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Abstract: Hexagonal array unit cell/2-D elliptical particulate RVE models were used to evaluate interface debonding and
particulate fracture using two-dimensional finite element methods. The particulate metal matrix composites are titanium car-
bide/AA2024 alloy at different volume fractions of titanium carbide. The titanium carbide particulate was ruptured in the com-
posites having 30%TiC due to large variation of local stress across the particulate.
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1. INTRODUCTION

Metal composite materials (MMCs) have found application in many areas of daily life for quite some time. These innovative
materials open up unlimited possibilities for modern material science and development; the characteristics of MMCs can be
designed into the material, custom-made, dependent on the application. From this potential, metal matrix composites fulfill all
the desired conceptions of the designer. The characteristics of metal matrix composite materials are determined by their micro-
structure and internal interfaces. Chemical interactions and reactions between the matrix and the reinforcement component de-
termine the interface adhesion, modify the characteristics of the composite components and affect the mechanical characteris-
tics significantly. Fracture of reinforcement particles either during processing or during subsequent mechanical loading has
been observed experimentally in discontinuously particulate-reinforced metal matrix composites [1, 2]. Finite element analyses
are also used to study the overall elastic properties of two-phase discontinuously particulate-reinforced metal matrix compo-
sites (DMMCs) as a function of the shape, concentration, and spatial distribution of the reinforcement particles [3-13].

The objective of this paper is to predict debonding in AA2024 alloy/titanium carbide particulate metal matrix composites. Rep-
resentative volume elements (RVEs) models were modeled using finite element method. The RVEs were taken from the peri-
odic 2-D elliptical particulates in a hexagonal array distribution.
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Figure 1: The RVE model: (a) particle distribution and (b) RVE scheme.
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2. MATERIALS AND METHODS

The AA2024 alloy/titanium carbide nanoparticulate metal matrix composites were used in the present work with 10%, 20%,
and 30% volume fractions of titanium carbide. The periodic model for the representative volume element (RVE) scheme as
shown in figure 1 was used to analyze the composites with ANSYS software code. The RVE scheme was constructed from 2-D
elliptical particulates in a hexagonal array particulate distribution. The perfect adhesion was assumed between titanium carbide
particle and AA2034 alloy matrix. PLANE183 element was used for the matrix and the nanoparticle. The interface between
particle and matrix was modeled using CONTACT -172 elements.

If particle fracture occurs when the stress in the particle reaches its ultimate tensile strength, o, ., then setting the boundary
condition at

0p=0p, s )
and substituting into Eq.(1) gives a relationship between the strength of the particle and the interfacial shear stress such that if
2
Op,uts < :T (2)

Then the particle will fracture. Similarly if interfacial debonding/yielding is considered to occur when the interfacial shear
stress reaches its shear strength
T= Tinax 3)
Then by substituting Eq. (5) into Eq.(1) a boundary condition for particle/matrix interfacial fracture can be established where-
by,
no
_bp
Tmax < 2
“4)
This approach suggests that the outcome of a matrix crack impinging on an embedded particle depends on the balance between
the particle strength and the shear strength of the interface.

A linear stress—strain relation at the macro level can be formulated as follows:
G=C¢ ©)

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:

Ty 1=1Ca G 0 [X) & (6)
Txy 0 0 Cs Vxy
The interfacial tractions can be obtained by transforming the micro stresses at the interface as given in Eq. (3):
tZ
t= ;tn} =To (7
Lt
0 0 0
where, T =| cos?0 sin?0 2sinfcosf
—sinfcosf sinfcosd cos?0 — sin?0
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Figure 2: Schematic of three particle damage modes in metal matrix composites reinforced with spherical particles.
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For the three cases of the shattering of particles producing complete voids, debonded particles, and particles containing single

penny-shaped cracks (figure 2), their results can be summarized as
Ec _ 1

Em — 14+7,(=V)Vp+ngVaVe ®)
Where E. and E,, are elastic moduli of the composite and matrix, respectively, V,, is the volume fraction of total particle rein-

forcements, V is the volume fraction of damaged particles in terms of total particles, and 1, and n4 are function of V, and V4
and elastic moduli of matrix and reinforcements [15].

3. RESULTS AND DISCUSSION

The effect of titanium carbide content on the elastic moduli, E, E, and G,y is shown figure 3a. The tensile elastic modulus
increased with the increase of titanium carbide content in the composites. The compressive and shear moduli of AA2024 alloy
20%TiC composites were lower than those of AA2024 alloy 10%TiC and AA2024 alloy 30%TiC composites. The major Pois-
son's ratio decreased with increase of volume fraction of TiC (figure 3b).

120 1.6
By 12 -
g 80 - Gy —+— -eylex
i- o g —— sqri{Ex/Ey)
] =
I.I:j: .\-‘—ﬂ—-/"“- L . =
o 40 h""*--..__________.__________..--".
w 0.4 -
0 T T r 0.0 T . r
0 10 20 30 40 0 10 20 30 40
Volumefraction, %Wp Vaolumefraction, %Vp

Figure 3: Effect of volume fraction on effective material properties.

The particulate fracture was occurred in the composites having 30% TiC particulates as shown in figure 4a. The TiC particulate
fracture was noticed as the condition &, < 2t/n is satisfied. The condition, Tpax < N0, /2 is satisfied for the occurrence of de-

bonding in the composites having 10% and 20%TiC particulates (figure 4b). The normal and tangential tractions developed at
the interface increased with the increase of TiC content in the composites (figure 5).
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Figure 4: Fracture criteria of: (a) particulate fracture and (b) interface debonding.
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In TiC particulates, the stress intensities were, respectively, 458.13 MPa, 464.96 MPa and 462. 74 MPa in the composites hav-
ing 10% TiC, 20%TiC and 30% TiC (figure 6). The stress variation is nil across the particle in the composites having 10% TiC.
The stress variation is 45 MPa across the particle in the composites having 20% TiC. The stress variation is 52 MPa across the
particle in the composites having 30% TiC. High differential stress across TiC particle is attributable to fracture of TiC Particu-
late in the composites having 30% TiC.
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Figure 5: Normal and tangential interactions.
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4. CONCLUSION

The interface debonding took place in the composites having 10% and 20% volume fractions of TiC. The Particulate fracture
was observed in the composites having 30% TiC. The particulate fracture was due to large variation of local stress across TiC
particulates.

Figure 6: Results obtained from finite element analysis: stress intensities.
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