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ABSTRACT

Composite materials are those formed by combining more than one bonded
material, each with different structural properties. Since composite materials have the
ability to tailor many properties, such as a high ratio of stiffness to weight, strength,
thermal p}operties, corrosion resistance, wear resistance, fatigue life, they have been
extensively used in many structural applications. Therefore, many manufacturing
techniques have been developed recently. The aim is usually to obtain stronger,

stiffer materials with lower density.

Metal fiber-metal matrix plates consist of a low ductile, usually low strong metal
matrix and elastic or ductile and strong metal fibres. The strength and the stiffness of
the fiber and the ductility of the matrix provide a new material with superior

properties.

In this study, thermal elastic-plastic stress analysis is carried out on simply
supported antisymmetric cross-ply [0%/90°%], and angle-ply [30%-30%],, [45%-45%,,
[60%/-60]2, [15%-15%,, [15%-30%, [15%-45%],, [15%-60°], aluminium metal-matrix
laminated plates under the constant temperature change through the thickﬁess of
plates. The plates are composed of four orthotropic layers bonded antisymmetrically.
In the solutions, a special computer progra:h has been employed. Plastic and residual
stresses are determined in the antisymmetric cross-ply and angle-ply laminated plates
for small deformations. In the solution of the elastic part, classical laminated theory
has been used. For the elastic-plastic solution, the Tsai-Hill Theory is used a yield
criterion. Cross-ply and angle-ply laminated plates are evaluated for elastic-perfectly
plastic and lineer strain hardening material properties. For those laminated plates,
residual stresses and plastic flow are obtained by using incremental stress method.
Additionally, it is assumed that the lamina properties do not change over the
temperature range. Finally, results obtained are presented in tables.



OZET

Kompozit malzemeler, her biri farkl 6zelliklere sahip birden fazla malzemenin bir
araya getirilerek sekillenmesiyle olusan malzemelerdir. Kompozit malzemeler
agirlik, mukavemet, yliksek sertlik orani, 1s1l $zellikler, korozyon direnci, siirtiinme
direnci, yorulma &mrii gibi listiin 6zelliklere sahip olduklarindan birgok yapisal
uygulamalarda yaygin olarak kullamilirlar, Bundan dolay: simdiye kadar birgok
tretim teknikleri gelistirilmistir. Burada amag¢ genellikle diigiik yogunluk ile
mukavim malzeme elde etmektir.

Metal fiber-metal matris plaklar yumusak matris ve sert, mukavemetli fiberlerden
olusurlar. Fiberin mukavemet ve sertlifi ile matrisin hafifli3i yeni bir siiper 6zellikli

malzemenin olugsmasini saglamaktadir.

Bu c¢aligmada, plak kalinh@: boyunca sabit sicaklik degisimi altindaki basit
destekli antisimetrik gapraz takviyeli [0%90°], ve agih takviyeli [30%-30%],, [45%-
45%,, [60%-60%, [15%-15%],, [15%-30%,, [15%-45%,, [15%/-60°], aliminyum metal-
matrisli tabakali kompozit plaklarin 1s1l elastik-plastik gerilme analizi {izerine bir
calisma yapilmistir. Plaklar antisimetrik gekilde do6rt tabakali olarak
birlestirilmiglerdir. C6ziim i¢in 6zel bir bilgisayar programi gelistirilmigtir. Plastik ve
artik gerilmeler capraz takviyeli ve agili takviyeli antisimetrik plaklarda kigik
deformasyonlar i¢in belirlenmigtir. Elastik kismin ¢éziimiinde klasik tabaka teorisi
kullamlmgtir. Elastik-plastik ¢6ziim i¢inde Tsai-Hill akma kriteri kullamlmagtir.
Capraz takviyeli ve agih takviyeli tabakali plaklarin ideal plastik ve lineer
sertlesebilen malzeme 6zelliklerine sahip olduklan kabul edilmistir. Plastik akima ve
artik gerilmeler gerilme artirma metodu kullanilarak bulunmustur. Ayrica tabaka
6zelliklerinin sicaklik artis1 ile degismedigi kabul edilmigstir. En sonunda bulunan

sonuglar tablolarda gosterilmistir.

$L. YORSEXSCRETIM KURGL
DOKBMANTASYON MERNESE
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NOMENCLATURE

: the displacements in the x, yand z directions.

: the principle strains in the principal 1, 2 and 3 directions.

: the strains in the x, y and z directions.

: the thermal principle strains in the principal 1, 2 and 3 directions.
: the thermal strains in the x, y and z directions.

: the mechanical strains in the x, y and z directions.

: the strain components on the reference plane.

: the total strain increments in the principal directions.

: the total strain increments in the x, y and z directions.

differential form of strain increments in the x, y and z directions.

: the equivalent plastic strain.

: the plastic constant.

: the principle stresses in the principal 1, 2 and 3 directions.
: the transformed stresses in the x, y and z directions,

: the equivalent stresses.

: the yield stresses.
: the principle shear stresses in the principal 1, 2 and 3 directions.

: the transformed shear stresses in the x, y and z directions.
: the curvatures in the x, y and z directions.
: the thermal resultant forces for a laminate.

: the thermal resultant shear force for a laminate.
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: the thermal resultant bending moments for a laminate.

: the thermal resultant twisting moment for a laminate.

: the longitudinal tensile or compressive strength.
: the transverse tensile or compressive strength.
: the shear strength.

: uniform change temperature.

: the thermal force and moment resultant matrix.

: the lamina stiffnesses matrix for principal directions.
: the lamina transformed stiffnesses matrix.

: the laminate extansional stiffnesses.

: the laminate coupling stiffnesses.

: the laminate bending or flexural stiffnesses.

: the principal lamina compliances.

: the principal coefficients of thermal expansion.

: the transformed coefficients of thermal expansion.

: the fiber and matrix coefficients of thermal expansion.

: the composite modulus first and second material directions.

: the fiber and matrix moduli.

: Poisson’s ratios.

: Poisson’s ratios of fiber and matrix.

: the total principal stresses at i th step.

: the plastic stress components.
: the stress components during the releasing of external forces.

: the residual stress components.



CHAPTER 1
INTRODUCTION

1. 1. Introduction

Composite materials are those formed by combining two or more materials on a
macroscopic scale such that have better engineering properties than the conventional
materials, for, example, metals. Some of the properties that can be improved by
forming a composite material are stiffness, strength, weight reduction, corrosion
resistance, thermal properties, fatigue life and wear resistance. Most man-made
composite materials are make from two materials: a reinforcement material called

fiber and a base material called matrix material.

The behavior of composite materials is often sensitive to changes in temperature.
This arises for two main reasons. Firstly the response of matrix to an applied load is
temperature-dependent and, secondly, changes in temperature can cause internal
stresses to be set up as a result of differential thermal contraction and expansion of
the constituents. These stresses affect the thermal expansivity (expansion coefficient)
of the composite. Furthermore, significant stresses are normally present in the
material at ambient temperatures, since it has in most cases been cooled at the end of
the fabrication process. Changes in internal stress state on altering the temperature
can be substantial and may strongly influence the response of the material to applied
load. Thermal conductivity of composite materials is of interest, since many
applications and processing procedures involve heat flow of some type. This
property can be predicted from the conductivities the constituents, although the

situation may be complicated by poor thermal contact across the interfaces.

Data for the thermal expansion coefficients (o) of matrices and reinforcements, as

a function of temperature. Polymer and metals generally expand more than ceramic.



It can be seen that the differences in expansivity between fibre and matrix are large
in many cases. Since fabrication almost inevitably involves consolidation relatively
high temperatures composites usually contain significant differential thermal
contraction stresses at ambient temperatures. In additional, for resin-based
composites, the matrix undergoes shrinkage during curing, which represent a further

contribution to differential contraction.

Analysis of stresses due to change in temperature allows the coefficient of thermal
expansion (CTE) to be predicted. These stresses will have associated strains and the
net effect of these on the length of the composite, in any given direction, can be
calculated or estimated. This net length change arising from the internal stresses is
simply added to the natural thermal expansion of the matrix to give the overall length
change and hence the composite expensivity. This simple view of thermal expansion
allows certain points to be identified immediately. For example: a porous material,
regarded as a composite of voids in a matrix, does not develop any internal stress on
heating, because the inclusions have zero stiffness. Hence the presence of pores (of
whatever shape, size and volume fraction) does not affect the CTE, although they

give rise to sharp reductions in stiffness.

Problem associated with thermal stresses can be severe with laminates. Thermal
misfit strains now arise, not only between fibre and matrix, but between the
individual plies of the laminate. For example, since a lamina usually has a much
large expansion coefficient in the transverse direction than in the axial direction,
heating of a cross-ply laminate will lead to the transverse expansion of each ply
being strongly inhibited by the presence of the other ply. This is useful in the sense
that it will make the dimensional changes both less pronounced and more isotropic,
but it does lead to internal stress in the laminate. These can cause the laminate to
distort, so that it is no longer flat. However, even if such distortions do not occur, the
stresses which arise on changing the temperature can cause micro structural damage

and impairment of properties.






