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Abstract. Analyzing the publications in which the dynamic problems of cylindrical
shells of non-uniform thickness under the action of various types of loading are
considered, a conclusion can be drawn. that there are practically no works devoted to the
dynamic behavior of heterogeneous cylindrical shells under non-stationary loads.

In this work, the formulation of the dynamic problem of axisymmetric oscillations of
a cylindrical shell of variable thickness under the action of non-stationary loading and
the algorithm for solving the given problem are considered. In particular, the resulting
system of differential equations is based on the theory of Tymoshenko-type shells, while
constructing a numerical algorithm, the integro-interpolation method of constructing
finite-difference schemes for spatial coordinates is used using Richardson approximations
and an explicit difference scheme for time. An example of calculating the dynamic
behavior of a variable thickness under non-stationary loading is considered and an
analysis of numerous results is given.

Keywords : cylindrical shells, change in thickness, theory of Tymoshenko-type shells,
forced oscillations, numerical methods

Problem statement . In this work,
the formulation of the problem of the
dynamic behavior of cylindrical shells of
variable thickness under the action of a

When constructing a mathematical
model of the process of dynamic
deformation of a cylindrical shell of
variable thickness, a geometrically and

non-stationary load is considered. It is
assumed that the cylindrical shell, which
is not uniform in thickness, is located
under due to the internal distributed load,
where and are the spatial and temporal
coordinates.
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physically linear variant of the theory of
shells of the type Tymoshenko [1,2, 4, 6].

The equations of the oscillating
cylindrical shell have the following form:
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aT, d%u
8)1(3 koTog +P5(X,t) = Ph(X) 3

The ratio of forces - moments with the
corresponding magnitudes of deformations
have the form:

1)

Ty1 = B(X)(&11+V2ep2), Top =Bop(X) (822 +Vi€11), Ty = Bia(X)ers;

My = Dy3(X)(icq1 + VoK), Mgp = Dap(X)(Kpp +ViKys );

Elh( X ) Ezh( X)

V1V2

Doy(X) =

» Bap(x) =

Bii(x)=

E1h3(x) E,h%(x)

12(1-vyvy )’ 12(1-vyvyp )
Deformation relations are

represented by the following formulas :

Gul K aU3
811—5 €20 =KpUz, €13=¢ +_8x ,

In formulas (1)-(3)
u(x 1), us(x,t), ei(x,t) — components of the
generalized vector moved to the middle
surface of the shell ; n(x) — variable shell
thickness ; p — density of the shell
material ; E,E,,Gj3,v;, v, — physical and
h(x) =h(xo) +[h(xn) - h(Xo)]%,
XN —Xo =L, Xg <X<Xy.
Oscillating equations  (1)—(3) are
supplemented by the corresponding
boundary and initial conditions. In the

Dya(x)=

K11 =

Ul=U3=(|)1:0.
nitial conditions at t=0 have the form
ou Oug 0@y
—uy=@; =0, —=L="S=-"tl_g
U =U3 =@ ot at ot

Numerical algorithm for solving
the problem . Numerical algorithm for
solving the initial-boundary problem (1)—
(6) based on the application of the integro-
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(2)

3)

mechanical parameters of the shell
material.

To calculate the stiffness
characteristics of the shell thickness n is
defined as a linear function of coordinates

X .

(4)

case of severe pinching of the ends shells

at x=x, and x=xy boundary conditions
have the form

()

(6)

interpolation method of constructing
difference relations along the spatial
coordinate and explicit approximation
along the time coordinate t [5].
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To build more efficient algorithms,
an approach based on finding
approximate Richardson solutions is used

~ 4

Ujirsy == U
I(as) =3
where Ujias/2y i Ujas) - NUmerical
solutions of vibration equations,

respectively, with discrete steps along the
spatial coordinate AS/2 i AS, s=A 0,

It is not difficult to show that the
difference equations (4) approximate the
original oscillation equations (2) in a
smooth region with the fourth order of
accuracy in the coordinate X.

[ 3, 4, 6]. To build more efficient

algorithms, an approach based on finding

approximate Richardson solutions is used
1

i(as/2) — = Ulas) (7)

3

Numerical results. As an example,
the problem of the dynamic behavior of a
cylindrical shell of variable thickness with
rigidly clamped ends under the action of a
normal distributed load was considered
R(x t). Boundary and initial conditions
were adopted according to formulas (5),
(6). The law of thickness change was
adopted according to (4). The isotropic
cylindrical shell was considered with the
following parameters:

Ry=0,3m; L=0,41; h(X)=102x; h(xy)=2-102x; E=7-10" Ila; v=0,3.

Non-stationary impulse loading was
set in the form

Py(x.t)= A~5in7_|t_—t[n(t)—n(t—T ).

where A — loading amplitude ; 7-
load duration. It was supposed in the
calculations A=10°71a; T=50-10"°c.

Calculations of the dynamic
behavior of a cylindrical shell of constant
thickness, the mass of which coincides
with the mass of the initial cylindrical
shell of variable thickness with the above
parameters.

Numerical calculations were carried
out on a time interval o<t<4otr. In fig .1
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the dependences of movement are given
u; by spatial coordinate x at the moment
of time t=s857 (time to reach the
maximum value of the value u; on the
investigated time interval). The curve
with an index of 1 corresponds to the case
of a cylindrical shell of variable thickness,
with an index of 2 — a cylindrical shell of
constant thickness. In the future, we will
adhere to the indicated designations.
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Fig.1 — Dependence of movement u, spatially coordinates x at a moment in time
t=8,5T

In fig. 2 shows the dependence of the
magnitude ¢,, by spatial coordinate » at

a moment in time (=g85s7.

-0.5
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Fig. 2 — Dependence of deformation «,, spatially

coordinates x atamomentintime :=ssr
Based on the first two figures, it is possible to divide the studied area by spatial
coordinate x into three subregions:

OsxsgL, §L£XS§L 51 §Lsst.
8 8 8 8
In the first subregion o<x<3L (the thickness compared to the corresponding
8

values of the shell with a constant
thickness by 10% - 30%. In the third

subregion gLﬁ x<L the opposite pattern is

thickness of the non-uniform cylindrical
shell is less than the thickness of the shell
with a constant thickness) an increase in
the values of the investigated values is observed (the thickness of the non-uniform
observed us, &, oy, Shells with a variable cylindrical shell is greater than the
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thickness of the shell with constant
thickness) - the values of the investigated
values u;, £,, oy Shells with a constant

thickness prevail over the corresponding
values of the values of the inhomogeneous
cylindrical shell.

Conclusions. The paper presents the
formulation of the problem of forced
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JUHAMIYHA 3AJJAYA ACUMETPUYHUX
KOJIMBAHb ITUWJITHAPUYHUX OBOJIOHOK 3MIHHOI TOBIIIUHU 1]
JI€0 HECTAHIOHAPHOI'O HABAHTAKEHHS
FO. A. Meiim, H. B. Apnayra

Anomauia. B uyiii pobomi posensoaemvcsi nNOCMaHO8KA OUHAMIYHOL 3a0aui
ocecUMeMpUYHUX KOIUBAHb YULIHOPUUHOI O0OONOHKU 3MIHHOI MOSWUHU Ni0 OIi€i0
HeCmayioHapHo20 HABAHMAICEHHS MA ANOPUMM PO38 3AHHSA NOCMABIEHOI 3a0aUi.

Hexaii neoonopiona 3a moswunor yuniHOpuuHa 000J10HKA 3HAXOOUMBCS Ni0 JIE0
BHYMPIUHBbO2O PO3NOOLICHO20 HABAHMANCEHHS Py(x,t), 0e x I t — npocmoposa i 4acosa

KOOpOUHamu.

Ilpu nobyoosi mamemamuunoi Mmooeni OUHAMIYHOI NOBEOIHKU YUNTHOPUUHOL
000I0HKU 3MIHHOI MOBWUHU BUKOPUCTOBYEMbCSL Meopis 00oaoHok muny Tumowenka.
Pisnsanus konusans yuninOpuuHoi 000JI0HKU MAOMb HACMYNHUL 8U2TIAO0.

6T11 azul
—== =ph(x)—=;
P ph( )6t2
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Gy

T3
—=2 —koToy + Py(X,t) =ph(x)—==;
ox T2 + P3(X,t) = ph(X) 5

2
My h3(x) 0%,
— TlB=EP—
OX 12 &4t
CniggioHowenHs 3yCumisi - MOMeHmU 3 GIONOBIOHUMU GeluduHaMu oOepopmayill
Maroms 8UA0:
Ti1=Bra(X)(e11 + Ve ), Top =Boa(X)(e22 +Vae11), Tiz =Bya(X)ess;

Mg = Dya(X)(Kq1 + VoK), Mgy =Dop(X)(Kpp + ViK1 );

Eh(x Eoh(x
By(0) =) g ()= B g )= 6 (n(x);

rv1v2 erVZ

Eh3(x E,h3(x

Dyy(x)= A ()= 2T

12(1—V1V2 ) 12(1—V1V2 )
Jlegpopmayitini cnissionowenHs 6y0yms Mamu HACMYRHULU U2TIAO.!

ou ou o
811=§1, e =Koy, E13 =P+ =2, Kyg =k

ox M
B yux gopmynax uw(xt), us(x,t), o(x,t) — KOMHOHEHMU Y3A2A/lbHEHO020 BeKMOp)
nepemiujenHsi KOMnOHeHmbl 0000UWeHHO20 6eKMOPa NepemMiujenHsl ycepeoHeHoi no8epxHti
000NI0HKU; h(x) — 3MIHHA MOBWUHA ODOJOHKU, p — WIIbHICMb Mamepiany 000JIOHKU,
E1, Ep, Gz, W1, v, — QI3UUHO — MeXaHIUHI napamempu mamepiany 000J0HKU.
s mozo, wob obyuciumu xapakmepucmuxy 000JI0HKU MOBWUHA h BUSHAYAEMbCSL
AK TIHIUHA PYHKYIA KOOpOUHAmu x .

h(x) =h(xo) +[n(xy) - h(Xo)]E,
XNy —Xo =L, XgSX=<Xy-

Pisnsannsa xonueanv 0onosnwoiomscs 6i0n08IOHUMU SPAHUYHUMU mad no4Yanikosumu

ymoeamu. Y sunaoky #copcmro2o 3aueMieHHs mopyie 000JI0HKU 000J0UKU NPU X=X §
X=Xy SPAHUYHI YMOBU MAIOMb BULTISO.
W =Uz =¢; =0.

Ilouamxosi ymosu npu t=0 maromo 8u2isi0

g oo

U =Uy = =0,
h=U3 =0 at at at
YucenvbHuii aneopumm po38 s13y8aHHs HeCMAYIOHAPHUX 3a0ay meopii HeOOHOPIOHUX
bazamowapogux  0O0NOHOK  2PYHMYEMbCS  HA  3ACMOCYBAHHI IHmezpo  —

IHMepnoAYIUH020 Memody noby008U CKIHYEHHO — PIZHUYEBUX cXeM N0 NpPOCMOpPOSill
KoopouHami ma s6HIU CKIHYeHHO—pi3HuUyesiti  cxemi muny "xpecm”" no uacosii
Koopournami. /[ no6yoosu binbul epekmugHUX aneopummia 3acmoco8yemuvcs nioxio, ujo
Oazyemvcs HA 3HAXOO0MCEHHI HAOudNCeHux po3e’saskie no Piuapocowny. Ilpuuomy, npu
Qikcosanomy pizHUYEBOMY KPOKY HO HACOBIill KOOPOUHAMI, BUKOPUCTMOBYEMbBCS
NOCNIO0BHICMb HADIUNCEHUX AnpoKCuMayitl no npocmoposii koopounami. Ilpu yvomy,
npoyeoypa excmpanoiayii popmyemuvcs 32i0Ho hopmyn
4 1

UIn(As) = 3UIn(As/2) - 3UIn(As) '
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—n . TN . , . . .
oe UI(As/Z) i UI(As) - YucenbHi PO38’A3KU PIGHAHbL KOJIUBAHbL BIONOBIOHO 3

OUCKPEeMHUMU KDOKAMU N0 NPocmoposii koopounami AS[/2 i AS, S = Alotl.

Pozenanymo npuknad pospaxymky OuHamiuHoi no8eoiHKU YuniHOpUYHOi 000JIOHKU
3MIHHOI MOBWUHU NPU HECMAYIOHAPHOMY HABAHMANCEHHI ma NpU8eOeHO aHAli3
YUCTIeHHUX Pe3yTbmamie.

Knrouoei cnosa: yununopuuni 006010HKM 000NOUKU, 3MIHA MOBWUHA, MeEOpis
06on10Hok muny Tumowienka, umywieri KOTUaHHs, YUCeIbHi Memoou
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