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Introduction

The overwhelming majority of the known analysis models takes curvature as a constant value and
assumes it to be at a level of middle surface. The list of such studies can be seen in reviews [1-3, 5-9, 13-15].
Analysis of the thick-walled shells requires taking into account curvature thickness change. This article
considers the approach allowing analyses of the free vibrations of the high curvature thick-walled shells with
axisymmetric bending. It is based on the division of the cylindrical shell thickness using concentric surfaces
into a number of the constituent cylindrical shells those are sufficiently thin to neglect its curvature thickness
change. Meeting the criteria of contact on the external surfaces between the constituent shells, we describe
the stress stain behavior of the original shell with the discrete curvature thickness change consideration.
Polynoms are used for the approximation of the required functions by thickness, and trigonometrical ratios -
according to the plan.

1. Analysis Algorithm

Components of the cylindrical shell stain tensor under the stain shall be determined on the basis of
the following ratios (the axis x is directed along the constitutive shell):
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The stresses are recorded on the basis of Hooke's law.
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Let us introduce the following approximation of the required displacements [10]:
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Where [J 9k) (x), U Sk) (x) — tangential displacements on the front surfaces of the structure;
W(k ) , W(k ) _ normal displacements on the front surfaces of the structure; W(k ) displacement
function; f(k)( ) gk)(r), 9k)(r), gk)( ) — given first-order polynoms; ¢(k)( ) q)gk)( )
second-order; ,B g ) (r) — third-order.

Variation of the potential stain energy in view of the thickness approximation introduced takes the
form:
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Where [ = 1,2 ; p=1,2,3; L —sheath length; a;_;; a; — coordinates of the external surfaces of

k constituent of the sheath by axis 7 .
On rearrangements
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Variation of the kinetic energy can be expressed as follows:
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Let us obtain a free vibration equation on the basis of the following variational equation:

o —oT =0. (7)

On rearrangements, free vibrations equations in displacements take the following form:
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The differential equation system (8) is realized by means of standard trigonometrical substitutions
for hinged edge (Navier solution).

2. Example of problems
For example, let's consider double-layer shell where layers' stress-strain properties are as follows:
EW/EW =25/1, EP =Y, ¢W/EW=05/1, ¢W/EV=02/1, ¢V =cl).

V)(CIQ) = v)(é,) = vg) =0,25; L/h=10. The first and the second layers are at the angles 7/4 and

— /4 to constitutive. The layers are divided into 8 sub layers. The ratio varied: h/R=1/5; 1/3;
1/1; 1/0,75. See the results of the calculations (frequency and form of the free vibrations) on the Pic. 1.
Shortening of the curvature radius makes the vibration form change to planar ones with strong presence of
winding.

The Pic. 2 shows frequencies and forms of the free vibrations as sixteen-layer shell (L/h=10),
where layers are sequentially turned at the angle 7 /4 and — 77/ 4 to constitutive. Stress-stain properties of
the layers are the same as in the previous example.

Picture 1 - Results of the calculations frequency and form of the free vibrations
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Picture 2 - Frequencies and forms of the free vibrations as sixteen-layer shell
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In contrast to the previous case, change to the mostly planar vibrations at a small radius of the
curvature is not followed by winding.

Thus, the procedure for analysis of the free-vibration frequencies of the high curvature thick-walled
shells is developed. The studies conducted on its bases revealed that in case of shell curvature increase,
mostly bending vibrations change to mostly planar ones. Whereat, the bending effect for the shells with the
same thickness is decreasing in case of mutually crossing layers increase.
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PED®EPAT

Mapuyk O.B. Mogens po3paxyHKy BIIBHHUX KOJIMBaHb TOBCTOCTIHHUX MIAPYBAaTHUX aHI30TPOITHHUX
mwriHgpuuHEX 000moHOK. / O.B. Mapuyk, C.B. I'nemam, C.A. JleBkiBchkuid, .M. [linnuenko // BicHuk
HarmionansHoro TpancnoptHoro yHiBepcuteTy. Cepis «TexHiuni Haykm». HaykoBo-TexHIUHMI 30ipHUK. —
K.:HTY, 2016. — Bun. 1 (34).

Y crarTi 3anpoNOHOBaHWW MiOXiX IO JOCHI[PKEHHS BIIBHUX KOIWBaHb TOBCTOCTIHHHUX
HWTHIPAYHUX 000JIOHOK.

OO0’€exT AOCTIKCHHS - AWHAMIYHWIA HAIPYXeHO-Ie(OpMOBaHHUHA CTaH IIApYBaTHUX MHUIIHAPUIHUX
000JIOHOK.

Merta poOOTH - JOCHTIHKEHHS MOJENI PO3PaxXyHKY BITBHHX KOJHBAHb TOBCTOCTIHHHX MIAPYBATHX
aHI30TPOITHAX ITMTIHAPUIHUX 000JIOHOK.

Meton MOCHIKEHHS - po3pobJieHa aBTOpaMH MaTeMaTHYHA MOJCNb HaIpyKeHO-IeGOopMOBaHOTO
CTaHy TOBCTUX MIJIIHAPHUIHUX 00O0JIOHOK , Ta 1i peajtizaiis Ha OCHOBI MOJIIHOMIAIBHOI alpOKCUMAITii.

[ToOymoBaHO TigXix A0 AOCTIIKEHHS BUIBHUX KOJMBAaHb TOBCTOCTIHHHUX ITMUIIHAPUIHUX OOOJIOHOK.
Jlns ampokcumariii nrykaHuX (yHKITIA IO TOBITMHI BHKOPHUCTOBYIOTH MOMIHOMH. J[1s1 Takoi armpokcumartii
110 TOBIIMHI OTpPHMaHa PO3OUIbHA CHCTeMa AWQEPeHIaTbHAX pPiBHAHB. PeamizoBaHa BOHa B
TPUTOHOMETPUIHUX psmax. IIpoBemeHo aHami3 9acTOT BUTLHUX KOJMBAHB 1 X (OpM IS ABOIIAPOBHX i
ITICTHAAISATHIIAPOBUX ITMTIHAPUIHUX OOOJIOHOK IMPH PI3HOMY CITIBBITHOIICHHI BHUCOTH OOOJOHKH 1O ii
paziyca.

PesympraTé cTaTTi MOXYTH OYTH BHWKOPHCTaHI IS PO3PAXYHKY MFUTIHAPHYHUX OOOJOHOK IIPH
BH3HAYCHHI YaCTOTH BUIbHUX KOJIMBAHb.

KJIFOYOBI CJIOBA: TOBCTOCTIHHI IHAPYBATI HWJIHAPWUYHI OBOJIOHKH, HACTOTU
I ®OPMU BUJIbHUX KOJINBAHD.
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of the thick-walled multilayer anisotropic shells. Visnyk National Transport University. Series «Technical
sciences». Scientific and Technical Collection. — Kyiv: National Transport University, 2016. — Issue 1 (34).
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The approach for analysis of the free vibrations in thick-walled cylindrical shells is developed has
been suggested in the article.

The object of studying is dynamic stress strain behavior of the multilayer cylindrical shells.

The aim of work is research model for free vibration analysis of the thick-walled multilayer
anisotropic shells.

Research method: stress behavior mathematical model of thick-walled cylindrical sheath condition
and its implementing on the basis of polynominal approximity has been developed by the authors.

The approach for analysis of the free vibrations in thick-walled cylindrical shells is developed.
Polynoms are used to approximate the required functions. The differential equations resolving system is
obtained for such approximation by thickness. It is implemented in trigonometrical series. Free vibration
frequencies and forms for double-layer and sixteen-layer cylindrical shells at different shell height to radius
ratio are analyzed.

The article conclusions may be used for analysis of the cylindrical shells while determining
frequency of the free vibrations.

KEY WORDS: THICK-WALLED MULTILAYER CYLINDRICAL SHEATHS, FREE
VIBRATIONS FREQUENCIES AND FORMS.

PE®EPAT

Mapuyk A.B. Moaenb pacuera CBOOOJHBIX KOJICOAHHI TOJICTOCTEHHBIX CJIOUCTBIX aHH30TPOIHBIX
UWIMHIpUYecKuXx obosouek. / A.B. Mapuyk, C.B. I'nenam, C.A. Jlerkorckuii, 1.M. Jlunsraenxko // BectHuk
HammonansHoro tpaHcnoptHoro yHuBepcutera. Cepus «TexHuueckue Haykw». HaydHo-TexHUUeCKHN
coopuuk. — K. : HTVY, 2016. — Bem. 1 (34).

B crarbe mpednioxeH TMOIXOA K HCCICAOBAHHIO CBOOOMHBIX KOJEOAHWH TOJCTOCTEHHBIX
OWIMHIPHYECKUX 000I0YEeK.

OOBeKT uccaeqoBaHUS - AWHAMUYHOE HANpsDKEHHO-ASPOPMUPOBAHHOE COCTOSHHE CIOMCTBIX
MWIHHIPUYIECKUX 000JI0UeK.

Lenp paboThI - HCClIeIOBaHUE MOJIETH pacdyeTa CBOOOMHBIX KOJEOaHUI TOJCTOCTEHHBIX CIOWCTBIX
aHU3OTPOITHBIX IIMIIMHAPUIECKHX 000JI0UEK.

Meton wccnenoBaHusi - pa3paOOTaHHAs aBTOpaMU MaTeMaTHYecKas MOJENb HampshKeHHO-
e OPMUPOBAHHOTO COCTOSIHUSI TOJICTOCTEHHBIX IMIIMHAPUYECKHX O00JIOYEK, M e€ pealu3alius Ha OCHOBE
MTOJIMHOMHUAHHOH armpOKCHMAaIUH.

[locTpoeH MOAXOA K HMCCIEAOBAHWIO CBOOOMHBIX KOJNEOAHWH TOJCTOCTEHHBIX IIMITUHAPUICCKUAX
obomouek. Jlnsi anmpokcHManuu MCKOMBIX (DYHKIMHA I10 TOJIIMHE HCIOJB3YIOT MOJMMHOMBI. J[si Takoit
anmNpOKCUMAIlMA 10 TOJIIMHE T[IOJIy4eHa pas3fenbHas cucremMa nuddepeHInanbHbIX YpPaBHEHUU.
Peanm3oBana oHa B TpUrOHOMETpUYEeCKHX pAnax. IIpoBeneH aHamm3 4acToT CBOOOTHBIX KoJeOaHUH M WX
dbopM IS ABYXCIOWHBIX W IIECTHAANATHCIOWHBIX NWIMHIPHYECKHX OO0OJOYEK TMIPH Pa3IUIHOM
COOTHOIIEHNUHU BBICOTHI 00OJIOUKH K €€ pajnycy.

PesynpraTel craTh MOTYT OBITH WCIOJB30BAHBI U pacdeTa NWIMHIPHYECKHX OOOJOYEeK IpH
OTIPEIICIICHUH YaCTOTHI CBOOOIHBIX KOJICOaHUH.

KJIFOUEBBIE CJIOBA: TOJICTOCTEHHBIE CJIOUCTBIE HMJIMHAPUYECKUE OBOJIOYKU,
YACTOTBI 1 ®OPMbI CBOBO/IHBIX KOJIEBAHUI.
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