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Abstract - Tungsten Inert Gas (TIG) welding is otherwise
known asthe Gas Tungsten Arc soldering (GTAW) processwhich
when significant levels of weld quality or high precision welding
are required, is known to represent an advanced arc welding
process. However theimpact of thewelding factorson thisform of
welding is important for its welding produced in single-pass
welding. In thisinvestigation, the autogenous Tungsten I nert Gas
(TIG) welding was performed on a carbon mild steel plate with
four parametric welding variables. High and low values of
material thickness, welding current, welding speed and filler rod
diameter have been measured in order to have an impact on an
observable parametric responsei.e. welding distance. Geometry of
the weld bead has been investigated. An expert statistical software
design expert has created a mathematical model, The
experimental design is central composite design (CCD) and the
sold width is the response measured by the Surface Response
Methodology (RSM). It has been shown that the maintenance of a
suitable parametric welding factor for a carbon steel plate gives
substantial values of welding width.

Keywords. Tungsten Inert Gas , Welding, Expert Design,
Central Composite Design, Response surface methodology and A
- TIG welding process.

. INTRODUCTION

Tungsten inert gas welding aso is classified as gas
tungsten arc welding (GTAW), using this heat generated by
the electrica arc occurring between the non-consumable
tungsten electrode and the metal fuse workpiece in the joint
area and create the molten weld beat pool. The arc zone is
covered in aninert gas shield to shield the wel d-beat pool and
the non-consumable electrode. The process may be operated
automatically without or with a filler, the filler may be
inserted by feeding the consumable rod or wire into the
formed weld. TIG manufactures exceptionally high-quality
welds through awide variety of materials with thicknesses of
up to 8 mm. It is especially well suited for sheet material.

In this Tungsten inert gas welding we discuss the effect of
main TIG welding parametric factors like thickness of
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material , current welding , welding speed and filler rod
diameter on the weld surface methodology response such as a
width of weld , Using & setting advanced optimization TIG
Welding Factors such as material thickness, setting current ,
setting voltage, electrode diameter & welding speed improve
agood weld beat produced. On abase of above observation, in
thiswork the present autogenous (T1G) Conventional welding
has been achieved with a multi-sample material to be welded.
Further to get an optimum parameter factors has been
considered for TIG welding of mild steel plate.
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Figure 1Tungsten Inert GasWeIding Process

Il. REVIEW CRITERIA

Vikesh et al. The effect of tungsten inert (TIG) welding
process activated flux has been studied. In tungsten inert gas
(TIG) solding, they focused on the effect of penetration into
mild steel. It has no penetration depth relative to other arc
welding methods. To avoid this problem, an activating flow
powder is used. Taguchi optimisation is used to configure
parameters for the welding process by using the mild steel
TIG welding method. They observe experimental effects,
which increase penetration depth in the soldering zone with
increasing solder current. Penetration depth is inverse
relationship to the traveling speed [ 5].

Prakash Mohan. An automatic TIG welding system was
developed that regulates the welding speed during in the TIG
welding process for the weld quality of aluminum (Al) plates.
(Al) plate welding was carried out in two phases [6].

Juang.S.C. et.al The selection has been noted that there
are many qualitative examples in the process pool selection,
such asfront height, back height, front width and backwidth of
theweld pool. The method of Taguchi isused to evaluate each
process in an ideal soil geometry to determine process
parameters. The suggested method is estimated using
experimental data. [7].
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Nayee et al. Studied the effect of oxide-based flow on the

metallurgical and mechanical properties of welded joints,
Welds of 6mm thick, mild steel and stainless steel flux plate,
developed with the aid of inert gas tungsten solding systems.
Zn0O, TiO2 and MnO2 powder were used for its analysis.
In comparison to the traditional TIG welding method, the
highest width to depth ratio is under TiO2and ZnO fluxes.
TiO2 has the lowest angular deformation of al three streams.
[8].

Ipek .N. E.et.al. The effects of a gas metal arc welding
process, common in the production of various ferrous and
nonferrous metals, have been studied because it improves
welding efficiency in most cases. The main focus of this study
isthe development of an approval to definekey TIG variables
and optimize process variables using integrated and target
programming methods. This paper provides a technique to
evaluate variables of a GMA process using a complete factor
of regression analysis, experiments and target programming
with different objectives. [9].

I11. MATERIALSAND METHOD

A. Materials

The material used in this experimental work to investigate
Plat butt weld joint . Two different of the carbon steel plates
AISI/ASTM 1020 thickness as shown on table bel ow were cut
off 400nmm x 100nmm dimensions by the aid of band saw
machine . The ends to be soldered were processed in fixed
grinding machine, to produces the suitable contact is possible
among the carbon steel plates to be combined .

Table 1. Chemical composition of work material
AISI/ASTM 1020

Elements | Carbon Fe Mn P S
Weight 0.17 [ 99.0 0.3 04 0.05
% 8

B. Welding geometry

The both samples of carbon steel plates are fused welded
by the single type of V-groove butt welds with fixed groove
distance between them.

A Geometry of butt weld joint is as follows:

Clo=ed Sguare
C. Welding process

The TIG welding is utilized the electric arc welding
process, which it have a high concentrated arc is produced
among tungsten electrode and workpiece. In this type of
welding mostly The workpiece has a positive terminal
connection and an electrode has a negative terminal
connection. This arc generates a heat energy which is further
used for fusion soldering to link the metal plate.

D. Experimental

The sample is preparation from carbon steel plates were
fixed inthe table by Vise with a proper clamping over bolts.
Source direct current (DC) per direct polarization negative
electrode and positive sample workpiece used to achieve
welding. Tungsten electrode of 1.6 mm diameter was used as
electrode . Two different values of source current , feed
speed, platethicknessand filler rod . the total 16 experiments
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were performed on table 3 .
Table 2. Welding parametersfor autogenous T1G
welding of carbon steel

Dimension of Carbon Steel Length 40mm x Width 10mm x Thickness (2.6|

Plate & 1.05mm)

Welding speed 2.77 mm/sand 1.61 mm/s

Arc voltage 6.3-72V

Welding current 70 A and 80 A

Gasflow rate 13 1/min

Current type DC (positive workpiece& negative electrode)
Distance betweentipand weld 2.5 mm

Fixed Gap 2.4 mm

Shielding gas Argon

Arc voltage 20

Table 3 Experimental planning for autogenous T1G
welding of mild stedl

Exp. No.| Thickness of Welding Rod Filler Welding

Plate (mm) current (A) | piameter (mm) (Sn?r?l.ﬁ)
1 2.6 80 2.25 2.77
2 1.05 80 2.25 2.77
3 2.6 70 2.25 2.77
4 1.05 70 2.25 2.77
5 2.6 80 1.45 2.77
6 1.05 80 1.45 2.77
7 2.6 70 1.45 2.77
8 1.05 70 1.45 2.77
9 2.6 80 2.25 1.61
10 1.05 80 2.25 1.61
11 2.6 70 2.25 1.61
12 1.05 70 2.25 1.61
13 2.6 80 1.45 1.61
14 1.05 80 1.45 1.61
15 2.6 70 1.45 1.61
16 1.05 70 1.45 1.61

E. Experimental

After perform TIG welding process of carbon steel plate,
the welded workpieces were visua inspection of the weld
zone. The parametersis recorded as height and width of weld
beat, penetration and heat zone width, this parameters
checked for each weld sample.
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Theresult of TIG welded workpiece geometry for carbon
sted plate performed with different parameters factors input
show in Table 4 .

Table 4 Optical Image and Weld bead geometry for
autogenous T1G welding of Carbon Steel

TIG welding on carbon steel plate sheet type.
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The experimental design for thisinvestigation is CCD and
the response measured by Response Surface Methodology
(RSM) are the width of weld. Since the response of itswidth
is the function of input parameter as shown in Equation To

optimize and effective the process parameter ,analyze

the

welded workpiece of the four diverse autonomous control
parameter factors, material thickness, welding current, filler
rod diameter and speed show in table 5, on each output

listed parameters.

The CCD was a 2-level four-factor experimental designin
this study with atotal of 16 experiments as shown in table 3.
The four factors were based on two levels (low and high).

Table 5 Diver se autonomous control parametric factors

of TIG welding of mild steel

. Minimu  Maximu Std.
Factor Name Units  Type Dev
m .
. Numeri 0.800
A Thickness mm 1.05 2.60 1.83 4
c
Numeri
B Current A 70.00 80.00 75.00 516
c
Rod Filler Numeri 0.413
) 1.45 2.25 1.85 1
Dia. c
Numeri 0.599
D Speed mm/sec 161 2.77 2.19 0

c

Response measured by RSM of T1G welding of Carbon
plates.
Table6 RSM of TIG welding of mild steel

Response R1
Name Width of Weld
Units mm
Observations 16
Analys Polynomial
s
Min. 4
M ax. 8.3
Mean 6.05
Std. Dev. 1.38
Ratio 2.08
Transform Square Root
M odel Quadratic
Study the effect of input Factors Thickness, Current , Rod
Diameter & Welding speed on Response Nol “ Width of

steel

Weld by ANOVA for Quadratic model (Aliased) on Table 7.

Table 7 Response 1: Width of Weld

Exp. | Width of Welded Joint
No. Beat (A) Images
1 7.0
2 6.2
3 7.0
4 )
5 ) \!
6 6.5 e
- oA N,
7 ) g
8 4.2 _
9 7.0 —
10 6.0 — E—
) ) —
] ) _
13 6.0 |
i TTT—— "
14 4.0
e |
) ) -
16 45 _ g

Sum of Mean
Source Squares Square] F-value|p-value
M odel 25.95 2.60|| 5.21|| 0.0412||significant

[A-Thickness| 16.00] ]| 16.00] 32.13)[ 0.0024)

F. Analysis M ethod

The Central Composite Design (CCD) for Welded
workpiece performed by single pass weld beat autogenous
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Box-Cox Plot for Power Transforms
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The above equation in terms of real factors can be used to
make predictions about the response for given levels of each
factor. Here, the levels should be specified in the original
unitsfor each factor. Diagnostic Graphs between each factors
with response no.1 “ Width of Weld” :

Normal Plot of Residuals

Width of Weld

95 4
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0 a

Color points by value
Width of Weld: £
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Model Graphs interaction between two factors Current &
Thickness with and Response no.1 “ Width of Weld”:
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Model Graphs interaction between two Factors Speed &
Thickness with and Response no.1 “ Width of Weld”:
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Model Graphs interaction between two Factors Speed &
Current with and Response no.1 “ Width of Weld”:
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The most effect on Width of Weld “Response No.l “is
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combination of material Thickness , Welding current &
Welding speed , the Width of Weld is directiona relation
with material thickness , Welding current & Welding Speed
with no effect on Rod diameter factors.

IV. RESULT AND DISCUSSION

As aresult of the present experimental investigation can be

summarized a main points as following:

1) As results of the TIG welding process show that, the
maximum Width of weld was obtained with factors
“parametric” combination of maximum material thickness
, current and welding speed.

2) Comparing the effect parametric factors on the parametric
responses of TIG welding, Thickness of material is
most effect then the welding current then the welding
speed with less effect on rod filler diameter .

3) From the plotted & 3d graphs , it can be inferred that
welding beat width and depth continuously increases
with increase in welding factors as current and speed.
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