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AHomauisa

B po6omi 6y1u nposedeHi docidsiceHHs HanpyxiceHo-0ehopMo8aHO020 CMAHy 20/108HOI 6A1KU 00H06A/104HO20 KPAHY
3a 0donomMozoK0 CKIHYEHO-e/eMeHmMHOo20 aHanizy. Beauky wacmky mexauizayii pizHux eupobHUYUX npoyecie
cmaHoe/simb  nidlloMHO-mpaHcnopmui  MmawuHu. Mocmosi KpaHu € OCHOBHUM 8AHMANCONIOUOMHUM
ycmamky8aHHAM 8UpOOHUYUX Yexie. 00H06a/104HI KPAHU 3HAX00s1Mb WUPOKe 3ACMOCYy8AHHS HA 8CIX 0INSIHKAX Yexis:
y MAWUHHOMY 3aJi, Ha ckaadi 2omoeoi npodykyii. 3acmocysaHHsi KpaHo8020 001a0HAHHS, 020 6e38i0MO8HA
poboma su3sHa4ae epekmMuUBHICMb Cy4aCHO20 BUPO6HUYMBA MA NPOJYKMUBHICMb nidnpuemMcmaea. 3HUMCeHHs 8azu
KpaHa, io2o cobisapmocmi npu 36epedxceHHI ma HA8IMb NOKpAuWjeHHI MEeXHIYHUX XapakKmepucmuk € Ha2a/abHo0
sumozoto vacy. [lpoekmysanHs ma onmumiszayisi Cy4acHUX Mema/10KOHCMpYKYIill kpaHie - ckaadHa 3adaya, siKa
B8UMA20E BUKOPUCMAHHS YUCEAbHO20 MO0eA08aHHS. [l aHAi3y UHUKANYUX HANPYXCeHb ma nepemiujeHb 8
Autodesk Invertor 2018 6ysaa no6ydoeaHa 3D modeab 20408HOI 6a/KU 00HO6A/104YHO20 hid8ICHO20 KpaHa
eaHmaxconidiiomMHicmio 2 moHu 3 nposabomom 6 Mempis. Mamepias 2o4108HOT 6aiku KpaHa - cmaas CmO9I'2C. B
docaidxceHHi  po3pobsieHad  CKiHYeHO-eJeMeHmMHa Modeab Memda/a0KOHCMpYKYili .mMocmogozo  hideicHO20
00H06a/104H020 KpaHa [ 3pob.seHull cKiHYeHO-esleMeHMHULl cmamuyHull aHaniz 0451 mozo, Wob eusHavyumu
HanpydceHo-dedpopmosaHull cmaH memasnesoi KOHCMpYKYii 8 Halibinbw 3asaHmaxceHomy cmati. Byau 3adani
2paHu4Hi yMo8U NO 3aKpinjieHHW 6a/KU Mma HABAHMANCEHHS 3 YPAXYB8AHHAM B/dCHOI 8azu 6aqKu ma eazu
esekmpomadsi. bye npoaHasizoeaHuli po3nodin HanpyiceHb ma nepemiwjeHb 83008 8ciei dosicuHu 6aaku. 3
MemoH 3HUMCEHHS 8azu KpaHa 6y/1u NpoaHa/i308aHi yomupu eapiaHma Mema/i0KOHCMpYKyii: 6asosuii ma mpu 3i
3MeHWeHow eazoto. Ilicas aHanizy HanpysxceHo-0epopmo8aHO20 cmaHy 6y8 3anNpONOHOB8AHUU HAU6LAbW
onmumaavHull eapianm. Takoxc 6yau eusHaveHi nepcnekmusu 0451 p038UMKY h00A/IbWO20 BUB4EeHHs UYlel
npobsemu.

Kaiouoei caoea: 6aka, HanpysceHHs, deghopmayis, CKiHUeHo-es1eMeHMHUL aHai3.
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Abstract

The paper studies of the stress-strain state of the main girder of a single-girder crane were carried out using finite
element analysis. A large share of the mechanization of various production processes is made up of lifting and
transporting machines. Overhead cranes are the main lifting equipment of production shops. Single-beam cranes are
widely used in all parts of workshops: in the machine room, in the warehouse of finished products. The use of crane
equipment, its trouble-free operation determines the efficiency of modern production and the productivity of the
enterprise. Reducing the weight of the crane, its cost price while maintaining and even improving the technical
characteristics is an urgent requirement of the time. The design and optimization of modern metal constructions of
cranes is a complex task that requires the use of numerical modeling. To analyze the resulting stresses and movements
in Autodesk Invertor 2018, a 3D model of the main girder of a single-girder overhead crane with a load capacity of
2 tons and a span of 6 meters was built. The material of the main beam of the crane is CTO9I'2C steel. In the study, a
finite-element model of the metal structure of a bridge suspended single-girder crane was developed and a finite-
element static analysis was made in order to determine the stress-strain state of the metal structure in the most loaded
state. Boundary conditions for fixing the beam and the load were set, taking into account the own weight of the beam
and the weight of the electric hoist. The distribution of stresses and displacements along the entire length of the beam
was analyzed. In order to reduce the weight of the crane, four versions of the metal structure were analyzed: basic
and three with reduced weight. After the analysis of the stressed-strained state, the most optimal option was proposed.
Prospects for the development of further study of this problem were also identified.

Keywords: beam, stress, deformation, finite element analysis.
Bctyn

B MaumrHo6OyAyBaHHI YKpaiHU NPOJOBXKY€E 3pOCTaTU MOTpeba B BaHTAXKOMIZHOMHOMY
ob6s1aiHaHHI. lle NOoSICHIOETBHCSA TUM, 1110 Oi/bIIY YAaCTKYy MexaHi3alii pisHUX BUPOOHUYUX MPO-
11eCiB CTAHOBJIATD MiAMOMHO-TPAaHCIOPTHI MAalUMHU. Pi3HOMaHITHI TUNIY NiHOMHO-TPaHCIIOP-
THUX MalllUH | MexaHi3MiB 3a6€e3Me4y0Th BAHTAXXHO-PO3BaHTAXKyBaJIbHIi onepaliii Ha CK/1a/iax,
TEeXHOJIOTiYHI 1 aBTOMATHU30BaHIi JiiHii, Mi>K1[€X0BHH i 11leX0OBUHM TpaHcnopT. BoHu HaziliHO 3a-
6e3nevyyoThb 6e3nepepBHICTb i pUTMIYHICTh BUPOOHUYHKX NPOLeCiB. 3aCTOCYBaHHS KPaHOBOIO
ob6s1alHaHHS, KoT0 6e3BiiIMOBHA po60Ta BU3HA4Ya€ ePpeKTUBHICTb Cy4aCHOr0 BUPOOHUIITBA Ta
NPOAYKTUBHICTb HiANPUEMCTBA. MOCTOBI KpaHU LUIMPOKO BUKOPUCTOBYKOTBHCA Yy Cy4aCHOMY
BUPOOHULTBI. BOHM € Halbi/ibIl PO3NOBCIO/KEHUM | yHiBepcaJbHHM 3acob60M mMifudoMy i
nepeMilleHHs pisHUX BaHTaxiB. OAHOGA/NKOBI KpaHM 3HAXOASATb 3aCTOCYBaHHS Ha BCiX
JIJIAHKaxX LexiB: B MAalllMHHOMY 3aJli, Ha CKJIaZi rOTOBOI NPOAYKILii.

KpaH-6asika 3 eJleKTpOTaJI/Il0 3HAYHO JIeT1Ia i ielieBlia 3a MOCTOBI MPOJIbOTHI KpaHHU i,
BOJHOYAC, IX BaHTaXXKONiAMOMHICTb cAra€ 3-5T, o0 B Gi/bIIOCTI BUNAJKIB JOCTAaTHLO JJIs
ISSN 2415-8453. YkpalHCbKUii >KypHaJI NPUKJIaJHOI eKOHOMiKHU Ta TexHiKu. 2021 pik. Tom 6. Ne 4.

274




IpOBeJIeHHs BaHTAXXHO-PO3BaHTaXKyBaJIbHUX po6iT [1, 2, 3]. HaykoBi fgoc/ii>xeHHA MeTaJo-
KOHCTPYKIIii MOCTOBMX KpaHIiB BUKOHYIOTbCA B HACTYNIHUX HalpsMax: BJOCKOHaJIeHHA
METO/ZiB pPO3pPaxXyHKY 3 MeTOH 3HWXKeHHS IX MeTaJIOMiCTKOCTI, NMiABUIeHHS HaJiMHOCTI i
JOBTrOBIYHOCTI OKpEMUX eJIEMEHTIB i BY3JIiB.

3H)KeHHA Baru KpaHa, Moro co6iBapTocTi npu 36epekeHHI Ta HaBiThb MOKpalleHHI
TeXHIYHUX XapaKTEePUCTUK € HaraJbHOK BUMOIO 4Yacy. BupilieHHd 1€l 3aaa4i NIpyUuBeau 10
BIPOBa/)KEHHsI Pi3HOMAHITHUX NpodisiB 6aJiK¥, HANPHUKIA[, KOPoOYaCTi KOHCTPYKILii,
3aMKHeHi Tpy64acTi npodini [4, 5].

[IpoekTyBaHHA Ta ONTHMi3alif Cy4aCHUX MeTaJIOKOHCTPYKLiM KpaHIB - CKJ/aJHa
3a/1a4a, 1Ka BUMara€ BUKOPUCTAaHHA YMCeJbHOT0 MoeloBaHHsA. OJHUM 3 HalObi/lbll BiJOMUX
CY4aCHHUX YHCEJIbHUX MeTO/IB, AKUU IUIUPOKO BUKOPUCTOBYETHCA NPHU JOC/IPKEHH], € METOJ
CKiHYeHHUX eJleMeHTIiB. AHaJIi3 Hallpy>XeHo-epOpPMOBAHOr0 CTaHy METAJOKOHCTPYKLil KpaHa
MEeTO/I0M CKiHYeHHX eJIeMeHTiB PO3IJ/ISIHYTO B poboTax [3-9].

3a J0MOMOTIOI0 YHCEJbHOT'O MOJEJIOBAaHHSI METOJOM CKiHUEeHHX eJIEMEeHTIB, fKe
peaslidyeTbCcsl B MNporpaMHUX KoMmiuiekcax, Takux sk ANSYS WORKBENCH, SolidWorks
Simulation Ta IHIIKX, CKOPOYYETbCA 4Yac Ta BUTPATU Ha NMPOEKTYBAaHHS Ta ONTHMi3aLio
KOHCTPYKIIil.

dopmysl0BaHHA LijIed CTATTi

MeTow AociimKeHHSI € aHa/li3 Hampy»eHo-AedOpMOBAHOTO CTaHY TOJIOBHOI OaKu
MOCTOBOTO 0/IHO6a/I0YHOr0 Ta ONTHMi3allis ABOTaBPY I'OJIOBHOI 6a/IKK 0HOOA/I0YHOr0 KPaHy.

BuKkJ1as, 0OCHOBHOIr0 MaTepiajy

OfHi€lo 3 HAUBAXK/IMBIILIUX XapaKTEPUCTHUK /I MOCTOBMX BaHTAaXKOMiJOMHUX KpaHiB
€ MilHiCTb. [IpaBU/IBHUN PO3pPaxXyHOK MIilJHOCTi — 3an0pyKa MNPOMHMCJI0BOI 6e3MeKU Ta BUCOKOI
NPOAYKTUBHOCTI KpaHa. PU3MK BMHUKHEHHS aBapiliHOI cUTyalii HabaraTo MeHIle B TOMY
BMIIa/IKy, KOJIM BCi 3a/laHi mapaMeTpH BaHTAXKOMNiAMOMHOCTI BiANOBiAalOTh AicHOCTI. ToMy
TaK BaXJMBO He TIJIbKM BYaCHO NPOBOJUTH CTAaTHU4HI i JUWHAMiuHi BUIpPOOYBaHHS
o6Js1alHaHHS, a ¥ BiJj caMOro no4yaTKy NpaBUJbHO PO3paxyBaTH BCi HABAaHTAXKEHHSI.

baJjiku po3paxoBYIOThCS Ha MilIHICTb i )KOPCTKicTh. Malke BCi po3paxyHKHU KpaHiB, 3a
BUHATKOM OyZiiBeJIbHUX 6alITOBUX KpaHiB i MiJKpaHOBUX 6aJiOK, BeyThCS 3a JONYCTHUMHUM
Halpy>XeHHAM. Po3paxyHOK Ha »KOPCTKICTb B YMOBaX CTATUYHOI'O HABAHTAXXEHHA 3BOJUTHCH
J10 BU3HAYEHHA BiJJHOCHOI'O MPOTMHY Bij Ail pyXOMOro HaBaHTaXXeHHs, HAIPUKJIA[, Bi3Ka 3
BaHTakeM. BesiMuMHaA MNpPOrMHYy He IMOBUHHA IMepeBULIyBaTH JONYCTHUMUX 3a HOPMaMHU
NPOEKTYBAHHA 3HAaY€Hb.

JocaimxyBaBcs miBiCHUNM 0JHO0A/JIOYHUM KpaH BaHTaxomigioMHicTio 2 T. [Ipouit
KpaHa 6 M. MaTtepias rojoBHOI 6aJKM - HU3bKOJIerOBaHa KOHCTpyKIilHa ctanb CTO9T2C.
MexaHiuyHi XapakTepUCTHUKHU: © 0,2 = 300 MIla, o = 460 MIla.

Po3risijaeTbCcs caMUM «HAWUTIipLIUKA» BUNAJIOK JIJI KOHCTPYKILil, le MOMEHT KOJIU TaJlb
NOYMHAE MiIIOM BaHTaXKy, BaHTaXX pO3TalllOBaHO NOCEpPeAMHI Mixk oropaMu (puc. 2).

MoHope/IbCOBY K0J1it0 BUKOHYIOTb 3 AIBOTaBpoBUX 6asiok N2 18M, 24M, 30M, 36M i 45M
arigHo JICTY.

[licnsg po3paxyHKy KpaHa 1 po3ris/y TUIOBUX PeKOMeH/alii 10 ABOTaBpy AJid KpaHa
1i€i rpynu 6yB 06paHuii BoTaBp 36M, AKui Ma€ B nonepeyHoMy nepepisi po3mipu (puc. 3): b
=130 MM, d = 9,5 MM, Wx =850 cm3, a = 60,25 MM, tk=21 MM.

B nakeTi Autodesk Invertor 6ysia po3po6JsieHa 3D Mozesib roJIOBHOI 6aJIKU MOCTOBOTO
0/1H06aJI04HOr0 KpaHa (puc. 4).

[l 6ankuy, sika BUTOTOBJIeHa 3 JBoTaBpa N2 36M, O6yB 3po0OJieHUH pO3paxyHOK
Hanpy»eHo-IedopMOBaHOTO CTaHy (puc. 5, 6, 7).

JlonycTUMUM IPOTHH BOTAaBPa rOJIOBHOI Oa/IKU:
S 6000

eml = 200 = 200
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Puc. 1. IligBicHMI 0JHOGA/IOYHH I

MOCTOBHUU KpaH
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Puc. 2. Po3paxyHkKoBa cxema
roJI0OBHOI 6a/IK1
Pe3ysbTaT po3paxyHKiB [OKasaB, IO [Jid
JIBOTaBpa roJIOBHOI 6aJKU MAaEMO LIeCTUKPATHUH 3amac
MinHoCTi Takui BeJIMKUHM 3anac MillHOCTi CBiJYHUTh PO
HaJIMipHYy MaTepiaJIOEMHICTb KOHCTPYKLii. ToMy 6yJi0
NPUHHATO pillleHHs 3MeHWUTH Npodiab o Ne 24M.

B pesyabraTi pgocnaigxkeHHs 3'cyBajsiocs, 110
ABoTaBp N¢ 24M Tak caMO Ma€ 3aMBUM 3anac MiLHOCTI,
ajle BUOpaTH Lle MEHIIMM HOMep /BOTaBpa He €
MOXJIUBUM, TOMY W0 JiaMeTp KOJIC MexaHi3My
nepecyBaHHs Tasida 17,5 cm.

B 3B'a3Ky 3 1M 0yJ10 BUPilLIEHO 3pOOUTH HAXKHIO
NO0JIOBUHY 6asku JABoTaBpoM N 24M, a BepxHIO
nosioBuHy - Ne 18 (puc. 10). TakuM YUHOM OTPUMYEMO
O0i/bII E€KOHOMHY, KOMIIAaKTHY KOHCTPYKIIilo, fIKa
Bi[IOBiJa€ BUMOTaM MilJHOCTi Ta YKOPCTKOCTI.

Puc. 6. KoedinieHnT 3anacy minHocTti gBoTaBpa Ne 36M
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Puc. 12. [IporuH KOMGiHOBaHOI 6a/IKU
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Puc. 13. KoedinieHT 3anacy MinfHOCTi A/11 KOMGiHOBAaHOI 6a/IKU

Takoxx 3 MeTOW 3MeHLIeHHs MaTepiaJloOEMHOCTI OYB pO3rJSHYTUH BapiaHT 6aJiKu
OTBOpaMU. AJle B IIbOMY BUIIaJKy MaEMO BesvKi nepeMimeHHs (13,02 MM) i He BUKOHYETbCSI
yMOBa )KOPCTKOCTI (puc. 14).

0 Min

Puc. 14. Po3nogis nepemMinieHsb AJis 6a/IKM 3 OTBOpaMH
BHCHOBKM 3 AOC/IiJKEeHHs 1 NepCleKTUBH N0Aa/IbIIUX PO3BiA0K

B po60Ti BUKOHYBa/IMCh AOCHIJKEHHS] HaNpyKeHO-Ae(pOpPMOBaHOI0 CTaHy T'OJOBHOI
6aJIK¥ MOCTOBOTO KpaHy. bysi1 po3rjisHyTi 4OTUPHY BapiaHTa KOHCTPYKIii: 6a30BUI Ta TpH 3i
3MEeHUIEeHO0 Barolo.

ba3oBUM BapiaHT BiANOBiAaB BCIM BUMOraM MILJHOCTI Ta >»OPCTKOCTi, ajie MaB
Ha/JIMIIKOBY MaTepia/oeMHIicTh. OJMH i3 3aIpONOHOBAaHMUX BapiaHTIB BiJNOBiJae yMOBaM
MILJHOCTI, aJie He BiZjIIOBija€ yMOBaM »KOpPCTKOCTI. TOMy NPUILIN O BUCHOBKY 3yIIMHUTUCA HA
BapiaHTi KOM6iHOBaHOI 6asiku. Heo6Xi/IHOIO MepCrneKTUBOIO /Jisl MOAAJbIUIOr0 BUBYEHHS 1€l
npo06JieMH € NepeBipKa Ha BUTPUBAJIICTb KOHCTPYKIiI B 06/1aCTi 3BapHOrO LIBA.
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