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Chapter 1  Introduction

Advanced materials can provide specialized properties or combinations of properties. Metal matrix
composites are one of the strongest candidates as a structural composite for many high temperature and
aerospace applications. The main objective of using a metal matrix composite is to increase service temper-
ature or specific physical properties of structural composites by replacing existing superalloys [1]. In metal
matrix composites, microstructural inhomogeneities are commonly found {2]. It would be advantageous
to be able to predict the physical properties of a metal matrix composite if the details of these inhomo-
geneities are known. The physical properties of metal matrix composites are strongly influenced by many
factors of microstructure including the moduli and strengths of the constituents ; the shape, size, orienta-
tion, volume concentration and distribution of the reinforcements ; the nature of the reinforcement-matrix
interface [3]. Thus, a good knowledge of microstructure is a prerequisite to the design and development of
the performance of metal matrix composites.

Silicon carbide whisker reinforced aluminum composites (SiC-Al composites) are known as metal matrix
composites for stiff, high-strength and light-weight applications. The cross sectional shape of the whisker
is circular, elliptical, triangular or hexagonal [4-6]. One of the used environments for most of the metal
matrix composites is the thermal environment, particularly in high temperatures. The common problem
has been the large difference in thermal expansion characteristics of ceramics and metals [7]. The partial

debonding is inevitably induced in composite materials and can be precursor to serious degradation of
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physical properties. Functicnally graded materials (FGM) offer solution to the thermal stress problem
and may create wide interest. Typically, FGMs are made from a mixture of constituents. Specially
designed graded interface layers are used in metal matrix composites to improve matching of the coeflicients
of thermal expansion (CTE) between constituents. These property gradients have to be appropriately
tailored to gain advantage of the properties of constituents. Such a design would allow a gradual change
in thermal expansion mismatch, minimizing the thermal stresses arising from cooling and heeting. Thus,
the development of functionally graded metal matrix composites is necessary to improve material stability
in severe environments.

Applications of quantitative nondestructive evaluation (QNDE) to intelligent processing and in-service
inspection of metal matrix composites are closely related to techniques for microstructure characterization.
The quality control of microstructure through QNDE is highly desirable. QNDE is also important for the
in-service inspection of high-cost structures whose failure could have tragic consequence. The evaluation
of elastic waves propagating in metal matrix composites is, therefore, indispensable to the investigation of
microstructure, the estimation of physical properties, and the interpretation of QNDE. The results give rise
to frequency dependent phase velocities and attenuations of the coherent waves in metal matrix composites.

In this paper, studies of the scattering of plane elastic waves in a composite material with functionally

graded microstructures are performed from a theoretical and numerical point of view.

Chapter 2  Scattering of compressional and shear waves by a polygonal inclusion

In this chapter, the scattering of in-plane compressional and shear waves by a polygonal inclusion is
studied by using the boundary element method (BEM) [8]. The results of the single scattering problem
are applied to the propagation of elastic waves in a composite material containing a dilute concentration of
polygonal inclusions. The effective complex wave numbers follow from the coherent wave equations which
are related to the structural parameters accounting for processing induced variations in the microstructure,
and the effective elastic moduli can be obtained from the phase velocities of the coherent plane waves. The
solutions obtained are based on the plane strain assumption. Numerical calculations for a SiC-Al composite
are carried out for a moderately wide range of frequencies, and the effects of inclusion shape and orientation
on the scattering cross sections, and the phase velocities and attenuations of coherent plane waves and the
effective elastic moduli for a dilute composite are shown graphically. Furthermore, using the results of the
scattering problem, the inverse problem is attempted to identify characteristics of a inclusion with known

shape and orientation.

Chapter 3 Imfluence of microstructure on scattering of plane elastic waves

by a partially debonded elliptical inclusion
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In this Chapter, the scattering of elastic waves by a partially debonded elliptical inclusion is studied by
using the boundary element method [9]. The region of debonding is modeled as an interface crack with
non-contacting faces that cannol iransmit surface tractions. This is an acceptable approximation for a real
interface crack if the faces do not touch when the composite material is disturbed. The separation of the
faces, the crack opening displacement, produces a scattered field. Computations are made for a SiC-Al
composite. Graphical results showing the effects of inclusion orientation, aspect ratio and debonding on
the scattering cross sections, the phase velocities and attenuations of coherent plane waves and the effective

elastic moduli for a dilute composite are presented.

Chapter 4 Maultiple scattering of plane elastic waves in a fiber-reinforced

composite medium with graded interfacial layers

The primary objective of this Chapter is to study the multiple scattering of time-harmonic elastic waves
in a metal matrix composite containing randomly distributed parallel fibers with graded interfacial layers
[10]. Two modes of incident waves are in-plane compressional and shear waves. The same-size circular
fibers of identical properties and same-thickness interface layers with nonhomogeneous elastic properties
are assumed. The method of solution consists of first solving the scattering problem by a large number
N of arbitrarily distributed fibers in an infinite matrix, the resulting equations are then averaged by
considering the positions of the fibers to be random with a statistically uniform distribution, and these
averaged equations are solved by using Lax’s quasicrystalline approximation. Two types of interface layers,
graded interface layer which consists of varing proportions of constituents and imperfect interface layer, are
considered. In the graded interface layer, many continuous transitions from one structure to another with
the change of volume concentration of one of the constituents across the thickness, can be controlled by the
structural parameter. For calculating the properties of the graded interface layer, micromechanical model
of skeletal structure is used. In addition, the static effective elastic constants of composite materials are
considered. Numerical calculations for a SiC-fiber-reinforced Al composite are carried out for a moderately
wide range of frequencies and the effects of interface properties on the phase velocities and attenuations of

coherent plane waves, and the effective elastic moduli are shown graphically.

Chapter 5 Multiple scattering of plane elastic waves in a particle-reinforced

composite medium with graded interfacial layers

Following Chapter 4, we analyze the effects of graded interface layers and multiple scattering by a
distribution of particles on the time-harmeonic plane elastic wave propagation in a metal matrix composite
{11]. The same-size spherical particles of identical properties with same-thickness nonhomogeneous interface

layers are assumed to be randomly distributed. In analysis, the equations of the scattering problem by
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a large number N of particles are averaged and solved by using Lax’s quasicrystalline approximation.
The complex wave numbers giving the phase velocities and attenuations of coherent plane waves, and the
effective elastic moduli for a SiC-particle-reinforced Al composite are obtained numerically and shown in

graphs for various interface properties at desinated frequency.

Chapter 6 Conclusions

The main results and conclusions of the present research work are summarized.
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