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Abstract. In this paper, on the example of a five — layer conical shell, the problem of
dynamic behavior of multiyear discrete reinforced conical shells of rotation is considered.
The study is based on the geometrical nonlinear theory of shells and rods of the
Tymoshenko type. The Reissner’s variational principle is used for deductions of the
motion equations. An efficient numerical method using Richardson type finite difference
approximation for solution of problems on nonstationary behavior of multiplayer shells
of revolution with allowance discrete rib is constructed. The method permit to realize
solution of the investigated wave problems with the use of personal computers. For the
case of axisymmetric vibrations, a detailed analysis of the stress-strain state of the fiver-
layer reinforced conical shell was performed.

Key words. multilayered conical shells of revolution, geometrically nonlinear theory
of shells and ribs, non-stationary loading, numerical method, nonstationary vibrations

Non — linear deformation of
multiplayer shells of revolution with
allowance for discrete ribs have been

oscillations of five-layer cylindrical shells
of rotation, taking into account the
influence of discreteness, is additionally

considered by many authors. Particularly,
a thorough review of the literature on this
issue is set out in [1,2,3]. A significant
contribution to the study of this problem
was made by the staff of the Institute of
Mechanics named after S.P. Tymoshenko,
the main results of which are presented in
[1,2]. Nonlinear axisymmetric
oscillations of three-layer shells of
rotation under pulse loads are considered
in [6,7], where the calculation scheme is
taken taking into account independent
Kinematic and static approximations to
each layer. The study of nonstationary
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given in [3,5].

Problem statement. A problem of
non — linear deformation of multiplayer
conical shells with allowance for discrete
ribs under non — stationary loading is
considered. It is believed that the
multilayer reinforced conical structure is
loaded with an internal distributed non-
stationary normal load by spatial and
temporal coordinates.

When considering the axisymmetric
oscillations of conical shells, a coordinate
system is usually used, and the coordinate
is calculated from the top of the cone. In
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some cases, in particular for truncated
conical shells, it is more convenient to use
a coordinate where the coordinate is
subtracted from the rib of the shell.

The coefficients of the first quadratic
shape and curvature of the coordinate
surface are written as follows:

A1=1, A2=Rs, k1=0, k2=COS(X/RS,

where o— taper angle ; s; — flowing

coordinate; Rg =Rg +S;Sina.

The Reissner’s variational principle
Is used for deductions of the motion
equations. [8,9]:
- in a smooth area
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The relationship between the values of
deformation and the values of generalized
displacement vectors are written as:
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On the rupture lines, the equations of
oscillations are written in the form

82u .2
-y =it
Z 11 =pjFj , 2 T3 =
6t2 i=1
Ochl-
S (M Fh T ) = pylgy
= J Kpj at2
In equations (4) of the quantity
T, T3 =Ti1 +641,Mi7 (i=12)

correspond to the forces-moments acting
on - and a discrete element on the line of

rupture Sj = S;j. Equations of oscillations

(1) - (4) are supplemented by the
corresponding boundary and initial
conditions.

Numerical algorithm. To build a
numerical  algorithm  for  solving
nonstationary problems in the theory of
inhomogeneous multilayer shells, the

K Sina g
2="—""0
Rk
o%u.,.
3]
Fi——, (4)
17542

initial formulation of the problems, the
numerical solution is sought in the smooth
region of the elastic structure (for a
multilayer shell between the edges) and
on the lines of location of the
corresponding edges.

An approach based on finding
approximate Richardson solutions is used
to construct more efficient algorithms [8].
Moreover, with a fixed difference step in
time coordinate, a sequence of
approximate approximations in spatial
coordinate is used. In this case, the

integra-interpolation method of  extrapolation procedure is formed
constructing difference schemes [8] for according to the formulas [3,8]
hyperbolic equations is used. Due to the
~ 4 1
n n n
Uj(as) :§UI(A3/2) _§UI(AS)’ (5)

where UP(AS/Z) i UP(AS) - numerical
solutions of the equations of oscillations
according to discrete steps in the spatial
coordinate AS/2 i As, s=Aq04.

It is easy to show that the difference
equations (5) approximate the original

Ne 6 (94), 2021

Hayxosi nonosiai HYBIlIl Ykpainu

equations of oscillations (1) in the smooth
region with the fourth order of coordinate
accuracy.

The results of calculations. As a
numerical example, the problem of
dynamic deformation of a five-layer
conical shell with rigidly clamped ends
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under the action of an internal distributed The non-stationary impulse load was set
load was considered. P5(s,t). Boundary in the form

conditions at S=Sg, S=Sy have the

form: u; =ug=¢; =0.

Pa(s.0) = A-sin ~[n(®) ~n(t-T)],

Where A - load amplitude, T- load performed with the following geometric
duration. The calculations relied A =10° and physico-mechanical parameters:

IMa; T —50.10 %¢. Calculations were
Ej=Ef =Ef =E; =7-10"1Ta; E/E{*" =10 +1000;
vi=v; =v; =03, vi"" = 0,4;
3
p1=p3=pP5=pj=2,7-10%xe/v% p1/pspy = 7;
h=h;+hy+hs+hy+hs; hy=hy=hs =10"3w; h, =hy; h,/hy =3;
Ro=01m; h/h;=9/20; Fj=10""w’;
o=n/3; or,=n/4; a3=m/6

Discrete reinforcing elements are located at points S; =0,258 J, | =13

U, 10% m; t=4T . @y 107, Pa; t=4,5T

1

B T TR R 655 o4 D T TR o
Pic. 1 Dependence of size Uj Pic.2 Dependence of size ©22

from the spatial coordinate S from the spatial coordinate S at the
from the spatial coordinate t=4T time t=4,5T
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The obtained numerical results allow

the analysis of the stress-strain state of a
five-layer reinforced elastic structure of
conical type at any time (calculations
were performed at 0<t<40T). In
particular, in pic. 1 and pic. 2 shows the
dependences of the quantities u3 and the

stress from the spatial coordinate

depending on the magnitude of the angles

of the taper at the time t=4T i t=5,5T.
The curve with index 1 corresponds

to the angle of taper oy =m/3; curve

with index 2 — o, =m/4, curve with
index 3 — oa3=m/6. The case is

considered E7/E;*™ =100. Based on

the presented graphic material, you can
visually determine the effect of the
conicity of the structure on the
antisymmetry of the distribution of values

Uz i Oy, by spatial coordinate (as a
partial case, for a cylindrical shell in the

case o = 0 there is a symmetrical pattern
about the axis S).
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3AJTAYA HEJITHIMHOI JE®OPMAIII IPAITUIIAPOBUX KOHIYHUX
OBOJIOHOK 3 BPAXYBAHHAM JUCKPETHOCTI POSMIIIIEHHA PEGEP
H. B. Apnayra

Anomauia. Y uyiti pooomi, Ha npuxnadi n’smumaposoi KoHIYHOI 000JI0HKU,
PO32NAHYMA 3a0a4a OUHAMIYHOT NOBEOIHKU 0a2amomaposux OUCKpemHo NiOKPIinieHux
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KOHIYHUX 000]I0HOK o0bOepmanHs. B o0cHO8I 00cniodxicenHs: NoKiaoeHa 2eoMempuiHo
HeIHIHA meopiss 8 K8AOPAMUYHOM)Y HAOIUNCEHHI O0OO0JIOHOK Md CMEPHCHIE Muny
Tumowenka. 3a donomoeoro eapiayitino2o npurnyuny Peiiccnepa o0epatcyromocsa pieHsaHHs
KOIUBAHb 3 GIONOGIOHUMU NOYAMKOGUMU 2CPAHUYHUMU YMOBAMU OJisl 6A2amouaposux
KOHIYHUX O00O0JIOHOK 00epmaHHs 3 6pPAXy8aAHHAM OUCKDEMHOCMI pO3MiujeHHs peobep.
Maemo uucenvruti aneopumm po3e "sa3Ky WyKaHoi OUHAMIYHOT 3a0a4i HA OCHOGI IHme2po —
IHMEePNoNAYiHO20 Memoody NnobOy006U CKIHYEHO — pI3HUYeBUX cXeM N0 NpOoCMOpPOsii
KooOpOuHami ma s6Hitl CKinueHo—PizHuyesi cxemi muny "xpecm” no yacosii koopournami
i3 euxopucmauuam anpoxcumayii Piuapocona no npocmopogiii xkoopounami. [{ns
BUNAOKY OCECUMEMPUYHUX KOJIUBAHbL NPOBEOEHO OemAalbHUll aHANI3 HANPYHCEeHO—
oehopmosanozo cmamy n’amuulapogoi nioKpinieHoi KOHIYHOI 000JOHKU 3 8PAXYBAHHAM
ouckpemnocmi po3miuerHs peoep.

Kniwwuosi cnosa: 6azamowapogi KOHIUHI 000JIOHKU 0OEPMAHHS, 2e0MEMPUYHO

HeliHiliHa ~ meopisi  000J0HOK ma pebep, HANPys#ceHO—0ehopMOBanull  CMaH,
HeCcmayioHapHi HABAHMANCEHHS, YUCETbHI MemoOU, HeCMAYIOHAPHI KOTUBAHHS

3AJIAYA HEJIMHUMHOM JE®OPMAIINU MATUCJIOMHBIX
KOHUYECKHNX OBOJIOYEK C YYETOM JUCKPETHOCTH
PACIIOJIOKEHUSI PEBEP
H.B. Apnayra

Annomauyusn. B oannot pobome, Ha npumepe NAMUCIOUHOU KOHUYECKOU 000JI0YKU,
paccmompena 3a0a4a  OUHAMUYECKO20 NOBEO0EHUs MHO2OCIOUHBIX NOOKDENIeHHbIX
KOHU4eCKUXx 0001104eK 8paujeHust ¢ yuemom OUCKPEMHOCMU pPAChONodceHus. pebep. B
OCHOBE UCCNe008AHUSI NOJIOJCEHA 2eoMempudecky Heauneunas meopusi Tumouwienko
obonouex u cmepcueu. C nomowvio sapuayuonno2o npunyuna Peticcnepa cocmagnensi
VPasHeHus: Ko1ebanull U HaualbHble SPAHUYHbBLE YCL0BUSL MHO20CIOUHbBIX NOOKPENIeHHbIX
000/104eK 8pawjeHusi ¢ y4emom OUCKPemHOCmU pacnonodcenus pebep. [locmpoensi
YUCTIEHHblE  ANICOPUMMbL  peleHusi OUHAMUYEeCKUX 3a0ai Had OCHO8e UHMeZpo —
UHMEPNONAYUOHHBIY  MemOoO NOCMPOEHUsI KOHEYHO — pA3HOCMHOU CXemMbl HNo
NPOCMPAHCMBEHHOL KOOPOUHAme U s1I8HAs KOHEYHO — PA3ZHOCMHAS CXeMa muna «Kpecmy
NnO B8PEeMeHHOU KOoOpouHame ¢ UCNOIb308aHueM annpoxkcumayuu Puuapocona no
npocmpancmeenHol Koopourame. Illpu ocecumempuyeckux KonebaHusx npogeoeH
0emanvHblil AHANU3 HANPYIHCEHO — 0ehOPMUPOBAHHO20 COCMOSAHUSL NAMUCIOUHOU
KOHUYECKOU 000I0YKU C YYemOM PACHONONCEHUS] OUCKPEMHOCIU PACNOTIOHCEHUS pebep.

Kniwwueevie cnoea:  mHozocnoiimvle — KOHuueckue — 000I0YKU — 8paujeHus,
2eomMempuiecku  HeluHeuHass —meopus — 000704eKk U pebep,  HANPAHCEHHO—
oeghopmuposanHoe cocmosiHue, HeCmayuoHapHule KoaeOanus, YucienHvlie Memoobl
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