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Abstract: In the present work, the AA2024/Si3N4 metal matrix composites were manufactured at 10% and 30% volume fractions of Si3N4. 
The pin-on-disc wear test was conducted with different combinations of reinforcement, sliding distance, normal load, sliding speed. The wear 

resistance increases with increased volume fraction of Si3N4 in AA2024 alloy matrix. The scratches were seen on the worn surfaces due to 

three-body abrasion. 
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1. INTRODUCTION  

Metal matrix composite achieves mixed property of its base metal and reinforcement. Particle reinforced metal matrix compo-

sites (PMMCs) are now emerging as an important class of engineering materials. Most of the experimental and numerical stu-

dies [1-15] have been carried out to understand the effect of the morphological variables, such as the particle volume fraction, 

particle size, shape and orientation on the deformation and damage behavior of the alloy. Dry sliding contacts often contain 

wear particles and mechanically mixed deformed layers (third bodies) whose behavior needs to be understood and modeled. 

The abrasive wear and the contact fatigue are the most important from the technological point of view. It was estimated that the 

total wear of machine elements can be identified in 80-90% as abrasion and in 8% as fatigue wear [16-28]. Contributions of 

other types of wear are small. Archard [29] formulated the wear equation of the form: the volume of the material removed is 

directly proportional to the sliding distance, the normal pressure and the dimensionless wear coefficient, and inversely propor-

tional to the hardness of the surface being worn away. 

 

The aim of this project was to assess the influence of matrix alloy and reinforced nanoparticles on  the dry sliding wear beha-

vior of AA2024/Si3N4 composites over a range of loads, sliding distances and sliding speeds.  

 

2. MATERIALS AND METHODS 

AA2024 alloy/ Si3N4 composites were fabricated by the stir casting process and low pressure casting technique with argon gas 

at 3.0 bar. The size of silicon nitride (Si3N4) nanoparticles was 100nm. The composite samples were given T6 heat treatment 

before the samples machined to get cylindrical specimens for the wear tests. The design of experiments was carried out as per 

Taguchi techniques [27, 28]. Each of the process parameters was deliberated at three levels (Table 1).  The orthogonal array, 

L9 was used to conduct wear tests (Table 2). A pin on disc type friction and wear monitor (ASTM G99) was employed to eva-

luate the friction and wear behavior of AA2024 alloy/ Si3N4 composites against hardened ground steel (En32) disc. Knoop 

hardness test carried out to determine the hardness of the samples before and after wear tests. Scanning electron microscopy 

analysis was also carried out to find consequence of wear test AA2024/ Si3N4 composite specimens.  

 
Table 1: Control parameters and levels 

 
Factor Symbol Level–1 Level–2 Level–3 

Reinforcement, Vol.% A 10 20 30 

Load, N B 20 30 40 

Speed, m/s C 2 3 4 

Sliding distance, m D 500 1000 1500 

 

Elastic modulus was determined using the following expressions: 

The upper-bound equation is given by 
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The lower-bound equation is given by 
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where, mp EEδ = , vv and vp are the volume fractions of voids/porosity and nanoparticles in the composite respectively and Em 

and Ep is elastic moduli of the matrix and the particle respectively. 

 
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 

 

3. RESULTS AND DISCUSSION 

The elastic stiffness and knoop hardness were increased with volume fraction of Si3N4 as shown in figure 1. This is a general 

tendency as expected from the composites in the literature and it is well known fact.  

 
 

Figure 1: Mechanical Properties of AA2024/Si3N4 composites. 

 

3.1 Effect of volume fraction, Normal Load, Sliding Speed, Sliding distance on Wear Rate 

The analysis of variance (ANOVA) is presented in Table 3. The percent contribution indicates that the volume fraction of 

Si3N4 (A), contributes 55.42%. The normal load (B) shares 8.22% of variation in the wear rate. The speed (C) dispenses 7.28% 

of variation in the wear rate. The sliding distance (D) affords 29.08% of the total variation in the wear rate. The R-squared val-

ues of %reinforcement, normal load, sliding speed and sliding distance are, respectively, 0.921, 0.493, 0.306 and 0.865. The 

trend of mean values obtained by Taguchi techniques is same as that of R-squared values.  

 
Table 3: ANOVA summary of the effective stress 

 

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

A 21.82 21.08 20.60 0.25 1.00 0.25 5.91E+12 55.42 

B 21.03 21.03 21.44 0.04 1.00 0.04 8.76E+11 8.22 
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C 21.28 21.31 20.91 0.03 1.00 0.03 7.76E+11 7.28 

D 20.73 149.11 63.50 0.13 1.00 0.13 3.10E+12 29.08 

e    0.00 4.00 0.00 1.00 0.00 

T 84.86 212.53 126.45 0.45 8.00   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. 
 

 
 

Figure 2: Influence of process parameters on wear rate. 
 

Analysis of means (AOM) is presented in the form of mean plots as shown in figure 2.  The wear rate was decreased with in-

crease in volume fraction of Si3N4 in AA2024 alloy matrix (figure 2a). This is owing to high hardness of Si3N4 as compared to 

soft matrix. An increase in wear rate is with increase of normal load applied on the test specimen (figure 2b). This is scoring 

wear with enhanced contact between and disc and increased coefficient of friction. The wear rate was decreased with increase 

of speed (figure 2c).  This is delamination wear attributed to the kinetic friction coefficient. The wear rate increased with the 

sliding distance as shown in figure 2d. The mathematical relation between wear and contact time is given by 
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where, 

Wrp is the wear rate due to vol.% of reinforcement (vf), g/m 

Wrf is the wear rate due to normal load (F), g/m 

Wrn is the wear rate due to speed (N), g/m 

Wrd is the wear rate sliding distance (d), g/m. 
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3.2 Consequence of Wear in AA2024/Si3N4 Composites 

It is essential to know the consequence of wear in AA2024/ Si3N4 composites. The hardness values increase after wear test as 

shown in figure 3. When the applied force increased, the plastic deformation would take place in the AA2024 alloy matrix 

which could adhere to the steel disc and consequently, resulting the conditions of adhesive wear as shown in figure 4. The three 

body wear was also occurred due to hard Si3N4 particle trapped between the rubbing surfaces.  

 

 
Figure 3: Hardness of AA2024/ Si3N4 composites after wear test. 

 

 

 
 

Figure 4: Adhesive and abrasive wear of AA2024/Si3N4. 

 

4. CONCLUSION 
The study on the wear behavior of AA2024/Si3N4 composites as the function of vol.% of Si3N4, normal load, sliding speed and 

sliding distance using Taguchi’s design of experiments was carried out effectively. The wear resistance increases with in-

creased volume fraction of Si3N4 nanoparticles in AA2024 alloy matrix. The three-body abrasion is highly subjugated in the 

AA2024/Si3N4 nanoparticulate metal matrix composites. 

 

REFERENCES 

1. A. C. Reddy, Mechanical properties and fracture behavior of 6061/SiCp Metal Matrix Composites Fabricated by Low Pressure Die 

Casting Process, Journal of Manufacturing Technology Research, 1, 2009, pp.273-286. 

2. A. C. Reddy, Tensile properties and fracture behavior of 6063/SiCP metal matrix composites fabricated by investment casting process, 

International Journal of Mechanical Engineering and Materials Sciences, 3, 2010, pp.73-78. 

3. A. C. Reddy and B. Kotiveerachari, Effect of aging condition on structure and the properties of Al-alloy / SiC composite, International 

Journal of Engineering and Technology, 2, 2010, pp.462-465. 

4. A. C. Reddy, Tensile fracture behavior of 7072/SiCp metal matrix composites fabricated by gravity die casting process, Materials Tech-

nology: Advanced Performance Materials, 26, 2011, pp. 257-262. 

5. A. C. Reddy, Influence of strain rate and temperature on superplastic behavior of sinter forged Al6061/SiC metal matrix composites, 

International Journal of Engineering Research & Technology, 4, 2011, pp.189-198. 

6. A. C. Reddy , Evaluation of mechanical behavior of Al-alloy/SiC metal matrix composites with respect to their constituents using Tagu-

chi techniques, i-manager’s Journal of Mechanical Engineering, 1, 2011,  pp.31-41. 

7. A. C. Reddy and Essa Zitoun, Matrix al-alloys for alumina particle reinforced metal matrix composites, Indian Foundry Journal, 55, 

2009, pp.12-16. 

8. A. C. Reddy and Essa Zitoun, Tensile behavior of 6063/Al2O3 particulate metal matrix composites fabricated by investment casting 

process, International Journal of Applied Engineering Research, 1, 2010, pp.542-552. 



MMM 4th International Conference on Modern Materials and Manufacturing, Chennai, India 

 

7-8 December 2012  328 

 

9. A. C. Reddy and Essa Zitoun, Tensile properties and fracture behavior of 6061/Al2O3 metal matrix composites fabricated by low pres-

sure die casting process, International Journal of Materials Sciences, 6, 2011, pp.147-157. 

10. A. C. Reddy, Strengthening mechanisms and fracture behavior of 7072Al/Al2O3 metal matrix composites, International Journal of Engi-

neering Science and Technology, 3, 2011, pp.6090-6100. 

11. A. C. Reddy, Evaluation of mechanical behavior of Al-alloy/Al2O3 metal matrix composites with respect to their constituents using Ta-

guchi, International Journal of Emerging Technologies and Applications in Engineering Technology and Sciences, 4, 2011, pp. 26-30. 

12. A. C. Reddy, Fracture behavior of brittle matrix and alumina trihydrate particulate composites, Indian Journal of Engineering & Mate-

rials Sciences, 9, 2002, pp.365-368. 

13. A. C. Reddy, S. Sundararajan, Influences of ageing, inclusions and voids on the ductile fracture mechanism of commercial Al-alloys, 

Journal of Bulletin of Material Sciences, 28, 2005, pp. 75-79. 

14. A. S. Goud, A. C. Reddy, Evaluation of Nanoparticle Fracture in MgO Reinforced Aluminum matrix composites, 3rd International Con-

ference on Modern Materials and Manufacturing, New Delhi, 9-10 December 2011, pp. 320-324. 

15. A. S. Goud, A. C. Reddy, Interface Failure Analysis of TiB2 Reinforced Aluminum Alloy Matrix Composites, 3rd International Confe-

rence on Modern Materials and Manufacturing, New Delhi, 9-10 December 2011, pp. 325-328. 

16. A. C. Reddy, Sliding Wear and Micromechanical Behavior of AA1100/Titanium Oxide Metal Matrix Composites Cast by Bottom-Up 

Pouring, 7th International Conference on Composite Materials and Characterization, Bangalore, 11-12 December 2009, 205-210. 

17. A. C. Reddy and B. Kotiveerachari, Influence of microstructural changes caused by ageing on wear behaviour of Al6061/SiC compo-

sites, Journal of Metallurgy & Materials Science, 53, 2011, pp. 31-39. 

18. A. C. Reddy, Wear and Mechanical Behavior of Bottom-Up Poured AA4015/Graphite Particle-Reinforced Metal Matrix Composites, 

6th National Conference on Materials and Manufacturing Processes, Hyderabad, 8-9 August 2008, pp. 120-126. 

19. A. C. Reddy, S. Madahava Reddy, Evaluation of dry sliding wear characteristics and consequences of cast Al-Si-Mg-Fe alloys, ICFAI 

Journal of Mechanical Engineering, 3, 2010, pp.1-13. 

20. A. C. Reddy, M. Vidya Sagar, Two-dimensional theoretical modeling of anisotropic wear in carbon/epoxy FRP composites: comparison 

with experimental data, International Journal of Theoretical and Applied Mechanics, 6. 2010, pp. 47-57. 

21. M. S. Ramgir, A. C. Reddy, Control of B4C Reinforced Particulates on Dry Wear Resistance of AA2024/B4C Composites, 3rd Interna-

tional Conference on Modern Materials and Manufacturing, New Delhi, 9-10 December 2011, pp. 336-340. 

22. V. K. Reddy, A. C. Reddy, Mathematical Models for Dry Wear of H18 Heat Treated AA1100/TiB2 Composites, 3rd International Con-

ference on Modern Materials and Manufacturing, New Delhi, 9-10 December 2011, pp. 341-346. 

23. M. Mastanaiah, A. C. Reddy, Abrasive Wear of AA3003/ZrC Composites, 3rd International Conference on Modern Materials and Man-

ufacturing, New Delhi, 9-10 December 2011, pp. 347-351. 

24. R. G. Math, A. C.  Reddy, Unlubricated Sliding of AA4015/TiB2 Metal Matrix Composites, 3rd International Conference on Modern 

Materials and Manufacturing, New Delhi, 9-10 December 2011, pp. 352-356. 

25. K. Kaur, R. Anant, O. P. Pandey, Tribological Behaviour of SiC Particle Reinforced Al–Si Alloy, Tribol Lett, DOI 10.1007/s11249-

011-9819-1. 

26. M. Kok, Abrasive Wear of Al2O3 Particle Reinforced 2024 Aluminium Alloy Composites Fabricated by Vortex Method, Composites: 

Part A 37, 2006, pp. 457–464. 

27. A. C. Reddy, V.M. Shamraj, Reduction of cracks in   the cylinder liners choosing right process variables by Taguchi method, Foundry 

Magazine, 10, 1998, pp. 47-50. 

28. A. C. Reddy, V.S.R. Murti, S. Sundararajan, Control factor design of investment shell mould from coal flyash by Taguchi method, In-

dian Foundry Journal, 45, 1999, pp. 93-98. 

29. J. F. Archard, Contact and rubbing of at surfaces, Journal of Applied Physics, 24(8), 1953, pp. 981-988. 

 


