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Abstract

Friction Stir Welding has many benefits when applie welding of aluminum alloys and dissimilar
materials which were difficult to weld. In orderpoevent defective welded joints, utmost care sthiel
taken during the selection of welding parameterl| pin diameter and taper of the pin, flute design
which includes number, depth and taper angle atuth pif any thread form on the pin are the important
parameters in addition to the tool rotational sp@eRS), weld speed (traverse speed/WS) and thé axia
force (F). The main parameter considered in thegirework is variation of properties with the véioa

of tool geometry and tool rotational speed and vegded. Experimental results obtained are analyzed.
The joints are obtained by using various tool pesfiwith varied process parameters. An ANN model is
developed using MATLAB and optimization of procgsarameters in carried out by comparing the
results obtained by Design of Experiments (DOE) expkrimental values. Using each tool, Frictiom Sti
Welding is carried out at various parameters oferéht materials AA6061, AA6351 and AA6082.

Keywords: Tool Rotational Speed; Weld Speed; Axial Forc&H) Tool geometry.

1. INTRODUCTION

To join butt and lap joints, Friction Stir weldinghich is a solid state process is used. The FS®/ is
recent technique invented in 1991 by TWI (The weddinstitute) and is being used to weld aluminidloys
of different series which were difficult to welddmwere used less. Due to non- melting and re $ickdion of
metal, distortion is low and the weld is free ofqsity.

A non-consumable, rotating tool is broughtdrcontact with the plates to be joined as shawthé
Figure.1. As the tool moves along the joining acefthe heat is generated and below the soliduseterture
[1, 7], the joints are formed. When the shouldanes into contact with the surface of plates, timeperature
increases due to heat generated and the pin ahitidder stirs in the joining surface allowing fiog of the
material backside of the pin. As the tool passeatietal cools and a processed zone is produceablAtade
of harder material than the plates to be joinadsid. Earlier the aluminium alloys, zinc magnesand other
soft materials were joined using FSW. Preselittydse of FSW process is extended to join matenils
high temperatures, as the harder tools are bewgaleed.
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2.1 Stages of FSW Process

FSW cycle mainly consists of four stages ngndinge Stage, Dwell Stage, Welding Stage and drull
Stage. The stages which were followed in the FS@¢éss is as shown in Figure. 2.

DOWNWARD FORCE

Fig. 2 Stages of friction stir welding experimerabcess
2.2 Microstructure Features of Friction Stir Welds

The solid state nature of the FSW process produie®structures with high characteristics. Thetfattempt
at classifying micro structures was made by P Le@dgill (Bulletin, March 1997). The system dividbe
weld zone into distinct regions as unaffected nigter parent material, Heat Affected Zone (HAZh€eFmo-
Mechanically Affected Zone (TMAZ) and Weld Nuggstshown in Figure 3.

shoulder

Fig 3 Different zones of FSW joint at the weld.

Although welding is a prominent jmig process in terms of fabrication cost, the tiadal arc
welding methods are not capable of producing saugids due to metallurgical problems in aluminiunoyd.
FSW process which was recently invented enablesveiding of high performance aluminium alloys thag
used in aircraft structures. mmany industrial applications steels are replaceddmyferrous alloys, in most
cases by aluminium alloys. Aluminium is an easdyed resource as it can be recycled. Pure alumirsien
silvery — white metal, light, non toxic, non magoneind non-sparking. It can be easily machined @arndbe
cast. The other major alloys of this series incléde351, AA6005 and AA6082. By taking these various
applications into consideration 6XXX series alumimi alloys are chosen as the base material. AA6061,
AAB082 and AA6351 is used more in the fabricatibfight weight structures where a high strengthaeight
ratio and good corrosion resistance is required.
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FSW process requires a tool of harder mdtéhnan the work piece material. When selecting a
material for use as a FSW tool, design must be datte setting max loads on the tool, the high ofiega
temperatures and the needed wear resistance. lavadie tool can be many kilo Newtons (kN). Stress
analysis should be performed to ensure proper desig undersized tools can fail at the time of afien.
The failures could include the pin breaking andagiimg back in the weld joint or the tool fractugiabove its
shoulder and being ejected from its holder. To cedhe likelihood of failure, the tool material mhhsve high
yield strength. The tool must also be able to wi#hd the required temperatures to heat the workepie
material to a level just below its melting pointel properties of metals change with temperaturehemde
attention must be paid to both the yield strengill the operating temperature of the tool. An adddl
characteristic of concern is resistance to weaoof. As the tool has to plastically deform anothestal, it
must be able to have a high resistance to weart dbssmon materials used for tools are HCHC, H1thayg
exhibit high yield strengths and toughness. Theywsed in processes where large loading, high texrye
and frictional contact occur. The materials usadidols include easy availability and machinabijlitgw cost
and established material characteristics.

Based on the literature survey, the gmametry is as per the thickness of the base platesdiameter
of the pin is equal to the thickness of the partbé welded and its length is slightly shorter tHanthickness
of the part. Tool shoulder-to-pin diameter ratidaypan important role in stir zone development [Bdols
with shoulder-to-pin diameter ratios close to 1e)pdo not produce a TMAZ and do not adequately gath
and soften the material before the tool advanceslisTwith very large shoulder-to-pin diameter ratinay
preheat and soften too much the material, resuitinbe material not sticking to the pin. The jsifébricated
by the tools with shoulder-to-pin diameter ratidg@/d) of 3 produced higher tensile strength atmhgation
[6] compared to that fabricated using the toolshwid/d 2.5 and 3.5. The base plate chosen for this
investigation is AA6061, AA6082 and AA6351. The etimajor function of the tool is to ‘stir’ and ‘mevthe
material in the weld zone. The tool design is tipartant aspect for the uniformity of microstruetiand
properties. There is no path for free movementhefrhaterial when the shoulder comes into contaitt thie
work piece.

The five profiles (cylindrical, tapered cydirical, threaded cylindrical, square and trianguighich
are considered for the tool pin are shown in Figdrand the after heat treatment process the tdained
which are used for the experimental work.

1
~ B
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Fig.4. Straight cylindrical, Tapered, Threadedmgtical, Square and Triangular profiled tools

3.0 DEVELOPMENT OF ANN:

Either from known or known source, a neural netwmiky be trained with measured data. They are sodtwa
tools designed to estimate relationships in datarevthey can be trained to perform classificatestimation,
simulation and prediction of the underlying procemnerating the data. The Neural Networks package
supports several function estimation techniques they be described in terms of different types etinal
networks and associated learning algorithms. Masgarch related to an applications of Artificigkligence
(Al), especially Artificial Neural Networks (ANN)dfr engineering fields such as manufacturing prasess
prediction, monitoring and controlling are theréhus§, the new approach which ensures efficient astl f
selection of the optimum conditions and processiigvailable technological data are the ANNs anahastly
used in the fields of biology, electronics, compweience, mathematics and engineering. The metiasd
proved to be excellent for solving the optimizatiproblems, for pattern recognition and for the divep
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control of machines. MATLAB platform is used for \a@doping a Neural Network Model. ANNs are
computational models, which replicate the functid biological network, composed of neurons areduesed

to solve complex functions in various applicatioNeural networks are a non linear mapping systest th
consists of simple processors, which are calledrameu linked by weighted connections. An output is
generated with each input neuron which is seeheasefflection that is stored in connections [2,4je output
signal of neuron is fed to the other neurons thhouger connections as input signals. If the fumtis
complex in nature, as the capability of single paus limited, many processing elements are coededthe
performance of the network depends on activationction, network structure data representation and
normalization of inputs and outputs.

The measured tensile strength results are tosédin the networks. Network 1 is for square profile
tool. The network created is a two layered feeavéod network by considering TRS, WS and F inputd a
number of hidden layer is one. Network 1 consi$tsvo layers. Network transfer function is Tangsigmoid
function is the network transfer function and tleairal network model is trained using Levenberg- ddardt
Algorithm. The experimental work is carried by yiag the parameters and from the results obtained b
conducting DOE and ANOVA it can be drawn that thechmanical properties obtained using square profiled
tool are better when compared to other tools. AriNANNodel is developed for square profiled tool repreed
as networkl. The network is trained using the drpamtal data with TRS, WS and F as inputs (Figbyeand
tensile strength as output.

Rotational Speed 1 )/ Tensile Strength

Input Hidden Outer
Layer Layer Layer

Fig. 5 Network 1& ANN architecture used
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Fig 6: Training & Validation and Testing & RegremsiGraph of Networkl

4. 0 RESULTS AND DISCUSSIONS:

In this chapter, the results obtained by varyirgphocess parameters of FSW are analyzed and. listed
Experiments for joining the aluminium alloys usifigction stir welding were performed using DOE. Mai
effects based on ANOVA results for the responseghef joints are presented. The comparison of the
experimental data with Artificial Neural Networktdas presented. For both the profiles, comparisanade
between tool rotational speed, axial force and imgldpeed with tensile strength. The results obthifor
square profiled tool are as shown in Table 1, whinttude numerical values of experimental data ARN
data.
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S.No Axial Tool Rotational| Welding Speed| Experimental | Tensile  Strength Error
Force, F| Speed, TRS WS mm/min Tensile obtained from
kN rpm Strength MPa | MATLAB MPa
1 4 100 45 101.93 101.899 0.0031
2 5 1100 60 105.66 106.12 -0.46
3 6 1200 75 103.18 103.25 -0.0718
4 4 1000 45 103.18 101.18 2.01
5 5 1100 60 113.19 112.19 1.0293
6 6 1200 75 104.87 104.07 0.8
7 4 1000 45 107.49 107.36 0.13
8 5 1100 60 99.96 100.106 0.146
9 6 1200 75 101.28 101.3654 -0.085¢4

Table 1. Comparison of experimental values andipted values of ANN Model

4.1 Comparison of Experimental Results and ANN Results:

As ANN of these parameters results a well-trainetivork, optimization and simulation of tensile sgéh can
be possible in much complicated situations. A camspa is made between ANN data and experimenta dat
with axial force, weld speed and tool rotationadeqgh as parameters.

—e—Experimental
106 values

104 ~—Predicted Values

Fig. 7 Comparison of Experimental values and ptedivalues of Square Profiled

In the same way, comparison is made between ANMN datl experimental data with tensile strength and
welding speed as parameters. The fig. 6.8 preskatsomparison between the ANN data and experirhenta
data with the above parameters. With ANN the maxmntensile strength is obtained at 60 mm/min of the
weld speed at 1000 rpm of tool rotational speed axidl force of 6kN. Similarly at 60mm/min, with
experimental data the maximum tensile strengtlecliseaed. In experimental data, maximum tensilengfite is
observed at 1000 rpm of tool rotational speed ahdhé/min weld speed but better values are achidvaal
that of existing tool.

5.0 CONCLUSIONS:

Among the three base materials considered, AA60&4 faund to exhibit better mechanical propertied
this alloy is found to be amenable for frictiorr stielding by different tool profiles. H13 tool maitd is found

to withstand for AA6061 without breakage of tipthe time of welding process. Increase in tool jotetl
speed causes more heat input and the tensile stremtpw for increase in TRS as the TMAZ and HAZ i
more. The Square profiled tool facilitates therstg action from tip to the collar, and due to tlise
turbulence is avoided, when compared with the dissheer tool profiles. The defect-free welds weosgible
with the square profiled tool for the same reasbime tool rotational speed of 1000 rpm, weld speed o
60mm/min and axial force of 6kN generated good eeldoints (with maximum values of mechanical
properties that were obtained) when Square profidetlis used. From the results obtained it casdrecluded
that the shape of the tool pin and shoulder plagrg important role in obtaining better mechanjmadperties
for the weld joints. This is evident from the resubbtained for the square pin profile due to fltes

Rama Narsu M, | Rani M 265



Vol.1 Issue.7,
November 2013.

Pgs: 261-266

produces a pulsating stirring action in the flowimgterial. A threaded cylindrical profile is alsouhd to
pulsating stirring action. This pulsating actiorads to the development of smaller grains with unify
distributed very fine structure and this, in tupelded higher strength and hardness. The valuedigied
using ANN are in good agreement with those obtalmgéxperimental results. The percentage error dxetw
the predicted values and experimental values iergbd to be minimal in the case of the existind.tbence
it can be concluded that the ANN model can be adpliith reasonable confidence to obtain the vatddke
mechanical properties for different combinationshaf input parameters.
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