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Abstract
From the past few years, materials research anceldgwment has shifted from monolithic to compositenels, adjusting to the
need for reduced weight, low cost, quality, anchhjpgrformance of the composites. Aluminium metatimmneomposite used in areas
of aerospace and automotive industries include higiformance, economic and environmental benefite aim involved in
designing the metal matrix composite is to combtieedesirable attributes of metals and ceramic® piesent investigation has been
done to study the effect of different input proqgessmeters namely particle size of alumina, wtof@alumina and stirring time on
the hardness, impact strength and tensile strenfjthee parameter i.e. particle sizes of alumina, (@ and 150 micron), wt. % of
reinforcement (3%, 6% and 9%), stirring time (1B, &nd 25 minute) was used to fabricate differemyga of AMMCs by using stir
casting technique. Each parameter has three difittlevels. L9 orthogonal array table used to madieent specimen. The effect of
these input process parameter on the output respbase been analyzed using analysis of varianceO{N. The contribution of
each process parameters on the hardness, impashgitr and tensile strength was analyzed by usin@WAN The results have
shown that the wt. % of alumina, stirring time ath@ particle size of alumina have a significaneeffon the hardness, impact

strength and tensile strength.

Keywords: MMC's, pure aluminiumdl, 05 particulates, Stir-Casting, Taguchi method.
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1. INTRODUCTION

Materials design has shifted from monolithic to emsite
materials because of reduced weight, low cost,ityyand
high performance in structural materials. Metakira
composites (MMCs) have been attracting growingrégein
these days [1-3]. These MMC have superior properée
compared to monolithic material. Among these coritpss
aluminum matrix composites attract much attentiecause of
their lightness, high strength, moderate castingptrature
and other properties [1, 4]. Many kinds of Ceramiaterials,
e.g.Al,03, Sic, Tic, WC, TB,, MgO, Ti0, B,C, BN and
graphite are mostly Used to reinforcement in alwmin
matrices. Various properties of this material likegh
refractoriness, high hardness, high compressiength, wear
resistance etc make it use as reinforcement in MMEH.

Behind the developing of the metal matrix compogiid1Cs)

is to combines the properties of the matrix meral aeramic
reinforcement materials. There are various advastay the
aluminium metal matrix composite (AMMCSs) high stgém,
improved stiffness, reduced weight, improved high
temperature properties, more wear resistance, wegro

damping capabilities as compared to unreinforceteriz [8-
10]. The AMMCs are now used in a variety of applimas,
such as connecting rods, automotive drive shafginder
liners and brake rotors. Due to the high strengttweight
ratio of AMMC enables it to be applied extensivétythe
aerospace industry [11].

According to the literature survey it is evidenattithough the
application scope for AMCs is expanding, but thejama
hindrance is in the production of these AMCs. Thd@s can
be produced by either solid state processing aridicstate
processing. Mostly the liquid state processing eisjlg, stir
casting is used for the synthesis of AMCs becausthair
simplicity and scalability [12]. Most of the resehers have
focused on effect of single parameter either wefgttentage
of reinforcement or particle size of reinforcemennh
mechanical properties and not much research has theee
using three process parameters particle sizeimforeement,
wt. % of reinforcement, and the stirring time sltaneously.
Bharath et al. [5] fabricated the aluminium metahtrix
composite withAl, 0; particles by stir casting technology.

The particle size dl,05, 25 M used and results showed
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that with 6, 9 and 12 wt. % of particles, the hoerwaus
distribution takes place by stir casting technolo@ith the
increase in wt. % ofAl,0; particles, the hardness of the
composite also increased. But the ductility of paleminium
was higher than composite. So both the tensile iefti
strength were higher incase of composites as cadpar as
cast 6061Al. so with increasing wt. % of Aluminkettensile
strength shows an increasing trend. Aluminium alt@sed
casting composite material manufactured by Jokhial.g13]

via using stir casting technique. The 7xxx seri¢gminium
matrix usually contains Cu- Zn-Mg. the research was
conducted to investigate the effect of Cu- Zn-Mg in
aluminium matrix on mechanical properties of thenghium
composite prepared by stir casting and reinforceith w
Alumina particles. Age hardening treatment was algplied

to study the aging response on strength, ductditg the
hardness. The results indicated that Alumina reggiment up

to 10 % increase the tensile strength to 297MPa and
elongation 17% in aluminium alloy matrix contain€d- Zn-
Mg.

Sajjadi et al. [14] produced Nano and micro metaltrin
composites with 1, 3, 5 and 7.5 wt. % mietg0; and 1, 2, 3
and 4 wt. % Nano-alumina by stir-casting and corogsting
technique. Hardness of composite was increased wéight
percent of Nano and micro-particles. Strength aadimess
was noted significant when 3 wt. % of naflg0; and 5 wt.
% microAl,0; particles embedded in compo-casting and 2
wt. % nanoAl,05; and 5 wt. % micrail, 05 particles added in
stir casting. Also Ductility increased with decriegsparticle
size and wt. % of reinforcement. Also, ductility odmpo-
casting was greater than stir casting samples. {Seeal
ceramic particle reinforced aluminum matrix compesiwere
fabricated using conventional stir casting techaitpy Su et
al. [15]. The nanal,05/2024 composite were prepared by
solid—liquid mixed casting combined with ultrasonic
treatment. Ultrasonic vibration on the compositersi during
the solidification was beneficial to refine the igra
microstructure, and improve the resulting distribot of
Al, 05 nanoparticle in the matrix. The ultimate tenstieisgth
and yield strength of 1 wt. % Nam,05/2024 composite
were increased by 37% and 81%, respectively as amdpo
the alloy matrix. A novel three step mixing methfmi the
preparation of MMC was studied by Sazzadi et ab].[1
Results showed that poor incorporation of micratiplas in
aluminium melt prepared by common condition and
wettability of particles within molten matrix hadedén
decreased by increasiid, 0; percent and decreasing particle
size. Three steps mixing had only ability to fabtec sample
up to 5 wt. % of micron sized and 3 wt. % of Narnned
Al,0; at 300 rpm speed. Composite strength of Nano
composite is greater than micro composite. Singhl.ef17]
studied to develop the Al alloy LM6 based Sic akidO,
particulate MMC with stir casting technique. Thertiades
were embedded with 2.5, 5, 7.5, and 10% by weighthée
melt. Results show that elongations tend to deeresith

increasing particle wt. % and the behavior of matehanges
from ductile to brittle. The UTS and yield strengstarts
increases with increase in weight percentage of &id
Al,O5particles in the matrix. Also the hardness and ichpa
strength was increased by adding SiC ahg; particles in
the composite. Muhammed et al. [18] manufactured Ak
Si/Al,0; composite by vortex technique. The different
parameters stirring time, stirring speed and wt.o%the
reinforcement were used for the preparation of cusitp.
Taguchi method was used improve the performancéhef
product, process design and system. Tensile arthéss test
were performed for the resulted casting. The optinevel of
process parameters to obtain good mechanical pgrepare
15wt. % of particles, 3 min stirring time, and Jhr stirring
speed for tensile strength and 150 rpm for hardn€be
experimental and analytical results showed thatavtvas the
most influential parameter that gives the highesisiie and
hardness properties to the composite.

From the previous work done by the different inigegors it
was clear that different process parameters weteused at
the same time, it is quite promising to pursue aegein the
area of production of MMCs with three parameterstHis
investigation has been done by using three prqeassneters
simultaneously. The objective of the present rede&rto find
out and effect and contribution of these parametersthe
hardness, impact strength and tensile strengthyusigauchi
method.

2. EXPERIMENTATION

2.1 Composite Preparation:

In this study pure aluminium was used as matrixemait and
alumina (Al,05) up to 9 wt. % used for the preparation of
composite. The chemical composition of the purenatium

is shown in the table 1.

Table 1 Composition of pure aluminium

Element %
Aluminium 99
Copper 0.01
Silicon 0.30
Iron 0.580
Manganese 0.024
Lead 0.038
Tin 0.015
Titanium 0.012
Chromium 0.002

Three different particle size 75,105 and 150 mion@s used
in different wt. % 3, 6 and 9 with different stirg time i.e. 15,
20, and 25 minutes used in manufacturing of thepusite.
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The aluminum metal matrix composite was preparedtiy
casting route. Aluminium was melt in a graphiteodole by
heating it in the muffle furnace at 800°C tempemturhe
reinforcement aluminium OxideAl,0;) was preheated at
300°C [5] temperature for 1 hr. to remove the nupestfrom
the powder and make their surface oxidized. Asntedting
temperature of aluminium near about 650°C but threafce
temperature raised above the liquidus temperatufe
aluminum so that complete melt takes place. Afteimgerval
of time the temperature cooled down just below liheidus
temperature near about 700°C to form the slurrth@e semi
solid state by controlling the temperature with thelp of
control unit of furnace. The stirrer also placedhe furnace
for preheating purpose. Now the molten aluminiuns watirred
for 10 minutes for the homogenous melt form atisiy rate
of 300 RPM. Preheated alumina particles were endxbdh
the molten by three steps mixing of melt [5]. Ateey stage
before and after introduction of reinforcement, heedcal
stirring is carried out for a period of 5 min. Slanly remained
reinforcement particles were added. In the finalxing
process the furnace temperature were controllechimwit
700£10°C. The stirrer position was such that 35%naeferial
should be below the stirrer and 65% of materialuthde
above the stirrer [20]. After the complete additafrparticles,
the melt was stirred for a defined time. The melsywoured in
the preheated mould (300°C) to get a desired shape
composite. The mixture was allowed to solidify todesired
time. The next specimen was manufactured with ameess
but size, wt. % of reinforcement and stirring timeere
different.

Stirrer

Crucible

Molten metal

Muffle fumace

Fig. 1 Stir casting setup

The hardness of composites were measured with Reckw
hardness tester using a 1/8"" diameter steel ddinter with
a 100 N minor load & 600 N major load used for thee
aluminium. For aluminium alloy 1/16 diameter d$téall
used with a load total load 1000 N. For each santpkee

hardness readings were taken and the average eoeditbr
analysis.

Similarly the impact strength of these specimensrewe
measured using the Charpy Impact test machine with
dimensions of specimen were 55mmx10mmx10mm. The
tensile tests were carried out on a Universal mgstilachine
(UTM). The composite were machined to prepare kensi
specimens according to ASTM standards.

2.2 Taguchi technique for DOE:

In the design of experiment Taguchi method useduez it is

a problem- solving tool which can improve the performance
of the product, process design and system. Thishadet
combines the experimental and analytical concemis t
determine the most influential parameter on theultes
response for the significant improvement in the ralle
performance. Design of experiment is a techniqudediihing
and investigating all possible conditions involvingultiple
factors, parameters and variables in an experimént.
establishes the method for drawing inference from
observation, when these observations are not exacsubject

to variations and also used to collect data. AeHewel L933
orthogonal array with nine experimental runs wakected
[18]. To observe the most influential process patams in the
preparation of composite namely (1) particle sRewt. % of
reinforcement (3) stirring time each at three levelere
considered and are shown in table 2

Table 2 process parameter and level

S. Factors| Parameter | Level | Level | Level

No. | (Units) | Designation| 1 2 3

1 Particle| A 75 105 150
size

2 wt. % B 3 6 9

3 Stirring | C 15 20 25
time

In this research nine different composite were nfegiured
with different parameters and at different levdlke effect of
these parameters on the response i.e. the hardmgsst and
tensile strength of the composite were studiedgusginalysis
of variance (ANOVA).

Degree Of Freedom (DOF) = number of levels -1 ....). (1
For each factor, DOF equal to:

For (A); DOF = 3-1=2

For (B); DOF = 3-1=2

For (C); DOF = 3-1=2

The total degree of freedom is calculated as:

Total DOF=No. of experiments -1 ....... (2)

The total DOF for the experiment is DOF=9-1 =8
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In the tagauchi method the response variation vgéudied
using signal-to-noise ratio and minimization theiations due
to untrolable parameter. The larger the better @id used
for these responses:

“10l0g ég(if

r<ly,
SIN (dB) = Y

Here db means decibel, y = observation, r = totethimer of
observation ang; = i""response [19]

The S/N ratio was calculated for hardness, impaehgth and
tensile strength in each of the nine trial conditido see the
effect of each parameter on the response.

3. RESULT AND DISCUSSION

The hardness value for the pure aluminium was 28.H&
average hardness value from 37 HRB to 58 HRB were
obtained for the AlI203 particle reinforced compesit The
presence of stiffer and harder Al203 reinforcemeats to
the increase in constraint to plastic deformatibthe matrix
during the hardness test. A significant increasbardness of
the pure Al matrix can be seen with addition of @R
particles. Higher value of hardness is clear inithcaof the
fact that the presences of particulates in the imdiave
improved the overall hardness of the compositegil&ily the
impact strength increased from 12 Nm to 30.59 Nnithw
increases in wt. % of alumina these values showed a
increasing trend. The tensile strength of compasiteforced
with 9 wt. % Al203 particles is a modest supertuart that of
the pure aluminium. The Al203 patrticle reinforcemnposite
exhibited tensile strength up to 147 N/mm2 while thure
aluminium had a tensile strength 96 N/mm2,

The hardness, impact strength and tensile strentthe
composites were measured in three trails. The moédhese
values are shown in table 3.

Table 3Mean of hardness, impact and tensile strength

Trai | (A) | (B | (C | Mean Mean | Mean
| ) ) hardnesg impact | tensile
No. (HRB) strengt | strengt
h (Nm) | h
(N/mm
’)
1 75 | 3 15| 37 15.07 107
2 75 | 6 | 20| 46 22.06 129
3 75 | 9 | 25| 58 30.59 147
4 105| 3 | 20| 39 16.59 110
5 105| 6 | 25| 52 25.13 137
6 105 | 9 15| 46 18.89 124
7 150 | 3 | 25| 38 15.42 106

8 150 | 6 15| 41
9 150 ] 9 20| 49

18.56
22.86

118
137

Table 4 shows the S/N ratio for the response of the
composites. From S/N ratio it is cleared that epafameter
has different effect on hardness, impact strengith tensile
strength of composites.

Table 4 S/N for hardness, impact and tensile strength

Tr [(A) [®B) [ (C[SIN SIN SIN
ail ) Ratio | Ratio Ratio
N Hardn | Impact | Tensil
0. es strength | e
streng
th
1 75 3 15| 40.90 33.10 50.13
2 75 6 20| 42.79 36.41 51.75
3 75 9 25| 44.81 39.25 52.88
4 105| 3 20| 41.36 33.93 50.3y
5 105| 6 25| 43.86 37.54 52.2¥
6 105| 9 15| 42.79 35.06 51.41
7 150| 3 25| 41.13 33.30 50.04
8 150| 6 15| 41.79 34.71 50.98
9 150| 9 20| 43.34 36.72 52.2¥
3.1 Effect of Various Parameters on Hardness of
Composite

The mean S/N ratio for level 1, 2 and 3 can beutated by
taking the averaging of the S/N ratio for the ekpent 1-3, 3-
6 and 6-9. To draw the graph that shows the efféaach
parameter at each level on the response, the nidhis 8sed
for hardness of composite as shown in table 5

Table 5Mean S/N ratio for hardness

Parameterl Level 1 | Level 2| Level 3
A 42.83 42.67 42.09
B 41.13 42.81 43.65
C 41.83 42.50 43.27

1. Effect of wt. % of alumina: - It is clear from the fig. that
with increase in the wt. % ofil,0; reinforcement, the
hardness of composite increases. wt. % of alumias feund
to be most influent parameter for the hardnessoofiposite.
Fig. shows that up to 6% alumina the hardness ase®
suddenly and after that with increase in wt. % hfmana

hardness increases slowly as comparison to lasti@daf

reinforcement. As the wt. % fraction of aluminariases the
mean S/N ratio also increased from 41.13 to 436&hawn in
the fig. 2. . In S/N ratio highest hardness 43.6BHR

achieved at 9wt. So this variation follows the mess results
by Bharath, V. et al. 2012 whose result shows ticeeiase in
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hardness from 90 VHN to 190 VHN with the increasavi. %
of alumina from 0-12%.

Effect of wt. % on hardness

44
o
Z 42
"é 41 N
g 40
39

6
wt. %

Fig.2 Effect of wt. % on hardness of the composite

2. Effect of Stirring time: - Results shows that with increase
in the stirring time the hardness of compositesraases
continuously because of the distribution of reintanent
particles in the matrix metal. As the stirring tinmerease the
mean S/N ratio for hardness increased from 41.833t@7.
The graph showed that at 25 Min. stirring time maxin
hardness of composites obtained. In S/N ratio lsghardness
43.4 HRB is achieved at 25 minutes stirring timéwe3e
results followed the results by Muhammed, et al020in
Muhammed, et al. 2009 experiment the hardnessadsettby
increasing the stirring time from 1- 3 minutes. @o results
are toward the direction of previous results. THieot of
stirring time on the hardness of composite is shawfigure
3.

Effect of stirring time on
44 hardness
i)
P
z /
c
g 42 -
=
41
15 20 . 25
Stirring time

Fig. 3 Effect of stirring time on Hardness of composite

3. Effect of particle size: -Results shows that as the particle
size increases the hardness of composite decreasdtie 75
pm sized particles used in composite, maximum resslof
the composite obtained. Graph shows that with as®en size
from 75um to 105pum hardness decreased from 42.83.04..
Similarly as the particle size of reinforcementraased more
from 105 pum to 150 um, then hardness decreasecesiydd
because of gravity effect on particles in molten.SVN ratio
the highest hardness 42.8 is obtained at 75 pmordiog to
the Kumar et al. 2013 size of the reinforcementemialt have

low influential on the mechanical properties of ttmmposite.
So our results followed the results of Kumar et28113that
particle size have low effect on the harness ottiraposite.
The effect of particle size on the hardness of ausitp is
shown in figure 4.

Effect of particle size on
hardness
43
042.8 e
5426 \\
z42.4 N\
©42.2 N
S 42
2418
41.6
75 105 150
Particle size

Fig. 4 Effect of particle size on Hardness of composite

3.1.1 Analysis of Variance (ANOVA) For Hardness of
the Composites

The Analysis of variance (ANOVA) was applied todtithe
contribution of all parameters. Table 6 shows tHeQVA
results for the S/N ratio for the hardness of thmposite.

Table 6 ANOVA for S/N ratio for hardness of composites

Sourc | D.O. | SS | MS F- Contr

e F ratio | i
;Jutio
n

(A) 2 0.9 | 045 | 2.38 6.43

(B) 2 :;.8 4.92 | 25.58| 69.11

© 2 2.1 1.55 | 8.04 21.74

error | 2 8.3 0.19

Total | 8 $4. 17

2

The highest rank 1 of wt. % signifying the higheshtribution
about 69.11 % in the hardness of composites. Atfteit
stirring time showed its contribution up to 21.74 % last
particle size showed its too much least 6.43 %rdmution in
the hardness.
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3.2 Effect of Various Parameters On Impact Strength

Of Composite

In Table 7 the rank importance of the various fexio terms
of their relative significance has been shown. Talele 7
shows the effect of each parameter on the impaenhgth of
the composites

Table.7 Mean S/N ratio for impact strength

Parameter Level 1 | Level 2 | Level 3
A 36.25 35.51 34.91
B 33.44 36.22 37.01
C 34.29 35.69 36.70

1. Effect of wt. %:- The experimental results shows that wt.

% of alumina is most influent parameter that aftbet impact
strength very strongly as compared to stirring tand particle
size of alumina. As the wt. % of alumina increagedhe
matrix metal, the impact strength of the compositzeases.
The graph shows that with addition of alumida,0;) from 3
to 9 % impact strength shows an increasing trendn&/N
ratio from 33.44 to 37.01.

Results shows that as wt. % of alumina increasemh f8 to 9
% the impact strength increased. Up to 6 % alumhma
impact strength increases suddenly but from 6-984irtpact
strength increases slowly. According to the Singh,et al.
2012 the impact strength increased from 5.86 NmM.2&@ Nm
with the addition of alumina. So our result is alewards in
the direction of previous results.

Effect of wt. % on impact
strength

38

837
T
S 36

Z 35
B34 /

c /
®33
=3
31
3 6 9
wt. %

Fig. 5 Effect of wt. % on impact strength of composite

2. Effect of stirring time: - The impact strength of the
composite increased by embedding of alumina powdéne
matrix metal. Results shows that with increasehim gtirring
time the S/N ratio for impact strength of compesitwas

increases continuously from 33.29 to 36.70 becafsthe

distribution of reinforcement particles in the npatmetal.

This may be attributed that as the stirring timeréases the
impact strength of the composite increases contisiyoWith

increase in the stirring time the alumina distréit matrix

metal and give high impact strength. The effedtofing time

on the impact strength of composite is shown iorgb

Effect of stirring time on
impact strength

37
2 36 /
& /
Z 35 /
(%)
[=
S 34
=
33
15 20 25
Stirring time

Fig. 6 Effect of stirring time on impact strength of coosfie

3. Effect of Particle size: -The effect of particle size on the
impact strength of the composite is shown in fig.fie size of
alumina contributes its lowest value in impact rsgte of
composite. Results shows that as the particleis&zeases the
S/N ratio for impact strength of composite decrdaem
36.25 to 34.91. As the 75 um sized particles used i
composite, maximum Impact strength of the composite
obtained. Graph shows that with increase in siamfr5um to
105um Impact strength decreased. Similarly as twticte
size of reinforcement increased more from 105 pb5@ pm,
then impact strength decreased suddenly becauggauity
effect on particles in molten. . It shows its toaah least
contribution in impact strength of composite nelaowt 3 %.
So these results followed the resultKaefmar et al. 201&nd
goes in similar trend. The effect of particle smethe impact
strength of composite is shown in figure 7

Effect of particle size on

37 . impactstrength
36 ~.

35 \

&

Mean S/N Ratio

34

75 105 150
particle size

Fig. 7 Effect of particle size on impact strength of casipe
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3.2.1 Analysis of Variance for Impact Strength of he

Composites

Table shows the ANOVA results for the S/N ratio the
impact strength of composites. All the three patansei.e.
particle size of alumina, wt. % of reinforcement,(0;) and
stirring time were found to be significant factbat affect the
impact strength of composites

Table 8 ANOVA for impact strength of composites

Source D.O.F| SS MS F-ratip  Contti
bution

Particle 2 2.72| 1.36 1.46 7.91

size (A

wt. % (B) | 2 21.0/ 10.51 11.33 61.18

Stirring 2 8.76| 438 | 4.72 25.50

time (C)

Residual 2 1.85| 0.92

errol

Total 8 34.3| 4.29

The highest contribution is of wt. % of aluminaB. % in the
impact strength of the composite. The stirring aleatribute
in impact strength of the composite near about 294 But
the contribution of particle size in the composige7.91 %
which is very low.

3.3 Effect of Various Parameters on Tensile Strent

of Composite

Table 9 shows the S/N ratio of impact strength loé t
composites. From S/N ratio it is cleared that epalameter
has different effect on tensile strength of comigssi

Table 9 Mean S/N ratio for tensile strength

Parameterr Level 1| Level 2 | Level 3

A 51.59 51.35 51.10
B 50.18 51.19 | 52.19
C 50.84 51.46 |51.73

1. Effect of wt. %: - Wt. % is the main parameter that affects

the tensile strength of the composite. Fig. 8 shthas as the
wt. % of alumina increased, the S/N ratio for tEnsirength
showed an increasing trend from 50.18 to 52.19mF8oto 6
% of alumina in composite showed continuously iaseein
tensile strength of composite. It is a most influparameter
that affects the tensile strength very stronglycasipared to

stirring time and particle size of alumina. Bharathet al.
2012results showed that tensile strength increased st
to 195 MPa as the wt. % of Alumina increases freni@%.
The effect wt. % of alumina shown below: -

Effect of wt. % on tensile strength

52.5

51.5 el
51

50.5 /
. /
50

49.5
49

Mean S/NRatio

3 6 9
wt. %

Fig. 8 Effect of wt. % on tensile strength of composite

2. Effect of Stirring time: - The tensile strength of composite
increased as the stirring time increased for 12%aminutes
from 50.84 to 51.73. Figure 9 show that most of plaet of
alumina powder distributes in molten up to 20 méasustirring
time. But further with increase in time tensile esigth
increased. The graph showed that at 25 Min. sgjrtime
maximum hardness of composites obtained. In Muhainete
al. 2009 experiment the tensile strength of the composite
increased from 171 MPa to MPa as the stirring tinceeases
from 1 to 3 minutes. So our result goes in similmection as
in the previous results. The effect of stirringhéi on the
tensile strength of composite is shown in figure 9

Effect of stirring time on tensile
strength
52
o
= 515 /
o
=
£ sl r g
§ 50.5
=
50
15 20 25
Stirring Time

Fig. 9 Effect of stirring time on tensile strength of qoosite

3. Effect of Particle size: -As the particle size increases the
S/N ratio for tensile strength of composite decedagom
51.59 to 51.10. Composites contain 75 pum partitiage
higher tensile strength than composite contains dfb 150
pm alumina particles. Fig. 10 shows that with iasee in
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particle size of alumina the tensile strength & tomposite
shows the decreasing order. So our results follavedesults
of Kumar et al. 2013hat particle size have low effect on the
tensile strength of the composite.

Effect of particle size on tensile

strength
51.8
2
T 51.6 \
04
Z 51.4
(7]
c 512 \
()
s 51
50.8
75 105 150
Patrticle size

Fig. 10Effect of Particle size on tensile strength of posite

3.3.1 Analysis Of Variance For Tensile Strength Of

The Composites

Table 10 shows the ANOVA results for the S/N rdtio the
tensile strength of composites. The parameterpasicle size
of Alumina, wt. % of reinforcement (Alumina) andrshg

time were found to be significant factor that afftéte tensile
strength of composites

Table 10ANOVA for S/N ratio for Tensile strength of

composites
Source | D.O.H SS MS F- | Contri.
ratio -
bution
Particle 2 0.35| 0.17 | 0.94 4.20
size (A)
wt. % 2 6.52| 3.26| 17.20| 76.43
(B)
Stirring 2 1.27| 0.63| 3.35| 14.91
time (C)
Residual| 2 0.37| 0.18
error
Total 8 8.53| 1.06

The contribution of wt. % in the tensile strength tbe
composite is 76.4 %. After that the stirring tinteowed its
less contribution i.e. 14.9 %. At last the conttibn of the
particle size of alumina had least contribution %2in the
tensile strength of the composite.

CONCLUSIONS

The pure aluminum reinforced wit,0; at different level
and parameter was successfully produced via stitinga
method. The following conclusions can be made basethe
studies carried out:

1. The composites containing Pure Al with 3, 6 and 9
wt. % of Al,0; particulates were successfully
synthesized by stir casting technique.

2. Hardness, tensile strength and impact strength
increased from 29 HRB-58 HRB, 96 N/mm?-147
N/mmz2 and 12 Nm-30.59 Nm.

3. It was revealed that the hardness of composite
increased with increasing the weight percentage
of Al,0; particles, stirring time but decrease with
increase in particle size.

4. The tensile strength of the manufactured composite
was higher in composite.

5. Impact strength was higher in case of composites as
compared to the pure aluminium.

6. The Signal-to-noise ratio showed the effect of each
parameter at each level on the hardness, impact
strength and tensile strength of composite.

7. Analysis of variance determined the contribution of
each parameter in the hardness, impact strength and
tensile strength of the prepared composite.

8. All these mechanical properties shows increasing
trend with increase in wt. %, stirring time and
decrease in particle size of the reinforcement.
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