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ABSTRACT

This paper describes the development and characterization of a new set of
glass fiber reinforced epoxy composites filled with TiO, particulateffiller.
The newly developed composites are characterized with respect to their
mechanical and erosion wear characteristics. Experimentsare carried out to
study the effect of fiber content, impact vel ocity, impingement angle, stand-
off distance and erodent size on the solid particle erosion behaviour of
these composites. The significant control factors and their interactions pre-
dominantly influencing the wear rate areidentified by using Taguchi experi-
mental design. The study reveals that the fiber content, impact velocity,
impingement angle and erodent size have substantial influencein determin-
ing therate of material lossfromthe composite surface dueto erosion. Then,
Arti?cial neural network (ANN) technique has been use to predict the ero-
sion rate based on the experimentally measured database of composites.
Also the morphology of eroded surfaces is examined by using scanning
electron microscopy (SEM) and possible erosion mechanismsare discussed.
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1.INTRODUCTION

Polymer and their compositesarefinding ever in-
creasingusagefor numerousindustria gpplicationssuch
asbearing materid, rollers, seds, gears, cams, whedls,
clutchesand transmission betsetc. Erosvewesar insuch
applicationscaused by abrasive particlesisamgjor in-
dustrid problem. Thereforeafull understanding of the
effectsof al system variableson thewear rateisneces-
sary in order to undertake appropriate stepsin the de-
sgnof machineor structurd component andinthechoice
of materia sto reduce/control wear. Solid particleero-
sionistheprogressivelossof origina materia froma
solid surfacedueto mechanicd interaction between that
surface and solid particles. There have been various
reports of applicationsof polymersand their compos-

itesinerosivewear situationsintheliteraturé®2. Solid
particleerosion of polymersand their compositeshave
not been investigated to the same extent asfor metals
or ceramics. However, anumber of researchershave
evaluated theresi stance of varioustypesof polymers
and their compositesto solid particleerosion. Matei-
asthat have been eroded include nylon®4, polysty-
rene™, epoxy!®”, polypropyleng®, ultrahigh molecul ar
weight polyethylenel®, polyetheretherketone
(PEEK)™, rubber(**13 elastomers?+19 and various
polymer based compositesd?®24, Their erosonratesare
consderably higher than metals. However, el astomers
and rubbersare being used as protective coatingsfor
erosion resistance’®. The erosion resistance of poly-
mersistwo or three orders of magnitude lower than
that of metalicmaterials. Also, itiswell knownthat the
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erosion rate of polymer compositesisusually higher
than that of neat polymers. The most important factor
for design with compositesisthefibre content/loading,
asit controlsthe mechanical and thermo-mechanical
properties. Inorder to obtain the desired materia prop-
ertiesfor aparticular gpplication, it isimportant to know
how the material performance changeswiththefibre
content under given loading conditions. Thesolid par-
ticleeroson behaviour of polymer compositesasafunc-
tion of fibre content has been studied to alimited ex-
tent®-23_ A literature survey showed that afew studies
have been carried out on the solid particle erosion
behaviour of glassfiber reinforced epoxy based com-
positesfilled with ceramicfillersparticularly TiO,. Ad-
vantage of addingfiller into compositesisto reducethe
cost and a so improvesthe performance of composite.
Hence, acomprehensive and systematic study of ero-
sion behaviour of glassfiber reinforced epoxy based
compositesfilledwith TiO, isrequired.

Inview of the above, the objective of the present
investigation wasto study the solid particle erosion
behaviour of glassfiber reinforced epoxy based com-
positesfilledwith TiO, filler and hencemechanica prop-
erties. Thesignificant control factorsandtheir interac-
tionspredominantly influencing thewear rateareiden-
tified by usng Taguchi experimentd desgn. AlsoArticid
neural network (ANN) technique hasbeen useto pre-
dict theerosion rate based on the experimentally mea-
sured database of composites.

2.EXPERIMENTAL

2.1. Specimen preparation

Crossplied E-glassfibers (360 roving taken from
Saint Gobian) arereinforced with Epoxy LY 556 resin,
chemically belongingtothe ‘epoxide’ family is used as
thematrix materia. Itscommon nameis Bisphenol A
Diglycidyl Ether. Thelow temperature curing epoxy
resin (Araldite LY 556) and corresponding hardener
(HY951) aremixedinaratio of 10:1 by weight asrec-
ommended. The epoxy resin and thehardener are sup-
plied by CibaGeigy IndiaLtd. E-glassfiber and epoxy
resin hasmodulus of 72.5 GPaand 3.42GParespec-
tively and possess density of 2590 kg/m? and 1100kg/
m® respectively. Thefiller materid TiO, (density 4.2 gnv/
cm®) isprovided by NICE Ltd Indiasieved to obtain
particlesizeintherange 70-90 um. Compositesof three
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TABLE 1: Designation of composites

Composites Compositions
C Epoxy (60wt%)+Glass Fiber (30wt%)+TiO,
! (10wt%)
c Epoxy (50wt%)+Glass Fiber (40wt%)+TiO,
2 (10wt%)
C Epoxy (40wt%)+Glass Fiber (50wt%)+TiO,
3 (10wt%)
- Erpdant feader
, — 1y
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I
A i
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Figurel: Schematicdiagram of theerosion test rig

different compositions such as 30wt%, 40wt% and
50wt% glassfiber aremadeand thefiller content (weight
fraction of TiO, inthecomposite) iskept a 10%for all
the samples and the designations of these composites
aregiveninTABLE 1. Thecastingsare put under load
for about 24 hoursfor proper curing at room tempera-
ture. Specimensof suitabledimension arecut usnga
diamond cutter for physical characterization and ero-
sontest.

2.2. Test apparatus

Figure 1 showsthe schematic diagram of erosion
test rig confirmingtoASTM G 76. The set upisca-
pable of creating reproducible erosive situationsfor
assess ng erosion wear resistance of the prepared com-
posite samples. It consistsof anair compressor, anair
particle mixing chamber and an accel erating chamber.
Dry compressed air ismixed with the particleswhich
arefed at constant rate from asand flow control knob
through the nozzl e tube and then accel erated by pass-
ing the mixturethrough aconvergent brass nozzle of
3 mm internal diameter. These particles impact the speci-
menwhich canbehdd at variousangleswith respect to
thedirection of erodent flow using aswivel and an ad-
justablesampleclip. Thevelocity of the eroding par-
ticlesis measured using double disc method. In the
present study, dry silicasand (angular) of different par-
ticlesizes (400, 500 and 600 um) isused as erodent.
Each sampleiscleaned in acetone, dried and weighed
to an accuracy of 0.1 mg using a precision electronic
balance. Itisthen eroded inthetest rig for 30 min and
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weighed again to determinetheweight loss. The pro-
cessisrepeatedtill the erosion rate attains aconstant
valuecalled steady-state erosionrate. Theratio of this
weight losstotheweight of theeroding particles caus-
ing thelossisthen computed asadimensionlessincre-
mental erosionrate. Theerosion rateisdefined asthe
weight | oss of the specimen dueto erosion divided by
theweight of the erodent causing theloss.

2.3. Taguchi experimental analysis

Design of experimentisapowerful analysistool for
modeling and andlyzing theinfluence of control factors
on performance output. The most important stagein
the design of experiment liesin the sel ection of the con-
trol factors. Therefore, anumber of factorsareincluded
sothat non-significant variablescan beidentified at ear-
liest opportunity. Thewear testsare carried out under

dancewith L, (3**) orthogond array design. INTABLE
3, each column representsatest parameter and arow
givesatest condition whichisnothing but acombina
tion of parameter levels. Theexperimenta observations
aretransformed into signal-to-noise (S/N) ratios. There
areseverd SN ratiosavail able depending on thetype
of characterigtics. The S/N ratio for minimum weer rate
coming under smaller isbetter characteristic, which can
be cal cul ated aslogarithmic transformation of theloss
function asshown below.

Smaller isthebetter characteristic — - 1010g—(Y y?)
N n

where n is the number of observations, and y is the observed
data. “Lower is better” (LB) characteristic, with the above S/N
ratio transformation, is suitable for minimization of wear rate.

TABLE 2: Levelsof thevariablesused in the experiment

. 7 T Level
operating conditionsgivenin TABLE 2. Control factor | T 1l Units
Thetests are conducted at room temperatureas  A: Velocity of impact 45 65 85  misec
per experimental design givenin TABLE 3. Five pa B: Fiber loading 30 4 50 %
rametersviz., velocity of impact, fiber loading, stand ~ C: Stand off d'Sta”Cf 120 180 240 o
off distance, impingement angle and erodent sSizeeach b 'g_‘ péngemem. angle 30 60 90 eoree
. o ; : Erodent size 400 500 600 pum
at threelevels, are considered in this study in accor-
TABLE 3: Orthogonal array for L, (3*) Taguchi’sexperimental design
13 1 2 3 4 5 6 7 8 9 10 11
LA(37) —p g (AxB); (AxB), C (BxC); (BxC), (AxC); D E (AxC), 1213
1 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 2 2
3 1 1 1 1 3 3 3 3 3 3 3 3 3
4 1 2 2 2 1 1 1 2 2 2 3 3 3
5 1 2 2 2 2 2 2 3 3 3 1 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 2
8 1 3 3 3 2 2 2 1 1 1 3 3 3
9 1 3 3 3 3 3 3 2 2 2 1 1 1
10 2 1 2 3 1 2 3 1 2 3 1 2 3
11 2 1 2 3 2 3 1 2 3 1 2 3 1
12 2 1 2 3 3 1 2 3 1 2 3 1 2
13 2 2 3 1 1 2 3 2 3 1 3 1 2
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 2 3 1
16 2 3 1 2 1 2 3 3 1 2 2 3 1
17 2 3 1 2 2 3 1 1 2 3 3 1 2
18 2 3 1 2 3 1 2 2 3 1 1 2 3
19 3 1 3 2 1 3 2 1 3 2 1 3 2
20 3 1 3 2 2 1 3 2 1 3 2 1 3
21 3 1 3 2 3 2 1 3 2 1 3 2 1
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 2
24 3 2 1 3 3 2 1 1 3 2 2 1 3
25 3 3 2 1 1 3 2 3 2 1 2 1 3
26 3 3 2 1 2 1 3 1 3 2 3 2 1
27 3 3 2 1 3 2 1 2 1 3 1 3 2

§
;
|
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The standard linear graph, as shown in figure 2, is used to
assign the factors and interactions to various columns of the

orthogonal array'®!,

Theplan of the experimentsisasfollows:. thefirst
columnisassigned to impact velocity (A), the second
columntofiber loading (B), thefifth column to stand-
off distance(C), ninth columntoimpingement angle(D)
and twel fth columnto erodent size (E). Theremaining
columnsareassigned smilarly according tothedesign.

2.4. Neural computation

Erosion wear processisconsdered asanon-linear
problemwithrespect toitsvariables: either materiasor
operating conditions. To obtain minimum wear rate,
combinations of operating parameters have to be
planned. Thereforearobust methodology isneeded to
study theseinterrelated effects. Inthiswork, astatisti-
cal method, responding to the constraints, isimple-
mented to correlate the operating parameters. This
methodology is based on artificial neural networks
(ANN), whichisatechniquethat involves database
training to predict input-output evolutions. Thedetails
of thismethodol ogy are described by Rgjasekaran and
Pai?d, Inthe present analysis, thevelocity of impact,
fiber content, sand-off distance, impingement angleand
erodent Szearetaken asthefiveinput parameters. Each
of these parametersis characterized by oneneuronand
consequently theinput layer intheANN structure has
fiveneurons. Thedatabaseisbuilt considering experi-
ments at the limit ranges of each parameter. Experi-
mental result setsareused totraintheANN inorder to
understand theinput-output correlations. Thedatabase
isthen divided into three categories, namely: (i) avali-
dation category, whichisrequired to definetheANN
architecture and adjust the number of neuronsfor each
layer. (ii) atraining category, whichisexclusively used
to adjust the network weightsand (iii) atest category,
which correspondsto the set that validatestheresults
of thetraining protocol. Theinput variablesarenorma-
ized so asto liein the same range group of 0-1. The
outer layer of the network has only oneneuronto rep-
resent wear rate. To train the neura network used for
thiswork, about 135 data setsobtained during erosion
trialsondifferent compositesaretaken. Different ANN
structures (Input-Hidden-Output nodes) with varying
number of neuronsinthehidden layer aretested a con-
stant cycles, learningrate, error tolerance, momentum
parameter, noisefactor and dope parameter. Based on
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TABLE 4: Atypical case of input parameters selected for
training

Input parametersfor training Values
Error tolerance 0.01
Learning rate (B) 0.01
Momentum parameter (o) 0.03
Noise factor (NF) 0.01
Number of epochs 20,0000
Slope parameter (£) 0.6
Number of hidden layer 12
Number of input layer neuron (1) 5
Number of output layer neuron (O) 1

s
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Figure2: Linear graphsfor L array

Figure3: Neural network ar chitecture

least error criterion, onestructure, shownin TABLE 4,
isselected for training of theinput-output data. A soft-
ware package NEURALNET for neural computing
devel oped by Rao and Rao!?”! using back propagation
agorithmisused asthe predictiontool for erosonwear
rate of different compositesunder varioustest condi-
tions. Thethree-layer neural network having an input
layer (I) withfiveinput nodes, ahidden layer (H) with
twelve neuronsand an output layer (O) with oneoutput
node employed for thiswork isshowninfigure 3.

3.RESULTSAND DISCUSSION

3.1. Mechanical characterization of composites
Themost important factor for design with compos-
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Figure4:Variation of micro-hardnessof the composites
with thefiber loading
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Figure7: Effect of fiber loading on flexural strength of

composites

itesisthefibre content, asit controlsthe mechanical
and thermo-mechanical properties.

3.1.1. Effect of fiber loading on micro-hardness

Themeasured hardnessvauesof al thethreecom-
positesarepresented in figure4. It can be seenthat the
hardnessisincreasingwith theincreaseinfiber loading
at constant filler content. In case of compositeswith
fiber loading up to 50 Wt% gives higher va ue of micro-
hardness as compared to 30wt% composite. When the
increasein fiber loading theformation of air bubbles
and void in composites decreases causing homogene-
ity inmicrostructure and affect themechanica proper-
ties.

3.1.2. Effect of fiber loading on tensileproperties

Thetest resultsfor tenslestrengthsand moduli are
showninfigures5and 6, respectively. Itisseenthatin
al thesamplesirrespective of theconstant filler mate-
rial thetenslestrength of thecompositeincreaseswith
increasein fiber loading. There can betwo reasonsfor
thisincreasein the strength propertiesof these com-
posites compared. Onepossibility isthat the chemica
reaction a theinterface between thefiller particlesand
thematrix may betoo strongto transfer thetenslestress;
the other isthat at constant filler content with thein-
creaseinfiber loading result in stressconcentrationin
the glassfiber reinforced epoxy composite. Thesetwo
factors are responsible for increase in the tensile
strengthsof thecompositesso sgnificantly. Fromfigure
4itisclear that with theincreasein fiber [oading the
tensilemoduli of the glass epoxy composites decrease
gradudly.

3.1.3. Effect of fiber loading on flexural strength

Figure 7 showsthe comparison of flexura strengths
of the composites obtained experimentally from the
bendtests. Itisinteresting to notethat flexurd strength
increaseswithincreassein fiber loading from 30-50wt%
of glassepoxy composite structure.

3.1.4. Effect of fiber loading on impact strength

Theimpact energy valuesof different composites
recorded during theimpact testsaregivenin TABLES.
It showsthat the resistanceto impact loading of glass
epoxy compositesimproveswithincreaseinfiber load-
ing asshowninfigure8. High strain rates or impact
loads may be expected in many engineering applica
tionsof compositematerias. Thesuitability of acom-
positefor such applications should therefore be deter-
mined not only by usua design parameters, but by its
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impact or energy absorbing properties.
3.2. Erosion char acteristics of composites
3.2.1. Experimental analysis

Theanalysisis made using the popular software
specifically used for design of experiment applications
known asMINITAB 14. From TABLED5, theoveral

mean for the S/N ratio of theerosionrateisfound to be
-49.02 db.

Impact energy (J)
|

1]

il 40 50
Fiber loading (wt%)

Figure8: Effect of fiber loading onimpact strength of com-

posites
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Figure 9 shows graphically the effect of thefive
control factorson erosion rate. Beforeany attempt is
made to usethis simple model asa predictor for the
measures of performance, the possibleinteractionsbe-
tweenthecontrol factorsmust beconsidered. Thusfac-
toria designincorporatesasmplemeansof testing for
the presenceof theinteraction effects. Analysisof the
result leadsto the conclusion that factor combination of
A, B, C, D,andE,givesminimumerosionrate. As
for asminimization of erosonrateisconcerned, factors
A, B, D and E have significant effect whereasfactor C
has|east effect asshowninfigure9. Itisaso observed
fromfigurethat the significant level of each factor for
minimization of erosonrate. Theinteractiongraphsare
shownintheFigures10, 11and 12.

The experimental erosion wear rate (Eexpt) of the
TiO, filled glassfiber reinforced epoxy compositesare
caculated asgivenin TABLE 5. Seventy five percent
of datacollected from erosiontestisused for training
whereastwenty five percent datais used for testing.
The parameters of three layer architecture of ANN
model are set as input nodes = 5, output node = 1,

TABLE 5: Experimental design usingL ,, orthogonal array

Expt. Impact velocity Fiber Stand-off Impingement Erodent size Erosionrate SN
no. (A)m/sec content(B) % distance(C) mm angle(D) degree  (E) pm (Er)mg/kg ratio(db)
1 45 30 120 30 400 290.43 -49.26
2 45 30 180 60 500 245.45 -47.8
3 45 30 240 90 600 226.34 -47.1
4 45 40 120 60 500 195.71 -45.83
5 45 40 180 90 600 282.84 -49.03
6 45 40 240 30 400 264.94 -48.46
7 45 50 120 90 600 394.12 -51.91
8 45 50 180 30 400 281.42 -48.99
9 45 50 240 60 500 178.58 -45.04
10 65 30 120 60 600 325.61 -50.25
11 65 30 180 90 400 356.88 -51.05
12 65 30 240 30 500 245.43 -47.8
13 65 40 120 Q0 400 249.45 -47.94
14 65 40 180 30 500 258.83 -48.26
15 65 40 240 60 600 242.16 -47.68
16 65 50 120 30 500 234.75 -47.41
17 65 50 180 60 600 339.37 -50.61
18 65 50 240 90 400 378.19 -51.55
19 85 30 120 90 500 407.20 -52.2
20 85 30 180 30 600 228.26 -47.17
21 85 30 240 60 400 246.19 -47.83
22 85 40 120 30 600 268.49 -48.58
23 85 40 180 60 400 332.80 -50.44
24 85 40 240 90 500 208.56 -46.38
25 85 50 120 60 400 352.17 -50.94
26 85 50 180 90 500 420.58 -52.48
27 85 50 240 30 600 369.54 -51.35
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Main effectsplot (data means) for SN ratios
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hidden nodes=12, learning rate= 0.01, momentum
parameter = 0.03, number of epochs= 20,0000 and a
set of predicted output (E ) isobtained. TABLE6a
comparison between the experimental and theANN
predicted results. Theerrorsca culated with respect to
thetheoretica resultsarealso given. Itisobserved that
maximum error between ANN prediction and experi-
mental wear rateis0-12%. Theerror in caseof ANN
model canfurther bereduced if number of test patterns
isincreased. However, present study demonstrates
application of ANN for prediction of wear ratein a
complex processof solid particle erosion of polymer

Figure 12: Interaction graph between BxC for erosion
rate

composites.
3.2.2. Seady state erosion

Erosion behaviour of the compositesisgeneraly
ascertained by correlating erosion ratewith impinge-
ment angle, erodent velocity and erodent particlesize.
Erosion behaviour strongly depends onimpingement
angle. Ductile behaviour ischaracterized by maximum
erosion rate and generally occurs at 15-30. Brittle
behaviour ischaracterized by maximum erosionrateat
90°C. Semi-ductile behaviour is characterized by the
maximum erosion rate at 45-60°C. Thusthe erosion
wear behaviour of polymer composites can begrouped
into ductileand brittle categoriesa though thisgrouping
is not definitive because the erosion characteristics
equally depend on the experimental conditionsason
composition of thetarget material. Theresultsare pre-
sented in figure 13 which showsthe pesk erosion tak-
ing placeat animpingement angle of 60°C for thefilled
composites. Thisclearly indicates that these compos-
itesrespond to solid particleimpact neither inapurely
shows semi-ductile behaviour as per literature. This
behaviour can betermed assemi-ductileinnaturewhich
may be attributed to theincorporation of glassfibers
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TABLE 6: Comparison of experimental result and ANN
results

Expt. no. E;ep.(Ma/kg)  E ann(mag/kg)

Error (%)

1 290.43 245.33 6.85191
2 245.45 203.95 9.57425
3 226.34 176.93 6.88787
4 195.71 111.31 9.91262
5 282.84 230.34 4.41946
6 264.94 204.54 1.73624
7 394.12 286.33 10.8571
8 281.42 193.51 8.14085
9 178.58 127.07 7.55404
10 325.61 224.53 11.0807
11 356.88 302.1 2.86371
12 245.43 173.76 2.71767
13 249.45 168.65 6.33393
14 258.83 186.49 2.83583
15 242.16 156.04 8.72150
16 234.75 178.27 3.62939
17 339.37 262.33 3.54775
18 378.19 286.06 7.17364
19 407.20 307.29 8.57318
20 228.26 183.82 9.00727
21 246.19 171.43 3.96441
22 268.49 233.62 11.2224
23 332.80 232.37 10.6461
24 208.56 164.48 10.0307
25 352.17 264.4 6.46562
26 420.58 326.23 6.97845
27 369.54 298.25 1.70211
450

a EnTY Ll

= P -

a 350 - o - N a—

O ] e il T g,

L ]

8 15

g 10 :," ::

w 5 S :I-;1 gy

Fiber loading (%) '
Figure 13: Variation of erosion rate with impingement
angle

and TiO, particleswithinthe epoxy body.
3.2.3. Surfacemor phology

Generally surface morphol ogy of eroded surfaces
indicateswhether erosion hasoccurred by aductileor
brittle mechanism. Hence scanning € ectron microscopy
(SEM) studies have been doneto ascertain the wear
mechanism at 30°C, 60°C and 90°C impact angles.
Figure 14 show micrographs of eroded surfaces of
30wt% of the compositeat 30°C impact anglesat im-

= Fyl] Paper
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(B)
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Figure15: SEM of 40wt% fiber loading composite

pact velocity of 65 m/s. It isevident from the micro-
graphs(Figure 143, b) that themateria removad incom-
posite with 30wt% fiber |oading isdominated by mi-
cro-ploughing, micro-cutting and plastic deformation.
Thepladticaly deformed materid subsequently removed
from the surface by micro-cutting leadsto maximum
wear at 30°C impact angle; most materid islost whena
maximum straininthetarget isexceeded. Under nor-
mal impact, formation of micro-cracksand embedment
of fragmentsof sand partidesin composite with 40wt%
fiber loadingisevident from themicrographs (Figure
15). Micrograph (Figure 153, b) con?rmsthe brittle
nature of the composite with deeper micro-cracks.
However, thenormal impact did not resultin higher ero-
sonratelikebrittlematerias. Duringnorma impact the
largest part of theinitia energy isconvertedinto heat
and hencematrix issoftened which resulted in embed-
ment of sand particles. The embedded sand particles
control thefurther erosion of thetarget surface.

Figure 16a, b show micrographs of eroded sur-
faces of 50wt% glassfiber reinforced epoxy compos-
ite. At obliqueimpact angle, micrographs (Figure 16a)
shows matrix isplastically deformed and amount of
deformationisproportiona toimpact velocity of par-
ticles. At lower impact vel ocity remova of matrix aong
thelength of thefiber and subsequently exposed fiber
getting removed can be seen from the micrograph
(Figure 16b).

— Pt iy Science
;4#7Mnﬂamm€



266

Erosion wear behavior of TiO, filled glass fiber

MSAIJ, 5(3) June 2009

Full Poper

_ (A) _ (B) _
Figure16: SEM of 50wt% fiber loading composite

4. CONCLUSIONS

Thisanalytica and experimentd investigationinto
the erosion behaviour of TiO, filled glass-epoxy com-
posites|eadstothefollowing conclusons:
= Thiswork showsthat successful fabricationof aglass
fiber reinforced epoxy compositeswith congtant filler
content by simple hand lay-up techniqueand it is
noticed that thereis significant improvement in the
mechanica propertiesof thecompositeswiththein-
creaseinfiber loading.

= Solid particle erosion characteristics of these com-
posites can be successfully analyzed using Taguchi
experimental design scheme. Taguchi method pro-
videsasmple, systematic and efficient methodol ogy
for the optimization of the control factors.

= Study of influence of impingement angleon erosion
rate of the compositeswith different percentage of
fiber loading reveal stheir semi-ductile naturewith
respect to erosion wear. The peak erosion rate is
found to be occurring at 60°C impingement angle
under thevariousexperimentd conditions.

= SEM sudiesreved that materid removal takesplace
by microcutting, plastic deformation, and micro-
cracking, exposure of ?bersand removal of thefi-
ber.

= Artificd neura network techniquewasappliedto pre-
dict theerosonrate of composites. Theresultsshow
that the predi cted dataarewd | acceptablewhen com-
paring themto measured va ues. The predicted prop-
erty profilesasafunction of fiber content and testing
conditions proved aremarkable capability of well-
trained neura networksfor modeling concern.
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