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SYNOPSIS

The mild steel reinforced aluminium base alloys is proposed
Lo have a bright future in -automobile-Engg.. Industries due to its
Lingr oved mechanical properties and directional physical

properties

In this report the main effort is given on heat treatment at
500° ¢ for predetermined time i.e. 10 to 20 hrs. of aluminium

alloy reinforced with m.s. wires.

The . discussion is around the mechanical properties which
brought about the strengthening of these types of alloys and
study of micohardness of the interface growth at different

temperature and different extents of times.
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CHARPTER 1

INTRODUCTION

The development of metal matrix composites (MMCs) has been
one of the most major innovation in the material in the past 20
vears. Many of the social and technological factor influencing
this development has been reviewed by A. Kelly [I]. The use of
metal fibre composite is gaining more imDOftance over of
aluminium alloys etc. as Engineering Material paricularly in

automobile engineering industries and aerospace applicasitivns, gus

to its improved mechanical and phyical properties. [2-4].

In the recent vyear, the aluhinium based composites are
widely wused as connecting rvod, cylinder head, turbine blades and
vanes etc. in engineering industries and has considered for other
important areas applications due to its low density, wide alloy
range and heat treatment capability, high strength to weight
ratio, high corrosion resistance etc., Very vrecently the
cont.inuous fibre reinforced metél maﬁrix composities with single
orientation have attracted consideratién as a result of there

relatively good mechanical properties.

The earvly development of composite materials was hindered by
the high raw material costs and the slow and expansive processing
methods. However, it 1is now feasible that the cost of same

composite can be ‘drastically reduced. Fully automated methods



have been developed for manufacturing some composite products
there results in better quality control and lower cost. The
impact of fibre reinforced composite material is vital to all

industries ([S)].

The fibre in a composite are often deliberately aligned with
the direction of bondings. Externally applied forces are
transferred to and distributed among the fibres. The traﬁsferring
and distribution of loadings are achieved through the matrix
material and take place at the fibre matrix interface. The fibres
are also reasonable for the stiffness of the composite. In MMC,
the fibre may lower the density of composite. Fibre are generally
more brittle than the matrix and the breaking of fibres at
localised regions does not trigger catastrophic failure of the
composite. This is due to the fact that cracks orginating in

fibres are arrested by the ductile matrix [5].

The fibre matvix interface plays a rather unique role in the
behaviour of composite material. The nature of the interface
detormines the wetting and bonding between the constitutent
phase. This in turn controls the effectiveness of load
transferred and the strength of composites. Transport of mass

between fibres and matrix may take place across the interface.

In the present investigation, commercially pure aluminium

with alloying additions like copper has been chosen to embed mild



steel wires. MMC is fabricated by reinforced casting technique.
The advantage of.sgch casting is that it gives improved casting
quality and low cost of production compared to that of other non
conventional castingsf

The specimens prepared out of these reinforced éasting with
different anbers of MS wires were heat treated for 20 thrs at
different temperatures like 425, 450, 475 and 500 degree celcius.

The thickness of the reaction interface were measured.

The thickness of reaction interface is found to increase

~

with temperature, and follows relation

2 |
Y-= ax + b x + ¢

the microhardness across the Teaction interface is found to be
426 VHN. -The-ultimate tensile strength of the reinforced castings
were found to increase with number of. reinforced MS wi-res. The
fractography studies were carried out under .Scanning Electron

Microscope (SEM). !
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CHAPTER 2

LITERATURE SURVEY

2.1 INTRODUCTION

The engineering of modern composite material has had a
‘significant impac; of the technology of design and construction.
By combining two or more material together , it is to be make
advance composite material which are lighter, stiffer and
stronger than any other structural material. The history of man
made composite material can be dated back to ancient Chinese [6],

Egyptians, and Israelities [7].

The definition of composites given by various workers are
as, " A composite marerial is a materials systeﬁ composed of a
mixture or combination of two or more macroconstituents differing
in form and/or material composition and that are essentially

insoluable in each other " [8].

Another definition given byrBerghezen stresses, " The fibre
reinforced composites are only those introgeneous material which
are prepared by a association and bonding in a single structure
of material possesing quite different properties and when these
are complimentry give a composite material possesing additional
and/or superior properties to the individual components either

alone or mixed together " (9] .




Metal matrix composites (MMCs) are of intrest todgy because
they offer the opportunity to tailor a material with a combination
of properties unavailable in any single material, e.g., combining
the wvery high tensile strengph and modulus of elasticity of
various type of fibres with the low density of a metal such as
aluminum, titanium, or magnesium to obtain a composite material

with a higher strength-to-density or modulus-to-density ratio

than any single known alloy.

Composites are generally divided into various categories
depending upon their structural constituents, viz. perticulate
composites, fibre composites etc.

The fibre composite are composed of two constituents-ﬁamely
fibre and matrix, the interface bond is the individual fibre to
the matrix. Fibres can be either metallic or non~metallic irm
nature. Fibre,is used as a generic term to denote four types of
reinforcing agents: wires, filaments, whiskers, and indigenous
phase perticle in a eutectic alloy. The most common types of
wires used to reinforce MMCs are beryllium, molybdenum, steel

and tungsten [(8]).

The mechanical and physical properties can be obtained from
MMCs for the Aerospace and Automobile industries due to this the
technology has advanced to the point where it is possible to
design and fabricate efficient and reliable high performance

structure.




The selection of the reinforcement depends on the creteria as
elastic modulus, tensile strength, density, melting temperature,
thermal stability, coefficient of thermal expansion, size and

shape, compatibility with matrix material and cost.

The structural efficiency of the reinforced MMCs is a
function of the density, elastic module, and tensile strength of
the reinforcing phase. The chemical stability and compactability
of the reinforced with the matrix material are important not only

for the end application , but also during material fabrication.

In this chapter, different casting techniques used for the
production of MMCs, interface study, mechanical properties etc.

are discussed.

2.2 CQSTING TECHNIQUES

Different casting techn;ques used for the production of MMC
are stir casting, compo casting, vrheo casting, vacuum casting,
reinforced casting etc. The details are discussed in ‘the

subsequent sections.

2.2.1 Stir Casting Technique

Stir casting has been sthied by various investigators.
Here stiring is emploved during casting the liquid metal/alloy
The molten alloy is vigorously agitated for a desired period of
time and then the melt is directly poured into mould and quenched

the microstructure of stirred alloy is governed by certain

6
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Process variables such as agitator or stirrer speed, stirrer
shape, stirring time; pouring temperature and cooling rate. The
morphology of stir cast alloy is quite different from
conventionally cast alloy (1017 The experimental setup used, is
shown in Fig. 2:1;

The 'productiéh of él*Pb alloy by stir casting is done by
agitating the melt containing two immissible liquid .The
stirring 1is done by agitator at the desired temperature and then
the processing temperature is reached the alloy is cast into
mould. A8 & Aresult of vigorous stirring, liquid-liquid mixing
occurs and to maintain this distribution of two phases in
microstructure at room temperature, fasterAcooLing is applied by
quenching the methilin water; oil, ice brine solution in order to

quech the material quickly bottom pouring technique is used.

Iﬁ Stir casting vié&fous agitation is employed in the liquid
rigion and from the region melt is directly cast into the mould,
while continuing agitation. Micro sgructure of Stir éast alloy

geverally consists of a matrix of primary constituent while second

phase particles are distributed all over the matrix [10].
2.2.2 Compo Casting Technique

The process has the potential of Producing a wide variety
Particulate and fibrous materials for improved wear resistance,

improved strength, high corrosion resistance.




The basic process involves addition of the non-metals
partially solidified, vigorously agitated slurries of alloys.
Initially the high effective viscousity of metal slurry prevents
particles from settling, floating or agglomerating, with
increasing mixing times, after addition intracting between the
particles and the liquid matrix promotes bonding. Particles and
fibres of & wvariety of materials, including sic,A1203, Mgo,
‘Boron, Mica and glass beeds have been incorporated into the
aluminium and magnisium alloys by this technique. Sizes have
ranged from submicron to 100 or more microns. The composites,
thu§ prepared are then cast either when the alloy is partially
solid or after reheating to abqve the liquidus temperature of the
alloy. The experimental set used for the batch type prdduction

of Al(Mg), Al203 particulate composite is shown in fig.2.2

2.2.3 Rheo Casting Technique

Stir casting of semi solid melt is widely known as
rheocasting. In this technique the alloy is cooled down to semi
solid region from liquid state while agitating vigorously.
Vigorous agitation of the melt eliminates the region under
constitutional super cooling and dendritic growth is disfavoured
unlike that of unconventionally cast alloy. The solid forming in
the form of spherical particle remain suspended in the liquid
melt resulting in the slurry. The amount of these suspended
solid particles depends upon the pouring temperature between the

liquidus and solidus at which the slurry is cast. Because of the

3
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lower pouring temperature in the semi solid state as compared to
that of a casting from the fully liquid alloy. The
microstructures obtained are quite different from conventionally

cast alloy.

In rheo casting the alloy is partially solidified in the
crucible while agitating wvigoruously to obtain a fluid like
‘behaviour of the slurry. Hence during casting the liquid alloy at
temperature, Tp is cooled down to semi solid reason between the
liquidus T7TL and solidus TS temperature The stirring is employed
from the liquidus temperature TL to the holding Temperature TR.
After holding the alloy in semi solid region at TR for certain
time. Say t. The slurry is poured into the mould where it is

cooled down to room temperature at different quenching rates.

Schematic representation of rheo <casting in a binary
liquibrium diagram is shown in Fig.2.3.

The rvheo casting can be a continuous or a batch type
process. In the batch type process the semi solid melt is hold in
the crusible at the desired temperature and stirring is carried
out by the stirrer with blades of different shapes and material
as shown in Fig. 2.4(a), Batch type, and Fig. 2.4 (b), continuous
type.

Ichikawa produced the rheocast Al-Pb alloy by melting Al-Pb

1
alloy in wvacuum and stirring it at the work speed of 70 sec to

il
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Prevent gravity segregation by distributing lead uniformly in

semi solid alloy [11].

Mehrabian also produced rheo cast Al-Pb alloy by despersing

6 to 10 weight percentage lead (12].

2.2.4. Vacuum Casting Technique

The vacuum process is a process of making moulds using dry
sand, plastic fiLm and - vacuum. This process is significantly
different from conventional process of making moulds by squeezing
and jolting. In vacuum process compacting of dry sand is achieved
through__a Pressure differentigl . This pressure differential is
maintainéd “till. the pouring and solidification of the casting.
The vacuum process in aluminium i$ a sensible dlternative in
situétion where one demands surface finish and dimensional
accuracy  approaching that of die casting ‘but production
requirement do not Jjustify die casting and tooling cost. The
basic sequence of operations of vacuum process are shown in Fig.

2.5.

The following variables that may affect the quality of

casting produced by vacuum Process have been identified.

1. Plastic film based variables,
2. Moulding sand based variables,
3. Vacuum suction levels, and

4, Metal based variables,

14
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This technique was invented by Hoshimase Kubo, Kunu Nakata
and Masao Nondo of Kabushiki Kaisha, foundry of Nagano, Japan in
1971, [iaJ . |
2.2.5 Reajinforced Casting

Metallic matrix of fibre reinforced composites is selected
according to its application eg. aluminium for low temperature
application, titanium for intermediate temperature, and Ni. based

super alloy for hlgh,tehberature applications.

Glass fibre reinforced plastics manufactured in a variety of
~plastic base matrices is the most widely used composites in
common structure and in consumer products. The advanced fibre
composites developed particularly for aero - space hardware such

as boron and graphite fibre with Al. matrix and unidirectional

solidified boron aluminium composites.

Polymer matrix composites reinforced with carbon aramid and
boron flibre are established aero-space material. The technology
has advanced to the point where it is possible to design and
fabricate efficieﬁt and reliable high performance structures.
Durability of production componeﬁts has been at least as good as
their metals counterpart and that maintenance cost may actually

be lower [14-15].

The fabrication of matrix and fibers into composites with

useful properties is one of the most difficult task in developing

16



refractory wire reinforced superalloy.

Fabrication method can be classied as either solid phase or
liquid phase depeding upon the condition of the matrix phase

during its penetration into a fibrous bundles.

Liquid phase method consists of casting the molten matrix so
that matrix infiltrates ‘the bundles of fibres in the form of
parallel stacks or mats. The molten metal must wet the fibres,
form a chemical bond and yet be controlled so as not to degrade
the fibres by dissolution, reaction or recrystallization. Larger
fibre diameter have been used to increase the size of unreacted
wire core and matrix alloy composition have been selected to

reduce solute diffusion into the fibers.

Liquid phase methods are particularly suited to the
preparation of fibre reinforced super alloy for automobile
engineering indgstries and for gas turbine applications because
casting is the basic f%brication technique presently used for
thesé applications. The use of fibers having a diameter less
than ©0.75 ‘om in composites prepared by liquid metal ifiltration
leads to displacement of the wires. An alternate means of using
liquid state technology is to coat the wire with matrix by
passing it as single strand through a molten bath of matrix. The
coated wires could then be diffusion bounded in closed dies to

form the composite component [16].

{7



The most important reason for most of the work on refractory
fibre super alloy composites has been to produce a material
capable of operation as highly stressed component such as turbine

blades in advanced alr craft and industvial gas turbine engine.

The development of these novel high temperature structural
composites s certainly promising for structural application at
elevate temerature yet additional development work is needed for

future improving their mechanical properties.

2.3 FABRICATION METHODS

For the preperation of the fibre reinforced composites
various method have been adopted by various worker, some of them
are as |
2.3.1 Powder Metallurgy Technique .

By this technique stainless steel fibres reinforced
aluminium composites can be prepared with good static, dynamic
and elevated temperature property. This technique involves cold
pressing and hot pressing. Cold pressing is more difficult
because high pressure needed to press the powder to the required
density can break the fibre. Powder is vibrated into stacked
fibres mates, after induction pressure is applied gradually when

final temperature is reached. (8].

In the case of powder metallurgy,the matrix alloy powder is

blended with particles of the reinforceent to achieve a

AR
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homogeneous mixture. To achieve this, the sizes of the metal and
ceramic powders need to be carefully chosen so that agglomerate=
are not left after .blending, and carry over into the final
product . The appropriate size ratio will depend on the blending
process used, butin one case a SiC/Al particle size ratio of
0.7:1 gave a more uniform reinforcement distribution than a ratio
of 0.3:1 ([36). In powder metallurgy.processing, the brittle
.ceramic particles are aiso s;sceptible to particle fracture,
which is dependent on the particle aspect ratio and flaw density.
Typically, the atomised aluminium powder particle size is in the
range 20-40 um, and reinforcement particle sizes are 3-20 um with
aspect vratios of (¢ 5:1. The essential featqres of the powaer
route are shown in fig.2.6. The ‘metal powder is wusually
prealloyed atomised powder,in the 20;40 Mm size range, but it can

also be a blend of elemental powders, or rapidly solidified

chopped ribbon or flake, as in the Allied-Signal process [37].
2.3.2 Continuous Casting Technique

This technique is used for the production of steel wire

reinforced aluminium rods [17].
2.3.3 High Pressure Squeeze Casting Technique

This technique was used to produce the stainless steel wire
reinforced -aluminium composites. By this technique the fibre

reinforced developed upto 40% approx. by volume fraction using

20



pressure squeeze casting method.

2.3.4 Infilteration Casting Technique

This method is used to produce graphite aluminium composites
such as rods, tubes with improved properties in a uniaxial
direction but it 1is difficult of the high temperature involved

and relative instability of some filament materials.

Other techniques of producing MMCs include, Diffusion
bonding.> Electro deposition, hot pressure bonding, rolling, hot

extrusion.
2.4, INTERFACE STUDIES

The major function of the interfaces in composites is to
transmit the load from the matrix to the reinforcing fibres. The
behaviour of the interface determines not only tﬁe strength but
also the mode of failure and the work of fracture of a composite.
In order to optimise the performance of composite materials, it
is necessary to gain some fundamental wunderstandning of the

nature interfaces [5].
2.4.1 The Metallurgical Aspects of Interfaces

A desired interfacial region in a composite relies on
several factérs [38]. First, intimate contact betweeen the fibre
and matrix needs to be established through satisfactory wetting

of reinforcing material by the matrix. secondly, good adhesion



between the fibres and matrix is needed in order that adequate
bonaing can  be developed. Thirdly, extensive diffusion between
thé component phased should be avoided so that the filaments will
not be degraded by chemical reaction with the matrix, phase. The
choice of the fibre and matvix materials of a composite system
often cannot satisfy these requirements at the same time as well
as the requirements called for by the service conditions. One of
the feasible ways of achieving a sétisfactory interface while not
having to sacrifice the high performance of the fibres is to
apply a thin coating on the reinforcing materials. Besides
achieving the purposes mentioned abbve, the coatings also prevent
abrasion betwsen filaments, and protect the filaments from
corrogive environment in service. The method of using alloy
additions also proved to be effective in reducing the diffusion

of the component phases in a composite.

In the aluminium alloy embedded with steel wires, there is
wetting between matrix and wire i.e. an interface is created. At
this interface arn intermatallic layer is formed due tc the
diffusion of iron and aluminium atoms i.e.at high temperature
during the period of casting and during heat treatment. Further
it is seen that while subjected to heat treatment at different
temperatures, the interface thickness increased as the diffusion
is a function of time at a particular temperature. The growth of
Interface thickness increasesand growth of interface follows the
relation-[18].

22



dx -
dt

= Ko

where, Ko is the rate constént for growth of interface, X is
the thickness of interface and t is the time. As the growing
interface reaches a particular interface thickness, the growth

mechanism c¢hanges from activation to diffusion control and

follows the relation

Kp - Parabolic rate constant, after a very long time of heat
treatment a steady state is reached due to this number increase
in interface occur because the growth rate of interface is equal

to the rate of dislocation of the intermetallic compound laver,

taking place in parallel to the laver growth [18].

2.4.2 The Mechanical Aspects of Interfaces

The load transfer across an interface in fibrous composite
materials has been examined by Dow [39]. The composite model of
Dow was made of two concentric circular components, simulating a
fibre surrounded by the matrix material. Anlytical solutions
were obtained for the axial load transferred across thé'interface
when either the fibre or the matrix was loaded in uniaxial

tension. The 1interfacial load transferring phenomenon also has

been studied by photoelastic experiments.

23



2.5 EFFECT OF NUMBER OF STEEL WIRES EMBEDDED IN ALUMINIUM BASE

ALLOY ON THE MECHANICAL PROPERTIES

Reinforced rods were subjected for tensile stregth for 3.24
and 3.47 wvolume fraction of steel wires in the matrix. It was
noticed that the tensile strength of the reinforced rods

increased by 22% [17].

Variation of tesile strength with fibre volume fraction of
stainless steel wire reinforced aiuminium and aluminum alloy
maty ix compqsites was produced by R.B: Bhagat [18]. He showed
- that as the volume fraction of steél wires in composite increased

the strength of the material increased.

2.6 MECHANICAL PROPERTIES OF REINFORCED CASTINGS
2.6.1 Tensile properties

The étrength ‘of composite materials is influenced by a
number of  factors these include the anisitropic and non
homogeneous nature of the materiai, the mechanical
incompatibility of the constituents phases, the effect of
interfaoial“‘bondiﬁg the elastic and plastic behaviour of the
matrices and the reinforcing materials, the volume fraction of

the component materials and the directions of the applied load.

The fibres in the composite materials are assumed to possess
uniform strength the distribution of the load among the matrix

and fibres as well as the strength of a composite depend very

24
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much upon the length of fibres.

There are numerous factors influencing the yield (YsS) and
tensile (TS) strength of particulate reinforced MMCs. These
factors are complex and inter related. For example, one of the
most important factors influencing the mechanical behaviour of
MMCs is the alloy matrix. Whereas alloys exhibiting relatively
high YS ad TS levels result in MMCs with coneomittant increases
in strength, their deformation behaviour is typically extremely
poor . Furthermore, heat treatment affects the transition from
elastic to plastic behaviour; hence, éeak aged MMCs (i.e. Té6-
temper ) exhibit a slightly greater amount of elastic strain, YS
and TS values than those in the as fabricated condition (F-
temper) [19]. This increase in the flow stress of th; composites
with heat treatment is likely to be an indication of the additive
effects of dislocation  interaction with both the alloy
precipitateé and the'reinforcements [19]. Although increasing the
volume fraction of reinforcements generall§ increases the
strength of the MMCs, the magnitudé of the increase depends,
among other factors,on the voluﬁe fraction of reinforcement. 1In
the AL-$1iC .- system for instance the rate of increase in strength
with wvolume fraction decreéses beyond approximately 30 to 40 vol
¥ Sic. Fracture of the MMCs containiﬁg reinforcement typically

occur while still in the steeply aséédihg portion of the strecsg

strain curve ([19] see fig.2.7.
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‘ The mechanical properties of MMCs are also affected by the
rasidual stresses which form as a vesult of the differences in
the thermal expansion coefficients b§tween the matrix and
reinforcement . There are vafious models which have been

developed to estimate the residual stress in MMCs.

The first extensive study of the strength of discontinuously
reinforced Al 4alloys was carried out by 'McDanels[19], who
investigat§d Sic  wh1sker' and particle reinforcement in several
different alloy matrices. He reported up té é 60% increase in
vield and ultimate tensile strength, depending on the volume
fraction of reinforcement, the type of alloy, and the matrix
alloy temper. Subsequent wor k has generally confirmed these
findings but the reported experimental results show\an extremely
large degree of scatter, presumably reflecting the quality of the
material and differences in processing. When éonsidering the
vield stress there is more fundamental difficulty, as pointed out
by Humphreys (22]. Thﬁ-yipld strength is usually quoted as the
0.2% prodfb stress, and since composites wofk harden extremely
rapidly at low straing, this may not be equivalent to a
conventional yeild stress.

The strengthening mechanisms which may operate in particle
reinforced MMC’s have been considered in several recent
publications andthe behaviour has also been extensively modelled

mathematically [22,23,27].

The composite strength gives as

28



6o = (Vpamy $/4) + Vo, (4

where T ig the vield stress of the matrix, and s the aspect

ratio.

For the aspect ratio typically used in particle MMCs, which
are in the 1-5:1 range, equation [3] underestimates the strength,
but Nardone and Prewo [24] have suggested that better agreement
is obtained if the equation is modified to allow for end Loading
effects. The difflculty with this continuum approach is that it
ignores the influerce of particles on the micromechanics of
deformation, such as the very high work hardening at low strains,
and modifications in wmicrostructure, such as grain size and

dislocation density. .

In the micromechanics approach, the possible strengthening
mechanisms are
1.‘Orowan strengthening.
2. Grain and substyucture strengthening.
3. Quench hardening resulting from the dislocations generated to
accommodate the diffevence in coefficient of thermal expansion
between the reinforcing rarticles and the matrix.
4. Work hardening, dus to the strain misfit between the elastic

reinforcing particles and the particles matrix.
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2.6.2 Elongation

The major limitation in the mechanical properties of
composites is the rather limited ductility, the tensile
elongation decreases, raplidly with the addition of reinforcing
wires Flg. 2.9.and it also decreass with increased agig time in
the heat treatable alloys. Recent work has demonstrated that
composite failure is associated with particle cracking and void

formation in the matrix within clusters of particles [26,27]

Many models have been developed for wvoid nucleation.
Particle cracking by castastrophic propagation of an internal
defects is given by the Griffith equation

}
op « (2. y)”- (23
2 \Re

where c¥ is the stress on the particle, Y the fracture surface
energy, & the Young’s modulus of the particle, and C the internal

crack length.

For coar&ef particles there is a higher probability of their
containing a defect of length C sufficient to give particles
fractures. The particles being loaded through the particle/
matrix interface, so & high degree of particle fracture is
indicative of a high interfacial strength, particularly when

cracking is occuring in finer particles, ¢ 10 um.

A criterion for particle matrix decohesion appropriate for

coarse particles has been developed Argon et al [28]. The
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critical stress for interfacial void nucleation oy given by
S = e + iy {3}

where o, is the equivalet stress ando;,the mean stress.
Void.nuc}eation will therefore be a funcpion of the matrix flow
stress, which will be influenced by the volume fraction of
particles, heat treatment, etc. In the Argon et. al. model the
critical stress is independent of particle size, but particle
size effects would come into the picture if the particle
distribution ig a function of particle size, and alsc through the

particle size dependence for particle cracking, equation (2].

2.6.3 Elastic Medulus

The one mechanical property which is always significantly
increased. by the addition of reinforcement is \the slastic
modulus, The quantitative wvalue of the .elastic modulus. - is
somewhat dependent on the method of measurement, with dynamic
measuring methods tending to give larger values than static
measurements obtained from the elastic portion of the tensile
stress-strain curve. Stapic values may élso depend on whether the
measurements are made .in tension or compression [20]. Most of
these difficulties result from the presence of thermal residual
stresses caused by differences in the coefficient of thermal
expansion between the matrix andléhe cerahic~particlea.

Figure 2.8, shows the increase in Young’s me-dulus with

volume fraction of reinforcement for a variety of Al-SiC

composites. The rule of mixtures expression
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N

E‘~=~VPE+VE {4
where Ec. , En{ EP are the elastic moduli of the composite,
matrix, and particle, repectively, and Q,n and Vp the volume
fractiolns of the matrix and particle, considerably owredtimates
the elastic modulus.

The rule of mixtures expression is most appropriate for

continuous reinforcement and it has been modified for

discontinuous reinforcement in the Halpin-tsai equation [40].

p. oEM (142 Sq vp) (s}
€ - 1-9 vp
where
(Ep/Em-1) (6}

V® (Ep/Em)rze .
and s is the particle aspect ratio. As seen from the figure, the

Halpin-Tsai equation gives a good representation of the results.

The elastic monlus can also be calculated using the Eshelby
equivalent inclusion method [21],and this approach is also in
good agreement with the data.

2.6.4 Fracture toughness

The fracture toughness of particle reinforced composites,
has been reviewed in two recent publications, [29,30]. While the
toughness mirrors to some extent the tensile elongation,
decreasing with increasing reinforcement, the decrease is most
significant from 0 to 10 % reinfocement, with only a slight

decrease for higher reinforcement, loadings. The fracture
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toughness lg also much less sensitive to the degree of aging than

ig the tensile elongation,

In the continuum. mechanics Iapproach to fracture, the
fracture tQQghness of.a material is normally assessgd in térms of
some crack tip parameter at the initiation of crack growth.
specifically, fracture will occur when the crack tip strain et is
exceeded over some microstructurally significant cHaracteristic
distance Io ahead of the cra&k tip. Under conditions of small

scale yilelding.
G4 = C&/Dﬁr _ {73}
/ .

where & is the c¢rack tip opening displacement, x the
digstance ahead of the crack, and ¢ a costant of the order of 1.
At fracture initiastion ey = e4 over a distance x = I,when § =
and for small scale vielding.

%

Se aCK " /E oy . {8}

where K is the stress intensity factor, E Young’s modulus,q the

yield stress, and C a numerical constant depending on the work

hardening exponent n, and the stress state, typically ~ 0.5 - 0.6,

2.6.5 Fatigue

‘Many of the potential applications for composites require a
resistance to cyclic loading. One would expect the low cylce

fatigue behaviour of MMCs to be somewhat worse than unreinforced
alloys because of the lower ductility in composites, whereas the

high c¢ycle performance should be improved because of the higher
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modulus. While there ig considerable scatter In the published
data, vreflecting wvariations in procsssing and material quality,
these sxpectations are generally fulfilled. Several studies [32]
have shown that thes improvement in fatigue life evident in stress
life data is eliminated when compared on a strain life basis.
Under conétant strain amplitude conditions the MMc is inferior in
the low <c¢ycle regime where plastic strains dominate, and in the
high cycle regime the composite 1is little different to
unreinforced material. The improvement observed in constant
stress amplitude tests reflects the fact that withthe higher
Young's modulus of the composite, the strains in the composite
are lower than those in the unreinforced material at the same
stress level. .
Constant strese amplitude tests involve both fatigue crack
initation and  c¢rack propagation. Crack initation has been
associated with defects in the composite, intermetallic
particles, and large reinforcement particle or particle clusters.
It has been suggested that fatigue cracks initiate iate in the

life of composites([33].
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CHAPTER 3

EXPERIMENTAL PROCEDURE

3.1 INTRODUCTION

In this present invistigation the material used for
preparing the casting for fulfillment of experimental Jjob were
0.2 % carbon mild steel wires of 0.5 mm diameter which embidded
in aluminum copper alloy for automobile and aerospacé

applications.

.This particular material selected as per following selection

¢roteria,

3.1.1 Reinforcement ?election _ .
This c¢creteria includes,

(i) Elastic modulus,

(ii) Tensile strength,

(iii) Density,

(iv) Melting temperature,

(v) Thermal stability,

(vi) Coefficient of thermal expansion,

(vii) size and shape,

(viil) Compatibility with matrix, and

(ix) Cost

The structural efficiency of reinforced MMCs is a function

of the density, elastic modulus, and tensile strength of the
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relnforcing phases. The chemical stability and compatibilityof
the reinforcements with the matvix material are important, not
only for the end application, but also during material

fabrication.

3.1.2 Matrix Selection

The aluminium allqy with low weight to volume ratio is used
. as matrix. The use of HMC for elevated temperature application
necessitiftes the presence of . thermo dynamically stable
dispersoi%s. This requirement has been achieved by using an
alloy dispersoid system in which elemental solubility, solid

state, diffusivity and interfacial energies are minimized,

thereby minimizing coarsening and interfacial reaction [35].

The low weight to volume ratio of the Al-Cu alloy reduces
the energy consumption of the moving parts. The present
investigation was carried out to develop aluminium alloy, a
material of high strength to weight ratio, wide alloy range, high
corrosion resistance etc. so that it can be used in automobi}e
and‘ aerospace area in place of steel. In this study the MS wire
reinforced embidded in aluminium alloy produced by reinforced
casting technique is chosen and for meeting all the desirable
requirements. A sulitable mould was designed and prepared for
casting purpose. The MS wires were passed through the strip of
30x5x1 mm, having five holes of 1 mm $. The strip was fixed on

the steel mould of size 20x10 cm g, forenabling the pouring
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alloy into the mould, 30 mm $. Opening at the top of the mould
was giving. The furnace which was used for preparing the reinforced

casting have the following details.

Thrée'phase thermax electyical fuvnance
Volt ~ 440
AC ~ 50
KW — 7.4
Maximum temperature 1450° ¢

Accuracy + 10° C

‘The alloy composition-in weight percentage was determined as

Cu - 5.2, Fe - 1.1, i ¢ 1.5, Mg ¢ 0.2, Mn¢ 0.2 and remaining
aluminium. The nine number of castings of 20 cm x é cm § where
cast and then heattreated at different temperatufe like 425° C,
450° ¢, 475° C and 500°C. The «casting were machined on lathe
for preparing the tensile specimen. Then Ultimate tensile stress
(UTS )were determined by universal testing machine (UTM), % of
elongation, proof strength, were deterﬁined. Fractography studies
were carried out for the fractured surfaces. Under SEM, samples
were prepared for metallography studies and thickness of interface
was determined for as cast condition and heat treated condition

by the help of optical microscope.

3.2 REINFORCED CASTING TECHNIQUE

3.2.1 Mould Design'
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Dimension of plate "a‘ - 46 x 18 ¥ 195 mm

Dimension of plate "b* - 46 x 18 x 195 mm
Dimension of plate "¢ - 112 x 52 x 17 mm

Strip dimension - 48 % 5 x 2 mm

Top opening of mould - 36 mm ¢

Inner diameter for preparing the casting - 20 mm g
Bolt size for tightening the mould - 8 0 x 8 x 54 mm

3.2.2 Prepevation of Mould"

For production of mould, three M.S. rectangular plates "a",
“b","c",were taken,two "a",and *b",of same sizeof46x18x195mm and
third "c¢" of sizel12x52x17mm these plates were machined and given
the fine surface finish for accurate and sound casting. Both the
plates "a and b"designed like that, if both the plates ;ome into
contact, there sexsists a hole of 20 mm ¢>at the cenﬁre so that
half of the hole comes in each plate"a and b". The base plate ’c’
having the hole impression of same diameter on the top centre of
base plate ’'c’ one of the rectangular plate fr;m "a"or "b" was
welded perpendicular on base plate at the centre position so that
it comes half of the hole of base plate °’c’. The other
rectangular plate remain movable and comes on the another side of
base plate with the help of four bolts. The hole impression of
the base plate having five holes of 1 mm diameter and on the

other side a steel strip prepared which also having five holes of

same diameter of 1 mm at the same distance, as shown in fig.3.1.
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On the top of the rectangular plate ’a’ and b’ a 5 mm wide
and 1 mm deep impress;on cut from the plate so that half of the
impression will come én both the plates. This impression were
required for fitting of steel strip for making the wire tight.

About 36 mm diameter widening space was cut at the top such that

it facilitates the pouring of alloy into the mould.
3.3 CASTING PROCEDURE

For preparing the casting of MS wires reinforced aluminium
alloy, the fdrhace used hgs the fbllowing details.
Thermax Electric furnace
Volt 440, AC ~v 50
Phase ~ 3 .
) KW - 7.4
Maximum temperature ¥svC
Mild steel wires of 0.5 mm diameter used for preparation of
casting. The wires were passed through the hole of steel strip
and through the hole on base plate of mould and tighten it, so
that the wires were kept 1in tension. But before casting, the
wires were cleaned by emery paper followed by acetone to remove

the oxide laverg, and impurities etc.

The temperature of the furnace was maintained at about 800°c,
The alloy ingut was cut into small pieces and placed into the
crucible then this crucible was placed in the furnace.

When the alloy melted,it was poured into the mould from the top
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pouring area. Nine number of such casting were‘prepared/oneof
casting was without MS wires and balance eight castingswere wi;h

different number of M$S wiréa.

3.4 HEAT TREATMENT

after preparation of castings they were heat treated in
thermax electric furnace of 440 V AC, 3 Phase, 36 KU and max imum
temperature 1300° C with an accuracy of + 10°C for different
temperatures for 20 hours.

The details of heat treatment given to the specimens are
tabulaﬁed in table 3.1

TABLE 3.1
Detalls of the reinforced castinéhﬁéat treated for 20 hours

s By e A SR W Y s e e S B Ml N WL S S S G S G AU ALY S W B e G L e SAP G G W G WU T W WY A W TV W AN SAT AN W ST e S Y S e e e

sl .No, No.of wires Al-Cu Temperature of heat
reinforced casting treatment ® C
1 | 04 T 425
2 | 04 450
3 . 04 | 475
4 ' 'u04 4 500
5 o1 500
6 - - 03 ' - 500
7 20 : 500
8 - without wirés 500
3 without wires 500

e Q. e W L AR HE WM WE TIne T 498 MIE 4R I W WA WP EAE YR Ve e e SRR Yar W ek e b W WP WA T T T YW VR e e e W e e e e W o s e e e
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All the casting specimens were furnace cooled.
3.5 SPECIMEN PREPERATION
3.5.1 Tensile Specimen

The heat treated reinforced casting were machined on lathe
to get tensile specimen of180 mm x 16 mm g and gauge length was
. kept as 100 mm. The gripping length and dimeter was kept 30 mm
and 16 mm ¢ . The dimensions of tensile specimen are shown in

Fig.3.2.

The tensile specimens were"tested on the UTM, where the
specimen was clamped betwesn two Jjaws. The bottom jaws of the UTM
was fixed and the upper jaw was movable. The .specimen we;e first
clamped in upper Jjaw then in lower jaw. Applied the load and
note down the readings the load applied and % elongation for all
the specimen were vrecorded. The broken specimen afe shown in
Fig.3.3 and and micrographic view of broken specimen are shown in

Fig.3.4.
3.5.2 Fractography Studies

The fractured surfaces were cutout from the tensile
specimens with the help of saw cutter. The other surface was
_smoothed (i.e. from where it was cut) so that it could be mounted

for Scanning E€lectron Microscope (SEM), fractography studies.
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Fig. 3.3 Broken specimensafter tensile test.
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Fig, 3.4 Optical sterio microscopic view-of ms wire embedded i
aluminum alloy matrix

(&) Heat treated at 500°C, magnification 4 x

L) Heat Lreated at 450°C, magnitfication 4 X
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In the SEM analysic a beam of high energy electrons incident
on & soiid surface interacts with'it in several ways the emitted
radiations from the surface consists of x-rays light and
secondary electrons in addition to reflected and secondary
electrons. These intengities of different radiafions are
detected to form an image the maximum resolution of the SEM is
4x, 160000 x magnifications. By observing the fractured surface
under SEM type of fracture of the ternsile specimen were found out
by obeerving the SEM micrograph. The details of scanning
electron microscope is given below and the block diagram is shown

in Fig.3.5.

Regolution - 70°4A
Accelerating Volage - 30 KY
Magnification. 4 x =~ 160000 X
Vacuum -~ 10‘3' Torr

Maximum Specimen size 85 x 65 x 50 mm
Image rvecovrding facilities - 3% mm camera

- Polaroid Camera

- Sheet Film.

The specimens were axamined under Philips SEM to study the
~nature of fracture. The fractograph of specimens were taken at
different magnificatione ag shown in Fig. 3.6.
3.5.3 Metallography

Five specimen of size 15 mm x 18 mm x 18 mm P were cut from
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Fig. 3.6 SEM fractographs of ms wires reinforced in aluminum
alloy matrix

(a) Fracture specimen of MS reinforced casting showing two number
of wires in as cast condition , Magnification ( 4x1.2)x

(b) MS wire embedded , aluminum alloy matrix showing wires, heat
treated at 500°C for 20 hours, magnification 40 x
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(d) M. S. Wwire , magnification 320 x




(e) SEM micrograph of, heat treated ms wire reinforced aluminum
alloy matvix, magnification 320 x

(f) SEM micrograph of reinforced casting interfaces, heattreated
at 500°C

(1) ghowing wire ,interface, and matrix , magnification 160x

5



Fig.

3

.6

(f) (iii)

“magnification,

SEM
640 X

2%

micrograph

showing

interface,



the reinforced castings from different specimens. One specimen is
observed in tﬂe as cast condition and one specimen each from that
veinforced castings were heat treated as 425, 450, 575, and 500 C
for 20 hours. These specimens weve polished by different number

of emery papers graded like 0/0, 1/0, 2/0, etc. Successi&ely,
followed by cloth wﬁeel polishing using alumina paste of 1 (500
cc). After polishing, etching was carried out with etching

reagent Nital of composition 2% Nitric acid and 98% alcohol.

(Nital etches the mild stesl wire but not the aluminium matrix).

3.5.4 Microhardness Studies

The preparation of specimen for the studies of microhardness
is as much as similar the  metallography specimen. The
microhardness across the interface will be studied. The
variation of VHN vof MS wires rveinforced in alumihium alloy at

different distances and at 10 gm load applied were tabulated.
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Fig. 3.6 (g) SEM micrograph shows the crack in interface in
quenched condition, magnification 320 X

Fig. 3,6 (h) SEM micrograph of ms wire showing the interface in
as cast conditiorn, magnification 320 X



CHAPTER 4 )

RESULTS AND DISCUSSION

4.1 INTRODUCTION

In the present investigation, the aluminum alioy reinforced
with mild steel wires were éast and heat treated at different
tomperature. Th; thickness of the reaction interfaces were
moa@ured;‘.“?hé ;éffoét on heat treatment of the mechanical
properties like UTS, % elongation, Proof”§£fength of the mild
gteel wire reinforced aluminium alloys casting wére evaluated and
cgmp&req“.w;th the as qgsPl§pecimen. The variation of UTS with
number of reinforced MS wires for a particular heat treatment was

-

studied.

The fractured surface of the tensile specimens were cuted
out and that fractured surface was analysed by SEM to study the
fractured behaviour. The reaction interface were examined by

metallography studies.
4.2 CHEMICAL ANALYSIS

The chemical analysis of aluminium matrix embedded with mild
stee] wires is as follows (in weight percentage).

Cu -~ 6.2 Cr < 0.1

Fe - 1.1 Ni ¢ 0.1
i ¢ 1.5 Zn ¢ 0.3
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Mg ¢ 0.2 MM ¢ 0.2

and remaining aluminum.
4.3 DISTRIBUTION OF MS NIRES IN ALUMINIUM ALLOY MATRIX

To find out the‘vdistribution a piece was cut from the
specimen and given the shape to study the distribution of Ms
wires were in the matrix. It was observd that the distribution
.of wire was not in uniform position as it was before casting
because when the melted material comes in contact with the MS
wire and therefore sudden increase the temperature of MS wire and
due to this increase in temperature the MS wire moves in
longitudinal direction. The wires distribution of such type is

shown in Fig.4.1. o ' X

4.4 MECHANICALl?ROPERTIES

4.4.1 Tensile Test

The mild steel wire embedded in aluminium base alloy were
heat treated at different temperatures. The tensile testing were
carried out to all the nine specimens. Table 4.1 shows,’ the

variation of UTS with number of wires heat treated at 500°C for 20

hours.

From the UTS values it is seen that strength of reinforced
casting is more than the strength of matrix of the material i.e.
Bage Casting. Further it is seen that the value of UTS increased

with increase in number of reinforced wire.
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Fig. 4.1 SEM micvograph showing wire distribution in reinforced
casting (a) magnification 20x and (b) magnification 40 x
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The variation of Ultimate Tensile Strength (UTS) with number

of wires heat treated at 500°C for 20 hours

e e e e e Aa1 e b in e —be —e hm - ———— - —— =~ -~ — —— — ——— — - —— - - — - — - — - - - — - - - - = - — - —

1. No. specification of UTS proof strength % elong.
specimen in kg/mm* in kg/mm*
1 Base alloy 11.94 3.89 4.2
2 Single wire 12.10 4 .22 2.4
3 2 wires 12.95 4 .5% 3.4
4 3 wires 13.60 4.87 4.6
5 4 wires 13.24 4.30  3.03
& L0 wires 16.45 5.562 ' 3.0
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The variation of Ultimate Tensile Strength (UTS) with number
of wires heat treated at 500°C for 20 hours
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The teh&ile propovation of casting with 4 MS wive reinforcad
at different temperatur ¢ s shown in Table 4.2. It iz =zesen that
specimen with 4 wires, heat treated at 500" C for 20 hours, showed

' .
that the UTS lower than the other heat treated specimens, at same
time of heat treatment but at differaent temperature. The UTS is
decreased because of the formation of thicker intermetallic

interface. This interface 1is brittle and any crack which is

nucleated propogats at a faster rate.

This is further confirmed by the lesser percentage
elongation of 3.03% with respect to the once observed ie 4.71 and

4.04 in case of 45¢ and 4?5°C heat treating temperatures.
4.4.2 Microhardrngss Measurements Acrogs the Interface

The varlation of microhardness of mild steel reinforced
aluminium &alloy s given In the table 4.3. The microhardness

acroes the interface has observed as shown in Fig.4.3.

Points 1 and 2 are on the mild steel wire,points 3 and 5 are
at interface and point 4 is within the reaction interface. Point
6,7,and 8 are at aluminium alloy matrix. ‘The distance has taken
from point 1. The diameter of the indentation of VHN are given

in table 4.3 and plotted in Fig. 4.4.

It 1 seen that the value of hardness at wire is more as

o

compare to the wvalue of hardness at matrix. Also it is seen
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TABLE 4.2

Tensile properties of casting with 4 MS wire reinforced at

different temperatures for 20 hours

S1.No. No. of Temperature uTsS Proof strength % elong.
wires (in° C) (kg/mm* ) (kg/mm”)

T TR WY I G Y Wy T G- S U ot W s W S WD N WG N G W WD W W WA DA W Tt W o S e S UM S st W W W VI WY - S W - ——

01 04 425 14.25 4.95 3.45
02 04 450 15.80 5.2 4.71
03 04 475 17.41 5.85 - 4.04
04 04 500 13.24 4.30 . 3.03

T AT S0 S e i e i Y S W S WS e e A T W - S - S D > — —— — ——— T — - T - — - " = T " ——— — = ———— =" v - -
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The wvariation of UTS with 4 number of wires heat treated at
different temperatures for 20 hours
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TABLE 4.3

Tﬁe variation of VHN of MS wire reinforced in aluminum alloy

at different distances and at 10 gm load

WA PP U et Ul ek e v e " o —p B - — ——— - — Y - - Was — — " — o —— — — " _—_—— ———— - —_—_—— - — —_—_— —_——— - - ——— — — v ———

S1l. No. position distance diameter of VHN
( mm ) indentation (micron)

A S Y T VA AT N P re A oY et v Gy Sy o G Y S WY W W WY WAP WA WM WY e W e Y WY Y T S B W W S B S e S WY S e W e Sm e e wev W e W e

1 wire 0.0 3.25 216 .5
2 wire 0.14 9.0 . 228.0
3 interface 0.17 6.6 426.0
4 - interface 0.20 7.5 330.0
5 interface 0.23 21.25 41.1
6 matrix 0.25% 13.75 98.1
7 matrix 0.33 14.0 94.6
8 matrix 0.40 13.9 96 .0

Wk e wre e Ve e e e M Y S S v T v AW A - — " — o S —_ — — — A~ — "t —_——_ ———— - ——— —— > " Tr— w—— —— w— e o~ wa
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rosition of points, magnification, 200 x
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tihat the hacrdrness i very high at the reaction interface. This
high value of reaction interface 1is due to formation of iron
aluminide at  the irnterface ig wvary hard and the hardnesz value

exceeds above 350 VHN [34] .

Point % shows very less value of 40 VHNM. This is due to the

povosity at  the interfacs, which is visible in the micrographic

Fig.4.5%.

4.5 METALLOGRAPHY ANALYSIS
4.%.1 Int&rfacsAStudieS

Five specimens of the reinforced casting are taken for
metallography study. One specimen is from as cast and other four
that reiﬁfbfced césting which were heat treated at 425, 450, 475

and 500°C.

After polishing and etching the microsgructures were
observed In as cast condition at low and high magnifications to
show the wire and in;erface as shown in Fig.4.6. The heat
treated specimen were observed under the optical micrscope and it
ie seen that the interface thickness is increased after specific
temperature. Similarly the interface thickness are measured for
all the heat treated specimen as shown in Fig.4.7 and tabulated

the interface thickness as shown in Table 4.4.

It is seen that the interface thickness is increased with

increasing the temperature of heat treatment, the obeX an
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TABLE 4.4

The wvariation of reaction interface thickness of MS wire
reinforced in aluminum alloys matrix at different heat

treatment temperature for 20 hours

W S S Wy SPY W G S W s WY WA W T T P WS TIP T B DI TS WET P W AT SeV S W e W e Ve W G W WY T G G e W B G W S S e S B B S S - -

sl. No. No. of wires Temperature Interface thickness
(°c ) ( micron )

1 04 as cast | 08

2 04 425 - 18

3 04 450 26 ‘

4 04 475 45

5 04 500 65

T S GO U B o W = W —— VY Tt S — - — - W W O W G W P i ot W T T ooy ol e e it e Y VS D B VAl S VD A AL W O S ) ) WAD W s UD rs 0
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expresgion as
Y = ax*+bx+c
Where ’a*, 'b’ and ’¢’ are constant & the value is a=.024,
b = 10,28, and ¢ = 8.
The increase in thickness 1is because of the couﬁter current
diffusion of ironrn and aluminium which slon down as a study state

condition has reached.

- 4.5%.2 Distribution of Pourisity

The microstructural analysis of the wires from the surface
to the centre were made. It is seen that the mild steel wire
have almost good mechanical contact with the matrix from the
figure 4.8, it is clear that certain amount of pourisity level

-

doas exist at the interface.

The entraped air during the casting is pushed towards the
mild steel wire surface during solidification, but the
solidification from martix at a faster réte that the gas is
entraped near the surface of mild steel wire.

4.5.3 Fractography

After analysis the specimen at different heat treatment
under SEM, {t is observed that the nature of fracture that has
taken pkace in the matrix‘%nd wire are occured by wire pull out,
as shown in Fig.4.9. But the extent of fibre pull out is minimum
for the heattreated specimens, and is maximum for as cast

specimen as shown in Fig. 4.10 (a) & (b). Also it is seen that
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the fracture in matrix and wire is ductiles in nature.

Also Fig. 4.11 shows the cracks and some éasting defaults.
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4.11

SEM  micrograph showing cracks in casting

(a) magnification
magnification 320 x

E

320 x (b) crack in matrix
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CHAPTER &
CONCLUSION

Following are the conclusions incurred from the bresent
investigation on the MS wire of 0.5 mm g embedded aluminium alloy
matrix.

1. It is found that the porosity distribution is not uniform

throughout the casting.

2. It is found that tensile strength improvea with increase in
number of reinforced MS wire from 12;10 kg/mm* for single number
of wire to 16.45 kg/mm"for 20 number of wires when heat treated
at 500° C for 20 hours. Also it is found that tensile strength
improved with increase in heat ﬁreatment temperature from 14.25
kg/mm*for 4 number of wires, heat treated at 425°C to 17.41 kg/mni

for 4 number of wires heat treated at 475° C.

3. It is found that tensile strength decreased with increasing

temperature of heat treatment.

4. It is found that percentage elongation increase with

increasing temperature of heat treatment.

5. SEM - fractography revealed that the the fracture occured

predominently by fibre pull out.

6. It is found that interface thickness increase from 8 micron

Ko



for as cast conditions to &5 micron after heat treated at 500o C

for 20 hours.

7. Metallographic examination indicates that crack initiation

occurs in the matrix phase, and subsequent crack growth is

confired to the matrix phase.
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CHAPTER 6

SUGGESTION FOR FUTURE WORK

In the future work the skill to be made to'introduceﬁof
new fibre matrix system. The fibre material can be used for work
as Titanium, Ni, cromium, Tungsten,'Molybdenum, Beryllium, etc.
and considering the factor as heat treatment at the different
time for the different numbers and different diameter of wires
used for ‘reinforced casting and study to optimization of thése
foctor to get the improved mechanical properties.

The future work to be done by making  the specimen of
reinforced M S wire through out all the casting and make an EPMA

study for a detailed analysis of the different phase.
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