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Abstract— The basic aim of the project was the fabrication 

Epoxy-ZiO2 composite and study of its mechanical 

properties like tensile strength and micro-hardness and its 

erosion Wear characteristics in order to achieve knowledge 

about the method of material removal and significant factors 

involved in the erosion of the composite. A full 

understanding of the effects of all system variables on the 

wear rate is necessary in order to undertake appropriate steps 

in the design of machine or structural component and in the 

choice of materials to reduce wear. Interest in this area is 

commensurate with the increasing utilization of composites 

in aerospace, transportation and process industries, in which 

they can be subjected to multiple solid or liquid particle 

impact. Examples of these applications are pipe lines 

carrying sand slurries in petroleum refining, helicopter rotor 

blades pump impeller blades, high speed vehicles and 

aircrafts operating in desert environments, water turbines, 

aircraft engines, missile components, canopies, wind screens 

and outer space applications. Taguchi design will be 

implemented to determine the erosion wear significant 

factors involved and their other of hierarchy. 
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I. INTRODUCTION 

Composites are combinations of two materials in which one 

of the materials, called the reinforcing phase, is in the form 

of fiber sheets or particles and are embedded in the other 

material called the matrix phase. The primary functions of 

the matrix are to transfer stresses between the reinforcing 

fibers/particles and to protect them from mechanical and/or 

environmental damage whereas the presence of 

fibers/particles in a composite improves its mechanical 

properties such as strength, stiffness etc. A composite is 

therefore a synergistic combination of two or more micro-

constituents that differ in physical form and chemical 

composition and which are insoluble in each other. The 

objective is to take advantage of the superior properties of 

both materials without compromising on the weakness of 

either. Composite materials have successfully substituted the 

traditional materials in several light weight and high 

strength applications. The reasons why composites are 

selected for such applications are mainly their high strength-

to-weight ratio, high tensile strength at elevated 

temperatures, high creep resistance and high toughness. 

Typically, in a composite, the reinforcing materials are 

strong with low densities while the matrix is usually a 

ductile or tough material. If the composite is designed and 

fabricated correctly it combines the strength of the 

reinforcement with the toughness of the matrix to achieve a 

combination of desirable properties not available in any 

single conventional material. The strength of the composites 

depends primarily on the amount, arrangement and type of 

fiber and /or particle reinforcement in the resin.  

II. PROCESS OPTIMIZATION AND TAGUCHI METHOD 

Statistical methods are commonly used in engineering and 

related studies to improve the quality of a product or 

process. Such methods enable the user to define and study 

the effect of every single condition possible in an 

experiment where numerous factors are involved. Solid 

particle erosion is such a process in which a number of 

control factors collectively determine the performance 

output, i.e., the erosion rate. In this context, Taguchi 

experimental design happens to be a powerful analysis tool 

for modeling and analyzing the influence of control factors 

on the performance output. This method achieves the 

integration of design of experiments (DOE) with the 

parametric optimization of the process yielding the desired 

results. The orthogonal array (OA) indicates a set of well-

balanced (minimum test runs) experiments. Taguchi’s 

method uses a statistical measure of performance called 

signal-to-noise ratio (S/N), which is the logarithmic function 

of desired output to serve as objective functions for 

optimization. The ratio depends on the qualitative 

characteristics/attributes of the product/process variables to 

be optimized. The three categories of S/N ratios normally 

used are smaller-the-better (SB), higher-the-better (HB) and 

nominal-the-best (NB) as given by the Equations. 1, 2 and 3 

respectively. In the present case, the S/N ratio for minimum 

erosion rate falling under smaller-the-better norm can be 

calculated as logarithmic transformation of the loss function 

by using Eq. 1. Smaller the better characteristics. 
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The most important stage in the design of 

experiments (DOE) lies in the proper selection of the control 

factors. Therefore, a large number of factors are initially 

included so that non-significant variables can be identified 

at the earliest opportunity. In Taguchi’s experimental 

design, some selected parameters influencing the 

performance output are considered in determining the 

experimental schedule as per the prescribed orthogonal 

arrays. In the present work, L16 orthogonal arrays are taken 

for the erosion wear experiments of coating and composite 

samples. 

III. RESULTS AND DISCUSSION 

S. 

No. 
Composition 

Theoretical 

Density 

(gm/cm3) 

Measured 

Density 

(gm/cm3) 

Void 

Fraction 

(%) 
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1 
EP + 0 wt% 

ZiO2 
1.100 1.098 0.18 

2 
EP + 10 

wt% ZiO2 
1.177 1.125 4.41 

3 
EP + 20 

wt% ZiO2 
1.254 1.196 4.62 

4 
EP + 30 

wt% ZiO2 
1.332 1.246 6.45 

Table 1: Density and Void fraction 

A. Composite Micro-Hardness 

S. 

No. 
Composition 

Tensile 

Strength 

(MPa) 

Compressive 

Strength 

(MPa) 

Micro-

hardness 

(GPa) 

1 
EP + 0 wt% 

ZiO2 
58.00 90.00 0.085 

2 
EP + 10 wt% 

ZiO2 
55.97 91.59 0.292 

3 
EP + 20 wt% 

ZiO2 
54.00 92.95 0.468 

4 
EP + 30 wt% 

ZiO2 
52.56 94.28 0.582 

Table 2: Mechanical properties of the composites 

Test  

Run 
A B C D E 

epoxy-ZiO2 

ER S/N Ratio 

1 32 30 50 30 0 1.288 -2.1983 

2 32 45 100 60 10 1.293 -2.2319 

3 32 60 150 90 20 0.987 0.1136 

4 32 90 200 120 30 0.803 1.9056 

5 40 30 100 90 30 1.327 -2.4574 

6 40 45 50 120 20 1.354 -2.6323 

7 40 60 200 30 10 1.370 -2.7344 

8 40 90 150 60 0 1.422 -3.0579 

9 48 30 150 120 10 1.368 -2.7217 

10 48 45 200 90 0 1.415 -3.0151 

11 48 60 50 60 30 1.281 -2.1509 

12 48 90 100 30 20 1.324 -2.4377 

13 56 30 200 60 20 1.431 -3.1127 

14 56 45 150 30 30 1.356 -2.6451 

15 56 60 100 120 0 1.447 -3.2093 

16 56 90 50 90 10 1.415 -3.0151 

Table 3: Experimental design using L16 orthogonal array 

and the wear test results for epoxy composite 

 
Fig. 1: Effect of control factors on erosion rate for epoxy- 

ZiO2 composite 

IV. WEAR RATE ESTIMATION USING PREDICTIVE EQUATION 

The solid particle erosion wear rate of the composite 

samples can also be predicted using a nonlinear regressive 

predictive equation showing the relationship between the 

erosion rate and combination of control factors. This 

correlation is developed statistically using standard software 

SYSTAT 7. 

Epoxy-ZiO2 

ER Experimental ER Predicted % Error 

1.288 1.417 10.015 

1.293 1.237 4.331 

0.987 1.057 7.092 

0.803 0.847 6.256 

1.327 1.193 10.097 

1.354 1.253 7.459 

1.370 1.233 10.000 

1.422 1.263 11.181 

1.368 1.349 1.388 

1.415 1.369 3.250 

1.281 1.309 2.185 

1.324 1.299 1.888 

1.431 1.385 3.214 

1.356 1.365 0.663 

1.447 1.505 4.008 

1.415 1.455 2.826 

Table 4: Comparison between experimental and predicted 

values for erosion rate 

V. ANN BASED PREDICTION 

Table 5 is selected for training of the input-output data for 

epoxy-ZiO2 composite. A software package NEURALNET 

for neural computing based on back propagation algorithm is 

used as the prediction tool for erosion wear rate of the 

composites under various test conditions. 

Input Parameters for Training Values 

Error tolerance 0.001 

Learning rate (β) 0.002 

Momentum parameter (α) 0.002 

Noise factor (NF) 0.001 

Number of epochs 1,00,00,000 

Slope parameter (£) 0.6 

Number of hidden layer neurons (H) 11 

Number of input layer neurons (I) 5 

Number of output layer neurons (O) 1 

Table 5: Input parameters for training 

epoxy-ZiO2 

ER 

Experimental 
ER Predicted 

% 

Error 

1.288 1.351 4.891 

1.293 1.365 5.581 

0.987 1.064 0.816 

0.803 0.810 0.873 

1.327 1.262 4.871 

1.354 1.272 6.024 

1.37 1.290 5.804 

1.422 1.321 7.091 

1.368 1.383 1.083 

1.415 1.397 1.267 

1.281 1.310 2.228 
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1.324 1.310 1.029 

1.431 1.428 0.177 

1.356 1.385 2.153 

1.447 1.494 3.261 

1.415 1.436 1.484 

Table 6: Percentage error between experimental result and 

ANN prediction 

VI. CONCLUSIONS 

Incorporation of ZiO2 particles as filler modifies the tensile 

and compressive strengths of the composites. It is noticed 

that with addition of ZiO2 particles, tensile strength of both 

the composites is marginally decreased and this decrement 

is a function of the filler content. The micro-hardness, 

density and porosity of these composites are also greatly 

influenced by the filler content. 

Solid particle erosion wear characteristics of 

epoxy-ZiO2 composites have been successfully analyzed 

using Taguchi technique. Significant factors affecting the 

erosion rate of these composites are identified through 

successful implementation of signal-to-noise response 

approach. In the present work, it can be concluded that for 

all types of epoxy based composites, among all the factors, 

impact velocity is the most significant factor as far as the 

erosion wear rate is concerned. Factors like erodent size and 

erodent temperature have relatively much less significance 

on the erosion rate invariably in all the cases. 

Two predictive models; one based on artificial 

neural networks (ANN) approach and the other on Taguchi 

approach are proposed in this work. It is demonstrated that 

these models well reflect the effects of various factors on the 

wear loss and their predictive results are consistent with the 

experimental observations. Neural computation is 

successfully applied in this investigation to predict and 

simulate the wear response of these composites under 

various test conditions within and beyond the experimental 

domain. 
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