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Abstract. The article investigates the dynamic behavior of discretely reinforced
ribbed shells of revolution under non-stationary loads. To obtain a numerical solution,
the finite difference method is used. The correctness of the formulation of the problems
is achieved by using the well-known equations of the theory of shells and rods of the
Tymoshenko type, which are approximations of the original equations of the three-
dimensional theory of elasticity. Numerical algorithms for approximate solutions of
the original equations are based on the use of the integro-interpolation method of
constructing difference schemes. When constructing difference diagrams, kinematic
guantities refer to difference points with integer indices, and the values of deformations
and forces—moments refer to difference points with half-integer indices.
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Problem statement. The problem
of non-stationary axisymmetric
oscillations of a Tymoshenko-type
cylindrical shell supported by an
external elastic ring under the action of
an internal pressure pulse is considered.

The correctness of the formulation
of problems is achieved by using the
well-known equations of the theory of
shells and rods of the Tymoshenko type,
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which are approximations of the
original equations of the three-
dimensional theory of elasticity.

In the case of axisymmetric
vibrations of reinforced shells of
revolution, taking into account the
discrete location of the ribs, the
vibration equations can be written in the
following form [1, 2, 6]
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Equations (1), (2) are supplemented
with appropriate boundary and initial
conditions. In the oscillation equations
(1), (2) the relationship between the
values of effort-moments and the
corresponding deformations is taken
according to [1, 2, 6].

The spatial interval is considered
S, <s<s,, S=Ao,. To construct a
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numerical algorithm, the interval is
divided into N equal parts in discrete
steps As=s/N. A difference grid is
introduced at integer and half-integer
nodes. The components of the
generalized displacement vectors of the
skin and ribs are taken down to integer
nodes of the difference grid
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The construction of a difference
scheme is carried out using the integro-
interpolation method for constructing

finite difference schemes [1 - 3]. We
consider oscillation equations (1) in the
region

{SI—1/2 <Ss< SI+1/2’ tn—l/2 <t Stn+l/2} .

The integration of the left and right the corresponding areas, which are
parts of equations (1) is carried out over considered.
t S
n+l/2 °l+1/2 1 a _
{Ea—(AZTM) YT, +k T, + Pl}dsdt - 3)
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After the integration operation in
(3), we obtain the difference relations [1,

2].  Approximation of vibration
equations on discontinuity lines s=s;

built in a similar way..

Numerical algorithm. The
constructed numerical algorithms for
solving problems in the theory of shells
with local inhomogeneities were worked
out on test calculations, and also checked
for practical convergence.

A comparative analysis of the
dynamic behavior of a reinforced shell
under short-term loading is carried out
according to the analytical solution
presented in the work [4], and a
numerical algorithm for solving the
equations of motion of reinforced
cylindrical shells according to the
equations (1), (2). The problem of non-
stationary axisymmetric vibrations of a
Timoshenko-type  cylindrical  shell,
supported by an external elastic ring,
under the action of an internal pressure
impulse is considered. The equations of
motion of such a construction have the
following form

Results of calculations. The case
of a structure with hinged fastening at the
ends is considered. The boundary
conditions for this case have the
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following form for x=0, x=L:
T,=0,M,=0,U,=0.

The initial conditions are zero. The
calculations were carried out for shells
reinforced in the middle part by a ring
(the center of gravity is at the point
Xx=L/2). The shell and ring parameters

are as follows: L=15m; R=0,6M;

h=3-100"m; H=01m; F =0,015M2%
The load was given as:
P, = A[n() —n(t-1,)]; T=tc/L;
c*=E/ [p(l—vz)} ; A=10°nu/m?;

1,=0,5.

On fig. 1 shows a comparison of the
results of calculations of this problem with
the results of work [4]. The solid line
shows the dependences of the quantity U,
from the value x according to the
methodology of this work, dashed —
according to analytical calculation [4].
Curve 1 corresponds to time t©=0,8;
curve 2—t=0,4,

A comparative analysis of the
dynamic behavior of the reinforced shell
under impulsive loading was also carried
out according to the analytical solution
presented in the work [5], and a
numerical algorithm for solving the
equations of motion of reinforced shells
according to the equations (1) — (2) (case
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of a spherical reinforced shell). The

problem of non-stationary axisymmetric
vibrations of a Timoshenko-type
spherical shell, supported by an external
elastic ring, under the action of internal
impulse loading is considered..

The initial conditions are zero. The
calculations were carried out for a shell
reinforced with a ring along the greatest

w-107, M

.
N

0 6 ~S e” ‘t\

B
RZSEERA

0,1 0,2 0,3

| 7
/

A4 x/L

Fig. 1

The reliability of the results
obtained in the work is determined by
the rigor and correctness of the
statements of the initial problems;
theoretical substantiation of the finite-
difference schemes used; controlled
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YUCEJBHUH PO3B’SI30K JTMHAMIYHOI 3AJIAUI
OCECUMETPUYHUX KOJIMBAHDb HIJAKPIIIVIHHUX OBOJIOHOK
H. B. Apnayra, C. I'. CaBuyk, E. L. /lioOpiBna

Anomauia Jlocmosipnicms o0epicanux 8 pobomi pe3yibmamis UHAYAECMbCSL
cmpozicmio i KOPeKmHIiCmio  NOCMAHOBOK — BUXIOHUX — 3a0ai;, mMeopemuyHuUM
OOTPYHMYBAHHAM  CKIHYEHHO — DI3HUYeBUX cxeM, AKI BUKOPUCMOBYIOMbCS,
KOHMPOAbOBAHOI0 MOYHICMIO HYUCETbHUX PO3PAXVHKIB, NPOBEOEHHAM MeCmOBUX
PO3PAaxyHKie,  GIONOGIOHICMIO  BCMAHOBIEHUX  3AKOHOMIPHOCMElU  3A2A/lbHUM
81ACMUBOCIAM KOJIUBAHL MOHKOCMIHHUX e1eMeHMI8 KOHCMPYKYILL.

Kopexmuicmv nocmanosku 3a0au 00csi2aemvcsi  GUKOPUCMAHHAM — 8IOOMUX
pieHanb meopii 00010HOK [ cmepoicHie muny Tumowienka, SAKI ABIAI0MbCA
ANpPOKCUMAYI€l0 BUXIOHUX DIBHAHb MPUBUMIPHOI meopii npyxcHocmi. [Ipu 6u6ooi
PIBHAHb OMPUMAHO PIBHAHHS KOJUBAHbL 6A2amouapooi 00010HKU 8 2adKil obaacmi,
ma pIiGHAHHA KOAUBAHb NIOKPINAIOIOYUX peOpucmux eiemenmie (nonepeuwi pedopa).
Hesaoicko noxaszamu, wo exazami pisHAHHA no Kiacu@ixayii pieHaHb 8 YACMUHHUX
NOXIOHUX € DIGHAHHAMU 2inepOoNiuHO020 MUNY, AKI € ANPOKCUMAYIEN) KOAUBANbHUX
PIBHANHD MPUBUMIPHUX NPYICHUX MIT I O0CMAMHbO KOPEKMHO 8I10MBOPIOIONb X8UNbOBI
npoyecu 8 HeOOHOPIOHUX OOONIOHKOBUX CMPYKMYPAX 3 6PAXYBAHHAM HPOCMOPOBUX
PO3pPUBIE.

YucenvbHi aneopummu HAOIUNCEHUX PO38 A3Ki68 BUXIOHUX DIGHAHb OA3VIOMbC HA
BUKOPUCTNAHHI IHMe2pOo—IiHMepnoIAYItiHO20 Memod)y nooyoosu pisnuyesux cxem. llpu
no6y008i pi3HUYyesuUx cxem KiHeMamuyHri 6eNUdUHU BIOHOCAMbCS 00 PI3HUYEBUX MOUOK
3 yiaumu iHOeKcamu, a 8eIuduHu oeopmayit ma 3yCuib—MOMeHMI8 8iIOHOCAMbCSL 00
PI3HUYe8UX MOYOK 3 Hanisyitumu inoexcamu. YucenvHuti aneopumm 6a3yemuvcs Ha
BUKOPUCTNAHHI OKPEMUX CKIHYEHHO—PI3HUYEeBUX CNIBBIOHOULEHb 8 21A0KIl 001acmi ma
HA JIHIAX NPOCMOPOBUX PO3PUBIE 3 OPYUM NOPAOKOM MOYHOCHT NO NPOCMOPOSUM MdA
Yacositi KOOpOUHAMAM.

Kniwwuosi cnoea: ob6ononku o0bepmanHsi, HeCMAayiOHApHI HABAHMANCEHHS,
yucenvbHi Memoou
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