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FRICTION STIR PROCESSING (FSP)
 AND ITS APPLICATIONS
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 Introduction to FSP
 Working principle of FSP
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 Conclusion
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Friction Stir Processing (FSP)
 Friction Stir Processing (FSP) is a novel surface modifying technique
 that provides microstructural modification and control in the near-
 surface layer of metal components.
 FSP provides the ability to thermomechanically process selective
 locations on the structure’s surface and to some considerable depth
 to enhance specific properties
 FSP was developed based on the basic concepts of Friction Stir
 Welding (solid state welding process), but FSP is used to modify the
 local microstructure and doesn’t join metals together
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Working Principle of FSPA specially designed non-
 consumable cylindrical tool is rotated
 and plunged into the selected area, to
 friction process the required location
 within a plate or sheet
 Tool has a small diameter pin with a
 concentric larger diameter shoulder
 Tool shoulder and length of entry
 probe control the penetration depth
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Working Principle of FSPWhen tool descended to the part, the
 rotating pin contacts the surface, rapidly
 friction produced between tool pin and
 metal surface heats and softens a small
 column of metal
 Rotating tool provides:
 Continuous heating of work piece
 Plasticizing metal
 Transporting metal from the leading
 face of the pin to its trailing edge
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Working Principle of FSPWhen the shoulder contacts the metal
 surface, its rotation creates additional
 frictional heat and plasticizes a larger
 cylindrical metal column around the
 inserted pin
 The shoulder additionally provides a
 forging force that contains the upward
 metal flow caused by the tool pin
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Working Principle of FSP• During FSP, work piece and the tool
 are moved relative to each other such
 that the tool traverses, with
 overlapping passes, until the required
 area is processed
 • The processed zone cools, without
 solidification, as there is no liquid,
 forming a defect-free recrystallized,
 fine grain microstructure
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Applications of FSPFSP has been shown as an effective technique in following
 applications
 To fabricate surface composites
 To refine microstructure of cast light alloys
 To produce fine-grain microstructure, which exhibits
 Superplasticity
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Surface Composites • Ceramic phase reinforcement in metals makes them as potential structural
 materials for aerospace and automobile industries
 • These composites also suffer from reduction of ductility and toughness due
 to incorporation of non-deformable ceramic phases
 • Most of the components in these applications are mainly depends on their
 surface properties such as wear resistance
 • In these cases, it is desirable to incorporate ceramic phases to only the
 surface layer of components
 • While the bulk of components retain the original composition and structure
 with higher toughness
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Why FSP for fabrication of Surface Composites?• The existing techniques are based on liquid phase processing at high
 temperatures (>M.P.)
 • It is hard to avoid interfacial reaction between reinforcement and metal
 matrix and formation of some detrimental phases
 • Critical control of processing parameters is necessary to obtain ideal
 solidified microstructure in surface layer
 • If processing of surface composite is carried out at temperatures below
 melting point of substrate, the problems mentioned above can be avoided
 • So FSP is the best suitable process for fabricating surface composites
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Fabrication of Surface Composites
 Particles to be incorporated was filled on the machined groove on the
 plates or thin layer of particles made over the plate by suitable
 technique and then it was processed by FSP
 Some of the reviewed systems and their hardness
 MICROHARDNESS HV
 SUBSTRATE SURFACE COMPOSITE
 A356 + 15 vol% SiC 88 171
 5083 + 27 vol% SiC 85 173
 AZ61 + 10 vol% nano-SiO2 60 105
 AZ31 + SiC 41 80
 AZ31 + MWCNT 41 78
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Microstructural Refinement Cast Al and Mg AlloysAl and Mg alloys are widely used to cast high-strength components
 in the aerospace and automobile industries because of their high
 strength with good casting characteristics
 Some of the mechanical properties of cast alloys, in particular
 ductility, toughness and fatigue resistance are limited by porosity,
 coarse dendrites, secondary phases and matrix grains
 Various modification and heat-treatment techniques have been
 developed to refine the microstructure, FSP has more advantages
 over them
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Al alloys (Al-Si-Mg(Cu))
 Addition of eutectic modifiers (Na, Sr, etc.) cannot eliminate the porosity
 effectively and redistribute the Si particles uniformly
 Friction Stir Processing (FSP)
 Break-up the coarse Si particles and disperse them into the matrix
 Break-up the coarse aluminum dendrites and refine the grain structure
 Break-up the coarse precipitates(Mg2Si(CuAl2)) and dissolve part or
 most of them into the matrix
 Eliminate the casting porosity
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Mg alloys (Mg-Al-Zn) As-cast structure is characterized by coarse α-Mg dendrites and a network-like
 eutectic β-Mg17Al12 phase along the grain boundaries
 Functions of FSP is to
 Refine and homogenize the microstructure
 Dissolve the β-phase into the magnesium matrix
 A Solution Treatment and an aging is used to modify the morphology and
 distribution of the β-phase to enhance the mechanical properties
 ST and Aging were time consuming, resulting in increased material cost,
 surface oxidation and grain coarsening
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Microstructural Refinement• From the table, it is clear that friction stir processing effective
 method to improves the mechanical properties of cast Al and Mg
 alloysMATERIAL CONDITION YS MPa UTS MPa E %
 A356 As-CastAs-FSP
 132140
 169238
 338
 AZ91 As-CastAs-FSP
 75140
 101248
 2.58.7
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SuperplasticitySuperplasticity, which is the capability of solid crystalline material to
 deform well beyond its usual breaking point, usually over 200% during
 tensile deformation in specific temperature region
 Super Plastic Forming (SPF) helps in creating very complex shapes from
 sheet materials at low deformation stresses and reducing both weight and
 forming costs
 Basic requirements necessary for achieving structural superplasticity are
 fine grain size, typically less than 15 µm.
 thermal stability of the fine microstructure at high temperatures
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Superplasticity In FSP, the combination of large plastic strain and temperature results in
 recrystallized smaller grains and break-up of constituent particles , it is likely to
 generate more nucleation sites
 FSP creates microstructure containing fine grains with large grain boundary
 misorientations
 Finer constituent particles lead to lower cavitations, thus increasing superplastic
 elongation
 FSP can be performed in the selected regions to impart superplastic properties
 locally. No need of going for high cost conventional superplastic forming
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Superplasticity ALLOY CONDITION GRAIN SIZE
 μmTEMP
 °CSTRAIN RATE s-1
 ELONGATION%
 A356 As-cast + FSP 3.0 530 1 x 10-3 650
 7075 As-rolled + FSP 7.0 500 3 x 10-3 1040
 Al-4Mg-1Zr As-extruded + FSP
 1.5 520 1 x 10-1 1280
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ConclusionsFriction Stir Processing is the effective technique (by locally alters
 the microstructure )
 To produce surface composites
 To improve mechanical properties of cast light alloys
 To incorporate Superplasticity
 Future studies in this field includes material flow, tool geometry
 design, tool wear and microstructural stability
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A356 As-cast microstructure FSP
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AZ91 As-cast microstructure FSP
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5083 Si-0.40, Fe-0.40, Cu-0.10, Mn-0.40-1.0, Mg-4.0-4.9, Cr-0.05-0.25, Zn-0.25,
 Ti- 0.15
 7075 Si-0.40, Fe-0.50, Cu-1.2-2.0, Mn-0.30, Mg-2.1-2.9, Cr-0.18-0.28, Zn-5.1-6.1,
 Ti-0.20
 A356 Si-7.0, Fe-0.20, Cu-0.2, Mn-0.10, Mg-0.35, Zn-0.1
 AZ31 Al-3.0, Mn-0.45, Zn-1.0
 AZ61 Al-6.5, Mn-0.3, Zn-1.0
 AZ91 Al-9.0, Mn-0.2, Zn-0.6
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