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ABSTRACT

In this paper, wear characteristics of hybrid composite of Al6061 was studied. Hybrid composite was reinforced
with silicon carbide (SiC) with varying (3%, 6%, 9%) weight % and keeping the alumina (Al203) with constant (10)
weight percentage. Stir casting method was used to fabricate the composite. T6 heat treatment was applied on the sample
before doing the wear test. Pin on disc apparatus was used to perform the wear test. SEM was performed to do the
microstructural analysis. It was found that hardness and density of samples increased as the percentage of SIC
increases. L9 orthogonal array was applied to check the interaction between different wear parameters using the

Taguchi technique.
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INTRODUCTION

MMC (metal matrix composite) is one of the topicswhich so much work has been done in last decs
This is due to its advantages over conventionaldtithic material system. In modern engineering aapion we
need materials which improve the efficiency of system and reduce the losgds.2]The benefit of metal matrix
composite is that we can tailor its properties essqur need. In metal matrix composite, continyplgse said to
be as matrix and non-continuous, dispersed phasgnforcement which can be in the form of partidlake or
fibre. Because of these reinforcement MMCs possaggrior properties than the matrix material. Usutle
matrix materials used in MMCs are light metal sashAl, Mg and Ti etc. [3, 4] However AMCs (aluminiu
matrix composite) are the most utilized ones thisdie to its properties such as excellent weasteasie,
satisfactory corrosion resistance, good thermatiaotivity and high strength to weight ratio. [5,BAMCs have
wide range of application in automobile industrisgort industries and in commercial usage. Anoberefit of
AMC over other MMC is cost; it is less expensivaritother MMCs available. Reinforcement which is fagtor
of deciding the property of MMC does not preferiedcontinuous form in AMCs because discontinuoug
distributed ceramic particle have merits over aamusly reinforced aluminium. [8, 9, 10] But distionously
distributed conventional reinforcements have somestraints too which are its cost and its avaiighi[12]In
some of the researches it was found that DRAMCpluas fracture toughness and ductility. [9, 12] Mei@ome
this problem researchers have tried various waysafrthose is reducing the size of the reinforcadige to
Nano size but again it increases the cost of theposite. In developing countries industrial andagdture waste

such as rice husk, red mud etc. used as reinfortemigh synthetic reinforcement and result showat th
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increases the property of composite significarithntthe base alloy used.[13, 14, 15]

Particle reinforced composites have shown excetldmtlogical properties and wear of compositerisraportant
part of the study, but it is least focussed togitribology. When two surfaces are in relative matito each other wear
happens and it results into micro cracks and natkr$s. Wear of machine parts led to lower efficig power loss, and
frequent part replacement. [16, 17, 18, 19, 20]Bgnging the mechanical parameters such as appiéel] temperature,
counter face hardness, sliding distance etc. aneriabfactors wear properties of material chandgg.adding solid
lubricants as reinforcement into composite, thervpeaperties increase significantly. [21]In mangeaarch studies it was
found that oxide formation on the contact surfatenaterial reduces wear. On the other hand at higdwmperature
smoothly burnished layer formation occurs with azgl [22]A Researcher conducted an experimentdy sta Aluminium
based metal matrix composite reinforced with Al2@3yas fabricated by squeeze casting methodolegult has shown
that coarser particle has shown more homogenotribditon as compared to fine particles of reinfarent. It was found
that finer particles of reinforcement led to segtéan and porosity due to thermal mismatch of matnaterial and
reinforcement. AMCs can be fabricated by variouscpssing techniques such as solid state proceasimgell as liquid

state processing. [21]
MATERIALS

Base material and reinforcement are the decidiotpfa for the properties of any composite. We @lort the

properties of composite by varying the material.
Matrix Material in Stir Casting Method

Aluminium 6061 is used as matrix material to prepdme hybrid composite. Aluminium 6061 is a heaatable
alloy of 6000 series which is used in various indakapplications. Al 6061 has good mechanicalperties which makes
it preferable choice as matrix material in alummigomposite. Table 2.1 shows the chemical composif Al 6061 and

Table 2.2 shows the physical and mechanical prigsesf aluminium 6061.

Table 1: Chemical Composition of AI6061 (wt. %) [2B

0.15

0.15- 0.15 0.7 0.25 0.04- 0.15 Total,

040 | Max. | %812 max | 9408 yax | 035 | 99| max. | 0.05Max | BAIaNce
Each

Cu Mn Mg Fe Si Zn Cr Ni Ti others Al
Table 2: Mechanical and Physical Properties of Al681 [25]
Density (g/cc) Modulus of Coefficient of Thermal Fracture Toughness (MP&m)
Elasticity (GPa) Expansion (m/m-<C)
2.72 70 25 x 10° 29.1

Reinforcements in Stir Casting Method

Silicon carbide (SiC) and Alumina (AI203) have beesed as reinforcement with base material. MeshdiSic
and Al203 is 80-100 and 70-230 micron respectivétyvarious research works it was found that SiQriowes the

hardness of composite and Al203 improves tribolalgicoperties of aluminium composites.
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METHODOLOGY

Fabrication Process

In this work Alumina and SiC reinforced hybrid coosfie is prepared by stir casting technique. Al6G&5% first
heated above its melting temperature and then ghgdits temperature decreased up to its semi silite. Beside this
reinforcements SiC (3, 6 and 9 wt %) and Alumin8 (1% fixed) were preheated to 400°c and maintaiaedhis
temperature for 20 minutes. Preheating was doravdad foreign particle and moisture. Preheating @isomotes proper
mixing. Mechanical stirrer was used to create thgex in crucible before introducing Magnesium (#ay fixed) and
reinforcements. To increase the wettability of ficements with melted Al6061, magnesium was inioedl. To obtain
the homogenous mixture of reinforcements with matraterial mechanical stirring was continued fanidutes. After the

stirring process mild steel die was used to casttmposite. After the 30 minutes composite wasrtatut.

Figure 1: Muffle Furnace used to melt the Al6061 Aby

Sample Preparation

The casted composite of three different compostiams machined on lathe machine into cylindricapgh

Dimension of the sample were kept 30mm height @hchin diameter.
Hardness

Hardness test was performed on Rockwell hardnesbkina As aluminium is a soft material so the hasintest
was performed on B scale. Load applied on the itdiem ball was 60 kg-f. Pin was indented at vasiquiaces on

different sample and mean value was taken.

Density

The purpose of determining the density of the cositpois to know the effect of reinforcement wt% e
density of the composite. Archimedes principal wasd to calculate the density of the compositecdioulate the density

we first calculate the mass of samples in air &t tin water by using a setup. Formula was usealtulate the density

is
_ __Ma
p= Mmg—my,
Where,m,is mass of sample in air ang, is mass of sample in water andlenotes density of the sample.
Wear Test

Wear test was performed on pin on disc wear machirieh helps to study the wear and friction chaegstics of
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the specimen. Tribological properties of specimeameatested under dry sliding condition at room terafure. Pin was
held stationary perpendicular to the rotating ddemputer monitor was facilitated to record thegtamtial force and wear
with the help of electronic sensors. Emery papegrifsize 220, 320, 400, 600, 800 and 1000 webded against the
contacting surface of the pin to lessen the surfaoghness. Acetone was used to clean the spediafere the test was
performed. Wear loss is calculated through eleatrbalance machine of high precision (0.0001 gnajpe®natic diagram

of pin on disc machine is given in figure 2.
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Machinatable ﬁ -

Figure 2: Schematic Diagram of Pin on Disc Wear Mdtne

Sliding speed at which test was performed are talee@.4, 0.8 and 1.2 in m/s and sliding distaneevaried as
2000, 4000 and 6000 in meter. Loads are takenss3land 4.5 in kg-f. To design the experiment andlyse the result
Taguchi technique is applied. By applying the Tdguechnique we can enhance the quality of thelredte applied L9
orthogonal array to find the optimum result andbserve that which parameter is affecting the ptegeof composite

the most.

Experimental Design

If we attempt to perform complete design of experits (DOE) it will take so much time and money dgjating
factorial design, we reduce the time. But as peigiepoint of view it might not be the best optidraguchi technique
helps us to adopt orthogonal array and it is ateusad increase the quality of experimental resifigthis research
workL9 orthogonal array is used with a total of ffdactors of three levels each. Design summary B@E as L9

orthogonal array is shown in Table 3 and 4 respelgsti

Table 3: Design Summary

Taguchi Array | L9(3"4)
Factors: 4
Runs: 9

Table 4: DOE as L9 Orthogonal Array

% . .

Exp Sliding Weight
No (\)/falsl;g Lozl ) Distance(m) peEt) Loss(gm)
1 3 1.5 2000 0.4 0.0093
2 3 3 4000 0.8 0.0414
3 3 4.5 6000 1.2 0.1012
4 6 1.5 4000 1.2 0.008
5 6 3 6000 0.4 0.0242
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6 6 4.5 2000 0.8 0.0264
7 9 15 6000 0.8 0.0268
8 9 3 2000 1.2 0.0265
9 9 4.5 6000 0.4 0.0253

RESULTS AND DISCUSSIONS
Density

Graph is plotted between density of specimen aag#rcentage variation of SiC in different composample.
In graph we can see that as the percentage ofnSi€ases the density of composite is graduallyea®ing. This is due to
increase in presence of SiC in the composite akeitsity is more than the matrix material.
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Figure 3: Density Variation Curve

Microstructure Analysis

Microstructure of composite and interface betweeimforcement and matrix play the vital role decilithe
mechanical and tribological properties of compogie]. SEM (scanning electron microscope) imagesewaken of
Al6061 alloy hybrid composite reinforced with Alunmai and SiC. In figure 4 (a), we can observe thsteting of alumina
particles. As this is a machined surface of contposample and also due to air entrapment whileodutcing
reinforcement during casting we see some porosiles homogenous mixture of reinforcement is foimdigure 4 (a)
and this is due to contact time variation durinigri@ation process of composite. In figure 4(b) f@inement particles are
found all over the surface but porosities are quitee than the figure 4(a).
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Figure 4 (a) Figure 4(b): SEM Images of Hybrid Compsite
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Hardness

Reinforcements share the load and indentation milrix material which we apply on composite. We saa in
graph as we increase the wt% percentage of Si@riposite. Its hardness increases gradually. AsnesviSiC is a hard

particle and it creates pinning effect which is téason for increased hardness of composite.

35.5 i

35 -’/
34.5 A

335 =#—5eriesl
33 ‘,
325
32
315 T T 1

3 & a
SiC wis

Hardness{HRE}

Figure 5: Hardness Graph with Respect to SiC wt%
Wear Analysis

In Table 5, by applying Taguchi technique test itssare converted into S/N ratio. S/N ratio showatthow
much quality of result digressing from the desivadlie. S/N ratio is of three classes i.e. nomihal better, smaller the
better and larger the better. In this study smaHerbetter is selected because we want weightdossnimum. Equation
to calculate S/N ratio is as follows: [24]

N= —10log;,[meanofsumofsquareofmeasureddata]

Table 5: L9 OA with Columns of Weight Loss and S/NRatio

% Value of SIC | Load(kg-f) | Sliding Distance | Speed | Weight Loss(gm) | SNRA1

3 1.5 2000 0.4 0.0093 40.63034
3 3 4000 0.8 0.0414 27.65999
3 4.5 6000 1.2 0.1012 19.89639
6 1.5 4000 1.2 0.008 41.9382

6 3 6000 04 0.0242 32.32369
6 4.5 2000 0.8 0.0264 31.56792
9 1.5 6000 0.8 0.0268 31.4373

9 3 2000 1.2 0.0265 31.53508
9 4.5 4000 0.4 0.0253 31.93759

Figure 6 and 7 show the effect of control factomaight loss. By averaing the values of responsedah factor
level main efect plot for data means is plottede Flope of graph lines is useful to determine nsdatagnitude of effect
of factors. Figure 8 shows the interaction betwdiffiarent factors fow weight loss. By interactirofd we can observe that

how much one factor is affecting another one.
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Figure 6: Main Effect Plot for Means
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Figure 7: Main Effect Plot for S/N Ratio
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Figure 8: Interaction Plot for Weight Loss
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Table 6 represents the response for means andngphkis been provided for each factor. The simdaiet is
provided for signal to noise ratio. In responsdedbr signal to noise ratio we can see that laathée factor which is

ranked one and it implies load applied to the saniplaffecting most the weight loss. And after I&iding distance,

weight percentage of silicon carbide and spee@fieeting the weight loss in the descending order.

Table 6: Response Table for Means (Smaller is bet)e

Level | Percentage| Load(kg-f) | Sliding Distance | Speed
1 0.05063 0.0147 0.02073 0.019p
2 0.01953 0.0307 0.0249 0.03143
3 0.0262 0.05097 0.05073 0.04523
Delta 0.0311 0.03627 0.03 0.02563
Rank 2 1 3 4

Table 7: Response Table for Signal to Noise RatigSmaller is better)

Level | Percentage| load(kg-f) | Sliding Speed
distance
1 29.4 38 34.58 34.96
2 35.28 30.51 33.85 30.22
3 31.64 27.8 27.89 31.12
Delta 5.88 10.2 6.69 4.74
Rank 3 1 2 4

CONCLUSIONS

In this experimental work we studied the wear props of hybrid composite reinforced with aluminawler
with fixed wt.% (10%) and silicon carbide with varg wt.% (3%, 6%, 9%) using Taguchi technique. W &alculated
the density and hardness of hybrid composite addttte micro structural study. From that followingnclusions are
withdrawn.

« We find out that the density of hybrid compositereases as we increase the wt. % of silicon carbide

» We can conclude that, SiC plays the important nolencreasing the hardness of the composite. Ad fiat in

graph (Figure 4) hardness gradually increasesdrgasing the wt% of SiC.

» Taguchi technique successfully used to determiedriblogical properties of AMC with the help of MITAB
18. In predefined factors with three levels eaclD@E load is the factor which is affecting the wdidpss the

most and in the response Table for S/N ratio wesegnit.

 The main effect plot for means shows that the weligés increases with the increase in speed, glidistance

and load. With the increase in the content of Si€ight loss first decreases and then increases.
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