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Abstract - This article presents analysis of erosion reaction of a glass reinforced epoxy composites with modified weight 

quantities of third phase filler materials like Arabic gum tree coal powder(A.C.P), Jambal tree coal powder(J.C.P) and Neem 

tree coal powders(N.C.P) which act as secondary reinforcement materials. Taguchi method is well known technique, which 

provides a collective and effective approach for optimizing the design and experiments were followed by using Taguchi 

investigational design (L27 orthogonal array). Taguchi proposed experimental plan in terms of orthogonal array that gives 

different combinations of operational factors and their levels for each experiment. Finally, through experimentation has 

directed to determination of substantial process parameters and material variables that predominant influence the wear rate of 

glass reinforced epoxy with modified weight proportions of third phaseparticulate fillers of Arabic tree coal powder(A.C.P), 

Jambal tree coal powder(J.C.P) and Neem tree coal powders(N.C.P) respectively. 
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I. INTRODUCTION 

 

In the past decades, there searchers have drawn more 

attention on the subject of erosive wear of Polymer 

composites. These components are predominantly 

used in the particles which are subjected to impact of 

particles. The main applications of these components 

are in aerospace, transportation and handling 

industries. Examples are pipelines carrying sand 

slurries in petroleum refining, rotor blades, aircrafts. 

In a pressurized fluid streams the fluid carrying 

abrasives will erode the carrying pipes and leads to 

turbulent flow. Bitter J.G.A [1], studied and identified 

that the erosion is a material loss occurred by 

impingement of the particles available in a fluid 

system which hit the surface at high speed.  

Hutchings Identified the constant impact of small 

particles available in a moving fluid against surface 

results in the removal of material from the base 

material and defined it as abrasive wear. Depending 

on the application, the solid particle erosion can 

either be destructive like in machine components or 

constructive like in AJM,WJM. Hence based on the 

application it is desirable either to minimize or 

maximize the erosion. S.R.Chauhan et al. [3] studied 

the fly ash content effect in the sliding wear 

behaviour glass reinforced composites. It was found 

that, with addition of 10wt%-20wt% of fly ash the 

coefficient of friction decreases and wear resistance is 

increases.Effect of length of sliding distance is more 

influenced than the fly ash as filler contenton the 

coefficient of friction of the composites. 

Taguchi design of experimental method has been 

used in study of wear behavior of epoxy based hybrid 

composites. To collect, analyze, and interpret data to 

satisfy the objectives of the study, Taguchi technique 

is a powerful tool which provides an orderly way for 

the design the high quality systems [4-6]. 

 

Optimization of the performance characteristics 

through the setting of design parameters and 

reduction of the sensitivity of the system performance 

to the source of variation can be achieved by Taguchi 

experimental design [7]. In this technique the plan of 

experiments and selection of factors is a crucial role, 

which affects the process. The Taguchi technique 

creates a standard orthogonal array to consider the 

effect of several factors on the target value and 

defines the plan of experiments.  

This is carried by the effective use of experimental 

runs to the combinations of Jet velocity, Type of filler 

material, Temperature, impingement angle. The wear 

rate of epoxy based hybrid composites was estimated 

with different control values of input parameters jet 

velocity, filler material, impingement angle and 

temperature. The experimental results are analyzed 

by using analysis of means and variance of the 

influence of factors [8-9]. SN ratios are plotted using 

ANNOVA. 

 

II. DETAILS EXPERIMENTAL 

 

2.1 Fabrication of Composite Specimens 

For this experimentation three types of sample 

composites are fabricated with different natural fillers 

using hand lay up technique. The weight proportion 

of Epoxy, E-glass fiber, hardener and natural fillers 

like Arabic gum tree coal powder (A.C.P), Neem tree 

coal powder (N.C.P) and Jambal tree coal powder 

(J.C.P) are fixed. 

2.2 Preparation of Test Specimens 

The test specimens are to be cut as per ASTM-G76 

from the fabricated composite slabs of dimensions 

30X30X3 mm. Proper care has been taken to keep the 

constant thickness for all specimens. 

2.3 Erosion Test Apparatus 

The erosion test rig apparatus used in this study for 

the erosive wear measurement is designed as per 
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ASTM-G76 standard as shown in Figure-1. It consists 

of a particle feeder, an air compressor, an air particle 

mixing and accelerating chamber. The erodent 

particles are mixed with the compressed dry air, 

which are fed at a constant rate into the mixing 

chamber from a belt-type feeder conveyor and then 

accelerated through a converging nozzle. These 

particles are impinge on the ASTM-G76 standard 

specimen and the specimen is held at various angles 

with respect to the impinging particles using an 

adjustable sample holder. To measure the velocity of 

the erodent particle, the test apparatus has also been 

fitted with a rotating double disc. The erodent particle 

impact velocities has been evaluated experimentally 

using rotating double disc method developed by Ives 

and Ruff [10]. A standard test procedure is engaged 

for each erosion test. The samples are cleaned dried 

and weighed using an electronic balance, prior and 

after each test for estimation of loss of material. 

 
Fig-1 Erosion Test Apparatus 

 

2.4 Experimentation  

For every one minute, the prepared test samples after 

loading in the test rig were eroded at a given velocity, 

temperature, impingement angle and then weighed 

again to determine weight loss (Δw). The erosion rate 

(Er) is calculated based on the following equation  

Er = ΔW/ We  

Where,ΔWis the test sample mass loss in gm and 

Weis the eroding particle mass (i.e., testing time × 

particle feed rate) 

 

III.  TAGUCHI DESIGN OF EXPERIMENTS 

EXPERIMENTAL RESEARCH WORK ARE 

EXPENSIVE 

 

Experimental research work are expensive and time 

consuming.Less number of experiments is an 

important constraint to satisfy the design objectives. 

In this background, Taguchi method helps a 

systematic and efficient approach for experimentation 

to determine nearly optimum settings of design 

parameters for performance and cost. Taguchi uses 

orthogonal array which helps to study the entire 

process parameters with the help of minimum number 

of experiments. Taguchi method is desired for 

process optimization and identified the optimal 

combination of factors for a given response. The 

experimental results are converted in to S/N ratio. 

Three types of S/N ratios are used. They are lower the 

better (LB), Higher the better (HB) and Nominal the 

Best (NB). 

 

3.1 Taguchi experimentation of Epoxy Hybrid 

composites 

In the present examinationL27orthogonal array of 

Taguchi method was selected, where 27 experiments 

are considered for the selected parameters and their 

levels. The wear constraints(factors) and their stages 

(levels) are given in Table-1. As wear is to be 

minimized, lower the better S/N ratio is selected, 

which is calculated by the 

 

 
 

logarithmic transformation of the loss function shown 

below. 

Where, 

n----indicates the trial conditions repeatednumber, 

y1, y2...yn indicates the response of the erosive wear 

characteristics respectively. 

 

IV. RESULTS AND DISCUSSION 

 

To find the effect of the parameters like type of 

material, jet velocity, angle of impingement and 

temperature on the erosive wear rate, analysis of 

variance is made using the well-known software used 

for design of experiment applications known as 

MINITAB -14. From the S/N ratio given in Table-2 

for epoxy based natural filled glass fiber reinforced 

hybrid composites, experiment number 16 exhibits 

good results with minimum erosion wear of -57.9403.  

 

Therefore experimental combination of jambal coal 

powder material (J.C.P), jet velocity (58) m/sec, 

temperature (400C) and impingement angle (600) 

gives minimum erosion rate shown in figure-2. From 

response Table-3, impingement angle which is ranked 

first states that it influence the erosion rate to a 

greater extent when compare to type of filler material 

which is ranked second followed by temperature and 

jet velocity which is the least effecting parameter for 

erosion rate. 
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Table -1 Shows the Control factors and Levels for Erosion test 

 

 

 
Table -2 Experimental Design using L27 array for epoxy based hybrid composites 
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Fig-2 Effect of control factors on Erosion Rate(Er) of Epoxy based composites 

 

Effect of factors on Erosive Rate of Epoxy based Hybrid Composites by ANOVA  

Statistical significance of various factors like type of particulate material, jet velocity, impingement angle and 

temperature on Erosion rate (Er) are found out using analysis of variance (ANOVA) on experimental data.  

Table - 4 show the results of the ANOVA for the Epoxy based hybrid composites of erosion rate. P-indicates 

percentage involvement of the control factors and their interactions on the performance output i.e. From table-4, 

the level of influence of each parameters (type of filler, jet velocity impingement angle and temperature) on the 

erosionrate is observed and ranking of parameters from design of experiments with the percent contribution in 

analysis of variance (ANOVA). Finally, it can be conducted that the impingement angle shows more significant 

contribution on the erosion rate followed by type of filler material, temperature and jet velocity 

 

 
Table-3 Response Table for S/NRatiosSmaller is better 

 

 
Table-4 Analysis of Variance for Er (Epoxy) gm/kg, using Adjusted SS for Tests 

 

DF-Degree of Freedom ,Seq SS-Sequential Sum of Squares ,Adj SS-Extra Sum of Squares ,Adj MS-Sequential 

mean sum F-F –test , P-Percent Contribution 
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V. CONCLUSION 

 
The wear characteristics of epoxy hybrid glass 

reinforced with modified natural filler composites are 

studied to find the wear behaviour of the composites 

under parallel test conditions. The experimental 

results of erosive wear trials carried out on these 

epoxy based hybrid composites. The critical analysis 

of the test results using Taguchi method and analysis 

of variance (ANOVA) are explained. The results 

show that ware rate is more at an impinge angle of 

300 for all filler materials when compared with 600 

and 900 impingement angles. Neem coal powder 

exhibited minimum wear of all the fillers materials. 

For all the three filler materials the wear rate is less  

with an impingement angle of 600 with different 

velocities and temperatures for glass epoxy hybrid 

composites. N.C.P. filler showed better wear 

resistance in line with the characteristics and saying, 

Neem tree is a hard wood tree.  
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