.076 0.074 0.062
v 0.002 0.002 0.002
Nb 0.020 0.016 0.021
Al 0013 0.007 0.012
Ti 0.008 0.003 0.007
B 00003 00012 0.0015
W 0.003 0.005 0.003
Co 0.003 0.004 0.003
Sn 0.0011 00022 0.0020
Zr 0.016 0.016 0015

20 -

55400
. Ar 100%
r.e ] - Ar 30%+CO02z 20%
B Ar 98%+02 2%

1.8

Chemical components (%]

€ SiMn P S Ni Cr MoCu V Nb Al Ti B W Co Sn Zr

Fig. 6 Comparison table of chemical composition on
welded parts of SS-400
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Table 4 Values of penetrated depth and width in
accordance with the change of using gas

types
(Unit : mm)
Used gas
Test piece Ar 80%  Ar 98%
No Ar 100% + +

0, 20% O 2%
Width @ 5.44 5.25 6.24
Depth @ 2.88 2.05 232

(a) Ar 100%
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Ar 100%
Ar 80%+CO2 20%
N A 98%+02 2%

Hardness graph after welding (%]

Base metal HAZ Weld metal

Fig. 8 Hardness graph after welding

(©) Ar 98% + O 2%

Fig. 7 The value of depth and width of the
penetrated cross section 0 05 ] s 2 25 s a5 4

Displacement(mm)

4950 AEWEE Hy 10Kefe] Yoz =43} (a) Ar 100%
o] BkS uf Table 5 @ Fig 83 2 Ax gs ‘ ‘ ‘ ; '
& F AAT. EARY EIF Ar 80%+CO,
20%> Ar 100%>Ar 98%+0, 2% 7} 22 A=
7 Egon, dYFHEE Ar 98%+0, 2%> Ar
80%+CO, 20%> Ar 100% 7}2x €02 AT7} =4 ; : : ‘ : ‘
Uehgon, £3%9 AHSE Ar 100%>  Ar ‘ Displacement(mmy )

80%+CO; 20%> Ar 98%+0, 2% 7}~ £o8 A= (b) Ar 80% + CO20%
7F =4 Y Ae o 5 Al e e e i s o

Table 5 Hardness value of welded parts

(Unit H HV) 1 15 2 2.5 3 35 4
Displacement(mm)
Used gas (©) Ar 98% + O, 2%
.. Ar 80% Ar 98%
Position Ar 100% ¥ ¥ Fig. 9 Measurements of the tensile test of welded
0, 20% 0 2% parts
Base 188.9 190.2 182
material L7 JAAAE AFAE Fig 99 2ol 4&
HAZ 273.1 285.7 2943 I U Ar 100%> Ar 98%+0; 2%> Ar
Weld metal 3007 268.5 2547 80%+CO, 20% 72> =0 =7}

R,
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