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ABSTRACT

In present work Metal inert gas welding weld beads are produced of 6mm thick of material Al 6061-T6
aluminum alloy using Taguchi technique as design of experiments for conducting experiments, and influence of MIG
welding parameters on weld bead geometries is investigated. The process parameters of welding considered are angle of
the gun, Feed rate of electrode wire, Standoff distance, Welding speed and Current. Optimization of welding parameters
was obtained by identifying most influencing parameters using S/N ratio analysis.
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1. INTRODUCTION

3|21y [eulbliO

In most of the industries like manufacturing, aenatical, marine industries there are various mettaod
available to join metals during repairing, prodantior fabrication process. But still for fabricatinvorks, the
welding is one of the commonly used technique bseanf its convenient, rapid available and econoltyica
feasibility. Welding is defined as joining two mistdy heating up to melting point and allowing tiew of
molten metal of each to undergo integration anddiglation process. In this regard it has beencemrrated on
welding of alloys which can replace applicationsvld steel. The aluminum alloys is one of the impot alloys
which are inhibited in their use of welding apptioas in aerospace structures because of low strefafigue
property, fracture resistant. These alloys are tguieg poor solidification, porous microstructuredaloss in
mechanical properties. These facts make joininglominum alloys more limitation in convectional wiglg
methods. In spite of considerable factors of alumiralloys properties like light weight, high strémgo weight
ratio, corrosion resistance still welding is lingiteBut by appropriate utilizing of welding processgreater extent
we can achieve quality weld bead without any pasidgied joints or non porous microstructure. Thian be
achieved by the MIG welding technique. The arc wmgjdnethod produces, arc resistance between wedegnd
electrode in an open atmosphere, which result punity, porous weld bead and low strength. Thesblpms can
overcome Metal Inert Gas Welding (MIG) developedthg Battle Memorial Institute in 1948.And the mo
widely used welding technique for aluminum allogyMIG welding, since it can be adopted for botlekiand thin

work pieces with deep penetration, with good qualield bead.
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Figure 1: Schematic View of MIG Welding

From the literature survey it was observed thatettie effect of welding parameters on output res(li) the
rotating electrode wire, voltage and current ugindsed MIG welding on weld bead geometry, repottteat there is
improvement in weld bead geometry and mechanicagaties but however there is a decrease in ddppieretration.
The authors also stated that by increasing voltagk current, deposition of electrode wire increases others authors
focused on weld bead geometrical changes andagsesfactor as a result of changes in welding patemnen their study
reported that there is an increase in heat gemknatéch intern increases the depth of penetratiotil the optimum
welding speed and then the heat generated decliviésh results in decreasing penetration due tthéurincrease in
welding speed. The authors also mentioned thatdugar shape factor at greater welding speed andrpaat The authors
also worked on metal inert gas welding to study é¢ffect of welding parameters on mechanical prigerdf AI6061
material and reported that increasing inert gaw ftate, pressure along with voltage simultaneowadlconstant gas
pressure (230 bar) resulted in good weld bead aockase in strength of weld bead (2,3). It was alsserved from
literature survey that welding parametefsAl 6061 on depth of penetration and tensilergite makes changes due to
variation in welding current. The author furtheatetl that grain size has a significant effect oten properties. Further,
in his work reports that small grain number indésatarger size of grain, and caused loss in mecabproperties, but

hardness was increases (4,5).

The other authors they adopted a design of expatiared goal programming methods for the optimizatiogas
metal arc welding. The main objective of investigatis to study a critical GMAW variable for optimation of properties.
It deals with the methodology for study of GMA pess with multiple performance objectives utilizifidl factorial
approach, and result in fact that proposed desfgexperiments provides more accuracy and increapedity (6).
They made an effort to study weld bead geometriedyzed by gas metal arc welding using artificialral network
using alternating shielding gases. The results skotivat the application of alternating shieldingegashowed increased
in depth of penetration and effective throat thiess of fillet weld while the leg length is reducedd it also showed that
welding speed plays critical role on heat inpute Bensitivity analysis also showed that the sheldjas configuration
had the lowest influence on the output of the modlbk use of alternative shielding gases like argoth CQ does not
shows much difference in the weld bead geometryRud) from survey it was observed that there is igagonsidering all
welding parameters of MIG which can influence ordaeead geometries and mechanical properties af \wead. So to

make investigation and to know the effect of eaafameters, a design of experiment is considered.
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2. METHOD

Design of experiments is a systematic method tabdish relationship between input factors and outguhe
process. In each experiment there are several pgraimeters which are going to effect on sevexggnties of output and
end results. Experimental design also helps in dieducost of experiment, design changes, matenat and labor
complexity. There are several design of experimanésavailable among them for this study a Tagtetinique was
employed to the effect of MIG welding parametersaaid bead geometry of plate. The experiment wafopeed on Al
6061 —T6 plate of thickness of 6mm and size of £@@mm using Al 4043 as a feed wire of diametemh2to make a
weld bead by a process of MIG welding. A pure Argias is used as a shielding gas at a flow rat®lpii. To carry out
the experiment a DOE called as Taguchi technique evaployed by considering 5 welding parameters siscWelding
Angle, Feed rate of electrode wire, Standoff distarWelding speed and Welding current at a twoléelerom Taguchi
technique by considering 5 factors and 2 levels O8thogonal Array is taken to carry out experimérte material used
for this investigation is 100mm (L) x 50mm(W) x 6r(ih of Al 6061-T6 alloy. The chemical properties ragterial Al
6061-T6 and filler material Al 4043 is as follows

Table 1: Chemical Composition of Base and filler Meerials

Chemicals Corr_rpqsition of Base Corr_rpqsition of Base
Material in % (Al 6061) | Material in % (Al 4043)

Manganese(Mn) 0.083 0.05
Iron(Fe) 0.301 0.08
Magnesium(Mg) 0.809 0.05
Copper(Cu) 0.164 0.3
Zinc(Zn) 0.044 0.1
Silicon(Si) 0.550 5
Titanium(Ti) 0.077 0.2
Chromium(Cr) 0.059 --
Aluminum(Al) 97.913 94.22

During the selecting levels of each parameterah itoin is carried by keeping one parameter in tiarisand other
parameters are kept constant. The working rangedetsmined upon by inspecting the bead for smaptiearance and
the absences of any visible defects. The uppet éfra factor was coded as +1 and lower limits a$fk suitable value of

selected process parameters for good quality fl@ximg are the limits, units and notation are give below table.

Table 2: MIG Welding Parameters with Minimal and Maximal Values

S. No MIG Welding Unit U_pp_er qugr Notation for
) Parameters Limit Limit Parameter
01 Torch angle of Gun Degree 90 60 A
02 Wire feed rate mm/min 55 65 W
03 Standoff distance mm 8 12 SD
04 Welding Speed mm/sec¢ 8.5 11.5% S
05 Welding Current Amps 120 150 I
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Figure 2: MIG Welding Setup Diagram

To study the effect of welding parameters on outhaet above mentioned setup was constructed. A safiem
diagram of entire setup of MIG welding is shownFigure 2 consists of a Colton Edura 400 MIG weldiigchine, in
house fabricated working table with a guiding tréskixed for accurate moment of Pug welding maehim hold the and
move the torch at controlled speed, and a weldixtyre is made an integral part of the table, waddtorch and its
accessories, wire feed control unit. A work tabdéde the work piece to prevent moment during wejdibhe track fixed
on the work table facilitates the movement of Pudimg machine for which a torch is secured atrdesangle. The Pug
welding machine provides a feature for setting thgable speed for the torch i.e., the welding dp&the screw jack
provided below the track on the work table fadiéato vary the standoff distance desired durintgiiwg. The welding

parameters such as wire feed rate is controllesliie controller unit and welding current is varigdough welding user
interface machine.

Figure 3: (a) Arrangement of Setup Table Along withPug Cutting Machine
(b) Welding Machine and Shielding Gas Tank Along wh Welding Wire Spool

And the results of weld bead geometries is asvallo
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Table 3: Weld Bead Geometries Along with S/N Rat
S| FH S/IN BH S/IN FW S/IN BW SIN
N6 A |W]|SD| S | in Ratio in Ratio in Ratio in mm Ratio for
mm | forFH | mm | for BH mm | for FW BW
1 |60| 55| 8 8.5| 120 9.78 | -19.80| 8.98 -19.06 7.92 17.9i 7.38 17.36
2 | 60| 55| 8 8.5| 150 8.95| -19.03| 8.96 -19.04 8.80 18.8¢ 8.40 18.48
3 | 60| 55| 8] 115 120 8.93 | -19.01| 8.71 -18.80 6.58 16.3¢ 6.66 16.46
4 | 60| 55| 8| 115 150 891 | -18.99| 8.89 -18.98 6.98 16.8¢ 6.78 16.62
5 | 60| 55| 12| 85| 120 9.30 | -19.36| 8.86 -18.95 7.1% 17.0¢ 7.06 16.97
6 | 60| 55| 12| 85| 150 9.17 | -19.24| 9.71 -19.74 8.11 18.1¢ 7.41 17.39
7 | 60| 55| 12| 115 120 9.47 | -19.52| 941 -19.47 5.30 14.4¢ 5.68 15.08
8 | 60| 55| 12| 115 150 8.90 | -18.98| 8.71 -18.80 6.89 16.7: 6.15 15.77
9 | 60| 65| 8 8.5| 120 9.64 | -19.68| 9.75 -19.78 7.20 17.1¢ 7.79 17.83
10| 60| 65| 8 8.5| 15Q 9.06 | -19.14| 9.59 -19.63 8.90 18.9¢ 7.59 17.60
11| 60| 65| 8| 115 120 941 | -1947| 8.2 -18.61 7.6% 17.6i 7.19 17.13
12| 60| 65| 8| 115 150 942 | -19.48| 9.42 -19.48 8.22 18.3( 8.20 18.27
13| 60| 65| 12| 8.5 120 948 | -19.53| 9.20 -19.27 8.96 19.04 9.21 19.28
14| 60| 65| 12| 8.5 150 9.09 | -19.17| 8.65 -18.74  10.23 20.2( 9.55 19.60
15| 60| 65| 12| 115 120 8.99 | -19.08| 9.36 -19.43 6.90 16.7¢ 7.51 17.51
16| 60| 65| 12| 115 150 9.12 | -19.19| 8.68 -18.77 8.01 18.0i 7.63 17.65
17 90| 55| 8 8.5| 120 9.70 | -19.73| 9.68 -19.71 7.12 17.0¢ 8.15 18.22
18| 90| 55| 8 8.5/ 150 8.91 | -19.00| 9.44 -19.50 8.55 18.6¢ 9.52 19.57
19| 90| 55| 8| 115 120 9.84 | -19.86| 10.0§ -20.04 6.40 16.1- 6.35 16.05
20| 90| 55| 8| 11.5 150 9.00 | -19.08| 9.41 -19.47 6.65 16.4¢ 6.62 16.41
21| 90| 55| 12| 85| 120 9.88 | -19.89| 9.28 -19.35 7.19 17.1: 6.71 16.53
22| 90| 55| 12| 85| 150 8.98 | -19.07| 9.31 -19.37 6.77 16.61 7.04 16.95
23| 90| 55| 12| 11.5 120 9.34 | -19.41| 9.61 -19.65 6.24 15.9( 6.30 15.98
24| 90| 55| 12| 11.5 150 8.49 | -18.58| 8.80 -18.89 6.80 16.6% 7.13 17.06
25| 90| 65| 8 8.5| 120 9.25| -19.32| 9.39 -19.45 9.57 19.6- 10.90 20.74
26| 90| 65| 8 8.5| 15Q 9.75 | -19.78| 9.27 -19.34 9.34 19.41 10.01 20.00
27| 90| 65| 8| 11.5 120 9.51 | -19.56| 9.26 -19.33 7.78 17.81 7.16 17.09
28| 90| 65| 8| 11.5 150 9.13 | -19.21| 9.59 -19.63 791 17.9i 8.03 18.09
29 | 90| 65| 12| 85| 120 9.05| -19.13| 9.66 -19.69 8.11 18.1¢ 8.75 18.84
30| 90| 65| 12| 85| 150 9.50 | -19.56| 9.68 -19.72 8.68 18.7i 9.74 19.77
31| 90| 65| 12| 11.5 120 9.22 | -19.29| 9.20 -19.28 7.19 17.1: 7.37 17.34
32| 90| 65| 12| 11.5 150 9.22 | -19.30| 9.38 -19.44 7.4% 17.4¢ 7.28 17.24
3. RESULTS
The main effect plot of S/N ratio based on meantbepfront height is depicted in Figure
Angle Feed rate S dist Velodty Current
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Figure 4: Main Effect Plot of S/N Ratio Based on Data Means of Frit Height
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Table 4: Response Table for Signal to Noise Ratiorf Front Height

Level A W SD S |
1 -19.30 | -19.29] -19.39 -19.41 -19.48
2 -19.37 | -19.37] -19.27] -19.26 -19.48

Delta | 0.07 0.08 0.12 0.15 0.30

Rank 5 4 3 2 1

The main effect plot (Figure 4) shows the effecatbfwelding parameters on S/N ratio of front heighweld
bead geometry. The response Table 4 shows thatuhrent has a more significant effect on front heignd leas
significantis on torch angle. In case of torch angle, wireefatk, the front height decreases as there lewedases, this |
due to fact that when angle increases spreadifijesfwire increases rather than depositing inraar manner and even
is same fowire feedrate, whereas in case of standoff distawedding velocity and current as their level irases, fron
height also increases. The reason for increasé®im height is that as increase in distance predwsufficient gap t
buildup of more degsition in narrow region rather than wider, but thereased velocity causes less time to spreaat
material in wider direction compared to narrow depeent. Compared to all parameters a currentgasfigiant effect, a:

current increases more héaproduced which develops increased front h.

The main effect plot of the SN ratio based meark lbeight is depicted in Figure

Angle Feed rate S dist Velodty Current
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Figure 5: Main Effect Plot of S/N Ratio Based on Dia Means of Back Heigh

Table 5: Response Table for Signal tNoise Ratio for Back Heigh

Level A W SD S |
1 -19.16 | -19.31| -19.37] -19.40 -19.37
2 -19.50 | -19.35| -19.29 -19.26 -19.29

Delta 0.33 0.05 0.08 0.14 0.08

Rank 1 5 4 2 3

The main effect plot for S/N ratio based on datamef back height (Figure 5) shc that a torch angle plays a
significant role in decreasing of back height conmato feed rate as their level increases, wherether welding
parameters shows increase in back height as tle ilesreases. The decrease in back height is beaafusich angle
increases because there is wide deposition of mbtempared to narrow direction. Increase in baeight is due to fac
that as standoff distance increases there is @iffigap for filler material to deposits more orsbanaterial, even

velocity and current increases the direction ofdivej makes more filler material to deposit in nar@rea

The main effect plot of S/N ratio based mean Fradth is depicted in Figure

Impact Factor (JCC): 7.6197 SCOPUS Indexed Journal NAAS Rating: 3.11



Optimization of Welding Parameters For M1G Welding 701
of Al 6061-T6 Using Taguchi Technique

Table 6: Response Table for Signal to Noise Ratiorf Front Widt h

Level A W SD S |
1 17.68 | 16.95| 17.83 18.31 17.22
2 17.56 | 18.29| 17.40 16.93 18.02

Deltz 0.12 1.33 0.43 1.38 0.79

Rank 5 2 4 1 3
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Figure 6: Main Effect Plot of S/N Ratio Based on D@ Means of Front Width

It is observed that as torch angle standoff distance increases in their level, froittivof weld bead geomet
decreases this due to fact that as standoff distanateases causes less potential difference ioterent decreases wh
causes less heat input and leads to base maess fusion mean while torch angle doesn’t haveifgignt effect on fron
width. In case of feed rate and current front widitreases as their level increases the reasomthizicrease in feedte
causes more filler material to undergo fusion vidse material and current leads to maximum heat input when

welding velocity level increases front width de@esbecause there is less time to undergo fi

The main effect plot of S/N ratio based mean Baikiwis depicted in Figure

gl Feed rate s dist Velodity Curtent
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Figure 7: Main Effect Plot of S/N Ratio Based on Data MeansfBack Width

Table 7: Response Table for Signal to Noise Ratiorf Back Width

Level A w SD S |
1 1745 | 16.94| 1783 184% 1741
2 17.87 | 18.32| 1744 1687 17.9

Delte 0.43 1.44 0.44 1.58 0.50

Rank 5 2 4 1 2

[==Y
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In case of torch angle and welding current backiwidcreases as their level increases, due tdHatts increase

in current and angle causes sufficient heat inpuirtdergo more fusion. By considering welding viloit is observed

that S/N ratio decreases as working level increades to reason that as velocity increases thelesgstime for fusion

which decreases in back width. In case of feeditaseobserved that increase in feed rate cause material to undergo

fusion and causes back width to increase. But $e od standoff distance there is a significant @ase in back width since

more gap is maintained leads less fusion of materia

4. CONCLUSIONS

In case of torch angle and feed rate as their lsn@kases there is decrease in front height wasra other
parameters such as standoff distance, Welding igland current front height increases as therellewcreases.

From S/N ratio It is found that current is the msighificant factor and less effective from torcigke

The increase in the level of standoff distance gdimgj velocity and current a back height increasksrer as torch
angle and feed rate increases there is a decreasek height. And it found to be more effectivecase of torch

angle and less effective from feed rate of wire.

As such front width is concerned it gets increasesase of feed rate and current as their leveksmes. A torch
angle as no significant effect on front width. Aalacity level and standoff increases there is dedan front

width. From S/N ratio it is found that significagfifect is from welding velocity and less by toraigke.

The parameters such as torch angle, feed rateuaneht as their level get increases their decramback width.
In case of standoff distance and welding velocidgkb width decreases. Welding velocity found to barem

effective than the other parameters
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