156 Selected Topics of Contemporary Solid Mechanics

INTERFACIAL THE RMAL STRESS ANALYSIS OF AN ELLIP TICAL INCLUSION WITH
AN IMPERFECT | NTERFACE IN ANISOTROPIC PLANE

C.H. Wang
Dept. of Aeronautical Bgineering, NationaFormosa University, Yunlin County, Taiwan

1. General introduction

At the earlystage on developing the analysif inclusion problens, the bondingcondition
between the inclusion and tharix is always considered perfectly bonded. However in it neal
situation,the inclusiorninterfaces are notegfectly bonded at all especially #ise tenperatue of the
conposite is in relatively higher\el. This study provides the interfatthernal stress analysis fo
the prollems of an ellifical inclusion enbbedded in an anisotropicgrle wth imperfect inteface. he
thermal loadwe considehere is thathe inclwsion is subjected to a uniform teerature change. Th
analytical results which give ehdistributions of interfacial stsses are derived base on St
formalism [1] in conjunction with the techniqued using napping functions. As to the iperfect
interface, a springtype nodel with vanising thickness is applied uth that we conséat the
interfacial tractions are contious and theigplacenent junps acpss the iterface layer are i
proportion to the traction cgmonens in their respectivdirection [2]. The nomegative interfacia
paraneterh;, n, tor z, which is the ratio of the interfaciaress and the interfacial disgrement jump
in the nornal, tangential or anti-plge direction, varies froreero to infinite value. The linting value
of interfacial paraneters i.e. =0 or hj=c0, imply a particular case which represents a gietely
debonded interface or a perfectlynged interface, spectively. Therefore, our results can be appl
to the nost problens of all posdile kinds of interfaces. Aang thederivations of this study, due t
the fact that the terfacial displacemnt junps proportionallyrelate to tlke corresponding interfacia
stresses, only using analytical continuation coedtiito an unsolvable situation with expanding
solutionon the inclusion doain into a comlex Fouier series. To overcoathis awkward situation
an idea of seivinverse nanipulation is introducedby virtue of applying th exact expression for
Fourier s@es, which isthe multiplication of two different Fourier sées B]. According to tle
obtained digibution cuwves br the interacialthermal streses ofan ellipticd inclugon problemwith
an inperfectinterface, tle results othis research indicate that tbetrene values and distributions «
the interfacial stresses atgly depend on the values of interfacial pagiars.

2. Basic formulations

In a coordinate system, i=1, 2, 3, the teperature, displaceent vectoru = [uy, Uy, Us]" and
stress function vectas= [¢1, ¢, ¢5]' on an anisotropic plane can be expressed as follows [1]

1) T=2R€g'(z,)}
2) u=2Re{Af(z,)+cg(z,)}
3) ¢ = 2Re{Bf (z,) +dg(z,)}

whereA ard B are Strév matrices,c and dare heat eigenvectors, ag¢,) andf(z,) are arlitrary
functions of their arguents. According to the asmptions for a spring-type odel for an inperfect
interface, tle interfacial conditiog atthe elligical interface are given by

(4) o (80, 0) =0,
(5) Gij(%ig):h(HL*(aove)H_ui*);iuj:nrt!z-
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where the atation || = (+), — (), derotes for the function vakijump across the interface layerca

u, repregnts the displaceents in direction asseiated with the eigemisin. The subscript indice
“1" and “2” stand for the associateiantities on tb nmetrix and the inclusion doains, respectively
The values of the three non-néga interfacial paramtershy, h;, h;, in Eq. (5) can represent tt
bonding condition at thinterface. B using Egs. (B(3) Egs. (4) and (5) lead to a set ghaitaneous
equations in tersoffi(z,) andfx(z,) pertaining to the exésolutions on the doains of matrix and
inclusion, respectiely. After mapping the elliptical interface into anit circle and then expandin
fa(z,) into a Laurent series, the exact ferme siccessfully solved by virtue of introducing
sem-inverse approach in conjunctiarith the analytical continuation method.

3. Numerical results

The resilts of ths researclare presented hiye interfacial shearti®sscurve for an orthtwopic
inclusion problemConsidea tenperature chargof 100°C on the inclusion artthe half length ofthe
axesa=1.5,b=1 and that the aterial propertie®f the conposite syptemare as

(E,), =10GPa, (E,), =5GPa, (E;), =5GPa, (v;), =04,i;j=1~3,i # ], (G,,), =1GPa,
(Gp), = 2GPa, (G,;), =1GPa, (a,;), = 70x10°(1/°C), (a,,), = 50x10°(1/°C),

(ar55), = 50x10°°(1/°C), (K,,), =IW/m°C, (K,,), =OW/nmrC, (k,,), =O0W/nrC,

(E), =17GPa, (E,), =7GPa, (E;), =5GPa, (i), =03,i;j=1~3i = |, (G,), =3GPa,
(G), =2GPa, (G,,), =1GPa, (ay,), = 70x10°(1/°C), (a,,), = 50x107°(1/°C),

(@43), = 60x10°°(1/°C), (ky,), =IW/nrC, (K,,), =0W/mC, (k;,), =0W/mC,

Figure 1 shows the cqrarison of the interfacial glar stress distribution curves for two differe
cases: the @sfectly borded interface and the friomal sliding interface. It is ofious tha the
interfadal shear $ressdistribution can change evidently atite extreme value of shear strestahbty
magnifies as the interface changes frperfectly bonded to frictional sliding.
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Fig. 1. The distribution curves ttie interfacial shear streakng the elliptical integce.
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