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ABSTRACT

The present work deals with the study on the imfbge of Welding Parameters such as Welding curradt a
Shielding gas flow rate in Gas Tungsten Arc weldafgAl 5083 alloy. The working ranges of weldingrameters are
obtained by conducting large number of trials arwnf literature review. The present work consistdvad factors and
two levels, so a two level full factorial experintehdesign is selected with two replications forcleaexperiment.
The experiment is conducted according to the oadeexperimental matrix obtained from the DesignEofperiment
(DOE). After conducting the experiment the weldg@@mens are subjected to various testing’s sucheasile test,
Microhardness test, Microstructure study, Macradte study and Fractrography (SEM). The test tesade analysed
using MINITAB software and ANOVA is performed tanfl out the effect of Welding current and Shieldgzs flow rate

on Ultimate tensile strength, Percentage elongati@hMicrohardness.

KEYWORDS: TIG Welding, Aluminium 5083 Alloy, Welding CurrentShielding Gas Flow Rate, Design of
Experiment, ANOVA

INTRODUCTION

TIG welding is commonly used for welding aluminiwand aluminium alloys. In this study aluminium all6§83
is selected as the base material, it comes undariium 5000 series. Magnesium is one of the miist&ve and widely
used alloying elements for aluminium. Alloys ingtgeries possess good welding characteristics aod ggsistance to
corrosion in marine atmospheres.

Aluminium alloy 5xxx series are actually Al-Mg ajls; they are the highest strength non-heat treataltdy in
commercial use. Al-Mg alloys are extensively usediéfence and aerospace applications. Tungstengasrwelding is
arc welding processes that produce coalescenceatdris by heating them with an arc between a aumsumable
electrode and the base metal. TIG welding procesgenerally used for welding of Al-Mg alloys. Dugirwelding,
vaporization of alloying elements like magnesiunm @acur and this vaporization loss of any alloyglgments can

influence the mechanical properties of the welagat$ by affecting the chemistry of the weld pool.

The shielding gas is used to protect the finishettivifrom the effects of oxygen and nitrogen in dtmosphere.
Although the weld metal properties are primarilyolled by the composition of the consumable, gshlding gas can
influence the weld's strength, ductility, toughnesal corrosion resistance. When welding thick ahimm sections with
pure argon as the shielding gas, porosity, lackewfetration and fusion defects can occur. So ierai@ obtain a quality

weld the shielding gas flow rate should be corgihll
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Current has direct influence on weld bead shapeyelding speed and quality of the weld. Most GTAWIas
employ direct current on electrode negative (DCEtaight polarity) because it produces higher wadetration depth
and higher travel speed than on electrode pos{iD@EP) (reverse polarity). Besides, reverse pglgsitoduces rapid
heating and degradation of the electrode tip, beeanode is more heated than cathode in gas tangketric arc.
However alternating current is better adapted tlliwg of aluminium and magnesium alloys, becausdlaws balancing

electrode heating and work-piece cleaning effects.
LITERATURE SURVEY

Literature survey of various works regarding wetdof Aluminium alloy 5083 is conducted. From thiedature
survey, process parameter that affects the weldtgus studied in detail. From the literature sevit is found that the
parameters welding current and the shielding gas flate has significance importance regarding thality of weld.
So in this work; welding current and shielding gémswv rate are selected. The work deals with thedwtand the

identification of best combination of welding parester ranges in TIG welding of aluminium alloy 5083.

The study on the effect of temperature and shigldgjas mixture is conducted to evaluate fatigue difehe
5083 alloy according to the mixing shield gas rati@ temperature change. The accuracy and qudlityelded joints
largely depends upon type of power supply, weldipged, type of inert gas used for shielding. Thelding gas is used
to protect the finished weld from the effects ofygan and nitrogen in the atmosphere. In general,afogiven

welding wire, the higher the oxidation potentialeo$hielding gas, the lower the strength and toeghof the weld.

This occurs because the oxygen and carbon dioridleei shielding gas increase the number of oxideisions
and reduce the level of materials such as mangaaedesilicon in the weld metal. The addition ofitmd to the
argon shielding gas can significantly reduce trifects. This is because the high thermal condtictif helium results
in more energy being transferred into the weldsThiturn produces a hotter weld pool, resultingmproved fusion and

slower freezing times, allowing any trapped gasenone to escape.

The increasing of arc welding current in 5083 ahioin alloy will increase the welding heat input.
Accordingly, the chance of defect formation suchnisuin welded metal also increases. This will afem the mechanical
properties and quality of welded metal badly. Besidhat the high welding current also reduces fél ystrength,
ultimate tensile strength and toughness value 88%0uminium alloy welded metal. The relationshgivieen mechanical
properties and microstructure of welded jointsvialeated. Results indicate that the ultimate tenstilength of the joints is
72% of that of the base metal. The base metal swnef a typical rolled structure, and the fusieme (FZ) is mainly

made up of dendritic grains.
METHODOLOGY

The present work deals with the identification bé tbest combination of welding parameter rangeghén
TIG welding of Aluminium alloy 5083. From the liggure survey it is found that welding current ahigekling gas flow
rate has significance in obtaining quality weld.GTlwelding is commonly used for welding Aluminium dan
Aluminium alloys. Aluminium alloy 5083 comes undaluminium 5xxx series and it has wide applicatiomsship
building, Pressure vessels, Vehicle bodies, Tipkroodies, etc. In the present work Two level falttorial design is

selected. It consists of two factors and two levatsl the replication is considered as two.
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Table 1: Factors and Their Levels

Welding Parameters Units | High | Low
Welding Current (A) Amps| 250 20d
Shielding Gas Flow Rate (I/min [/min 15 1(

An experimental design matrix is obtained by usMmitab software. The details of factors and levefs
experiments are shown in the Table 1. The expet@mhedesign consists of eight sets of experimentduding the
replication. The ranges of welding current and Igimg gas flow rate are obtained by conducting tmiad error and from
the literature survey. The experiment is perfornagdording to the order of the experimental desigtricn and it is
shown in Table 2. The specimen after welding isdufse tensile testing, Microhardness testing, Matmecture and
Microstructure study. After testing the welded sp®m results are obtained and according to theltsesbtained the

sample with better result is find out.

Table 2: Experimental Design Matrix

Sl. Welding Shielding Gas
No. | Current (A) Flow Rate (I/min)

1 250 15

2 200 10

3 250 15

4 200 10

5 250 10

6 200 15

7 200 15

8 250 10

Table 3: Composition of Base Material and Filler Mderial

Materials | Al 5083 | Al 5183
Si 0.4 0.1
Fe 0.4 0.27
Cu 0.1 0.01
Ti 0.14 0.11
Mn 0.7 0.58
Zn 0.25 0.06
Mg 4.45 455
Cr 0.15 0.11

In this study the constant process parameters aller Fod- 5183, Filler rod diameter- 3.14 mm,
Frequency-146 Hz, Electrode material- 98%W+2%ZgcEbde diameter- 3.15mm. The experimental desigtrixnis
also shown in the Table 2. In this work aluminiuhoya 5183 is selected as the filler material. Thelding specimen is
made of dimension 100x75x6 mm and also V grooyeépared at 60and butt joint is obtained. The composition ofdas

metal and filler material is shown in Table 3. Thechanical properties of Al 5083 is shown in Tahle

RESULTS AND DISCUSSIONS
Table 4: Mechanical Properties of Al 5083

Property Value
Hardness, Vickers 96
Ultimate Tensile Strengt 317 Mp
Tensile Yield Strength 228 Mp
Elongation at Break 16%

3]

<2
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Table 4: Contd.,
Modulus of Elasticity 703 Gp4d
Fatigue Strength 159 Mpa

Table 5: Test Results of Welded Specimen

Expt Welding Shielding Gas UTS % Hardness

No. | Current (A) | Flow Rate (I/min) | (MPa) | Elongation | (VHN)
1 250 15 275 24 65.6
2 200 10 275 25 73.5
3 250 15 268 21 67.6
4 200 10 274 22 68.7
5 250 10 265 20 73.5
6 200 15 284 20 68.7
7 200 15 281 20 68.7
8 250 10 258 20 80.7

Tensile Test

Tensile testing is conducted to determine the ualtém tensile strength and percentage elongation.
The tensile sample is prepared as per ASTM standdrel tensile test is conducted for all combinatidrthe welding
parameter ranges. The results of the tensile tesslzown in the Table 5. From the table it is fodinat the test result
obtained is close to the standard value. The valu&JTS very close to the standard value is seledtedch the
four combinations. According to this result microsture and macrostructure study is conducted.t@$teresult of welded

specimen is shown in Table 5.
Microhardness

Microhardness test is performed by using Vicker'erghardness tester. The hardness of the base, mettal
metal and heat affected zone is measured andlitown in the Table 5. The hardness of the basel isetame as to the
standard value and there is also variation in theliess of weld zone due to varying welding paramedmbination.
The Microhardness testing is conducted and thenlessdof the various portion such as base metati metal and heat

affected zone (HAZ) are found out for samples Angke B, sample C, sample D.
Macrostructure

A macrostructure study is conducted with the weldpdcimens of various combination of welding parame
ranges. In sample A, weld dilution is uniform iretfirst pass of the weld and low weld dilution imetsecond and
third pass. A hint of porosity is observed in tleample A. In sample B the weld dilution is high fimst, second and
third pass of the weld and also the bead widthgh.h

Weld penetration is also high for sample B andehsrmore weld deposition in the weld area. In danGpthe
weld dilution is moderate for the first, second dnidd pass of the weld and the bead width is atedlerate for the first,
second and third weld passes. In sample D the Wkt is low for the first pass of the weld andrhbe bead width is

high for second and third pass comparing to tte fiass of the weld and there is also low penetraif weld.
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Microstructure

400 (HLATY
Figure 1: Microstructure of BM, WM and HAZ (Sample A)

Microstructure of weld metal of sample A is shownthe Figure 1 with magnification 400X. Consideriting
Figure 1 we can see the white portion which is @hisim and black portion is magnesium. Precipitates formed in the
weld metal it can be seen clearly in the 400X miggphifigure. The Figure 1 also shows heat affecede (HAZ) of
sample A, in which we can see that HAZ is minimundl éhere is good bonding. In sample B the weld hiatavhich
grains are uniformly distributed and low precipggtire formed. In the heat affected zone preogpftatmed is found from
the microstructure study. The microstructure ofdweletal of sample C is studied and the precipigfermed and it is
very less compared to sample A and similar to sar@liIn the heat affected zone (HAZ) of sample 1t fgrains are
formed. The grain size is almost equal and the affatted zone (HAZ) formed is very less compa@dample A and
Sample B. The microstructure of weld metal (saniplés studied and it is found that precipitatedsnfied and it is similar
to that of sample A and more. In the heat affectmoe also precipitates are formed so elongatidesis and hardness is

more so brittleness of material increases andetsile strength of material decreases.
Fractography Analysis

In this study the specimen after tensile testingsisd for the determination of whether the weldedenal shows
brittle or ductile nature. For this purpose SEM lgsia is done for the samples A, B, C and D. San#plshows the
indication of ductile fracture due to the formatioidimples i.e.; the bright portion and the otpertions are not so bright.
In sample B and C, there is also dimple formatidmctv shows a ductile nature. In sample D thereery Vess dimples are
formed, so this sample shows the sign of less l@uaéiture and more brittle nature.

Figure 2
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Influence of Welding Parameters on the Response Viables

The study deals with two welding pmeters, welding current and shielding gas flow.ratethis section th
influence of the two welding parameters on the oesp variables are considered. The response \esiadle
Ultimate tensile strength, Percentage elongatiahMicrohardness. MINITAB software is used to find ¢l influence
of welding parameters on the response variables.tiidnds in which the mechanical properties areeéntced when th
factors are varied on their levels are shown omre#fects as well sinteraction plots. Each point on the plots presém:
average of two replicated experimental data onréfevant level. From this study we can find out ethparameter he

significant effect on the response variat
Ultimate Tensile Strength

Thetensile testing of the welded specimen is conduoted Hounsfield tensometer. Specimen for tensiértg
were taken at the middle of all the joints and niraeth to ASTM E8M standards. By conducting the tieist found that the

specimens are failed tite heat affected ne (HAZ).

The main effect plot for ultimate tensile strengtlshown in Fiure 3 From the main effect plot it is found that
the welding current increases the tensile stredgtiteases, but when the shielding gas flow rateass it is found that
the tensile strength increases. So it is clear dlsathe welding current increases the tensile gtinedecreases and t
tensile strength increases with increase in theldinig gas flow rate. The interaction plot is shoimnthe Fiure 4.
Interaction plot indicates that ultimate tensilesgth increases with increase in the shieldingfigasrate while weldiig
current is kept constant. The same increasing tieatdown at both the levels of welding currentyvbeer ultimate tenle

strength was maximum when welding current 200 A.

Main Effects Plot for UTS Interaction Plot for UTS
Fitted Means Fitted Means
Welding Current Shielding Gas Flow Rate 285 Wiskding
280 Current
—— 200
278 280 = =
276
275
£ 4 ]
5 3 F
H 270 e
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268 =
260 . .
266 . i . . 10 15
200 250 10 15 Shielding Gas Flow Rate
Figure 3Main Effects Plot for UTS Figure 4nteraction Plot for UTS

Table 6: Analysis of Variance for UTS

Analysis of Variance for UTS Coded Units)

Source DF SS MS F P
Welding Currer 1 264.5| 264.5| 25.190.00
Shielding Gas Flow Ra 1 144.5| 1445 13.76 0.02]
Shielding Gas Flow Ra

X 1 0.5 0.5 0.05| 0.83¢
Welding Currer
Error 4 42 10.5

Total 7 | 4515
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Analysis of variance (ANOVA) is conducted and thelues were tabulated in the Table 6. TI- value for
welding current, shielding gas flow rate and thteiiaction between welding current and shielding i@ rate was
calculated and found to be 0.0@¥P21 and 0.838 respectively fa=0.05. The obtained-value is compared with the
0=0.05. If thea- value is more, then the hypothesis is rejectedmFtiois study it is found that welding current &
shielding gas flow rate has individual effects oitimate tensile strength and these factors are <Signifi

The interaction between the two factors has nofsgnce
Percentage Elongation

Specimen for tensile testing were taken at the haidd all the joints and machin to ASTM E8Mstandards.
By conducting the test it is found that the all te@sile testing specimens are failed at the hHattad zone(HAZ)
Minitab software is used to find the effects ofgaeters on percentage elongation and therdficance was analyzed.
From this it is found that with an increase in vieidcurrent the percentage of elongation decreasdsin the case ¢
shielding gas flow rate, the percentage of elongadiecreases when shielding gas flow rate incre&$gure 5 shows the
main effect plot for percentage elongat The interaction plot is shown in the FigureF8om this plot it is found that tt
interaction between the two factors welding curimd shielding gas flow rate has high significarf®eit is cleathat the
interaction between the two factors influencespgéeeentage elongation. But the individual effedtsvm factors have le

significance.

Analysis of variance (ANOVA) for percentage elongatis conducted and the results are shown in tidel7.
The p —value for welding current, shielding gas flow rated the interaction between the two parametersimgelcurrent
and shielding gas flow rate are 0.662, 0.662 afd Drespectively foa= 0.05. Hence from the — value it can be
concluded thathe individual effects of welding current and stlieh gas flow rate has no significance, but therittion
between the two factors welding current and shigldjas flow rate has significance on the contrdsufor the percentac
elongation.

Main Effects Plot for % Elongation Interaction Plot for % Elongation
Data Means Data Means

Welding Current Shielding Gas Flow Rate 244 Welding
21.8 Current
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Figure 5:Main Effects Plot for % Elongation Figure 6:Interaction Plot for Percentage Elongatiot

Table 7: Analysis of Variance for Percentage Elongation

Analysis of Variance for % Elongation (Coded Units)
Source DF | SS MS F P
Welding Curren 1 0.5 0.5 | 0.22 0.662
Shielding Gas Flow Ra 1 0.5 0.5 | 0.22 0.662
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Table 7: Contd.,

Shielding Gas Flow Rate
X 1 18 18 8 0.047
Welding Current
Error 4 9 2.25
Total 7 28

Microhardness

Microhardness measurements were made on the poblsdmaples. Vickers micro hardness was measured usin
"Zwick 3212" micro hardness tester using 300gm ititgy load and a dwell time of 30s. For all theadp®ns minimum
hardness was reported at weld zone. Among the mpes, the specimen welded at condition c
(Welding current - 250A, Shielding gas flow ratel8 I/min) had maximum hardness value 80.7 HV atwedd zone.
Minitab software is used to analyze the signifieanof the effect of welding parameters on Microhasin
The main effect plot for hardness is shown in tlgufe 7. From the main effect plot it is found thatthe welding current

increases the Microhardness also increases and tbeshielding gas flow rate increases the Micrdhass decreases.

Main [lfects ot for Hardness {WH) Interaction Mot for landnees (W)
[491A MeRith Liang Py

.llli:l'.l".‘:-l rrend iFennd 'q- Gann Fiyer Rin 1 LIl | N
el
w

Lk - o f

I a8 4
BE Y "

r"i- : ; . J ) = 18 1
P TH 1] 1§ Sohidkfi) s Flosy Blate
Figure 7: Main Effects Plot for Hardress Figure 8: Interaction Ridor Hardness

Table 8: Analysis of Variance for Hardness

Analysis of Variance for Hardness (VHN)

Source DF SS MS F P
Welding Current 1 7.605  7.604 0.77 0.429
Shielding Gas Flow Rate 1 83.21 83.2D5 8/44 0.044
Shielding Gas Flow Rate
X 1 | 32.81| 32805 3.33 0.14p
Welding Current
Error 4 39.44 9.86

Total 7 | 163.1

The Figure 8 shows the interaction plot for hardnés this welding current is kept constant, andcae see that
Microhardness decreases with increase in shielgi@sgflow rate. In the figure there is an interactian be seen, but this
interaction has least significance. The analysiganiance (ANOVA) for Microhardness was conducted ¢he results are
shown in the Table 8. The p — value for weldingrent, shielding gas flow rate and the two way iattion between
welding current and the shielding gas flow rate@#29, 0.044 and 0.142 respectively dor 0.05. From the p — value it
can be concluded that shielding gas flow rateassignificant factor. Welding current and the iattion between welding

current and shielding gas flow rate has least ggmice.
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CONCLUSIONS

The study on the influence of Gas Tungsten Arc imglgharameters such as welding current and shigldas
flow rate on the mechanical properties such asnalé tensile strength (UTS), percentage elongatimh hardness of

Al 5083 welded joints are conducted and the commhssobtained are shown below.

The shielding gas flow rate has individual effeotdontribution for hardness and ultimate tensilersjth.
Welding current also has individual effect on cimnition for ultimate tensile strength. Shieldingdgw rate and welding
current has a two way interaction effect on contidn for percentage elongation. The interactiotwieen shielding gas
flow rate and welding current has least signifi@ant the case of ultimate tensile strength, buhacase of hardness it
shows an interaction but it is not significant. fr¢his study it is found that shielding gas flovterdaas more effect on
mechanical properties such as hardness and ultiteagle strength and welding current has effecultimate tensile
strength. The macrostructure study is conducteditasdound that the welded joint has good qualitiie microstructure
study reveals that there is precipitate formationttee welded area and the heat affected zone amdrita small rate,
S0 we can say that there will be no much variatiotthe mechanical properties. The fractographyysisidonducted and it

is found that the welded joints showductile nature.

For the future study we can conduct the same exgesti on an automatic TIG welding machine with the
selection of welding parameters such as weldingagpeelding torch angle, shielding gas flow ratd aelding current so
that we can obtain a quality weld and an EDX ansligsbe done to find out the composition of thegiitates formed in
the weld area and we can understand which all csitipo of the precipitate will enhances the mecbanproperty of the

welded joint.
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