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TEPMOMEXAHIYHA TOBEJIIHKA
TOBCTOCTIHHOI B’SI3KOMNPYKHOI HNUJIIHAPUYHOI MAHEJII

Pestome. Jlano nocmanosky npocmopogoi 3a0ayi npo GUMYWEHI PE30OHAHCHI KOMUBAHMS U
OUCUNAMUBHUTL  PO3I2PI8 8 SI3KONPYICHOI MOBCMOCMIHHOI YUNHOPUHHOT NaHeni 3 WAPHIPHO oOnepmumu
mopysimu. Henpyoicna nosedinka mamepiany ORUCYEMbCS KOHYENYIEIO KOMNIEKCHUX —XAPAKMEPUCTNUK.
Beaoicacmocs, wo mexaniumi i menioizuyHi 61aCmMuU60OCmi MAmepiany He 3aiexdcamv 60 MemMnepamypu.
3aoaua pose’sasyemocs memodom @yp’e i 3600umbcs 00 Kpauogux 3aday  Oisl CUCMEM  36UYAUHUX
ougepenyianvnux pieHsnb. /s po36’si3y8anHs yux cucmem 3anponoHOBAHO GUKOPUCOBYE8AMU epeKmMUGHUL
Memo0 Ouckpemuoi opmoeonanizayii. Jlano nopieHsaHHs pe3yibmamie POo3PAXYHKIE 13  GUKOPUCMAHHAM
npocmoposoi NOCMAHOBKYU U KIACUYHOL ma YmMouHeHoi meopiti 0O0N0OHOK.

Knrouosi cnosa: pezonanchi Kousanms, YuliHOPUYHA NAHEb, CAMOPO3iepis.

Victor Sichko

THERMOMECHANICAL BEHAVIOR
OF THICK-WALLED VISCOELASTIC CYLINDRICAL PANEL

Summary. The statement of three-dimensional problem on the forced resonance vibrations and
dissipative heating of the viscoelastic thick-walled cylinder panel with simply supported edges is presented. The
nonelastic material behavior is described by conception of complex characteristics. It is supposed that
mechanical and thermophysical material properties do not depend on temperature. The problem is solved by the
method of variable separation and is reduced to the boundary-value problems for the systems of ordinary
differential equations. These systems are solved by the method of discrete orthogonalization. The comparison of
calculation results taking advantage of three—dimensional and classical shell theories is presented.

To describe non-elastic mechanical behavior the concept of complex characteristics is used. Panel
edges are considered to be pressed by the hinge. It makes possible to reduce the problem to the system of
general differential equations of high order using the method of variables distribution, for solving of which the
effective numerical method of discrete orthogonalisation is proposed to be used, which provides high enough
accuracy.
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MEXAHIKA 1 MATEPIA/IO3HABCTBO

The characteristics of the viscoelastic material are accepted not to be dependent by temperature. Then
the problem is divided into some separate problems: 1) the problem on the induced resonance vibrations of the
viscoelastic cylindrical panel; 2) the problem on calculation of the dissipation; 3) the problem on calculation the
temperature field with known heat source. Thus, for independent on the temperature properties of materials the
problem was reduced to the solving of boundary problems for the system of general differential equations, which
describes mechanical vibrations of the cylindrical panel and solving of boundary problems for general
differential equations, which describe heat conduction.

To obtain accurate analytical solutions of given boundary problems is, in fact, impossible. Thus, to
solve them the numerical method of discrete orthogonalisation has been proposed. As the example the problem
on vibration of the cylindrical panel, made of polyethylene, has been analyzed.

To estimate the shear strain effect the problem on the vibration of the cylindrical shell using the
theory of more precise definition has been analyzed. Amplitude — frequency characteristics calculated taking
advantage of the discrete orthogonalisation method, have been presented.

Key words: resonant vibrations, cylindrical panel, self-heating.

IlocranoBka mnpoGJemu. Y cydacHid TeXHIl ILIMPOKE 3aCTOCYBAHHS MalOTh
TOBCTOCTIHHI IMJIIHAPUYHI OOOJIOHKH, JJIi PO3PaXyHKY IMHAMIYHOIO CTaHy SKMX BHUHHUKA€e
HEOOX1HICTh y BUKOPHUCTAHHI NPOCTOPOBOI IMOCTAHOBKHU 3a/lad MEXaHIKH Je(pOpMIBHOIO
TBepmoro Tuta. KpiM Toro, po3B’si3aHHsl 3a7a4 y Takiii TOCTAHOBII HAJa€ MOXJIHMBICTH
OL[IHUTU TPAHHUIl 3aCTOCYBaHHsS HAONMKEHUX Teopi, sKki 0a3yrThCs Ha TiloTe3ax
Kipxrogpda-JIssa it yrouHeHux rimore3ax, Tuny Tumomenka. I[Ipu BHUroTOBIEHHI Ta
PO3paxyHKy TaKMX €JIEMEHTIB KOHCTPYKIIiH 13 MOJIMEPHUX MarepiajliB HE0OX1IHO BpaxyBaTu
X B’SI3KOIPY’KH1 BIaCTUBOCTI.

[Ipu rapmMoOHIYHOMY HABAaHTAKEHHI 3 YaCTOTOIO, OJM3BKOIO 1O PE30HAHCHOI, B
€JIEMEHTaX KOHCTPYKIIIM MO’KE CIIOCTepiraTtucs MiIBUIICHHS TEeMIEepaTypu AUCHUIIATUBHOTO
pO3IrpiBy, sika BUHHMKAE y PE3yibTaTl TICTEPE3UCHUX BTpAT y MaTepiami. Bee me HeoOXimHO
BpaxyBaTH IPU PO3PaXyHKY BIAMOBIIHUX 1HKEHEPHUX KOHCTPYKIIi.

AHai3 ocTaHHIX mocaigxkenb i myoOJikauniii. Y pobotax [1 — 5] po3risiHyTO
OCHOBHI JIOCSITHEHHS 3 TEPMOMEXaHIKM 3B’A3aHMX IOJIB y TUIaX 13 HENPYKHUX MaTepiaiis,
SIKI 3HAXOMATHCS MiA JIEF0 MOHOTAPMOHIMHOTO MEXaHIYHOTO HaBaHTa)XeHHA. [IpakTudHO
BAXKJIMBI pe3yibTaTh OTpUMaHl B MoHorpadii [1] cTOCOBHO omucy HempyXHOI MeXaHI4HO1
MOBEAIHKH 32 JI0IIOMOI0I0 KOHIIEMIi KOMIUIEKCHUX XapaKTEPUCTHUK.

VY po6oTi 6 3anpONOHOBAHO YUCEIbHUN METOJI AUCKPETHOT OPTOrOHAI3allll, SKUI MU
BUKOPUCTAaEMO Yy TMOJalblIMX BUKIaAKaX. KpiM Toro, wikaBUM il HOPAKTHYHOTO
3aCTOCYBaHHS € pe3yJbTaTu, OTpuMaHi y MoHorpadii [7]. Hst po3B’si3anHs cHopMyTp0BaHUX
BHUILE 33Ja4 1H)KEHEPHOT MPAKTUKH, K MPABUIIO, BAKOPUCTOBYIOTh YUCEIbHI METOM.

VY mitepaTypHUX JUpKepenax BIACYTHI TOYHI PO3B’S3KM 3a/ay, IOB’S3aHUX 13
KOJIMBAHHSM Ta TUCUIIATUBHOMY PO3IrpiBi TLI MPOCTOPOBOI KOH(pIryparii.

Ile noB’s3aHO 31 3HAYHUMHU MaTeMaTUYHUMHU TPYTHOILAMH, SIKI BUHHMKAIOTh IpPU
aHAJIITUYHOMY PO3B’A3yBaHHI TAKOTO KJacy 3ajau.

Mera po0GotH — pO3B’s3aTH NIPOCTOPOBY 3aJadyy NpPO BHUMYILIEHI PE30HAHCHI
KOJIMBAaHHS W JMCUIIATUBHUN pO3IrpIB TOBCTOCTIHHOI LMJIIHAPUYHOI MaHENl 3 IIApHIPHO
OTEPTUMH TOPLISIMH.

IlocranoBka 3aBaanHs. 3actocyBaTu metro] Dyp’e 31 3BeeHHSAM A0 KpaloBHX
3aa4 JUid CUCTeM 3BHUYAMHMX AudepeHIlaIbHUX PIBHSAHb U1 PO3B’SI3aHHS 3ajadl Ipo
PE30HAHCHI KOJIMBAHHS Ta AUCUIIATUBHUN PO3IrpiB TOBCTOCTIHHOT LHUIIHAPUYHOL MaHEN1 IpU
il HaBaHTaXEHHI TApMOHIMHMM Yy 4Yacl NMOBEHEBUM THCKOM 3 4YacTOTOIO, OJM3bKOI [0
PE30HAHCHOI.

PesyabraTn pocaimkensn. i 10CIIDKEHHS] BUMYILIEHUX KOJIMBAHb B'SI3KONPYKHOT
LWJTIHIPUYHOT IIaHelll BUKOPUCTOBYEMO PIBHSIHHS, HaBeseH1 y MoHorpadii [7]. ¥V 1l piBHIHHS
HEOOX1IHO BKJIIOUMTU cuiin iHepiii. [Ipouenypa po3auieHHs 3MIHHUX JI€TalbHO BUKJIAJECHA Y

po6ori [7]. Bubupaemo y axocti 6azoBux QyHKuii Hadlp 3minnux &), 6!, 6! ,6!, 6!, 6!,
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U, oy, 0,0, Ur, 1is nadesti, BATOTOBJICHOT 3 130TPOIHOTO B'S3KOINPYKHOIO Marepiany
MO)KHAa OTpUMAaTH HAcTynHy cuctemy (1) 3BuuaiiHux audepeHUialbHUX PIBHAHb y JiHCHIN

dbopmi.
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JList B'SI3KOTIPY>KHOTO MaTepially MOpSI0OK CUCTEMH 30UTIIYETHCS BABIY1 TTOPIBHSHO
3 npyxauM MatepianoM. Koedimient [Tyaccona BBakaeTbCs TIHCHUM.
3asaya po3B’A3YEThCS IPU HACTYIMHUX I'PAaHUYHUX YMOBAaX:

=U,=U,=0 (z=0, z=1I)

U, =U.=0 (0=xa) @

o,=0, 0,=0, o0,=-F, (r=R), B, =Fsiny,,sini,_;
o.=0, 0,=0, o,=0 (r=r).

rr

3)

Skmo naHenb € 0araTomapoBOlO, IS KOXKHOTO 3 IapiB 3alUCYIOThCS PIBHSHHS
tuny (1), 1o skux, kpim yMmoB (2)-(3), A0Jat0ThCS 3BUYaliHI YMOBHU CIIPSKEHHS Ha TIOBEPXHSIX
pO3ILTY IIapiB.

Jlist po3paxyHKy TeMIlepaTypu AMCHIIATHBHOTO3 PO3ITPIBY CKOPHCTAEMOCS TUM
(dakToM, IO MPU PE30HAHCHUX KOJUBAHHAX Yy BiANOBITHUX psaax Dyp’e HeoOXinHO
3aJUIINTA TUIBKM OJIMH WIEH, SKUM BIANOBiAAa€ Tid 4M 1HWINA (opmi KojauBaHb. Toni
UCUIIaTUBHA QYHKIISA Ui Li€T GpopMU HAOyAe BUTISAY
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B okouni pe3oHaHcy nucunatuBHa QyHKIIS HAOyAe BUTIISAY

D= C;[DO () +D, (p) cos(2,uk9) +D,(p) cos(2/1nR2C) +

+ D12 (p) cos(2,uk9) cos(2/1nR2g)].

Tonai Temnepatypy MpeACcTaBUMO y BUTJISAL
T=[T;(p)+ T, (p)cos@u,0) + T3 (p) 024, Ry) + T, (p) 08241, 0)c0sQ2, Rl (8)

[Ticnst po3aUIeHHs 3MIHHUX, PIBHSHHS €HEPrii IPU3BOAUTD JI0
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— O ) Qu)E T D (p)=0
{pdp(’)dpj 5 o) ‘} y D=0 o
1d( dT, ) wR;
S D2 A VT |+ 222 Do(0)=0
{p@(p@j ( n) 2:|+ ) 2@) s (11)

108



MEXAHIKA 1 MATEPIA/IO3HABCTBO

pdp\’ dp

J11st KOXKHOTO 13 HaBEJIEHUX PIBHSIHb TPAaHUYHI YMOBH HaOyayTh Takoi hopmu:

{li(ﬂdlj‘—eﬂk) T~ @4 R)T, [+ () =0 (12)
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ap 14
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dp 242 1 R,
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A dlz aR,T}, =0 (p=1)
Ip
16
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dp R,
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BBenemMo MO3HAueHHS Jp— 0 —g , 1, %0 _ ar, _ -, 2 _ g . Ta
P dp 90> 1p 0 q,> Ip i q, dp q;
3aMuIIeMo PIBHSAHHS eHeprii y hopmi
1 d @R’}
7 —(qy) + =Dy (p)=0;
p ap (17)
1 d
__(ql) A z(zﬂA) T +— D(,D) 0,
1 d R;
;;mn(mmyn+”2mmﬁm
Ld - a e @u) Ty -2 @a,R) T + 2R b (p) = 0.
pdp P

Temnnosi rpannaHi ymoBH (13) — (16) MoXXHa IpenCTaBUTH Yepe3 (; ( 0,1,2, 3)

TakuM 4MHOM, 3a/Ja4a 3Benacsd J0 pPO3B’S3yBaHHS KpaloOBUX 3a/1ad Uil CUCTEMH
3BUYAWHUX AudepeHIiabHUX piBHAHL (2), (3), s[KI ONHMCYIOTh MEXaHI4HI KOJIMBAHHS
LWTIHIPUYHOI MaHell Ta po3B’si3yBaHHs KpalOBHX 3ajad JUisl 3BUYAHUX JU(epeHLiaTbHIX
piBHSHB (9) — (16), sIKi ONUCYIOTH TEMJIONPOBIIHICTb.
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JUis  po3B’A3yBaHHA  JaHUX  PIBHSHb  BHUKOPUCTAHO  METOJ  JMUCKPETHOI
opToroHaini3aiii [6], IKuii 1a€ JOCUTHh TOYHI pE3yIbTATH.

B skocti mpukiaay po3MNISIHYTO 3ajadyy PO KOJUBAHHS LMJIIHAPUYHOI IaHel,
BHUTOTOBJICHOI 3 TOJIIETUJICHY, MEXaHIYH1 BJIACTUBOCTI SKOTO HaBeAeHO y MoHorpadii [8], a

koedirient Temtonposinnocti A = 0,18 Bam / m> °C . Tlamen» Mmae Taki posmipu:
R =0,09m, R, =0,11m, L=0,lm, f=n/3. Ha noBepxusix mamem mae MmicIe

. . . 0
KOHBEKTUBHHMI TemnooOMiH i3 30BHilHIM cepegosumeM Temneparyporo 1 =20 "C,

Bam
20

KOE(]IIIEHT TETUIOOOMIHY @ =25————.
M “epao

Jlis OLIHIOBAaHHS BIUIMBY JedopMalliil 3CyBY PO3TJISHYTO 3aJady HpO KOJUBaHHS
IUAJIHIPUYHOT 000JIOHKY 3 BUKOPUCTAHHSM YTOUHIOIOYOT TeOpli, HaBeaeHOT y MoHOTrpadii [9].

Jl1 130TpOINHOT 0OOJOHKY BJIACHI YaCTOTH BU3HAYAIOTHCS 32 GOPMYIIOI0

. D (R+m) E 2
w”’”_ph1+h*L2(/1;+yj)+pR2(,liwj)z’ (18)
Eh’ . 1 n
HeD_lz(l—vz)’ T 5(1—v) L

[Tinkpecnenuil ujneH BpaxoBye BIUIMB jAedopmariii 3cyBy. Po3paxyHOK BiacHOi
4acTOTH 3a Liero Gopmynoro xae @, =17900 (1/5)

035 W *10% ™

0,3
0,25 //\\
0o / \
e N

0,15 A
0,1 s >~
0,05
0 w *10™, 1/c

1,45 1585 165 1,75 185 1,95 2,05

Pucynok 1. AMILTITY/IHO-4aCTOTHA XapaKTepPUCTHUKA

Figure 1. Amplitude-frequency characteristics
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PﬂcyHOK. 2. TEMHepaTypHO-‘IaCTOTHa XapaKTCpuCTUuKa

Figure 2. Temperature-frequency characteristics

Jlis po3paxyHKy BJIACHOI YacTOTH 3 BUKOPUCTAHHSM IPOCTOPOBOI ITOCTAaHOBKHU
3aJ1a4i BHKOPHUCTOBYBABCS PO3B’SI30K CTOCOBHO BUMYIIICHUX KOJHBAHb.
Ha puc. 1 HaBeeHO aMILTITYJHO-9aCTOTHY XapaKTePUCTHKY, PO3pPaxoBaHy Ha OCHOBI
METOJy JHUCKPETHOI OpToroHaii3amii. BiH Jae BeTWYMHY YacTOTH BIACHUX KOJHUBAaHb, SKa
nopiBHIOE @, =17900 (1/c¢).
"

Baxaioun G =G' +iG" u & <<1, 3 popmynu (18) BummBae HacTynHa GpopMyna
G!

®,, =o,, (1+in), (19)
e
DR 2} 1]
oo 21+ v)G | L+ L2+ )12(1-v7) ,7:12':_
" pR* 2 20 (20)
+ n
(2 v ul) ]

I3 (20) 6aunmo, mo koedinienT nemndysanuaG"/ G’ He 3anexuth Bix HOMepa
MOJH KOJIMBaHb T€OMETPUYHMX Ta MEXAHIUHUX ITapaMeTpiB 0OO0JOHKH.

Ha puc. 2 HaBeneHO TeMIlepaTypHO-4aCTOTHY XapaKTEPUCTHUKY.

BucnoBku. J{1s qoCaiKeHHS BUMYILIEHUX KOJIMBaHb B’ SI3KONPYXKHOT HMIIHAPUYHOT
MaHeJll BUKOPUCTAHO METOJA JUCKPETHOI OpTOTOHami3allii, SKUM JO3BOJUB OTPUMATH
PO3B 530K 3 JOCTATHHOIO JUISl IHKEHEPHOT MPAKTUKHU TOYHICTIO0. OI[IHEHO BILIUB jAedopmariii
3CYBY Ha BJIaCHY 4acTOTY KOJMBaHb LMIIHAPUYHOI 0O0JOHKH.

[TokazaHo, 110 KoedilieHT AeMI(pyBaHHS BU3HAYAETHCS TAHTEHCOM KyTa BTpPAT 1 HE
3aJIeXKUTh Bl HOMEpa MOJIM KOJIMBaHb, TEOMETPUYHUX 1 MEXaHIYHUX MTapaMETPIB 000IOHKH.
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Conclusions. The method of discrete orthogonalisation, which made possible to
obtain high accuracy solution for engineering, have been used to investigate the induced
vibrations of the viscoelastic cylindrical panel. The effect of shear strain on the own vibration
frequency of the cylindrical shell was estimated.

It was shown, that damping factor is found by the losses angle tangent and does not
depend on the number of the vibration made, geometric and mechanical parameters of the
shell.
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