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ABSTRACT

The objective of this paper is fivesenta review on various agms of friction stir welding, with particular
emphasis on FSW BXXX aluminiumalloy series The fundamental prifgles, thejoining mechanisnmeat
generation duringhe process, microstructural features atite effect of process parameterstbe mechanica
properties of the jointand susceptibility to stress corrosiamthe jointsare reviewedThe review shows that
there is a general trend of the mechanical properties in accordance with variation in the experimental values of
the process parameteFESWis consdered to be the most importadeveloprent in metal joining in recent
yearsand isa 0 6 g rteclennldgy due to itgersatility, energy effiiency and environment friendlineds
comparisonto the conventional welding method&SW consumes considély less amount oénergy. Néux
orshieldinggasis used, thusnaking it environmentalfriendly. The joining does not requirany use of filler
material and therefore anyaluminium alloy can beeasily joined without having anyconcern for the
compatibilty of composition, which is an issue umsfon welding. Moreoverissimilar aluminiumalloys and
composites can be joined with equal eaBbus this process can be considered as a lean, mean and green

process.
Keywords Friction stirwelding Tool design rotational speed, tensile strength, aluminium alloys.
I. INTRODUCTION

The difficulty of making higkstrength fracture and fatigueesistant welds in aerospace alumin alloys, such
as highly alloyed 7XX series, has inhibited the fulleise of weldingor joining aerospace structures for long.
These alumirum alloys are generally segregated nonweldable because of the lower quality suflidified
microstructure and porosity in the fos zone [1]. Also, they owimferior mechanical properties in coarson

to the base material. These factors make the joining of these alloys by iedting processes unattractive.
Some alumifum alloys can bevelded by resistance weldipngut the surfacerpparation is expensive, because
surfaceoxide causea majorproblem. Friction stir welding (FSW) is a solid state continuous hedrsivelding

process withunchallengedaimilarities toelectron beamlaser,and plasma arc welding in the way tiR&W has

134 |Page




International Conference on “Latest Innovations in Science, Engineering and Management”

Indian Federation of United Nations Associations, New Delhi, India ICLISEM - 16
1st October 2016, www.conferenceworld.in ISBN :978-93-86171-08-5

a moving point weldingaurce with keyholat the end of theojnt[2]. Particularly, it can be used join high

strengtialuminiumalloys and other metallic alloys whiclre hard to weld by conventional fusion welding.

II. DEVELOPEMENT OF FRICTION STIR WELDING

The Welding Institute (TWI) in the UK hatbr years engged in various research and developmand
industrial activities related tfsiction welding. Wayne Thomas and his colleagues in TWI hakegblong to
develop severalariants of friction welding. In particular they developed friction extrusibing bady friction
joining processes airfriction hydro-pillar processingOver the long period of research these new processes,
the researchelim TWI studiedand observediumber of important phenomena aawhassan indepth working
knowledge of those processeThese include highly plasticized thioddy effect and the transportatiof the
plasticized material, the adiabatic heating deformation,and the relationship betwedaorque andotation
speeavhen a sufficient amount of plasticized material is predarning processing. Eventually in 1991 Wayne

Thomas et. al. in TWI patented a novel method of solid state joifialgiminium and its alloys [3

[II. PRINCIPLE MECHANISIM OF FRICTION STIR WELDING

Friction stir weldirg (FSW) is a soliestate fabricabn technique in which coalescence occurs due to thermo
mechanicableformation of plates to be welded, sitthe resulting temperature exceeds the solidus temperature
of the plates. The basic concept of FSW technique is depicted in Figure 1. The toWirsF®rconsumable
rotating tool having a distinctlgiesigned probe and shoulder. Tool pin is plunged into the faying faces of sheets
or plates to be joined, and thénmoves in the transverse direction along the length. The tool rotates in the
clockwisedirection and translates from front to back as shown in Figuféhé side, where direction ¢dol
rotation andool travel isameis termed as advancing side whishopposite to theicection of metal flow. The
oppositesideto advancing side wherirection of tool travelnd tool rotations opposite, is termedastreating

side Dueto frictional heat between tool and worgpe, material around the pin getsftened and a solid state

joint is produced without melting [8,6,7].
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Down)tard force elding

Direction

Fig.1Principle mechanism of friction stir welding [1].

IV. MICROSTRUCTURAL FEATURES OF FSW WELD

In FSW joints generally four miostructural regions exists illustrated in Figure 2. The regions are (a) nugget
zone (b) thermanechanically affect zone, (c) heat affected zone, (d) base metal.Zéhen which tool pin
rotates and produces frictional heat results in severe plastic deforisat&ifedugget zone or stir zone or fully
recrystallized zone. The theramechanically affected zone (TMA4s very near to weld nugget andist
plastically deformed by actioof tool. In this region material deforms without recrystallization. The-heat
affected zone (HAZ) that i; between TMAZ and base metal is affected by heat bytlastic deformation
occurs in this region, howevemechanical and microstrucel properties varyThe base metalegion is
unaffected bythe heat sinceit is far away from he recrystallized zone and therefarécrostructural and

mechanical properties diis region remaimundtered [3.

Heat-affected zone Diaof tooll ;houlder Recrystallized zone

- 4

i Thermomechanically affected zone

Fig.2Microstructural regions of friction stir weld .
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V. PROCESS PARAMETERS IN FRICTION STIR WELDING
Thereis relatively less number of variables in fsw in comparison to fusion welding. The main independent

variables tht contol quality of joint produced are
5.1Tool Rotation

For FSW tool rotation rate in clockwise or counter clockwise direction are important parameters. The motion of
the tool generates frictional heat within the workpgaxtruding the softened ptecized material around pin
and forging the same in place so as to form a solid state joint. Higher tool rotation rates generate higher

temperature because of higher frictional heating and result in more intense stirring and mixing of material.

5.2Transverse Speed
Higher transverse speedeadto weakerstirring effect of the welding toolvhich causes occurrence of weld

defect On increasinghetransverse speedontribution of plastideformation totie temperature rise increases.

However, he variatiorof the transvise speed does naffect the power needed for FSWich

5.3Tool Tilt Angle

In addition to the tool rotation rate and traverse speed, another important process parameter is the angle of too
tilt with respect to the workpiece surface. Anioptm tilt of the spindle towards ifeg direction ensures that,
theshoulder of the tool holds the stirred material by threaded pin and move material efficiently from the front to
the back of the pin. The tool is usually characterized bgnall tilt ande, as it s inserted into the sheets blank
material undergoea local backward extrusion process up to the tool shoulder. Further, the plunge depth of pin
into the work pieces (also called target depth) is important for producing sound welds with somboth t

shoulders [1].

5.4Tool Design

The torque requires during weldingletermine varioudool shoulder diameters. As thénaulder diameter
increases, sticking torguecreases, reaches a maximum and then decrédsegxamination of this behaviour
showsthat two main factors affect thele of the sticking torque. One is the strength of mati@ldecreases
onincreasing temperaturdue to an increasa the shoulder diameter. Othetlie area over whicthe torque is

appliedvhichincreases with shdéder diameter §].

VI. PARAMETRIC STUDY OF FSW OF AL 7XXX ALLOYS

The aircraft aluminium alloys generally present low weldability by traditional fusion welding process and thus
fsw presents more optimistic opportunities to overcome this limitation of lthgsaS. Rajakumaret. al

studied the influence of process and tool parameters on tensile strength properties of -AB70#8s
produced by friction stir welding. Square butt joints were fabricated by varying process parameters and tool
parametersin this investigation it is found that the joint fabricated at a tool rotational speed of 1408xipm,

force of 8 kN welding speed of 60 mm/min, , using the tool with 15 mm shoulder diameter, 5 mm pin diameter,

45 HRc tool hardness yielded higher stremgibperties compared to otheints[9].
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Muhsin J. J et. alhas madehreedimensional nonlinear thermal numerical simulations are for the friction stir
welding (FSW) of AA 7020T53. Three welding cases with tool (rota@brand travel) speeds of 900rpm;
40mm/min, 1400rpnt6mm/mirand 1400rpntOmmimin are analysedvith an objectiveto studythe variation

in transient temperatuia workpieceof 5Smmthickness. It has been obsentkdt the temperatumdistributionin

the FSW process is symmetnidth respect @ thewelding lhe. Increasing travel speed letm decreasing
transient temperature distribution and on increasing rotational speed temperature distribution increases.
Experimental data illustrates that peak temperatures are higher on the advancingrsitterdtreatingice

[10].

K.Kumar et.al investigated the role of axial load on weld formation and titém@l axial load for producing
defect free welds was found oukenerally in fiction stir welding the tools plunged at the interface of the
materids in a way that the tool axis and interface were aligned. Besidestlibisaxial load was varied by
linearly between théase materighnd tool This was done by keeping the backing plate at an angle to the tool
axis in the welding direction. The baseterél used in this study was704®, which was artificially aged to
peak hardness. The defecéd aluminium alloy 70206 joint was made by continuously increasing the axial
load. The optimal axial load was seémbe 8.1kN. Moreover, the highestrengh of weld producedby varying

axial load was 340Mpa which w&#% of the base material strength amith ductility of 7.3% at 8.8kNThe
securetool deviation from the interface was 1mm in the advancing sidel&imm in the retreating side af
frustum slaped toolThe tensile strength decreases shargigmthe tobdeviated from the securenge [11.
DonglJihonget. al experimented-riction stir welding of 7A60aluminium plate d 6 mm thicknessn a single

pass welding. The experiment results demonsthatethewelding tool figuration affectedtensile strendtthen

the welding speed is 200 mm /min atite rotathg speed is 300 rpnthe weldachieveds of good qualityand

the tensile strength of the joint reaches 488.7 MPa, about 75% of the ultimatghstthe base metal alloy
with higher welding efficiency. The fractureaale is mixed ductile and brittieacture.Incomparision tdbase
metal, the microstructures in the nugget contains fined, equjeaied[13.

Lombard et al., (2008)in thereresearchwork present a systematic approach to optimizing FSW process
parameters (tool rotational speeddafeed rate). Eleven experiments were perforrbgdvarying the tool
rotational speed and welding speed. Téwestle strength of the joimcreased from 289t313 MPa by varying

the tool rotational speed from @0pm to 200 rpm at the fixedelding speed of 85 mm/min. The tensile
strength of the joint increased from 254 M#® 315 MPa by varying thetational speed from &3rpm to 254

rpm at the fixedveldingspeed 135 mm/min. The work sh@what the tool rotational speed is the key parameter
governing the tensile strength

G. Buffaet. alobserved that residual stresses in FSW processes ate Hoththermal andmechanical causes.
The former are due to thadtion forces work and to the deformation work both converted into heat. The latter
are strictly connected to the strong gradients of strain and strain rates occurring due to the tool pin action on the
material to be welded, which further determine rel¢vaitrostructure changes in the parent material but show
low effect in the residual stresse®duced[1}

Kaustubh s gaikwagcet. al. studied Friction Stir Welding on-Joint using tool as Molybdenum and work piece
material as AA7050.The speed of tool (gind shoulder type), has been taken as 650 rpm, 700 rpm & 740 rpm
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and its translational speed as 4.23 mm/s. The temperature of the work piece plates is to be 20°C. It has beel
found out that as tool rpm goes on increasing the flow stress decreases,témtara distribution increases

and the viscosity remains unchanged for 6péh and 700 rpm and 740 rphmis study will show the
temperature distribution, the stress distribution and the viscosity flow in the work piece plates at the give
parameters at spiéied boundary conditior{14].

G. Venkateswarluet. al.Investigatedon output variablessuch as peak temperature and flow stress of friction
stir welding of aluminium alloy AA7075. The process parameters considered in this investigation were

rotationalspeed, traverse speed and shoulder diameter. The results indicate that the FSW process parameter

12

greatly influence the temperature distribution and flow stress during the process. It is found that peak
temperature increases and flow stress decreasesneittase of rotational speed with varying traverse speed
and also found that the peak temperature decreases and flow stress increases with increase of traverse speed wjth
varying rotational speeds. The temperature and flow stress distribution increasecveise of tool shoulder
diametefl5].7xxx series alloys can provide superior ballistic protection under all modes of attack when
compared to other aluminium alloys, and can be superior to steel armour on a weight for weight basis. Despite
these attractie properties the weldable 7xxx alloy are not widely used for structural applications due to the

susceptibility to the stress corios cracking of these alloys

VIl . CONCLUSIONS

Aluminium alloys in which zinc andnagnesium are the main alloyiagditions(7xxx series) are conspicuous
amongst the commercial aluminiuatioys because of their ability to be age hamtkto strengths well in excess

of the strengths that can be producedryother aluminium alloysFriction stirweldingis a practical solutio

to join these high strength alloys. From the above study it can be conthadesihcevelding speeaf the too]
rotational speed dahetool andthe axial force greatly effect heat generation and temperature distribution along
the weld lingthey are tke important parameters to decide tipadity of joint being producedThus this paper
reveals scope to weld high strength 7XXX series aluminium alloys by FSW with optimization of process

parameters to obtalmgh quality joint.

REFRENCES

[11 R.S. Mishraand Z.Y.Ma, Friction stir welding and processing, Material Science and Engineering, R 50,
2005, 178.

[2] W M Thomas and R E Dolby, Friction Stir Welding Developments Iréernational Conference on
Trends in Welding Research, 2002.

[3] D Lohwasser and. Chen,Friction Stir Welding: From Basics to Applications (Woodhead publishing
limited, Abington Hall, Granta Park, Cambridge, 2010).

139 |Page




International Conference on “Latest Innovations in Science, Engineering and Management”

Indian Federation of United Nations Associations, New Delhi, India ICLISEM - 16
1st October 2016, www.conferenceworld.in ISBN :978-93-86171-08-5

[4] JeroerDe Backer, GunnaBolmsjo and Ann#&arin Christiansson,Temperature control of robotic
friction stir weldirg using the thermoelectric effeciThe International Journal of Advanced
Manufacturing Technology, Volume 70, January 2014, Issuel-3835

[5] T.R. McNelley, S. Swaminathanand J.Q. Su Recrystallization mechanisms during friction stir
welding/processing of aluminu alloys, ScriptaMateriali&olume 58, Issue5, March 2008, Pages 349
354.

[6] T. J. Lienert, W. L. Stellwag, Jr., B. B. Grimmett, and R. W. Warke SUPPLEMENT TO THE
WELDING JOURNAL, JANUARY 2003 Sponsored by the American Welding Society and the Welding
Research Council Ftion Stir Welding Studies on Mild Steel Process results, microstructures, and
mechanical properties.

[71 R. Nandan, T. DebRoy, H.K.D.H. Bhadeshia, Recent advances in friction stir weldingess,
weldment structure and properties, Progress in Matagi@hse, volume 53, August 2008, 98023.

[8] A. Arora , M. Mehta, A. De and T. DebRoy, Load bearing capacity of tool pin during friction stir
welding, Int J AdvManufTechnol, Vol.61, 2012, 9BR0.

[91 S. Rajakumar , C. Muralidharan and V. Balasubraamninfluence of friction stir welding process and
tool parameters on strength properties of AAA0BGaluminium alloy jointdViaterials& DespnVolume
32,Issue2, February 2011, Pages 53819.

[10] Muhsin J. J., Moneer H. Tolephih and Muhammed A. M., Effect of fricitnwelding parameters
(rotation and transverse) speed on the transient temperature distribufiiction stir welding of AA
7020753, ARPN Journal of Engineering and Applied Sciences, VOL. 7, NO. 4, April 2012 ISSN 1819
6608.

[11] K Kumar and V.K. Stsh, On the role of axial load and the effect of interface position on the tensile
strength of a friction stir welded aluminium alloy, Materials and Design29, 20087991

[12] DONG Jihong, DONGchunlin, MENG Qiang and LUAN Guohong, Microstructure aeghishical
properties of friction stir welded joints in 7A66 super higkstrength aluminum alloy.

[13] Buffa, L. Fratini and S. Pasta, Residual stresses in friction stir welding: numerical simulation and
experimental verification, JCPDI&ternational Cetme for Diffraction Data 2009 ISSN 1093002.

[14] Kaustubh S Gaikwad, Meet R Vadgama and Jaimin B Patel, Simulation of Temperature, Viscosity and
Flow Stress during Friction Stir Welding On AA7050 irJdint, IJISET - International Journal of
InnovativeScience, Engineering & Technology, Vol. 1 Issue 7, September 2014.

[15] G. Venkateswarlu , and Ch. Hareesh Kumar, Simulation studies of friction stir welded aluminium 7075

alloy, International Journal of Advanced Research ,2016, Volume 4, Issue-85648

140 |Page



http://www.sciencedirect.com/science/article/pii/S1359646207007464
http://www.sciencedirect.com/science/article/pii/S1359646207007464
http://www.sciencedirect.com/science/article/pii/S1359646207007464
http://www.sciencedirect.com/science/journal/13596462
http://www.sciencedirect.com/science/journal/13596462
http://www.sciencedirect.com/science/journal/13596462
http://www.sciencedirect.com/science/journal/02613069
http://www.sciencedirect.com/science/journal/02613069

