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Abstract
This paper investigates the sliding wear behaviour of three different composites. Three different reinforcements are under taken for
this study namely SC, Al,O; and Cenosphere. Along with it percentage reinforcement is also varied from 8wt% to 16wt.%. Other
factors applied normal load and diding speed are also considered. Taguchi design of experimental technique is employed for the
study of sliding wear. It is observed that SC reinforced composites show better wear resistance than Al,O; and Cenosphere
reinforced composites. Regression and artificial neural network (ANN) is used to develop a model to predict the wear loss. It is
observed that artificial neural network is more efficient than regression.
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1. INTRODUCTION

Aluminium matrix composites (AMC) have been an aoéa
research since past decades due to its novel piegp€erhese
AMCs have better wear resistance than its basg.dHence
these AMCs which are light in weight compared el and
cast iron have found applications in cylinder blckylinder
liners, brake drum, connecting rods etc. where wesistance
is a matter of great concern [1,2]. Several attemgre made
to study the wear behaviour of aluminium and AMG]. In
general, AMCs showed better wear resistance thaniaium
alloys. Various soft and hard reinforcements ardeddto
increase the wear resistance of aluminium alloysmé&
reinforcement used are SiC,.8%, TiO,, glass, WC, flyash
etc [6, 7]. Many researchers have stated thattrease in the
wear resistance of AMCs is attributed to the presesf hard
particles [8] and the formation of mechanical mixager [9-
12] which prevents the direct contact of the maaibwy and
the counter face.

Various factors which affect the wear rate are igpphormal
load, sliding speed, sliding distance, particleesétc. Various
researchers have stated the influence of thesergach wear
rate. Sahin [13] conducted an abrasive wear te&M@ with

5-10wt.% SiG content with 32-64um reinforcement size.

Factorial design of experiments was used to deterntihe
contribution of applied normal load, sliding distanand
abrasive size. It was concluded that wear rate h# t

composites increased with increasing abrasive sipelied
normal load and sliding distance when SiC emeryepayas
used. When AD; emery paper was used the wear rate
increased with increasing abrasive size and appili@anal
load but decreased with increasing sliding distaMsendal et
al. [14] studied the two body abrasive wear behavad AMC
with 10wt.% ALO; at different loads(1N-7N) and abrasive
sizes (30-80 um). They concluded that the domigatéctor
was applied normal load controlling the wear bebawviof
composite. Basavarajapa et al. [15] studied the diding
wear behaviour of AMC reinforced with SiC and griagh
particles using Taguchi technique. The wear pararset
chosen for the experiment were sliding speed, agpiormal
load and sliding distance. They concluded thairgidlistance
and applied normal load are major factors detemmginvear.
In the above studies either factorial design oruthg design
was used. The number of test runs needed for ddctibrial
design increases exponentially that consumes miowh and
cost. Fractional design can substantially reduce time
needed to investigate the wear behaviour of congmsi
Taguchi design of experiments simplifies the fiawdél
factorial design by the use of orthogonal arraynt¢¢eTaguchi
method provides an efficient and systematic approtx
optimize designs for quality cost and performareer this
reason Taguchi method has been used for wide rafge
industrial applications globally[16,17].
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For the prediction of wear many models based otisgtal
regression techniques have been developed. The ofise
artificial neural network represents a new methodplapart
from statistical regression technique. ANN was used
extensively by many researchers to predict the mrEchl,
tribological and physical properties of metal matri
composites[18,19]. Altinkok and Koker [20] predittehe
tensile strength and density of AMCs reinforcedw#C and
Al,Os. The results shows that the properties of AMCsehav
been predicted with an acceptable accuracy by 8 aof
neural network. Ganesan et al. [2idve demonstrated the
application of neural network for obtaining the @essing
map for AMCs reinforced with 15 vol.% SiC in hot kimg
process. The performance of neural network wasddorbe
satisfactory as the flow stress were predicted waithaccuracy
of +8%. Genel et al. [22] confirmed that the prédic
through neural network could be feasible as theas & good
correlation with experimental results. The degreaazuracy
of prediction of specific wear rate and coeffici@ftfriction
were 94.2% and 99.4% respectively. In view of theve
discussion it can be concluded that ANN is an é&neltool
which could save considerably cost and time.

In this study, an attempt has been made to invastithe
effects of different reinforcements (SiC, 8 and
Cenosphere percentage reinforcement, applied normal load
and sliding speed on the dry sliding wear behavio@ir
different composites using Taguchi design of experital
technique. The analysis of variance was employeihtbout

the percentage contribution of each factor andnitsraction

on dry sliding wear of composites. ANN was used¢welop

a model for the prediction of wear rate and waspamad with
regression models.

2. EXPERIMENTAL DETAILS
2.1 Experimental Method

Aluminium alloy 7075 composites with different
reinforcement were fabricated using stir castirghibéque. In
this technique the aluminium alloy was melted ie thpen
mouth electric resistance furnace at a temperabete/een
800°C- 850°C. The mixing of the particle was attainby
adding particles in the vortex formed in the mgltihe help of
mechanical stirrer. Stirring was done before andrahixing
of particles to ensure uniform mixing throughou thelt. The
particles were preheated in a muffle furnace u@0°8 for
2hrs before adding it to the melt. After the miximgcess the
melt was cast into metal dies of dimensions @158nirs.
The average size of reinforcement was 60 pm. dptica
micrograph of 12wt.% SiC, ADs; and Cenosphere is shown in
figure 1.

2.2 Sliding Wear Test

To study the dry sliding wear behaviour of alummialloy
composites at room temperature, a pin-on-disc viesting

machine of Ducom was used. The wear tests wereedaout
as per ASTM G99-05 standard. The wear specimenteof
composite were machined to dimensions of @8 x 50ifime.
wear tests were carried out at applied normal lnatie range
of 35N to 75N in steps of 20N. The sliding speed waried
from 1.5m/s to 3m/s in the steps of 0.75m/s. Thdirg
distance was kept constant at 2500m. After eadhtieswvorn
surfaces of the specimen were removed by facingatipa to
a depth of 0.5mm. The disc surface and the speciveme
polished with 400,600, 800, and 1200 grit emeryepaip
sequence so as to expose a fresh surface for esicIThis is
to ensure uniformity for all test conditions. Befoand after
each test the specimens were weighed using anraiect
balance of +0.01mg accuracy. The wear rate wasliledd in
terms of volume.

3. DESIGN OF EXPERIMENT

For design of experiment Taguchi method has begquiagred

as it is a powerful tool for design of high qualgystems[23-
25]. Taguchi's approach of optimum design is deiteech by

using design of experiment principles which mainés three
phases: planning phase, designing experiments @algzing

results. Out of these planning phase is the mogbitant

phase. In this firsthand knowledge of the projectliscussed
and factors to be included in the study is cargfathalyzed.
The number of repetitions and factor levels are dkscided in
this phase. For conducting experiments Taguchi stsewlard
orthogonal arrays. The criterion for selecting athagonal

array is that the degree of freedom of orthogonayashould
be equal to or more than the sum of the degreseeflbms of
factors and their interactions considered [26-28].

For this study four factors namely reinforcement(A)
percentage reinforcement(B), applied normal load@dyd
sliding speed(D) are being considered. Along withthiree
interactions viz (AxB), (AxC) and (BxC) are also g
considered. For four factors and three degree esdfdom the
appropriate orthogonal array is,Lwhich has 26 degree of
freedom and 13 columns. The factors and their ek
shown in tablel. The linear graph fos;larray is shown in
figure 2 . The plan of experiment is as follows:eTfirst
column was designated to reinforcement(A), the eco
column to percentage reinforcement(B), fifth coluntm
load(C) and ninth column to sliding speed (D). Ba study
of interaction between reinforcement(A) and peraget
reinforcement(B), third and fourth column was desigd to
(AxB)1 and (AxB)2 respectively. For the study ofdraction
between reinforcement(A) and applied normal load€Xth
and seventh column was designated to (AxC)1 andCJAx
respectively. For the study of interaction betwgencentage
reinforcement(B) and applied normal load(C), eigtatid tenth
column were designated to (BxC)1 and (BxC)2 respelgt
The remaining columns were assigned to error coturihe
L,; array has 27 runs compared to 81 runs in full ofidet
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method. This brings out the efficiency of Tagucldthod. The
experimental layout using,karray is shown in Table 2.

4. RESULTSOF TAGUCHI METHOD

Table 3 shows the experimental results of wear. [bable 4
shows the response table for S/N ratio of weas @bserved
that the factor reinforcement (A) has the highafitence on
the wear followed by applied normal load(C) andcpetage
reinforcement (B). The factor sliding speed(D) hias least
influence on wear. Figure 3 shows the main efféat for S/N
ratio for wear. From the figure it can be concludeat factor
combination AB,C,D, gives lowest wear rate. Figures 4, 5
and 6 show the interaction graph of AxB, AXC andCBX he
interaction AXC is the most influential as the Sratio is
higher compared to other interactions. Table 5 shaohe
analysis of variance. It is observed that factéonfoecement
(A) has the most influence on wear with percentage
contribution of 53.64% followed by factor appliedrmal
load(C) with percentage contribution of 21.85%. tBac
percentage reinforcement(B) and sliding speed(D3 ha
significant effect as their percentage contributida
comparatively less. The interaction can be negiee® the
percentage contribution is less than the residuat.e

5. CONFIRMATION TEST OF TAGUCHI
METHOD

The confirmation test is the final step in the Telguanalysis.
The purpose of this test is to validate the conchssinferred
from the analysis. The predictive equation is cotaguaking
into consideration the interactions and ANOVA asay
Based on the above discussions estimated optinNlr&io
for wear considering factors can be computed as:

flw = A;+ B+ Ci+D-3Ty (1)

WhereT,, is the overall mean S/N ratio of the wedy, B, T,
and D, are average S/N values with parameters at optimal
level. The S/N ratio value is found out to be -#0dB. Table

6 shows the experimental and the predicted values.
The confidence interval (C.1), for the predicteti $4tio at

optimum condition can be calculated using the foiig
equation:

C.l.=+/F(1,f)xV,/N,_ )

F(1,f) = the F ratio at 95% confidence level at DOF & an
error DOF §

V= Variance of error term

Ne
Total number of observation

" 1+ DOF ofall factors included in the estimate of 5/N ratio

Using values ¥=6.72 (from the ANOVA table 5)46, N=3
and kog1,6)=5.9874(from F-table) the C.l. was calculated.

The confidence interval C.I. £1.21. The predicted optimal

S/N ratio for wear is -10.34dB. Therefore the optimwear is
-10.34 £1.21 at 95% confidence level. This confirtingt the
predicted experimental value is within acceptablege.

6. REGRESSION ANALYSIS

Equations 3 4 and 5 show the regression equatioms/déar
for SIiC, ALO; and Cenosphere reinforced composites
respectively. Where KK, and K are wear for for SiC, AD;
and Cenosphere reinforced composite respectivélg.values

of wear were normalized and a regression equafionshe
normalized values were developed. The R- value haf t
regression equation was 0.81. The regression emquhtd to
be developed separately for each reinforcementaal for

a common regression equation had a lower R-valoiowing

are the regression equations:

Ks= -0.189164 + 0.0146642*percentage reinforcement +
0.00666506*Load - 0.0277332*sliding speed (3)

Ka= -0.176652 + 0.0146642*percentage reinforcement +
0.00666506*Load - 0.0277332*sliding speed (4)

K= 0.222931 + 0.0146642*percentage reinforcement +
0.00666506*Load - 0.0277332*sliding speed  (5)

7. MODELLING OF BACK PROPAGATION
NEURAL NETWORK

In this paper multilayer feed forward network witrack
propagation learning algorithm is used.. The inpayer
consists of 4 neural cells, corresponding to malkeri
percentage reinforcement, applied normal load diding
speed. The output layer consisted of one neural cel
corresponding to weight loss. The program code was
generated using MATLAB software. The number ofroes

in the hidden layer was chosen to be 10. The nunaber
samples used for training validation and testingentaken to

be 80%, 10% and 10% respectively. Figure 7 shoesrban
squared error (MSE) of training, test and validateamples.
Figure 8 shows regression plot for MSE of trainingljdation
and test samples. Generally the R-value will g for the
samples used for training, it is the R-value oft @mples
which determines whether the network is acceptaiihe. R-
value is always desired to be closer to 1. The IRevéor test
samples was 0.93 and overall R-value for all sagplas
0.94. This shows a good correlation between thermxgntal
value and network response. Hence this trained arktwas
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used to predict the weight loss of the entire nekwBigure 9

shows the regression plot for the same. It is shahthe R
value is equal to 0.95 which is acceptable. Ituiggested that
the trained network could be used for the predictid mass
loss for dry sliding wear for the given parameteasge.

Graphs for the predicted normalized values of wisang both
regression and artificial neural network was depethb

Figurel0 and Figure 11shows the predicted and ewpatal

values for regression and ANN respectively. Ithserved that
ANN is more efficient in predicting the experimentealue

more efficiently.

CONCLUSIONS

The Taguchi method was applied to investigate ffects of
different reinforcements (SiC, AD; and Cenosphere),
percentage reinforcement, applied normal load diding
speed. ANOVA analysis was also employed of to fond
percentage contribution of each factor considerednodel
was also developed for the prediction of wear ugihN and
compared with a model based on regression. Frenalove
study following can be concluded:

i) The use of orthogonal array in Taguchi method is
suitable to statistically analyze the wear behavimfu
composites with various reinforcements namely SiC,
Al,O; and Cenosphere.

ii) SiC reinforced composite is the most efficient
compared to AIO; and Cenosphere reinforced
composite with regard to sliding wear.

iii) The optimal setting for minimum wear was found out
using Taguchi Method. The factor combination for
minimum wear are: SiC particles as reinforcement,
with 8wt.% reinforcement, at 35N applied normal
load and at 2.25m/s sliding speed.

iv) The deviations between actual and predicted S/N
ratios for minimum wear lies within the confidence
interval at 95% confidence level.

V) ANOVA analysis showed that the factor
reinforcement and applied normal load were the most
influential on wear with percentage contribution of
53.64% and 21.85% respectively.

Vi) Both regression and ANN models were developed for
the prediction of wear. It was observed that ANN
model was more efficient than regression model.
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Table 1 Factors and their levels

Factor Unit Symbol Level 1 Level 2 Level 3
Reinforcement - A SiC AD; CEN
F_’ercentage % B 8 12 16
reinforcement
Load N C 35 55 75
Sliding Speed m/sec D 1.5 2.25 3.00
Table 2 Experimental Layout of 4;orthogonal array
Al B ]| (AxB); | (AxB), |C| (AXC), | (AxC), | BxC), | D | BxC), | - | - | -
Exp.No| 1| 2 3 4 5 6 7 8 9 10 11 12 13
1 1|1 1 1 1 1 1 1 1 1 1 ] 1
2 1|1 1 1 2 2 2 2 2 2 2 y, 2
3 1|1 1 1 3 3 3 3 3 3 3 K 3
4 1| 2 2 2 1 1 1 2 2 2 3 K 3
5 1| 2 2 2 2 2 2 3 3 3 1 ] 1
6 1| 2 2 2 3 3 3 1 1 1 2 2 2
7 1| 3 3 3 1 1 1 3 3 3 2 . 2
8 1| 3 3 3 2 2 2 1 1 1 3 K 3
9 1| 3 3 3 3 3 3 2 2 2 1 ] 1
10 2| 1 2 3 1 2 3 1 2 3 1 2 B
11 2| 1 2 3 2 3 1 2 3 1 Y, 3 L
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12 211 2 3 3 1 2 3 1 2 3 1 %
13 2] 2 3 1 1 2 3 2 3 1 3 1 %
14 2| 2 3 1 2 3 1 3 1 2 1 2 3
15 2] 2 3 1 3 1 2 1 2 3 Y. 3 1
16 2] 3 1 2 1 2 3 3 1 2 Y. 3 1
17 2] 3 1 2 2 3 1 1 2 3 3 1 %
18 2] 3 1 2 3 1 2 2 3 1 1 2 B
19 3] 1 3 2 1 3 2 1 3 2 1 3 %
20 311 3 2 2 1 3 2 1 3 Y. 1 3
21 3] 1 3 2 3 2 1 3 2 1 3 2 L
22 3| 2 1 3 1 3 2 2 1 3 3 2 1
23 3] 2 1 3 2 1 3 3 2 1 1 3 %
24 3] 2 1 3 3 2 1 1 3 2 Y. 1 B
25 3] 3 2 1 1 3 2 3 2 1 Y. 1 B
26 3] 3 2 1 2 1 3 1 3 2 3 2 L
27 3] 3 2 1 3 2 1 2 1 3 1 3 %
Table 3 Experimental results for wear loss
S/N

S. No A B C D Wear (mr) Ratio(dB)

1 SiC 8 35 2.25 2.87 -9.15

2 SiC 8 55 15 6.27 -15.94

3 SiC 8 75 3 4.11 -12.28

4 SiC 12 35 15 5.70 -15.12

5 SiC 12 55 3 5.54 -14.87

6 SiC 12 75 2.25 7.89 -17.94

7 SiC 16 35 3 6.35 -16.05

8 SiC 16 55 2.25 4.03 -12.10

9 SiC 16 75 15 11.66 -21.34

10 Al,0; 8 35 15 3.30 -10.36

11 Al,Oq 8 55 3 7.49 -17.49

12 Al,Oq 8 75 2.25 9.29 -19.36

13 Al,Oq 12 35 3 4.07 -12.20

14 Al,Oq 12 55 2.25 7.42 -17.41

15 Al,Oq 12 75 15 6.26 -15.93

16 Al,Oq 16 35 2.25 4.50 -13.06

17 Al O3 16 55 15 5.59 -14.94

18 Al O3 16 75 3 8.84 -18.93

19 CEN 8 35 3 5.76 -15.21

20 CEN 8 55 2.25 11.87 -21.49

21 CEN 8 75 15 20.78 -26.35

22 CEN 12 35 2.25 9.00 -19.09
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List of Figures:

23 CEN 12 55 15 12.42 -21.88
24 CEN 12 75 3 18.95 -25.55
25 CEN 16 35 15 15.33 -23.71
26 CEN 16 55 3 18.42 -25.30
27 CEN 16 75 2.25 18.96 -25.56
Table 4 Response table for signal to noise ratio for wear
Level A B C D
1 -14.98 | -16.40| -14.88 -18.40
2 -15.52 | -17.78| -17.94 -17.24
3 -22.68 | -19.00f -20.3§ -17.54
Delta 7.70 2.60 5.48 1.16
Rank 1 3 2 4
Table5 Analysis of Variance for S/N ratio
Source DF Seq SS AdjSS AdjMS F A
A 2 332.874 332.874 166.437 2477 53|65
B 2 30.345 30.345 15.173 2.26 4.89
C 2 135.596 135.59 67.798 10.09 21|85
D 2 6.496 6.496 3.248 0.48 1.05
A*B 4 22.414 22.414 5.603 0.83 3.61
A*C 4 13.842 13.842 3.461 0.51 2.23
B*C 4 38.571 38.571 9.643 1.43 6.22
Residual 6 40.319 40.319|  6.720 6.5D
Error
Total 26 620.457
Table 6 Predicted and experimental results for S/N raiionfear
Optimal Control parameters
Predicted Experimental % error
Level AlBlClDz AlBlClDz
S/N ratio for 110.34 9.85 4.97
wear

Figurel: Optical micrograph of composite specim@nl@wt.% SiC (b)12wt.% AO; (c) 12wt% Cenosphere
Figure 2 Linear Graph forkarray
Figure 3 Main effect plot for S/N ratio for wear

Figure 4

Interaction graph (AxB)

Figure 5 Interaction graph (AxC)
Figure 6 Interaction graph (BxC)
Figure 7 The variation of mean squared error (MSE)
Figure 8 Overall Regression plot for trained netweith number of epochs.
Figure 9 Overall Regression plot for simulated rastw
Figure 10 Comparison of experimental results witiNApredicted values

Figure 11 Comparison of experimental results wétlression predicted values

Volume: 02 Issue: 11 | Nov-2013, Available @ http://www.ijret.org

556



IJRET: International Journal of Research in Engineering and Technology el SSN: 2319-1163 | pl SSN: 2321-7308

Fig.1 Optical micrograph of composite specimen (a) 12iC (b)12wt.% AIO; (c) 12wt% Cenosphere
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D(9) (11 (12) (13)
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Fig 2 Linear Graph for by array
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Fig.3 Main effect plot for S/N ratio for wear
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Fig.4 Interaction graph (AxB)
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Fig.5 Interaction graph (AxC)
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Fig.7 The variation of mean squared error (MSE) with banof epochs.

Target

Fig.8 Overall Regression plot for trained network

Simulated Network: R=0954

12t © Data o ’
- Fit .
& 4|l Y=T i
L]
z e
o a
= 08f !
"{ ’
T 06}
L
=
i ;
8 04f o,
o} o}
02t o
o . . . . .
02 04 06 08 1 12
Target

Fig.9 Overall Regression plot for simulated network
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Fig.10 Comparison of experimental results with ANN preelitvalues
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Fig.11 Comparison of experimental results with regresgi@uicted values
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