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The problem on the steady state vibrations of the orthotropic cylindrical
shell is considered. The shell has N cutouts of the arbitrary shape and location. The

contours of the cutouts are the curves LV ), j=1,N . The external boundaries of

the shell are also of the arbitrary form, and its contours are the curves © , [V
One can imagine this object that in terms of middle surface covers the multi-
connected domain €2, as the result of an arbitrary cutoff from the cylindrical shell
that in terms of middle surface covers the singly connected domain IT of the
canonical form. The curvilinear system of coordinates has been attached to this
fictitiously extended domain classically. For the simplicity of the formulas it is
taken that principle axes of the orthotropy coincide with the directions of the

coordinate lines.
Such notations are used: n, T — normal and tangential vector to the certain

direction; E; — Young’s moduli; Gy, Gy3, Gz — shear moduli of the material;
V12, Vo1 — Poisson coefficients; p — material density; 4 , k, — principle curvatures ; R, [, 2k
— radius, length, and thickness of the shell respectively; ¢;, m; — components of the
external load; w — deflection; u;,, u;; — normal and tangential components of the
displacements of the points in the middle surface; y;,, v — normal and tangential
components of the rotation angles of the normal to the middle surface; O, — normal
component of the shear force; M,, N, — normal components and M,, N; — tangential
components of the moment and axial force.

Let us consider two different types of the harmonic in time boundary

conditions with the frequency ® on all the contours IV, j=0,N+1:
a) Distributed components of the displacements are given

W) = W(()j) (e, ul) = u}g.(f))(a)eicot’ v = y%) (e,
ugj) = ui{)) (a)eiml, ng) = YE{)) (Oﬁ)eimt~ (1)

b) Distributed components of the forces are given:
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NI = ND e, M = mD (e @)

The system of key equations that take into account all inertial components and
shear displacements can be expressed as [1]:
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Consequently, we get two boundary value problems: defined by the equations (1), (3),

and (2), (3).

For solving of the above mentioned boundary value problems by the
indirect method of the boundary elements the Green’s functions that can be found
on the base of the Fourier method and the sequential representation of the Dirac
delta-function (as the limit of the sequence of the delta-like functions [2, 3]) are
considered. Hence the solvable boundary value problem for finding the proper
Green’s functions consists of the equations (3) in the domain
IM:0<0y <1,0< 0, <27, Qell where

qs :Tgsal(alaaf)sd(a2’a§)eiwa s=13,

mpy :Tg+p881 (al’a{)SSZ(abag)eiwt’ r=12, “)
ig ‘@——Ef ‘&—Ef <e

8, (a,a")z 2¢g € ’ ’
0, \é—&’ > g,

and the following homogeneous boundary conditions (equivalent to the conditions
of simple support) on its boundary OIT :

w=0, M,=0, N,=0, u.=0, vy, =0 5)
The principal moment of the solution is that the integral equations are formulated
on the external boundaries of the shell as well as on the internal boundaries
(contours of cutouts) according to the procedure demonstrated in the paper [1].
Integral equations are solved numerically using collocation method.

Conclusions

1) On the base of the found solutions making the proper combinations of the
constructed integral equations and their cores the solution for the arbitrary
mixed cases of the boundary conditions can be obtained. Arbitrary

combinations of the magnitudes w(a), u,(a), v, (o), ug(a), v (o),
O, (a), M, (a),N, (o), M (), N, () on each contour can be considered.

Moreover, within each contours (both internal and external) arbitrary mixed
boundary conditions on each subsection are also allowed.

2) Within the problem statement it is not indispensably that the external boundary
is fixed. The one among the internal contours can be considered somehow
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3)

4)

3)

6)

fixed or number of them simultaneously by putting the proper input
magnitudes equal to zero.

The key equations take into consideration shear displacements and include all
inertial components. This allows to investigate in the better quality different
types of vibrations caused by different character of boundary excitation in case
of anisotropic materials.

In the framework of these solutions the cases of the contours with the corner
points and the holes degenerates into the cracks can be analysed. Though on
the stage of construction integral equations on the base of the potential theory
the condition of the smoothness of the contours is required, but on the stage of
getting the numerical solution by the collocation method the curves are
discretised, and, consequently, this limitation looses its actuality.

On the computational stage it is important to investigate the convergence and
optimal values of the approximation parameters within each particular case for
getting the efficient enough numerical results, because if the geometrical
configurations of the contours and anisotropy of the material are sharp, the
solutions will be more sensitive, and will need more care and accurate
treatment.

The demonstrated in the paper scheme indicates reasonable agreement with
known results for the classical partial cases.
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KOJIMBAHHSI OPTOTPOITHO1 I_[I/I.JIIHI[P.I./I‘{HOE OBOJIOHKH 3
MHOXHWHOIO OTBOPIB JOBIJIBHOI KOH®IT'YPAIIII

B pamxax ymounenoi modeni, sika epaxogye nonepeuni 3cysu, noby0o8arHo
PO38’A30K 3a0aui Npo YCmAneHi KOAUBAHHA OPMOMPONHOI YUNIHOPUYHOL
000I0HKU 3 OO0BLILHOI KINLKICIIO OMB0pPI8 008iNbHOI ceomempuyHoi opmu
ma posmauiyeanus. Topyi 000IOHKU MAKONC 68AHCAIOMBCA  O0BIILHOT
KoHghizypayii.  Po3enanymo 008in1bHi 2apMOHIUHI 8 YacCi epaHuyHi yMO8U Ha
KOHMYpax Omeopis, a maxoxc Ha 308HiwMil epanuyi oborouku. Po3e’sasox
no6y008aHO HA OCHOBI HENPAMO20 Memoody cPAHUYHUX enemeHmis. DYHKyiro
I'pina 3natideno Ha 0CHOBI NOCIIO0BHICHO20 NIOX00Y 00 300padiceHHs 0elbma-
Gyuxyii Jipaka ma memooy psodie @yp’e. Kpauiogy 3adauy 36edeno 00
cucmemu iHmezpanbHUX Pi6HsHb, SIKY PO38 I3AH0 MeMOoO0OM KOIOKAYIL.



