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PO3B’A3YBAHHA 3AAA4I NPO BIJIbHI KOJIMBAHHA
HEKPYroBol UMniHAPU4HOI OBOJIOHKU
HA OCHOBI METOAY CKIHHEHHUX ENNEMEHTIB

DocnigxyloTbCA AMHaMiYHi  XapakTepuUCTUKU BifIbHUX KOJIMBaHb  TOHKOI
i30TPONHOI OGONOHKM eniNnTUYHOro MonepeYyHoOro mnepepisy cTanoi TOBLMHUA 3
WapHipHO OMepTUMU TOPLUSAMU Ha OCHOBi MeToAy CKiHYEHHUX eNIeMEeHTIB, SKUMK
peanizoBaHO Ha niueH3inHOMY nporpamMmHoMy 3aco6i FEMAP 3 po3s’aisyBauem NX
Nastran. MNpoBegeHo nOpIiBHANLHMMA aHani3 4YacTtoT i ¢opm BiINbHUX KONMBaHb
obONoOHKM ANnA BUNagkiB LWAPHIPHOro oONMpaHHA [BOX TOpUiB i LapHipHOro
onupaHHA OgHOro TOpLSA, APYrMi Topelb — BiNlbHUNA.

Knroyoei cnoea: mMemod CKiHYeHHUX efleMeHmis, yacmomu | GhOpMU 8iTbHUX
KonusaHb, 060sI0HKa eflifnmu4YHO20 r10MNepeyHOZ0 nepepisy.

BcTyn. PauioHanbHe NpoekTyBaHHs AeTanen MalluH Ta erleMeHTIB KOHCT-
PYKLIiN NOB'A3aHe 3 AOCMIOKEHHAM X MILHOCTI Ta CTIMKOCTI 9K KOXHOro ene-
MEHTa OKpemo, TaK i BCbOro arperaTy B LifioMy. He MeHLl BaxnvBuM € BU3-
HaYeHHs BNACHMX YacCTOT, OCKifbKM Npu cniBnagaHHi YacToTW 30BHILLHBOI CUINKA 3
BMACHOIO YaCTOTOO AeTari CnocTepiraeTbCs PyNHIBHE ABNILLLE PE30HAHCY.

MeTtoto Uiei pobOTM € BU3HAYEHHS 4acToT i )OpM BiNbHUX KONMBAHb
MPY>KHOI i30TPOMHOI UMNIHAPUYHOI 0B60MOHKM €NINTUYHOrO MNOMNepPeYHoro ne-
pepi3y cTanoi TOBLUMHM 3 LUAPHIPHO ONepTUMU TOPLUSAMU HA OCHOBI MeToay
CKiH4eHHuX enemeHTiB (MCE).

[ns pospaxyHkiB obpaHO nporpamy Ans iHxeHepHoro aHanisy FEMAP 3
poss'adyBayem NX Nastran. 3anponoHoBaHui nporpamH1in 3acid Bxe BUKO-
pUCTOBYBABCH B psAdi AOCHIMKEHb i3 BU3HAYEHHS YacTOT i (OOPM BiMbHWUX KOMMW-
BaHb TOHKMX LIMNIHOPUYHUX OBONOHOK eninNTUYHOro NonepeYHoro nepepisy cra-
roi [7] Ta 3MiHHOI [1] TOBLUMHM NpU Pi3HNX 3HAYEHHAX eKCLIeHTpUcUTeTy [2] Ta
Pi3HMX rPAaHUYHUX YMOBaX Ha O4HOMY TOpLi, iHLIWIA TopeLb — BinlbHUIA [3].

[eski TeopeTuyHi Nigxoan AOCHIMKEHHA 4acToT i OPM BIiflbHUX KOMU-
BaHb TOHKOCTIHHUX HEKPYrOBUX LMMiHOPUYHUX 060NOHOK onucaHi B [4, 8, 9].

BuxigHi cniBeBigHoweHHA MCE. PiBHAHHSA pyXy MeXaHi4HOi cucTemm 3i
CKIHYEHHOO KiNbKIiCTIO CTyNeHiB BiflbHOCTi 3a@ BiACYTHOCTI 30BHILLHIX CUN onu-
CYETbCHA CUCTEMOIO piBHAHB JlarpaHxa Il poay:

dfoL) oL _

Sl = -==0, j=12..,s,. 1
dt\ 9q; ) 0q; ’ v
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ae L=T -U . BukopuctoByoum ANCKPETHY hopMy (DYHKLOHANIB KiHETUY-
HOI eHeprii Ta eHeprii gedopmadii BignosigHo,

T:lcﬁl.TMicBl. , U=chl.TKicBl. ,
2 2

ae Ki Ta Mi — Martpuuda )KOpCTKOCTi Ta maTpuusa mac i-ro CKiHYEHHOro

enemMeHTa BignoBigHo; @i — BEKTOpP BY3J10BUX I'IepeMiLLLeHb i-ro enemMmeHTa.

3 piBHAHHSA JlarpaHxa (1) oTpUMaeEMO HACTYMHI PIBHAHHA pyXy 0OO0MOHKM
3a BiACYTHOCTI AeMndyBaHHS

e K ta M — matpuus XOPCTKOCTI Ta MaTpuua Mac MexaHiyHOI CUCTeEMMU

BiANOBigHO; Cﬁj — BEKTOp MepeMillieHb By3riB CUCTEMM, LLO Bianosigae j-my
CTYMEHIO BiNbHOCTI, i BiATBOPIOE j-Ty (HOPMY KONMBaHb.
Mpu BiNbHUX KONUBaHHAX 0BOMNOHOK BCi BY3MOBi TOYKWM 34IACHIOTL rap-

MOHIYHI KONMBAHHS AK PYHKLIT Yacy

Micna ninctaHoBKM dyHKUIN (3) B PiBHAHHA pyXy 060MOHKM (2) BU3HaYeH-
HA BMACHWX 4YacToT i hOpM KOmnMBaHb 3BOAUTLCS OO PO3B'A3aHHA CUCTEMMU
anrebpaiyHux piBHAHb

- g o
K@, —o'M®; =0, j=12,.5, 4)

Ae ©; — nynbcauia abo YactoTa rapMOHIYHMX KONMBaHb.

NX Nastran gna BusHayeHHs BriacHUX oopM i YacTOT KONMMBaHb Y BUNag-
Ky, KOnu amcunauia eHeprii i AemMndyBaHHA He BPaxOBYETbCS, BUKOPUCTO-
BYE, 9K OCHOBHUI, MeTop, JlaHuoLa, Lo BUMarae MeHLUMX pecypcis y nopis-
HAHHI 3 iHWUMK MeTogamu. MeTtopg JlaHuoLa 403BONS€E BU3HAYaTH 7 -y Kinb-
KicTb HeobXigHUX BracHUX 3HayeHb i POPM 3a peanbHU Yac, nNpu LbOoMy
pesynbTaTh MOXHa BBaXaTW NPaKTUYHO TOMHUMWU ANS AaHOI AMCKPETHO!

MOZEeni, OCKINbKM Noxmnbka cknagae “cﬁj - m%K’lMcﬁj “ /”QBJ- “ <1077 [8].

MeToa JlaHuowa BMKOPUCTOBYE 3BeAEHHA OO0 TpbOxdiaroHarbHOro Bu-
rnsgy matpuui T

T=Q MK 'MQ,, (5)

ne Q, =1G;. Gz, G5} — NPMOKYTHa MaTpuusi 3 eremeHTamn N, x k;
Ny — KinbKICTb PiBHSIHB; k — HOMep KPOKy no meToy JlaHuowa; g, — & -
BekTop JlaHuowa.
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Bupas

Bk+1glk+1 = K_IME]k - akE]k _Bkglk (6)
reHepye HacTyrNHUiA BekTop JlaHuowa ¢, | BU3Ha4ae noTouHMi psinok Marpuui T
ar P
B ar B3
T= By az Pa
Br o
TaKk1M YMHOM, OTPMMYEMO 3aAady Ha BNAcHi 3HAYEHHS:
Tsf M5k =0, h=12,.k, 7)
ok J =104,

ne w’,; — k -a anpokcumalLlis Kpyroeoi Yactotm o, , h=12,...n; n — Heob-
XigHe 4Mcno BriacHMX nap.

Anroputm npogoBxye obumcrieHHs (Npu 36inblUeHHi k — HOMepa KpOKy
npoueaypu JNlaHuoLwa) Ao Tux nip, Noku He Byae OOCArHYTO 3aaHa TOYHICTb
Nno BCiM HEOOXiAHUM BNACHUM 3HAYEHHSIM.

Mpouenypa BWGIpPKOBOI OpTOroHanisauii NigTPUMye HeoOXiAHWIA piBeHb
opToroHanisauii Bektopis JlaHuowa g¢,, Wo 3abesneyye HafinHICTb i CTiN-
KiCTb YMCMOBOro npouecy po3paxyHky. MNpu UbOMy 3aCTOCOBYIOTbCS €KOHO-
MiYHi MeToaM ANna peanisauii npouedypy BUBIPKOBOI opToroHanisauii n ans
BM3HAYEHHS BrACHWX 3HaveHb (7) LUMAXOM BUKOPUCTAHHA NOABIVMHUX OR -
iTepauin 3i 3cyBamu. BuxigHi BnacHi BeKTopu BM3Ha4aroTbCa 3a (OpMYroto

D =05, h=12,...n. (8)

TecToBi 3apgauvi. [Ina nepesipkn AOCTOBIPHOCTI pPO3paxyHKiB pO3B’si3yBa-
nacb TeCToBa 3afava, pe3yrnbTaTi SKoi MOPIBHIOBANMCh 3 YaCTOTaMM BIlaCHUX
KONMMBaHb KPYroeoi LMNIHAPUYHOT 0BOSOHKM 3 LLapHIpHO ONepTvMK TOpLAMU,
SIKi BU3HaYeHi ekcnepyMeHTarnsHO METOAOM rofiorpadpidHol iHTepdbepomeTpii [6].

3a ponomoroto cuctemu FEMAP nobygoBaHo reomeTpito UuniHApUYHOT
0BONOHKN KPYroBOro nonepeyHoro nepepisy pagiycy R =0,05m, BUACOTU

h=012n, TOBWMHU d =0,0005 n . JocnigkeHHss npoBoannock Ans 060mnoH-
K1 3 LwapHipHo oneptumu Topusamu: u=v =0 (S-S). Matepian o6onoHkn —
cTanb 3 mogynem OHra E =20077la, koediuieHTom lMyaccoHa v = 0,3 , ryctu-
HO p = 78001<.2/M3 . CKkiH4eHHO-enemeHTHe po3bUTTA NPOBOAUMOCH MiHINHU-
MW YOTUPUKYTHUMM MNACTUHYACTUMW ENEMEHTaMM 3 PO3MIPOM CTOPOHU 1 i .

B pesynbTaTi po3B’a3yBaHHA TECTOBOI 3a4ayi OTPMMaHO YaCcTOTU BiflbHUX
KonvBaHb, siKi NpeacTaBneHi B Tabn. 1 pas3om i3 yactoTamun, OTpMMaHUMM
iHLWMM aBTOpPOM [6], @ TakOX 3 HaBeAeHOK PO3BKHICTIO po3paxyHKiB y Bia-
COTKax, A4e m — KiNbKICTb BY3niB B30OBX TBIPHOI, n — KiNMbKiCTb BYy3niB
B3[0BX AYyroBoi koopanHaTh 060NMOHKN.
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Tabnuus 1 —4YacToTu BiNnbHUX KONMMBaHb TeCTOBOI 3agavi

f, 'y o
myn EkcnepumeHT [9] FEMAP & %
1 8 1800 1771 1,6
1110 2092 1759 15,9
1112 2602 2213 15,0
1114 3364 2881 14,4
2 112 3373 3426 1,6
3 |14 5107 5154 0,9
4 |16 6780 6853 1,1
1128 11870 11969 0,8
1124 12350 12183 1,4

AHanisyloum oTpumaHi pesynbTaTtv TeCTOBOI 3afadi, MoXHa nobaumtu
Aobpy BiANOBIQHICTE MK YacTOTamMW BifbHUX KOMMBaHb OTPMMaHWMW, 3a
ponomoroto FEMAP Ta 4actotamu, OTPUMaHUMK €KCMePUMEHTanbHO, LLO
CBIQYMTb NPO KOPEKTHICTb BUKOPUCTAHHS PO3rNSIHYTUX METOOUK.

Pe3ynbTtartu. 3a gonomoroto cuctemu FEMAP gocnigxyroTbcs 4acToTh i
opMM BiNbHUX KONMMBaHb LUNIHOPWYHOI ODOMOHKN eninTUYHOro MoMnepeYHoro

nepepisy 3 BenuKkolw MiBBicCld a=50810-10"x | Marow MiBBICCIO
b=36,285-10" 1, BUCOTOIO % =0,12.m , TOBLUMHOW d = 0,002 » . [JOCHiaKeHHs

NPOBOAMIIOCL Anst 0O0MNOHKM 3 LLAPHIPHO OnepTvMK TopusaMu: u=v=0 (S-S).
Matepian o6onoHkn — ctanb 3 mogynem tOHra E =2141Tla, KoedilieHTOM

MyaccoHa v =032, TYCTUHOW p =7820xe/m’ . CKIHYEHHO-eNeMeHTHe po3GuT-

TS NPOBOAMMOCH NiHINHMUMW BOCbMUKYTHUMMK solid-enemeHTamMm 3 po3mipom
CTOPOHU 1 mm . FeomeTpis 060MNOHKM Ta i3UKO-MEXaHIYHI XapaKTepUCTUKN

BMOUpanuch y BiANoBIAHOCTI A0 06OMNOHKK, OOCNIOXKEHO! Y BUNaAKy LUapHip-
HO OMepTOro OAHOro TOPLS, iHLWMIM TopeLb — BinbHUN (S-F) [3].

B pesynbTaTi po3paxyHKiB OTPUMAHO 4acTOTWU BiflbHUX KOMUBAHb, SKi
npeacTasneHi B Tabn. 2 pasoMm i3 yactotamu, oTpumaHumu B [3], a Takox 3
HaBeaeHOK PO36iKHICTIO pOo3paxyHKiB.

Tabnuus 2 — YacToTH BiNbHUX KONMBaHb LUMIHAPUYHOI 06ONOHKHK
eninTUYHOro NonepeyYHoOro nepepisy 3 pi3HUMU rPaHUHHUMU YMOBaMM Ha TOPLIAX

f‘ /_u fsfs
min S-F S-S fir
1| 4 728 3770 52
G 1992 3070 1,5
1] 8 3794 4459 1,2
1| 10 | 6107 6457 1.1
1 | 12 | 8952 9282 1,0
2 | 4 5821 9141 1,6
2 | 6 | 4046 6586 1,6
2 | 8 | 4639 6346 1,4
2 | 10 | 6882 8235 1,2
2 |12 | 9631 10564 1.1
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DopMU BiNbHUX KONMMBaHb PO3rNAHYTOI OOOMOHKKN 3 LUAPHIPHO onepTuMmn
TopuaMun 306paxeHo Ha puc. 1. NepeMieHHa To4oKk 0BOMNOHKK Ans Bidyani-
3auii nokasaHi B YOTUPMKPaTHOMY 30inbLUEHHI.

Puc. 1 - ®opmu BinbHUX KONMBaHb LMNiHAPUYHOI O6ONOHKM
eninTMYHOro Nonepe4YHoOro nepepisy 3 WapHipHO oNepTMMU TOPLAMU
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BucHoBku. poBeaeHo po3paxyHOK TeCTOBOI 3afadi Ta NpoBeAeHo Mo-
PiBHAHHA 3 pe3ynbTaTamu, OTPUMAHWMWU EKCrepUMEHTanbHO iHWWM aBToO-
poM. PO36iXHICTb MK OTpYMaHMMmu pesynbTatamu He nepesuilye 16%, Lo
€ AONYCTUMOIO, i CBIAYMTb NPO KOPEKTHICTb BUKOPUCTAHHS 3anponoHOBaHOro
MeToay A0 pOo3B’A3yBaHHS 3a4ay 4aHOro Kracy.

B pesynbTaTi po3paxyHKy 4acToT i pOpM BiflbHUX KOMMBaHb LMMiHOPWY-
HOI 0OOMOHKN eninTUYHOro NOMNepPEeYHOro nepepisy BCTAHOBMEHO, LLO LUapHIi-
pHE ONUpaHHA OBOX TOPLIB A€ MOXNUBICTb NIABULLUTM NEpLLy Pe30HaHCHY
4YacTOTy B YOTUPM pa3n y NOPIBHSAHHI 3 LWAPHIPHUM ONMPaHHAM OAHOro Top-
us, iHWWA TopeLub — BinbHWA. Mpn LbOMY nepLui opMU BiNlbHNX KONMBaHb
BiApi3HAOTLCS.

OTpvMaHi pesynbTaTu OarTb 3MOry KepyBaTu CMEKTPOM 4acToT BiflbHUX
KonvBaHb OBOMOHKOBUX KOHCTPYKLIA ANs BUKMOYEHHSA 1i 3 pe30oHaHCHOro
pexXuMy 3a paxyHoK BapiaLlii rpaHMYHUX YMOB, LLO € OAHIE0 3 aKTyanbHUX
npobnem gocnigXeHHa MiLHOCTI 060NOHKOBUX KOHCTPYKLIN.
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PELLIEHUE 3AIA4M O CBOBOAHbLIX KONEBAHUAX
HEKPYroBou UMNMHOPUYECKOU OBOJIOYKU
HA OCHOBE METOOA KOHEYHbIX SJIEMEHTOB

UccnepyloTca guHaMuyeckue xapaKTepUCTUKU CBOGOAHBLIX KOneGaHUMW TOHKOMN
W3OTPOMHOW OOONOYKM INNIUNTUYECKOTO MOMNEpPeYvYHOro ceyvYeHUsi MNOCTOAHHON
TONWMHBbI C LIAPHMPHO ONEpTbIMM TOpLaMU Ha OCHOBe MeToAa KOHEeYHbIX
3NIeMEHTOB, KOTOpbIA peanu3oBaH Ha JNULEH3WOHHoM nporpamme FEMAP c
pewateniem NX Nastran. lNpoBegeH cpaBHUTENbHbLIA aHanuM3 4acToT U popm
CBOGOAHLIX KoneGaHWn Oo6GONOoYKM ANA cryyYyaeB LIAPHUMPHOIO OMUPAHUA ABYX
TOPLIOB U LLAPHMPHOro ONMUpPaHuUsi OAHOrO TopLia, BTOPOW TopeL, CBOGOAHbIMN.

Knroyeenie cnosa: Memod KOHEYHbIX 3/1eMEeHmMOo8, Yyacmomsi U ¢hopMbl C80H0OHBIX
KonebaHull, 060/104Ka SMUMNMUYECKO20 0MEePEYHO20 CEeYEHUSI.

UDC 539.3

V. D. Budak, Dr. Sci. (Tech.), A. Ya. Grigorenko, Dr. Sci. (Phys.-Math.),
M. Yu. Borisenko, PhD (Phys.-Math.), O. V. Boychuk, PhD (Phys.-Math.)

SOLVING OF THE PROBLEM OF
NON-CIRCULAR CYLINDRICAL SHELL FREE VIBRATIONS
BY FINITE ELEMENT METHOD

Dynamic characteristics of free vibrations of a thin isotropic shell with elliptical
cross section of constant thickness with hinged ends are studied on the basis of the
finite element method, which is realized on the license software tool FEMAP with the
NX Nastran solver. Frequencies and forms of free vibrations of the shell for cases of
hinged two ends and hingedone end and free other end are compared.

Keywords: finite element method, frequency and form of free oscillations, shell with
elliptical cross section.

Rational design of machine parts and structural elements related to the
study of strength and stability as each element separately and the entire unit
as a whole is worked out. Equally important is determination the natural
frequencies, since the coincidence frequency external force with own
frequency of detail observed destructive phenomenon of resonance.

The aim of the work is determination of free vibration frequencies and
forms of elastic isotropic cylindrical shell with elliptical cross-section of con-
stant thickness with hinged ends by the finite element method (FEM).

The engineering analysis program FEMAP with solver NX Nastran was
selected for calculations. The proposed software tool has been used in
several studies of determination of frequencies and forms of free vibrations
of thin cylindrical shells with elliptical constant cross-section [1] and variable
[2] thickness for different values of eccentricity [3] and different boundaries
conditions on the one end and free other end [4].

Some theoretical approaches to the study of frequencies and forms of
30



free vibrations of thin non-circular cylindrical shells described in [5 — 7].

A test problem is solved for the validation of the calculations. The results
were compared with the frequencies of natural vibrations of a circular
cylindrical shell with hinged ends, which were determined experimentally by
the method of holographic and interferometry [9]. With the help of FEMAP
built geometry of cylindrical shell with circular cross-section radius
R=005m, height n=012m, thickness d=00005m. The study was
conducted for the shell with hinged ends: u=v=0 (S-S). Shell material was
steel with Young's modulus E =200GPa, Poisson's ratio v =0,3, density
p=7800kg/m’ . The finite element mesh was composed of linear octagonal
elements which size equals 1mm. Analyze the results of test problem
showed a good match between the free vibrations frequencies obtained with
using FEMAP and obtained experimentally, that is indicating the correct
using of both techniques.

The free vibration frequency and form of cylindrical shell with elliptical
cross-section major semiaxis «=50810-10"m and minor semiaxis
b=36,285-10"m, height h=0,12x, thickness 4 =0,002 » investigated with
the help of FEMAP. The study was conducted for the shell with hinged ends:
u=v=0 (S-S). Shell material was steel with Young's modulus E =214GPa,
Poisson's ratio v =032, density p=7820kg/m’ . The finite element mesh
was composed of linear octagonal elements which size equals 1 mm .

The geometry of the shell and the physical and mechanical properties
were selected according to the investigated by finite element method in case
shell with hinged one end and free other end (S-F) [4].

As result of calculation frequencies of free vibrations were obtained. They
presented in table 1 together with frequencies received in [4].

Table 1 — frequencies of free vibrations of a cylindrical shell
with elliptical cross-section and variable boundaries conditions on the ends

f, Iy fsfs
mipn S-F s-s fir
1] 4 | 728 3770 52
1] 6 | 1992 3070 15
1| 8 | 379 4459 12
1 10| 6107 6457 11
1 |12 | 8952 9282 10
2 | 4 | 5821 9141 16
2 | 6 | 4046 6586 16
2 | 8 | 4639 6346 14
2 |10 | 6882 8235 12
2 | 12| 9631 10564 11
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It was established as a result of calculation of free vibrations frequencies
and shapes of the cylindrical shell with elliptical section that in case of
hinged two ends the first resonance frequency in four times more then in
case of one hinged end and free other end. In those cases the first forms of
free oscillations are different.

The results make it possible to control the range of frequencies of free
oscillations shell structures for its exclusion from the resonant mode by
varying boundary conditions, which is one of the urgent problems of
research strength of shell structures.

The obtained results make it possible to control the free vibrations fre-
quency spectrum of shell structures to exclude them from the resonance
regime due to variation of the boundary conditions this is one of the actual
problems of studying the shell structures strength.
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