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MOJEJTIOBAHHSI MEXAHIYHOI KOHCTPYKIIII 3 BKITIOUEHHSIM
IPAMOKYTHHUX BAJIOK METOJIOM CKIHYEHUX EJIEMEHTIB

AHoTauis. [IpoBeneHo MOJETIOBaHHS MEXaHIYHOI KOHCTPYKIIT 3 IBOX IPSIMOKYTHHX
0aJIOK METO/IOM CKIHYEHHX €JIEMEHTIB Ha OCHOBI IHCTPYMEHTIB Ta 3aco0iB mporpamu ANSY'S.
CTBOpEHO TeOMETPHYHY MOJENb NMPOTOTUITY KOHCTPYKIii YacTUHHU JIiTaka, IS KO, IMicIs
BCTAHOBJICHHS BiIIIOBITHUX MaTepialliB, METOJIOM CKiIHYEHHX €IEMEHTIB IPOBEICHO TPH THITH
IH)KEHEPHOT0 aHalli3y MOJaIbHHUMI, TApMOHIYHHUIT Ta akycTHYHUA. [01aTKOBO BCepeANHI KOH-
CTPYKLII OAAHO JpKepeso 30yIDKEHHS XBWIBOBHX KOJMBaHb 32 BU3HAUCHHX I'PaHUYHHX
YMOB, Ta 004HCIICHO 6 NepIInX BIACHUX YacTOT (MOJ KOJIMBaHb). BusiBiieHo, 1110 Ha 9acToTax
178,19 T'u, 259,03 I'y Ta 259,76 'y 3aranbHi nepeMillleHHsT JOCITalOTh B IIEBHUX 00IaCTAX
KOHCTPYKIIi1 MaKCHMAaJIbHUX 3HAUCHB, CaMe B LIEHTPi OI9HOI IpaHi i BOHH JOPIBHIOIOTH B HO-
pMmoBanomy Burisiai — 0,096515, 0,13827, 0,17195, a e B mepcreKTHBI MOXKE IPU3BECTH JI0
pyHHyBaHHSI, BHACTIJOK BTOMH KOHCTpPYKIii. 3a pe3yJbTaTaMy TapMOHIYHOTO aHAII3Y M
gactotr 20000 'y oTprMaHo, 1110 HAKOIIBII 3HAYSHHS KOINBAIBHOT IIBUIKOCTI CHOCTEpira-
I0ThCS, CaMe B CMILEHTPi CTBOPEHHS 3BYKOBUX KOJIMBaHb, 10 ITiITBEPIDKYETHCS MIPAKTUKOIO.
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CTPYKLIist, 6anka, BToMa.
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MODELING OF A MECHANICAL STRUCTURE WITH THE INCLUSION OF
RECTANGULAR BEAMS BY THE FINITE ELEMENT METHOD

Abstract. The mechanical structure of two rectangular beams was modeled by the finite
element method based on the tools and resources of the ANSYS program. A geometric model
of the prototype structure of an airplane part was created, for which, after determining the
appropriate materials, three types of engineering analysis were carried out by the finite ele-
ment method modal, harmonic, and acoustic. Additionally, a source of excitation of wave
oscillations under certain boundary conditions was added inside the structure, and the first 6
natural frequencies (vibration modes) were calculated. It is found that at frequencies of 178.19
Hz, 259.03 Hz, and 259.76 Hz, the total displacements reach maximum values in certain areas
of the structure, namely in the center of the side face, and they are equal in normalized form
to 0.096515, 0.13827, 0.17195, which in the future can lead to destruction due to structural
fatigue. According to the results of the harmonic analysis for a frequency of 20,000 Hz, it was
obtained that the highest values of the oscillatory velocity are observed at the epicenter of the
creation of sound vibrations, which is confirmed by practice.
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MILHICTb PAKETHUX KOHCTPYKLIIA, BIBPALYIA, AKYCTUYHI XBU/TI TA LUYMOBI EQEKTU

Keywords: finite element method, vibrations, displacements, analysis, structure, beam,
fatigue.

[Tpu npoekTyBaHHI MPOCTUX Ta CKJIAAHMX MEXaHIYHUX CHCTEM 1 KOHCTPYKIiH Bce yac-
Tillle JTOCJIiAHUKY IIPOBOJISITH TIOTICPETHE IIPOTHO3YBAHHS IX MEXaHIYHHUX Ta aKyCTHYHUX Xa-
pakrepucTHK. Taka cTpaTeris 103BOJIsI€ Harepe]| JOCUTh MIPOCTO BU3HAUUTH 3 IIEBHOIO JIOC-
TOBIPHICTIO TTapaMeTpH HaiIfHOCTI Ta JOBrOBIYHOCTI KOHCTPYKIIi{, @ TAKOX 3’sICyBaTH MOX-
JMBI KPUTHYHI JUITHKA PO3TAIyBaHHS TPIIIUH Ta HAAMIPHUX AedopMariiii mpy pisHUX BUAAX
Hanpy>XeHO-1e()OPMOBAHOrO CTaHy. 3BICHO, CaMe NPOTHO3YBAHHS XapaKTEPUCTHK LIUX ele-
MEHTIB He 3aMiHIOE IIPOBEJICHHS EKCIIEPUMEHTY B YMOBaX, HAOIMKEHHUX /10 peasibHUX. Pazom
3 THM, TaK OL[IHKa MEXaHIYHUX Ta aKyCTUYHHX XapaKTePUCTHK KOHCTPYKLiil HalyacTile me-
pendayae, sIK OJMH 3 MOXKJIMBHX CIIOCOOIB, 3aCTOCYBAHHS YHCEIbHUX HAOIMKEHUX METO/IIB.
OJHUM 3 TAaKUX YUCEIbHUX METO/IB € METO/| CKIHUCHUX EJIEMEHTIB.

B po6ori [1] moka3zaHo pe3ynbTaTH po3paxyHKy HENIHIHHOTO MOJICIIIOBAHHS MaTepialliB
BHCOKOMIIIHOT 3a)1i300€TOHHOT OaJIKK, HAa OCHOBI METO/y CKiHUeHHX eneMeHTiB. [ToOynoBano
rpadiky 3aIeXHOCTI HABaHTaXKEHHsI OaJIKW BiJ MPOTUHY. BijbIl ckiagHa KOHCTPYKIs 3 Oa-
JIOK po3TiIsiHyTa B nociikeHHi [2]. KopoGuacti 6anky, B TaHOMY BHIAIKY, PO3TIITHYTO SIK
CKJIAJIOBI MPOTrOHHOT OyH0BH 6ano4HOro MocTa (5 mponboTiB 1o 32 M KoXxHUA). B sxocTi Ha-
BaHTA)XCHHs 00PaHO 3aJi3HUYHHUI MOTAT 1 CTATHYHUH aHai3 3a IMX YMOB, BUKOHAHO 3 BUKO-
PHCTaHHSIM CTBOpPeHOI cKiHdeHHO-eneMeHTHOT Moaeni ANSYS. Okpemo, BU3Ha4€HO pe3yiib-
TaTH MPOTHHIB Ta HANPYKEHb KOHCTPYKLT 6aI04HOT0 MOCTa NPH Pi3HUX KOMOIHALIiSIX HaBa-
HTaXeHHs. [IUTaHHSIM AWHAMIYHOTO MOJETIOBaHHS 0alo4YHOI KOHCTPYKIIi 3 HENiHITHUMEI
3’€IHaHHAMHU IpHUCBsSUeHa poboTa [3]. 3HalifeHO BIacHI 4acTOTH Ta (POPMHU KOIUBAHb METO-
JIOM CKiHYEHHUX CJIEMEHTIB Ha OCHOBI iHCcTpyMeHTiB nporpamu ANSYS. JlonatkoBo, oTpu-
MaHO JMHAMIYHI XapaKTePUCTHUKH ISl KOHCTPYKIIT 3 pi3HUMU BUIaMH IIapHIPIB.

TakuM YMHOM, aHAJI3yI04M HAYKOBI AOCHIUKEHHS, SKi POIJITHYTO BHILE, BCE K 3aJIHU-
IAETHCS BiJKPUTUM HHUTAHHS PO MozentoBanHs B cepenoBuili ANSYS mexaHiuHOT KOHC-
TpyKuii nporoTuny 670Ky jditaka Boeing 777-200, ne noxaHo aBi Oano4Hi CHCTEMH 3 OKpe-
MHMH YMOBaMH 3aKpilUIeHHsI 1 32 yMOBH [ii dikcoBanoi Hampasisitouoi cunu. Kpim poro, €
HarajbHa HeOOXiJHICTb IPOBECTH JUIS Li€] KOHCTPYKIii CTAaTHYHMI aHali3 Ha OCHOBI METOLY
CKIHYEHHHX €JIEMCHTIB 3 OL[IHKOIO JAESKUX MEXaHIYHUX Ta aKyCTHIHUX XapaKTePHCTHK.

Ha pucynky 1 rpadiuno mokazaHo 300pa’keHHSI MEXaHIYHOI KOHCTPYKIiI IIPOTOTHUITY
npuminieHas 6yoky mitaka Boeing 777-200 3 momaBaHHAM JBOX 0aJOYHHX CHCTEM 3 OKpe-
MHMH yMOBaMH 3aKPIiIICHHS Ta PO3MIILIEHHSIM BCEPEANHI JKepena 3BYKY.

Pucynok 1. — IIpotoTun 6;10Ky npUMiLIeHHS
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IToOynoBaHO CTPYKTYpHY CXEMY 3 HOTHPBOX MOAYJIB «PO3B’s3yBadiBy, sSiKa JO3BOJIMIA
MPOBECTH TPH BUIH IH)KEHEPHHUX aHAII31B MOJAJIbHUI aHaii3, TapMOHIYHMI aHali3 Ta aKyc-
THuHKi aHaii3. OOGUHUCIEeHO WICTh BJIACHUX 4acTOT (MOJ) /Ul BKJIAACHHs JpKepesa 30y-
JDKEHHS XBUJIbOBUX KOJIMBaHb.

AKyCTHYHUI aHaIi3 Ha OCHOBI MiJKITIOYEHOT0 OKpemMoro Moxyist Harmonic Acoustics
JI03BOJIMB [IOOYyBaTH KOHTYPHI liarpaMu akyCTHYHOTO TUCKY. 3HAM/ICHO, 110 Ha JASSKNX Ya-
CTOTax aHali3y CIOCTEPIracThesi 301IBLUICHHS CEPEJHBOTO 3HAYCHHS aKyCTHYHOTO THCKY I10
IUTONIMHI KOHCTpYKIiil. Hanpukian, Taka curyamis crioctepiraersest Ha yactoTi 16800 I'm. B
JAHOMY BHUIAJKYy, CJIJ BIIMITUTH, 110 OTPHUMAHE CEPEaHE 3HAYCHHS HOPMOBAHOTO aKyCTHY-
HOT'O THCKY (Iiama3oH HOpMyBaHHs Bif -1 1o +1) € qoBoui HeniHIHHUM 32 pe3yabTaTaMH YH-
CEJIbHOTO MOJIENIOBAHHS, i OTpedye BCe XK J0JaTKOBOT IIEPEBiPKU B paMKax peallbHOTO eKC-
HNEePUMEHTY Y BUIIPOOYyBasbHii 1aboparopii.
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