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Abstract. This work considers the problem of nonstationary behavior of
multilayered discretely reinforced cylindrical shells.By the way the problem is very
important. Multiplayed shells with allowance for discrete ribs are widely used in
engineering, industrial and public building, aviation and space technology,
shipbuilding.

In the framework of the Timoshenko type non — linear theory of shells and ribs
nonstationary vibrations multilayered shells of revolution with allowance for discrete
ribs are investigated. Reissner’s variational principle for dynamical processes is used
for deduction of the motion equations. An efficient numerical method with using
Richardson type finite difference approximation for solution of problems on
nonstationary behaviour of multiplayer shells of revolution with allowance for discrete
ribs which permit to realize solution of the investigated wave problems with the use of
personal computers, as well as bringing their solutions to receiving concrete numerical
results in wide diapason of geometrical, physico—mechanical parameters of structures
are elaborated. In particular three-layer discretely reinforced cylindrical shells were
investigated.

Key words. multilayered cylindrical shells of revolution, geometrically nonlinear
theory of shells and ribs, stress—strained state, non-stationary loading, numerical
method, nonstationary vibrations.

Multilayer reinforced shell with
regard to the discresibility of the ribs
placement in non-stationary loads are
widely used in various fields of modern
technology such as: aviation and missile,
machine building, shipbuilding,
building. The complexity of the
processes, which arise at the same time,
cause the need to use modern numerical
methods of solving dynamic problems of
multilayer shell structures. One of the
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features of this subject is to account for
the discresibility of placement when
staging initial tasks.

Problem statement. As an
example, the problem of determination
of a three-layer reinforced cylindrical
shell is considered. The three-layer
elastic reinforced membrane structure
consists of external and internal smooth
shells, which are interconnected by
filler, and discrete by the reinforcers of
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annular elements. It relies that for the

calculation of stressed-deformed state
(HC) of elastic structure the variant of
geometrically nonlinear theory of rods
and shells of type Timoshenko using
hypotheses for the whole package is
used. The reinforcer elements are
regarded as a set of curved rods that are
tightly connected to the shell. For
calculation the variant of the theory of
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curved rods of type Timoshenko is
accepted.

Using the variational principle of
Reisner for dynamic processes [1,3] the
following equations systems are
obtained:

1) The equation of fluctuations of
the proprietary multilayer shell in a
smooth area between the corresponding
discrete ribs.
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In the equations (1) — (2) the
following designations are introduced:
X, t — dimensional and timeline
coordinates,  respectively, R -
normalized radius of the median surface

of a multilayer shell; py, Pj - density

of materials according k layer shell and
J edges; Ny - the thickness of the
corresponding shell layers, hgy o -
distance from original median surface to
middle surface k layer; h ¢j— distance
from original median surface to center
line of gravity of cross section | edges;

X j — coordinate the contact line ] edges

with a multilayer shell; RJ,FJ, Ikpj —

geometric parameters | edges. In the

notation for the values of effort and

moments it relies on Gﬁ,cg Gﬁ

— thickness voltage respectively k layer

hk h
at ——<z<—

,k=1n.
) Ln
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3

where UP(AS,Z) and U,n(AS)
numerical  solutions of vibration
equations according to discrete steps on
the dimensional coordinate AS/2 i AS,
s=A04.

Easy to show that differencing

equation (4) approximated the output
equation of oscillation (2) in a smooth
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Numerical algorithm. In order to
construct a numerical solution of non-
stationary problems, the theory of
heterogeneous multilayer shells is used
integro — interpolation method of
construction of difference schemes [2,4]
for hyperbolic equations. Due to initial
setting of problems the numerical
solution is searched in smooth area of
elastic structure (for multilayer shell
between ribs) and on the lines of
corresponding ribs.

To build more efficient algorithms,
an approach based on finding
approximate solutions to Richardson is
applied. Moreover, with a fixed
differential step on the timeline
coordinate, the sequence of approximate
approximations by spatial coordinate. In
this case, the extrapolation procedure is
formed according to formulas [5,6]

|3—Zpk

1n
3

area with the fourth order of accuracy by
the coordinate X.

Results of calculations. As a
numerical example, the problem of
determination of a three-layer reinforced
cylindrical shell is considered, taking
into account the discresibility of the
elements representing a set of discrete
annular ribs, in the internal normal
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sturgeon pulse load. It was relied that the account the discresibility of the ribs

edges of the shells rigidly pinched. The placement were considered in the

initial conditions are zero. following geometric and physical-
Axial oscillations of the three-layer mechanical parameters.

cylindrical reinforced shells taking into

h=h;+h,+hs; h;=hy3=1.10"2wm; h,/h; =3,
R/h=20; L/h=80; L/R=4; hj/h:2; Fi :hjh;
E;=Ef =E; =7-10"pa; E{/E**" =10 +1000;
vi=v; =03, Vi =0,4; p1/pyey =7; p1 =p3 =p;j =2.7-10%kg/m?.
Normal pulse load was assignment in the form:

P, = A-sin n?t[n(t) _nt=T)],

where A — amplitude load; T- load investigated time interval in accordance
duration. The calculations relied with the above productions.
A =10%Pa: T=50.10 Ssec. On pic.1 presented depending on

Reinforcing elements are located in  thé magnitude of deflection Us by

: . . 5 coordinates x depending on the physical-
X:=0,25L =13. . :

points j=9eH, J mechanical parameters of the filler.

Numerical results can be characterized Curve 1 responds to the case

by the stress-deformation state of the
three-layer elastic structure of the
cylindrical type at any time in the EI/E3 =100; 3 - curve — case

E1/E{* =1000.
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EI/E3 =10; 2 - curve — case
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Pic.1 Dependence of the magnitude U5 from the spatial coordinates
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Calculations were made in the time
interval 0<t<40T, moreover, the
dependence on the figure corresponds to
the time of achieving the maximum
values of these values t=7T. Bringing
dependence to investigate the impact of

3arl

values E}/E}*" and reinforcing ribs on
the tense-the deformed state of a
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BUMYUIEHI KOJINBAHHSA BATATOHIAPOBUX
OUJITHAPUYHNUX OBOJOHOK
3 BPAXYBAHHSAM JNCKPETHOCTI POSMIINIEHHSA PEBEP
NP HECTAIHIOHAPHUX HABAHTAKEHHSX.
H. B. Apnayra

Anomauia. l[n poboma npucesueHa OO0CHIONCEHHIO OUHAMIYHOI NOBEOIHKU
bazamowapoux NIOKPINIeHUX YUTTHOPUYHUX 0DOJIOHOK 0OepMAaHHsl 3 8PAXYBAHHAM
OUCKpemHocmi po3miwenHs pebep npu HecmayioHapHux Haganmasicenusax. Ha ocnosi
sapiayitinoco npunyuny Peiiccnepa ompumano piéHAHHA KOAUBAHb MA BIONOBIOHI
NPUPOOHI 2PAHUYHI YMOBU 0A2AMOWApPOBUX NIOKPINIEHUX YULIHOPUUHUX 0OOJIOHOK

obepmannsa 3

8DAXYBAHHAM OUCKPEMHOCMI pO3MilyeHHs pebep 8 pamKax

2eOMempUYHO HEeNIHIUHOI meopii 8 K8aOpaMmuyHoOMy HAONUNCEHHI 000JIOHOK ma
cmepoicuie muny Tumowenka. Po3zeuneno epexmuenuii uucenbHuti memoo, AKui
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bazyemvcs HA 3ACMOCYBAHHI  IHMe2PO — IHMEPNOAAYIUHO20 Memoody noby0osu
CKIHYEHO — pI3HUYeBUX CXeM N0 NPOCMOPOSill KOOpOuHami ma s6Hil CKiHYeHO—
pisHuyesilt cxemi muny "xpecm" no uacositi KoopouHami i3 GUKOPUCMAHHAM
anpokcumayii Piuapocona no npocmopogiii KoopOuHami, CMEOPEHO YUCEIbHI
aneopummu po3e 3Ky OUHAMIYHUX 3a0ay N08ediHKU 6a2amouaposux niOKpinieHux
000JIOHKOBUX CMPYKMYP HPU OCECUMEMPUUHUX HECMAYIOHAPHUX HABAHMANCEHHSIX.
Poszenanymo xouxkpemmny 3aoawy OunamiuHoi noeeldiHKu mpuuiaposoi YuiiHOpuyHoi
0O0NOHKU 3 B8PAXYBAHHAM OUCKPEMHOCMI pO3MiWeHHs: pebep O  6UNAOKY
ocecumMempudHUxX KOJUGAHb.

Kniouoei cnosa: bacamowaposi yuninOpuyuri 000I0HKU, 2e0MEMPUYHO HENLIHIUHA
meopis 00010HOK ma pebep, HANPYHCeHO—0ePOPMOBAHULI CMAH, HeCMAayiOHApPHI
HABAHMANCEHHS, YUCENbHI MEemOoOU, HeCMAayioHAPHI KOJTUBAHMHS.

BBIHY KJIEHHBIE KOJJEBAHUS MHOT'OCJIOMHBIX
HUWINMHAPHYECKUX OBOJIOYEK C YYETOM INCKPETHOCTH
PACITIOJIOKEHUA PEBEP ITPU HECTAIIMOHAPHBIX HATPY3KAX

H.B. Apnayra

Aunomayus. Jlannas poooma noceéaujeHa uccie008aHur HecmayuoHapHuIX
0CeCUMMEMPUUHBIX KONeOAHUU MHO2OCIIOUHbIX NOOKPENAEeHHbIX YUTUHOPUHLECKUX
000/104eK 8paweHUs. ¢ Y4emom OUCKPEemHOCmU pacnonoxcerus pebep. Ha ocnose
sapuayuonHo2o npunyuna Peiiccnepa nonyuenst ypagnenus: HeauHeuHvlX KOAeOAHU U
ecmecmeeHHble 2PaHUYHble YCI0BUS MHO2OCIOUHBIX NOOKDPENIeHHbIX 00010YeK
8paujeHus ¢ y4emom OUCKPEeMHOCMU PACNOI04CEHUs pebep 8 paMKax 2unomes munda
Tumowenko 0ns 0b6onouex u cmepxcHel. /s npeocmasienusbix ypasHeHUl KoieOanuil
HEOOHOPOOHBIX NO MOJWUHE O000N0UEeYHbIX CMPYKMYp pazsum 3¢hghexmusHubll
YUCTICHHbIU  MemoO0 peuleHus OUHAMUYECKUX 3a0ay MHO2OCIOUHbIX 00010UeK
8pawenus. B ocnoee uuciennozo ancopumma nexcum uHmezpo — UHMepnoJIAYUOHHbL
MemoO NOCMpOeHUs KOHEeUYHO — PA3HOCMHOU CXeMbl NO NpPOCMPAHCMEEHHOU
KOOpOuHame U A6HAs KOHEYHO — PA3ZHOCMHAS CXeMd MUna «Kpecmy no 8peMeHHOLl
KOOpOuHame ¢ UCnoib308anuem annpokcumayuu Puuapocona no npocmpancmeennou
Koopouname. B uwacmnom cnyuae, Onsi MHO20CNOUHBIX YUTUHOPUHECKUX 000104eK
NpPOBEOeHO Mmeopemuyeckoe UCCle008anue YCI08Ull YCMOUYUBOCMU SABHBIX NO
8DEMEHHOU KOOpOUHame KOHeUHO — pa3HOCmHbIX cxem. Paspabomanwsl aneopummer u
npocpamMmbul, KOmMopbvle NO360IAI0M Pealu308ams peuleHue paccMampusaembix
goHogbix 3a0ay Ha 11K, a makowce 0osedenue peuieHuti 00 NOIYYEHUS KOHKPEMHbIX
yucnosulx pesyromamos. Ha ocrnoge pazsumozo uucienno2o memooa peuiena 3aoadd
0CeCUMMEMPUYUHBLIX KONeOAHUU MPbOXCIOUHOU NOOKPENIeHHbIX YUIUHOPUYECKOLL
000710UKU C YUEemOM OUCKPEMHOCMU PACNOJI0JCeHUsT pebep (8 WUpOKoM OUanazoHe
UBMEHeHUs. ~ 2eoMempu4eckux U  QU3UKO—MeXaHuyecKux  napamempos  npu
o0cecuMempuiecKkoM Ha2pyHCeHUU.

Kntouesvie cnoea: obonouku eépaujenuss, eomempuiecKu HeluHeluHas meopus.
0bon0uex u pebep, HanpAHCeHHO—0ePOPMUPOBAHHOE COCMOSHUE, HEeCMAYUOHAPHbLE
KOJeOaHUS, YUCTIeHHblE MemOoObl
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