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Abstract: In the present work, the AA2024 alloy-magnesia metal matrix composites were fabricated by stir casting practice. The test matrix 

varied particle size of 100µm, 150µm and 200µm. The design of experiments was conducted based on Taguchi’s factorial techniques. Dry 

sliding wear behavior of AA2024 alloy-magnesia composites was studied using a pin-on-disc wear test rig. Good interfacial bonding be-

tween the smaller sized magnesia particle and matrix alloy has ensured good wear resistance. The mathematical modeling was validated 

with experimental results. 
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1. INTRODUCTION  

Composites typically have a fiber or particle phase that is stiffer and stronger than the continuous matrix phase and serve as the 

principal load carrying members. At the present time, aluminum metal matrix composites have been well recognized and stea-

dily improved because of their advanced engineering properties, such as their improved wear resistance, low density, specific 

strength and stiffness [1-17]. In recent years aluminum metal matrix composites have been used in the applications of cylinder 

liners, brake drums, crankshafts. They also possess low wear resistance property, so additional reinforcements must be added. 

Ceramic materials TiO2 [18, 19], graphite [20, 21], carbon [22], ZrO2 [23, 24], TiN [25], B4C [26], ZrC [27], Si3N4 [28] and 

SiO2 [29] will provide wear resistance and mechanical strength. These aluminum-based ceramic composites require not only 

good strength and good wear resistance but also self-lubrication properties. Wear is related to interactions between surfaces and 

specifically the removal and deformation of material on a surface as a result of mechanical action of the opposite surface. Fac-

tors like applied load, sliding speed, sliding distance, reinforcement, manufacturing process are considered to study wear prop-

erties [30]. It is essential to identify the major factor which influences the wear behavior. In order to test the wear property, pin-

on-disc equipment is used. Taguchi methods are statistical methods developed by Taguchi to improve the quality of manufac-

tured goods, and more recently applied to engineering [31, 32]. Design of experiment is one of the important and powerful sta-

tistical techniques to study the effect of multiple variables simultaneously and involves a series of steps which must follow a 

certain sequence for the experiment to yield an improved understanding of process performance. 

 

The objective of this paper was to model the effect of magnesia particle size on the abrasive wear of AA2024-magnesia com-

posites. For this purpose AA2024-magnesia metal matrix composites were manufactured with particle size varying from 

100µm to 200µm. Dry sliding wear of AA2024 alloy-magnesia composites with different particle sizes were studied under 

different combinations of sliding speed, normal load, sliding distance and particle size based on Taguchi techniques. Most of 

the reported research focused on the effect of either one or two factors on the dry sliding wear behavior of hybrid composites. 

 

2. MATERIALS AND METHODS 
AA2024 alloy-magnesia composites were fabricated by the stir casting process. The volume fraction of magnesia in the com-

posites was 30%. The particle size of magnesia was varied at 100µm, 150 µm and 200 µm. The T6 heat-treated samples were 

machined to get cylindrical specimens of 10 mm diameter and 30 mm length for the dry wear tests. The levels chosen for the 

controllable wear parameters are précised in Table 1. The orthogonal array, L9 was ideal to carry out wear experiments (Table 

2). A pin-on-disc wear monitor (ASTM G99) was employed to assess the wear behavior of AA2024 alloy-magnesia composite 

specimens against hardened ground steel (En32) disc (figure 1). 

 
Table 1: Wear parameters and levels 

 

Factor Symbol Level–1 Level–2 Level–3 

Particle size, µm A 100 150 200 

Load, N B 10 20 30 

Speed, m/s C 2 3 4 

Sliding distance, m D 500 750 1000 
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Table 2: Orthogonal array (L9) and control parameters 

 
Treat No. A B C D 

1 1 1 1 1 

2 1 2 2 2 

3 1 3 3 3 

4 2 1 2 3 

5 2 2 3 1 

6 2 3 1 2 

7 3 1 3 2 

8 3 2 1 3 

9 3 3 2 1 

 

 
Figure 1: Tests carried out in the present work: (a) Pin-on-disc wear test and (b) Surface roughness test. 

 

In the present work, the wear formulation [23, 25] was attempted based on the following expression: 

� = �	����	
���           (1) 

where, W is the wear rate in g/m; d is the particle size of reinforcement, mm; F is the normal load, N;  S is sliding speed, m/s 

D is the sliding distance, mm and; K, a, b, c and d are empirical constants.  
 

3. RESULTS AND DISCUSSION 

The analysis of variance (ANOVA) is presented in Table 3. All process parameters are satisfactory as they defend Fisher’s test 

at 90% confidence level.  For variation in the wear rate, the percent contribution of magnesia particle size (A), normal load (B),  

sliding speed (C) and sliding distance (D) are, correspondingly, 79.00%,  6.50%,  2.41% and  12.09%.  The R-squared values 

of particle size, normal load, sliding speed and sliding distance are, respectively, 0.9974, 0.9888, 0.7030 and 0.9956 as stated in 

figure 3. The tendency of R-squared values is same as that of mean values obtained by Taguchi techniques.  

Table 3: ANOVA summary of the effective stress 

 

Source Sum 1 Sum 2 Sum 3 SS v V F P 

A 3.43E-02 5.24E-02 7.09E-02 2.23E-04 1 2.23E-04 5.14E+14 79.00 

B 4.73E-02 5.25E-02 5.78E-02 1.83E-05 1 1.83E-05 4.23E+13 6.50 

C 5.60E-02 4.97E-02 5.19E-02 6.80E-06 1 6.80E-06 1.57E+13 2.41 

D 4.64E-02 8.61E-04 1.58E-01 3.41E-05 1 3.41E-05 7.86E+13 12.09 

e    -1.73E-18 4 -4.34E-19 1.00 0.00 

T 1.84E-01 1.56E-01 3.38E-01 2.82E-04 8   100.00 

Note: SS is the sum of square, v is the degrees of freedom, V is the variance, F is the Fisher’s ratio, P is the percentage of contribution and T is the sum 
squares due to total variation. 
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The wear rate was decreased with decrease in particle size of magnesia as shown in figure 3a. This is because of good interfa-

cial bonding between the small size magnesia particle and matrix alloy. Figure 3b indicates an increase in wear rate with in-

crease of normal load. Corresponding to the increased applied load, the wear rate of the composites also increases because of 

heat generated during the friction in between the contact surfaces. The wear loss of the AA2024 alloy-magnesia composites 

decreases with increase in the sliding speed. The wear of the AA2024 alloy-magnesia composites increases with the sliding 

distance as shown in figure 3d. The grooves and detached particles can be seen in the worn surface due to long sliding dis-

tances. The wear rate strongly depends on the particle size of magnesia for all the composites. Due to the poor adhesion be-

tween the larger magnesia particles and matrix, volume loss is increased. 

 

 
Figure 3: Wear rate as a function of (a) particle size, (b) applied load, (c) sliding speed and (d) sliding distance. 

 

The mathematical relation between wear and volume fraction of reinforcement, applied load, sliding speed and sliding distance 

were obtained by curve fitting in terms of power laws as follows: 

 W = 5.09 × 10��	�d�.����F�.����S��.����D�.!����       (2) 

 

Matrix layer removal, debonding and pull-out of magnesia particles were observed during wear tests on pin-on-disc setup. 

Archard interpreted K factor as a probability of forming wear debris from asperity encounters [33]. Typically for mild 

wear, K ≈ 10
−8

, whereas for severe wear, K ≈ 10
−2

.  As the value of K ≈ 10
−3

, the wear of AA2024 alloy-magnesia composites 

is moderate because the composite was made of micro-sized reinforced magnesia particles. The wear rate values determined by 

the Equation (2) are within the acceptable limits of experimental results as seen from figure 4.  With this rationale, the mathe-

matical modeling is competent to judge the severity of wear of AA2024-magnesia metal matrix composites. 
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Figure 4: Validation of mathematical modeling with experimental results. 

 4. CONCLUSIONS 
The impact of micro-size particles on the severity of wear was modeled and validated with experimental results of AA2024 

alloy-magnesia composites. With smaller sized magnesia particles, the AA2024 alloy-magnesia composites have experienced 

good wear resistance due to good interfacial bonding between the magnesia particle and matrix alloys.  
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