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Hybrid Metal Matrix Composites
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Abstract: The use of nonconventional machining techniques in shaping aluminum metal matrix composites has generated considerable interest as the
manufacturing of complicated contours such as dies. Electrical discharge machining (EDM) appears to be a promising technique for machining metal
matrix composites. This paper introduces the review work done to improve the flow of characteristics of machining such as MRR, TWR and SR for
different machining parameters such as Ip, Duty factor, Ton, Toff, work piece material, type of powder, concentrated powder with Various dielectrical
fluids and powder materials. This paper also reports and summarizes Current trends in the research, hybrid metal matrix composites reinforced with
particles. Composite was fabricated using stir casting process. A central composite rotatable design was selected for conducting experiments

Keywords: HMMC, machining parameters,SR,TWR and MRR

1. INTRODUCTION:
Electrical discharge machine is stated as a spark eroding, Advantages
burning, Spark machining’ Wire burning and dle S|nk|ng Sinker EDM procedure can dO WOﬂderS fOI’ yOUI’ generation
equipment. This machine is utilized to get the desired industry and gives tough high quality finishes. Following are
shapes of materials by utilizing the electrical releases or the advantages of Sinker EDM:
starts. Thedischargeis made between two anodes which +Cuts exotic materials effectively
are isolated by a dielectric fluid subject to the electric *Tough materials are anything but difficult to cut
voltage. The terminals are named the device cathode and :Little or no cleaning is required after the procedure is
the work piece anode. The electricdischargebecomes more finished
prominent when the separation between the two anodes *Cuts slight materials without by forestalling any harm
lessens. In this manner, the material gets expelled from the Disadvantages
anodes. Crisp dielectric fluid is presented in the between *Excessive control utilization
terminal volume. This procedure is likewise called flushing. +Slow material expulsion
At the point when the present streams again the distinction *No or less conductive materials produced [1]
of potential present between the terminals is reestablished Literature Review:
before the breakdown.[1] The Sinker EDM is additionally Ramesh S et al 2018 [7]tests led of powder-blended
called a volume EDM or pit EDM. This has a work piece electric discharge machining (PMEDM) utilizing three
and an anode present in a protecting liquid. The work piece unique powders which are aluminum (Al), silicon carbide
and the cathode are associated with explicit stock of (Sic) and aluminum oxide (AI203).It was seen that copper
intensity. Because of the power electrical potential is made apparatus joined with Al powder created greatest MRR
between the two segments. At the point when the cathode (58.35mm3/min). Also, the AI203 powder joined with
arrives at the work piece then the dielectric released will be tungsten instrument has come about least ROC (0.04865
discharged and frames a plasma channel with slight mm). It was additionally seen that wear pace of tungsten
flashes. instrument was low (0.0145 mm3/min). A.Sugunakar et al
2018 [8]to assess the machining qualities of RENE 80
DIELECTRIC Nickel Alloy during powder blended
FLUSH electricaldischargemachining. The tests were led thinking
TOOLLHOLDER about electrical parameters (top ebb and flow, beat on
schedule and heartbeat off time) at ideal blend to get most
A FLUID extreme material expulsion rate by shifting powders like
,\ L ol aluminum, graphite and mix of aluminum and graphite
% powders of equivalent proportions.However the surface
,/ 1 completion is great when drinking water is utilized as
v/ % AN dielectric mode for similar powders and amount however
_jr low MRR is gotten with drinking water when contrasted with
el EDM oil it is reasoned this machining condition (drinking
Fig. 1. Schematic representation of EDM process[2] water as dielectric medium) isn't appropriate for machining
the Nickel super combination RENE80. K. Karunakaran et
al 2016 [9]optimization the Material Removal Rate, Surface
Roughness and Tool Wear Rate in Powder Mixed Electrical
e ? Research scholar, Vignan University,Vadlamudi AP, India- Discharge Maphlnlng (PMEDM) = of Incony .800
522213 .Methods/Analysis: The reason for powder blend in a
. b Professor, Mechanical Engineering Department,Vignan dielectric is to imprOVe the maChining eXchtion, wherein
University,Vadlamudi AP, India-522213 the powder material's, size, focus and its base liquids are
extraordinarily affected in machining execution. Thus this
examination is centered around study the impact of Nano-
Powders with chosen fixation in PMEDM of Incony 800 with
2413
IJSTR©2020

Www.ijstr.org



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 02, FEBRUARY 2020

silver covered electrolyte copper cathode. A.Sugunakaret al
2017 [10] explore the arrangement of Recast Layer and
surface uprightness of RENE 80 Nickel Alloy during powder
blended electrical discharge machining (PMEDM) process.
The investigations were directed thinking about electrical
parameters (beat on schedule, top flow and heartbeat off
time) at ideal mix by fluctuating powders like aluminum,
graphite and blend of aluminum and graphite powders and
their concentrationsthe decline in RLT was seen with
blending of powders into dielectric medium. Santosh Kumar
Sahu et al 2018 [11] Inconel 718 is a nickel-based super
amalgam broadly applied in aviation, car, and protection
businesses. Low warm conductivity, extraordinary high
temperature quality, solid work-solidifying propensity make
the compound hard to-cut. Rather than conventional
machining, nonconventional course like electro-release
machining is moderately progressively beneficial to
machine this composite. In any case, low warm conductivity
of Inconel 718 Ilimits electro-release machining from
performing admirably. So as to improve the electro-release
machining execution of Inconel 718, powder-blended
electro-release machining was accounted for in this paper.
Most extreme improvement in MRR was watched (13.08%)
at 30 A. The most acknowledging surface completion was
gotten at 20A (Ra _49.15% diminished than the traditional
EDM). The base apparatus wear rate was seen at 30A
(092.68% not exactly the traditional EDM). AmitKumaret al
2017 [12] considered the exhibition of the EDM procedure
for machining Inconel 825 compound by blending Al203
nano powder in Deionized water. The exploratory
examination uncovered that most extreme MRR of 47
mg/min and least SR of 1.487 ym, which are 44 and 51
percent higher in Comparison to traditional EDM process
individually, can be accomplished by setting ideal mixes of
procedure parameters. The measurable examination of test
results affirmed that the Peak current, beat on schedule and
hole voltage were critical process parameters. By setting
the ideal estimations of procedure parameters (for example
IP 8 A, TON 20 ym and GV 10 V), the most extreme
material expulsion pace of 47 mg/min was accomplished by
the NPMEDM procedure. The surface harshness estimation
of 1.487 pm was estimated at ideal estimations of
procedure parameters (for example IP 2 A, TON 8 us and
GV 30 V). ShaliniMohanty et al 2017 [13]Powder blended
electricaldischarge machining (PMEDM) has picked up
ubiquity in the flow time inferable from its advantages of
giving better material evacuation rate (MRR), less cathode
wear rate (EWR) and improvement in surface completion.
The utilization of powders upgrades the machining
attributes of the EDM forms. Low voltage current (LVC),
high voltage current (HVC), beat on schedule (Ton), beat
off time (Toff) and flushing pressure (FP) are the info
factors on which certain machining parameters, for
example, material expulsion rate (MRR), surface
unpleasantness (Ra) and device wear rate (TWR) are broke
down. A copper cathode of 99.98% immaculateness with a
measurement of 12 mm was utilized to cut AlSiCpl12%
metal grid composite (MMC) in EDM. V Vikram Reddy et al
2014 [14]have researches electrical dischargemachining of
PH17-4 tempered steel when both graphite powder—
blended and surfactant blended dielectric liquid were
utilized during electricaldischargemachining. The
anticipated ideal mixes of procedure parameters are top
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current at 20 A, SCat 6 g/L and PC at 13.5 g/L to get most
extreme MRR and least SR and TWR values. Affirmation
test has been led at ideal parametric setting and the
deliberate estimations of reactions are
MRR61.2608mm3/min, SR 53 mm and TWR
3.461mm3/min. It is seen that pinnacle current has
generally huge, surfactant has critical and PC has less
huge impact on EDM process execution. S. Assarzadeh et
al. 2012[15] have tentatively explored the impact of
machining parameters, for example, current, source
voltage, and heartbeat on time on machining qualities to be
specific MRR and SR during Al203 powder blended EDM
of CK45 kick the bucket steel by applied RSM strategy.
From the outcomes the MRR incredibly improved at most
extreme degree of present and least degree of heartbeat on
schedule and voltage. Further they saw that the mistake
was underneath 11 % among anticipated and test esteems.
S. Prabhu et al. 2012[16] have considered the impact of
Carbon nanotube added to dielectric over MRR, SR and
profundity of the microcracks during EDM of Inconel 825.
The outcomes uncovered that the surface completion and
morphology of machined surface have enormously
upgraded and microcracks have diminished with suspended
CNTs. BehzadJabbaripour et al. 2012 [17] have explored
the impact of different powders to be specific aluminum,
chrome, silicon carbide, graphite and iron over machining
qualities like MRR, SR and surface geology during EDM of
y-TiAl. They saw that among all powders the aluminum
powder expanded surface completion on 32% while
contrasted and basic EDM. Further they included aluminum
powder in dielectric and researched the impact of info
parameters like ebb and flow, beat on schedule, powder
estimate and powder focus. For this situation the MRR
enhanced 54% while contrasted and basic EDM. Anil
Kumar et al. 2012 [18]were analyzed the impact of
procedure factors, for example, terminal type, extremity,
beat on schedule, top current, hole voltage, obligation
cycle, graphite powder focus, and withdraw separation over
TWR and WR. Further Taguchi technique was applied and
anticipated the outcomes. The outcomes uncovered that
TWR and WR have most reduced sum by applied
cryogenically treated copper anode. PichaiJanmanee et al.
2012 [19] have explored the impact of titanium powder
added to dielectric medium over surface alteration during
EDM of tungsten carbide. The thickness of titanium covered
layer fluctuated with the difference in current and obligation
cycles. The outcomes investigated that titanium covering
layer improved surface completion and hardness of
machined surface to 1750 HV and decreased microcracks.
S. Prabhu et al. 2013 [20] have examined the impact of
Carbon nanotube added to dielectric and applied versatile
neuro-fluffy deduction framework (ANFIS) to build up the
model for surface unpleasantness during EDM process.
Further the outcomes uncovered that anticipated surface
unpleasantness esteems have very precise that is 99.70 %
to the test information. XueBai et al. 2013 [21]have
examined the machining productivity of steel 45 during
PMND-EDM with suspended 3-stage dielectric liquid.
Further results uncovered that the MRR was upgraded on
raise of heartbeat on schedule, top current, pneumatic force
and stream rate, , while decreased on increment of
hardware rotational speed and heartbeat off time, and with
raise of powder focus the MRR was improved right off the
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bat and afterward diminished. A. Bhattacharya et al. 2013
[22] have researched the impact of graphite, silicon and
tungsten powders suspended to dielectric over the surface
geography during EDM of bite the dust steels. From the
outcomes powder, grouping of powder, beat on schedule
and current have more impacted over the microhardness
and surface unpleasantness. The better surface completion
has accomplished by utilizing Brass cathode and tungsten
powder though microhardness improved by utilizing W-Cu
terminal and W powder separately. F.Q. Hu et.al. 2013[23]
have explored the impact of SiC powder over surface
honesty during EDM of strengthened Al network
composites (SiCp/Al). The outcomes uncovered that during
PMEDM the surface completing improved about 31.5% and
wear obstruction was twofold than the EDM. Further they
reasoned that PMEDM upgraded surface trustworthiness.
V. Vikram Reddy et.al. 2014 [24] have directed investigates
PH17-4 during graphite powder and surfactant-blended
EDM utilizing Taguchi method. The outcomes investigated
that Peak current, Surfactant focus and powder fixation
have generally noteworthy, critical and less huge impacted
separately on MRR, SR and WLT. Balbir Singh et.al. 2014
[25] have examined the impact of pinnacle current, beat on
schedule, beat off time and hole voltage over MRR during
tungsten powder blended EDM of Aluminum Alloy
6061/10%SiC composite utilizing RSM. Further results
expressed that the tungsten powder blended EDM
improved the MRR up to 48.43% than basic EDM.

PROBLEM IDENTIFICATION :

Hybrid metal matrix composites (MMCs) are one of the
recent advanced materials that posses the properties of
light weight, high specific strength, good wear resistance
and a low thermal expansion coefficient. These composite
materials are extensively used in structural, aerospace and
automotive industries. The applications of existing
aluminium silicon carbide MMCs are limited because of
their poor machinability which results in poor surface finish
and excessive tool wear. MMCs are composed of metallic
base material called matrix, which is reinforced with a hard
ceramic or soft reinforcement (Mohd Abbas et al., 2007;
Garg et al., 2010). Hybrid MMCs are obtained by reinforcing
the matrix alloy with more than one type of reinforcements
having different properties. Basavarajappa et al. (2007,
2008) investigated the surface integrity of aluminum hybrid
MMCs in drilling and reveals that incorporation of graphite
particle into aluminum MMCs and the variation of hard
particle content improve the machinability of the composite.
They also reported that ceramic-graphite reinforced
composite has better machinability than those reinforced
with SiC particles only [3]

Types of Metal Matrix Composites

Aluminum matrix

Continuous filaments: boron, silicon carbide, alumina,
graphite

Discontinuous filaments: alumina, alumina-silica, flyash,
BLA, Rice husk

Whiskers: silicon carbide

Particulates: silicon carbide, boron carbide, fly debris, BLA,
Rice husk

Magnesium matrix

Continuous filaments: graphite, alumina

ISSN 2277-8616

Whiskers: silicon carbide

Particulates: silicon carbide, boron carbide

Titanium matrix

Continuous filaments: silicon carbide, covered boron
Particulates: titanium carbide Copper lattice

Continuous filaments: graphite, silicon carbide

Wires: niobium-titanium, niobiumtin

Particulates: silicon carbide, boron carbide, titanium
carbide.

Portrayal Of Hybrid Metal Matrix Composites
Aluminum/silicon carbide/fly ashhybrid composites

The combination arrangement utilized was 2024. The
Density for 10% weight portion composite was 2.0 g/cmP 3
P and there was a weight decrease in examination with
unadulterated amalgam of 54%. Hardness, elasticity, and
yield quality expanded by 17%, 57%, and 67% in
correlation with unreinforced composites. The break
strength increments with increment in support. The above
composite made utilizing mix throwing and its points of
interest are lightweight, minimal effort and upgraded
mechanical properties. Aluminium / magnesium / ceramics /
BLA (Banana Leaf Ash) hybrid composites The aluminum
amalgam arrangement utilized was 356. Thickness
diminishes with increment in BLA content. Hardness,
extreme elasticity and yield quality likewise diminishes with
increment in BLA substance and explicit quality, diminishes
with an expansion in BLA content. The primary bit of leeway
is low weight.[4]Process Parameters Of EDM . Process
Parameters OfEDM:Unconventional Machining Process
relies on the quantity of procedure parameters. These
parameters will influence the yield execution of EDM forms
by shifting the information qualities. These controlling
parameters are predominantly separated into Electrical and
Non-electrical parameters. Here we talk about the impacts
of electrical parameters on the different exhibition
measures. A. Electrical parameters: Electrical parameters,
for example, the Ton, Toff, Voltage and Peak Current are
assuming a significant job in yield execution measures.
Here we talk about the impacts of electrical parameters on
the different presentation measures.

1. Discharge voltage:lt is a voltage which is delivered in the
middle of the Workpiece and Tool when DC control supply
is given to the circuit.

2. Peak Current:Peak Current is the most affecting variable
in EDM. It is only the measure of intensity utilized in EDM.
3. Average Current: It is a most extreme current accessible
for each heartbeat from the power supply. Normal current
(A) = Duty Factor (%) x Peak Current.

4. Pulseon: It is the length of time for which current is
permitted to stream per cycle.

5. Pulse off: It is the term of time between the flash.

6. Polarity: Polarity might be certain or negative. MRR is
higher when apparatus is associated with positive
extremity.

7. Pulse Frequency: Pulse Frequency is characterized as
number of cycles delivered at the hole in one second.
Heartbeat Frequency (KHz) = 1000/Total Cycle Time (us) =
1000/Pulse on + Pulse off (us)

8. Duty Factor:Duty Factor is the level of the beat span to
the all out process duration. Obligation Factor (%) = [Ton
(us)/Total Cycle Time (us)] x 100

9. Electrode gap:(sparkle hole): It is the separation between
the Tool and Workpiece during the procedure of EDM.
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Servo Mechanism is utilized to give a consistent hole
between the holes.

10. Gap Voltage: It is arranged into open hole and working
hole voltage. Open hole voltage can be estimated at the
hole before the sparkle current release starts to stream and
working hole voltage can likewise be estimated at the hole
during flash current release.

11. Intensity:lt is the various degrees of intensity created by
the generator.

B. Non electrical parameters:Non-electrical parameters, for
example, the Rotations of cathode, flushing of dielectric
liquid and apparatus shape are likewise impacting the yield
execution measures. Here we talk about the impacts of
non-electrical parameters on the different presentation
measures.

1. Workpiece material: Workpiece material is one of the
non-electrical parameter which impacts the presentation
qualities of EDM. There are numerous materials, for
example, bite the dust materials, combinations, super
composites and titanium amalgams which are extremely
difficult to cut.

2. Electrode material: By and large instrument materials are
arranged into metallic, non-metallic and blend of metallic
and nonmetallic materials. Normally Copper, Brass,
graphite, Copper-Tungsten, Silver Tungsten, Copper
Graphite and Tungsten Carbide are utilized as an
apparatus material in EDM which are having better
conductivity, great obstruction and wearing limit.

3. Electrode Shape: The exhibition attributes are for the
most part relies on the device shape. Numerous shapes in
terminal, for example, Rectangular, Square, Cylindrical,
Hexagonal and roundabout cross areas are utilized.

4. Rotation of Tool Electrode: The rotational development of
terminal is utilized to build the Metal Removal Rate in EDM
because of the radial power on workpiece.

5. Type of Dielectric:Medium goes about as an encasing
medium which doesn't lead power and used to flush the
disintegrated particles. What's more, it cools district,
instrument and work material. Paraffin, White Spirit,
Kerosene, deionised water, hydrocarbon Fluids and
transformer oil are the distinctive EDM dielectric liquids.

6. Flushing System and Pressure: The dielectric liquid must
be coursed unreservedly among Tool and Work Material.
Dissolved particles ought to be flushed out at the soonest.
There are numerous strategies for flushing they are,
Pressure flushing, suction flushing and side flushing[5] .
Excepted results

Response/Performance Parameters

The parameters are respectability of MRR, TWR, SR and
Surface, utilized for subjective and quantitative assessment
of the machining technique.

Material Removal Rate (MRR)

The MRR material is communicated as the proportion of the
work piece's distinction in weight Pre-and post-machining
the work piece's machining time and thickness. MRR
decides the machining device and the wear pace of the
cathode. The higher pace of material expulsion in the EDM
procedure, the better the exhibition of the machining. The
MRR is in this way the higher-the-better trait of the
presentation. It is influenced essentially by the
centralization of current, beat on schedule and powder,
apparatus material and instrument rpm. Flushing has
insignificant effect on MRR. MRR has risen contrasted with
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standard EDM by adding powder to dielectric liquid. The
most noteworthy effect of MRR is the ascent in top current.
By raising the beat off minute, MRR has been diminished.
As the lifting time of the cathode instrument expanded, the
MRR [6]. The accompanying relationship can be utilized to
figure it. MRR= 1000x (Wb-Wa)/t mg/min

Whb: Work piece weight before machining

Wa: Work piece weight in the wake of machining

Tool Wear Rate (TWR): It portrayed the volumetric level of
hardware terminal material evacuation. The smaller the
TWR in the EDM procedure, the better the machining
execution. Thus, TWR is the lower qualities the better
execution. The most critical factor for TWR is top current
and heartbeat on-schedule. TWR in PMEDM is lower than
standard EDM [6]. It tends to be resolved utilizing the
accompanying condition. The accompanying articulation is
utilized to figure TWR.

TWR= 1000x (Th-Ta)/t mg/min

Th: Weight of the device before machining

Ta: Weight of the device subsequent to machining

Surface Roughness (SR)

To survey the repulsiveness of the machined surface, a
profilometer (Talysurf) is used. The ordinary surface
obnoxiousness Ra is the Parameter of surface brutality
generally a significant part of the time used. The lower SR
in the EDM procedure, the better the display of machining.
SR are thusly the lower-the better characteristics of
execution. Negative gadget terminal limit is appealing to cut
down SR. Extending promising heartbeat achieves
progressively upsetting surfaces. Adding powder particles
to dielectric fluid decreases model SR in the system for
EDM. In the EDM system, higher apex streams make even
more disagreeable surfaces.

Conclusion

*The survey of research drifts in Sinker EDM has been
taken for late 10 years. From the above surveys we infer
that,

*The EDM work has been continued Steel materials, EN
arrangement, Ti-6AL-4V, S45C, SiC, B4C, WC-Co,
Al203+Ti and Inconel 718.

*Copper is regularly utilized as apparatus materials with
Rectangular, Square, Cylindrical, Hollow Tubular and
Hexagonal shapes.

*Pulse on, Pulse off, Peak Current, Voltage are the
essential electrical parameters and Dielectric liquid,
Flushing Pressure, Electrode Rotation of the non electrical
parameters are considered in EDM.

*Most of research work has been completed for improving
the exhibitions on EDM are estimated as far as Material
Removal Rate, Tool Wear Rate, Wear Ratio and Surface
Finish.

*Many inquire about works has been taken the
enhancement procedures like, Response Surface
Methodology, ANNOVA, Taguchi, Scanning Electron
Microscope, Central Composite Design, Gray Relational
examination, and Multiple Regression investigation.
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