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The paper deals periodic composites which two-dsimeral material structure is

determined by the anisotropic conductivity matiixariant with respect to the pair of
translations such that the periodic cell determibgdthem coincide with the shapely
hexagon. Moreover, it will be assumed that the netstructure is invariant over the

T/3-rotations with the centers of every hexagonhasdarigin of the rotation. The main

aim of this paper is to prove that the tolerancel@eho@f such composite, obtained by the
orthogonalization method, is isotropic.
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1. ITRODUCTION

Throughout this contribution we shall deal with theeroheterogeneous periodic
hexagonal-type composite solid made of the pesfdithded constituents. The
behaviour of these solids will be restricted to hieat conduction problem based
on the Fourier heat conduction law and will be atigated in the framework of

the well known two-dimensional parabolic equatiohick, under denotations

0=[0,,0,0], 0 =[00,0,], x=[x,%,,0], Zz=X, , can be written in the form

cd,w- DO ADW) -9 [adw) + f =0 (1.1)

Symbol w=w () stand here for a temperature field defined @ R?,
f = f([) be the known density of heat sources. In the aleguationc =c [)is
the heat flux and
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K(x2) = {A(x, 2) [O,O]T}
[00] a(2)

is the conductivity martrix. We shall also assurhe teat flux continuity
conditions in normal directions on the interfacEs I 0 Q, between the
constituents of the considered composite.

The well-known fact is that due to the discontinei@md highly oscillating form
of functional coefficient(-), A(:), the direct application of (1.1) to the an&ys
of special problems in most cases is difficult. fTisawhy the mentioned above
heat conduction problem is usually replaced, uisdene additional assumption,
by some other problems with more regular coeffigeThe characteristing
feature of these assumptions is that microstructfireonsidered material is
characterized by a certain scalar parameter 0. In this case conductivity

matrix A in (1.1) depends oml, K =K ,. In many cases, in which the local

averaged temperature can be introduced, the tolerace averaging teckeniqu
approach is very useful to the averaging of thd headuction problem (1.1).
The tolerance averaged model obtained on this weagists of the system of
differential equations with more regular coefiidierior averaged temperature

u=u(OSV,(Q) and fluctuation amplitudesw” = w” ((X) 0 SV (Q) , which

are new basic unknowns. Just introduced functiepabeS\/Ol(Q) is a certain

new space consisting of slowly-varying functionsr Barticulars the reader is
reffered to [1,2].

2. FORMULATION OF THE MODELLING EQUATIONS

There are known two methods via which the toleraeeraged model can be
obtained. The first one is the method based of w oencept of extended
stationary action principle introduced in [1]. Theethod have been resulted in
many applications dealing functionally graded mater To the periodic
problems the orthogonalization metod explained 2h (isually have been
applied. Since the subject of this paper is a separiodic material structures
we shall restrict ourselves to the tolerance moegliations obtained by
orthogonalization metod. To thos end following mdare explained in [2] we
look for the temperature foield in the form

w(X,z,t) =u(x, z,t) + g (YW (x, z,t) (2.1)

Where u(x,t) =(c) Xcw) & t ) is the averaged temperature field and* x t ( , )

are extra unknowns which are usually referred tofagtuation amplitudes.
Here and in the sequeél stand for the averaged operator, [2], superscripts
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denoted by capital lating,B,... run over 1,2,.N, whereN is a number of
fluctuation amplitudesShape functions g”(x), caused by the periodic structure
of the composite, should be periodic and satistpesadditional conditions like
(g™y=0 and g*"00 @), cf. [2]. Foolowing [2] the system of tolerance
averaged equations will be rewritten in the form

(AYD2u +(a)0%u —(c)d,u+ (A Mg HOW" = (f)

(cg”g®)0W® —(ag”g®)0*W® +(0g" (A g*)W" + (2.2)

+(0g* )Ou=~(fg")

Under the additional assumption that unknowns depearxclusively orx the

above system ofequations reduces to the form
(AYDPu—(c)d,u+ (A Mg"HOW" = ()
A B B A B B A A (23)
(cg”g )0 W™ +(0g" [A g™ )W" +(0g™ [A)Du = ~(fg™)

investigated in [3]. Following [3] we shall restriconsiderations to the case of
honeycomb-type composites satisfying two followasgumptions:

Assumption 1. The material structure of the anisotropic caodu is
invariant under /3 — rotations with respect to the center of a la&gu
periodicity cell.

Assumption 2. The sequencg’',....g" of the shape functions is invariant
under 27/3 — rotations with respect to the center of a lagperiodicity cell.

We are to show that under the above assumptioagtate equations (2.3)
can be transformed to the equivalent system of tamngs with the isotopic
coefficients.

3. ISOTROPIC PROPERTIESOF MODEL EQUATIONS

To transform tolerance equations (2.3) to the ggotrform we are to outline the
line of approach similar to this presented in [B]rstly, we shall rewrite
decomposition (2.1) in the form

wW(X,z,t) =u(x,z,t) + g (XYW (X, Z,t) (3.1)

where indices, r run over the sequences 1,8,and 1,2,3, respectively. In the
decomposition mentioned above decomposition

97 (¥) = 97(Qx) (3.2)
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where Q denote the matrix of rotation oven3 and W® are fluctuation

amlitudesw* also renumerated on the same way. Héxwen.
Now, instead of fluctuation amplitud/® we shall introduce new amplitudes

U =W2+W2 +W2, v =t'w? (3.3)

where t' are three vectors determines the basic hexagormwtar (1.7)
represents an invertible linear transformation leetm\W* andU*?, v®. Let us
introduce the following averaged coefficients

A =(0g (A MgHt" Ot°, B* =(A g Ot
Cy =(cgigot' Ot°, K3’ =(aglgHt’ Ot*,
G;° =(c(g; + 95 +93)(g; +9; +93)), (3.4)
8" =(0(g; + 95 + 95) (A (g, +9; + ),
F=(f(g7 +09; +93)), F° =(fgit’,
where t? =Qt*, t3=Qt?, t'=Qt3, are three vectors determines the basic
hexagon. Rather simple manipulations yield to
OQA)YMu+B?: Ov? —(c)d,u=(f)
CP IV -KP BV +AP " +(B*)' Mu=—f2 (3.5)
Ezabub +52wa - fa
It can be proved that

(Ay=k1, AP =a"1+a’0, B*=b%1+b%[]

ab ab ab ab _ Cab =~ ab (3'6)
CP=cl1+¢ 0, KP =k 1+kP O,
for
"a 3 a r <a 3 a Tr
k= 0OXtrA), b =Z((trA)Dgr>Dt . b =Z<(trA)Dgr>Dt ,
a =t"' Og*(trA)0g’y d°, a2 =§tr [Og?(trA)0gl)y (T °, (3.7)

c® =(cg?gL)d™, €& =(cgtgL) O0°, ki =(ag?g’)d™, k® = (ag?gl)
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Hence system of equations (3.5) is isotropic.

4. CONCLUDING REMARKS

Characteristic features of equations (3.5) candbed as follows.

1° Model equations (3.5) are isotropic and hence waeehproved the main
thesis of this note that the averaged heat transfponse of the honeycomb-
type rigid conductor is isotrpic even material prdjes of the conductor are
anisotropic.

2° The obtained equations (3.5) include a specia oashich every cell of the
honeycomb-type considered conductor has a threefwisl of symmetry.
Similar result in elastodynamic was obtained In [4]

3° As it has been mentioned at the end of Sectiam the special case in which
basic unknowns do not depend oresults obtained In this note reduces to
results obtained in [3].
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USREDNIANIE TOLERANCYJNE PRZEWODNICTWA CIEPLA W
KOMPOZYTACH O PERIODYCZNEJ STRUKTURZE HEKSAGONALNEJ

Streszczenie

W pracy zaproponowano rownomva postd& tolerancyjnie &rednionego modelu
przewodnictwa ciepta kompozytu o mikroperiodyczrstjukturze materialnej typu
plastra miodu. Zalmno niezmiennicz& tej mikrostruktury wzgidem obrotéw o &
2713 a take taky samy niezmienniczé¢ stosowanych funkcji ksztattu. W otrzymanej
nowej postaci model ten ma wspétczynniki izotropowe





