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or particle subjected to periodic and symmetric boundary conditions [23]. A lot of research was carried out to assess the inter-

face behavior in particle reinforced metal matrix composites under tensile loading using finite element analysis approach [14-

20].  

 

In the present work, cubic titanium nitride (TiN) was used to fabricate AA7020/TiN composites. The effect of thermo-tensile 

loading on the fracture in AA7020 alloy/TiN composites was examined. Micromechanics methods was employed to assess 

fracture in the composites. ANSYS software was used to computationally simulate thermo-mechanical nonlinear behavior of 

AA7020 alloy/TiN composites to analyze local constituent response including the interface/interphase regions. The results ob-

tained from the numerical simulation were validated with the experimental results. 

 

2. MATERIALS METHODS 

The matrix material was AA7020 alloy. The reinforcement material was BN nanoparticles of average size 100nm. AA7020 

alloy/ TiN composites were fabricated by the stir casting process and low pressure casting technique with argon gas at 3.0 bar. 

The composite samples were give solution treatment and cold rolled to the predefined size of tensile specimens. The heat-

treated samples were machined to get rectangular specimens (figure 2) for the tensile tests. The tensile specimens were placed 

in the grips of a Universal Test Machine (UTM) with temperature controlled chamber at a specified grip separation and pulled 

until failure. The test speed was 2 mm/min. A strain gauge was used to determine elongation. In the current work, a cubical 

representative volume element (RVE) was implemented to analyze the tensile behavior AA7020/TIN nanoparticle composites 

at two (10% and 30%) volume fractions of TiN and at different temperatures. The shape BN nanoparticle considered in this 

work is spherical. The periodic particle distribution was a square array and corresponding representative volume element 

(RVE) as shown in figure 3. The large strain PLANE183 element was used in the matrix in all the models. In order to model 

the adhesion between the matrix and the particle, a CONTACT 172 element was used.  

 
Figure 3: Square array of particles (a), Representative Volume Element (b) and Discretization of RVE (c). 

 

3. RESULTS AND DISCUSSION 

3.1 Thermo-Mechanical Behavior 

Figure 7 represents micromechanical properties of AA7020/TiN composites. The elastic modulus is normalized with the elastic 

modulus of AA7020 alloy. The normalized stiffness of the composites decreases with increase of temperature. The stiffness of 

AA7020 alloy/30% TiN composites is higher than that of AA7020 alloy/10% TIN composites (figure 7a).  The normalized 

stiffness along the normal direction is lower than that along the load direction.  There is discrepancy of stiffness along normal 

to load direction at 100
o
C. The reason is unknown. The normalized shear modulus is constant with increase of temperature for 

AA7020 alloy/TiN composites (figure 7b). The major Poisson’s ratio decreases initially from room temperature to 100
o
C and 

later on it increases with temperature (figure 7c). 

 

3.2 Fracture Analysis 

If the particle deforms in an elastic manner (according to Hooke’s law) then, 

 τ =
�

�
σ�            (1) 

where σp is the particle stress. If particle fracture occurs when the stress in the particle reaches its ultimate tensile strength, 

σp,uts, then setting the boundary condition at 
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 σp= σp, uts           (2) 

 

The relationship between the strength of the particle and the interfacial shear stress is such that if 

 σ�,��	 <
�τ

�
                 (3) 

 

Then the particle will fracture. From the figure 8a, it is observed that the TiN nanoparticle was fractured as the condition in Eq. 

(3) is satisfied above room temperature for the composites AA7020/TiN. This is due to CTE and stiffness mismatches between 

BN nanoparticles and AA7020 alloy matrix. For the interfacial debonding/yielding to occur, the interfacial shear stress reaches 

its shear strength: 

 τ = τmax            (4) 

 

 
Figure 7: Effect of temperature on micromechanical properties of AA7020/TiN composites. 

 

For particle/matrix interfacial debonding can occur if the following condition is satisfied: 

 τ�� <
�σ�

�
			           (5) 

It is observed from figure 8b that the interphase debonding occurs between TiN nanoparticle and 7020 alloy matrix as the con-

dition in Eq.(5) is satisfied at all temperatures for the composites AA7020/TiN composites. The debonding phenomenon is 

high in the composites comprising of 30% TiN. 

 

 
 

Figure 8: Criterion for interfacial for (a) particle fracture and (b) debonding. 

 

The von Mises stress induced at the interface are higher than that induced in the nanoparticle (figure 9). Hence, the interfacial 

interphase fracture was occurred between the particle and the matrix. The particle fracture was occurred in all the composites 

as the von Mises stress exceeds the ultimate tensile strength of TiN nanoparticles due to thermal shock.  

 



MMM 2nd International Conference on Modern Materials and Manufacturing, Pune, India 

 

10-11 December 2010 279 

 

 
 

Figure 9: Images of von Mises stresses obtained from FEA: (a) AA7020/10% TiN and (b) A7020/30% TiN composites. 

 

4. CONCLUSION 
The shear stress is high at the interface resulting to interphase debonding in AA7020/ TiN composites. The particle fracture and 

debonding were observed above room temperature loading in AA7020/TiN composites. The tendency of debonding and par-

ticle fracture was increased with volume fraction of TiN in AA7020 alloy matrix. 

 

REFERENCES 

1. A. Chennakesava Reddy, Fracture behavior of brittle matrix and alumina trihydrate particulate composites, Indian Journal of Engineer-

ing & Materials Sciences, 9, 2002, pp.365-368. 

2. A. Chennakesava Reddy, S. Sundararajan, Influences of ageing, inclusions and voids on the ductile fracture mechanism of commercial 

Al-alloys, Journal of Bulletin of Material Sciences, Springer India, 28, 2005, pp. 75-79. 

3. A. Chennakesava Reddy and Essa Zitoun, Matrix al-alloys for alumina particle reinforced metal matrix composites, Indian Foundry 

Journal, 55, 2009, pp.12-16. 

4. A. Chennakesava Reddy, Mechanical properties and fracture behavior of 6061/SiCp Metal Matrix Composites Fabricated by Low Pres-

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

5. A. Chennakesava 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. 

6. A. Chennakesava Reddy, Tensile properties and fracture behavior of 6063/SiCP metal matrix composites fabricated by investment cast-

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

7. A. Chennakesava Reddy and Essa Zitoun, Tensile behavior 0f 6063/Al2O3 particulate metal matrix composites fabricated by investment 

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

8. A. Chennakesava Reddy, Stir Casting Process on Porosity Development and Micromechanical Properties of AA5050/Titanium Oxide 

Metal Matrix Composites, 5th National Conference on Materials and Manufacturing Processes, Hyderabad, 9-10 June 2006, pp. 144-

148. 

9. A. Chennakesava Reddy, Effect of Porosity Formation during Synthesis of Cast AA4015/Titanium Nitride Particle-Metal Matrix Com-

posites, 5th National Conference on Materials and Manufacturing Processes, Hyderabad, 9-10 June 2006, pp. 139-143. 

10. A. Chennakesava Reddy, Role of Porosity and Clustering on Performance of AA1100/Boron Carbide Particle-Reinforced Metal Matrix 

Composites, 6th International Conference on Composite Materials and Characterization, Hyderabad, 8-9 June 2007, pp. 122-127. 

11. A. Chennakesava Reddy, Effect of Clustering Induced Porosity on Micromechanical Properties of AA6061/Titanium Oxide Particulate 

Metal matrix Composites, 6th International Conference on Composite Materials and Characterization, Hyderabad, 8-9 June 2007, pp. 

149-154. 

12. B. Kotiveera Chari, A. Chennakesava Reddy, Bottom-Up Pouring and its Effect on Porosity and Clustering in Casting of 

AA1100/Silicon Nitride Particle-Reinforced Metal Matrix Composites, 6th National Conference on Materials and Manufacturing 

Processes, Hyderabad, 8-9 August 2008, pp. 110-114. 

13. Essa Zitoun, A. Chennakesava Reddy, Microstructure-Property Relationship of AA3003/Boron Nitride Particle-Reinforced Metal Ma-

trix Composites Cast by Bottom-Up Pouring, 6th National Conference on Materials and Manufacturing Processes, Hyderabad, 8-9 Au-

gust 2008, pp. 115-119. 

14. A. Chennakesava 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. 



MMM 2nd International Conference on Modern Materials and Manufacturing, Pune, India 

 

10-11 December 2010  280 

 

15. S. Pitchi Reddy, A. Chennakesava Reddy, Effect of Needle-like Brittle Intermetallic Phases on Fracture Behavior of Bottom-up Poured 

AA5050/Titanium Carbide Particle-Reinforced Metal Matrix Composites, 6th National Conference on Materials and Manufacturing 

Processes, Hyderabad, 8-9 August 2008, pp. 127-132. 

16. A. Chennakesava 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, pp. 

205-210 

17. S. Pitchi Reddy, A. Chennakesava Reddy, Synthesis and Characterization of Zirconium Carbide Nanoparticles Reinforced AA2024 

Alloy Matrix Composites Cast by Bottom-Up Pouring, 7th International Conference on Composite Materials and Characterization, Ban-

galore, 11-12 December 2009, pp. 211-215. 

18. Essa Zitoun, A. Chennakesava Reddy, Analysis of Micromechanical Behavior of AA3003 Alloy - Graphite Metal Matrix Composites 

Cast by Bottom-Up Pouring with Regard to Agglomeration and Porosity, 7th International Conference on Composite Materials and Cha-

racterization, Bangalore, 11-12 December 2009, pp. 216-220. 

19. P. Rami Reddy, A. Chennakesava Reddy, Processing of AA4015-Zirconium Oxide Particulate Metal Matrix Composites by Stir Casting 

Technology, 7th International Conference on Composite Materials and Characterization, Bangalore, 11-12 December 2009, pp. 221-

224. 

20. Hugh O. Pierson, Handbook of refractory carbides and nitrides: properties, characteristics, processing, and applications. William And-

rew. p. 193, 1996. 

 

 

 

 


