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Abstract: Cohesive zone interfacial debonding is analyzed using finite element analysis within silicon nitride/AA1100 alloy
metal matrix composite under various particle loading conditions. Square hexagonal array unit cell/rectangular particle RVE
models are worked out using two-dimensional finite element methods. The linear kinematics and the linear elastic material
models are used the nonlinearity is only due to the cohesive failure of the particle-matrix interface. The debonding has enlarged
with increase of volume fraction of silicon nitride.
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1. INTRODUCTION

Decohesion (figure 1) between the matrix and particulate in the metal matrix composites is an important failure mechanism.
Interfacial failure, resulting in debonding, of the particle from the matrix, is often the first mode of failure to occur [1-5]. Mi-
cromechanics models are attractive as they give rise to closed-form or semi-analytic solutions. Numerical simulation is per-
formed on a sample region of the heterogeneous material, which is small enough to be computationally tractable. This calcula-
tion region is the base cell of a periodically repeating microstructure. The simplest possible base cell contains a single inclusion
and thus represents an ordered particle distribution [6-15]. In the limit, the region of calculation becomes a Representative Vo-
lume Element (RVE).

Figure 1: Decohesion in a metal matrix composite.

The effect of damage due to particle debonding on the constitutive response of particulate reinforced composites is investigated
using the finite element implementation of the mathematical theory of homogenization. The particle debonding process is
modeled using a bilinear cohesive law which relates cohesive tractions to displacement jumps along the particle-matrix inter-
face. The analysis is performed in plane strain with linear kinematics. RVE model is of hexagonal square array consisting pe-
riodical distribution of silicon nitride particulates in the AA1100 alloy matrix.

2. MATERIALS AND METHODS
The volume fractions of silicon nitride particulate reinforcement were 10%, 20%, and 30% in the matrix AA1100 alloy. The
periodic model for the representative volume element (RVE) scheme is shown in figure 2. The perfect adhesion was assumed
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between Silicon nitride particle and AA1100 alloy matrix. PLANE183 element was used for the matrix and the nanoparticle.
The interface between particle and matrix was modeled using a CONTACT-172 element.
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Figure 2: The RVE model: (a) particle distribution and (b) RVE scheme.
A linear stress—strain relation at the macro level can be formulated as follows:
G=Cé (1)

where & is macro stress, and & represents macro total strain and C and is macro stiffness matrix.

For plane strain conditions, the macro stress- macro strain relation is as follows:

9y ¢=|[Cx G 0 |X{& (2)
Txy 0 0 Ci Vxy
The interfacial tractions can be obtained by transforming the micro stresses at the interface as given in Eq. (3):
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3. RESULTS AND DISCUSSION

The tensile elastic modulus, E, increases with increase of volume fraction of silicon nitride in AA1100 alloy matrix as shown
in figure 3a.In contrast, the compressive elastic modulus, E, and shear modulus, Gxy diminish with augment in the volume
fraction of silicon nitride. The major Poisson's ratio increases with increase of volume fraction of silicon nitride for
SiN4/AA1100 alloy metal matrix composites (figure 3b). Figure 4 shows von Mises stresses induced in a unit cell of square
hexagonal array RVE under tensile stress. The maximum von Mises stress occurs at edges and vertices of the rectangular parti-
culate. The stress bridging enhances with increase in the volume fraction of silicon nitride.

In this work, the linear kinematics and the linear elastic material models are used the nonlinearity is only due to the cohesive
failure of the particle-matrix interface. The stiffness mismatch between the Silicon nitride particle and the AA1100 alloy ma-
trix is 247 MPa. The analysis is performed in two dimensions using a plane strain assumption. The two surfaces of the cohesive
element begin to separate, with a constant initial stiffness. Once the interface strength is reached to its maximum, the interface
becomes weaker with increasing separation, until achieving the critical separation, at which point failure is complete and the
interface can no longer sustain tractions. When the interfacial normal traction, t, becomes zero the interface can no longer
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withstand the loading transfer capability from the matrix to the particle but resulting the occurrence of debonding due to tensile
loading (figure 5a). When the interfacial tangential traction, t, becomes zero the interface debonding is due to shear as shown in
figure 5b. The resultant effect of normal and tangential traction is the incidence of debonding as shown in figure 3. The level of
debonding (¢ > b > a) increases with increase of volume fraction owing to more transfer of load from the matrix to the particle.
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Figure 3: Effect of volume fraction on effective material properties.
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Figure 4: Stress concentrations in SisN,/AA1100 alloy metal matrix composites.
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Figure 5: Interfacial tractions along the angle due to tensile loading: (a) normal and (b) tangential.
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CONCLUSION

In this work, the linear kinematics and the linear elastic material models are used the nonlinearity is only due to the cohesive
failure of the particle-matrix interface. The degree of debonding increases with increase of volume fraction owing to more
transfer of load from the matrix to the particle.
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