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Abstract - Friction stir welding is a new
solid statewelding process for joining
metallic alloys and it is
usefulinserveindustriesforjoiningaluminiu
m,magnesiumandcopper  alloys. The
various parameter such as
rotationalspeed, transverse speed and tool
tilt angle play importantroles in FSW
process and quality weld. The aim of
thisstudyistoknowtherelationbetweenthe
effectsofdifferent transvers speed and
tool profile on the weldquality of AA6061-
T6 aluminium. The geometry of the
pintoolalongwiththeprocessparameterspl
aysanimportant role in dictating the path
that the
materialtakes.Thetoolgeometrywascaref
ullychosenandfabricatedtohaveanearlyfl
atweldedinterfacepinprofile.Inthiswork,a
nattempthasbeenmadetoanalyzetheeffect
ofvarioustoolprofilesonmechanicalprope
rtiesofaluminiumalloy.Varioustoolprofile
shavebeen used to fabricate joints by
using varying thicknesswork piece of
Aluminium alloy. Numerical
techniquesparticularly,thefiniteelementm
ethodforthesimulationof FSW for
thermal, mechanical and thermo-
mechanicalmodellinghasbeeninvestigated
.Thecurrentstudiesalsoaimtounderstand
mechanicalpropertiesduringtheFSW.
KeyWords:FrictionStirWelding, Transient
Thermal Analysis,Al6061,Processparameter
, ToolProfile

1.INTRODUCTION

Friction Stir Welding process is relatively a
new joiningprocess that is presently
attracting considerable
interest.Sincethejointcanbeobtainedbelowth

emeltingtemperature,thismethodissuitableforjoi
ninganumberofmaterialsthoseareextremelydiffi
culttobeweldedbyconventionalfusiontechniques.
Theprocessissolidstateinnatureandreliesontheloc
alizedforgingoftheweldzonetoproducethejoint.
Aconstantlyrotatednonconsumablecylindricalto
olwithaprofiledprobeistransverselyfedataconsta
ntrateintoabuttjointbetweentwoclampedpiecesof
buttedmaterial. The probe is slightly shorter
than the weld depth
required,withthetoolshoulderridingatopthework
surface.

Frictional heatis generated between
wearresistant  welding  components  and
theworkpieces.Thisheat, along with that
generated by the mechanical
mixingprocessandtheadiabaticheatwithinthemat
erial,causethestirred materialstosoften
withoutmelting.

FSW is actually performed in different steps as
shown infigure 1. The probe primary function
is to mix the
materialunderthetoolshoulder,whichcanbeenha
ncedbythreads.First, the probe is plunged into
the joint formed by the
twosheetstobewelded,untiltheshouldergetsincon
tact.Asthetool rotates at a high velocity, the
sheets are heated up
byplasticdeformationandfriction.Asthepinismo
vedforward,aspecialprofileonitsleadingfaceforc
esplasticizedmaterialtotherearwhereclampingfo
rceassistsinaforgedconsolidationoftheweld. This
processofthetooltraversingalongtheweldlineina
plasticizedtubularshaftofmetal results in severe
solid state deformation
involvingdynamicrecrystallizationofthebasema
terial.Figurelshowsprocessoftooltraversingalo
ngtheweldline.[1],[2]

the
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1.1 Keyof Benefits
In contrast to the traditional friction welding,
which [
usuallyperformedonsmallaxisymmetricpartst
hatcanberotatedand pushed against each
other to form a joint, FSW can beapplied to
various types of joints like butt joints, lap
joints, Thbuttjointsandfilletjoints.

Table-1:ThekeybenefitsofFSWProcess

Metal Envir Energyb
lurg onm enefits
ical enta
ben IBen
efits efits
Solidphase | No Reductio
process shieldi ninweigh
ng t
gasreq
uired
Good Eliminategri| Decre
dimensi ndingwaste | ase
onalstab fuelc
ility onsu
andrepe mptio
atability n
No loss Eliminate
of solventsreq
Alloyin uiredforde
gelemen | greasing
ts
Excellent | Consumab
metallurgi | le
calpropert | materialssa
iesinthejoi | ving such
ntarea as rugs
,wireorany
othergases

1.2 Comparisonoffrictionstirweldingtoot
herweldingprocesses

Comparison of FSW to other welding
processes is typicallydone within the
context of justifying the use of the
processoverother,moreconventionaltechniqu
es.SuccessfulapplicationofFSWdependsupo
naclearmisunderstandingof the
characteristics of the process, so favorable
technicalandeconomicjustificationcanbedev
eloped.

The unique, favorable characteristics of

FSW compared
totraditionalarcweldingmethodsprovideseveralso
urcesfortechnicaljustificationforuseoftheprocess
[31.[4]
ThemainpointsfortechnicaljustificationofFSWco
mparedtoarcweldingprocessesare;

e Improvedweldability

« Reduceddistortion

o Reducedresidualstress

Table-2: Light duty lathe machine

specification

Sr Features Values
no
Swingoverbed | 90mm
2 Swingovercar | 45mm
riage
3 Distancebetw | 430mm
eencenter
4 | Overalllength | 820mm
5 Overallwidth | 220mm
6 Overallheight | 200mm
7 | Shippingweig | 140kg
ht
8 Holethroughs | 10mm
pindle
9 | Spindlespeedr 575-
ange 900rpm

o Improvedcosmeticperformance

o Eliminationofundermatchedfillermetal
o Improvedstaticstrengthandductility

e Mechanizedprocess

« Highrobustnessandfewprocessvariables

2. DESIGNAPPROACH

Generally, Friction stir welding is performed
on the
MillingorRadialcumdrillingmachine.Butourm
ainobjectiveistoperformoperationontoLatheM
achine.Soforthatanattachment is required to
hold a welding plate on a
lathemachine.[9],[10]

2.1 BasicRequirement ofmachine:
TheperformancetestonLathemachinefortheFS

WTechniqueisanalyzedforthedifferent
parameters.
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2.1.1 Latheattachment

Nowforholdingaweldingplateonlathemachin
eanadditional attachment is required for
mounting
purpose.Figure3showCADGeometricalview
oflatheattachmentforholding of
weldingplate.

Fig-
3:CADGeometricalviewofLatheAttachment(A
Ildimensionsarein mm)

2.2 Basicrequirement oftoolgeometry

A novel pin is design for friction stir
welding tools that canpenetrate more apply
into work pieces to form a
thickerweldjointwithoutoverloadingthetool.
Thepinisprovidingwithcylindricalandtaperfa
ceonsurfaceoftool. Thediameterofthetoolsho
uldertothediameterofthetoolpin(Ds/Dp) are
chosen based on the literature survey.
Theshoulder of tool is designed to produce
heat on the surface ofthe work pieces. The
tool shoulder accounts for majority
ofthedeformationandfrictionalheatgeneratio
nbetweenthework pieces. Due to large
surface area, friction increases,which in turn
increases the amount of heat generated.

[61.[7].[8]

J

Fig-4.ToolGeometry

TABLES3.Tooldesignparameter[15]

WeldtoolGe | AL TI Steel(H
ometry MTM)
DS/DP 2.4 1.2- 2.3-2.4

3.8
DP/LP 1.5 1.4- 1.7-2.0
1.9
Pinsurface Tre Smo | Smooth
ads oth
Taper 0 30- 30-60
60

Fig-
5:CADgeometryofTaperTool(
Alldimensionsarein mm)

< Cylindricaltool:

I
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Fig-7:CADGeometricalDimension(Alldimensionsarein

mm) ; SIMULATIONBASEDAPPROACH

Three-
dimensionalthermomechanicalmodelandthet
hermomechanicaleffectoftheweldedmaterial
isdevelopedfortheFSWofanAl-
alloy,inordertobuildqualitativeframeworktou
nderstandthethermomechanicalprocess in
FSW. In this analysis work below figure
shows thetotal deformation and temperature
graph for a cylindricaltool geometry. The
prediction and the measurement
showthatthemaximumtemperaturegradientsin
longitudinalandlateraldirectionsarelocatedjus
tbeyondtheshoulderedge.To simulate this
kind of welding process, a fully
coupledthermo-mechanical  solution has
been adopted to simulatetheFSW process.
[11],[13]

Fig-8:Totaldeformationand Temperature
profile

Figure8showtheTotaldeformationandtemper
atureprofiles in the work piece during the
welding operation forN2=900 rpm; T2=
3.16 mm/min and for a cylindrical
toolprofileforthesizeof4mmthickness
plate.[14],[16]

arediscussedbelowwhichareeffectingfor
theAnalysisonFSW.[15]
4.1 Processparameter

4. EXPERIMENTALWORK
Experimentalsetupwasrecognizedusingalightdu
tylathemachine.Noextrasetupisrequiredforfricti
onstirweldingexcepttoolandfixture,soastoplace
pieceinproperposition
duringwelding.Thedifferentprocessparameters
The various process parameters play important
roles in FSWprocessandqualityweld.
Table4:MainFSWprocessvariables

Tooldesignv | Machinev |Othervari
ariables ariables ables
Shoulder Weldingsp | Anvilmat
andpin eed erial
materia
I
Shoulderdia | Spindlespe Anvilsiz
meter ed e
Pindiameter Plunge Workpiec
force e size
ordep
th
Pinlength
Threadpitch
Featuregeom |  Tooltiltangl Work
etry le piece
prope
rties

Therearesomanyparametersareeffectingforthe
analysisonfrictionstirweldingasshowninTable
4.Asmanyparametersareimportantinthefriction
stirweldingbutinthisexperimentmaintwoparam
etersareselectedforanalysisbyusinglathemachi
ne;

(1) Toolspeed

(2) Transversspeed
Theproperchoiceoftoolrotationandtransversesp
eedwillproduceagoodqualityweld. Thematerial
useforbaseplateis Al alloy 6061 and the
material use for the tool geometry iSENS.

4.2 Processstepforfrictionstirweldingonlath
emachine
Theexperimentalstudyincludesthebuttjoiningo
faluminum plates. The welding
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Fig-9:ProcessstepsforFSWExperiment

Inthepresentwork,differentFSWhuttweldswe
reobtainedbyvaryingtheprocessparameterswi
thintherangeandtheoptimalvaluesaredrawnb
asedonthetrendofthevalues.Inthis
experiment it is observed that the process
parameterslike tool design, tool rotational
speed, welding speed andmaterials are the
main  parameters to  produce the
effectivebutt joint byfrictionstir
welding.[17]

4.3 Observationtable

Table5:Experimentdata

4.4 TensileTests:-
Tensile strength, along with elastic modulus
and
corrosionresistance,isanimportantparameterof
engineeringmaterialsusedinstructuresandmech
anicaldevices.

o Tensiletestspecimengeometry

-
I
|

§Y7 100
¥ .

K N _:I i !&
FiG+++++
10:Tensiletestspecimen(Alldimensionsarein

mm)

o Subsizespecimen:

G: Gauge length: 25
+ 0.08mmW: Width:

Transve 6.25 +0.05mm
Sr | Materi RP | rsSpeed | P TT: Thickness: Thick of
N alAa- M (mm/mi as | Material 0 H
0 6061 n s size(m 0 material . .
(n) ) m) | plateR:Radiusoffillet:6m

1 Plateno: N2=900| T2=3.16| P S2=100*45 | C

) : » m

mm/min 1 4

2 | Platno: | N9=900] T9=337| P | se=100~25 | cl-:overalllength:100mm

9 mm/min | 2 *6 A:Lengthofreducedsectio
3 Plateno: Ng=575| T8=7.35| P S8=100*45 | C .

8 mm/min | 1 4 n:32mmB;Lengthofgripse
4 Plateno: | N3=575| T3=8.16| P | S3=92*45* | C¢tion:32mm

3 mm/min | 2 6 C-Widthofari tion:10
5 | Plateno; | N6=900] Te=441| P | Se=100+45 | t - vvidinolgripsection:iumm

6 mm/min | 1 *4
O | Plagnor | Na=900) Ta0.51 P S4=00%5 | 4.5 Testedplateandresults
7 | Plateno: | N7=575| T7=450| P | S7=100%45 | t | he process parameters selected were mainly

! mm/min | 1 *4 ool rotational speed, welding speed and tool
8 Plateno: N5=575| T5=4.49| P S5=100*45 | t

5 mm/min | 2 6 geometry etc. Tests are performed as per the

Plateno2:(P1N2T2S2C);Cylindrical Tool=
C;TapperTool=t; RPM = N; Transvers
speed = T; Material size = §S;
Singlepass=P1;Double pass=P2

ASTM Standards at TCR Advance Engineering
at Vadodara. A machined specimen is placed in
the testing machine and load is applied to
measure the resistance of a Material. The result
for tensile strength for sample specimen is
shown in Table 6.
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Table6:Tensilestrengthofsamplespecimen continuouslyadjustedtokeepthecalculatedt
: emperaturefromexceedingthematerialmelti
Force Area Ultimate .

Srno tensilestrength( ngpomt.
Plateno | (KN) | (mm2) | N/mm2) e Increase in pin length  decreases
n P 5000 | 15835 % penetration depth onthe back side of
welded plate. It is also observed
2 PO | 7640 | 16311 o thatmorethanémmthicknessofworkpieceis
3 P10 5679 87.95 65 possibletoweld by friction stir welding
butt. The condition is todesign a different
) i 0 07 ® tool for different thickness.
Whiledesigning tool, the tool tip length
Figurel2showstheloadvsdisplacementgraphfor should be less
varyingthicknessofplateonTensile strength. thanthethicknessofthebasemateriali.elesst

han0.25to

e " 0.8timesofthebasethematerialthickness.
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Importantprocessparametersthatcontrolthequ
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rpm) and traverse speed(3.16-

8.16mm/min)wereperformedtoobtaindefectf
reeweldedjoints.

The  following  various  conclusions

summarize the presentpaper;

e From this investigation, it has been
found that toolprofile cylindrical tool,
transvers speed 3.37 mm/minand
rotational speed is 900 rpm produced
good tensilestrength.

o Mechanicalpropertiesofthejointsincreas
ewithincreaseintoolrotationalspeedandre
achesmaximumat 500 to 575 rpm but
again deceases with 7!
furtherincreaseintool rotationalspeed.

o Theheatinputfromthetoolshoulderwasas
sumedtobethefrictionalheat. Thecoeffici
entoffrictionwas
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