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The objects of consideration are thin linearly thermo-elastic Kirchhoff-Love-type circular
cylindrical shells having a periodically micro-inhomogeneous structure in circumferential direc-
tion (uniperiodic shells). The aim of this note is to formulate and discuss a new non-asymptotic
averaged model for the analysis of selected dynamic thermoelastic problems for these shells.
Contrary to the starting exact shell equations with highly oscillating, non-continuous and pe-
riodic coefficients, the proposed tolerance model equations have constant coefficients depending
also on a cell size. Hence, an important advantage of this model is that it makes it possi-
ble to investigate the effect of a period of inhomogeneity on the global shell thermodynamics
(the length-scale effect). This effect is neglected in the known homogenized models derived by
asymptotic methods.
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1. FORMULATION OF THE PROBLEM, STARTING EQUATIONS

Thin linearly thermo-elastic Kirchhoff-Love-type circular cylindrical shells
with a periodically micro-heterogeneous structure in circumferential direction
are analysed. Shells of this kind are termed uniperiodic. At the same time, the
shells under consideration have constant properties in axial direction. Periodic
inhomogeneity means here periodically variable shell thickness and/or periodi-
cally variable inertial, elastic and thermal properties of the shell material. The
period of inhomogeneity A is assumed to be very large compared with the max-
imum shell thickness and very small as compared to the midsurface curvature
radius as well as the length dimension of the shell midsurface in periodicity di-
rection. It means that the shells under consideration are composed of a large
number of identical elements and every such element, called a periodicity cell,
can be treated as a thin shell, cf. Fig. 1.
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F1c. 1. An example of a shell with an uniperiodic microstructure.

The dynamic thermoelastic problems of such shells are described by partial
differential equations with highly oscillating, non-continuous and periodic co-
efficients, so these equations are too complicated to apply to investigations of
engineering problems. To obtain averaged equations with constant coefficients,
a lot of different approximate modelling methods have been proposed. Periodic
cylindrical shells (plates) are usually described using homogenized models de-
rived by means of asymptotic methods, cf. [1]. Unfortunately, in the models of
this kind the effect of a microstructure size (called the length-scale effect) on the
overall shell behaviour is neglected. This effect can be taken into account using
the tolerance averaging technique, cf. [2-5]. Some applications of this method to
the modelling of mechanical and thermomechanical problems for various peri-
odic and tolerance-periodic structures are shown in many works. The extended
list of papers and books on this topic can be found in [3-5].

The aim of this contribution is to formulate and discuss a new averaged tol-
erance 2-D model for the analysis of selected dynamic thermoelastic problems for
the periodic cylindrical shells under consideration. Contrary to the starting exact
equations of the shell thermoelasticity with highly oscillating, non-continuous
and periodic coefficients, governing equations of the proposed averaged model
have constant coefficients depending also on a microstructure size X\. Hence, this
model makes it possible to describe the effect of a length scale on the thermoelas-
tic shell behaviour. The model will be derived applying the tolerance modelling
technique, cf. [2-5].
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We assume that 2! and 22 are coordinates parametrizing the shell midsur-
face Min circumferential and axial directions, respectively. We denote z = 2! €
Q= (0,Ly) and ¢ = 2? € Z = (0, Ly), where Ly, Ly are length dimensions of
M, cf. Fig. 1. Let Oz'z?%3 stand for a Cartesian orthogonal coordinate system
in the physical space R? and denote X = (z',7%,7%). A cylindrical shell mid-
surface M is given by M = {i ER3:x = F(xl,xQ) , (xl,xQ) € Q) x E}, where
¥(-) is the smooth function such that dr/dz! - or/dz? = 0, or/ox! - or/ox! = 1,
0t /0z? - 0t/0x? = 1. It means that on M we have introduced the orthonormal
parametrization. Sub- and superscripts «, 3, ... run over 1, 2 and are related to
x', 22, summation convention holds. Partial differentiation related to z® is rep-
resented by d,. Moreover, it is denoted 0n.. 5 = 0y ... 05. Let aqg and b,g stand
for the midsurface first and second covariant metric tensors, respectively. Under
orthonormal parametrization introduced on M, a11 = aoe = 1, a2 = ao1 = 0
and boo = by = b1 =0, by = —r L

The time coordinate is denoted by ¢t € I = [to,t1]. Let d(x) and r stand for
the shell thickness and the midsurface curvature radius, respectively.

The basic cell A and a cell A(z) with the centre at point x € Qa are defined
by: A = [-N/2, A\2], A(z) =z + A, z € Qa, Qa = {z € Q: A(z) c Qal,
where A is a cell length dimension in z-direction. The microstructure length
parameter A satisfies conditions: A/dmax » 1, A/r « 1 and A\/L; « 1. Setting
z =z € [-)\/2, )\/2], we assume that cell A has a symmetry axis: for z = 0.
It is also assumed that inside the cell not only the geometrical but also elastic,
inertial and thermal properties of the shell are described by symmetric (i.e. even)
functions of argument z.

Denote by uy = u(z,&,t), w = w(x,&,t), (x,&,t) € Q x Z x I, the shell
displacements in directions tangent and normal to M, respectively. Elastic prop-
erties of the shells are described by shell stiffness tensors D7 (), B*#79(z),
Let pu(z) stand for a shell mass density per midsurface unit area. Let f(x,&,t),
f(x,&,t) be external forces per midsurface unit area, respectively tangent and
normal to M. Denote by 0(x, £, t) the temperature field treated as the temper-
ature increment from a certain constant reference temperature Ty (by reference
temperature we shall mean the zero stress temperature). It is assumed that

0/Ty < 1. Let a*’ (x) stand for the membrane thermal stiffness tensor (tensor of

thermo-elastic moduli: EQB = DaBré a5, where o, are coefficients of thermal ex-
pansion). Denote by K®?(z) and by ¢(x) the tensor of heat conductivity and the
specific heat, respectively. The heat sources will be neglected. For uniperiodic
shells, D (z), B (x), p(x), Eaﬁ(:v), K®3(x), c¢(x) are highly oscillating,
non-continuous and periodic functions in x.

It is assumed that the temperature along the shell thickness is constant.
From this restriction it follows that only the coupling between temperature field
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6 and membrane stresses occurs (describing by tensor Eaﬁ(x)) while the coupling
of temperature and bending stresses is absent.

The starting equations are the well known governing equations of linear
Kirchhoft-Love theory of thin elastic cylindrical shells combined with Duhamel-
Neumann thermo-elastic constitutive relations and coupled with the known lin-
earized Fourier heat conduction equation in which the heat sources are neglected.
Thus, the starting equations consist of:

a) the Duhamel-Neumann stress-strain-temperature relations

(1.1) nB(z,6,t) = D s a0, moB(x,£t) = Bk,
where
1
6045(55’ g, t) = §(aﬁua + aauﬁ) - baﬁw, Kaﬁ(x, £, t) = _aozﬁwa
b) the dynamic equilibrium equations
ﬁgnaﬁ - uaaﬁiig + f* =0, 0a5m°‘5 + bagnaﬁ —pw+ f =0,

which after combining with (1.1) are expressed in displacement fields u,, w and
temperature field

03(D*7 35us) 705DV ) =0 (@' ) — paiig + 1 = 0,
(1.2)
P DM Qg + 00 (BP0, 5w) —r 1A 04 r 2D i — f = 0,

¢) the linearized heat conduction equation based on the Fourier law
(1.3) Oa(K*P050) — cf = To(@* o0t +r~1d" ).

Equations (1.2) and (1.3) describe the dynamic thermoelastic problems for
the shells under consideration. Coefficients of these equations are highly os-
cillating, non-continuous and periodic functions in x. Applying the tolerance
modelling technique (cf. [4, 5]) to (1.2) and (1.3), we will derive the averaged
tolerance model equations with constant coefficients depending also on a mi-
crostructure size.

2. MODELLING PROCEDURE, EQUATIONS OF TOLERANCE MODEL

The fundamental concepts of the tolerance approach under consideration
are those of two tolerance relations between points and real numbers determined
by tolerance parameters, slowly-varying functions, tolerance-periodic functions,
fluctuation shape functions and the averaging operation, cf. [3-5].
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Below, the mentioned above concepts and assumptions will be specified with
respect to one-dimensional region € = (0, L;).

Tolerance between points. Let A\ be a positive real number. Points x, y be-
longing to Q = (0, Ly) are said to be in tolerance determined by A, if and only
if the distance between points x, y does not exceed A, i.e. |z —y| < A

Tolerance between real numbers. Let o be a positive real number. Real
numbers g, v are said to be in tolerance determined by g, if and only if | — v|
< 0.

The above relations are denoted by: x 2 Y, W R v. Positive parameters A, 5
are called tolerance parameters.

Let F'(-) be a function defined in = [0, L1], which is continuous, bounded
and differentiable in Q together with their derivatives up to the R-th order.
Nonnegative integer R is assumed to be specified in every problem under con-
sideration. Note, that function F' can also depend on & € = = [0, L] and time
coordinate ¢ as parameters. Let 6 = (A, dg, 1, ..,dr) be the set of tolerance pa-
rameters. The first of them is related to the distances between points in €2, the
second one is related to the differences between values of function F'(-) at points
z, y belonging to €, such that [z —y|| < A, and the k-th one to the differences
between values of the k-th derivative of F(-), k = 1, ..., R, at points z, y belong-
ing to €, such that |z —y|| < A. A function F(-) is called slowly-varying of the
R-th kind with respect to cell A and tolerance parameters §, F' € SV(SR(Q, A),
if and only if

(Y(z,y) € Q2 [(w R y) = Fa) LF(y) and 8 F(x) £ & F(y), &k =1,2, ...,R],

where 0¥ F(-) stands for the k-th derivative of F(-) in Q. Roughly speaking,
slowly-varying function F(-) can be treated (together with its derivatives up to
the R-th order) as constant on a cell in the framework of tolerance determined
by the pertinent tolerance parameters.

In the applications of the tolerance modelling, tolerance parameter A is
known a priori as a certain microstructure length, whereas values of tolerance
parameters dg, d1, ..., 0g can be determined only a posteriori, i.e. after obtaining
solution to the initial-boundary value problem under consideration.

An integrable and bounded function f(-) defined in Q = [0, L] is called
tolerance-periodic of the R-th kind with respect to cell A and tolerance param-
eters 0, f € SV{I(Q,A), if it can be treated (together with its derivatives up to
the R-th order) as periodic on a cell.

Let h(-) be a periodic highly oscillating function defined in 2 = [0, L1], which
is continuous together with derivatives 6’fh, k=1,..., R—1, and has a continuous
or a piecewise continuous bounded derivative df*h. Periodic function h(-) will
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be called the fluctuation shape function, h(-) € FST(Q, A), if it depends on A as
a parameter and satisfies conditions:

neO(T),  dneo(AF),

k=1,2,...R, J w(z)h(z)dz =0, z € Ax), z € QAa,
Az)

where 1u(+) is a certain positive valued periodic function defined in Q.
The averaging operator for an arbitrary function f(-) being integrable and
bounded in every cell is defined by:

m+)\/2

(2.1) > (2))= Jf ;) zeA(),  weQa.

x—A\/2

The tolerance modelling is based on two assumptions. The first of them is
called the tolerance averaging approzimation.

Let f(-) be an arbitrary integrable tolerance-periodic functions defined in
Q =[0,L1] and let F(-) € SVH(Q,A), G(-) € SVF(Q,A) and h(-) € FS1(Q,A),
g(+) € FS?(Q2, A). The tolerance averaging approximation has the form

(foffF) (z) = (fYof'F(z) + O(3), R=0,1, ANF =F,
(fOfiG) (x) = (fHofG(z) + O(5), R =0,1,2, NG =G,
(f 01(hF)) (z) = {f O1h)(x) F(x) + O(9),
(f 01(9G)) (x) = (f d19)(2)G(x) + O(6),
{f R (9G)) (@) = {f By (x)G(z) + O(5).

In the course of modelling, terms O(¢d) will be neglected. Let us observe that
the slowly-varying functions can be regarded as invariant under averaging.

The second assumption is termed the micro-macro decomposition. In the
problem under consideration, the micro-macro decomposition is assumed in the
form

Ug (T, &, t) = ug(x,g,t) + h(z)Uqy(x, &, ),
(2.2) w(z, &, t) = w’(z,&,t) + g()W (x,&,1),
Oz, t) = 0°(x, &, 1) + b(2)O(x, &, 1),
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where macrodisplacements u®, w® and macrotemperature 6° as well as displace-
ment fluctuation amplitudes Uy, W and temperature fluctuation amplitude ©
are the new slowly-varying unknowns, i.e. ul, U,, 6°, © € SV}(Q,A), w?,
W e SV2(Q, A). Fluctuation shape functions for displacements h(z), g(x) and
fluctuation shape function for temperature b(x) are the known in every prob-
lem under consideration, A-periodic, continuous and highly-oscillating functions.
They depend on A as a parameter and in this work they have to satisfy con-
ditions: h € O(N), Ad1h € O(N), g € O(\?), Ad1g € O(X2?), \20119 € O(\?),
be O(N), Ad1be O(N), {uhy =gy = {cb) =0.

We substitute the right-hand sides of (2.2) into (1.2), (1.3). For decomposi-
tion (2.2), the governing Eqgs. (1.2), (1.3) do not hold, i.e. there exist residual
fields defined by

p* = 65(D“6V565(u2 + hUy)) + r_lﬁg(Do‘ﬁn(wO + gW))
— (@™ (6° +0)) — pa® (% + hl3) + 1,
p= r_lDaﬁH@g(ug + hU,) + 0a5(BO‘BV6075(w0 + gW))
23) — 1300 +80) + r 2D (0 4 W) + p(° + gW) — f,
s = 0, (K*P05(0° + bO)) — ¢(0° + b6)
— Ty(@ 0a (0 + hUg) +r~1d" (@0 + gIV)).

Following [2], we introduce the residual orthogonality assumption which states
that residual fields (2.3) have to satisfy the following orthogonality conditions

24) PH=0, =0, =0, (pg=0, {s)=0, (sb)=0,

for almost every (z,€) € 2 x Z and every t € I = [tg,t1]. Tolerance operation (-)
on cell A is defined by (2.1).

Conditions (2.4), on the basis of the tolerance averaging approximation, lead
to the system of averaged equations for unknowns u%, w, U2, W, 6°, ©. Under
the extra approximation 1+ A/r & 1, this system can be written in the form of:
a) the stress-strain-temperature relations

NoB — <Da6'y6> a(sug + 1 <Da511>w0 + <Da5’ylalh> Ufy

+ (D22 0,0, — (@760~ (8 ) 6,
M = <BO‘B“’5> 075100 + <B°‘511611g>

+ 2<Baﬁl2alg> W + <Ba5229> 029 W,

(2.5)
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H? = (hD™ 05 = (WD) gy + (1hD Moy
Uy = (hDP200 030 + 77 (b DMy — (oynd™ ) 6°

n <362h> 920° — <Em§1h b> o+ <352bh> 2,0,

(2.6)
G = (ongB ") dagu® — 221982 ) 0o’

n <gBaﬁ22> 5a522w0 4 <(511g)231111> Wi (2 <8119B112zg>
- 4<(319)231212>) 022W + <(9)232222> 02220 W,
b) the dynamic equilibrium equations

0N = (uy a®iig, +(f7) = 0,

OapMP + = IN 4 iy — (fy = 0,

(2.7) Culy?y a1, + 17— {0y = 0,

{u(9)* )W +G = (fg) =0,

¢) the heat conduction equations
(K7 00"+ K010 ) 950+ (K20 ) 330~ (c) 0 =Ty d™ ) 0

+{Tyd o) Ugt (Ty @ 1) 005+~ (Tyd'" )
(2.8)
(K20 ) 030"~ (K010 ) 956°+ (K2 (0)%) 0200 — (K (010)) ©

~ {e®)?y O =(Tybd™” ) 00y +(To d" b orh ) U+ (Ty @bk ) U5,

Equations (2.5)—(2.8) together with the micro-macro decomposition (2.2)
constitute the tolerance model for the analysis of selected dynamic thermoelasic
problems for uniperiodic shells under consideration. Coefficients of the derived
model equations are constant and some of them depend on microstructure length
parameter \ (underlined terms).
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3. AN EXAMPLE OF APPLICATIONS

In this section as an example of applications of Egs. (2.5)—(2.8) we shall
investigate the effect of a cell size A on the initial distributions of temperature
micro-fluctuations in the uniperiodic shells under consideration. An example of
a shell with an uniperiodic structure is shown in Fig. 1.

In order to analyse this problem, we assume that the external forces f?, f
are equal to zero. We neglect the forces of inertia (u) a®?id, {u(h)?) a®? U,
in directions tangential to the shell midsurface as sufficiently small when com-
pared to the forces of inertia (y) @°, (u(g)*) W in direction normal to the shell
midsurface. At the same time we also neglect terms containing the first time
derivatives of macrodisplacements u (-, ) and of displacement fluctuation am-
plitudes U,(+,t) as sufficiently small when compared to terms containing the
first time derivatives of kinematical unknowns w®(-,t), W (-, ).

The investigated problem is rotationally symmetric with a period A\/r; hence
ul, U3 = 0 and the remaining unknowns of the tolerance model u3, Uy, w?,
W, 6% © (but not total displacements us, w and total temperature field @ in
decomposition (2.2)!) are independent of z-midsurface parameter.

Taking into account the symmetric form of a cell A = [—)\/2, A\/2], we assume
that fluctuation shape functions for displacements h(-) € FS'(Q,A) and for
temperature b(-) € FS'(Q,A) are odd with respect to z € [—)/2, A\/2] (the
cell has a symmetry axis for z = 0) whereas fluctuation shape function for
displacements g(-) € F'S?(2, A) is even with respect to z.

We restrict considerations to uniperiodic shells composed of homogeneous,
isotropic constituents. In this case i =7 = 0, d' =77 and K12 = K2 = 0,
Kll — K22.

Under assumptions given above, the system of tolerance model Eqgs. (2.7)—
(2.8) separates into the following system of five equations for u3(¢,t), w®(, ),

U2 (5, t)’ W(f, t)’ 90 (5, t)
<D2222> 822u8 NP <D2211> dou® — <322> 050" = 0,
(B*2%) 03990u” + (B> 0119) 022W + (B¥*g) 02000W + {uy i = 0,
((R2D?22) 03Uy = {(01h)2DH12) Uy = (@0 ) 2,6 =0,
(3.1) (0119B122Y dpu® + (gB?22) dpopu® + {(2119)2BIY W
+ (2 <3119311229> . 4<(51g)231212> )822W + <(g)2B2222> 32222W
+{u(g)*H) W =0,

<K22> 82290 — <C> 9.0 = 7’71 <T0811> wo,
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and independent equation for temperature fluctuation amplitude ©(&,t)
(3.2) (E?(b)*) 0220 = (K" (010)*) © = {c(b)*) © = 0.

The underlined averages in (3.1) and (3.2) depend on microstructure length
parameter \.

The subsequent analysis will be restricted to Eq. (3.2) describing micro-
fluctuations of temperature field in axial direction caused by periodic structure
of the shells under consideration.

We shall investigate the problem of time decaying of the temperature fluc-
tuation amplitude O(¢,t) setting

O, 1) = O%(§) exp(—7t),  t=0,

with 7 > 0 as a time decaying coefficient. Function ©*(&) represents an initial
distribution of temperature micro-fluctuations, i.e. ©(&,t = 0) = O*(¢).
Hence, under denotations

~o _ <K11(alb)2> <K11 al 2>

AN e®?)

)\2 <K22(5)2>, Yo =

where b(-) = A71b(-), Eq. (3.2) yields

(3.3) 0220*(€) = *[1 = (v/7:)]16* (&) = 0,

where v, is a certain new time decaying coefficient depending on mz’crostructure
length parameter A. It can be shown that averages <K 1 (01b) > <K 2(b >

<c 2> are greater than zero; hence k2> 0and ¥+ > 0. The boundary condltlons
for ©*(&) are assumed in the form

O*(§=0)=065,  O%(§=1Lsz) =0,

where 6 is the known constant.
The solution to Eq. (3.3) depends on relations between time decaying coef-
ficients v and ~,. The following special cases can be taken into account.

1) If 0 < v « 74 and setting %3 = %2[1 — (v/7«)] then

O*(€) = OF exp(—k£);

in this case the temperature micro-fluctuations are strongly decaying near the
boundary € = 0. It means that the micro-fluctuations can be treated as equal to
zero outside a certain narrow layer near boundary £ = 0. Thus, Eq. (3.2) being
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a starting point in the thermal problem under consideration makes it possible
to investigate the boundary layer phenomena.

2) If 0 € v < 74 then
6%(£) = O} [exp(— ) (1 — exp(~ 2, L)) + exp(br€)(1 — exp(2F, L)) ]
the initial micro-fluctuations decay exponentially but not strongly.

3) If v = v, then
O*(§) = O5(1 = &/La);

we deal with a linear decaying of temperature micro-fluctuation amplitude.
4) If v > 7, and setting k% = %2[(7/7*) —1] # (nm)%(L2) 2 then
O*(€) = O sin(k(Lz — &))(sin(rL2))
the temperature micro-fluctuations oscillate.
5) If 4>, and x> 5%2[(7/7*)—1] = (nm)%(Ly) 2 then the solution doesn’t exist.

The above effect cannot be analysed in the framework of the asymptotic
models commonly used for investigations of thermoelastic problems for micro-
periodically shells under consideration. It can be observed that within the asymp-
totic models neglecting the length-scale terms, Eq. (3.2) reduces to equation
(K (01)?) © = 0, which has only trivial solution © = 0.

Notice that in the problem under consideration, for an arbitrary but fixed
time argument ¢ the shape of temperature micro-fluctuation amplitude (¢, t) is
the same as the form of initial temperature micro-fluctuation amplitude ©*(¢).

4. REMARKS AND CONCLUSIONS

The tolerance modelling procedure is applied to the known partial differential
equations describing dynamic thermoelastic problems for Kirchhoff-Love-type
thin linearly elastic cylindrical shells with periodic microstructure in circumfer-
ential direction.

In contrast to exact thermoelastic shell Egs. (1.2), (1.3) with discontinuous,
highly oscillating and periodic coefficients, the tolerance model Egs. (2.5)—(2.8)
proposed here have constant coefficients depending also on a cell size . Hence,
this model makes it possible to analyse the effect of a microstructure size on
the global thermodynamic shell behaviour (the length-scale effect). This effect
is neglected in the known homogenized models derived by asymptotic methods.
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The resulting model equations are uniquely determined by the highly oscillat-
ing, periodic fluctuation shape functions representing oscillations of temperature
and displacement fields inside a cell caused by a periodic structure of the shells.
These functions have to be known in every problem under consideration.

The number and form of boundary /initial conditions for unknown macrodis-
placements u0, w® and macrotemperature §° are the same as in the classical shell
theory governed by Egs. (1.2), (1.3). The boundary conditions for kinematic
fluctuation amplitudes ), V and thermal fluctuation amplitude @ should be
defined only on boundaries £ = 0, { = Ls. The form of initial /boundary condi-
tions for Q,, V and @ are the same as in the classical shell theory.

Solutions to the initial-boundary value problems have the physical sense only
if the basic unknowns ul, w, Qq., V, 6%, © of the tolerance model are slowly-
varying functions in periodicity direction. This requirement can be verified only
a posteriori and it determines the range of the physical applicability of the
model.

As an example of applications of tolerance model Egs. (2.5)—(2.8), a certain
special problem dealing with time decaying of initial micro-fluctuations of tem-
perature field was analysed. It was shown that in the uniperiodic shells under
consideration the form of initial temperature micro-fluctuations depends on re-
lations between the given time decaying coefficient v > 0 and «a certain time de-
caying coefficient v, depending on microstructure length parameter A. The initial
temperature micro-fluctuations decay exponentially for 0 < v < ~,. They decay
linearly for v = ~,. If v > ~, then the temperature micro-fluctuationsoscillate.
Moreover, if 0 < v « 7, then the micro-fluctuation amplitude is strongly decay-
ing near the boundary £ = 0. It means that the temperature micro-fluctuations
can be treated as equal to zero outside a certain narrow layer near boundary
¢ = 0. Thus, we have shown that the tolerance model proposed here makes
it possible to analyse the boundary layer phenomena. All the effects mentioned
above cannot be investigated in the framework of the asymptotic models.

Some other applications of the tolerance model proposed here to investigate
special thermoelastic or only thermal problems for uniperiodic shells under con-
sideration dealing with the effect of a cell size on the thermoelastic behaviour
of the shells, e.g. influence of a period length on vibration caused by a certain
thermal load, effect of the microstructure size on distribution of the averaged
and fluctuating parts of temperature and displacement fields, will be shown in
forthcoming papers.

REFERENCES

1. LEwiNsk1 T., TELEGA J.J., Plates, Laminates and Shells. Asymptotic Analysis and Ho-
mogenization, World Scientific Publishing Company, Singapore, 2000.



A NEW TOLERANCE MODEL OF DYNAMIC THERMOELASTIC. .. 191

. TomczYK B., WozNIAK C., Tolerance models in elastodynamics of certain reinforced thin-
walled structures, [in:] Statics, Dynamics and Stability of Structures, Kotakowski Z., Kowal-
Michalska K. [Eds.], Lodz University of Technology Press, Lodz, pp. 123-153, 2012.

. Tomczyk B., Length-scale effect in dynamics and stability of thin periodic cylindrical shells,
Scientific Bulletin of the Lodz University of Technology, No. 1166, series: Scientific Disser-
ations, Lodz University of Technology Press, Lodz, 2013.

. Thermomechanics of Microheterogeneous Solids and Structures. Tolerance Averaging Ap-
proach, Wozniak C., Michalak B., Jedrysiak J. [Eds.], Lodz University of Technology Press,
Lodz, 2008.

. Mathematical Modelling and Analysis in Continuum Mechanics of Microstructured Media,
Wozniak C. et al. [Eds.], Silesian Technical University Press, Gliwice, 2010.

Received October 14, 2016; accepted version January 28, 2017.



