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Abstract

A new voronoi representative volume element (RVE) model with Cohesive Zone Models is advanced to investigate the
effect of the interfacial properties on the dynamic behavior of ceramic-metal composites in this paper. This method is the
combination of RVE with random multi-particles based on voronoi diagram and cohesive zone models which is used to describe
interfacial mechanical behavior. Two kinds of interface are considered in this work, one is perfact interface; the other is weak
interface which is imperfect(including the strong and weak interface). The mechanical behaviors imperfect interface are
described by classical Cohesive Zone Models. By this method, the effect of interface on the dynamic behavior of particle
reinforced metal matrix composites had been investigated. The numerical results show that the interface properties have huge
impact on dynamic mechanical behavior of composites, strong interfaces will delay the failure of marix; however, the
composites will fail rapidly after the interfaces failed while the interfaces are weak.
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1. Introduction

Because the particle reinforced metal matrix composites (PRMMCs) is made of ceramic phase and metal phase, it becomes
a kind of materials with some unique characteristics, such as light weight, high specific strength, high specific modulus, low
thermal-expansion coefficient and good wear resistance. Theses characteristics make PRMMCs become the best candidate for
application in some extremely condition, such as impact loading, extremely high temperature and etc. Nevertherless, some
fatal defects in PRMMCs may lead to the disastrous failure of the PRMMCs structure if PRMMCs is not properly taken care.
In fact, it becomes more serious when the PRMMCs structure suffers the dynamic loading.

Experiment, numerical simulation and theory analysis have been carried out to make clear how the defects, especially
interface defects, change the PRMMCs’ dynamic behaviors. At the very begining, the researchers investigated it mainly by
expeimental methods. Until the computers have been applied widely, many numerical methods had been advanced to try to
make clear it. These methods are proved to be very effective and economic, especially, micro-mechanics methods are a class
of typical representatives of these methods because the researchers can get the dynamic behavior of PRMMCs by the
representive volume element (RVE) of PRMMCs. Most of the traditional RVE model adopt axisymmitric unit cell model to
predict the dynamic properties of PRMMCs. However, these models cannot reflect the effect of both particle distribution and
interface properties on the damage and dynamic properties of PRMMCs. The work of Zhang[1] proved if the proper damage
mechanisms and the dynamic mechanical properties can be obtained by a multi-particles model with different particles
distribution and different particle/matrix interfaces, the dynamic properties of composites can be predicted accurately. This
means the interface must be considered if we want to get more preciously predictive results about the dynamic behavior of
PRMMCs.

The Cohesive Zone Models (CZMes) is a successful method to describe the mechanical behavior of interfaces. The concept
of CZMs was first proposed by Barenblatt in 1959, and now CZMs are widely used to simulate the propagation of cracks and
interfaces’ failure for different materials.

In this paper, a new voronoi representative volume element(VRVE) model with Cohesive Zone Models is advanced to
investigate the effect of the interfacial properties on the dynamic behavior of ceramic-metal composites. a VRVE model is
created by the following steps. The size of RVE must chose firstly, then the RVE is divided into VVoronoi diagram according
to the nearest-neighbor rule [2], and some polygons are assigned to ceramic’s material properties according to the specific
volume fraction of ceramic phase and uniform random distribution of particle size, finally, a VRVE model can be obtained
when the finite element meshes on VRVE are generated . According to the above method, the micro-mechanical models are
built (with different volume fraction and different interfical properties) to study the dynamic behavior of PRMMCs.
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2. Multi-particles vornoi representative volume element (VRVE) with cohesive zone interface

2.1 The interface model-cohesive zone interface

Two constitutive model of CZMs are now widely used, exponential model[3] and bilinear model[4]. In this paper, the
bilinear constitutive model is used for simulating the interface between metal and matrix. The interfacial constitutive relations
of traction force-displacement for normal and tangential is shown in Fig 1. (a) and (b)[5].

2.2 Multi-particles vornoi representive volume element(VRVE)
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Fig. 1. The relationship between traction force and displacement, (a) Normal
traction Tp, (b) shear traction Tt
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Fig. 2. FEM with CZMs, (a) the particles volume fraction is 10%, (b) the
particles volume fraction is 20%

about 0.01mm, the total model contains 25768 elements without CZMs.

According to the steps mentioned in section
1, it seems that it is very easy to create a VRVE
model. However, there still is a key problem
which need to overcome when we want to use a
VRVE model. The problem is how to get the
proper statistical spatial and statistical size
distribution of particles, it means the RVE must
have the same characteristic as the real
materials and if the spatial distribution varies, it
must be insensive for this characteristics when
it is used to predict the mechanical behavior of
real materials.

When the VRVE model is obtained, CZM
must be generated between particles and matrix
for creating a VRVE model with interfaces. All
the interfaces between matrix and particles are
described by previous CZMs, the particles are
randomly distributed according to the volume
fraction (area fraction in this two-dimention
model). The models with different volume
fractions are demonstrated in Fig. 2 (a) and (b).

The micro-mechanic model of VRVE should
be in a millimeter level, small enough for the
structure scale and large enough for the
inclusion scale to contain plenty of inclusions,
therefore the model size Immximm is chosen in
this paper. Finally, the final model includes 121
voronoi polygons, the size of finite element is

The cohesive elements between particles and matrix are generated by a program, the program gets nodes and elements
information from files firstly, then finds the common edges, adds new nodes and moves the node by a parameter u. By doing
these operations, the CZMs elements with a thickness of 0.1 X u mm are generated. The models with CZMs are shown in

Fig. 2.

The Johnson-Cook material model is used for the Al matrix, Elastic material model for the SiC particles and bilinear
CZM s for the interfaces. The parameters used in this paper are listed in the Table 1 and Table 2.

Table. 1 Material properties[6]

Cohesive properties

Material Poisson’s ratio Young’s Modulus Cohesive Energy Cohesive Strength
P (37 m2) O (MPQ)

SiC 0.17 427

Al matrix 0.33 76

Interface 76 91.9 430

Table. 2 Johnson-Cook strength and fracture model constants for aluminum used in the computations[7,8]

Density Shear Modeulus  Strength constants Fracture constants
Material
aerdl - p(kg/m’)  G(GPa) AMPa) BMP) N C M D Dy D3 Dg Ds
6061_.1—6 2704 28 324 114 042 0.002 134 -0.77 145 -047 0.00 1.60
Aluminum
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2.3 Boundry Conditions

The boundry conditions of FEM VRVE need be met the basic conditions of a RVE. The periodic boundary conditions must
be applied firstly for RVE model. To get this point, the specimen’s left and right sides must remain straight by coupling the
nodes displacement in horizontal direction; the vertical displacement of the specimen’s bottom side must be constrained; the
displacement of the nodes on the tope side are change with time for simulating the dynamic tensile load ( Eq. (1)) [1].

u(0y)=0 on x=0; u(x0)=0 on y=0; u(x,y)=u(Ly) on x:L;u(x,H):goxti/t on y=H (1)

3. Results and Discussions

In the simulation, time step is set as t=0.1ms for the strain rate ¢ =1500s " and t=Ims for the strain rate & =150s". The
following formulations are used to calculate the equivalent stress and strain[1]:
S (g i i)
oy 7(Fy=0+Fy:H)/(L/2), sy =uy (xH) @)

where i isthe ith load step; oy is the average stress of the model; Fyi:0 and Fyi: are the sum of the nodes’ reaction force

on the bottom side and the top side, respectively; L' is the sample’s width at the ith load step. ey is the average strain of
the model on y-direction and u, (x,H ) is the displacement of the top side.

The true stress-strain curves under the different conditions are given in the Fig 3 and Fig.4, the stress distribution and
damage are shown in Fig. 5 and 6.
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Fig. 4: The True stress-strain curve with different interfaces, & =1500s"', (a) the particles ~Of the models without CZMS
volume fraction is 10%, (b) the particles volume fraction is 20% failed faster than that of the

models with CZMs.

From Fig.4, the elastic stage for the composite with three diffenent interfacial properties are almost the same, but the plastic
stages of them are very different. That is because after the composite materials enter yield stage, for the composites with
lower interfacial strength, the stress-strain curve gets down very soon after the interfaces failed; for the composites with
strong interface, the true stress-strain curve gets down later.

By observing the stress and damage distribution in Fig 5 and 6, it can be found that if the strength of interfaces is higher
than that of the matrix, the yield regions of the models with or without interfaces are almost same, but when the strength of
interfaces is lower than that of matrix, the interfaces fail earlier than the matrix, and the damage and failed regions of different
model are very different.
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Fig. 5: the von mises stress distribution and the damage zone in VRVE( the particles volume fraction:10%, £=1500s")/MPa

(a) strong interface, (b) perfect interface, (c) weak interface
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Fig. 6: the von mises stress distribution and the damage zone in VRVE( the particles volume fraction: 20%, £=1500s™)/MPa
(a) strong interface, (b) perfect interface, (c) weak interface

4.  Conclusions

A new voronoi representative volume element(RVE) model with Cohesive Zone Models is advanced to investigate the effect
of the interfacial properties on the dynamic behavior of ceramic-metal composites in this paper. This method is the combination
of RVE with random multi-particles based on voronoi diagram and cohesive zone models which is used to describe interfacial
mechanical behavior.

Bases on this new RPV model, the effect of of imperfect interface on the dynamic behavior of ceramic particles reinforced
metal matrix composites have been investigated. Numerical results indicate:

(i) The volume fraction of the particles has great influence on the dynamic behavior of the PRMMCs: the more ceramic
phase within the composites, the weaker the failure strength of the matrix is.

(ii) The strength of interface has great influence on the yield region of the PRMMCs. Strong interfaces will delay the failure
of matrix, and the composites materials with the weak interfaces will fail rapidly after the failure of interfaces.
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