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Abstract 

Aluminium Metal matrix composites reinforced with ceramic particles are generally used in aerospace applications like skin and 
stringers because of their better mechanical properties. The characteristics of the reinforcement material like size, shape and 
volume fraction have great influence on the behaviour of particle reinforced Metal Matrix Composites. The analytical and 
numerical techniques are generally used to study the Mechanical behaviour of the particle reinforced metal matrix composites. The 
numerical techniques like Finite Element Method (FEM) are generally preferred for higher accuracy at micromechanics level. The 
present study deals with the three dimensional Finite Element analysis of Al-Li 8090 alloy matrix reinforced with 5, 10 and 15 wt. % 
of B4C particles respectively. The quarter model of square array Representative Volume Element (RVE) subjected to uniaxial tensile 
loading has been implemented. The appropriate boundary condition has been applied to the square RVE. The mesh convergence 
study of the quarter model square RVE has been carried out to get the optimum mesh size. The effect of particle volume fraction 
on the deformation and stress distribution of the Al-Li/ B4C Metal Matrix Composites has been studied. From the investigation it is 
observed that, the deformation of the RVE decreases by 33% with increase in particle volume fraction from 5% to 15%. This is due 
to fact that, the higher stiffness of the particle has effect in restricting the deformation of the RVE. The maximum Von Mises 
stresses induced in the RVE decreases by 7 % with increase in particle volume fraction from 5% to 15%. This is due to fact that, the 
load carrying capacity of the RVE increases with increment in the particle volume fraction. 
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1. Introduction  

Metal Matrix Composites (MMC’s) have attracted the 
significant attention for aircraft, automobile and various 
applications in engineering due to their better mechanical, 
physical and tribological properties [1]. Metal matrix 
composites can be tailored to have optimal mechanical, 
physical and thermal properties to meet the requirements of 
skin and stringers of an aircraft fuselage structure [2]. The key 
attractions of Aluminum Metal Matrix Composites (AMC’s) in 
aerospace sector are less noise, lower fuel consumption and 
reduction in airborne emissions [3]. Among all the Al alloys, Al–
Li alloys have attracted increasing attention during the recent 
years because of their high strength and stiffness along with 
low density. Addition of every 1 wt. % of Li improves the elastic 
modulus of aluminum alloys by approximately 6% and the 
density is reduced by 3%, which improves significantly the 
specific modulus [4]. Boron Carbide (B4C) has many attractive 
properties such as low specific gravity, high hardness value, 
high elastic modulus value and neutron absorption capability 
[5]. The FEM is a widely known numerical method is a 
sophisticated approach to predict the stresses and effective 
properties such as the effective Young’s moduli, Poisson’s ratio 
and thermal expansion coefficients of the composite material. 
Finite element models typically employ the concept of a 
representative unit cell (RUC) or Representative volume 
element (RVE) in which reinforcements are periodically packed 
in a square or hexagonal pattern [6,7].  

The present study deals with the development of three-
dimensional micromechanical finite element model to predict 
the effective mechanical behaviour of the B4C/8090 Al-Li 
MMC’s containing 5, 10 and 15 wt. % of B4C particles subjected 
to axial tensile loading. The novelty of the present study is to 
built the 3D model with appropriate boundary condition to 
predict the effective mechanical behaviour of the composite 
material which is very difficult to analyse by using experimental 
and analytical techniques. 

2 FE  Modeling, Material Properties &  Boundary Conditions 

Effective elastic properties of composites like Young’s 
modulus, coefficient of thermal expansion and Poisson’s ratios 
are influenced by the volume content of reinforcement, 
geometric arrangement of reinforcement and the individual 
properties of the matrix and reinforcement. An appropriately 
introduced Representative Unit Cell (RUC) or Representative 
Volume Element (RVE) is the model of study in the 
micromechanical analysis capable of representing the overall 
response of metal matrix composite to thermal and mechanical 
[9]. The present research deals with micromechanical model by 
RVE approach considering perfect bonding between matrix and 
particle arranged in a periodic square array. The matrix alloy 
used in the present research is Al-Li 8090 alloy reinforced with 
B4C particles separately with volume content ranging from 5% 
to 15%. The properties used for the analysis are describe in 
Table 1. The model is bounded by six surfaces; three surface of 
symmetry and three boundary surfaces [11]. 



Table 1 Properties of cast Al-Li alloy and B4C particles 

Property Symbol Unit 
Al-Li 

8090 
B4C 

Yield Strength �� MPa 64.75 - 

Elastic Modulus E GPa 70 460 

Poisson’s Ratio � - 0.33 0.17 

3. Results and Discussion 

3.1. Deformation of RVE 
Figure 1 shows the contour plot of deformation of spherical 

particle RVE for 5% to 15% of volume fraction under tensile 
loading. It is observed that, the deformation of the RVE at 
particle is minimum whereas deformation increases from 
interface to the top of the RVE. The maximum deformation 
occurs at the top of the matrix. The B4C particle deform less 
than the Al-Li 8090 alloy matrix due to the higher elastic 
modulus than the matrix and the stiffness of the particle by 
virtue of its Young’s Modulus is greater than the matrix. It is 
observed that, the higher stiffness of particle has effect in 
restricting the deformation of the RVE for volume fraction 
ranging from 5% to 15%. So, the deformation of the RVE 
reduces as the volume fraction increases from 5% to 15% due 
to increase in overall stiffness of the RVE. the deformation of 
the RVE decreases by 33% with increase in particle volume 
fraction from 5% to 15%. 

5% Particle Volume Fraction 

15% Particle Volume Fraction 
Figure 1 Deformation of RVE of B4C composite under tensile loading 

3.2. Stress distribution in the RVE 
Figure 2 shows contour plot of Von Misses stresses induced 

in spherical B4C particle RVE for 5% to 15% of volume fraction 
under tensile loading. The B4C particle carries a higher stress 
than the Al-Li matrix. Due to that, the failure of the composite 
will be start at the interface between particle and matrix. From 
the contour plots of Von Mises stress for the RVE, It is observed 
tha;, the strength of the composite increase due to the transfer 
of load from matrix to reinforcement. The Von Mises stress is 
found to be more uniform overall the matrix as compared to 
the axial stress. The maximum stresses are observed to be 

more for 5% volume fraction. This is due to that, as we increase 
the volume fraction of the RVE, the particle matrix mixture has 
higher load carrying capacity so the induced stress in the RVE 
reduces as we increase the volume fraction from 5% to 15%. 
The stress induced in the RVE decreases with 7% from 5% to 
15% in B4C MMC. 

5% Particle Volume Fraction 

15% Particle Volume Fraction 

Figure 2 Stress distribution in the RVE of B4C composite under tensile 
loading 

4. Conclusions

A three dimensional cubic unit cell containing a spherical 
particle was developed to predict the effective mechanical 
behavior of B4C reinforced Al-Li alloy composites. The 
microscopic deformation and stress-strain distribution of the 
3D model have been investigated under a tensile loading.  

There is 33% decrease in deformation of the RVE from 5% to 
15% of B4C particles in Al-Li / B4C composites. The deformation 
of unit cell was decreased with increase in the content of 
reinforcing particles as higher volume content of reinforcing 
particles increases the overall stiffness, thus restricting the 
deformation of unit cell.  

The stress induced in the RVE decreases with 7% from 5% to 
15% of B4C particles in Al-Li / B4C composites. The highest value 
of stress was located in the matrix at a small distance away 
from the interface along the loading direction, whereas 
minimum stress concentration occurred near the interface.  

References
[1] Chennakesava R Alavala 2016 J Adv. Tech. in Engg. and Science 4 33-

40 
[2] Ayyar A and Chawla N 2007 Acta Materialia 55 6064-6073 
[3] Ranjit Bauria and Surappa MK 2007 Science and technology of 
advanced materials 8 494-502. 
[4] J Augustyn Pieniążek, H Adrian and S Rzadkosz 2013 Archives of 
foundry engineering. 13 5-10 
[5] Herakovich CT 2012 Mechanics Research Communications 30 1-20. 
[6] Guild FJ and Young RJ 1989 Material Science 24 298-306. 
[7] Ramakrishnan N, Kumar AM and Radhakrishna Bhat 1996 Journal of 
Material Science 31 3507-3512. 
[8] Chawla N and Chawla KK. 2007 ICCM 1-12  
[9] Ritesh Raj and Thakur DG. 2016 J. Mate. Engg. Inov. 7 56-79  
[10] Maedeh Amirmalekia, Javad Sameia, Daniel E. Greena, Isadora van 
Riemsdijkb and Lorna Stewartb 2016 ELSEVIER 31 27-39 
[11] Meijer G, Ellyin F and Xia Z 2000 ELSEVIER 31 29-37  


