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ABSTRACT

Metal matrix composites are become a highly important
material in automotive industries due to its light weight
and high strength properties. In this work, Al6061/SiC,
reinforced metal matrix composites were fabricated with
varying weight fraction of 5%, 10% and 15% SiC,
particles. Wear test was conducted using pin-on-disk
apparatus. Parameters that were varied are load, sliding
speed and percentage reinforcement of SiC,. Taguchi L27
orthogonal array of experimental design is used for
analyzing the performance measures such as wear loss,
and frictional force. Optimization of parameters were done
using grey fuzzy algorithm using MATLAB in order to
obtain minimum wear and frictional force. The results
indicate that increasing of reinforced particle increases
wear resistance.

Keywords: - Metal matrix composites, wear loss, grey
fuzzy, and speed.

1. Introduction

Metal matrix composites have mainly preferred because of
its good specific strength. Reinforced metal matrix
composites have been gaining its positive effects due to its
low cost. Cast aluminium has good wear resistance among
many methods. stir casting is the cheapest way to produce.
Problem associated with it is that particulates are non-
uniformly distributed due to very low wettability. Taguchi
design of experiments is an effective way which can be
employed for analyzing the frictional force and dry sliding
wear of composites by Ajay[l]. Al6061 can be
successfully synthesized from stir casting technique [2].
From the research it is concluded that increase in load

leads to maximum on wear volume loss by Chowdhury [4].

Wear generally occurs when two body comes in contact
with each other. The weakness of material leads to rupture
due to repeated action. wear can be of various types they
are of abrasive, corrosive, surface fatigue. Wear rate
gradually increases with applied load. Taguchi based
experimental designs proves to be highly productive as it
reduces the number of experiments there by reducing the
cost as well as time for experiment but it fails to optimize
the multiple objective . In order to overcome this problem
various researchers have employed various theories along
with Taguchi method to achieve multi response
optimization by Issam Hanafiet.a(2012),Rajmohan et.al
(2013) and Krishnamoorthy et.al.(2012The purpose is to

conglomerate the multiple objectives into single objective
(multi-response into equivalent quality index)In this study
optimization of parameters like load, sliding speed and
percentage of reinforcement being carried out by the grey
fuzzy algorithm in MATLAB in order to obtain minimum
wear rate and frictional force.

2.Fabrication of MMC using Stir casting

Al-6061 is used as Metal matrix composites with various
wt% of SiC, particulates. steel crucible was used for
melting for 2 hours it was preheated to 400-700 degree
Celsius .For melting the matrix, temperature of the furnace
was increased to 800 degree Celsius. Mixing was carried
out mechanically about 22 minutes at 400 rpm of about
stirring speed. Molten metal has been poured in to mould
of about 150 mm length. Temperature of pouring is
estimated around 680 degree. Melt was solidified in the
mould then wear test had been carried out for 5%.This
method can be altered for other composition like 10%
&15%.

fig. 1 :stir casting setup
Wettability is the major reason affecting which was
between the two components, Porosity is the another
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major issue which affects .Chemical reaction also plays a
major role.

3. Wear Test Procedure

After obtaining the required material by using turning
operation diameter was reduced to around 10mm and
length was around 50mm and 27 pins were made from al-
6061/Sic of 5% 10% &15% of each samples of pin were
made. and disk used is EN32 of diameter 70 mm. The
surface of the pin was rubbed with emery paper to remove
debris..when the pin is rubbed with disk
corresponding frictional force was obtained for varying
load of 2 kgf ,4kgf and 6 kgf and also for the varying speed
of 400 ,600 & 800 rpm. in the system and the sample is
weighed and the wear loss is measured

by weight loss method..The test was carried out for 15
minutes for each sample.

Fig. 2 : Pin on disk setup

4.Experimental results of wear test

4.1 Effect of applied normal load

Applied load affects the wear rate of alloy and composites
significantly and is the most dominating factor controlling
the wear behavior. The wear rate varies with normal load,
which is an indicative of Archard’s law and is
significantly lower in case of composites. The cumulative
volume loss increases with increasing applied normal load.
Further, with increased applied load the contact surface
temperature increases. By measuring the wear rate as a
function of applied load, it has been reported that a critical
load exists below this load, where the wear rate is mild
and steady; above this load a severe wear rate occurs and
the critical

load decreases with temperature. If the load is further
increased, then the unreinforced and reinforced
composites eventually seize. The seizure event was
accompanied by a sudden increase in wear rate, heavy
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noise and vibration. This type of seizure has been referred
to as galling seizure. As the wear rate increases with
increased applied load, the wear mechanism reported was
oxidation at lower loads and adhesion and delamination at
higher loads

Table 1: Results of wear test

load | Speat | %Sice | & | "Vorce.
2 400 5 0.0215 6.3
2 400 10 0.024 7.3
2 400 15 0.026 8.2
2 600 5 0.039 6.8
2 600 10 0.033 9.2
2 600 15 0.032 9.6
2 800 5 0.0422 9.85
2 800 10 0.0366 10.092
2 800 15 0.0317 10.53
4 400 5 0.043 12.3
4 400 10 0.0483 13.4
4 400 15 0.0431 13.98
4 600 5 0.045 16.8
4 600 10 0.059 17.2
4 600 15 0.036 18.5
4 800 5 0.0533 16.7
4 800 10 0.0684 17.8
4 800 15 0.0415 18.9
6 400 5 0.0436 204
6 400 10 0.0514 24.6
6 400 15 0.048 21.9
6 600 5 0.052 27.3
6 600 10 0.0691 26.8
6 600 15 0.0635 23
6 800 5 0.052 29
6 800 10 0.0637 34.6
6 800 15 0.0645 33

4.2 Effect of reinforcements

The SiC,, reinforcement in the AI-MMCs is more fracture
resistant compared to other reinforcements. The SiC,
particles are harder than other reinforcements and will
provide a more effective barrier to subsurface shear by the
motion of the adjacent steel counter-face and this result is
likely due to differences in particles shape. An additional
drawback of AI-MMCs with reinforcing phases, such
SiC, is the tendency of the reinforcement to act as a
second-body abrasive against the counter-face increasing
its wear rates. In addition, reinforcement liberated as wear
debris acts as a third-body abrasive to both surfaces. The
two effects result in a higher wear rate for the system as a
whole when MMC is used compared to the monolith,
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while the extent of this problem depends on the
mechanical properties of the counter face material

5.Grey fuzzy reasoning analysis

Grey relational analysis is used for optimization of input
parameters of the wear test to achieve better quality of
minimized wear loss and fictional force. The grey system
to adequate for studies which involves poor, incomplete,
and uncertain data which are designated as “Grey” data. It
is used for solving the complicated interrelationship
among the multiple responses. Concept of fuzzy logic is
then incorporated into this multivariate system so as to get
an improved grey-fuzzy grade. The grey fuzzy grades
were calculated using MATLAB. The fuzzy inference
system so developed incorporated triangular membership
function and a set of 9 IF...THEN rules were formulated
to fuzzify the grey relational coefficient of each

E;'(k} _ ﬂmiﬁ@max
A0ik) + ¢ Ay

response(....(1) Grey
grade is calculated from.  ai=1/n)é(k) ...(2). where ai is
the grey relational grade for the ith experiment and K is the
number of performance characteristics.From the analysis
optimum condition arrived load(2),sliding speed(400 rpm)
and percentage of reinforcement(5%).

6.Fuzzy inference system

Prof. Lotfi A. Zedah introduced the concepts of fuzzy sets
and systems. A fuzzy inference system uses fuzzy set
theory to map inputs to outputs. There are basically two
types of fuzzy inference systems viz. Mamdani and
Sugino. Mamdani type system gives the fuzzy output,
which if required has to be converted into crisp value
using defuzzification method. It is intuitive and suitable to
human inputs and so is widely used.

Sugino type inference system gives an output that is either
constant or a weighted linear model. It can only be used to
model those systems in which the output membership
functions are either linear or constant. In the present study,
Mamdani type fuzzy system is used.

7.Membership function

Membership functions are the building blocks of Fuzzy set
theory i.e. Fuzziness in a fuzzy set is determined by its
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MEF. Accordingly the shape of MFs are important for a
particular problem since they effect on fuzzy inference
system. In this present study triangular membership
function is used because it represent fuzzy numbers and it
is used because of its easy computation.

Table 2: Grey Fuzzy grade

Grey relational
We(;oeffluent Grey Grey Rk
Exp.No r frictiona | grade fuzzy
| force

loss
1 1 1 0.99 0.920 1
2 0.90 | 0.93 0.92 0.765 2
3 0.84 | 0.88 0.86 0.716 4
4 0.58 | 0.97 0.77 0.733 3
5 0.67 | 0.83 0.75 0.674 5
6 0.69 | 0.81 0.75 0.669 6
7 0.53 | 0.80 0.67 0.646 9
8 0.61 | 0.79 0.70 0.649 8
9 0.70 | 0.77 0.73 0.655 7
10 0.53 | 0.70 0.61 0.606 10
11 0.47 | 0.67 0.57 0.571 13
12 0.52 | 0.65 0.59 0.584 11
13 0.50 | 0.57 0.54 0.545 14
14 0.39 | 0.56 0.48 0.474 19
15 0.62 | 0.54 0.58 0.572 12
16 0.43 | 0.58 0.50 0.505 17
17 0.34 | 0.55 0.44 0.446 21
18 0.54 | 0.53 0.54 0.529 15
19 0.52 | 0.50 0.51 0.514 16
20 0.44 | 0.44 0.44 0.457 20
21 0.47 | 048 0.47 0.478 18
22 0.44 | 0.40 0.42 0.436 22
23 0.33 | 041 0.37 0.401 26
24 0.36 | 0.46 0.41 0.419 24
25 0.44 | 0.38 0.41 0.427 23
26 0.36 | 0.35 0.35 0.394 27
27 0.36 | 0.35 0.35 0.402 25
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inputs to the output membership function. The rule

Membership function piots  Plt pointe:
F Varatks e — midium ‘p ﬁ: e formation is given in the table 3 .
m | Table 3: Fuzzy rule formation
ol INPUT 1 INPUT 2 OUTPUT
ﬁ Small Small Small
input2 Small Medium Small Medium
Small Large Medium
Medium Small Small Medium
TR TRRTRRT a Medium Medium Medium
input variable “nputt” Medium Large Medium Large
Large Small Medium
Fig. 3: Membership function for input 1 Large Medium Medium Large
Large Large Large
File Edit View
FIS Variables Membership function plots  Plot points: 181
small medium large File Edit View Options
m input1 = 0.58 inputz = 0.97

gzﬁ; output!

input2
of
input variable “input2”

Current Variable Current Membership Function (click on MF to select)
Hame input2 Name large
Type input Type trimf. -

Params 06114
Range 01 ! !
Display Range o1 ‘ Help Close |
Renaming MF 3 to “large”

Fig. 4: Membership function for input 2

File Edit  View

FIS Variables Membership function plots  Plot points: 181
m SMALL SMALL, EDIUM MEDIUM MEDIUM, ARGE LARGE
iniun output1
inputz
output variable “output1®
Current Variable Current Membership Function (click on MF to select)
Name outputl MName LARGE
Type output Type trim? -
Params 5 5
0.75 1 1.25]
Range 11 I ]
Display Range 1] | Help Close |

| Renamin g MF 5 to "LARGE™

Fig. 5: Membership function for output

8. Fuzzy rule formation

In the step of rules evaluation, the rule base containing a
number of 9 fuzzy IF-THEN rules is used to map the

TTTRERTY
(N AdERN

g e e e s e s ] e

output1 = 0.733

Input: 1y 52:0.97]

H Flot points:  1q1

Mowve: left | right | dnwn| up |‘

Ready

‘ ‘ Help | Close

Fig. 6: rule box in matlab(input1=0.58,input2=0.97)

Table 4: Anova for Grey Fuzzy Grade

Source Df SS MS F P%
Load 2 | 0.3557 0.1778 | 124.84 | 78.5
8 9
Sliding 2 0.0542 | 0.0271 19.03 11.9
speed 2 1
% 2 0.0141 0.0070 498 3.13
8 9
Error 20 | 0.0285 | 0.0014 6.29
0 2
Total 26 | 0.4526 100
9

9.Results and discussion
In the grey fuzzy algorithm triangular membership
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function has been used because of simple formulas and
computational efficiency. Grey relational analysis based
on the grey system theory is adopted for solving
interrelationship among multiple response.Grey relational
grade is obtained from the average of the grey relational
degree of the multiple response.In grey relational analysis
experimental data are first normalised in range between 0
and 1.Grey relational coefficient is calculated from
normalised experimental data to express relationship b/w
desired and actual experimental data.Fuzzifier uses
membership function to fuzzify the grey relational
coefficient first.Inference engine then performs a fuzzy
rule in order to generate fuzzy value.Defuzzifier converts
the fuzzy value in to grey fuzzy reasoning grade.From the
table 2 Larger the grey fuzzy reasoning grade the better
multiple process response.

10.Conclusion

The paper present a study about optimization of
parameters based on Grey-Fuzzy logic analysis coupled
with Taguchi method. The major conclusions drawn from
the present investigation are

[1]Analysis of Variance (ANOVA) was employed to
verify

the fitness of the statistical model. Regression coefficient
of the fit is 93.70 % for Aluminium6061 reinforced with
Sic , signifying that the regression model provides an
excellent description of the correlation between the factors
and the response. Contribution of various variable and the
interactions.

[2]Load is the most contributing factor i.e (78.5%) sliding
speed(11.9%) and reinforcement(3.13%) by applying grey
fuzzy logic analysis.

[3]Optimum parameters value for aluminium 6061
reinforced with Sic is load (2),sliding
speed(400rpm),percentage of reinforcement(5%).

[4]1t is observed that simultaneous improvement in
multiple responses of wear study parameter is greatly
improved by Grey-Fuzzy Logic Analysis.

References

[1] Ajay Singh, et al, (2013), “Manufacturing of AMMCs
using Stir Casting Process and testing its mechanical
properties” International Journal of Advanced Engineering
Technology, ISSN 0976-3945, pg no. 1-9

[2] Baradeshwaran and Elaya Perumal(2013), "Study on
Study on mechanical and
properties of Al 7075/Al1,0; ,graphite hybrid composites"
International journal on composites pg no 464-471

IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 5, May 2015.
www.ijiset.com

ISSN 2348 - 7968

[3] Balasubramaniyan and Mohanty (2012) ,"Boron
Carbide Reinforced aluminium 1100 matrix
composites :Fabrication and properties" International
journal on material science and engineering, pg no 42-52

[4] Chowdhury et al ,(2011), “The Effect of Sliding
Speed and Normal Load on Friction and Wear Property of
Aluminum” IJMME, vol 1, pg no. 45-49.

[5]Chen and  Daniel Tao, (2010)," Modeling and
optimization of high chromium alloy wear in phosphate
laboratory grinding mill with fuzzy logic and particle
swarm optimization technique" International Journal on
Minerals engineering ,Pg no 713-719

[6] Chen and Alpas,(2010) ," Wear of aluminium matrix
composites reinforced with nickel-coated carbon fibres"
International journal on wear pg 334-338

[7] Dong Feng Diao et al , (2013)," Temperature
dependence of sliding wear behavior in SiC whisker or SiC
particulate reinforced 6061 aluminum alloy composite",
International Journal on Wear, pg no 467-469

[8] Devaraju et al, (2013)," Influence of reinforcements
(SiC and AI203) and rotational speed on wear and
mechanical properties of aluminum alloy 6061-T6 based.

[9] Ding yu Dong et al, (2012),"Thermal analysis for
brake disks of Sic/6061 Al alloy co-continuous composite
for CRH3 during emergency braking considering airflow
cooling", pg 2783-2791

[10] Goal Krishnan and Morgan (2012)," Production and
wear characterization of AA 6061 matrix titanium carbide
particulate reinforced composite by enhanced stir casting
method", Composites part B, pg no 302-308.

[11] Hartmann et al , (2009)," A low cycle fatigue model
of a short-fiber reinforced 6061 aluminium alloy metal
matrix composite”, International journal on composites
science and technology, pg no 2189-2199

[12] Kurnaz and Durman ,(2010), "Modeling of
tribological properties of alumina fiber reinforced zinc—
aluminum composites using artificial neural network
" Materials science and engineering, pg no 203-210

[13]Meijer and Ellyin ,(2011)," Mechanical Behaviour of

A1203 particle reinforced 6061 aluminium alloy under
uni axial and multi axial cycle loading", pg no 237-248

292



IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 5, May 2015.

www.ijiset.com

ISSN 2348 - 7968

[14] Narayana Murthy et al, (2010)," On the hot working
characteristics of 6061Al-SiC and 6061-Al203
particulate reinforced metal matrixcomposites"
International journal on composites science and
technology, pg no 3485-3490

[15] Paulo Davim and Coneicao Antonio,(2009)," Optimal
drilling of particulate metal matrix composites based on
experimental and numerical procedures", International
journal of machine tool and manufacture", pg no 45-49

[16]Rao and Ramulu,(2010),"Drilling of Al203/6061

metal matrix composites ",International journal of material
processing and technology, pg no 332-336

293



