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Abstract— Zinc-Aluminium alloy were found to be superior 

to the traditional material such as cast iron, steel, plastic etc. 

as far as their mechanical and tribological property concern. 

But, at high stress conditions, zinc-aluminium (ZA) alloy has 

limited applications due to its lower creep resistance, as 

compared to traditional aluminium alloys and other structural 

materials, especially at temperatures above 100˚C. Due to this 

reason there is a major loss of market potential for this alloy. 

It has been found that these problems to a great extent by 

replacing zinc with aluminium. This work present erosion 

wear behavior of Al-Zinc alloy reinforcement SiC composites 

and effect of process parameter on composite. Addition of 

silicon carbide reduces the wear of metal matrix composite 

material, it provides resistant to erosion, improves the 

hardness as well as tensile strength of the metal matrix 

composite material. Significant factors affecting the erosion 

rate of composites are impact velocity, wt. % SiC and 

impingement angle found to be most significance factors on 

the erosion rate of Al-25Zn metal matrix composites 

reinforced SiC. 
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I. INTRODUCTION 

Material failure is usually caused by corrosion, wear and 

mechanical damage. According to research, erosion wear 

holds about 8% of the regular wear in industrial production. 

Erosion of materials is serious problem in many engineering 

applications including gas turbines, steam turbines, jet 

turbines, wind turbines, compressor, helicopter rotor system 

(aerospace applications), heat exchanger tubes, burner 

nozzles, pumps, pipelines and valves carrying particular 

matter, boiler tubes,(coal powder plants), fluidized bed 

combustion systems, transport, aeronautical, mining and 

power station etc.[1,3] Solid particle erosion implies the 

removal of material from the surface due to successive 

impacts of solid and hard particles at considerably high 

velocities. As a result, contact between the erodent and the 

component surface is limited for a very short duration. This 

makes erosive wear completely different from other kinds of 

wear. It is to be expected whenever hard particles are 

entrained in a gas or liquid medium impinging on a solid at 

any significant velocity. In both cases, particles can be 

accelerated or decelerated, and the fluid can change their 

directions of motion. [2, 4]. Erosion is mainly affected by 

many factors such as impact velocity, impingement angle, 

stand- off distance, erodent, erodent size, erodent 

temperature, erodent feed frequency, nozzle length, nozzle 

diameter, mechanical properties of both the target material 

and erodent etc. [3] Although extensive studies have been 

performed to establish the relation between material erosion 

rate and system parameter, but how to accurately predict the 

erosion rate of engineering materials is still a challenge. 

Experimentation carried out using air jet erosion 

tester which has specified limitations, time limitation, 

working environment, contact time etc. Erosive wear process 

is simulated using Artificial Neural Network. ANN helps to 

define the control parameter which affect the erosive wear 

process. In order to achieve the accurately and repeatedly of 

the certain values of the erosion rate, the parameters which 

influence of the process have to be controlled accordingly. 

But in general case such a parameter are too large and their 

correlations are not always known. So to overcome this 

difficulty statistical methods can be employed for precise 

identification of significant control parameters for 

optimization. 

II. EXPERIMENTAL DETAILS 

A. Metal Matrix Composite 

1) Matrix Material 

In the present study, Aluminium-Zinc alloy i.e. Al-25Zn is 

used as the matrix material. Some of its main engineering 

properties are presented in Table 1. The key properties are 

higher tensile strength, fairly good thermal conductivity, 

lower specific weight and easy machinability. Al-25Zn is the 

lightest alloy in the group of aluminium-zinc alloys and 

therefore it is widely used in bearings, automobile parts, 

aerospace industry, Al-25Zn alloy also finds application in 

the core for power lines 

Properties Values Units 

Hardness 121 BHN 

Young’s Modulus 81000 N/mm2 

Poisson Ratio 0.3  

Density 2.2 mg/mm3 

Table 1: Engineering Properties of AZ-25 Alloy 

2) Reinforced Material 

The reinforced materials are generally discontinuous, 

stronger and harder than the matrix materials. The main 

function of these reinforced materials is to improve the 

physical, mechanical and tribological properties of the 

composite. In the present investigation silicon carbide is used 

as the reinforced materials to improve the mechanical and 

wear resistance properties of the Al-25Zn alloy 

3) Erodent Material 

Silica sand with 150micron size is used as erodent material. 

B. Composite Fabrication 

For the fabrication of composite material the stir casting 

method was used. For manufacturing of composite material 

by stir casting knowledge of its operating parameter are very 

essential. As there is various process parameters if they 

properly controlled can lead to the improved characteristic in 
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composite material. Following are the process parameter 

which is required for the stir casting process 

1) Stirring Speed 

Stirring speed is the important process parameter as stirring 

is necessary to help in promoting wettability i.e. bonding 

between matrix and reinforcement. Stirring speed will 

directly control the flow pattern of the molten metal. Parallel 

flow will not promote good reinforcement mixing with the 

matrix. As solidifying rate is faster it will increase the 

percentage of wet-ability. 

2) Stirring Temperature 

It is related to the melting temperature of matrix i.e. 

aluminium. Aluminium generally melts at 700 ˚C. The 

processing temperature is mainly influence the viscosity of 

Al matrix. The change of viscosity influences the particle 

distribution in the matrix. The viscosity of liquid decreased 

when increasing processing temperature with increasing 

holding time stirring time. It also accelerates the chemical 

reaction between matrix and reinforcement. 

3) Reinforcement Preheat Temperature 

Reinforcement was preheated at a specified 650-660 ˚C 

temperature 2400-3660 sec in order to remove moisture or 

any other gases present within reinforcement. The preheating 

of also promotes the wettability of reinforcement with matrix. 

4) Stirring Time 

Stirring promotes uniform distribution of the particles in the 

liquid and to create perfect interface bond b/w reinforcement 

and matrix. The stirring time between matrix and 

reinforcement is considered as important factor in the 

processing of composite. For uniform distribution of 

reinforcement in matrix in metal flow pattern should from 

outward to inward. 

5) Preheat Temperature of Mould 

Possibly is the major problem in casting. In order to avoid 

porosity preheating of mould is the good solution. It helps in 

removing entrapped gases from the slurry to go into the 

mould. It also enhances the mechanical properties of the cast 

AMC. Mould is heated to 500 ˚C. 

6) Reinforcement Feed Rate 

Nob-Uniform feed rate promotes clustering of particles at 

some places which causes the porosity defect and inclusion 

defect, so to have a good quality of casting the feed rate of 

powder particles must be uniform. 

C. Solid Particle Erosion Wear Test 

The solid particle erosion test was performed using the air jet 

test rig TR-471-1000-M1 at DMRL Hyderabad. The 

technical specification of the Air jet test rig used for the 

experimentation are shown in the Table 2. 

Parameter Units Values 

Impingement Angle degree 
15˚, 30˚, 45˚, 60˚, 

75˚ & 90˚ 

Pressure Pa 
103421, 137895, 

172369, 206843 

Stand-off distance mm 55, 65, 75, 85 

Erodent size mm 0.15 

Impact velocity m/sec 30, 40, 50, 60 

Temperature ˚C 40, 60, 80, 100 

Table 2: Parameter Selected for the Air Jet Erosion Test 

Erosion rate is calculated by using following 

formula. Before experimentation the weight of the sample 

was measured and the weight of the sample after 

experimentation again measured. The difference of this 

weight is nothing but the mass of eroded surface. 

Erosion rate=
mass of silica sand

mass of eroded surface
   (1) 

D. Tensile Strength Measurement 

The tensile test is generally performed on flat specimens. The 

commonly used specimens for tensile test are the dumbbell 

shape. During the test a uni-axial load is applied through both 

the ends of the specimen. The ASTM A370 standard test 

method used for tensile properties of metal matrix 

composites. 

The specimens used for the UTM prepared as shown 

in Fig-1 and table 4 with dimensions of: 

 Width-40 mm 

 Gauge length-80 mm 

 Gauge width:30 mm 

 
Fig. 1: Al-25Zn specimen 

Sr. 

No. 

Material 

details 

E 

(N/mm2) 

ρ 

(mg/

mm3) 

Tensile 

strength 

(N/mm2) 

1 Al-25Zn 81000 3.2 143.279 

2 
Al-

25Zn+2%SiC 
81560 3.4 151.101 

3 
Al-

25Zn+4%SiC 
82000 3.45 158.07 

4 
Al-

25Zn+6%SiC 
84000 3.5 171.312 

Table 3: Mechanical Properties 

III. PROCESS OPTIMIZATION TOOLS 

Statistical methods are commonly used to improve the quality 

of a product or a 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. Wear 

processes such as sliding and/or erosion are such processes in 

which a number of control factors collectively determine the 

performance output i.e. the wear rate. Hence, in the present 

work a statistical technique called Taguchi method is used to 

optimize the process parameters leading to minimum wear of 

the composites under study. 

Impact 

Velocity (m/s) 

Impingement 

Angle 

Temperature 

(˚C) 

Stand-off 

Distance (mm) 

SiC 

Content (%) 

Erosion Rate 

(mg/kg) 
S/N 

30 45 40 55 0 131 -42.34 

30 60 60 65 2 98 -39.82 

30 75 80 75 4 67 -36.52 

30 90 100 85 6 39 -31.82 

40 45 60 75 6 84 -38.48 

40 60 40 85 4 118 -41.43 
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40 75 100 55 2 144 -43.16 

40 90 80 65 0 166 -44.40 

50 45 80 85 2 191 -45.62 

50 60 100 75 0 219 -46.80 

50 75 40 65 6 96 -39.64 

50 90 60 55 4 119 -41.51 

60 45 100 65 4 205 -46.36 

60 60 80 55 6 133.5 -42.50 

60 75 60 85 0 232 -47.38 

60 90 40 75 2 202 -45.88 

Table 4: Erosion Wear Test Results with the Corresponding S/N Ratios

The impact of the process parameters on the erosion 

wear rate of silicon carbide reinforced Al-25Zn metal matrix 

composites is therefore studied in this work using Taguchi’s 

L1645orthogonal array design. 

Fig. 2 shows graphically the effect of the five control 

factors on the erosion wear rate. From which it can be 

concluded that among all the factors, impact velocity is the 

most significant factor followed by wt. % of silicon carbide, 

Impingement angle, stand-off-distance and temperature while 

the impingement angle has least or negligible significance on 

erosion rate of these SiC reinforced Al-25Zn metal matrix 

composites. It also leads to the conclusion that factor 

combination of A1, B4, C2, D4 and E4 gives minimum 

erosion wear rate. 

 
Fig. 2: Effect of control factors on erosion rate 

IV. ANALYSIS AND PREDICTION OF EROSION RESPONSE 

USING ANN 

Artificial neural network (ANN) is a technique that involves 

database training to predict input-output evolutions. In this 

attempt to simulate the erosion wear process and to predict 

the erosion rate under different operating conditions for 

SiC/Al-25Zn metal matrix composites, different ANN 

structures are tested and the ANN is trained using following 

parameters. 

The ANN predictive results of erosion wear rate for 

all the 16 test conditions are shown and compared with the 

experimental values along with the associated percentage 

errors in table 6. The errors lie in the range of 0-10% which 

establishes the validity of the neural computation. 

Input Parameter For Training Values 

Error tolerance 0.003 

Learning parameter (β) 0.002 

Momentum Parameter (α) 0.002 

Noise Factor (NF) 0.001 

Number of iteration 10, 000, 000 

Slope parameter (£) 0.6 

Number of layers 3 

Number of neurons in input layer (I) 5 

Number of neurons in hidden layer (H) 10 

Number of neurons in output layer (O) 1 

Table 5: Input Parameters Selected For Training 

The errors, however, can still be reduced and the 

quality of predictions can be further improved by enlarging 

the datasets and by optimizing the construction of the neural 

network. 

Sr.  

No. 

Erosion 

Rate(mg/kg) 

Experimental 

Erosion 

Rate(mg/kg) 

ANN Prediction 

Percentage 

error 

1 131 132.929 1.47 

2 98 106.936 9.11 

3 67 63.897 4.63 

4 39 41.123 5.44 

5 84 82.070 2.29 

6 118 121.860 3.27 

7 144 144.965 0.67 

8 166 164.069 1.16 

9 191 190.035 0.50 

10 219 221.407 1.09 

11 96 90.211 6.03 

12 119 124.790 4.86 

13 205 210.790 2.82 

14 133.5 131.571 1.44 

15 232 230.067 0.83 

16 202 194.906 3.51 

Table 6: Wear Value Obtained from Experimental Test and 

Optimization Tool 

V. CONCLUSIONS 

This experimental and ANN simulation investigation on 

particulate reinforced Al-25Zn MMCs has led to the 

following specific conclusions: 

1) Addition of silicon carbide reduces the wear of metal 

matrix composite material, it provides resistant to 

erosion. In this work Al-25Zn reinforced with silicon 

carbide by 2%, 4% and 6%. The results shows at 6 % 

minimum erosion rate. 

2) Mechanical properties such as hardness, tensile strength 

improves by the addition of silicon carbide. Hardness 

value of the SiC reinforced Al-25Zn improved from 121-

132 BHN. And tensile strength increased by 6% with 

addition of SiC. 
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3) Among the all factors, impact velocity, wt. % SiC and 

impingement angle are found to be most significance 

factors on the erosion rate of Al-25Zn metal matrix 

composites reinforced. 

4) Experimental and optimisation results shows good 

agreement with the error of 9% 
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