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Abstract: Diamond array unit cell/2-D rectangular particulate RVE models were used to estimate interface debonding using
cohesive zone analysis. The particulate metal matrix composites are titanium nitride/AA6061 alloy at different volume frac-
tions of titanium nitride. Interface debonding was observed in all the composites.
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1. INTRODUCTION

Linear Elastic Fracture Mechanics (LEFM) is used for dealing with crack propagation, but requires knowledge of an already
existing crack [1]. Cohesive zone modeling (CZM) offers no initial crack, but still relies on well known properties such as crit-
ical energy release rates. The Cohesive zone concept was proposed by Barenblatt [2]. The cohesive zone model divides a crack
into two parts. The cohesive zone is idealized as two cohesive surfaces which are held together by tractions.
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Figure 1: Distinction of the two different zones in the crack.

The tractions [2-14] in the cohesive zone are related to the relative displacements of the cohesive surfaces through a constitu-
tive law. A physical crack extension occurs when the relative displacements in the cohesive zone reach a critical value. A
sketch of a cohesive zone with tractions, T, as a function of separation distance, A is shown on figure 2.
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Figure 2: A cohesive zone with tractions, T, as a function of separation distance.

In the present research, the cohesive zone analysis was carried out to predict interface debonding in the AA6061/titanium ni-
tride nanoparticulate-reinforced composites. In the analysis, the two cases of interfacial debonding and particulate fracture were
studied. Representative volume elements (RVEs) models were taken from the periodic 2-D rectangular particulates in a di-
amond array distribution.
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Figure 3: The RVE model: (a) particle distribution and (b) RVE scheme.

2. MATERIALS AND METHODS

The volume fractions of titanium nitride used in the present work were 10%, 20%, and 30% TiN. The matrix material was
AA6061 alloy. The periodic model for the representative volume element (RVE) scheme was constructed from 2-D rectangular
particulates in a diamond array particulate distribution (figure 3). PLANE183 element was used for the matrix and the nanopar-
ticulate. The cohesive zone can be incorporated in the continuum formulation by applying the cohesive tractions as boundary
conditions. When the discretization is set up, two types of elements are required. One element is a continuum type element and
the other a CZM type element. The Newton-Raphson Method (NRM) is used as it supports the concept of a tangent stiffness
matrix. The cohesive element is implemented as a linear element with four nodes. The isoparametric formulation is chosen for
the element, meaning that shape and displacements are interpolated by the same shape functions. Introducing the natural coor-
dinate system, the linear Lagrangian shape functions are given as:
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Introducing the shape function matrix as:
Ny O 0 N0 0D Ny O 0O NgO 0O ] X
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The displacements as functions of the natural coordinates can be written in the matrix-vector form as:
{u”} = [N|{a"}
3)

{u"} =IN|{q"}

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

Gp= Op, uts “4)

and substituting into Eq.(1) gives a relationship between the strength of the particle and the interfacial shear stress such that if
2

Oputs < — (5)

27-28 February 1998 161



National Conference on Materials and Manufacturing Processes Hyderabad, Andhra Pradesh, India

Then the particle will fracture. Similarly if interfacial debonding/yielding is considered to occur when the interfacial shear
stress reaches its shear strength

T= Trnax (6)
For particle/matrix interfacial fracture can be established whereby,
no
Tmax < —- (7)

2
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.

3. RESULTS AND DISCUSSION

The effect of volume fraction of titanium nitride (TiN) on the elastic moduli, Ey, E, and G,y is shown figure 4a. A slight in-
crease in the tensile modulus was found with an increase in the volume fraction of TiN, while decrease of Gy, was noticed with
the increase of ZrO, in the composites. The compressive modulus was least for the composites having 20% TiN. The major
Poisson's ratio increased with increase of volume fractions of TiN (figure 4b). The reasons could be attributed the mismatches
of elastic moduli and Poisson’s ratios of AA6061 alloy matrix and TIN particulates. The elastic moduli of AA6061 alloy ma-
trix and TiN particulates are, respectively, 68.9 GPa and 251 GPa. The Poisson’s ratios of AA6061 alloy matrix and TiN parti-
culates are, respectively, 0.33 and 0.25.

160 20
) (2) —+— _gyiex (b)
120 - i 15 - —8— sqri{Ex/Ey)
o
] — g
i- l-_________.__________l —+— Ex N
3 80 —=—EFy | T 10 -
ugj: —+—Gxy
B o —
w40 - . ‘ 05 - — N
H T T T 0.0 T T T
H 10 20 30 40 0 10 a0 30 40
Wolume fraction, %Vp Wolumefraction, %Vp
Figure 4: Effect of volume fraction on effective material properties.
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Figure 5: Fracture criteria of: (a) particulate fracture and (b) interface debonding.

The particulate fracture was not revealed in the composites as shown in figure 5a. The TiN particulate fracture was not pro-
duced as the condition o, < 2t/n is not satisfied. The condition Tp,x < no,/2 is satisfied for the occurrence of debonding in
the composites including 10%, 20% and 30% TiN (figure 5b). The strain energy density increased in the AA6061 alloy matrix
with an increase in the volume fraction of TiN (figure 6). The strain energy density decreased at the interface with an increase
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in the volume fraction of TiN. Nevertheless, the strain energy density of TiN increased in the composites. This represents the
debonding tendency at the interface between AA6061 alloy matrix and TiN nanoparticulates. The decreased strain energy den-
sity attributes to the interface debonding. The strain energy density in the TiN nanoparticulates was lower than that developed
in the matrix and at the interface. The normal and tangential tractions are higher for AA6061/30%TiN composites than that for
AA6061/10%TiN and AA6061/20%TiN composites (figure 7). The normal traction is highest along the loading direction lead-
ing to debonding in that direction. The interface debonding increased with an increase in the volume fraction of TiN as shown
in figure 8.

09
0.8 ’//—1
-
=
]
£ 07 -
=
=
£ 06
o —e— Particle
E 0.5 1  —s—Interface
—a— Matrix
i 0.4 ,\'_,//
0.3 r r r
0 10 20 30 40

Volume fraction, %Vp

Figure 6: Effect of volume fraction on strain energy density.
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Figure 7: Normal and tangential tractions.
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Figure 8: Results of cohesive zones obtained from finite element analysis for debonding.
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4. CONCLUSION
The interface debonding occurred in the composites containing 10% , 20% and 30% volume fractions TiN.; Nanoparticulate
damage had not occurred. The interface debonding increased with an increase of volume fractions of TiN in the composites.
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