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MATHEMATICAL MODELING OF NATURAL FREQUENCIES AND
VIBRATION SHAPES OF PROFILED COMPOSITE BEAMS

Smetankina N.V., Doctor of Technical Sciences, Professor

Anatolii Pidgornyi Institute of Mechanical Engineering Problems of the National
Academy of Sciences of Ukraine, Ukraine

An approach to solution of the problem about natural vibrations of laminated
beams is proposed. The shapes and frequencies of vibrations of a composite profiled
beam are calculated. The results of calculations can be useful in the design of modern
engineering samples.

Reliable determination of the stress state of structural elements is one of the
urgent tasks in modern engineering [1]. Reliability and efficiency of operation of
elements of various structures, often having heterogeneous structure, depend on its
successful solution [2]. Profiled, equal-strength composite beams have a significant
advantage over steel elastic elements such as leaf springs or springs. Due to high
strength and low modulus of elasticity and density fiberglass can provide weight
reduction of the elastic element by 10 times or more [3]. The most preferable form of
the composite beam profile can be considered as a conster beam with variable
dimensions, but with a constant cross-sectional area. This condition provides a
continuous distribution of fibers along the length of the beam, which, if the condition
of equal tension is met, leads to a significant increase in strength compared to other
cross-sectional shapes and to 2-3 times decrease in pliability compared to a rectangular
beam. However, the determination of the shapes and frequencies of the main types of
beam vibrations (bending and torsional) becomes a nontrivial problem for profiled
beams, especially complicated when the effect of fiber misorientation on the change of
local and integral elastic properties is taken into account. The problem is solved using
the numerical Rayleigh-Ritz method, and the results show the growth of natural
frequencies in composite beams due to the reduction of specific weight, which allows
tuning the structure from undesirable resonances at the frequencies of first tones.
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VIIK 662.767.2

[O10 MATAHHSA MOJEJIOBAHHS TEXHOJIOTTT YTUJIIBALIIL
OPT'AHIYHHUX BIIXO/1IB

Ckasp O.I. k.T.H., npogecop, Cxasip P.B. K.T.H., 1011eHT,
boarsHcbkuid b.B. K.T.H., 10IEeHT

Taspiticokuii Oeparcashuil acpomexHoNI02IYHULL YHIGepCUmem
imeni /Imumpa Momopnoeo

Po3zenanymi numanus wo0o mMooeno8anHs mexHonoz2ii ymunizayii opeaHivHux
8i0x00i8. [[na onucy makoi cucmemu y 6u2nsoi IiHGopmayitinoi mooeni 0y10
BUKOPUCMAHO CMPYKIMYPHO-NAPAMEMPUYUH)Y cCXeMy (PYHKYIOHY8AHHS MEXHONO02II.

[Ipu dopmyBanHi Ta BUOOpPI TeXHOJOTIM yTwmi3zaili rHoto [1-3] HalOUTBII
€(EeKTUBHO BHUXOAUTH 3 YMOBHU O10JOTIYHOTO OOOPOTY MOXKMBHHX PEUOBUH, SIKUN
MoJIATa€ B OTPUMAHHI E€KCKPEMEHTIB BiJl TBapWH, HOpMai3aiii iX ckiamy, IO
3a0e3mneuye aKTUBI3aIlii0 MIKpO(IIOpH IPYHTY Ta XapuyBaHHS CUIbCHKOTOCIIOAAPCHKUX
POCIIMH, TIPM AKTUBHOMY BIUIMBI HAa CHUCTEMY 3OBHIIIHIX BIUIMBIB. 30BHIIIHIMH
BIJTUBAMH € TOCTIOZAPCHhKI YMOBH, TEXHOJIOT1, 110 3aCTOCOBYIOThCS, SIK1 CKIIAAat0ThCS
3 MPOIIECIB Ta OTepalliid, a TaKOX TEXHIYH1 3aCO0M /I BUKOHAHHS OTepaIlii.

Mopens 0araTopiBHEBOTO MPOIECY TEXHOJOTIYHOTO MPOEKTYBaHHSA 3
MOPOrOBUMH BiI0OpaMH PIlIEHb HAa KOKHOMY pIBHI XapaKTEPU3Y€ETHCS BHUCOKOIO
e(EeKTUBHICTIO, TOMY IO KOPHUCTYBad Ha KOXXHOMY €Tall MpOEKTYBaHHS Mae
MOJKJIMBICTB BiIiOpATH KiJIbKa BapiaHTIB HAHOIMKYMX 10 HAHKpamoro Bapianty [2,4].
Ha ocranHiii ctajii NpoeKTyBaHHSA BUOUMPAETHCS OJIMH OCTaTOYHHUM BapiaHT, SKHil, HA
IyMKY KOPHUCTyBada, IPYHTYIOUMCh Ha HoOro kpamidikaiii Ta KOMIIETEHTHOCTI,
BIZIMIOBIIa€ KPUTEPItO sIKOCTI [5,6].

[Ipoiiec MpOEKTYBaHHS BKJIFOUAE HACTYIIHI, TOCIIIOBHO 3/1ilCHEHI eTtan [2,4]:

1. OGcTexeHHs TOCMOAAPCTBA, ISl SIKOTO OOUPAETHCS TEXHOJIOTIS.

2. 301p Ta knacudikaiis BUXIIHUX JaHUX PO BUPOOHUY1 YMOBH.

3. IlopiBHAHHA BUXIAHUX JTaHUX 3 OOMEKEHHSMHU 3aCTOCYBAaHHS TEXHOJIOT1i, 10
MicTSThCs B 6110111 6a3 manux [IEOM.

4. ®opMyBaHHS TEXHOJIOTIT YTUII3allli THOIO, MOCIAY Ta ii BapiaHTIB 3 00IIKOM
YMOB T'OCIIOIapCTBA.

5. TIpudHATTS pIMIEHHS TPO MOXJIUBICTH BUOOPY TEXHOJOTIT 13 3aJaHUMHU
BUX1THUMHU TTapaMeTpaMH JIJIsl YMOB JIaHOTO TOCTIOAapCTBa.

ANrOopuTMU BHOOPY pAlllOHAIBHUX BAapIaHTIB TEXHOJOTIYHUX MPOILIECIB
CKJIaJIeH1 Y (popMi IMILTIKAIIii.

HaykoBa ocHOBa (hopMyBaHHSI TEXHOJIOT1 — METOJT MPOEKTYBAHHS TEXHOJIOT1H
Ta 3ac00iB, 110 MAIOTh HAMOLIBITY €(PEKTUBHICTh Y 3a/JaHUX yMOBaX, 3aCHOBaHUHN Ha
MaTeMaTH4YHIA Mozeni abo iepapxii MozeneH, 1Mo aJeKBaTHO OMHCYE MPOEKTOBAHUN
MpoLEeC Ta JO3BOJIAE 3a JOMOMOTOI0 CyYaCHUX OOYHMCIIIOBAIIBHUX 3aCO0IB MOETHATH
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