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ABSTRACT

The present paper has focused on the development of an Alluminium metal matrix
composite (AMMC) which posses good mechanical properties to meet the functional
requirements as the materials of machine elements. The AMMC samples are prepared by
mixing reinforcement materials like SiC, Al,O3, AlsC, in different sizes and percentages
with Alluminium base materials like Al6061, AlI6063, AlI7075 using stir casting furnace

according to taguchi orthogonal array OA L9 for minimizing experimental cost. The
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properties (responses) like density, tensile strength, impact strength, and hardness are
determined for the samples. These responses are studied and analyzed using fuzzy logic and
the optimum combination of influential factors are identified. A new sample is prepared as
per identified combination and tested for confirmation, and it is satisfactory.

Mechanical properties,
Optimum parameters.

Introduction

Present days automobile and aeronautical industries are
looking for the materials of higher strength to weight ratio.
Metal matrix composites can fulfill this requirement. Strength to
weight ratio of MMC depends on the base material,
reinforcement materials, and the amount of reinforcement. Most
of the metal matrix composites are prepared with allminium
alloys as base materials, and reinforcements are SiC and Al,O5
[12]. Using Taguchi method, the influence of parameters on
responses, and an optimal combination of parameters are
identified [1, 2]. So many researchers were used this method to
analyze the machining of metals, composite materials and Metal
Matrix Composites and succeeded in getting good results [3-
6].However , this method is not usefull for analyszing the multi
response problems. The fuzzy logics, is introduced by Zadeh, for
dealing the problems with uncertain information [7]. So many
researchers are succeeded by applying the fuzzy logics is dealing
the multi response problems with uncertain data [8.9.10,11].
Stefanos investigated the effects of SiC particles on mechanical
properties of MMCs [13]. He observed that the fatigue and
tensile strength are increased with addition of SiC particles.
Pai,etal. [14], Muhammad Hayat Jokhio etal [15] and
Rajmohan and Palanikumar [16]were investigated and repoted
that the stir casting is simple and low expensive when compared
with other preparation methods, also reported the mechanical
properties of Metal Matrix composites depends on distribution
of particles throughout the matrix material, bonding of particles
with base material. Many of the researchers are investigated the
effect of SiCp reinforcement in various aluminum metal matrix
composites [17,18]. A.R.I.Khedera et.al. [19] Were investigated
SiC, Al,03 and MgO reinforced Al metal matrix composite and
reported the improvements in the mechanical properties. And the
effects of "AlI203" particles reinforced in various aluminum
matrix composites were observed by several researchers. And
reported the effect of "Al,O5" particles on wear and Mechanical
properties of Metal Matrix Composites [15, 19, 20, 21, 22].
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The literature review reveals that the effect of the
reinforcement of alluminium carbide is not investigated by the
above researchers and no researcher used Taguchi experimental
design in the development of AMMC by considering various
influential factors. It is also reveals that optimization techniques
have not been applied in the investigation of mechanical
properties of AMMC.

To address the lack of research, the present work has
focused on the development of a new AMMC based on optimum
influential factors combination which is identified using Taguchi
experimental design and fuzzy logic. This is first of its kind to
the best of authors’ knowledge.

Influential factors and experimental design

The levels of the parameters, which influence the
mechanical properties of AMMC shown in Tablel. In the view
of minimizing the experimental cost, fractional factorial design
OAL9 is chosen for conducting experiments. In the present work
nine different AMMCs have been prepared as per Taguchi L9
experimental design (Table 2) using stir casting furnace as
following.
Preperation of
composites

First the stir casting furnace with graphite crucible is
switched on and allow it to raise the temperature up to 500°C
then the required amount of base material is poured into the
crucible and the temperature is raised up to 850°C and allow it
to maintain the same up to complete melting of base material. At
675°C, the wetting agent Mg of 1% is added to the base
material. Then the reinforcement particles are added slowly to
thew molten base material while the stirrer rotating. Before
adding the reinforcement particles they are heated for 2 hrs upto
1000°C to oxidise their surfaces. After mixing, the temperature
of the slurry is raised upto 850°C for getting improved fluidity
and stirring is continued upto 5 minuits. Then the mixed slurry
was poured in different preheated steel dies to produce
the samples for testing.

aluminium metal matrix
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Testing of aluminium metal matrix composite samples

Test specimens are prepared from above produced AMMC
samples for testing of tensile, impact, and hardness properties
and results are recorded (Table.2). The test details are presented
in the following sections.

Tensile Properties of Metal Matrix Compaosition

Among the many mechanical properties of plastics as well
as composite materials, tensile properties are probably the most
frequently considered and evaluated. These properties are an
important indicator of the materials behavior under loading in
tension for different applications.

The AMMC samples were machined to get dog-bone
specimen for tensile test as per the ASTMD 3039-76
specifications. The computer interfaced universal testing
machine was used for the tensile test and yield strength values of
samples are recorded. The gauge lengths of the specimens were
maintained at 100mm for this test.
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Figure 3. Membership function for COM

Impact Strength and hardness Properties of Metal Matrix
Composites

Impact tests data are used in studying the toughness of
material. A material's toughness is a factor of its ability to
absorb energy during plastic deformation. Brittle materials have
low toughness as a result of the small amount of plastic
deformation that they can endure. The test specimens with
24mmx16mmx17mm are cut as per ASSTM D 256-88
specifications. Impact strength is determined using 1ZOD impact
tester and values are recorded. And also AMMC samples are
tested for hardness using Brinell hardness machine and
BHN are recorded.
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Identification of optimum parameter combination and

development of an AMMC

Using fuzzy logic, the test results are analyzed and optimum

influential factor combination is identified for development of

an AMMC which poses good mechanical properties

Step-1: normalization of experimental data

For different data sequences the data should be normalized and

is depends upon the quality of the response, wether it is to be

minimized or maximized (smaller the better or larger the better).

The “larger — the - better”, responce can be normalized as
x%;(k) — min x%;(k)

x7j (k) = max x0;(k) — min x?;(k)

——————— Equation
)
The “smaller — the - better” responce can be normalized as
max x%;(k) — x%;(k)

X7 (k) = max x%;(k) — min x?;(k)

Equation(2)
Wherei=1...,p; k=1..., . p is the number of experiments and
q is the number of responses. x%; (k) original data, " i (k) is the
data after normalization, max xﬂi(k) is the highest value of
xﬂi(k), min xﬂi(k) is the lowest value of xﬂi‘(k), and X7 is
require. The smaller the better is used in this problem to
normalize the data and is normalized using EQ.2 as shown in
Table 3.
Step Il: Determination of the comprehensive output measure
(COM) with fuzzy logic

The fuzzy logic unit consists of fuzzyfier, de-fuzzyfier,
inference engine, membership functions, and a fuzzy rule base.
First in fuzzy logic analysis, normalized experimental data is
fuzzyfied and inference engine generates fuzzy value by
performing fuzzy reasoning on fuzzy rule base. Then the de-
fuzzyfier gives COM (Table.3) by converting fuzzy value. In
this problem, the fuzzy logic unit is of four-input and one-output
(Figurel) For input values three membership functions of
triangular shape (Figure 2) are used and are named as low(L),
medium(M), and high(H). For output values nine membership
functions of triangular shape (Figure 3) are used and named as
very very low (VVL), very low (VL), small(L) medium
low(ML),medium (M), medium high(MH) high(H), very high
(VH), very very high(VVH). 81 rules are prepared for this
problem as follows and listed in the table 4.
Rule 1: if Al is P1, A2 is Q1, A3 is R1 and A4 is S1 then y is
T1lelse
Rule 2: if Alis P2, A2 is Q2 ,A3is R2 andA4 is S2 then y is T2
else

Rule n: if Al is Pn, A2 is Qn ,A3 is Rn andA4 is Dn then y is
Tnelse
In above Ai, Bi, Ci and Di membership functions of input values
and yi is the membership function of COM
Step 111 Development of AMMC

After determining the COM, the effect of each parameter is
separated based on COM at different levels. The mean values of
COM for each level of the controllable influential factors and
the effect of influential factors on multi responses in rank wise
are summarized in Table 5(b). Basically, larger COM means it is
close to the product quality. Thus, a higher value of the COM is
desirable.
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Table 1. Influential factors and their levels

Slno Influential factors Level 1 | Level2 Level3
1 Base material (BM) Al 6061 | Al6063 | Al 7075
2 Reinforcement material (RM) SIC AL203 | AL4C3
3 Size of Reinforcement particles (SRP) (um) 53 63 75
4 Percentage of Reinforcement particles (PRP) (% vol) 5 10 15
Table 2. Experimental design and Experimental Results
Expt. Experimental design Experimental Results
SRunsI S P Tensile Impact Brinell Density
( amsp &s BM RM R R strength Strength Hardness (Kg/m®)
nos) P P (N/mm?) (N/mm?) Number
(Hm) | (%)
1 Al6061 SIC 53 5 80.84 307.63 133 2727.27
2 Al6061 | AL203 63 10 88.11 615.73 105 2786.4
3 Al6061 | ALAC3 75 15 94.21 186.55 150 2816.9
4 Al6063 SIC 63 15 60.73 594.72 105 3097.3
5 Al6063 | AL203 75 5 66.52 184.62 95 27424
6 AI6063 | AL4C3 53 10 70.23 435.14 197.3 2855.1
7 AI7075 SIC 75 10 58.34 632.9 2295 31323
8 AI7075 | AL203 53 15 63.88 321.64 171 3007.5
9 Al7075 | AL4C3 63 5 67.47 589.65 171 2828.3
Table 3. Normalized values for experimental Results and COM
Normalized values for experimental Results
Tensile Impact Brinell Hardness | Density
strength strength Number COM
0.3727 0.7256 0.7175 1 0.7035
0.1701 0.0383 0.9257 0.854 0.4917
0 0.9957 0.5911 0.7787 0.5963
0.9334 0.0852 0.9257 0.0864 0.5093
0.772 1 1 0.9626 0.8795
0.6685 0.4412 0.2394 0.6844 0.5203
1 0 0 0 0.25
0.8456 0.6943 0.4349 0.3081 0.5541
0.7455 0.0965 0.4349 0.7506 0.5084
Table 4. Fuzzy Rules
| Normalized experimental values as input variables Output variables
Rule no Tensile strength | Impact strength | Brinell Hardness Number | Density COM
1 low low low low wvl
2 low low low medium vl
3 low low low high |
4 low low medium low vl
5 low low medium medium |
6 low low medium high ml
7 low low high low |
8 low low high medium ml
9 low low high high m
10 low medium low low vl
72 high medium high high vh
73 high high low low m
74 high high low medium mh
75 high high low high h
76 high high medium low mh
77 high high medium medium h
78 high high medium high vh
79 high high high low h
80 high high high medium vh
81 high high high high vvh

*Here: vvl-very very low, vl-very low, I-low, ml-medium low, m-medium, mh-medium high, h- high,

vh-very high, vvh-very very high
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Table 5. COM for each level of influential factors and Comparison of responses between AMMC with initial
combination and Developed AMMC

(a) COM for each level of influential factors
Influential factors Level 1 level 2 level 3 max-min rank
Base material(BM) 0.597167 0.636367 0.437500 0.198867 2
Reinforcement material(RM) 0.487600 0.641767 0.541667 0.154167 3
Size of Reinforcement partides(SRP) 0.592633 0.503133 0.575267 0.089500 4
Percentage of Reinforcement material (PRP) 0.697133 0.420667 0.553233 0.276467 1
(b) Comparison of responses between AMMC with initial combination and Developed AMMC
Combination of . . Impact Brinell
Controllable Te”a'\'l‘jnitn';‘ig‘ gth l?(en/?l‘r;cay strength Hardness COM
Parameters g N/mm? Number
AMMC with Initial |- 1>\ 125RP2PRP2 65 2816.9 450 175 0-530901
Combination
Developed AMMC | BM2RM2SRP1PRP1 120 2701.2 750 235 0.896867
Gain N/A 55 115.7 300 65 0.365966
% of Gain N/A 85 4.11 63.3 37 70
From the Table 5(a), the best level of influential factors are taguchi techniques” Journal of minerals and materials

base material at level 2 (Al6063), reinforcement material level 2
(Al,05), size of reinforcement material at level 1 (53 um), and
percentage of reinforcement material at level 1 (5%). A new
AMMC is prepared for this optimum level of influential factors
and is tested for the responses. The responses are compared with
AMMC of initial combination of influential factors (Table 5(b)).
Conclusions

After analyzing the data of developed AMMC, it is
concluded that the percentage of reinforcement material and
type of the base material highly influence the mechanical
properties of metal matrix composites. Reinforcement material
and size of reinforcement material have low influence on the
mechanical properties. It is also concluded that aluminium oxide
is the best reinforcement material of metal matrix composites
among silicon carbide, aluminum oxide, alluminium carbide.
This work may be extended by considering the other sizes of
reinforcement material and percentages in the view of searching
better properties of AMMC.
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