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ABSTRACT

Friction stir welding is an efficient technique jaining of dissimilar materials. Aluminium alloysA2014 and
AA7075 were joined by Friction Stir Welding by viagy parameters like tool rotational speed, transeespeed
and tool pin profile. The optimum parameters arenfd out by Taguchi technique using Taguchi’'s Lhagbnal
array. Also the contribution of each parameter b foint quality is found out with the help of sagito noise
ratio and Analysis of Variance (ANOVA) studies amdexperiment was carried out on optimized paramsete
Also, the microstructure of the welding joints vgasdied using optical micrography.
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INTRODUCTION

Aluminium alloys like AA2014 and AA7075 are used aerospace and automotive industry due to thelrt lig
weight and good mechanical properties. But joirdigsimilar materials is often a difficult task thiming similar
materials due to different properties and compositf the base materials[1-3].However dissimilarnaihium
alloys can be joined by friction stir welding besauit is operated well below the melting point bé thase
materials resulting in absence of secondary phaderesults in satisfactory joint quality[4].Fricticstir welding
was invented at The Welding Institute, United Kingdin 1991.It is a solid state joining process whises a non
consumable rotating tool having pin and shouldée 1ool is inserted between the abutting surfaédébeoplates
to be joined and is transverse along the line aftjorhe heating is accomplished by the heat predutdue to
friction between tool and work piece. The heat exudt the material around the pin and a combinatfotoa
rotation and translation leads to the transfeihefrhaterial from the front to the back of the @Bh [The process of
FSW is shown in fig. 1.
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Fig. 1 Friction Stir Welding Process
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There are many process parameters such as tobbnataspeed, tool pin profile and tool transvespeed etc. that
affect the joint strength. Tool pin profile has arénfluence on the tensile strength. Generallglstovith edges like
a hexagonal pin profile gives maximum tensile giterwhich is due to the intense stirring of the eniatl resulting
in grain refinement[6].Other profiles like triangn) square and threaded has a very good stirritignaitcom top to
bottom of the weld[7].The tensile strength of th&j increases with increasing tool rotational sheschieves a
maximum value and then decrease [8].Previous stustews that the maximum strength in case of aliumin
alloy is obtained at medium rotational speeds d &) 1200 rpm[9]. The D/d ratio (shoulder diamet@rpin
diameter) plays a vital role and accounts for 6@/dhe overall contribution in Friction stir weldingetween
AA2219-T87 and AA5083-H321 sheets [10].

MATERIALSAND METHOD
Materials
Aluminium alloy AA 2014 and AA7075 were used indlgtudy. The rolled plates of 6.35 mm thicknesseveert to
a size of 100*70 with the help of a power bands&lae composition and mechanical properties of badkenmals is
shown in the Table- (1-4).

FSW Tool

Three different tool pin profiles were used for eial i.e. plain cylindrical, square and threadedngular. Three
pin profiles are shown in the fig. 2. The tools everade from M1 High Speed Steel having hardnesd ¢fRC. All
the tools have a common shoulder diameter of 18mohpan length and diameter of 6 mm.

Taguchi M ethod
Taguchi method is a very simple and effective mettos experiment design. Main objective of Taguetdthod is
to analyse the input statistical data and deterrtireoptimum results [11]. S-N ratio and mean respagives the
results of effects of the combinations of the ingata. Taguchi method was used with MATLAB 17 técekate
S/N ratio and perform ANOVA. ANOVA is used to finte effect of a parameter individually, in influémg the
joint quality.

Table- 1 Chemical Composition of AA 7075 Alloy

Element Al Si Fe Cu Mn Mg Cr Ni Zn

% 89.76 0.05 0.1 1.3 0.03 2.69 0.2 0.01 5.78

Table- 2 Mechanical Propertiesof AA7075 alloy

Material Ultimate Tensile Strength (MPa) Hardneasd{) Elongation at Break

AA7075 T651 600 170 11%

Table- 3 Mechanical Propertiesof AA2014 Alloy

Material Ultimate Tensile Strength (MPa) Hardnesd ) Elongation At Break

AA2014 T651 569 134 13%

Table- 4 Chemical Composition of AA 2014 Alloy

Element Cu Si Mn Mg Fe Zn Ti Cr Al

% 3.90 .50 0.40 .20 .70 .25 .15 .10 Balance

Fig. 2 Cylindrical, Square and Threaded Triangular pin profiles
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Experimentation

Three process parameters used in this study ar@itoprofile, tool rotational speed and tool tre@ise speed. The
three parameters have three different levels aomprtb L9 orthogonal array and are shown in the Id&ab
5.Experimental layout of L9 orthogonal array is whoin the Table- 6.During welding, the alloy withigher
strength i.e. AA7075 is placed on the retreatinde sivhereas lower strength alloy AA2014 is placedtlom
advancing side because good results are obtairtedthis arrangement [12]. Welding was performedaorertical
milling machine according to the design of expernise After the welding, transverse tensile specimeare
prepared confirming to ASTM-ES8 standard [12] asvamin the Fig. 3.

- 30 —— 40 - i ) 1 —
Table- 5 Factorsand their Levels \
Levels ‘
X. Pin Profile | Squar | Cylindrica | Triangula Y 7
Y. Rotational | 1000 1400 2000
D. Transverse 28 56 80
- 100 =
Fig. 3 Specifications of the sample used for determining Tensile strength
(All dimensionsarein mm)
Table- 6 Experimental Layout Table- 6 Design of Experiments
FSW Parameters Exp. ) Transverse| Maximum
. - - Tool Profile RPM

S.No | Experiment|  Pin Rotational Transverse No. I Speed | Strength(MPa)
1 X1 1 1 1 1 Square 1000 28 237.57
2 X2 1 2 2 2 Square 1400 56 257.81
3 X3 1 3 3 3 Square 2000 80 319.25
2 Y1 2 1 2 4 Cylﬁnder?cal 1000 56 97.18
v | [ s [b | ol w0 | s

yli I .
3 ;i’ 2 ?_ é 7 Threaded 1000 80 109.33
8 Threaded 1400 28 207.37

8 22 3 2 1 9 Threaded 2000 56 143.53
9 Z3 3 3 2

RESULTSAND DISCUSSION
Signal to Noise Ratio and Mean
Main effect plots for S/N ratio and means are shawthe Fig.4 while Table- 8 presents the restiIANOVA. It
can be observed from the plots that tool pin peoffil the most influencing factor on the joint sg#mn Next, the
rotational speed of the tool is the second mosuénicing factor followed by the transverse speetheftool which
is least influencing factor among three parameters.

As can be seen from Fig. 4, square pin profile @stbsuitable- to obtain better joint quality follesv by the
triangular pin profile and then cylindrical pin fite. The reason behind the suitability of squaire grofile is that
the square profile of the pin provides intenseistirof the material due to flat edged surfacesciliin turn leads to
finer grain structure and thus higher tensile gitenThis hypothesis is also supported by RamaRam [13]. But
in case of the cylindrical tool without any threathe strength achieved is very low as compardherdool profiles
on all combinations of speed and RPM. Form ANOMASsiclear that pin profile is the most influencifagtor on
the joint strength with a contribution of 64.9 %ldwed by the rotational speed as second most énfling
parameter with contribution of 23.1%. The leastuefcing parameter in the present study is trassvgpeed of the
tool with a total contribution of 4.91%. A confirteay experiment was performed on the optimized essc
parameters found out from the S/N ratio plots. dhémized parameters are Square profile, 1400 Réfstional
speed and 80mm/min. transverse speed. The joarigitr obtained with the optimized process paraméseB830
MPa which is clearly higher than the maximum stthraghieved before optimization.

Table- 8 Analysisof Variance (ANOVA) data

Source DF Seq SS Adj SS Adj MS %Contribution
Pin Profile 2 68.809 68.809 34.404 64.90
Rotational Speed 2 24.496 24.496 12.248 23.10
Transverse Speed 2 5.213 5.213 2.606 491
Residual Error 2 7.503 7.503 3.752
Total 8 106.021
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Main Effects Plot for SN ratios Main Effects Plot for Means
Data Means Data Means
PIN PROFILE ROTATIONAL SPEED TRANSVERSE SPEED PIN PROFILE ROTATIONAL SPEED TRANSVERSE SPEED
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Fig. 4 Main effect plotsfor SN ratio and means
MICROSTRUCTURE ANALYSIS

Optical micrographs of the base materials of AA £2Ghd AA 7075 at 400X are shown in Fig.6 (a) angd (b
respectively. The eutectic particles are cleargjblé in the aluminium matrix in both of the micraghs. Fig. (c-g)
shows the micrographs of the joint obtained at 1R@M and 56 mm/min. with square tool. The fig. i&kcpf the
nugget zone of the weld showing the formation effihe, recrystallized and equiaxed grains. Thenfiion of the
finer grain size is due to the intense plastic dafdion of the material in the stirring zone durimglding operation
conforming to the general principles of the workd®ning mechanisms. This hypothesis is also supgdry [14].
Fig. (d) shows the interface between the nugget zamd the parent 2014 material whereas fig. (ejvshihe
interface between the nugget zone and the parenb TGaterial with the darker portion showing theefin
microstructure of the nugget zone in both microggepThe zones adjacent to the nugget zones in dle b
micrographs is the thermomechanically affected zotds zone undergoes both mechanical deformatiwh a
thermal cycles during the welding operation. B@& giiains are not recrystallized like the nuggetezowing to the
inadequate deformation rate in the TMAZ. Fig. (fidgg) shows the heat affected zone of the advgrsiote and
retreating sides respectively. This zone is ongrrially affected during the welding operation. The& not much
variation of the microstructure of the HAZ from tharent metal but the precipitates are coarsenegbaong to the
base metals as it is evident from some bigger pitaté particles in both (f) and (g) as comparedapand (b)
which shows the micrographs of the base matefidiis. hypothesis is also supported by [15], [16] fid.
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Fig. 6 (a-f) Optical Microgar phs of the weld obtained at 1400 RPM, 56mm/min and square tool and (g-k) 1400 rpm,80mm/min and
cylindrical tool

Fig. 6 (h-k) shows the micrographs of the weld oted at 1400 RPM, 80mm/min with cylindrical tooligF(h)
shows the micrograph of the nugget zone of the wigte grain size is not as much refined as it tha(c) which is
at 1400 RPM, 56mm/min with square tool although fdaourable condition for the plastic deformati@nhigh
travel speed which is present in joint obtaine@@nhm/min i.e. (h). Thus, it is evident that the @eutool induces
much more intense plastic deformation as comparekdet cylindrical tool, refining the grain structuand resulting
in greater joint strength as compared to the cyidadl tool. Fig. (i) and (j) shows the heat affetteone of the
advancing side and retreating side respectivelyredwe the (k) shows the interface between the TMAZhe
advancing side and the nugget zone. It is clean fite micrographs that the nugget zone and thedffemted zone
at the retreating side are more or less similarasa there is no clear distinction between thegetignd TMAZ of
the retreating side. A similar conclusion of difdsinterface between the nugget zone and the paretatl is also
made by [18].

CONCLUSION

Friction stir welding has been successfully apptiegoin dissimilar AA2014 and AA7075 aluminium @ys. The
process parameters of the welding operation aienggd for strength and the post welding microgtite has been
analyzed. Following conclusions can be drawn frbendtudy -

e The optimized parameters for the FSW of AA2014 ARF075 aluminium alloy are found to be 1400 RPM ,
80mm/min travel speed with square tool.

« The tool profile has a contribution effect on thaf strength and the microstructure of the weldezfollowed by
rotational speed and transverse speed. Square fiind to give the maximum strength due to thedimgrain
structure (as compared to other profiles) in thédweigget resulting from the intense plastic defation of the
stirred material.

« The micrographs of the weld zone reveal threerdistiones, i.e. nugget zone. thermomechanicalgctdtl zone
and the heat affected zone. The grain structuthkemugget zone is recrystallized and refined duté heat and
plastic deformation induced by the tool respectivel

¢ As it is evident from this study, tool pin profike the most influential parameter affecting thedwvstrength. Thus,
there is a wide scope for studying the weld quadityduced by different and specially designed fpaolprofiles.
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