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Abstract : High strengthto-weight ratio, light weight and various thermal, mechanical and recycling properties makes
aluminum alloys an ideal choice for various industrial applications in sectors as variadrasautics, automotive, beverage
containers, constructinand energy transportation. Due to the rapid injection of molten aluminum into metal moulds under high
pressure, casting defects and an abnormal structure, such as cold flake, are easily formed in the base metal. These defects
significantly degrade the mkanical properties of the base metal. In order to satisfy the recent demands of advanced
engineering applications, Aluminum matrix composites (AMCs) have emerged as a promising altekhatimum matrix
composites (AMCs) are light weight high performamluminum centric material systems which consist of a discrete constituent

(the reinforcement) which is distributed in a continuous phase (the matrix). Among the various metal matrix composites
manufacturing and forming methods, Friction Stir ProcesggP) has gained recent attention. Friction stir processing is a
solid-state microstructural modification technique which locally eliminates casting defects and refines microstructures resulting

in improved strength and ductility, increase resistance twosmn and fatigue, increase in hardness and formability. This

project aims at analyzing the microstructure, microhardness, tensile strength and wear properties of Al 6082/SiC composites
fabricated by single, double and triple passes via Friction Stic@ssing. The experiment was conducted on the Friction stir
welding / processing machine. Rotational speed, processing speed, axial force and tool pin profile were identified as the mai
parameters that influence the mechanical properties of the compb#eeffects of processing parameters on the mechanical
properties of composite were analyzed in detail. The ultimate tensile strength of the processed material came outrto be lesse
than the parent material and the results showed that with the increade inumber of passes, the tensile properties of
composites including ultimate tensile strength (UTS) and yield strength (YS) improved. A general trend for wear rate was
observed in which the wear rate decreased with the increase in the number of patisepfepared metal matrix composite.

The hardness results showed that the specimen with maximum number of passes showed maximum hardness with the average
value of 100HV whereas the parent material without any processing had an average of 60HV hardeeddimastructure

analysis revealed that as the number of passes increased, it produced a more homogeneous composition of the specimen due the
presence of fine and equiaxed grains.

Keywords: Microstructure, Microhardness, Tensile Strengtear, Al 6082SiC composites single
pass doublepass, triple pass Friction Stir Processinf-SP)

1. INTRODUCTION processing (FSP). It is promising process for the automotive
1.1 HISTORY and aerospace industries where new materials are developed to
improve resistare to wear, creep, and fatigue. Using this
Friction stir welding (FSW) was invented at The Weldinprocess, microstructural propertiespaiwder metabbjects can

Institute (TWI) of UK in 1991 as a solid state joining technigtbe improved and wrought microstructure can be introduced into
and it was initially employed to aluminum alloys. Friction stia cag component.

processing (FSP) is a new solid state technique whichtbses
principles of friction stir welding. Itocally eliminates casting 1.2 MOTIVATION AND OBJECTIVE

defects and refines microstructures resulting in improved

strength and ductility, increase resistance to corrosion angh Strengtio-weight ratio, light weight and various thermal,
fatigue, increase in hardness and formability. Metal matfiechanical and recycling properties makes aluminium alloys
compoites of base various base metals like aluminium, copp@f ideal choice for various industrial applications in sectors as

iron and nickel have been fabricated using friction si@fiéd as aeronauts, automotive, beverage containers,
construction and energy transportation. Due to the rapid
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injection of molten aluminium into metal moulds under high
pressure, casting defects and an abnormal structure, such as
cold flake, are easily formed in the basetal. These defects
significantly degrade the mechanical properties of the base
metal. In order to satisfy the recent demands of advanced
engineering applications, Aluminium matrix composites
(AMCs) have emerged as a promising alternatM@minium
matrix composites (AMCs) are light weight high performance
aluminium centric material systems which consist of a discrete
constituent (the reinforcement) which is distributed in a
continuous phase (the matrix). According to the different
industrial demans| properties of AMCs can be tailored by
appropriate fusion of matrix, reinforcement and processing
route.

The major advantages of AMCs in comparison to unreinforced . _ o _ .
materials are as follows: Figure 1: Motion of Tool in Friction Stir Processing[8]

w Increase in hardness o

® Reduced weight density At the_ beginning of the plunge phase, bp_th the tool anq the

@ Improved hightemperature properties WOI’kp.IeCQ are at ambient temperature. In!tlally, the workpiece
) ) material is too cold tdlow and the rubbing action creates

w Increase in wear resistance chipping as the tool is gradually inserted. Insertion rate

w Enhanced and tailored electrical performance determines the rate of temperature rise and extent of plasticity.

w Fine and equiaxed grains of the microstructure The process of tool insertion continues until the tool shoulder is

Superior combination of properties of AMC material systenii intimate contact with thevorkpiece surface. At this stage,
makes them unparallel in such a way that no existiffie entire tool shoulder and pin surface contribute to the
monolithic material can rival. AMCs have been used maffjctional heating and the force starts to drop as the metallic
structural, norstructural and functional applications inwvorkpiece reaches critical temperature for plastic flow. The
different engineering sectors. Better performance, econorfféating tool is sometimes intentidharetained at the same
and environmental benefits are the factors due to which AME@sition for short durations in the case of metals with higher
are gaining populay and replacing aluminium alloys. AMCsMelting point so as to reach the desired temperature required
are currently substituting monolithic materials includinépr plastic flow. This is known as the dwell phase and is
aluminium alloys, ferrous alloys, titanium alloys and polymdypically a fraction of the time required for ysige phase.
based composites in several applications worldwide. Typically, the plunge stage is programmed for controlled
plunge rate but it can be also done by controlling the force
Friction stir processing is a short rowsid stateprocessing applied on the tool along its rotation axis (i.e. force controlled
technique which includes one processing step that achiek&YV). Different combinations of displacement and force
microstructural refinement densification and homogeneity. ¢#@ntolled approach are possible. For a typical FSW run, the
this process, the material blends without going under any ph¥ggical force reaches a maximum value in this part of the run
transformation and creates a microstructure with,fequiaxed and this tends to be critical phase for the tool. Once the
grains. Tool design plays a crucial role in obtaining the desiré@rkpiece/tool interface is sufficiently heated up, the tool is

microstructure and mechanical properties of the composite. traversed alog the desired direction to accomplish joining.
This is the actual processing phase and can be performed under

(a) displacement controlled mode (where tool position with
1.3 THEORY respect to the workpiece surface is held constant) or (b) force
controlled mode (norniaforce applied by the tool to the

From the operational viewpoint, a friction stir processing ro#orkpiece is held constant). There are other modes such as

can be divided into three sytvocedure®r phases: power control, torque control, temperature control, etc., on

@ Plunge and Dwell advanced FSW machines available these days. The tool is

w Traverse finally retracted from the workpiece on thengpletion of the
process.

w Retract

Advantages of friction stir processing

The process advantages result from the fact thatFBe/
process takes place in the solid phase below the melting point
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of the materials to be joined. The benefits include the ability to Zinc (Zn) 0.0-0.20
join materials that are difficult to fusion weld, for example,  Titanium (Ti) 0.0-0.10
aluminium alloys, magnesium and copp€he process is alsp____Chromium (Cr) 0.0-0.25
suitable for automation and is adaptable for robot use. Other (Each) 0.0-0.05
Other advantages are as follows: Aluminium (Al) Balance
Low distortion and shrinkage, even in longldge .
. . . . Properties:
Excellent mechanical properties in fatigue, tensile a ble 2: Physical Properties of Aluminium 6082
bend tests Physical Property Value
No-are Or. fumes Density Density 2.70 g/cm?
No porosity Melting Point 555 °C
No spatter Thermal Expansion 24 x106 /K
Can operate in all positions Modulus of Elasticity 70 GPa
Energy efficient Thermal Conductivity 180 W/m.K
One tool can typically be used for up to 1000m of weld Electrical Resistivity 0.038x166 ¢

=A =4 =4 -4 -4 =4

= =4

length in 6XXX series aluminium alloys
No filler wire required
No gas shielding for welding aluminium

Mechanical Properties for 6mm plate:
Table 3: Mechanical Properties of Aluminium 6082

Some tolerance to imperfect weld preparatiotisn oxide Property Value
layers can be accepted Proof Stress 255 MPa
. . L _ i Tensile Strength 300 MPa
No grinding, brushing or pickling required in mass Elongation A50 mm 9 Min %
production Hardness Brinell 91 HB

Can weld aluminium and copper o75mm thickness in
one pass.

SIC/SiC matrix composite is a particular type ofteramic

Aluminium alloy 6082 is a medium strength alloy withmatrix composite (CMC) which have been accumulating
excellent corrosion resistance. It has the highest strength ofifierest mainly as high temperature materials for use in
6000 series alloys. Alloy 6082 is known as a structural alloy. ##plications such as gas turbines, as an alternative to
plate form, 6082 is the alloy most comnpnused for Metallialloys CMCs are generally a system miterialsthat
machining. As a relatively new alloy, the higher strength 8feé made up of ceramic fibers or particles that lie @r@mic
6082 has seen it replace 6061 in many applications. TRatrix phase. In this case, a SiC/SiC composite is made by
addition of a large amount of manganese controls the grBaving a SiC gilicon carbid¢ matrix phase and a fiber phase
structure which in turn results in a stronger alloy.

Applications:

eEegegegeee

Highly stressed applications
Trusses

Bridges

Cranes

Transport applications

Beer barrels

Chemical Composition:
Table 1: Chemical Composition of Aluminium 6082

Chemical Element % Present
Manganese (Mn) 0.40- 1.00
Iron (Fe) 0.0- 0.50
Magnesium (Mg) 0.60- 1.20
Silicon (Si) 0.70- 1.30
Copper (Cu) 0.0-0.10

incorporated together by different processing methods.
Outstanding properties of SiC/SiC composites include high
thermal mechanica] and chemical stability while also
providing high strength taveight ratio

Thermal properties of SC:

SiC composites have a relatively high thermal conductivity and
can operate at very high temperatures due to their inherently
high creep and oxidation resistance. Residual porosity and
stoichiometry of the material can vary its thermal conductivity,
with increasing porosity leading to lower thermal conductivity
and presence of ®)-C phase also leading to lower thermal
conductivity. In general, a typical well processed SiC/SiC
composite can achieve a thermal conductivity of around 30
W/m-K at 1000 Celsis.

Chemical properties of SiC:

Since SiC/SiC composites are generally sought for in high
temperature applications, their oxidation resistance is of high
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importance. The oxidation mechanism for SiC/SiC composites Wear rate would decrease with the increase in the number

vary depending on the temperature rangéh wperation in the of passes.

thr:gher ttelzmperatture rar][ge (>1<0§)%Obel'”9thm°][e beneficial ¢, Microstructure analysis would reveal that as the number of
an at lower temperatures ( ). In the former case, passes increase, it will produce a more homogeneous

passive oxidation generates a protective oxide layer whereas in . h , hich d b i b
the latter case, oxidation degrades the fibetrix interface. composition of the specimen which would be evident by

Nonetheless, oxidation is an issue and environmental barrier the presence of eqaxed grains.
coatings are being investigated to address this issue.

2. LITERATURE REVIEW

14 PROBLEM STATEMENT AND EXPECTED For better understanding of the Fricti@tir Processing on
dUTCOME: copper and aluminum and in order to gain expertise in the

operation of the Friction Stir Welding machine, extensive as
well as exhaustive research was carried out. The following text
is a review of 22 research papers relevant to thigestiblrhey
@ Analyzing the microstructure, microhardness, tensifgscuss the var!ous paral_'ngters a}nd modes_ of processing/tes.ting.
.eThese papers involve friction stir processing of 2 metals viz.
. i ) _ N Zuminum and copper. A powdered filler material is introduced
fabricated by single, double and triplagses via Friction jhig the base metal (aluminum/copper) and processedder o
Stir Processing. to obtain a metal matrix composite material. Then these
w Determining the main parameters that influence tl®mposites were tested upon by varying different parameters
mechanical properties of the Al 6082/SiC composite. ~ such as number of passes, speed of spindle (rpm), axial load

w Performing the UltimateTensile Strength test on UTM, (kgf), feed rate (m/s), etc.

analyzing the stre_ss_tram graphs and_ loazlongation Aithough friction stir processing was the thed chosen for the
graphs and d_etermlnmg_ the effect of different number B ocessing of copper and aluminum specimens prepared by us,
passes on ultimate tensile strength. the readers are hereby informed that the papers relating to
w Determining the Vickers Microhardness of all thériction stir welding were analyzed as well for the sake of the
specimens, observing the eft of different number ofr epor t 6s di stinction and to e

passes on microhardness and comparing the results of all )
the specimens. The first research paper we studied was prepared by A.

w Calculating the wear rate and coefficient of friction of aWeidarzath etal. [1] of thg Sahand universit_y pf Tec;hnology,
) _ _ i an regarding the mechanical properties of friction stir welded
the specimens by conducting Wear TestRinon-DIiSC e copper joints. A number of parameters are available for
Wear Testing Machinedetermining the maiparameters manipulation inthe friction stir processing/welding machine
that influence wear rate and coefficient of friction andnd they decided to vary the rotational speed, welding speed
comparing the results of all the specimens. and the axial force. Since analysis forms the base of the

® Analyzing the microstructure of all the specimens kguthenticity of study, variance was used as a model for the
performing  Scanning Electron  Microscopy tes ame. Response s_urface mthogpI(RS.M) which is used n.

o . is research work is a collection of statistical and mathematical

dgtermmmg the effect of.dlfferent numbe‘rgasses onthe nethods that are useful for modeling and analyzing engineering

microstructure of a specimen and comparing the resultsghplems. In this technique, the main objective is to optimize

This paper aims at

all the specimens. the response surface that is influedcby various process
parameters. To avoid performing a number of operations with
Expected Outcome: no use in the results and tediousness, design expert software
w Tensile stre-ngth of the parent material would be more t%ﬁﬁ:ﬁ L:itr én;((): clsespetag)l edgglgecéw%(gtﬁgé (;/ alz:aﬂﬁ]réiig]geagamgters
the composite. similarity in the techniques put into use by these researchers
w Tensile strength would increase with the increase in thth the methodology employed by us. It seems treading
number of pases. toward the same path of brilliance requires the same set of
w Microhardness would increase with addition of SiC. abilities and a specific set of mind which both of our groups

w Microhardness would increase with the increase in t”@ researchers n I.ran and we, the _stude_nts of Delhi
number of passes Technological University followed. Many investigators have

_ studied the effect of FSW process parameters on metallurgical
@ Maximum wear rate would be observed for the base metgly mechanical properties of aluminum alloy joints, however
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investigations into ta FSW of copper and copper alloys i®f graphite are proded with 1, 2, 3 and 4 passes each. Wear
quite limited. Thus this research work forayed into a zomates were measured along standard lines and procedures.
which was until now not sought by many researchers. On analyzing the micrographs it was found that the composites
produced by square and triangular pins have been totally
When the welding parameters were increased, tensile stremigipersed in the mix whereas ones preduby straight and
of the joints increased to the maximum val@e. increasing the tapered cylindrical objects had the particles aggregated in the
rotational speed and axial force, the elongation percent of temtre. On a more careful observation, it is found that better
joints appeared to be increased, however, as the welding sphstibution is reached by a tool using triangular pin. Also, the
increased, the elongation percent of the joints, predictaktpefficient of friction is highest at the mge and decreases as
decreased. Also, when the rotational speed andl darce we go away.
increased, hardness of the joints decreased but an increas®ize of the largest cluster and average size increased as the
the welding speed resulted in an increase in the hardness ofgthghite concentration increased. Due to the good lubrication
said joints. In addition, it was observed that a higher ductiliproperties of graphite the coefficient of friction decreases. The
fracture mode was revealed on the joints at higbaditions of vanderwall forces in graphitedd to low shear strength which
input. leads to sliding of planes across each other. Also, wear does not
occur in counterparts because of the low hardness of graphite.
After a study conducted by Kovacik, it was reported that the
particle size and spatial distritton of the graphite influence
the friction coefficient of graphite. Friction coefficient first
decreases and remains constant even after the graphite volume
remains constant. Shear strength of the area near the surface
and friction coefficient remains cetant throughout.
There are high characteristics of adhesive wear because of high
amount of plastic deformation present in the system.
Imperfections such as micro cracks and cavities are formed on
the surface. Presence of a plate like debris confirms the
delamination wear. The size of the debris decreases with the
increase in the graphic content. Adhesive wear generally is very
less and often goes unnoticed during the analysis because of
norrsmearing of graphite particles in the early stages of sliding.
On careful analysis of the SEM image, we find that Increase in
graphite content results in the increase in the delamination wear
and increase in the adhesive wear. Pores quantity also increase
with the increase in the graphite content.

H. R. Akramifardet al. [3] of Iran, along with his associates
) i ) ..., Studied the microstructure and mechanical properties of the
Figure 2: (a) Square tool pin profile and (b) Sample of visiblg;, sic composites fabricated using the technique of FSP.

defectiree welded joints [1] Optical microscope (OM) and scanning electron microscope

. . (SFM) were put into use for the sy of microstructure. Pure
The research carried out by Sarmadi et al. [2] on FSP @ gheets were reinforced with 25 pm SiC particles to fabricate

coppergraphite surfaces point out that most of the aluminum o mpositesurface layer by friction stir processing (FSP). In
alloyed and coppealloyed contain a soft phase like lead. B ey 1o improve distribution of reinforcing SiCparticles, a net
due to its harmful effects on the environment and restrictiof\sy,qjes were designed by drill oretsurface of pure Cu sheet.

on its human usage, the researchers have been made to ex ABrkpiece with dimensions 100mmx70mmx5mm was used
new materials with similar tribological properties. One materigl 1o base metal. As usual the surface is cleaned by acetone
found to have similaproperties is graphite. It is found at ﬁrsbe_fore processing.

that the friction and wear rate decreases after reaching a ceqait}qstructuralobservation confirmed fine and equiaxgrdins

concentration limit but it becomes independent after that. ThYS the stir zone (SZ) and showed that SiC particles act

it was formulated that the material wear at high tempera“éf&eterogeneous nucleation sites in the dynamic
gﬁts reduced bydaling graphite to the Copper and aluminumyqystallization of Cu grains. Moreover, agglomeration of
alloys. articles was not observed and fine particles had a good

To create an FSP specimen, a milling machine is used. Y& inution in SZ. In the BM micrographs, porosities were
specimen is isolated due to high heat transfer coefficient fiacted as microstructure defects.

copper and low friction coefficient of used material. Specimens
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workpiece were assumed constant throughout. The tool was

i 808 poslicios meshed with size 0.05mm being considered as rigid. All
P elements used were-3 tetrahedral elements. All the free
” // surfeces of the workpiece are surrounded by ambient
£5 conditions.
The metal joining process was obtained by first softening the
material, stirring and the complete forging of the rotary tool.
Effective plastic strain distributions were carried out in
transverse rad longitudinal section of the weld. The transverse
Figure 3: Travelling and rotational movement of pin and sectio_n of plast!c is observe_d an.d it is found _that the strain

value is greater in the advancing side near the pin edge.

fabricati f i
abrication of Cu/SIC [3] It was observed that the temperature distributions were not

Microhardness measurements showed that surface hardﬁ¥§lmetr'c around the wuding lines and the maximum

was two times as high as that of substrate. fBtetional wear temperature is achieved behind the tool film. The plastic strain
: i ymmetric and its slope is higher on the advancing side. It

tests demonstrated that use of SiC particles enhanced Iso found that i . h di ial
resistance and increased average friction coefficient of pure ¥/@S /S0 found that increasing the transverse speed Is essentia

Results revealed that hardness was two times as high as microstructure hardness rathtban decreasing the rotational
original specimen and rotational wear tests demomstra peed. Thermal softening causes annealing softening because

improvement in wear resistance and an increase in dislocation structure disappears in the recovery of the

coefficient of friction. The XRD (xay diffraction) analysis '€crystallization processes.

showed the absence of any intermetallic compound in the . .
Cu/SiC composite. y P amad Pashazadeh et al. [5] of Iran carried out numerical

modeling for evalating hardness in friction stir welding of

Hamid Pashadeh et al. [4] carried out a research on GRPPer sheets. Hardness measurements and microstructural

invegigation of the mechanical, thermal and metallurgical ar?aalt:at_lonsf wle:rgwperformgclszoOnRéhS weldegj .speécm;ens. A
material flow characteristics from friction stir processin imulation for using was obtained. Some

welding of copper sheets with experimental verification. T §u_mptions were made for the sim_ulation whitiudes the_
welding process has become popular because opalution rigidity of the FSW tool and the backing plate, constant friction
mechanical propéies and low distortion " coefficient, fixed thermal properties of FSW tool and

rkpiece. FSW tool was assumed as rigid and meshed with

Chao and Qi introduced the concept of FSW into two boundfg 800 hedral el Th Ko deled
value problems. Finite Element Analysis was carried out gfi’ tetrahedra ee_ments. € workpiece was modeled as a
peature and strain rate dependent RVP (Riggto

inverse modeling and overall heat characteristics. It : . _ .
formulated that approximately 5% of the heat tramstbto the pastlc) material. Workpiece and tool meshes are schematically

tool and rest to the workpiece. As we compare copper wilifStrated in figure below. The copper sheets were also

aluminum for the FSC, copper has much more themg{ppared by the_ author hims_elf using Qie casting. After a
diffusivity. The schematic view of workpiece and tool is: number of operations like harging, hot rolling and annealing
etc, the sheets were cut as desired for the experiment. After

v : completing the butt welding using FSW, the sheets were tested
for microstructure and hardness.

Shoulder —_—
Advancing Side

-
- -
- -
-

Retreating Side

Pure Cu sheet

L

Figure 4: a) tool; b) workpiece [4]

The finite element analysis softwadb&EFORM-3D was used to Figure 5: Representation of tool and workpiece [3]

replicate the FSW process. Chemical characteristics of the

_________________________________________________________________________________________________________________________________________________________________|
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A 3D Arbitrary Lagrangian Eulerian (ALE) numerical modeEffectively, low heat input conditions difficult either the
was developed to obtain hardness values. The values of bo#terial flow during processing and grain coarsening after
through experiment and numerical modeling were comparegnamic recrystallization. thermore, the figures also show
To maintain consistency, the dimensions of the workpietbat the S samples displayed the finest microstructure between
material properties, welding cditions and boundary all the processing conditions. The C1 sample processed at 1000
conditions used were the same. Numerical results for hardmesgmin are all in evematch relative to the base material,
values showed good agreement with recorded experimemthich can be related to the occurce of strong annealing
data. Experimental results suggested that with an increasairider hotter processing conditions, which, despite the
translational speed the size of grains reduces, andconstant refinement of the grain structure, resulted in a -non
rotational speed with a decrease in grain size weld strengtthancement of the mechanical properties relative to the base
increases. Hardness in the nugget zone is higher than thanhaterial.
HAZ and TMAZ, and a range of maximum hardness is located
around the centre of weld, whereas outside of this regidbhe intense plastic deformation of the processedenmiad
hardnes reduces slightly in TMAZ and HAZ, and then movingrovided by this geometry, resulted in an adequate metal flow
towards base metal rises sharply. and in a significant grain refinement, which gave rise to an
important hardness increase independently of the processing
Galvao et al. [6] conducted the research on influence pharameters in use. For the same processing conditions, the use
parameters on mechanical enhancement of ceppd# by of a conical tool made the window of sound processing
FSP. The influence of the overall processing conditions waarameters significantly narrower, since in most of the
analyzed for microstructure and mechanical properties. Duectmmditions tested a good compromise between structural
its good thermal conductivitypoor wear and fatigue resistancesoundness and mechanical properties enhancement was not
low mechanical strength and conductivity, copper has beadrtained. In bulk processing, soun&H conditions were not
neglected for use in the industry. The complex thermochemiaahieved in this study.
phenomena developed inside a stirred volume promote strong
microstructural modifications. From the College of Engineering, University of Tehran, Iran,
1mm and 3m thick copper plates were used and processklbhsen Barmouz et al. [7] evaluated the microstructure,
with the objective of analyzing the different properties of thgorosity, mechanical and electrical behaviour of Cu/SiC
structure. Imm plate was used to simulate surface processicgmposites fabricated by multipleagses of friction stir
and 3 mm plate was used to simulate bulk processing. The p&#tessing. A copper plate of size (130mmx 65mmx6mm) was
tool characteristics we used in C1, C3 and S1 series. used in which a groove of dimensions (1mmx1.2mm) was cut
The samples were prepared according to the metallograghithe middle and SiC particles of size 5um were compressed
practiced and etched in order to promote microstructurato it. Then standard sample were obtained from processed
organization. Visual investigation revealed the formation pfate to perform microstructural analysis, hardness test and
more or less refined grained structures. passible to see thetensile test. Friction performances of specimens were
structure under the colder processing conditions. Although exaluatedthrough a pion-disk test machine.Xay analysis was
major deformation and discontinuities were found under hotterried out using an Xay diffractometer. Also the porosity
conditions, but grain refinement was less plausible. contents of diffeent samples with 1,4 and 8 pass FSP were
The material discontinuities were witnessed at the middigamined.
which corresponds to the pin and shoulder driven flows. Siritevas found out that as the number of passes increased the
these types of discontinuities are not observed when procesgiogsity content were reduced. This phenomenon could
under hotter conditions, it can be attributed to insufficiebeattributed to the improvement of the interfacial bonding
plasticization of the material under these conditions. Upbetweenthe copper matrix and Sp@rticles.The grain size of
observatn the most refined microstructures corresponds to tthe copper matrix is remarkably reduced byincreasing FSP
S1 series and coarsest material corresponds to the C3 seriepasses. Pure copper exhibits large fluctuations in the friction
coefficient. However for 1, 4 and 8 passes the trend for friction
For the same tool rotational speed, no significant differencesoefficient becomes more uniform. It wésund out that the
GS were depicted by changing the traverse speed. On the difietion coefficient for 4 and 8 passes FSP were reduced greatly
hand, forthe C3 samples, important differences in GS wetken pure copper but for 1 pass FSP the friction coefficient was
depicted between the samples obtained under different traversater than that of pure copp&€m account of dispersion, the
speeds. Finally, for the 1 mm samples processed with ttedue of the coefficient of friction wasgmificantly reduced
scrolled tool (S1), no important differences in grain size wenéth the increase in the number of passes. The results revealed
obtained when changirthe process parameters. These sampkst as the number of passes were increased, an increase in the
displayed the smallest grain size among all the processatue of microhardness and tensile strength were encountered.
structures. Addition of SiC particles led to enhancemeuit electrical
resistivity of pure coppeiNegligible difference in the electrical
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resistance properties of 1, 4 and 8 passes FSP specimens was
identified as well.
A U NG e

20 mm 0 mm

@12 mm

Figure 7: Shape of sample used for tests [8]

There seems to be two distinct reasons for grain size variation:

1 Heat input that causes annealing which increases the
grain size.

1 Continuous dynamic recrystallization due to the
stirring action of the tool pin which creates new
nucleation sites leading to reduction of the grain size.

It can be seen that in the specimens FSPed with SiC particles,
the pinning effect of SIC particles gives riseitopede grain
growth and consequently the grain size becomes smaller than
those FSPed without SiC particles. But for these specimens,
higher traverse speeds lead to larger grain size. This may be
due to the uniform dispersion of SiC particles in lowerdrae
speeds.

Microhardness behavior of the specimens FSPed with and
without SiC particles is shown in. It can be seen that
reference pure copper,i(td) 1P, £ and 8P, respectively [7] microhardness values in the side regions of SZ have been
reduced because of anneatinguced grain growth. On one
The research carried out by Mohsen Barmouz et al. [8] on ﬁ?é"d' |n”.the_SZst|Lr_|nrg]; action of tr?e pin Iea(_js to ahdynamlch
role of processing Cu/SiC metal matrix composites. Cu/S%ECWSta. Ization ‘whic redl_Jces the grain size, enhances the
metal matrix composites, because of their excellent electri éﬁlocatlons and eventually improves the microhardness values.
T < e saem Hear 47 Specinens FSpec wih SIC parices show ghermicroharcess
research. Cu/SiC composites have shown a great potential t adges In comparison W|tthqse_ FSPed without SiC particles.
% could be due to the pinning effect and presence of hard

an intere_:sting model syste_:m for research studies,_although ﬂgll particles. It implies that higher traverse speed causes
composites have applications. in the field of weldirecbdes hering of SIC particles and thus reduction of the pinning

and electrical contacts. Cu/SiC composites have also fo 1ot of SIC particles which resulis lower increment of the
applications in Electrical Discharge Machining (EDM). These ohardr:esg vallues whi u wert

composites have been prepared by powder sintering, squé@%
casting, composite electroforming technology and sinteri

under ulte-high pressure. L}%nsne tests were performed at room temperature (20 °C) in

order to determine the tensile properties including vyield

: . ength, ultimate strength and elongation of the specimens
I1n3émsmsfggél[hth(%rr?ﬁ;es%tﬁszgdwgﬁq:,‘] ?rl:rci: :spspelrn p(l)?éeer@gPed with and without SiC gicles at rotational and traverse
produce surface composite IS%E%%OJ 9300 rpmeand éorﬁm.n/g“n' ggg %elseteri] t@a} yéel anqN(

contrived in a groove with the dimensions of 1mmx1.2mm te strgn’gth 0 the specimen without SIC particles
the nmiddle of the specimens. Then, the SIC particles we 8creased in comparison with pure copper. It was also observed

compressed into the groove and the upper surface of the grotg\% elongation of this speciménabout thrice that of the pure

was closed with a FSkke tool without pin to prevent copper. According to the mentioned results in microhardness

: : : behavior, this phenomenon could be because of remarkable
?huép?ouc:;ngyoiﬁgepis,:cinﬁ;ﬁglepﬁétzh?opesﬁ rrsi%g?h\gagzp I:ﬂ%‘ﬁﬁnealing softening which occurred during FSP. The fracture
producing the composite. surface appearance of the pure copper inclibiessoids and

dimples which demonstrates the ductile fracture. There are also
larger dimples on the fracture surface of the specimen FSPed
without SiC particles which indicates more intense ductile
fracture.
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In 2013 a research paper was published by . &fwl. [9] and hardness distribution throughout the whole processed zone.
associates from China trying to achieve bulk ultrafine grainétigh yield strength of ~310 MPa and a uniform elongation of
Cu via friction stir processing. Ultrafine grained (UFG) and13% were achieved in the bulk FSP UFG Cu. This study
nanostructure (NS) materials are of great importance becauspro¥ides an effective strategy to prepare laagea bulk FG

their enhanced strength and hardness. However thateials materials.

exhibit low tensile ductility at ambient temperature, the plastic

instability with little or no strain hardening (dislocation storagdjhe research carried out by R.Sathishkumar et al. [10] on role
capacity, and low resistance to crack initiation and propagatiofifriction stir processing on microstructure and microhardness
Preparing such materials by simple processmnethods like of Boron Carbide particulate reinforced copper surface
high pressure torsion (HPT) and dynamic plastic deformatioamposites. It was found that the typical crown appearahce
(DPD) do not overcome the limitations mentioned aboviiction stir processed copper with B4C particles is shown in
Friction stir processing (FSP) involves severe plasfigure. The crown presents a smooth appearance without
deformation and can also produce ultrafine grainelbpressions or prominences. Semicircular features similar to
microstructures. Remtly UFG microstructures in Al, Mg, Cuthose formed during the conventional milling process are seen.
alloys and steel have been prepared by using FSP. The selectedprocess parameters are sufficient to produce
In this study, Epass overlapping FSP was performed on defectfree crown. The process parameters were selected based
commercially pure copper plate. Also the effect of transitian trial experiments. Some of the defects encountered in trail
zone (TZ) on the microstructural evolution and mechanioskperiments such as rough surface induced by insufficient
properties of the bulk material was overviewed. Commerciajiastic flow, tool draggingincomplete bonding and cracks are
pure Cu (~99.9%) lpte, 5 mm in thickness, 300 mm in lengtldisplayed. It is essential to obtain a smooth crown appearance
and 100 mm in width, was used in this study, and the rotatimwing to the fact that each surface irregularity in the crown
tool was made of hedteated tool steel (M42)Two different leads to other kind of internal defects in the surface composite.
FSP schemes were followed: singlass, and fpass with half
of the pin diameter overlappy, as schematically shown in
figure:

o

Figure 9: Crown éppearanoef FSP using B4C particles [10]

Figure 8: Schematic illustrations of thepass overlapping
FSP process and the tensile specimen [9]

Largearea bulk UFG pure Cu was successfully prepared by
multiple-pass FSP with 50% overlapping at a tool rotatiate

of 400r/min and a traverse speed of 50 mm/min. Additional
cooling by flowing water was also used. Microstructure
analysis was carried out using optical microscope and electron
backscatter diffraction (EBSD). Hardness and tensile tests were
also peformed. It was concluded that the overlapping FSP did
not had a significant effect on the microstructure and
mechanical properties of the FSP ultrafine grained (UFG)
copper. Very weak softening occurred in the TZ of the Figure 10: Defects in trial specimens [10]
multiple-pass FSP UFG Cu, resulting a relatively uniform
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The area of the surface composite was significantly influenadnx10 mm were extracted from the friction stir processed
by the selected process parameters. The area of the sunféates to evaluate microstructure and micro hardness.
composite increased when tool rotational speed was increased
due to increase in frictional heat generation. The area of the
surface omposite reduced when processing speed was
increased because of reduction in frictional heat generation.
The area of the surface composite reduced when groove width
was increased due to increase in flow stress of plastized copper.
The distribution of B4C articles in the surface composites was
influenced by tool rotational speed and processing speed.
Lower tool rotational speed and higher processing speed
resulted in poor distribution of B4C particles and vice versa.
The increase in groove width did notexft the distribution of
B4C particles in a significant manner. The B4C particles
refined the grains of copper because of its pinning effect. The
interface between B4C particles and copper matrix was clean
without the presence of any voids or reaction poteluThe
absence of porosity can be attributed to good wettability
between copper and B4C particles and sufficient flow of
plasticized copper during FSP at the selected process
parameters.

In 2013, a research paper was published by R. SathiskumagFgfure 11: SEM micrographs of ceramic powders; (a) SiC, (b)
al. [11] of Coimbatore Institute of Technology, India regarding TiC, (c) BC, (d WC and (e) ADs. [11]
prediction of mechanical and wears properties of copper
surface composites fabricated using friction stir processing.The increase in tool rotational speed increases the amount of
number of parameters are available for manipulation in thRisticized copper. Therefore, the area of the surface of the
friction stir pro@ssing/welding machine and they decided bmposite increases with the tool rotational speed. Wear rate of
vary the tool rotational speed (N), traverse speed (S), gro@vgface composite increases when thetimial speed increases
width (W) and types of ceramic particles (C) such as SiC, Ti€g0 to 1200 rpm. It is well known that the wear rate is inversely
B.C, WC and AJO; They considered the copper matriproportional to micro hardness in metal matrix composites.
composites (CMCs) because it haslwmechanical, thermal The effects of tool traverse speed: the area of surface
and tribological properties. composites decreases when the traverse speed sesré@m
CMCs have variety of applications and used where good wearmm/min to 60 mm/min. When traverse speed increases, the
resistance without loss of thermal and electrical conductivity @fsiding time of the frictional heat is decreases. Homogeneous
the matrix is needed. They studied various aspects of the Ffdtribution of particles is observed in the surface composite
process on théormation of Cu/SiC surface composites. Thejapricated at 20 mm/min. Micro hardness of the surface
showed that higher processing speed led to poor distributioncgfposie increases when the traverse speed increases. Wear
SiC particles and vice versa. The size of the SiC particlgge of the surface composite decreases when the traverse speed
substantially influenced the grain size and wear rate of CU/%reages_ The effect of groove width: the area of surface
surface composite. Ondreasing the number of passes the siggmposite decreases when the groove width increases from 0
of the SiC particles and grain size of copper goes decreasii{hs to 1.4 mm. Micro &rdness of the surface composite
and improved the dispersion and separation of SiC particles fhi€eases when the groove width increases. Wear rate of the
to the longer processing time and severe stirring action in Hifface composite decreases when the groove width increases.
stir zone. The tool pin pfile also contributed to the formationa|l those process parameters and type of ceramic particle
of Cu/SiC surface CompOSite. A Straight Cylindrical pln prOf”ﬁ]ﬂuenced the micro hardness and wear mftethe surface
prOduced a uniform distribution of SiC partiCleS and finer gra&bmposite. The types of ceramic partide did not make a
size in the stir zone, increased hardness and wear reSiSt@[g.}ﬂﬁcant variation in the area of the surface Composite.
compared to the square npiprofile. Commercially, copper
plates are available of 100 mm length, 50 mm width and 6 nifom prediction of mechanical and wears properties of copper
thickness used by them. A groove was made in the middlesgfface composites fabricated using friction stir processing we
the plate using wire EDM and compacted with five differemove on to the another paper of the R. Sathiskumar et al.[12],
ceramic particles such as SiC (~8um), TiC (F9U B,C regarding characterization of boron carbide particulate
(~4pm), WC (~5pm) and AD;z (~10um). Specimen of size 50reinforced in situ copper surface composites synthesized using
friction stir processing.
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By knowing the fact from the previous studizat Boron generation of frictional heat, stirring and plasticized material
Carbide exhibits maximum hardness and minimum wear tth@w across the friction stir processed zone.

effect of BC particles and its volume fraction onCu/B,C surface composite demonstrated a reduction in the
microstructure and wears behaviour is investigated. Theerage grain size. The average grain size of copper in the
volume fractions considered of the analysis are 0, 6, 12, 18 andace composite is 13um @tvol. % and 2um at 24 vol. %.
24%. The parameterssed for FSP are: rotation speed of tool Barticles retain the original size without undergoing
1000 rpm, feed or traverse speed is 40mm/min, and a load ofrB@mentation during FSP. Wear rate decreased when the
KN. Optical microscope and scanning electron microscopevidume fraction of BC particles is increased. The wear rate
used to study micro hardness and-pirdisk apparatus is usedwas found to be 248xTOmm*m at 0 vol. % and 174x10

for wear analysis. Result®f the analysis were that onmm*m at 24 vol. %. The wear mode changed from micro
increasing the volume fraction the micro hardness of thetting to abrasive wear when the volume fraction was
composite material increases whereas its wear rate decreaseseased.

Mode of wear also changed from micro cutting to abrasive type

of wear. The size of the wear debris alsordased as the Further we move on to University of Michigan; engineering
consequence of increasing volume fraction. The theoretical amstitute located in the United States where S.Mukherjee et
actual volume fractions of & particles were calculated usingal.[13], publishe paper on friction stir processing of direct

the following expressions: metal deposited coppaickel 70/30.DMD (Direct Metal
Theoretical volume fraction (¥ = (Area of groove/projected Deposited) has wide applications in complex and expensive
area of tool pin) x100 components such as navy weapon systems and equipment.
Actud volume fraction () = (Area of groove/Area of surfaceHowever it is often limited by porosity, aking, residual stress
composite)x100 and solute segregatiomhe dimensions of the workpiece were
Area of groove = Groove width x Groove depth chosen as 125mm X 101.6mm X 12.7mm. Tungsten alloy tool
Projected area of tool pin = Pin diameter x Pin length. was used with scrolled shoulder and scrolled pin.

The sliding wear behavior of Cu/8 surface composites wasMicrostructure was analysed by using electron microscopy and
measured using a pin-disk wear apparatus (DUCOM TR20 single as well as multi passes were used. The parameters used
LE) at room temperature according to ASTM @39 standard. to do FSP were as follows: Tool rotation speed was 1200rpm,
Cu/B,C pins of size 3mmx 5mmx 20mm were prepared frofeed rate were 12.7 mm/min, 25.4mm/min, and 50.8mm/min,

the FSP zone by wire EDM. tilt angle provided was 3 degrees. It was observed that the FSP
leads to finer andequiaxed grain as compared to the parent
(@) (b) material. Porosity is also decreased as a result of FSP.
Corrosion rate and Yield Strength increases whereas Ductility
decreases.

From the University of Michigan we move on to University of
Tabriz located in Iranwhere Salar Sarahi et al. [14], published
paper on fracture mechanism in friction stir processed annealed
pure copper samples.

Figure 12: FSP procedure to fabricate surface composite: (a)

cutting a groove, (byompacting the groove with ceramic

particles, (c) processing using a pin less tool and (d)
processing using a tool with pin. [12]

Figure 13: (a) Process illustration and tensile test specimen (b)
Macrostructure of Cu/fC surface composites: when the High carbon steel cylindrical tool applied for FSP (c) Defect
volume of the BC particles was increased, the area of the free-sample. [14]

surface corposite decreased.

Microstructure of Cu/BC surface composites: The number dfurthermore study on FSP using copper is done for
particles increases as well as the spacing between partifiegstigation of fracture mechanism. The pure copper plates of
reduces when the volume fraction increased. The unifothickness 5 mm are used for the experiment. The tool used is
distribution of BC particles can be attributed to adequaidade of high carbon steel and have cylindrical shoulder with
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14 mm diameter and a pin length of 4mm. The FSP parametnd tightened. There are two examination methods in
are varying in this study and copper plate is processed to 4 metallography, Macroscopy and Maiscopy. In Macroscopy
of its depth. The feed varies from-400 mm/min and the tool the examination of the structural characteristics or chemical
rpm varies from 30@00 rpm. It was observed that at low tootharacteristics of a metal or an alloy is done by the unaided eye
rotation peed, the ductility was low due to the formation adr with the aid of a low power microscope or binocular, usually
cracks and generation of cavities and at high tool rotation speeder 10x. In microscopy similar examirat is done with the
the ductility was high because of the absence of defegrepared metal specimens, employing magnifications with the
Fracture mechanism of the FSP copper was found to be pumgtical microscope of from 100x to as high as 2000x.
ductile and it was lao observed that on increasing feed @®esultsshovedthagrainsizeoffabricatedcompogereducesandth
constant tool rotation speed the ductility will increase. Graatincompaison to base metal micro-hardness of friction stir
size is controlled by heat input and cavity formation decreageecessedcompostes in stir zone has incressed. Using FSP
with higher plastic deformation, produced by tool. Due feads to more homogenous distribution of particles in surface of
incapability of becoming thino a point most of tensile testcomposite. It was also noted that in order to produce more heat
specimens had limited elongation. Ductility is controlled bgnd avoid wasting produced heat, rotating speed and transverse
cavity formation during process. speed Bould be chosen high and low respectively and
specimens should be isolated. Using tool with threaded pin
Now we move on to Shahid Rajaee Teacher Trainitgpds to better distribution of particle rather than other tools
University from University of Tabriz, located in Iran, wheravhich were because of flow pattern of materials against this
Bahram A.Khiyavi ¢ al. [15], published paper on effects oriool. Results obtaired aso indicated that selected FSP
friction stir processing on mechanical properties of surfaperametrs significantly affect area of suface composte by
composite of Cu reinforced with Cr particles. distribution of material particles.
Main aim of study was to produce copper reinforced metal
matrix composite using micron sized chromium e using Another paper of V. Jeganathan Arulmonil7], investigates
friction stir processing in order to studying effects of adding @xperimentally friction stir processedcopper and enhancement
particles to copper based matrix by FSP. In the experimenbfimechanical properties of composte material graphite. Effect
was observed that material used was a pure copper plate witHfriction stir processing (FSP) parame&rs such as tool
100 mm length, 70 mm width and 6 mm thickness. Cylgari rotational speed, processing e, axial load, groovewidth and
pin tool with a concave shoulder used as tool that made of hdgpth, investgated change in microstructure microhardness,
working steel with shoulder diameterl2mm , square piensile strength and wear resistance The results showed that
diameter 5mm and length 2.5 mm. Shoulder concavity wastbeé grain size of fabricated composite reduce, also it is
between edge of shoulder and pin. Three traverse speeds ofndlicated that in comparison to base copper micro hardness of
80, 160 mm/minwith constant rotational speed of 160G-SPed composites in stir zone (SZ) increase significantly. The
mm/min were used. FSP tool was titled by an angle m#sults indicate thathe selected FSP parameters significantly
1.5°.Results showed that grain size of fabricated compositluence the area of surface composite, distribution of material
reduced. Also it is indicated that in comparison to base copparticles and micro hardness of the surface composites. Higher
micro hardness of FSPed composites tin zone (SZ) have tool rotational speed and lower processing speed produce an
been increased significantly. Results of wear test showed thatinellent distribution ofparticles and higher area of surface
comparison with specimen with traverse speed of 80 mm/miemposite due to higher frictional heat, increased stirring and
higher traverse speed of 160 mm/min increase wear ratemafterial transportation. Pure copper reinforced by SiC particles
cylindrical pins. shows a higher wear resistance in comparison with pure copper.
SiC particles on the suda of MMC layer produced by FSP
V. Jeganathan Arulmoni et al.,[16] investigates parameers reduce the fluctuations and enhance the average friction
affecting friction stir processedcopper and enhancement of coefficient slightly. Lower traverse speeds reduce grain size of
mechanical properties ofcomposte maeria. The machine used the specimens. FSPed with SiC particles in SZ because of
for Friction stir processing was a vertical milling machine ihigher level of separation of SiC particladigher traverse
which necessary adjustments were made to make it suitablesfugeds in the specimens FSPed with SiC particles reduce micro
use in friction stir processing .Proper job holding fixture wdsrdness values. Using tool with triangular pin leads to better
used which could hold a 150 X 74 x 5 mm platero 150 x 37 distribution of particle rather than other tools which were
x 5 mm 99% pure Copper Plates mounted on the fixture usegtause of flow pattern of materials against thid. todhe
for job holding one by one on Milling Machine for grooveverage friction coefficients of composites fabricated by multi
cutting. Two grooves of 1mm deep were made on 2 plagsss FSP were noticeably reduced compared to the pure copper.
using a Imm (width) saw cutter at equal linear distances. Fisldition of SiC particles led to enhancement of electrical
plate (wthout grooves) was clamped firmly by using the toesistivity of pure copper.Higher tool rotational speed and
clamps. Then H13 tool steel with shoulder dia 15mm and power processingspeed produced an excellent distribution of
dia 5 mm and pin length 1.5mm was inserted in to the coll&tCparticles and higher area of surface composite due to
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higher frictional heat, increased stirring and materialloy plate was first FSPed with a single pass using a tool
transportation. rotation rate of 80 rpm and a traverse speed of 25.4 mm/min
(1 rpm) which is denoted as (600/1). The FSP was performed
‘ using a high strength cobalt alloy (MP159) tool with a pin
Tooldesign Grove design 6.4mmin diameter and length. The shoulder on the tool was flat
Material Groove width and 25mm in diameter. The todhpwvas threaded with a right

Shouler dameter | Microtardness hand screw and the rotation was counterclockwise. Two cold
T e gt (Lureerfeteen rolling schedules were used with this material followed by
Pinprofle recrystallization. The first rolling schedule resulted in a net
Tool it angle Pin diamete reduction of 78.6% in two passes, and a thiekness strain of
> — 5 A 154 .The second rolling schedule provided a 72.3% net
Meling point Traverse speed reduction in two passes and a true thickness strain of 1.08.The
' . recrystallization anneal was performed at 773K for 15 min.
Propertis hicass Al fore This sample is then compared with properties otast ad
Conpositon _‘(f:,:;’:,,,m) rolled samples. It is observed that on FSPed material the

Rotational sped elongation was increased and the grain size is refined and made
e _— finer by recrystallization as shown below. Flow stresses were
Figure 14: FSP parameters influencing the properties of lower when the material was FSPed before rolling which may
surfacecomposite. [17] translateinto more cost effective super plastic forming. FSP
before cold rolling aids in minimization of the post

In another research paper, papers related to study of frictionstir  recrystallization grain size by altering the size and distribution
processng of copper were studed. Processng parameters such  Of constituent particles.

as tool geomety, tool rotational speed, tool tilt angle,
processng speed, axial load and groove width & depth were
studied. Strength of Friction Stir Processedmaterial improved
significantly and at same time ductility retained as well as
hardness also improved subgantially. Friction stir welding /
processing is a novel surface modification technique and
resulted in significant grain refinement in the processing
material. The results obtained also indicated that the selected
FSP parameters significantly influence the areasofface
composite by the distribution of material particles. Higher tool
rotational speed and lower processing speed produce an
excellent distribution of material particles and higher area of Figure 15: SEM images of (a) cast material vs. (b) &GP
surface composite due to higher frictional heat, increased material [19]

stirring and material transportation. Tool used was H13 steel
tool, cylindrical Pin, Shoulder Diametet5mm, Pin diameter
5mm Pin lengtil.5 mm with straight cylindrical threaded Pin
shape. Feed was 10mm/min with spindle speed 1600 rpm. The
microstructure ischaracterized by ecuaixed fine grains with
well-defined grain boundaries. The microstructure evolved
through dynamic recovery and dynamic recrystallization
process. FSP improved wea resistarce .The high wear
behavior in the stir zone is attributed to a lower coefficient of
friction and the improved micrbardness in this regiofil8]

Moving on to the literature on Aluminum as base metal, the
paper by L.B. Johannes et al [19] discusses theofifrgction

stir processing (FSP) in order to enhance the super plasticity
property for use in aerospace and automotive panels. They e
chose AA5083 aluminum for this purpose. A sample of thj . o

metal is processed using friction stir processing and then co'l_sgure 16: (a) Non FSPed Rolled Sample and (b) FSPed Rolled
rolled. The AA5083 alloy was received in the continuous cast Sample. [19]
(CC) condition with an initial thickness of approximately 8

mm. The chemical composition of the alloy is given in. The
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In order to gain knowledge of the effect of the tool shouldstir the plasticized metal and move thensabehind it to have
geometry on the various mechanical parameters, paper bygdod joint. Pin profile plays a crucial role in material flow and
Scialpi et al [20] was studied. The grasfealuminum used was in turn regulates the welding speed of the FSW process. The
AA6082. Plates of 1.5mm thickness were welded usimglationship between the static volume and dynamic volume
different types of tool shoulder geometries and later tested. Teeides the path for the flow of plasticized matefiom the
welding process was carried out rotating the tool at 1810 reading edge to the trailing edge of the rotating tool. This ratio
and at a feed rate of 460 mm/min, with a 2 degrearnifle and is equal to 1 for straight cylindrical, 1.09 for tapered
a 0.1 mm plunge. The tool is characterized by athosaded cylindrical, 1.01 for threaded cylindrical, 1.56 for square and
pin with a 1.7 mm diameter and 1.2 mm height. The adopt@ for triangular pin profiles. In addition, the triatgr and

pin configuration has been successfully used by the authsgsare pin profiles produce a pulsating stirring action in the
previously to friction stir weld 1.5 mm thick . The geometrielowing material due to flat faces. The square pin profile
involved were shoulders with scroll and fillet, cavity and fillgpbroduces 80 pulses/s and triangular pin profile produces 60
and only fillet. The various tests carried out were visupllses/s when the tool rotates at a speed of 1200 rpm. There is
inspection, macrograph and mechanical tests viz. bending tessuch pulsating action in the case of cylindrical, tapered and
and tensile tests (longitudinal and traverse). The tools witireaded pin profiles. The pin generally has cylindrical plain,
dissimilarshoulders produce very different crown quality. Thigustum tapered, threaded and flat surfaces. Pin profiles with
bead obtained by the TFC tool (fillet + cavity) is characterizéldt faces (square and triangular) are associated with
by a smooth surface and very little flash, which is produced taaicentricly. This eccentricity allows incompressible material to
it is removed during the process as a continuous chip. Tgess around the pin profile. Eccentricity of the rotating object is
resulting micostructure was widely investigated by opticalelated to dynamic orbit due to eccentricity. This dynamic orbit
microscopy putting out the influence of shoulder geometry @nthe part of the FSW process. It is concluded using tests on
the nugget grain size. It was concluded that for thin sheetsno€rohardness and microstructure that of the five tool pin
such order shoulder with fillet and cavity gave best resulofiles used in this investigation to fabricate the joints, square
With 460 mm/min and 181 rpm, TFC can be considered thgin profiled tool produced defect free FSP region, irrespective
best tool because the combination of fillet and cavity increasdsshoulder diameter of the tools. Also of the three tool
the longitudinal and transverse strength of the joint and proviteoulder dimeters used in this investigation to fabricate the
the best crown surface. The tool geometries used are showjoiimts, a tool with 18 mm shoulder diameter produced defect
figure. free FSP region, irrespective of tool pin profiles. Thirdly Of the
15 joints fabricated in this investigation, the joint fabricated
using squar@in profiled tool with shoulder diameter of 18 mm
showed superior tensile properties.

T il ool

T filet 4 cavity

T fillet # scroll ool

|
I
|
|
I
Figure 17: Tools usd for the experimentation and their main
dimensions in mm. [20] |

K. Elangovan et al [21] discusses the effect of both tool pin
profile and tool shoulder diameter on the friction stir welded~, . .. - P
Aluminum. 6mm thick Aluminum of grade AA6061 is used.cbvlmdn Clindri - Cvlindri
The rolled plates of 6 mm thickness have been cut into the
required size (300 - 150 mm) by power hacksaw cutting and
milling. The tool pin profiles used were tapered cylindrical,

square cylindrical, threaded cylindrical, square and triangular. , ) ) i
The shoulder diametetsed were chosen as 15mm, 18mm a mber of passes is an important parameter in FSP. It is known

21mm. All combinations of tool pin and shoulder diameters df® IMProve the super plasticity of alloys. This was studied by

fabricated and used to weld 6mm thick 300x150mm. T Yk Ma et al [22.]' Sand cast ﬁ‘356 pl)lates. were usfed of
primary function of the nomonsumable rotating tool pin is totICkness 15mm. Fivpass FSP with a tool rotation rate of 700
rpm and a taverse speed of 203 mm/ min was performed using

Figure 18: Tool pin profiles used [21]
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a tri-flute pin. The overlap between the passes washaifeof 3. EXPERIMENTAL SETUP AND PROCEDURE
the pin diameter. After each FSP pass, the plate was cooled
down to room temperature and then the next FSP pass was
performed to eliminate theffect of accumulative heating. The
FSP sample was cut in the transverse direction, ground,
polished, and examined using optical microscopy. The size and
aspect ratio of the Si particles were analyzed by using Scion
Image software. It was concluded that @apping FSP did not
affect the size, aspect ratio, and distribution of the Si particles.
The Si particles broken by FSP were uniformly distributed in
the entire processed zones created by mulppks FSP. Under

the asFSP condition, both the strengthdaductility of the
transitional zones were lower than those of the nugget zones.
The strength of the previous FSP zones was lower than that of
the subsequent FSP zones. Afterligt treatment, the tensileFig 20: Friction stir welding / processing machine (Central workshop,
properties of the Jpass FSP A356 samples were ildmacross DTU)
various passes and comparable to those of the giagke FSP
sample. T&reatment results in a significant increase in both
yield and ultimate tensile strengths and a slight decrease in
ductility for various microstructural zones of thepassFSP
A356 sample. This is due to the complete dissolution of the
Mg2Si precipitates during the solblution treatment and the
subsequent rprecipitation during the Taging. The strength

of FSP zones increased with the number of passes.

Fig 21:Tools used duringig: Friction stir Processing

3.1 Setup

The material used is Aluminium Al6082 and Silicon Carbide
particles to fabricate ASIC composites. The specimen size of
the copper plate that is used for processing 200 mm x 75 mm X
6 mm. One groove of 1mm width and 2.5 mm deep was made
on the 99.99% pure Aluminium Plates using horizontal milling
machine with a 1mm (width) saw cutter wag duthe middle
of the specimen plate for processing. The tool Material used is
H13 steel. The Tool profile is Cylindrical threaded with
shoulder diameter 15mm, threaded pin diameter 8 mm, pin
length 1.5 mm with tool rotational speed 1000 rpm, tool tilt
angle 2° and table traverse speed 35 mm / min with axial force
450 Kgf. The pin of the tool was brought just above the plate in
i such a way such that the centre of the pin lies just above the
SOV ER (A el 50 pm centre of the groove cut. First Pass is made along the length of
Figure 19: Typical optical micrographs showing Si particle the job. Second Pass, after cooling the plate b0 ninutes is
distribution in 5pass FSP A356: (a) 1st pass, (b) PBdi pass made along the length of the job. The job was allowed to cool
transition, and (c) 5th pass [22] for some time and then taken out from the fixtures. Initially
without Silicon Carbide Particles one specimen plate was
processedvith single pass. Then second specimen plate was
processed after filling Silicon Carbide Particles in the groove
cut (single pass). Then third specimen plate was processed after

_________________________________________________________________________________________________________________________________________________________________|
| IJAPIE]| ISSN: 245%8419| www.ijapie .org | Vol. 2 | Issue. 32017 | 53|



Ranganath M. Singari et al.,
International Journal of Advanced Production And Industrial Engineering

filling Silicon Carbide Particles in the groove cut (double pass). A Passes:
Finally the fourth specimen plate was processed after filling
Silicon Carbide Particles in the groove cut (triple pass). The q

o : : ; Parent Aluminium workpiece without an
Silicon Carbide powder was filled into the grooves of second P y

and third plate and process is repeated as per the following processmg. ] o )
table. Process Pareters for first, second, third plate are i Single pass on the firshAluminium workpiece
mentioned in the table. without SiC
9 Single pass on the second Aluminium workpiece
3.2 Workpiece Details with Ssic
A Dimension : 200mm X 75mm X 6mm 1 Double pass on the third Aluminium workpiece
A Number of workpieces : 4 with SiC
A Composite : Aluminium 6082 + SiC particles 1 Triple pass on the fourth Aluminium workpiece
A Number of grooves per workpiece : 1 with SiC

Fig.22 Single pass on the first Al workpiece without SiC

Fig.23: Single pass on the second Al workpiece with SiC

Fig.24: Double pass on the third Al workpiece with SiC
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