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The purpose of this scientific-essay is constructionation numerical dynamical task
solving algorithm of multilayered discretely substantiated shells, that based on using
Richardson finite-difference approximations types. Multilayered discretely substantiated
shells refer to complex nonuniformity by thickness elasticity-structures. In one reason,
nonuniformity existed because of shell-flakiness structure, in other case — because of
existing discretely substantiated edges. Including the discretely count of substantiated
elements brings to exist new bursting coefficients on spatial coordinates in output
equations. Numerical method usage (finite-difference method, finite-elements method
etc.) for solving dynamic-progressions tasks in listed structures observing convergence of
the worsening numerical results. For the constructing more effective numerical algorithms

used the method, which based on finding approximation solutions by Richardson.

Kmouosi crosa: multilayered shells, discrete nonuniformities, finite-difference approximations

Multilayered discretely substantiated
shells refer to complex nonuniformity by
thickness elasticity-structures. In one reason,
nonuniformity existed because of shell-
flakiness structure, in other case — because of
existing discretely substantiated edges.
Including the discretely count of
substantiated elements brings to exist new
bursting coefficients on spatial coordinates
in output equations [1, 2]. Numerical
method usage (finite-difference method,
finite-elements method etc.) for solving
dynamic-progressions tasks in listed
structures observing convergence of the
worsening numerical results. For the

constructing more effective numerical
algorithms used the method, which based
on finding approximation solutions by
Richardson [3-5].

In this work we are investigating:
nonstationary progression of multilayered
discretely substantiated cylindrical shells,
the construction of numerical algorithm in
case of Richardson approximations types use
and the solutions of tasks with the analyzing
their results.

Nonuniformity elastic structure is
multilayered smooth cylindrical shell with
hardly connected layers and discretely
substantiated circled elements. It means that
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the elastic structure count of stressed-
distorted status (SDS) is using geometric
nonlinear kernel theoryand the Tymoshenko
type shells. Antisymmetric equation
vacillation modes of multilayered
nonuniformity elastic structure are the
partial cases of next equations [2]:

1) equation vacillation modes of
multilayered shell in the smooth area
between comparable discrete edges
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2) equation vacillation mode j-ing ending
kernel in gap points X =X; (The mass
centre projected points of the cross-section
on the middle segment in the smooth
multilayered shell)
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In the equations (1) - (2) have been
inputted next variables: X, t - area and
time coordinates, R - radius of the
exampled middle multilayered surface shell;

Py, Pj —materials density of K — ing layer
shell and J - ing edge; hk - the layers shell
thicknesses, hck - the length from output
middle area to the middle area of K - ing
layer; h ;- the length from output middle
area to_the centre line of the crosssection
mass J-ing edge; X;j — coordinate of
contact line J-ing edge with multilayer shell;

R i Fj , Ikpj - geometric parameters
of ] —ing edge. In the markers for indexes
of efforts and moments considered,
that G{(IZ s (512% , 01(3 stresses in thickness

- ing layer when _hikgzshik ,
k=Ln 2 2

The catena between pointmence of stress
and deformation components gets from
formulas:
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where tensor deformation components in
the coordinate systems X, Z seens like:
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Equation vacillation mode (1) - (4)

added by natural limiting and initial
conditions.

One of the main limiting-task solving-
problems in substantiated with calculated
edges space discrete shells are existence of
bursting coefficients in vacillation mode
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equations. In case of [1, 2], we are searching
the solve on the smooth part and we are
linking on the bursting lines. In this task,
bursting lines are centre mass cross-section
projecting points of jing edge in the middle
of sheathing area.

For the constructing equation solvation
difference-schemes (1) - (4) used
integrational-interpolated method of
constructing finite-difference scheme [3]
for hyperbole equation. In this case, equation
(1) interpreted in area like
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After standard interpretations in

correlations (5), we are getting these difference
approximations of the equations (1)
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In correlations (6) U{l = (uﬁ,ugl, (pill ).
the discrete derivative variable puts like [6].
Like seen in item (6), variable of efforts and
moments correlates to difference points in
the half-integer pointsat the space coordinate
and in integer points at the time coordinate.
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In the equations (3) - (4) areas are
integrate

X1 SX <X, tyg/0 St<ty,g0]
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Similarly, happens the numerical
integrate of equation vacillation mode (2)
for j — ing substantiated element.

Like we seen, in some case, when we solve
numerical equations (1) - (4) by the
approximation basis (6) creates the deterioration
of convergences numerical results. For the
constructing more effective algorithms, we are
using the method, which is based on finding
Richardson approximation results [ 7]. Although,
when the difference step is fixed on the time
coordinate, we are using the progression of
approximations on the space coordinate.
Herewith the extrapolation procedure forms like

~ 4__ 1.
Ulax) = 3 Uliax/2) — 3 Ulax).
where U?(Ax) i Ufl(Ax/Z) -

numerical results of equations vacillation
modes (6), (7) similar with discrete steps on
space coordinate AX i Ax/2

Thedifference equations (8) approximate
the output of equation vacillation mode (1)
in smooth area with forth accuracy order at
the coordinate X.

Like the numerical example, we have
solved the task which consist determination
of the stressed-deformed state of a five-layer
cylindrical shell at a non-stationary load [5].
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1. Calculations for the Uj variable

Standard calculations Richardson’s method calculations
At 1 Ug-104, M At 1 Ug-104, M
Aty 40 0,557
At, 4080 0,573
80 0,569
160 0,573
80+160 0,574
0,5-At, 320 0,576
2. Calculations for the U;variable (on the bursting line)
Standard calculations Richardson’s method calculations
At 1 Ug-104, M At 1 Ug-104, M
At, 40 0,275 Aty 40+80 0,292
80 0,288
160 0,292 80+160 0,293
0,5-At, 320 0,292

The limited goal for this task must be like

x=0, x=L: U1=U2=(p3=0; where L - length of

shell. The begging goal phase is null.
Nons-stationery defined load input like:

Py(t) = Asin(ﬁ[n(t) “nt-T)]"

where A — load amplitude, T — time of
load. Geometric and phys-math parameter
have taken from [2-4].

In 1 table we could see the partly results of
two method - standart method by formulas
(6), (7) with fixed step AX and like a
Richardson method with steps AX i AX/2.
In 1 - 2 tables we could see the results about
the smooth area shell for the variable U3 i
in the profile of the shell Xx=7L/40 for
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AHOTALIA

H. B. Apnayma, P. P. Poman. 3acmocysanma
UUCCALHUX AN2OPUMMIE NIOBUULEHOT MOUHOCE O
MO0eAI08ANNA OUNAMTUNOL NOBEOIHKU OUCKPemHO
NIOKPInAeHUX N AMUMAPOBUX  YUATHOPULHUX
obononox. biopecypcu i npupodoxopucmysanns.
2018. 10, Ne 5-6. C. 217-222. hitps://
doi.ong/10.31548 /bi02018.05.027

Memoro danoeo nosidomaennus € nodyoosa
UUCEABHO20 aAA20PUMMY D036 A3)8ANHA OUHAMIM-
HUX 3adavw meopii bazamowaposux OucKkpemro
nioxpinaenux 0601010k, AKUNL Gazyemves na
3ACMOCYSBANNL CKINUEHO — PISHUUCCUX ANPOKCUMA-
witt muny Piruapocona.

Bazamowaposi duckpemio nidxpinaeni 06oaon-
KU NPeOCmagrLIoms 06010 cKAAOHE HEOOHOPIOWE MO
MOBULUNL NPysHcHL cmpykmypu. 3 00wiei cmoporu
HEOOHOPIONICMS 00YMOBACHA WAPYBAMICINIO 000A0H-
K060 cmpyxmypu, 3 1HwL0T — HAASHICMIO OUCKpem-
Hux nidkpinaorouux pebep. Bpaxysanns duckpem-
HOCME MIOKPINAIOIUUX eneMenmis npusodums 00
NoABU Po3pusHUX KoePHiyienmic no nPocmopositi
Koopounami 6 euxionux pienawnax. Ipu sacmocy-
BAMHT UUCCALHUX Mem00i8 (Memod CKinueHux pis-
HUYUDL, MEMOO CKINUCHUX eAeMeHMIe | Mmowo) 045
D036 asysarna 3a0aw OUHAMIMHOL NOBEOIHKU 8KA3A-
HUX CMPYKMYD cnocmepieasmvcs, noeipuenns, 30iic-
noemi  wuceasnux  pesyavmamis. /Jns mo6yoosu
OLUE ePERMUBHUX UUCCABHUX AA2OPUMMIE 3GCMO-
COBYEMBCA NIOXIO0, WO OAIYEMBCA HA 3HAXOONHCEHHT
nabnuicenux poss asxie no Piuapocony.

Karouosi crosa: bazamowaposi oboronku, ouc-
Kpemni 1eo0HopIOHocmi, CKIHUEHO — Pi3HUYESUX
anpoxcumayitc

AHHOTALUUA

H. B. Apuayma, P. P. Poman. Flcnonwsosarue
UUCAEHHBIX AAOPUMMOE NOSHIUEHHOU MOUHOMU 0N
MO0CAUPOBANUS, OUHAMUMECK020 NOBEOCHUS OUCKPem-
HO  NOOKPENACHHBIX — NAMUCLOUNDBIX  000A0UCK.
buopecypeot u npupodonoavsosanue.  2018. 10,
Ne5—6. C. 217-222. https://doi.org/10.31548/
bi02018.05.027

Lleav dannoeo coobuenus — nocmpoenue wuc-
NEHHO20  AN2OPUMMA  peutenus OUHAMUMECKUX
3a0a1 meopur MHO20CAOUHBIX JUCKpPemmo nodkpe-
NACHHBIX 000A0UEK, OCHOBANHO20 HA UCNOAB306A-
HUU KOHEUHOPAZHOCTHBIX ANNPOKCUMAYUT, MUNY
Puuapocona.

Mmnozocrounsie Juckpemno nodxpeniennvle
00010UKU NPeOCABASION COB0I0 CLONCIHBLE HEOOHO-
podnsie no mosugune ynpyeue cmpyxmypuot. C 00noti
CMOporsL HEOOHOPOOHOCD 00YCA0BAEHA CAOUCTIO-
Cmui0 CmpyKmypol oborouxu, ¢ preoﬁ = HAAUMUEM
ouckpemnvix nooxpenasowux pebep. Yuem ouc-
Kpemmnocmu nooKPenAAoUUX 2NEMEHMOE NPUBO-
UMb K NOABALHUIO PA3PBIBHBLX KOIP PuLUermos
no npocmpancmseennoil Koopouname 8 6viX00HLX
ypasnernusax. Ilpu ucnosv30eanus UUCAEHHBLX
Memo008 0As peuenus 3a0au OUHAMUMECKO20 NOGe-
OeHus yKasanusix cmpyxmyp nabarooaemes Yxyo-
WeEHUE CXOOUMOCTIU. WUCACHHDLX Pe3ysvmamos. JJas
nocmpoenus, 60aee  APPHeKMUEHBIX UUCACHNHBIX
ANOPUMMOB UCNOABIYEMCA N00X00, OCHOBAHHBIL
HA HAXOHCOCHUU NPUOAUNCCHHBIX peuerutt no
Puvapocony.

Kouesvle c106a: mHoeocnotinbie 000104k, OUC-
Kpemmvie 000A0UKU, KOHEWHO-PASHOCKHDLE ANMPOKCU-
Mayuu
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