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The objects under consideration are thin lineast®lgplates with periodic structure in

planes parallel to the plate midplane, subjecteldrge (of the order of plate thickness)
deflections. The main aim is to propose a matheaamodel describing geometrically

nonlinear problems of such plates, which is basethe tolerance averaging technique,
cf. Wozniak et al. [3]. Results calculated for a spectatis problem by the tolerance

model are compared with results obtained within khewn tolerance linear model of

thin plates.
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1. INTRODUCTION

In many engineering problems we deal with plateglviare made of isotropic
materials, but as a result of changing thicknesssarg two or more materials
with different elastic properties their behaviow similar to behaviour of
anisotropic or orthotropic ones with discontinustef geometric or/and material
properties, cf. Fig. 1. It leads to governing egpreg of these plates, which have
non-continuous, highly oscillating, functional cheients. Exact solutions to
these equations are very difficult to obtain. Theme various simplified
approaches, introducing effective plate propertées,proposed. Amongst them
there have to be mentioned models based on thepésyonhomogenization,
e.g. homogenized model of periodic plates propdsedohn and Vogelius [2].
Unfortunately, governing equations of these modslslly neglect the effect of
the microstructure size on the plate behaviouthils paper, in order to describe
this effect.the tolerance modelling approach is applied.

The aim of this contribution is twofold: to derigeverning equations of
the nonlinear tolerance model of thin periodic plates subjected to large
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deflections, which take into account the effecthef microstructure size, and to
compare some numerical results obtained by thiseieth those obtained by
the linear tolerance model of thin plates.
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Fig. 1. A fragment of a thin periodic plate

2. FUNDAMENTAL EQUATIONS

Let Oxyxo%3 be an orthogonal Cartesian coordinate systemepkiysical space.
The time coordinate is denoted tbySubscripts, j, k, | run over 1, 2, 3 and, j3,

v, ® run over 1, 2. Setting=(x1,%) andz=x,, it is assumed that the undeformed
plate occupies the regidd={(x,2):-86(x)/2<z<d(x)/2, xOM}, with midplanen
and the plate thicknesgl)l

Periodic plates consist of many repetitive elemerabed periodicity
cells, having identical geometric and material propsrti®ur considerations
concern plates with a periodic structure along tdicections. Then the
periodicity cell can be defined as a plane regisfi-i/2 A /2]X[-A/2.1/2],
with A4, A, being the cell dimensions along tke andx,-axis. The diameter of
the periodicity cell, given by=[(1)*+(1,)]]*? is calledthe microstructure
parameter. It is assumed that ma®&k<i<<min(L.L,), where L;, L, are
characteristic dimensions of the plate alongxheandx,-axis. For this reason
each periodicity cell can be treated as a thinepleiere and further the partial
derivative with respect to a space coordinate isotkrl byd,=0/0x,, and the
derivative with respect to times denoted by an overdot.

The considerations are based on the well-knownimeal theory of thin
plates (cf. the book edited by &fdak [4]). Denote a plate midplane deflection
by w(xt), the in-plane displacements along theaxes by ug(x,t), xOM,
tO(to,t1), the mass density of the plate material per amgda by

3(x)/2

H) = [p(dz,

-5(x)/2
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the elastic moduli tensor k&, the components of shell and bending stiffnesses
tensors by

3(x)/2 3(x)/2
Bupyo0) = [ CapyoX)dZ, ey = [ Coppa(¥) 2202,
-3(x)/2 -5(x)/2

where Cypy0=80py0—upasdaze/dsssa and the total loadings in tieaxis byq(x.t).
Neglecting terms involving tangent and rotationadrtia of the plate and loads
tangent to the plate midplane, we obtain:

() the strain-displacement relations:

Eap = Eoup + ZKop,

Eoup = %(aBuOor +04Ugg +0,WORW), Kgg = —04pW,s (2.1)

(i)  the stress-strain relations:

S = CapyeEye (2.2)

(i)  the equilibrium equations expressed in terms gbldzementsiy,
and deflectiorw:

%aﬁ[baﬁvw(awuoy +0,Ug,, + 0, W0, W)] =0,

2.3
L 0plbupy ety + 9y + 0,0 0] ~ Doyt -~ =0, >

Let us introduce the action functional in the form:

A(\{V(D,UOG(D) =

= [ [N W0y.8), WY 2), 0,05 1), 00 WY 1), U (Y., D (y, D) clcly,  (24)
Mt

with the lagrangean given by

N =3[ =% 0py(0yUney + 0oy 0y WA W) (Ol + 05 Ugp + 0 WORW) — .
= Aoy y WO W + W] + QW (2.5)

for which the Euler-Lagrange equations take thenfor

N _5 N _
g 0(0pUoa)
A . oA oA 3 oA _ (2.6)

dq +dqg OO -,
W “0@,W)  Pa@.w) ot ow

Applying the principle of stationary action, i.2.6¢) and (2.5), we obtain
the fundamental system of equations of the nontittesory of plates (2.3), with
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highly oscillating, periodic, non-continuous furmtal coefficientsbg,,(X),
Oupro(X) @NAU(X).

3. TOLERANCE MODELLING

To obtain averaged equations of periodic plategestdd to large deflections
we apply the tolerance averaging technique, cfbitak edited by Wimiak et
al. [3]. In the tolerance modelling some basic @mts, such as: an averaging
operator, a tolerance-periodic function, a highégiltating function, a slowly-
varying function, defined and explained in this ba@oe used. Some of them are
recalled below.

3.1 Basic concepts
Let I(x)=x+I, Mg, ={xON:Q(x)0N}, be a cell atxOM,. The averaging
operator for an arbitrary integrable functidns defined by

<f>0= = [f(yyo)dydys, xOM. (3.2)

A2 o(x)

It can be shown that for periodic functibmf x, its averaged value calculated
from (3.1) is constant.

Let 0 be thek-th gradient of functiofi=f(x), a1, k=0,1,...q, 020, 0=f
and f® () be a function defined il x Rm.

FunctionfOH*(M) is calledthe tolerance-periodic function (with respect
to cell I and tolerance parameté), fOTP{(M,Q), if for k=0,1,...q, the

following conditions hold:
(1) OExON)E@REIOHO @) 1104 f |, O T X Do, < dl,
() jg(m f o (CR)dzOCo(T) .

Function f®(x,) is referred as tohe periodic approximation of 0 in (x) ,

x0n, k=0,1,...q.
FunctionfOH®(M) is calledthe slowly-varying function (with respect to
cellI and tolerance parametd;, F 0SV¢(M,Q), if

(19 fOTPr(N.Q),
(2 ([@xOM) [FO X Phy=04F ), k=0....0] -

It means that periodic approximatioR®) of 9kF() in i(x) is a constant
function for everyn1.
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Function@dH®(M) is calledthe highly oscillating function (with respect
to celll and tolerance parametdy;, @JHOg(M,Q), if

(19 @OTRX(N,Q),
(2 (OO [@¥ X Dhpy=0%(), k= O1...0] .

Moreover, for every FOSV¢(M,Q) function f =¢F OTRy(M,Q) satisfies
condition

(3) ) X D= F(x)0kp(x) boos K=1...0.

If «=0 then we denotd = f(0).

By h(Q) denote a highly oscillating functiomJHOg(M,Q) , defined on
M, continuous together with gradieath. Its gradientd’h is a piecewise
continuous and bounded. Functibfi) is calledthe fluctuation shape function
of the 2-nd kind, if it depends dnas a parameter and satisfies conditions:

(1% oxhOO(Mk)fork=0L,...,.0,a=2,0%h=h,

(2° <h>(x)=0foreveryxOM,.

Set of all fluctuation shape functions of the 2knadd is denoted byF&(M1,Q).
Condition (2) can be replaced withpk>(x)=0 for everyxon, , wherep>0 is
a certain tolerance-periodic function.

3.2 Fundamental assumptions
Following the book — edited by Wiak, Michalak andetrysiak [5], and using
the above concepts we introduce modelling assumgtio

The first assumption ishe micro-macro decomposition, in which we
assume for deflectiow(x,t) and in-plane displacemenig(x,t):

w(x,t) =W(x,t) + hAX)V A(x,t), A=1....N,

Ugy (X,t) =Uq (X1),

W (@), VAGH OSVE(N,Q), xOM, t0@t), (32)
U, OSVA(T,Q), hAODFSA(,Q).

The basic kinematic unknow™§([t) andU,(Lt) are calledhe macrodeflection
and the in-plane macrodisplacements, respectivelyV*((1) are additional basic
kinematic unknowns, callethe fluctuation amplitudes; h*(0) are the known
fluctuation shape functions.

The tolerance averaging approximation is the second modelling
assumption, in which it is assumed that in the sewf modelling term©(d)

are negligibly small, e.g. in formulas:
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<f>(x)=<f>(x)+0(d), <fF>(X)=<f >(X)F(x) +0(d),

< fo4(hAF) > (X) =< fd,hA > (X)F(x) +O(d), 3.3)
xOM; a=12 A=1...N;0<d <<% '

f OTRZ(N,Q), FOSVA(M,Q), hA0OFS(M,Q).

We also assume a decomposition of the transveosal d(x,t) in the form
qx,t) =g°(x,t) +g(x,t), where q°=<q> is the slowly-varying averaged load,
gQeOSvQ(N,Q), and g is the oscillating part of the loadjCJHO}(M,Q), and
<g>Co0.

4. MODELLING PROCEDURE

4.1 Averaged description
Now, we apply the tolerance modelling to the acfiamctional. Substituting the
micro-macro decomposition (3.2) to formula (2.4)damsing the averaging
operator (3.1), bearing in mind assumptions (3v83, obtain the tolerance
averaged action functional

Ah(tW(Dqu(DvVA(D):

= [ <A > (7,0, 00gW VW, U 3gU VAN A)dtdy. (4.1)
Mty
Denoting
Bupyo =< gy >, BAE =<y 01060 > A2,
BAB =<byp,,0,N"0 8 > A2,
BABCD =<ly,q.,0, A9 )1BA,CANP > N4, 4.2)

Dapyeo =<apyeo>: Dy =<apyey*>,
D #8 =< dapyef 100 >,
m=<p>, MAB=<phAhB>)\4, Q=<q>, QAs=<ghA>A2,

the tolerance averaged lagrangean (2.8) take®the f

< /\h >= _%{%AZ@&B\/ AV B(aBUa + aaUB + aaWOBW) +

+ 7 Bupyo(@pUq +0,Ug + 0 WOW)(OJ, +9,U, +O WO W) +

+A2B4BV AV BO WO W + 5 A4B ABCDY AV BY CV/D + (4.3)
+ DypyoQapWO W + 2DV A0 gW + D ABV AV B —

— MV — A4MABY AV B} + QW + A2QAV A,
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4.2 Mode equations

Let us apply the principle of stationary actiorthie averaged action functional
(4.1). The tolerance averaged lagrangean (4.3)thasatisfy the following
system of Euler-Lagrange equations:

0<Ny>_5 0<Ay>_

U,  "a(0Uy)

a</\h>—6 a</\h>+6 O<Ay>_0 0<A,>_
B aB S -

oW (AW 0(,) Ot W

0<An>_0 0<An>_g

VA ot AVA '

Ol

0, (4.4)

Combining (4.3) with (4.4) we obtain the followimystem ofN+3 equations:
two equations for the in-plane macrodisplacemé&h(§t), one equation for the
macrodeflectionM((t), andN equations for the fluctuation amplitude¥Lt):

2 Bupydp(0Jy +0U,, + O WO W) + 2 A2B480,(V AV E) =0,

2 Bupyo(0Jy +0U, + O WO )0 W +iA2§($w A/ BQ W +

+N2BAB0, (V AV BOMW) ~ DypyQapeV — Déi0ogVA-mW +Q=0,  (4.5)
INBAP(0pU +0Up +0,WOW)V B + N2BABA WO VWV B +

+ 2 N4BABCDV/ BY/ OV D + D0, oW + D ABV B + MMABV/ B — \2QA = .

The above equations of the nonlinear tolerance mmbdee constant
coefficients and describe the effect of the miaiggtre size on the overall
dynamic plate behaviour by terms involving paraméteSolutions to these
equations have to be considered together with thumdary conditions for: the
in-plane macrodisplacementd, (L), the macrodeflectionW([t), and the
fluctuation amplituded/*((1), and have a physical sense only if the following
conditions hold for every timegl(to,t,):

W(EE)OSVE([1,Q), VALY TSV ([M1,Q), U, () O SVE(M,Q). (4.6)

Let us recall equations dhe linear tolerance model of thin periodic
plates, which under denotations (4.2) can be wrisi following:
DogyQapyV + Dfi0qV A+ mW =Q,

B0 + D ABVB + NTPoV'E = N2GoA, (4.7)

cf. kdrysiak [1], Waniak, Michalak andetrysiak [5].
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5. EXAMPLESOF APPLICATION

5.1 Formulation of the problem

The object under consideration is a simply supporectangular plate with
constant thickness and length dimensiorls, andL, along thex;- andx,-axis,
respectively. The plate is made of two isotropicterials, having Young's
moduli E" and E”, and Poisson’s rati®’ and v”, periodically distributed along
the x;- and x,-axis. For the sake of simplicity we consider atisthending
problem. Hence, the known Iloady, unknown macrodisplacements,
macrodeflection and fluctuation amplitudes are nfowctions of the space
coordinates, X, only, i.e.q=q(0l U=Uy(D, WEW(D, VA*=VA(DL Moreover, we
assume only one fluctuation shape function in tmnf

h:hlz)@cos%coszﬁ, (5.1)

1 2

satisfying the condition k>=0. Let q(x) be a slowly-varying function irx.
Hence,

Q=o0. (5.2)

Under the above-mentioned assumptions denotatth83¥ ¢an be written in the
form:

%XBWJ =<bpw>, I?ﬂﬁvw =<dypye >,

Bup =<bypyedyhdh > A2, Buo =< by fyhdsh > A2, (5.3)
B =<3, 0y10,00,h0gh > X%, g =< o>, '
D=< dawﬁvwhaaﬁh >,

Thus, tolerance averaged lagrangean (4.3) takesitime
< /\h >= _%{ Daﬁywaaﬁwaymw + ZﬁuﬁaaBVV\/ + BVZ +
+ 7 Bpyo(@pUq +0,Ug +0WOW)(0 Uy +0, U, +0 WO W) +

+ 2 W2B(0gU +0Up + 0 WOW)V 2 +A2B, 0 WO MWV 2 + 2 MBV 4} +
+QW,

(5.4)

whereas equations (4.6) have the following form:
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2 By Pp(0J +0J, + OO W) + 2 N2B,39,(V2) = 0,

2 Bupya0Jy +0U ¢, + O MBI — DypyeflapyWV — DoV +

+ I N2Bp0 W 2 + W2B, 0 (0 MW2) +Q =0, (5.5)
2NBq(0gU +0Up + 0 WOV + W2B, JMB MW + I NBV3 +
+DypdqW + DV =0.

On the other handhe linear tolerance model of thin periodic plates,
subjected to the static load with assumptions (&) (5.2), is described by the
equations:

D,.,D D,
(Dapyw— %aBJaagwa=Q, V=- ﬁ“ﬁaaﬁw, (5.6)

both independent dhe microstructure parameter.

It can be seen that equations (5.5) stand a systeroupled nonlinear
differential equations, solutions to which are vdif§icult to obtain. In contrast,
system (5.6) can be solved equation by equatiani lbeglects the effect of the
microstructure size.

5.2 Solutionsto the tolerance models

Let us consider a simply supported square platel¢=L), made of two
different isotropic materials. The periodicity célalso square, and is defined
asi=[-M2 M2]x[-M2 M/2], cf. Fig. 2.

e
Ell Vrl. p
" © v
E\v
1 T
Y, = ,
- 777777777*77777777’:// _[ll
P A A
- » >

-

=1

-i(mwz —_-—-'—u A——— (141)M27f"'/ I

A ¥Yx,
Fig. 2. A basic periodicity cell

It is assumed that the Young’s modulus is given by
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E if  xO[-A/2-aA/2) X[-oA /2,07 /2] 0
O[-ah /2,aM2] X[\ 12\ /2] O
O(aN/2M 2] x[-aA 12,aA /2],

EX)=1E"=¢E' if XxO[-A/2-aA/2)X[-A/2—=aA/2)0

O[-N12-0A/2)x QA /20 /2] 0

O(aA /2 M 2] X[-A [2—aA 12) O

O (aA 120 /2] x (oA 21 12),

where a is a dimensionless parameter describing distidbutof material
properties in the periodicity cell, cf. Fig. 2. Hever, Poisson’s ratio is assumed
to be the same for both materials, v&v'=v. The fluctuation shape function
(5.1) is given byh=r’cos(2ix./A)cos(Zix./A). We assume that the load is given
by the formula

QP (X, Xo) = oosin%sin%.

SolutionsW([J, U.(0), VA([) have to satisfy boundary conditions for the
simply supported plate with immovable edges, W&=0;;W=0 for x,=0, L;
W=622W=O for X2=O, L; V=611V=0 for X1=0, L, V=622V=0 for XZ:O, L, U]_:Uz:O
for x,=0, L and forx,=0, L. Therefore, denoting,=mn/L, {,=na/L, solutions to
(5.5) can be assumed in the form:

W (X, X2) = AR SINg % SIN n Xy,

ch (le XZ) = AJ”?Sinmelgr]ZnXZv (57)
V(% %) = A"SINE 4 SINE X,

where AV, A", A" are new unknown constant parameters. Our

investigations are restricted to the first appradions of (5.7). From the
symmetry we conclude th&¥(x;,x,) andV(x3,%,) are even functions of andx,,
while Uy(x1,%2) is an odd function ok; and Uj(x1,%,) is an odd function ox..
Hence, solutions (5.7) take the form as:

W (X, %) = A,\,sin%sin&,

Uq(Xq, %) = A,lsinﬂsin&,
L (5.8)
L TDY o 2TIX '
U o(%q, %) = A,ZsmTlsmTz,

V (X, %) = A sin%sin%.
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To find amplitudesAw, Au., Ay, the Ritz method can be used, cf.
Timoshenko and Woinowsky-Krieger [6]. The condisoof the Ritz method
take the form:

%:O’ %:0, anaX:O, avmaX:
oA, 0A,, oAy A,
whereV is the maximal strain energy of the plate. Usintations:
Cy=20-a2+g(02-2a +1),
C = AZ{L;@M) (L—€) + 4r2[(20 — a?) + (a2 - 2a + De]},
C, = M{[ &2 +36m (20 — a?) + 6r8sin@am)@-a) +
+ £ T cos@a) - 82 cos@am)] (L&) + 36rve},

C; =4[1-cosam)]lL-¢), (5.10)
Co={l6r*(2a —a2) +16résinoam@—a) +

- 212[1-cos@am}(1-¢) +16m¢¢,

C={l6r*(2a —a2) —-16mésinam@—-a) +

- 212[1-cos@am)}(1-¢) +16mre,

0, (5.9)

coefficients (5.3) can be written as

B(xEyw = Colipyeos )\2I§u3 = Cy(hp11 + Ohpa2), 2\233(0 = Cy(bjpy, + Bpoe).
NB =Cy(b111+Dh222), Doy = Colopyr  Dap =Co(dopra +dipzz),  (5.11)
D =Cyo(di111% 201150+ U320) +4C 0151

and the maximal strain enerljy..x takes the form

Vi = L QAyL2 -fg(lff)'z){i(z—v)n%(ﬁm A (A2 +

+ LO-V)TPLA(AL) + (A)7] + S AL AL L A+) + STe(AY 4 -
T (15_35'2){38[012(1—v) +Cio+V)ILA(A )2 - (5.12)
— LTPCACA/ L A+v) + LTECA(A) 3 +

8 2 GOLEH(A, * A,) = SGTE(AN ~ SCALY (A Y.

Applying conditions (5.9) to polynomial (5.12) wétain the system of
four algebraic equations:
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— two of the form

Co OB [1(5v)reL (A + L O-V)IELA, +E A, L2 (+V)] -

L2 (1 )

-\ 3CLA+V)(A)?2=0,

G (1 2) . 1 . (5.13)
2 (1 )[ G ~VTPL(AY)? +5 O -V)TPL2A), + S A L2(L+V)] -

-\ (1 2)301L(1+V)(A/)2_

which are linear in parameteg, and A, , and
— two of the form

1Quz-So OF [1(5_yyrel (A, + A, ) A, + S TE(AY] -

|-2 (L-v?)"2
e BCTEA A+
+ 1 OFE _ _
|_2 (1 )[ TEC;A /L2 (L+V) TﬁCOAN] 0, (5.14)
A2 (1 )[ CLA+V)(A), +A),) ~ 2 CTe(Ay)? - LCAL2] A, -
1 &F ;1 ap 1 _
2 (1_\)2){5[(312(1—\/) +Cio@+V)]L2A, — L TECA L2(1+V)} = 0.

Amplitudes A, and A, can be derived from equations (5.13):

LV EA + 32 L a)(A):

A=A, = HEED L (5.15)

Substituting obtained formulas foA, and A,, to (5.14) we arrive at two
nonlinear algebraic equations for constamz.ﬁand Ay, which can be solved
numerically for every special case.

In contrast, approximate solutions fitve linear tolerance model of thin
periodic plates, governed by equations (5.6), carolbtained by substituting
(5.8) and (5.8) into (5.6). It leads to a system of linear algéabexjuations for
constant®\, Ay. Solving these equations we arrive at:

A, =L QE 1AL-v?) (1+V)Cio+ A=V)Cyp

21 E® 2G[Ciol+v)+Coll-V)I-ArVACP (g g
_1Q12121-v?) (L+V)Cq '

2T E®  2C[Cpo(l+V)+CrpL-v)] -~ 1+V)*(Cs)?>’

A
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Obtained formulas can be now applied to a numesinalysis.

5.3 Calculational results

Assuming solutions of the considered problem inmfo(5.8), calculated
constantsAy and Ay are values of macrodeflection(x;,x,) and fluctuation
amplitudeV(x,x;) at point &;,x)=(L/2,L/2).

In calculations we assume that: the Young's mod#u=00 GPa, the
Poisson’s ratiov=0.3; the lengthL=1.0 m, the thicknes$=5x10°m, the
amplitude of the load ig;=5 kPa.

Figures 3-7 show some numerical results.

1.60
a=0.5,
2=0.05: a - nonlinear model, 1b
1.40 + ’ N
b - linear model.
1-e=0.1,
1.20
2-e=03, b
113 -¢=0.5,
100 114 _e=0.7, m
w 5-¢e=0.9.
"= 080
<t
0.60
0.40
0.20
0.00 T T T
0 100 200 300 400
OL*Dd

Fig. 3. Dimensionless ratity/s versusQL*/6D,, D=E’§¥/12(1-v?)

2.00
] . 0o=0.5,
1-e=0.1,
1.60 2-¢e=0.3,
3-¢e=0.5,
40 5600
-e=0.9.
g
<t 1.20
1.00 a - nonlinear model,
1 b - linear model.
0.80 { 4
1~ 5a
0.60 —— —— ——— —— ———
0.0 0.2 04 0.6 0.8 1.0

o
Fig. 4. Dimensionless ratiy,/d versus dimensionless parameter
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Fig. 5. Dimensionless rati&,/6 versus dimensionless parameter
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6. FINAL REMARKS

In this notethe tolerance modelling technique has been used to obtain governing
equations with constant coefficients thie tolerance model for thin periodic
plates subjected to large deflections instead of equations with highly oscillating,
periodic, non-continuous coefficients.

Analyzing results presented as the diagrams in.Fi$ it can be
observed that:

» differences between the macrodeflection within tlenlinear tolerance
model and linear tolerance model for deflectionsltan than 1/5 are less
than 10% and increase with the increasing of tad,|l@Fig. 3);

» these differences increase with the decreasingesati the parameters
ande, i.e. with the decreasing of the plate longitutlienad flexural rigidity,
(Fig. 4);

» differences between the values of fluctuation amgés depend also on the
value of the load and on the parameterande, but the differences are
lesser (in the case of the increasing load) or rdigtinct (in the case of the
decreasing stiffness) than it is in the case ofroweflections, (Fig. 5);

 Figs. 6 and 7 show that both the macrodeflectiod #re fluctuation
amplitude considered within the framework of thaelivear tolerance model
are depended on ratidL, while those obtained from the linear tolerance
model are independent bf

The nonlinear tolerance model equations descrilee dffect of the
microstructure size, while the linear model negdhts effect.
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MODELOWANIE CIENKICH PLYT PERIODYCZNYCH
O DUZYCH UGIECIACH

Streszczenie

W pracy rozpatrywaneascienkie, liniowo-spgzyste plyty o budowie periodycznej
w ptaszczyznach réwnolegtych do plaszczyzégodkowej. Zagadnienia statyki
i dynamiki tego rodzaju ptyt w zakresie aygh ugi¢ opisane s ukladem réwna
rézniczkowych nieliniowych o silnie oscylgych, periodycznych, niegjtych
wspotczynnikach (por. kstka pod red. Weniaka i in. [3]). W celu otrzymania réwha
o stalych wspoéiczynnikach zastosowano tu techniklerancyjnego dredniania,
omoéwiors w ksiazce pod red. Wimiaka, Michalaka i ¢drysiaka [5]. Zaproponowano
nieliniowy model tolerancyjny, opisagy nieliniowo-geometryczne zagadnienia cienkich
piyt periodycznych. Model ten zastosowano do wyzea@ ugi¢ dla danego
obciazenia, a otrzymane wyniki poréwnano z wynikami uarskmi w ramach liniowego
modelu tolerancyjnego.





