International Journal of Advanced Research in Basic Engineering Sciences and Technology (IJARBEST)

Friction Welding Of Aluminium 7075 and Boron Carbide Metal

Matrix Composites

V.Sriram , V.Velmurugan, S.Vikram And G.Sivakumar
Bachelor Of Engineering, Mechanical Engineering
M. Kumarasamy College Of Engineering
(Autonomous Institution Affiliated To Anna University, Chennai)
Karur 639 113

ABSTRACT

Aluminium 7075 is extensively used as light
weight material in aircraft industry and as mold material in
plastic industry. However, it exposes wear during
consequent working which reduces life of material. In
order to correct this Aluminium 7075 as composite
material with Boron Carbide as reinforcement material
with the composition 6%. The fabrication of Aluminium
7075 was done by using stir casting machine and its
characterstics after being friction welded have been
checked by checking the hardness and the microstructure
have been observed.
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Microstructure.

1. INTRODUCTION

1.1 Introduction to MMC material

Metal composite materials have discovered application in
numerous zones of day by day life for a long while.
Frequently it is not understood that the application makes
utilization of composite materials. These materials are
created in situ from the regular productionand handling of
metals. Here, the Dalmatian sword with its wind
structure,which comes about because of welding two sorts
of steel by rehashed manufacturing, can be mentioned.

Materials like cast iron with graphite or steel with high
carbide content, as well as tungsten carbides, comprising of
carbides and metallic fasteners, additionally have a place
tothis gathering of composite materials. For some analysts
the term metal matrixcomposites is frequently likened with
the term  light metal framework  composites
(MMCs).Substantial advance in the improvement of light
metal lattice composites has been achieved in late decades,
so they could be brought into the most important
applications.

In movement building, particularly in the car business,
MMCshave been utilized economically in fiber fortified
cylinders and aluminum wrench caseswith reinforced
chamber surfaces and in addition molecule fortified brake
disks.From this potential, metalmatrix composites satisfy
all the coveted originations of the fashioner. This
materialgroup ends up plainly intriguing for use as
constructional and practical materials, ifthe property profile
of ordinary materials either does not come to the
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Increased standards of particular requests, or is the
arrangement of the issue. Be that as it may, the technology
of MMCs is in rivalry with other current material
technologies,for illustration powder metallurgy. The
upsides of the composite materials are onlyrealized when
there is a sensible cost — execution relationship in the
component production. The utilization of a composite
material is required if an extraordinary property profile
must be  accomplished by use of  these
materials. Theprobability of consolidating different material
frameworks (metal — clay — nonmetal)gives the open door
for boundless variety.

The properties of these new materials are fundamentally
controlled by the properties of their single components.The
fortification of metals can have a wide range of goals. The
improvement targets for light metalcomposite materials
are:

1. Increase in yield quality and elasticity at room
temperature or more while keeping up the base pliability or
rather sturdiness.

2. Increase in crawl resistance at higher temperatures
contrasted with that of regular composites.

3. Increase in weakness quality, particularly at
higher temperatures.

4. Improvement of warm stun resistance.

5. Improvement of consumption resistance.

6. Increase in Youthful's modulus.

7. Reduction of warm lengthening.

To condense, a change in the weight particular properties
can come about, offeringthe conceivable outcomes of
developing the application region, substitution of normal
materials and enhancement of segment properties. With
utilitarian materials thereis another target, the precondition
of keeping up the proper capacity ofthe material. Goals are
for instance:

1. Increase in quality of directing materials while
keeping up the high conductivity.

2. Improvement in low temperature crawl resistance
(reactionless materials).

3. Improvement of burnout conduct (exchanging
contact).

4. Improvement of wear conduct (sliding contact).

5. Increase in working time of spot welding anodes
by lessening of consume outs.

6. Production of pliable composite superconductors.

Vol.3 Special Issue.38 May 2017



International Journal of Advanced Research in Basic Engineering Sciences and Technology (IJARBEST)

7. Production of attractive materials with unique
properties.
For different applications distinctive improvement

destinations are given, which differfrom those specified
some time recently. For instance, in medicinal innovation,
mechanicalproperties, similar to extraordinary erosion
resistance and low corruption and also
biocompatibilityareexpected. Although expanding
improvement exercises have prompted framework
arrangements usingmetal composite materials, the
utilization of particularly creative frameworks, especially
inthe region of light metals, has not been figured it out. The
explanation behind this is deficient processstability and
unwavering quality, joined with generation and preparing
problemsand insufficient monetary proficiency.
Application zones, similar to activity building, arevery cost
orientated and preservationist and the business is not
willing to pay additionalcosts for the utilization of such
materials.

Composites can't be produced using constituents with
dissimilar direct extension qualities. The interface is the
territory of contact between the support and the lattice
materials. Now and again, the locale is a particular
included stage. At whatever point there is interphase, there
must be two interphases between each side of the
interphase and its adjoint constituent. A few composites
give interphases when surfaces divergent constituents
communicate with each other. Decision of manufacture
strategy relies on upon network properties and the impact
of grid on properties of fortifications. One of the prime
contemplations in the determination and manufacture of
composites is that the constituents ought to be artificially
inactive non-receptive.

2.1 GENERAL

K.Krishnamoorthi and P.Balasubramanian examined to
decrease the wear conduct and broke down the physical
and compound properties of aluminum 7075 and watched
that the hardness of aluminum 7075 network composites
expanded in the lattice material.

M. Jaivignesh and Elanchezhian examined the creation and
mechanical examination of aluminum amalgam, alumina
(Al203) and boron carbide metal framework composites.
Aluminum is the network metal having properties like light
weight, high quality and simplicity of machinability.
Alumina which has better wear resistance, high quality,
hardness and boron carbide which has magnificent
hardness and break durability are included as fortifications.
Here, the creation is finished by mix throwing which
includes blending the required amounts of added
substances into mixed liquid aluminum. After cementing,
the specimens are arranged and tried to locate the different
mechanical properties like ductile, flexural, effect and
hardness

2.2 MMC systems

A metal lattice composite framework is for the most part
assigned essentially by the metal compound assignment of
the network and the material sort, volume division and type
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of the fired fortification. For instance, 6061A1/30v/o SiC
assigns an intermittently fortified 6061 Aluminum
Combination with 30 volume percent Silicon Carbide
particulate fortification. A constantly fortified MMC might
be assigned by SiC, for instance. These assignments don't
completely portray the composite framework since they
give no data on the fundamental solidification prepare
ingot or powder metallurgical combination), consequent
warm treatment, or particular fiber introductions, for
instance.

2.2.1 Qualification from different materials/composites
MMCs vary from other composite materials in a few ways.
Some of these general refinements are as per the following:
1. The network period of a MMC is either an unadulterated
or compound metal instead of a polymer or fired.

2. MMCs prove higher flexibility and durability than
pottery or CMCs, despite the fact that they have bring
down pliability and strength than their individual
unreinforced metal grid composites.

3. The part of the fortification in MMCs is to expand
quality and modulus just like the case with PMCs. Support
in CMCs is for the most part to give enhanced harm
resistance.

4. MMCs have a temperature capacity for the most part
higher than polymers and PMCs yet not as much as
earthenware production and CMCs.

5. Low to reasonably strengthened MMCs are formable by
procedures regularly connected with unreinforced metals.
2.3 Matrix materials

Metals are to a great degree adaptable designing materials.
A metallic material can show an extensive variety of
promptly  controllable  properties  through fitting
determination of combination structure and thermo
mechanical handling strategy. The broad utilization of
metallic compounds in designing reflects their quality
andtoughness as well as the relative simplicity and minimal
effort of creation of building parts by an extensive variety
of assembling procedures. The advancement of MMCs has
mirrored the need to accomplish property blends past those
achievable in solid metals alone. Subsequently, custom
fitted composites coming about because of the expansion
of fortifications to a metal may give upgraded particular
solidness combined with enhanced exhaustion and wear
resistance, or maybe expanded particular quality joined
with fancied warm attributes (e.g., decreased warm
development coefficient and conductivity) in the
subsequent MMC.

Be that as it may, the cost of accomplishing property
changes remains a test in numerous potential MMC
applications. MMCs include unmistakably extraordinary
property blends and preparing methodology when
contrasted with either PMCs or CMCs. This is to a great
extent because of the inborn contrasts among metals,
polymers and pottery as lattice materials and less so to the
way of the fortifications utilized. Unadulterated metals are
misty, shiny synthetic components and are for the most part
great channels of warmth and power. Whenever cleaned,
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they have a tendency to reflect light well. Additionally,
most metals are pliable however are moderately high in
thickness.

These attributes mirror the way of iota holding in metals, in
which the particles have a tendency to lose electrons; the
subsequent free electron "gas" then holds the positive metal
particles set up. Interestingly, clay and polymeric materials
are concoction mixes of components. Holding in pottery
and intra sub-atomic holding in polymers is described by
either sharing of electrons between molecules or the
exchange of electrons starting with one particle then onto
the next.

The nonappearance of free electrons in earthenware
production and polymers (no free electrons are framed in
polymers because of intermolecular van der Waals holding)
brings about poor conductivity of warmth and power, and
lower deformability and sturdiness in contrast with metallic
materials.

2.3.1 Part of network materials

The decision of a network amalgam for a MMC is
managed by a few contemplations. Of specific significance
is whether the composite is to be ceaselessly or
intermittently strengthened. The utilization of nonstop
strands as fortifications may bring about exchange of the
greater part of the heap to the fortifying fibers and
consequently composite quality will be represented
essentially by the fiber quality. The essential parts of the
network composites then are to give proficient exchange of
load to the filaments and to limit breaks if fiber
disappointment happens thus the framework amalgam for a
consistently strengthened MMC might be picked more for
sturdiness than for quality. On this premise, bring down
quality, more malleable, and harder lattice amalgams might
be used in consistently fortified MMCs. For intermittently
fortified MMCs, the lattice may represent composite
quality. At that point, the decision of grid will be impacted
by thought of the required composite quality and higher
quality network amalgams might be required. Extra
contemplations in the decision of the lattice incorporate
potential fortification/framework responses, either amid
handling or in administration that may bring about debased
composite execution; warm worries because of warm
extension befuddle between the fortifications and the grid;
and the impact of network exhaustion conduct on the cyclic
reaction of the composite.

To be sure, the conduct of MMCs under cyclic stacking
conditions is a territory requiring extraordinary thought. In
MMCs proposed for use at hoisted temperatures, an extra
thought is the distinction in dissolving temperatures
between the grid and the fortifications. A substantial
liquefying temperature distinction may bring about grid
crawl while the fortifications stay versatile, even at
temperatures moving toward the network dissolving point.
Be that as it may, sneak in both the lattice and support must
be considered when there is a little liquefying point
distinction in the composite.
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2.3.2 Types of matrix materials

Metals are routinely accessible in a wide assortment of
item structures planned for ensuing assembling operations.
These structures incorporate remelting stock for throwing,
created materials including wire, thwart, sheet, bar, plate, a
wide assortment of expelled shapes, and powder. A hefty
portion of these distinctive structures are utilized in the
assembling of MMCs. Soften handling techniques, for
example, fluid metal penetration requires
remeltablesytheses. Thwart/fiber/thwart strategies require
lattice thwart in proper thicknesses (normally 0.1 mm or
0.004 inch); when all is said in done, thwart alludes to a
level moved result of thickness under 0.012 inch (0.3 mm).
Such thickness is promptly achievable by moving of
numerous flexible framework composites yet may require
exceptional moving techniques for less workable
compounds. Most metals can be decreased to powder by an
assortment of strategies.

2.3.3 Sorts of matrix materials

Numerous MMC applications include contemplations other
than quality alone - e.g., electrical contacts - thus there are
comparing prerequisites for some sorts of framework
materials. Immaculate metals for the most part are delicate
and powerless and additionally being high in electrical and
warm conductivity. This is on account of the elements
which result in simple plastic twisting and low quality with
high malleability likewise take into account prepared
movement of free electrons and, along these lines, high
electrical and warm  conductivity.  Accordingly,
applications requiring high warm or electrical conductivity
joined with high quality and imperviousness to wear, e.g.,
contact focuses, may utilize unadulterated metal lattices
with clay fortifications.

Lately there has been a developing accentuation on
amalgam arrangements close to those of certain
intermetallic mixes, for example, Titanium Aluminides.
Such intermetallic mixes and the composites in light of
them regularly show appealing blends of low thickness,
high liquefying point and high quality at raised
temperatures. Then again, the malleability of such mixes is
for the most part poor since holding is regularly covalent or
ionic in character as opposed to metallic. Framework
composites are likewise characterized by dissolving
temperature. Particularly high softening temperatures, for
example, found with Mo, Nb, and Product named hard-
headed, which means hard to liquefy. Metals, for example,
Fe, Ni, and Cu are considered to show normal liquefying
conduct while Al and Mg are generally lower temperature
softening materials. A wide range of metals have been
utilized in MMCs and the decision of network material
gives the premise to further order of these composites.
Amalgam frameworks including aluminum, copper, press
(steels), magnesium, nickel, and titanium have been used as
grids and each of these are talked about further in taking
after segments.
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2.3.4Aluminium

An extensive variety of aluminum composites in different
structures have been joined in MMCs. The thickness of
most aluminum composites is close to that of unadulterated
aluminum, around 0.1 1b/in3 (2698 kg/m3). Unadulterated
aluminum liquefies at 1220°F (660°C); this moderately low
dissolving temperature in contrast with most other potential
framework metals encourages handling of Al-based MMCs
by strong state courses, for example, powder metallurgy,
and by throwing strategies. Aluminum combinations are
comprehensively delegated either created or cast materials;
moreover, numerous fashioned sytheses are additionally
accessible in powder shape. The expression "created"
shows that the material is accessible fundamentally as
mechanically worked items, for example, moved sheet,
plate or thwart, different expelled shapes, tubing, forgings,
wire, bar, or bar.

The prepared accessibility of aluminum combination foils
and generally low handling temperatures permitted the
thwart fiber-thwart technique to be effectively created and
used amid the 1970s to deliver aluminum amalgams
fortified with nonstop boron or SiC-covered boron strands
for aviation applications. The 6061 Al-Mg-Si combination
in thwart frame was utilized in many occurrences and this
same compound organization has additionally been utilized
as a part of give shape a role as the grid in consistently
fortified Al-graphite composites. Numerous fashioned
aluminum compound sytheses are appropriate for
expulsion and most irregularly strengthened aluminum
(DRA) MMCs, regardless of whether at first combined by
means of powder metallurgy or throwing strategies, are
prepared in this way.

Aluminum amalgams planned for use underway of castings
are by and large accessible as ingots of shifting size or in
different structures appropriate for remelting. Uses of such
cast materials have incorporated the creation of cast
segments utilizing DRA, with blending to suspend particles
in the fluid metal preceding throwing and hardening of the
article. The assignment plans for both fashioned and cast
composites depend on the major alloying increases. Both
fashioned and cast amalgam structures might be
additionally characterized by the technique for acquiring
mechanical properties: warm treatable or non-warm
treatable. Warm treatable alludes to composites that can be
reinforced by warm treatment. Created compounds of the
2XXX, 6XXX and 7XXX arrangement are for the most
part warmth treatable and those that contain significant
increases of lithium (e.g., somewhere in the range of
8XXX combinations) are likewise warm treatable.
Common warmth treatment operations may incorporate
arrangement warm treatment, extinguishing in a fluid
medium and ensuing maturing.

Extra digits might be utilized to demonstrate additionally
points of interest of preparing, for example, fixing
operations. Additionally subtle elements of warmth
medicines and their impact on properties are accessible in
various References. The expansion of fortifications
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(particularly particles and bristles) has been appeared to
significantly affect the maturing reaction of the lattice
organization for some DRA MMCs. The maturing reaction
might be either quickened or hindered and the impact is
both material and process particular. Hence the maturing
treatment for a MMC with a warmth treatable grid
compound may contrast essentially from that for the
unreinforced lattice. Furthermore, most fashioned
compounds contain minor composite increases. For
instance, Zr is added to different amalgams to control
recrystallization amid hot working. In any case, the
nearness of strengthening particles in a MMC may likewise
help in grain refinement and hinder the requirement for a
portion of the minor augmentations regularly found in
fashioned compounds. Non-warm treatable compounds are
those that are not apparently reinforced by warmth
treatment.

The quality of the material is controlled by the nearness of
alloying components introduce in strong arrangement and
by the degree of any icy working. Fashioned combinations
of the 1XXX, 3XXX, 4XXX and 5XXX arrangement are
by and large non-warm treatable. The added temper
designators for these combinations are by and large either -
O, alluding to a completely toughened and diminished
condition, or - H (with extra digits). The H alludes to the
utilization of plastic disfigurement, ordinarily by frosty
moving, to fortify the material, and the extra digits depict
the degree of strain solidifying and related strengthening
medications to control quality, flexibility and vulnerability
to stress erosion.

2.4 MATERIAL Determination

The point of outlining metal network composite materials
is to join the alluring characteristics of metal and pottery
The expansion of high quality, high modulus
unmanageable particles to a pliable metal lattice will
deliver a material whose mechanical properties are
moderate between the framework compound and the fired
fortification Metals have a helpful blend of properties, for
example, high quality, flexibility, and high temperature
resistance, however now and again some of them have a
low firmness esteem, though earthenware production are
typically hardened and solid, yet fragile For instance,
aluminum and silicon carbide have altogether different
mechanical properties with Youthful's moduli of 70 GPa
and 400 GPa, coefficients of warm extension o f 24 x
10'6/°C and 4 x 10'6/°C , and yield quality of 350 MPa and
600 MPa separately By combimng these materials e g
AA6061 (at T6 condition) with 17 volume portion of SiC
molecule, a MMC with Youthful's modulus of 966 GPa ,
and yield quality of 510 MPa can be created. Via precisely
controlling the relative sum and conveyance of the
elements of the composites, and additionally the handling
conditions these properties can be additionally made
strides. There are various criteria that should be considered
before a determination of the material can be made. Some
of these criteria are between related a few criteria for the
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determination of lattice and support materials are as per the
following:

Compatibility

Thermal properties

Fabrication technique

Application

Cost

Materials

Properties

. Recycling

2.4.1 Similarity

The compound soundness, wettability, and similarity of the
fortification with the grid material are critical, for materials
creation, as well as for application Not all support is good
with each network composite The wetting and holding or,
then again, over the top concoction responses between the
lattice and fired are by and large viewed as the significant
issue in delivering most MMC materials. The wettability
can be characterized as the capacity of a fluid to spread on
a strong surface. On the off chance that a synthetic
response happens, it can change the piece of the grid
amalgam. Then again a portion of the synthetic responses
at the interface may prompt a solid bond between the grid
and the support, yet a weak response item can be very
negative to thePerformance of the composite. Among the
numerous fired fortifications considered for making
aluminum network composites, AI203 and SiC have been
found to have an astounding similarity with the aluminum
framework since SiC offers a satisfactory warm
dependability with aluminum combination amid the blend
and application.

2.4.3 Fabrication Method

There are a few creation methods accessible to produce
MMC materials. A powder metallurgy (PM) course is the
most well-known strategy for the arrangement of irregular
fortified MMC, since no softening and throwing is
included, this prompts less connection between the lattice
and the fortification, subsequently limiting interfacial
response and prompting enhanced mechanical properties.
At times this system will allow the readiness of composites
that can't be set up through fluid metallurgy.

For instance, SiC stubbles will disintegrate in a liquid Ti-
compound grid, subsequently utilizing PM course can limit
disintegration. It has been demonstrated that SiCfibreis
very perfect with strong aluminum however just genuinely
good with fluid aluminum. In fluid metal handling, the
fired particles invest extensive energy in contact with the
liquid combination grid, and this can bring about response
between the two.

In the blend throwing strategy, the utilization of
fortification material, for example, fiber, or fiber appears
not to be reasonable. This is on the grounds that the
blending activity, which is fundamental to scatter
fortification material in the liquid lattice, would break
them.

2.4.4 Application

TommUN®
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On the off chance that the composite is to be utilized as a
part of a basic application, the moduli, quality and
thickness will be vital, which requires high moduli, low-
thickness support. For this situation molecule shape may
likewise be an element, since rakish particles can go about
as neighborhood stress raisers, consequently conceivably
lessening pliability. On the off chance that the composite is
to be utilized as a part of a warm basic administration
application, the CTE and warm conductivity are vital.

The CTE is for the most part vital on the grounds that it
impacts the long haul quality of the composite. Rehashed
application in numerous warm cycles from surrounding to
roughly 200° C will make inside anxiety be recovered at
each cycle, and it is conceivable that extreme plastic strain
could be created which is more noteworthy than the
passable crawl strain.

2.4.5 Cost

Late improvements in MMC manufacture are gone for less
expensive and basic strategies Fluid state handling
consolidating different throwing techniques, powder
metallurgy strategies and, in-situ preparing are being
utilized as a part of current creation of particulate
strengthened aluminum framework composites. Be that as
it may, the powder metallurgy course is hard to
computerize, and hence may not be the correct response for
sparing generation of aluminum grid composites. The most
prudent procedures are found among the fluid state and in-
situ forms, and among them the most basic, reasonable and
generally utilized strategies are throwing techniques. In
some manufacture strategies, the size and state of segment
are constrained and standard metal working and machining
techniques ordinarily can't be connected Machining of
MMC segments will dependably give a terrible surface
completed, and an uncommon device must be utilized
Thus, the generation expenses of these materials stay high.
2.4.6 Materials

Elective support stage morphologies must be researched so
as to lessen the cost of MMCs while holding the appealing
properties. These methodologies regularly include the
utilization of more affordable, spasmodic support stage and
powder metallurgy and throwing strategies. A noteworthy
explanation behind utilizing particles is to diminish the cost
of the composites. So the support must be promptly
accessible in the amounts, size and, shape required easily.
2.4.7 Properties

Low thickness MMCs can promptly be produced by
choosing low thickness compounds, for example, those in
light of aluminum and magnesium, as the lattice material.
At the point when basic prerequisites request ideal quality
thickness proportion in mix with warm strength, nickel and
titanium based amalgams can likewise be chosen. While
most metallic frameworks show sensibly high warm
conductivity, their CTEs are considerably higher than the
greater part of the accessible support material. It was found
that the nearness of a broken support stage in a metal lattice
builds the weariness life. This is affected by the commonly
intuitive impacts of individual properties of the composite
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constituents, size of the support stage, spatial circulation of
the fortification in the framework and inherent nature of the
support grid interface. Aluminum amalgam has bring down
hardness values contrasted with, for instance, steel or cast
press.

This amalgam can't along these lines be utilized as a part of
utilizations where the material is subjected to broad
scraped spot. On the off chance that a hard fortification is
added to the lattice, the new material could be utilized an
applications where scraped area resistance is of assent. The
wear resistance ordinarily increments with the measure of
fortification. Be that as it may, the mix of various
properties is critical. It is not generally advocated to pick
aluminum lattice composite due to its high particular
properties just, e.g. the low weight and the subsequent
weight sparing The pliability diminishes with expanding
measure of fortification material included Coarser particles
ought to be maintained a strategic distance from to limit
molecule break.

2.4.8 Reusing

The generation cost of aluminum is costly contrasted with
other business materials, for example, steel, however in the
event that aluminum is reused, incredible funds in vitality
utilization can be picked up. The vitality expended when
aluminum is reused is just around 5% of that utilized as a
part of essential creation. It is vital to pick network and
fortification with the thought that impeding between
metallic might be shaped that will make reusing
troublesome. The arrangement of certain moderate stages
will diminish the potential outcomes of reusing. This issue
is conceivable to stay away from via deliberately choosing
fortifications having similarity with the grid.
JUSTIFICATION

Aluminium is strong, with a strength comparable to many
steels, and has good fatigue strength. It has lower resistance
to corrosion than many other Al alloys, but has
significantly better corrosion resistance than the 2000
alloys. It is mixed with 13% of boron carbide first and the
casting is done. It is because boron carbide is third hardest
material in the world. It can also provide some additional
resistance while welding and testing.

2.5 Choice of Strengthening materials

2.5.1Particles

Particles are the most widely recognized and least
expensive support. This sort of fortification material
produces spasmodic strengthened composites with
isotropic properties. Another preferred standpoint is that
traditional creation strategies might be utilized to deliver an
extensive variety of item structures, making them generally
cheap contrasted with composites that are fortified with
ceaseless fiber or fibers. The helpful temperature scope of
molecule strengthened aluminum based composite is 20-
150°C. As a result of their generally minimal effort, these
materials are probably going to discover broad
applications. Molecule shape and size assume an essential
part since precise particles can go about as stress raisers,
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while adjusted or globular particles are favored for the
effect properties. Circular particles ought to give preferable
flexibility over precise shapes. Better particles result in a
nearer between molecule separating coarser particles are as
a rule effectively consolidated in fluid melts yet are more
vulnerable to gravity settling and can bring about an
intensely isolated throwing. Coarse particles are more
helpless to splitting under anxiety, bringing about poor
mechanical properties of the composite.

Bigger particles demonstrate a more noteworthy inclination
to split than littler particles having a higher likelihood of
containing imperfection. Be that as it may, fine particles in
a dissolve network posture trouble because of the grouping
of the particles and different issues related with the bigger
surface zone of the particles, for example, expanded
thickness of the liquefy, making preparing more
troublesome.

Most liquid metal preparing use clay molecule in the size
scope of 10-20 inch. It has been watched that the expansion
in load limit given by cubic particles brings about a decline
in flexibility. The favored and most utilized of the particles
materials, for aluminum amalgam framework composites is
silicon carbide (SiC), because of its positive mix of
mechanical properties, thickness and cost. Generally
utilized molecule support in aluminum network composites
is AL,Os. In contrast with SiC, it is more idle in aluminum
and it is likewise oxidation safe. As needs be, it is more
reasonable for high temperature creation and utilize Some
other molecule support additionally has been researched for
instance graphite can give the composite particular
tribological properties, and B,C fortified materials may
have atomic application as a result of neutron catching
properties of boron. It is entrenched that consistently
circulated fortifications of better size and clean interface
are fundamental for development of mechanical properties.
2.6 MMC Creation Techniques

Broken Fortified Metal Framework Composites (DMMC)
has accomplished a predominant position in the metal
lattice composite field as a result of low creation taken a
toll when contrasted with consistently strengthened
materials. With an end goal to improve the structure and
properties of molecule fortified metal grid composite,
different preparing methods have been advanced in the
course of the most recent a quarter century. Preparing of
DMMC materials for the most part includes no less than
two operations - generation of the composites materials
itself, and creation of this composite into helpful item
frames. Both operations can influence the properties and
interfacial attributes of the last item. The techniques, which
are normally utilized to fabricate DMMC, can be
assembled relying upon the temperature of the metallic
lattice amid handling

I Fluid stage forms, and

II Strong state forms

2.6.1 Fluid Stage Manufacture Strategies

By and large there are three fluid stage creation techniques
or throwing courses, which are at present by and by blend
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throwing, fluid metal invasion and crush throwing. The use
of this high temperature preparing strategy is restricted by
poor wettability and a high inclination for concoction
response of the support with fluid metal. Nonetheless, there
are various procedures used to control this marvel.
Ordinarily this kind of manufacture strategy is done under
vacuum or utilizing an idle gas air to limit the oxidation of
the fluid metal. In the mix throwing strategy, the artistic
particles are fused into a liquid framework utilizing
different systems, trailed by blending or squeezing, and
throwing the subsequent MMC.

In this procedure, a solid bond between the framework and
support is accomplished by utilizing high handling
temperatures, and regularly, alloying the network with a
component which can associate with the fortification to
create another stage which enhances wetting between the
lattice and the fortification material. There is variety in
blend throwing techniques, in the way the fluid metal is
mixed in completely fluid state, for example, by vortex
strategy, or in a halfway cemented state, for example, in the
composite throwing strategy. In the vortex technique, the
fortification is brought into a vortex made in the fluid metal
by Blending Support is proficiently disseminated all
through the dissolve, and the subsequent composites can be
thrown.

While in the compo throwing, or support throwing method,
the soften is overwhelmingly blended as it cools
underneath the fluid temperature. This creates a slurry in
which the metal strong has a non-dendritic or adjusted
frame. The blend is thrown, regularly utilizing weight to
guarantee stream of the gooey material. It is conceivable to
join an expansion amid the blending stage to deliver a
composite, thus the enlightening term of compo throwing.
Joining of the support particles inside the semi-strong
combination is guaranteed to be profitable on the grounds
that the strong mechanically ensnares the fortification and
agglomeration, and settling or floatation is kept away from.
All the more as of late, semisolid preparing has pulled in
impressive consideration as an immediate aftereffect of its
inborn capacity to yield fine-grained microstructures and
give enhanced mechanical property Semi-strong handling
includes the unsettling of a metal composite, as cementing
starts in situations where the fired particles are not wetted
by the grid, the earthenware particles were kept from
settling, gliding or agglomerating by the in part set lattice.
They likewise found that expanding the blending times
advances metal-artistic holding Press penetration is the best
frame for MMC creation. In this procedure the liquid metal
is constrained invaded into fiber packages or preformed,
removing all retained and caught gasses. This technique
includes putting a preheated preform of fortification into a
preheated kick the bucket, filling the bite the dust with
liquid network metal, crushing the liquid metal into the
preform utilizing a water driven press with a preheated
slam, holding the weight amid cementing, discharging the
weight and catapulting the subsequent composite.
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The preheated fortification, more often than not as a pre-
compacted and inorganically reinforced preform, is set in a
preheated metal pass on. Superheated fluid metal is brought
into the bite the dust and weight is connected to drive the
metal into the interstices between the strengthening
materials.

The weight required joining lattice and the support is a
component of the erosion impacts because of thickness of
the liquid grid as it fills the earthenware preform. Crush
throwing produces parts, which are free from gas or
shrinkage porosity.

2.6.2 Strong State Creation Handle

Strong state procedures are by and large used to get the
most astounding mechanical properties in MMCs,
especially in broken MMCs. This is on the grounds that
isolation impacts and weak response item development are
at the very least for these procedures, particularly when
contrasted and fluid state forms. Powder Metallurgy (PM)
is the normal technique for manufacturing. The method
used to deliver MMC by powder metallurgy is like those
utilized for powder metallurgy preparing of un-
strengthened materials.

In this procedure, in the wake of mixing the grid composite
powder with support material and cover, the subsequent
blend is nourish into a form of the yearning shape. Cool
isotactic squeezing is used to acquire a green minimal. The
principle challenges experience in this procedure is the
evacuation of the fastener used to hold the powder particles
together. The natural covers regularly leave lingering
pollution that causes disintegration of the mechanical
properties of the composites. Keeping in mind the end goal
to encourage the holding of powder particles, the reduced
is then warmed to a temperature beneath the softening
point however sufficiently high to create noteworthy strong
state dissemination (sintering).

Once in a while it winds up plainly important to keep up
the combination temperature somewhat over the solidus to
limit twisting anxiety and to maintain a strategic distance
from the harm of particles or hairs. The united composites
are consequently expelled or manufactured into fancied
shape forms, which are regularly utilized for intermittently
fortified metal network composite generation.

2.6.3 Shower Throwing

Others techniques for assembling MMCs are the splash
throwing or likewise call shower statement strategy. This
strategy likewise can be utilized on unreinforced materials.
In this procedure, a controlled stream of liquid metal is
created. The stream is changed over to a shower of liquid
beads in an inactive air, for instance in Nitrogen gas.

The measure of a bead is around 20.5-40 (inch in distance
across). The beads are affected onto a gathering surface,
and permitted to blend. It is conceivable to include strong
particles, for example, SiC and AL,O3 to the atomized
metal stream. The favorable position with this procedure is
the short contact time between the fluid grid and
fortification that will decrease concoction responses.
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2.6.4 Optional Preparing

Optional preparing of DRMMC, for example, expulsion
and moving, prompts separate of molecule (or bristle)
agglomerates, decrease or disposal of porosity, and
enhanced particles-to-molecule holding, all of which have
a tendency to enhance the mechanical properties of these
materials. At the point when composite sheet or items are
required, moving takes after expulsion.

Since compressive burdens are lower in the moving
operation than in the expulsion, edge splitting is a
significant issue with these materials It was found that
moving of DRMMC is best in the scope of 0.5mm utilizing
generally low moving rates. As on account of expulsion,
further separation of particulate agglomerates happens
amid rolling.

2.7 Blend Throwing Creation Strategy

Among the assortment of assembling procedures accessible
for intermittent metal network composites, mix throwing is
for the most part acknowledged, and as of now rehearsed
financially. Its favorable circumstances lie in its
straightforwardness, adaptability and pertinence to vast
scale generation and, in light of the fact that on a basic
level it permits a traditional metal handling course to be
utilized, and its minimal effort.

This fluid metallurgy method is the most sparing of all the
accessible courses for metal framework composite
generation, enables expansive measured parts to be
manufactured, and can manage high efficiency rates.

2.7.1 Creation Prepare

By and large mix throwing of MMCs includes delivering a
soften of the chose lattice material, trailed by the
presentation of a fortifying material into the liquefy, getting
an appropriate scattering through mixing. The following
stride is the hardening of the soften containing suspended
particles to get the coveted circulation of the scattered stage
in the cast network. Molecule circulation will change
altogether contingent upon process parameters amid both
the liquefy and cementing phases of the procedure. The
expansion of particles to the liquefy definitely changes the
consistency of the soften, and this has suggestions for
throwing forms. It is critical that cementing happen before
calculable settling has been permitted to occur. The prior
ways to deal with creating metal network composite
utilized strong particles delivered inside the liquefy through
a substance response.

This outcomes in scattered stages as in precipitation
solidifying of Al-4wt% Cu combination. Different ways to
deal with deliver metal grid composites include the
presentation of second stages particles in the metal liquefy.
The foundry strategy includes the blending of support
particles by mixing the liquid amalgam lattice. The
procedure is by and large earned out at two distinct scopes
of temperature of the soften, past the fluids temperature
[60-63] or at the dissolve temperature kept up inside the
somewhat strong scope of the amalgam. The method
including the last scope of temperature is known as the
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compo throwing procedure and it is exceptionally viable in
making cast composites with higher molecule content.

The support particles are included bit by bit while blending
proceeds at a consistent rate. As indicated by proclamation,
keeping in mind the end goal to get great consolidation, the
expansion rate should be diminished with a decline in size
of the particles are presented particles at 4-5g/hour, and it
takes around 5-10 minutes to join silicon carbide particles
into the dissolve. Now and again the molecule were present
through a nitrogen gas stream.

The fortification particles utilized regularly are one of two
sorts either in as got condition, or warmth treated
(misleadingly oxidized). Oxidation has occurred at 1000°C
for 1 5 hours in air [70] at 1100°C for 12 hours or one and
half hours and at 850°C for 8 hour. Moreover, gas
assimilated on the surface of SiC, which was set up in air,
can be expelled by preheating at a specific temperature for
a specific timeframe. For instance particles have been
warmed to 554°C for one hour at 850°C for 8 hours or at
the temperature of 900°C, 799°C and 1100°C.

As a beginning stage the ingot is by and large dissolved to
over the fluids temperature, for instance to 50°C over the
fluids temperature. An alternate approach has been
proposed by slurry was set up from powdered material
Composite soften might be set up in a graphite pot, silicon
carbide pot, alumina cauldron, or solid pot. With a specific
end goal to keep the dissolve as spotless as conceivable the
ingot is softened under a front of an idle gas, for example,
nitrogen, or in a vacuum chamber or in a weight chamber.
There likewise limits the oxidation of the liquid metal, or
lessens porosity (under weight) arranged composite with
the entire contraption being fixed inside a glove box which
was loaded with nitrogen gas.

As per the liquid aluminum ought to be subjected to a high
vacuum environment to degas hydrogen, before the
fortification materials are totally included. It was then
treated the metal ingot in various ways. In their work the
metal ingot, before liquefying, was treated with a warm
antacid arrangement and washed with a blend of acids,
keeping in mind the end goal to diminish the thickness of
the oxide film and to take out other surface polluting
influences. The most huge prerequisite when utilizing a
blend throwing method is constant mixing of the liquefy
with an engine driven fomenter to avoid settling of
particles.

On the off chance that the particles are denser than the host
combination, they will normally sink to the base of the
soften. This implies some technique for blending the
dissolve must be acquainted before throwing with
guarantee that the particles are appropriately circulated all
through the throwing. Scattering by mixing with the
assistance of a mechanical stirrer has turned out to be
broadly utilized after this strategy was presented by Beam.
This outer drive is utilized to blend a non-wettable fired
stage into a dissolve, and furthermore to make a
homogeneous suspension in the soften.
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The consistency of molecule scattering in a soften before
cementing is controlled by the progression of the molecule
development in fomented vessels. The composite slurry
might be upset utilizing a different sorts of mechanical
stirrer, for example, graphite stirrer steel stirrer covered
with earthenware, four bladed alumina splash covered
stirrer or alumina stirrer. The vortex technique is the most
every now and again utilized since any blending of a soften
normally brings about an arrangement of a vortex.

Fired particles are presented through the side of a vortex
which is made in the dissolve with a mechanical impeller at
various unsettling rates, for example, at 100 rpm 580 rpm,
600 rpm, 1000 rpm, or 400-1500 rpm. Particles have, for
cases are constantly mixed in the wake of being fused into
the liquefy, for 45 minutes, or for 15 minutes. A few
foundries utilize a gradually pivoting propeller for
consistent mixing. Acquainting support particles with the
blended liquid lattice at times will ensnare the particles as
well as different pollutions, for example, metal oxide and
slag, which is shaped on the surface of the melt.During
pouring, air envelopes may frame between particles, which
can adjust the interface properties amongst particles and
the liquefy, hindering the wettability between them.

For the situation where the temperature of the particles
included are not at the same as the temperature of the liquid
slurry the thickness of the slurry increments quickly. The
advancement of a vortex amid blending has been observed
to be useful for moving the particles into the grid soften.

In this strategy the fortification particles are added to the
highest point of the mixed fluid, and are drawn toward the
focal point of the vortex. As such, the vortices framed tend
to think particles added to the surface

2.7.2 Hardening of Metal Grid Composites

Amid hardening it is essential to have a comprehension of
molecule developments and appropriation, as the properties
of composite are known to basically rely on upon the
circulation of the fortification.

The hardening combination of cast metal-fired molecule
composites includes creating a dissolve of framework
material, trailed by the presentation of the particles into the
liquefy, and the last stride is cementing of the soften into a
specific shape, for example, an ingot or a billet shape. The
strong particles are available basically in unaltered frame,
both in the fluid and the strong metal.

The fuse of the support molecule will promptly build the
thickness of the lattice dissolve. For instance, if 15 volume
percent of support particles is included into the completely
softened framework blend, this implies the dissolve will be
involved by 15 percent of strong molecule, or in the other
word, the slurry is mostly set.

It is set up that the arrangement of the microstructure in
cast molecule strengthened - *composites is primarily
impacted by the accompanying wonders molecule pushing
or overwhelmed by the cementing front, molecule settling
or floatation in the soften, the hardening rate of the
dissolve, and compound response amongst particles and the
grid.
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2.7.3 Particles Pushing or Immersed

Amid hardening the support molecule goes about as a
boundary to solute dissemination in front of the fluid strong
interface, and the developing strong stage will keep away
from the fortification similarly that two developing
dendrites evade each other. The individual particles might
be pushed by the moving strong fluid interface into the last
solidifying between dendritic areas, or the developing cell
may catch them.

The earthenware particles, which by and large have bring
down warm conductivity than that of the soften, are
frequently encompassed by the last solidifying portion of
the liquid compound amid cementing of slurry. Thusly the
last bit of the metal to cement will be found near, or at the
support grid interface.

They watched that for each size of molecule, there is a
basic speed of cementing front, beneath which the particles
are pushed by the front, or more which the particles are to
be immersed by the setting stage. There are a few
expectation models of molecule pushing including the
Ulhman, Chalmers and Jackson's model and Bolling and
Cisse's.

The primary model is a motor way to deal with molecule
pushing, which expect that a molecule is pushed before the
strong fluid interface. Shock between the particles and the
strong happens when the whole of the molecule fluid and
fluid strong interfacial free energies is not as much as the
molecule strong interfacial free vitality.

This model presented basic speeds, above, which the
particles ought to be ensnared, and beneath which the
particles are dismisses by the moving strong fluid interface.
3. EXPERIMENTALWORK

3.1 Choice OF BASE METAL
MATERIAL

As a result of high particular quality and great consumption
resistance, Aluminum composites are widely utilized as a
part of aviation, vehicle and marine segments. Hence, it is
broadly utilized as a part of air ship, safeguard and plastics
ventures; specific cases incorporate airplane wings,
structure of unmanned air vehicles (UAVs) and infusion
molds.

The airplane and UAV structures essentially include an
arrangement of bolted congregations that experience wear
when the reaching parts of get together rub against each
other because of flight vibrations (e.g., wing casings and
wing skins against bolts). Subjected to rubbing, the contact
surfaces encounter elastic and shear stresses which make
surface imperfections and thus reduces the structure life.
Other than as an aviation material, the A17075 additionally
encounters wear amid administration when utilized as form
material. The wear for the most part happens at the
divider/base interface of embellishment kick the bucket.
Subsequently, to enhance the wear resistance, it is adequate
to adjust the surface layer while the subsurface holds the
first creation and structure. Generally, the surface
appropriate ties of Aluminum composites are enhanced by
applying hard covering (s) utilizing strategies like physical

AND Fortification
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vapor testimony, hard anodizing and particle pillar
improved affidavit. These techniques reason-capably fulfill
the surface designing necessities.

In any case, poisonous outflows related with them
increment the ecological contamination. Moreover, a large
portion of these procedures include long preparing time
and costly consumables (like argon gas) which thus raise
the item cost. Twofold shine plasma alloying and laser
cladding set up another class of covering innovation with
nearly low natural effect. In any case, as previously
mentioned strategies, these systems likewise include high
handling expense, and laser clad-ding particularly includes
high hardware cost.

By and large, the segments made of Al7075 experience
nearby wear harms; for example, the part/bolt interface in
the air ship structure and the corners in the infusion shape.
These harms should be avoided (or limited) with a specific
end goal to build the administration life of structures and
forms. Erosion welding because of its inclination is
exceptionally conservative instrument for performing
nearby surface adjustments, and in this way can be a
reasonable choice for enhancing the wear resistance of
Al7075 . The present review is an endeavor toward this
path.

The B4C particulates are brought into the A17075-B4C grid
utilizing Contact welding. The reasons of picking B4C as
fortifying medium incorporate its outstanding hardness,
high erosion resistance, latency to watery condition and
solidness at high temperatures.The particulates are blended
utilizing 3 distinctive apparatus geometriesand fluctuating
the quantity of goes as 2 and 4, on the grounds that these
variables influence the mechanical properties and
henceforth can impact the wear execution of coming about
surface composite.

Boron Carbide is distinguished by its one of a kind mix of
properties which helps it to use in extensive variety of
designing applications. Boron Carbide utilized as a part of
those applications due to its high dissolving point and
warm soundness which tends to remain particularly. It is
accessible in powders in view of its grating properties and
coatings because of its scraped spot resistance.

3.2 MANUFACTURE OF COMPOSITE MATERIAL
Aluminum 7075 is manufactured with boron carbide
utilizing mix throwing machine. The synthetic organization
material was given in Table 1. The aluminum 7075 was
manufactured in normal particulate size of 20um. Weight
organizations are made by support material boron carbide
in 6% . Precisely 1 kg of Al 7075 combination is liquefied
graphite pot warmed up to 750°C.

The stirrer was acquainted in with the heater when
temperature come to its dissolving point which is
unadulterated temperature.The support material Boron
Carbide was permitted to preheat up to 250°C which will
keep away from blow openings amid throwing process.
The blend was mixed at 500 rpm for 4-7 mins as winding
formed stirrer and the temperature was kept up consistent
at 750°C.The process is kept on giving flawless blending
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and slurry. After the ideal blending slurry was poured into
the pre warmed molds which will give idealize shape. The
composite from this procedure is experienced warmth
treatment handle for wear test.

Fig:4 Dissolving Process Fig:5 Softened Al 7075

3.3 SEM TEST

A scanningelectronmicroscope (SEM) is a kind of
electronmicroscope that produces pictures of an example
by examining it with an engaged light emission. The
electrons collaborate with molecules in the specimen,
creating different signs that contain data about the
example's surface geology and sythesis.

The electron shaft is by and large filtered in a rasterscan
design, and the pillar's position is consolidated with the
distinguished flag to create a picture. SEM can accomplish
determination superior to 1 nanometer. Examples can be
seen in high vacuum, in low vacuum, in wet conditions (in
natural SEM), and at an extensive variety of cryogenic or
hoisted temperatures.

The most well-known SEM mode is discovery of auxiliary
electrons radiated by iotas energized by the electron bar.
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The quantity of optional electrons that can be distinguished
depends, in addition to other things, on the edge at which
pillar meets surface of example, i.e. on example geography.
By examining the specimen and gathering the optional
electrons that are transmitted utilizing an exceptional
indicator, a picture showing the geography of the surface is
made.

WD: 21.45 mm
Det: SE
| Date(midly): 03/28/16

SEM HV: 5.0 kV
View fieid: 138 pm |
SEM MAG: 1.00 kx

Checking electron microscopy
aluminium?7075 with 6% of bdc Fig.6
3.4 HARDNESS TEST

BRINELL HARDNESS TEST

The Brinell scale represents the space hardness of materials
through the size of infiltration of an indenter, stacked on
the test-bit of the material. It is one of a few meanings of
hardness in material

The expansive size of space and conceivable harm to test-
piece restricts its helpfulness. Nonetheless it likewise had
the helpful component that the hardness esteem partitioned
by two gave the rough UTS and ksi for steels. This
component added to its initial reception over contending
hardness tests.

The common test utilizes a 10 millimeters (0.39 in) breadth
steel ball as an indenter with a 3,000 kgf constrain. For
milder materials, a littler constrain is utilized and for harder
materials, a tungsten carbide ball is substituted for the steel
ball. The space is measured and hardness computed by
equations.

Brinell hardness is at times said in MPa, the Brinell
hardness number is increased by the quickening because of
gravity, 9.80665 m/s2, to change over it to megapascals.
The BHN can be changed over into A definitive Rigidity
(UTS), despite the fact that the relationship is reliant on the
material, and consequently decided exactly. The
relationship depends on Meyer's record (n).

BHN is assigned by the most regularly utilized test norms
as HBW. In previous principles HB or HBS were utilized
to allude to estimations made with steel indenters.

HBW is ascertained in both measures utilizing the SI units
as

BRINELL HARDNESS TEST

TYPE OF INDENTER = Ball Indenter

CARE Trichy

picture of
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DIAMETER OF INDENTER= 2.5mm
LOAD = 187.5kg
BASE MATERIAL =1.9

Sample Base Composite Area
Material | material(mm) | (mm?”
(mm) d
1 1.9 1.2 3.454
Table:2
CALCULATION:

Brinell hardness = P/A

A= 3.14*D/2*(D-(\/D2—d2))

A =3.14*2.5/2*(2.5-\/ (2.52-1.92))
A =3.454mm?2

Hardness = 187.5/3.454
=54.28kg/mm"2

SAMPLE:1

Brinell hardness = P/A

A= 3.14*D/2*(D-(\/D2—d2))

A =3.14%2.5/2%(2.5-\ (2.52-1.22))
A =1.21mm?2

Hardness = 187.5/1.21
=154.95kg/mm"2

ROCKWELL HARDNESS

The Rockwell scale is a size of hardness which depends on
space hardness of a material. The Rockwell test decides the
hardness by measuring the profundity of infiltration of an
indenter under a vast load and is contrasted with the
entrance made by a preload. There are diverse scales,
signified by a solitary letter, that utilization distinctive
burdens or indenters. The outcome is a dimensionless
number noted as HRA, HRB, HRC, and so forth., where
the last letter speaks to the particular Rockwell scale. When
testing metals, space hardness relates straightly with
rigidity. This essential connection allows financially
imperative nondestructive testing of mass metal
conveyances with lightweight, even versatile gear, for
example, hand-held Rockwell hardness analyzers.
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bare eye can be seen with optical magnifying lens which is

Types of | Intial Major load | Pointer called nanostructure, while the structure in which singular
Indenter Load (Kgf) Position  on particles are orchestrated is known as precious stone
(Kgf) Dual structure. The nanostructure of natural examples is alluded

to as ultrastructure. A microstructure can affect the
mechanical and physical properties of a material is
principally represented by the diverse imperfections
present or missing of the structure. These imperfections can
take many structures however the essential ones are the
pores. For some materials, diverse stages can exist in the

Ball 1.58mm | 10 90 30 meantime. These stages have diverse properties and if kept
up effectively it can keep the crack of the material.
Fig.7

Table:3
CALCULATION:
HRB=130-(t/0.002)
=130-(0.074/0.002)
=130-37
HRB=93

3.5 MICROSTRUCTURE

Microstructure is the little scale structure of a material
characterized as the structure of a material as checked by a
magnifying instrument of over 25x magnification.The
microstructure of a material, for example, metals,
polymers, pottery or composites can emphatically impact
physical properties, for example, quality, sturdiness,
flexibility, hardness, erosion resistance, high/low Fig.8
temperature conduct or wear resistance. These properties
additionally oversees the use of these materials in modern
practice. Microstructure at scales littler than the view for
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Fig.9
CONCLUSION:
As for all concerned, the material obtained by the casting
of the Aluminium 7075 and boron carbide has good
hardness and good resistance to corrosion. The
combination mixed is 940g of Aluminium 7075 and 6% of
boron carbide. The latter is mixed with 6% because to
avoid more blow holes in the material which may cause
breakage to the piece while doing the process. The Edm
was done to take the hardness test and to see the
microstructure.
The results are:
Rockwell hardness number= 93kg/mm”2
Brinell hardness number = 154.95kg/mm”2 ( sample 2)
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