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ABSTRACT

This study aims to examine the mathematical modedind analysis of process parameters and bead trggome
To perform the research to predict optimal beadnggoy (Bead width, Depth of Penetration, Reinforeamheight)
through the analysis of experimental data. For, thisvilinear equations were developed to prediadogeometry, but also
interactions between process parameters and beategyy were analyzed through Experimental analyblse data
generated through experimental studies conductethig study has employed to validate its effectee for the
optimization of bead geometry on process paraméezkling current, Gas flow rate and welding speady to present
the criteria to control the process parametersctieae a good bead geometry. By applying Taguchhatk process
parameters (welding current, Gas flow rate and inglépeed) and bead geometry (Bead width, DeptResfetration,
Reinforcement height,) were analyzed. This study developed mathematical models and Regressiogsima used to
predict or control the bead geometry in TIG weldpmgcess, to which Taguchi theory was applied sgbly to the
process parameters. In this case study, the irdueftype of current, gas flow rate, TIG Machisestings and shielding
gases which are most important in determine afuiliya arc penetration and good bead geometry.rdtgh literature
survey is carried out on various aspects of thegsed topic to identify the suitable range of catrgas flow rate and

welding speed required for high quality TIG weldipigpcess.
KEYWORDS: Modeling, Process Parameters, Taguchi Method, Tkilg, Welding Optimization
INTRODUCTION

TIG welding is one of the most popular welding noet, especially in industrial environments dueht® wide
range of weldable metals, low in cost, high levepmductivity and easy to learn. It is also popularobot welding, in
which robot handles the work pieces and the weldjng to quicken the manufacturing process. TIG imgldvas like
MIG/MAG developed during 1940 at the start of thee@d World War. TIG welding development came altoutelp in
the welding of difficult types of material, exampkiminum and magnesium. The use of TIG today hesasl to a variety
of metals like stainless mild and high tensile IsteArc welding is a technique to melt and joinfeliént materials that is
widely used in the industry. The gas tungsten afding (GTAW) process is sometimes referred to I&& The term TIG
is short for tungsten inert gas welding. Under ¢berect welding conditions, the tungsten electrddes not melt and is
considered to be non consumable. To make a wellderethe edges of the metal must melt and flow ttoeye by
themselves or filler metal must be added directtp the molten pool. Filler metal is added by difgpthe end of a filler
rod into the leading edge of the molten weld pdbbst metals oxidize rapidly in their molten staf®. prevent oxidation
from occurring, an inert gas flows out of the walgltorch, surrounding the hot tungsten and molteld wnetal shielding

it from atmospheric oxygen. GTA welding is effictefor welding metals ranging from sheet metal uplté in. The
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eye-hand coordination required to make TIG weldgeiy/ similar to the coordination required for oxXyel gas welding.
Although most other welding processes are fastdriess expensive, the clean, neat, slag-free W&IdsW produces are
used because of their appearance and ease ofirfipisthe TIG welding process is so good that ividely used in the
high-tech industry applications such as, nucledustry, aircraft, food industry, maintenance anpbhirework and some
manufacturing areas. TIG welding is a welding psscinat uses a power source, a shielding gas &i@d bhand piece. An
electric arc is then created between the tungdextrede and the work piece. The tungsten and thieimg zone are
protected from the surrounding air by a gas shiildrt gas). The electric arc can produce requiesdperatures fr the

weld and this heat can be much focused local heat.
Principle of TIG Welding

During TIG welding, an arc is maintained betwednregsten electrode and the work piece in an irtetbgphere
(Ar, He, or Ar-He mixture). Depending on the welgparation and the work-piece thickness, it is idsgo work with or
without filler. The filler can be introduced manlyabr automatically with regarding two types of pess. The process
itself can be manual, partly mechanized, fully n@thed or automatic. The welding power source dedivdirect or
alternating current.TIG (Tungsten Inert Gas) waidalso known as GTA (Gas Tungsten Arc) in the USH &VIG
(Wolfram Inert Gas) in Germany, is a welding pracased for high quality welding of a variety of mddls, especially,

Stainless Steel, Titanium and Aluminium.
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Figure 1: TIG Welding Process Figure 2: Bead Geometry

Welding Process

In most Arc welding processes, the arc is strucknfa consumable electrode to the work piece andlrhes
been melted from electrode, transferred acrosanhend finally incorporated into the molten posishown in Figure 1.
TIG process employs on electrode made from highimgepoint metal, usually a type of tungsten, whismot melted.
The electrode and the molten pool are shielded frloenatmosphere by a stream of inert gas whichslewund the

electrode and is directed onto the work piece hgzle which surrounds the electrode.
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Table 1: Mechanical Properties & Compoasition of Grale B Material

65

Tensile Strength | Tensile Strength | Elongation at Bulk Shear
Ultimate (MPa) yield(MPa) break (%) modulus(GPa) | modulus(GPa)
400 315 23.0 140 80.0
Table 2: Chemical Composition of Grade B Material
Carbon, C | Copper,Cu | Iron Fe | Phosphorous P| Sulphur
<0.30% <0.18% 99% <0.050% <0.0630%0

Material Applications

ASTM 500 GRADE B material is used for welding presenith different process parameters to investibatt
conditions for welding. This material is used for ship outré hulls, boilersssels, supporting beams, the constructive
machine defect on according the impacted load akplace resulted in frequent failure of the impattanathematical
models, which can be programmed easily and fetlgadbot. It should give a high degree of configeimcpredicting the
bead shape to accomplish the desired mechanicaégires of the weldments. In TIG welding, the pascparameters are
known to include welding current, Gas flow rate amelding speed. Not only the process parameterintesdependent,
but also the effect of one process parameter maifetict another. In addition, interrelationships vie#n process
parameters and bead geometry are generally corspléiat the required control system will be depahda a realistic

model of the welding process.
Applications

TIG welding has become indispensible as a toohfany industries because of the high quality weldslpced at
relatively low equipment cost. It is used extenkive the aerospace and nuclear industries, atemnafsed for small jobs,
maintenance and repair work because of its flagbdind ease of control, however requiring greae @nd skill from the
welder. It provides precise control of heat ingdat, that reason it is preferred for joining thinggametal and to produce
weld close to heat sensitive components. Furtherrtieen the manual welding technique TIG welding lbarapplied on

semiautomatic, automatic and machine welding,htlmaalso be used for spot welding in sheet meg@ications.
LITERATURE REVIEW

[1] Nagesh and Datta applied the back-propagatéumal network to predict the bead geometry in glei@éimetal-
arc welding process. They claimed that the neuedlork is a workable model to predict the bead getoynand
penetration under a given set of welding conditi@jsLi et al. modelled the non-linear relationshptween the five
geometric variables (bead height, bead width, patieh, fused and deposited areas) and processnptes (welding
current, welding voltage and welding speed) of Seitgad Arc Welding (SAW) process using the self-gigtapoffset
network.[3] Tarng et al. predicted the welding paegers in laser butt welding using the back-propagaand Learning
Vector Quantization (LVQ) neural network. They cioiesed the input parameters of the neural netwakevto be work
piece thickness and welding gab, while the outpuameters were to be the optimal focused positiooeptable welding
parameters of laser power and welding speed.[4]0Ba&l geometry of an underwater weld is importaiteitermining the
mechanical properties of a weld joint .The papgegia background for the design of an artificialraénetwork control

of the welding process parameters as it affectsviild bead geometry. The optimization of the weddimrameters which
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are nonlinear multivariable inputs will be discus@ethe subsequent paper by the author.[5] Tagiesign, developed by
Dr. Genichi Taguchi, is a set of methodologies thyolv the inherent variability of materials and miaeturing processes
has been taken into account at the design stagdtf@ugh similar to design of experiment (DOE)e thiaguchi design
only conducts the balanced (orthogonal) experimemiabinations, which makes the Taguchi design ewere effective
than a fractional factorial design. By using thegdiehi techniques, industries are able to greatjuece product
development cycle time for both design and productiherefore reducing costs and increasing pi@fitThe objective of
the parameter design is to optimize the settingh®fprocess parameter values for improving perdmaa characteristics
and to identify the product parameter values urnlderoptimal process parameter values. The paramesign is the key
step in the Taguchi method to achieving high qualithout increasing cost.[8] The shielding in FCA®Vachieved either
by an additional gas shield supplied from an extesource or by the decomposition of the fluxingrtgwithin the wire
also known as self-shielding. The need for autamatout of position welding proficiency, high dejims rate and self
shielding capability has led to the developmenirmderwater FCAW welding process.[9] The effect elding parameters
on the size of the heat affected zone (HAZ) andeitstive size as compared to the weld bead of supped arc welding. It
is discovered that the welding parameters influertbe size of weld bead and HAZ differently whi@nde relate to the
effect of welding parameters on the various meléfficiencies. This difference in behavior of HABdweld bead can be
explored to minimize the harmful effect of HAZ intéire welds. [10] The weld bead geometry playsnaporrtant role in
determining the mechanical properties of the wekldnce the input welding process variables whictugérfce the bead
geometry must therefore be properly selected taioten acceptable high quality joint. The deptipefietration for weld
bead. [11, 12], TIG welding is a welding procesgegibetter results. The weld pool can be usednale base metal with
or without filler material.[13,14] use of differenhajor components make up a GTA welding statiomsl ,¢heir
performance evaluation[15] During TIG welding, an & maintained between a tungsten electrode faavork piece in
an inert atmosphere (Ar, He, or Ar-He mixture) isimportant . The composition of gas mixtures arahd the work-
piece thickness influential parameters are idesttifiThe process itself can be manual, partly mezbadn fully
mechanized or automatic. The welding power souete@eats direct or alternating current. The abowagaw papers helped
to initiate this work.

EXPERIMENTATION

The experimental procedure included experimentalgtieby Taguchi method. Taguchi method can studs da
with minimum experimental runs. In this paper, tlesign of experiment work can be decided by usitigogonal array.
According to the experiment conditions in TIG welgliprocess for butt welding, the number of levetisgs and their
levels by butt welding for each process paramestehbsen to WPS and listed in Table.3. Based onchagnethod, (L9)
orthogonal array with three levels and nine rows wmployed. The assigned process parameters @ iiisTable 4.in
coded form. Each process parameter is assignedctduaan and each row corresponds to one experimemta For
example, weld run No. 1 in the design matrix anel tfeatment combinations was made under the welclmglitions
coded as 1, 1, 1, which means that the weldingeatirtravel speed and Gas flow rate were 240 A,m0nin and 10

lit/min respectively.

Table 3: Process Parameters and its Levels for TI@/elding

Process Parameter | Symbol | Low | Medium | High
Welding current(Amp) | 240 260 280
Travel speed(mm/min) S 40 45 50
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| Gas flow rate(liymin) | G | 10] 12 | 14]

Experimental Test Setup

The Taguchi experimental procedure is used for lgesanetry using input weld conditions .In this exmental
work and the welding machine was employed showRigure 3. In addition, the welding carriage anddgurail, wire
feeder and fixed jig of welding specimen for th@esmental configuration in shown in Figure 4. Tdasic setting on the
welding machine was carried before welding proc&he. experimental material ASTM 500Grade B platesewiixed by
the prepared vice. The required input parameten® wet through the specified experimental testpseiine welding
processes were started by turning on the weldinghima and shield gas. After the welding process, tfaterial plates
were removed from the vice and new plates were fiked on the worktable. In this way the nine expental runs were
carried out. To measure the bead geometry, the beatibn was cut transversely from the middle pmsiusing the
cutting machine the specimen and then it was patisin order to assure the precision of the spetidimensions, it was
etched by HN@3% and HO 97%. The respose parameters of weld bead arensimligure 1.for measurements of the
bead geometry. To evaluate the quality of TIG waldithe measurements of the bead geometry wererpexfi namely
bead width, Depth of penetration and reinforcenfegight. The butt welding schematic diagram of bgadmetry is

shown in Figure .2

Figure 3: TIG Welding Machine & Filler Rods Figure 4: Experimental Setup

The coded values of Taguchi L9 orthogonal arraghswn in Table 4. With three input parameters dmdet

levels.

Table 4: Experimental Layout Using Orthogonal Array
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7 3 1 3
8 3 2 1
9 3 3 2

Nine test specimen are made according to desigexpériments and are marked with paint 1, 2...up #&s9

detailed in Figure 5

Figure 5: Welded Test Specimens

The experiment results of the TIG welding were otgd and are shown in Table 5 .which includes three

responses namely bead width, Depth of penetratidriReeinforcement Height.

Table 5: Experimental Results of the Weld Bead

: Depth of Reinforcement
St e, | Eees) Eidin ) Penetrarl)tion(mm) Height(mm)
1. 10.25 3.19 1.89
2. 10.56 3.13 1.65
3. 10.74 3.85 1.73
4. 10.35 3.26 1.90
5. 10.76 3.69 1.45
6. 10.88 3.35 1.36
7. 10.91 4.35 1.65
8. 10.90 3.19 1.69
9. 10.86 3.36 1.29

RESULTS & DISCUSSIONS

The mathematical modeling was developed using é@xpatal design. Quantification of each bead paramet
was examined through the significance of the véemlfor the better and analysis of the interacti@tween process
parameters and for optimal best fitment for beamhggtry. Adequacy of alignment was calculated bytiplel correlation
coefficients using the experimental results obtifiem the least squares regression and analysedban bead geometry

from 5% significance level, the following equatioan be calculated.
Bead Width (BW) = -0.19+0.0696I+0.529S5-0.165G-0 D00*-.00543+0.0175G+0.0000051S-0.001011G

Depth of penetration (DP) =69.1-0.3041-0.751S-2.486004921+0.008738+0.0429G-0.0000061S+0.004931G
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Reinforcement height (RH) = 12.9-0.03401-0.598882G+0.0001871#0.00600%+0.00250G+0.0000021S-
0.005761G

Where I=Current (Amps), S= Welding Speed (mm/m@y, Gas flow Rate (lit/min.)

Suitability of curvilinear equations is analyzed bging error calculation. Multiple correlation cheent of
developed linear equation is 95% match. Comparisiween the predicted and measured bead geomeseyd loa each
linear equations is shown in Graph 1, 3 and 6. Mdghe values converge within 5% margin of errtirat could be
confirmed. To determine the accuracy and efficien€ydeveloped bead geometry, percentage deviatpmat®n was
employed, e is percentage error, b is calculatemult, ais experimental result. The relation between actudlesaand
predicted values of responses are shown in graghuaderstood all points are closer to straight liviech shows for
better validation. After analysis the responsesmaostly less than 5% of error values .Thereforenteasured value are
validated. The error percentage for bead widthfldeppenetration and reinforcement height areidetaxperiment wise

are shown in graph 2, 4 and 6. The Table 6 ddtal®rror calculation for bead width

Table 6: Comparison of Actual values & Predicted Vlues of Bead Width

Bead Width
Exp. No. C:Tllj:!s Predicted Perceztig: il Zoer
(a) mm Values (b) mm (e = x 100)
1 10.25 10.23 0.19
2 10.56 10.54 1.89
3 10.74 10.72 0.18
4 10.35 10.32 0.28
5 10.76 10.74 0.18
6 10.88 10.85 0.27
7 10.91 10.40 4.67
8 10.90 10.87 0.27
9 10.86 10.83 0.19
Scatterplot of Measured Bead Width(mm) vs Predicted Bead width (mm)
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Graph 1: Comparison of Actual Values & Predicted Vdues of Bead Width
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% of error for Bead Width

% of Error
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Graph 2: Experimentation Wise % of Error for Bead Width

From the graph 2, the experiment No: 7 input patarseroduces high percentage of error for beathvedd for
experiment no: 9 for depth of penetration and exrpent no.6 for reinforcement height.

Table 7: Comparison of Actual values & Predicted Vlues Depth of Penetration

1 3.19 3.17 0.62
2 3.13 3.11 0.63
3 3.85 3.83 0.51
4 3.26 3.24 0.61
5 3.69 3.66 0.81
6 3.35 3.32 0.89
7 4.35 4.32 0.68
8 3.19 3.15 1.25
9 4.02 3.92 2.48

Scatterplot of Measured DepthofPenetratvs PredictedDepthofPenetrat
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Graph 3: Comparison of Actual Values & Predicted Vdues of Depth of Penetration
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% of error for Depth of Penetration
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Graph 4: Experimentation wise % of Error for Depth of Penetration

The Table 8 details the error calculation for deptlpenetration and Table 9 for Reinforcement hieigie
percentage of error for Depth of penetration is below 5% .Hence the results are validated.

Table 8: Comparison of Actual Values & Predicted Véues of Reinforcement Height

1 1.89 1.83 3.17
2 1.65 1.58 4.24
3 1.73 1.68 2.89
4 1.90 1.83 3.68
5 1.45 1.40 3.44
6 1.36 1.30 4.41
7 1.56 1.53 1.92
8 1.69 1.62 4.14
9 1.25 1.21 3.20

Scatterplot of MeasuredReinforcementHeivs PredictedReinforcementh
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Graph 5: Comparison of Actual Values & Predicted Vdues of Reinforcement Height

% of error for reinforcement height

4

I EEEEEEE RS

o - H % Error
1 2 3 4 5 6 7 8 9

Experiment No.

l

% of Error

Graph 6: Experimentation Wise % of Error for Reinfo rcement Height
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The percentage of error for Reinforcement Heigliesbelow 5% .Hence the results are validategldequate

CONCLUSIONS

The developed quadratic curvilinear is successfuitydeled with process parameters and bead geoniéiey.

percentage of error for bead width, Depth of peietn and reinforcement height values are mostg than 5%, Hence

the modeling values are validated with experimewngdlies. The percentage of error for bead widtptldef penetration

and reinforcement height are based on experimdatgn
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