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EKCHEPUMEHTAJIbHI JOCJIJI)KEHHS HABAHTAKEHb METAJIOKOHCTPYKIIII
ITPU 3ACTOCYBAHHI XOJOBHUX KOJIIC HOBOI KOHCTPYKIIII

B crarti posrmsiganucst 3amadi  €KCIEPUMEHTANGHOTO BH3HAYCHHS II€peBar XOZOBHX KOJIC HOBOI
KOHCTPYKIii 3 TNpPYKHAMH BCTaBKaMH. J{OCHi/KEHHS IPOBOIWIOCH HA MAII0YOMY EJIEKTPHIHOMY, OIIOPHOMY,
JTBOOAJIKOBOMY MOCTOBOMY KpaHi BaHTaxomigiomuicTio 10 T., Ta mporoHom 22,5 M. 3a IOHOMOror0
TEH30pPE3UCTOPIB, 310paHNX B HAMiBMOCTOBY CXEMy Ta HiJKIIOUCHHX [0 aHAIOTO-IH(POBOTrO IEPETBOPIOBAYA
Zetlab210, 6ynu BusHaueHi nedopmariii roloBHOI GajJKd B MOMEHT MiAHOMY Ta MEPEMIlCHHS BAHTAXy Pi3HOI
macu. Ilimiiom Ta mepeMilleHHsS BaHTaXxy, OyJlO INPOBEAEHO IPH OJHAKOBUX yMOBaxX Ha LITAaTHHX KoJiecax
BaHT&)XHOTO Bi3Ka Ta Ha KoJiecaX 3 €IAaCTUYHOI I'yMOBOIO BCTaBKO. bynu orpumani rpadiku nedopmarrii
rOJIOBHOI Oanku.B momanmpiioMy mepepaxyHKy OTPHUMaHI 3aJe)KHOCTI HAIPYKEHOTO CTaHy B KOXXHOMY MOMEHTI
NepeMilleHHsT BAHTAXY [IPU BUKOPUCTAHI SIK MITATHUX KOJIIC TaK 1 KOJIC 3 JIACTUYHOIO0 TYMOBOIO BCTaBKo0. Takox
Oynu BUSIBIICHI 3QJIC)KHOCTI Ta TPHBAIOCTI KOJMBAHb, SIKI BAHUKAIOTH B TIPOJIOBXK [IUKITY MiAHOMY Ta IEpeMileHHS
BaHTaXy. LIMKI eKCIepMMEHTaJbHOTO JOCHI/DKEHHS CKIaJaBCcsl 3 IMIHOMY BaHTaXy B KpaWHbOMY JiBOMY
TIOJIOXKEHHI BaHTQXXKHUM BI3KOM, ITEPEMIIlIEHHI BaHTa)Xy B KpaifHe IIpaBe IOJIOXKEHHS Ta ITOBEPHEHHS BaHTA)KHOTO
Bi3Ka 3 BAHTAXXEM B II0YATKOBE MTOJIOKEHHS.

HaykoBa HOBM3Ha poOOTH TOJISITaE B 3aCTOCYBaHHI HOBOi, MOJIEPHI30BaHOI KOHCTPYKIIiI XOJIOBUX KOJIiC
BAaHTa)XHOTO Bi3Ka 3 €JaCTHYHOIO I'YMOBOIO BCTAaBKOIO, 5IKi €(DEKTHBHO TacsTh KOJIMBAHHS B METAJIOKOHCTPYKIii
MOCTOBOT'O KpaHy.

ExcriepuMeHTanbHi JOCIIIPKEHHS! HABAHTAXKEHb, SIKI BUHUKAIOTh B METAIOKOHCTPYKII{ MOCTY MOCTOBOTO
KpaHa MPOBOJMINCH 3 BUKOPUCTAHHIM JBOXPEOOPIHUX LMIIHIPUYHUX KOJIC Ha BaHTOKHOMY BI3KYy JIFOYOTO
MocToBoro kpany. Ilix wac peecrtpanii BUHMKalO4MX HaBaHTa)KeHb, HA BAHTAKHOMY BI3Ky MOCTOBOTO KpaHa
OyJiM BCTaHOBJICHI CHIOYATKY IITATHI KoJieca, MOTIM INTaTHI Kojieca OyJiM 3aMiHEHi Ha MOJIepHi30BaHi koieca (3
€JIACTHYHOIO0, 'YMOBOIO BCTaBKOIO).

3a micyMKaMHu €KCIIEpHMEHTAIBHUX JOCIIUKEHb OyIlOo BHSBICHO 3MEHIICHHS HAlpy)XeHb B T'OJOBHIN
6anmi MocroBoro kpany Ha 18% Ta 3MeHmIEHHS MiKOBUX BiOpamiii Ha 20 CeKyHJ HpH OJHAKOBUX MHUKIAX
HiTiioMy Ta TNepeMileHHS BaHTaXy. TaKoXX NpH BHKOPHUCTaHHI KOJIC 3 €JaCTUYHOIO T'yMOBOIO BCTaBKOIO
3MEHIIYETHCS MepioJ] 3racaHHs KOJIMBaHb 3aKiHUEHHS IIUKITY TIepeMillleHHs] BaHTaXy IoHaiiMeHme Ha 30%.

KJIIOUYOBI CJIOBA: xodose «xoneco, npyj’cHa 6CMABKA, MEXAHI3M NepPeCy8aHHs, NpPOBeOeHHs
eKCnepuMeHmy, KOAUBAHHA..
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MocCTOBI KpaHH SIBIISIOTHCS HAWO1IBII
3aCTOCOBYBaHUMH BaHTaXXOITHOMHHMHU
MaluHaMA B yMOBax Cy4acHOTO
BUPOOHHIITBA, TOMY 3a0€3MeYeHHs 1X HamiitHOl
1 0Oe3mnepebiitHOT pOOOTH SBJISETHCS JTOCHUTH
aKTyalbHOIO 3aJauelo.

JIOBTrOBiUHICT POOOTH  MOCTOBOTO
KpaHa 3aJCKATh B OUIBIIKM Mipi BiX
JIOBTOBIYHOCTI HOTO METaJOKOHCTPYKIIi, sKa

cripuitmae JIOCHTD 3HAYHI 3MiHHI
HaBaHTAKCHHSI. Iuxmigaa pobota
BaHTaXXOI IHOMHOTO KpaHa BUKITUKAE

HIBUJKO3MIHHI MpOLECH HAaBaHTaXEHb HE
TIJIBKY B 4aci, ane 1 3 enmuuuHU. L{e motpedye
JOCUTHh YBa)KHOTO BW3HAUEHHS BCiX CHJIOBUX
(axTopiB, sSKi MatOTh Miciie TpH poOOT

Beryn

1 MOCTOBOTO KpaHa, SIK CTATUYHHUX TaK
1 muHamigyaux. OCHOBHI HaBaHTAXXEHHS, SKi
BUHHUKAIOTh B METAJIIOKOHCTPYKIIi MOCTOBOTO
KpaHa, BHHUKAIOTH TPH MiAHOMI BaHTaXy 1
poOOTi MexaHi3MiB MepecyBaHHS BaHTaXKHOTO
Bi3Ka i MOCTY. Ouinmi BILIUBY
KOHCTPYKTHBHUX  IapaMeTpiB  MeXaHi3MiB
IepecyBaHHs Ha IWHAMIYHI HAaBaHTXCHHS B
METaJOKOHCTPYKLil MPUCBIYEHO Oarato pooiT
Hamu Oyna 3ampormoHOBaHa HOBAa KOHCTPYKIIIS
XOJZIOBOTO KPaHOBOTO KoJieca 3 TMPYKHOIO
BCTaBKOIO, W0 JIO3BOJIMJIO 3HAYHO 3MEHIIUTH
OUHAMiYHI ~ HaBaHT@XEHHs 1pH  poOoTi
MeXaHi3My TEepecyBaHHs, a IIe¢ B CBOI 4Yepry
TaKO)X 3MCHINMIO 1 HaBaHTaKEHHS, SKi
NepealoThCs Ha METAIOKOHCTPYKIIIFO KpaHa.

AHaJi3 ocTaHHIX J0CaiTxKeHb | myOaikamii

Bci  koHCTpykmii  XOHOBHX — KOIIC
SBJISIFOTBCS JIOCUTH JKOPCTKHMHU 1 HE MOXYTh
crpuiiMaTé Ti TOMITOBXH 1 TeEpeKocH, sKi
BUHUKAIOTh MPH BiAXWICHHI PEHKOBOTO ILISAXY
BiJl pEKOMEH/IOBaHUX 3HAYCHb 1 IPUBOISTH 0
3HAYHOTO 3HOCY pebopx i peitok [1,2].

TakuMm 4MHOM, TIOKpaIleHHs poOOTH Ta
MiIBUIIEHHS  eKCIUTyaTamiifHolT  HaaiiHOCTI
KpPaHOBUX XOJOBUX KOJIC SIBISETHCS JIOCHTH
aKTyaJIbHOIO 3a/1a4€10 CY4acHOTO
KpaHOOY/TyBaHHS.

JluHamidHi MOJEII MOCTOBOTO KpaHy
pO3rsiHYTO B po0OTI [3]. ABTOpPHM BH3HAYaIIU
JIHIWHI KOJMBAHHSI MOZENI, sKa [a€ OIUC
BiOpamii BaHTaXy 1 TponeiB Imij dYac pyxy
KpaHy 1 OI[IHWIN CHIH TepTs B cuctemi. byna
JlaHa OIliHKa BIUIMBY 3MiHHOCTI HABaHTa)XKCHHS
Ha TIPOTSA3i Mii CHJI OMOpy NpHW TepecyBaHHI
KpaHny. Ane B poOOTI He pO3IISHYTO
IVHAMIYHI HaBaHTaKEHHS B
METaJIOKOHCTPYKLiI KpaHy MpH MepecyBaHHi.

JuHaMiuHi 3ycHIUIs, SIKi BUHUKAIOTh TIPH
MepeCyBaHHI BaHT@XHUX BI3KIB BaHTAKHUX
KpaHiB MarOTh JOCTaTHHO BEJMKI 3HAYEHHS 1 iX
HEMO)KHA HE BPaXOBYBAaTH IPU MPOEKTYyBaHHI
kpaniB [4, 5]. OcoGIMBO BOHU MPOSIBIISIOTHCS
miJ yac 3HOCY KoOJic i pedoKk Npv BHHMKHEHHI
HiepeKociB Ha KpaHax [6, 7].

UuHHUKY,  SKI  TPU3BOJATH  JIO
BUHHMKHEHHS CWI I€pEeKocy ¥ pyHHyBaHHSA
OKpEeMHX BY3JIiB METaJIOKOHCTPYKIIH
MOCTOBHX KpaHiB, TAKUX SIK KiHIIEB1 Ta TOJIOBHI
Oanku, Oyau po3risiHyTi B poboti [8]. Bymu

3aMpoIIOHOBaHI JIEKiJIbKa METO(IB MOMIMIICHHAS
POOOTH KpaHOBUX METaJeBUX KOHCTPYKLIH. A
came, 3acTOCYBaHHS TiIPOJMHAMIYHUX Ta
TiApPOCTaTUYHUX TIPUBOMAIB B  MEXaHi3Max
nepecyBaHHS Ta MIOBOPOTY KpaHiB.
BrpoBajkeHHS B MeTaneBUX KOHCTPYKIIISIX
HOBUX KapOi0- iHITPiJOyTBOPIOIOYHX CILIABIB
3alTi3a 3 MOKa3HUKaMHU TPaHMIl TEKy4JOCTi B 4—
5 paziB Oinpmumu, HiK Ct3. BrpoBamkeHHs
Ha 3aBOJ]aX-BUPOOHHUKAX OCTAaHHIX JOCIIiPKEHb
B ramysi Jila3epHOI TexXHIKH. BrpoBapkeHHS
BHUCOKOMIIIHUX OOJTIB Ta eJIEKTPO3aKJICIIOK
I 3’€IHaHHA TOJIOBHHUX 1 KIHIEBHUX OalloK.
ABTOpH  CTBEp/UKYIOTH IO Il  METOAH
NOJIMIATh POOOTY KPAaHOBHUX METaJIeBHX
KOHCTPYKIiil. Ajne B poOOTi HE HaBEACHO
MTOPiBHSHHS MKOBUX HaTpy>XeHb B
METAJIOKOHCTPYKINSIX ~ KpaHiB  MmijJ  dYac
3aCTOCYBaHHS JICIKUX METO/IIB.

JocmimKkeHHs KIHIIEBO-EJIEMEHTHOT
MOJIeJIi METaJOKOHCTPYKIl MOCTOBOTO KpaHa i
CTATHYHHHA  aHajai3  METOAOM  KIHIIEBUX
€JIEMEHTIB JUIsl OTPUMAaHHS HaNpyXeHHS B
HeOe3neuHii TOUIi METaJOKOHCTPYKLI1
po3risiHyTo B poboti [9]. 3a momomororo
OpPTOTOHAJILHOTO ~ JIM3allHy  3MOJIeNIbOBaHI
BUIAJIKOB1 BEJIMYMHU Hanpy>XeHb B
HeOe3neuHil Touii. Po3pobieHo HOBU MeTOn
TOYHOTO KiJBKICHOTO aHaNi3y 1 MPOEKTYBaHHS
METaJIOKOHCTPYKIIiT MOCTOBOTO KpaHa. Takox
aBTOPU CTBEPIPKYIOTH LIO PO3POOICHUN HUMU
METOJI MOXKE 3HAa4HO CKOPOTHUTH BUTpATH Ha
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NPOCKTYBaHHS MOCTOBOTO KpaHa, aje He
BKa3yIOTh TOYHI JJaHi 3MEHILICHUX BUTpAT.

B  pobGori [10]  3anpomoHOBaHO
CTPYKTYpY MYJIBTHIUCIUILTIHAPHOT
omnTuMi3ailii MOCTOBOTO KpaHa. [IpeacraBieHo
JOCIIKEHHS MYJTBTHAACIUTLTIHAPHOT
TEXHOJOT1 MIPOEKTYBaHHS KpaHiB.
BcraHoBineno — onTuManbHy =~ MaTeMaTHUHY
MOACIb KpaHa Ui ONTHUMI3amii  #Horo
METAJOKOHCTPYKINil. ABTOpH CTBEP/DKYIOTH,
10 CTPYKTypa MYJIBTIAICIIIITI HAPHOT
ONTHMI3aIii MOCTOBOTO KpaHa 3a TOTOMOTOI0
KIHIIEBO-€JIEMEHTHOTO aHaNi3y 1 AMHAMIYHOTO
MOJIEIIIOBAHHSI, MOKE 3a0€3MeUNTH KOPCTKICTh
METaJOKOHCTPYKIIIi, o JIO3BOJIUTH
BUTPHUMATH BUHUKAIOUi B HIl HampyxeHHs. Tak
camMoO U CTPYKTypa MYJIbTHIMCHIUILTIHAPHOI
omTuMizamii  30ibIIye  MINHICTH 1  1HIII
XapaKTePUCTUKU KpaHa. PesynbTatn
JOCITI/DKEHHST TIOKa3ylTh, IO ONTHMI3aIis
METAJOKOHCTPYKIiI MOXKe 3HA4YHO 3HH3HUTH
3arajilbHy Macy KpaHa. 3MEHIIICHHS MacH KpaHa
MpHU3BEe€ IO EKOHOMIl KOmTIiB Ha HOro
BUPOOHUIITBI. Ane eKCIIepUMEHTaJIbHE
JOCITIDKEeHHsT OyJIo TMpoBeneHo Tutbku Ha 3D
Mozeni MocToBoro Kpana. JlocmimkeHs Ha
MOCTOBOMY KpaHi OyIb-IKOTO BHPOOHHYOIO
MiANPHEMCTBAa B peajlbHUX YMOBax He Oyio
MPOBEJICHO.

Onrtumizaniss METaJOKOHCTPYKLIl KpaHa
31 3BapeHOI0 KOPOOYACTOI CEKIE Oalku
posrmsayta B poboti [11]. Onrumisaris
METAJTOKOHCTPYKIIT 3MIHCHIOETHCS  IUISIXOM
3MIHU PO3MIpIB CEKIiil Oalku KpaHa, a TaKoXK
MOJIOXKEHHSAM BaHTAKHOT'O Bi3ka Ha Oai. [lei
croci0  BKIIIOYAE€  TOPIBHSHHA  ICHYIOUHX
AHAITUYHUX ~ PE3yNbTaTiB 3 JIAHUMH,
OTPUMaHNMH 3a JIOTIOMOTOI0 MPOTPaMHOTO
3a0e3MeyeH sl Ui aHall3y METOAOM KiHIEBUX
eleMeHTiB 1 MozaemoBaHHA. OCHOBHa yBara B
poboTi mpuainseTbes Moaudikanii iCHYHYOi
METAJOKOHCTPYKIil KpaHa. 3MEHIIYIOTHCS
PO3MIpH MOMEPEYHOro Mepepisy Oanku KpaHa

IUIsl MiHIMi3allii BUKOPUCTaHHS MaTepiairy mpu
WOTO BHTOTOBIIEHHI, IO 3HIKYE HOTO
BapTicTh. [Ipu po3poOiii MeTomoIoTii KiHIIEBUX
€JIEMEHTIB Opaiucst 1O YBaru HampyKeHHs
3cyBy, IOBHa nedopmallis, MaKCUMabHe
TOJIOBHE HANpyKEHHS 1 MiHIMaJbHE TOJOBHE
Hamnpy>XeHHs JJIs  ONTHMi3alii  IPOEKTY.
OnrruMizaris BKJIIOUA€E 3MiHY TaKUX
MapaMeTpiB METaJOKOHCTPYKIIii, K po3Mip 1
TOBIIMHY TIUIACTHH. MonepHizoBana 0Oanka,
epeKTHBHA 3  TOYKH  30py  TEXHIKH
MIPOEKTYBAHHS 1 MATBEPKEHA K €KOHOMIYHA
3aBISKM 3HIDKCHHIO il Barh Ha 8,39% B
MOPIBHAHHI 3 ICHYIOUOIO KOHCTpPYKIi€l. Aue
IHIIII METOJIU ONTHUMI3aIlil METaJOKOHCTPYKITT
KpaHa B po0OOTi HE PO3TIITHYTO.

AHaTITHYHUHA PO3paxyHOK
METaJOKOHCTPYKIIiT MOCTOBOTO KpaHa
BHKOHaHO B poOoti [12]. Bynm Bu3HadeHi
MaKCHMaJbHI HANpyrd BUTHHY 1 TPOTHHY
rojoBHoi Oanku. Takox Oymu po3paxoBaHi
mapaMeTpyd 1 CTBOpEHa MoOJelIb KpaHa B
mporpaMHOMy 3a0e3nedeHHi. Mopens Kpana
Oyia mpoaHai30BaHa 3a JIOMIOMOTOK) METOMY

KIHIIEBUX €JIEMEHTIB. Tineku iCIIs
MPOBEJIEHNX TIEPEBIPOK METATOKOHCTPYKIIii
KpaHa 32  JOMOMOTOI0  TPOTrPaMHOTO

3a0e3neyeHHs, Oyja BHUTOTOBJICHA  HOrO
naboparopHa  ¢izuyHa  Momenmb. [ sk
CTBEP/KYIOTh aBTOPH, MOAAJBIII JTOCIIKSHHS
OyJyTh IPOBOAMTHCH Ha Il JiabOpaTOpHii
MOJIEIT.

Iig vac ornsay miTepaTypHHUX JpKEpe
[1-12] Oynu BusiBNeHI JAesKi MUTaHHS, SIKi B
NificHMIl dYac 1€ He IOCIIDKEHl I1HIINMH
aBTopamu. Ile 7g03BosMiI0  chopMmysrOBaTH
HAIPAMOK JIOCITiDKEHb HaMpyXeHb
BUHHUKAIOYUX B METAIOKOHCTPYKIIi MOCTOBOTO
kpaHa. Ilim dYac TPOBEJCHHSA JOCIIKCHD
BUKOPHCTOBYBAJIOCh X0JI0BE KOJIECO
BAaHTXXHOTO  Bi3Ka  MOCTOBOTO  KpaHa
MOJIEpHI30BaHOI ~KOHCTpYKIii, a came 3
€JIACTHYHOIO TYMOBOIO BCTaBKOIO.

IMocTanoBKa Mpod.eMu

KpanoBi koneca SBIAIOTBCS HaWOiIBII
MIBHJKO 3HOIIYBAaHMM €JIEMEHTOM KpaHa.
3MeHIIeHHsI X JOBrOBIYHOCTI MpPHUBOJE MO
301IBLIICHHS. PEMOHTHHMX BHTpaT 1 MPOCTOIB
kpaHa. ToMy, MiJBUIIEHHS JJIOBIOBIYHOCTI
KPaHOBHX  XOJIOBHX  KOJIC  SIBIISIETBCS
AKTYyaJIbHOIO 3a7a4uero Cy4acHOTO
KpaHOOyyBaHHsA. Bci KOHCTPYKIIT XOJIOBUX
KOJIIC JIOCHTh JKOPCTKI 1 HE CHpUIMaloTh
NOLITOBXW 1 TMEpeKocH BUHHUKAIOUYi MpHU

BiJIXUJICHHI peitkoBoro LUIAXY Bif
PEKOMEH/IOBAaHUX 3HA4YeHb 1 MPHUBOIATH JIO
3HAYHOT'0 3HOCY pebopy i peiok.

AHasiz OTpUMaHuX PillleHb TOKa3aB, 10
NpH  3aCTOCYBaHHI  XOJOBOIO  Koieca 3
€JIACTHYHOI0 BCTaBKOKO JIMHAMIYHI (QaKTopu
IpU  TEepecyBaHHI  BAaHTAKHOIO  Bi3Ka
3MEHIIYIOTbCsA. OTpUMaHO 3ajJeKHOCTI JUIs
BU3HAYCHHS  JUHAMIYHMX  3YCHJIb,  SIKI
BUHHUKAIOTh NPU TEpPecyBaHHI  XOZOBOTO
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KpPaHOBOTO KOJIeca 3 ypaxyBaHHSIM YKOPCTKOCTI
MPY>KHOT'O KiJIBbIIS, SIKE BCTAHOBIICHO B XOJIOBE
kojeco. IIpoBemeHo aHami3 3aKOHOMIPHOCTI
(opMyBaHHsI BiOpamiiHUX O3HAK B PI3HUX
TOYKAX  KOHCTPYKIii MOCTOBOIO  KpaHa.
3ampomoHOBaHa KOHCTPYKINST 1 METOIWKa
PO3paxyHKy XOZOBOTO KOJeca 3 eIacTUYHOIO

BCTaBKOIO  [JO3BOJIAE€  MiJBUIUUTH  HOTO
eKCIUTyaTaliifHy HaliiHiCTb.

MeTol0 JOCHIKEHHSI € BH3HAYCHHS
HAaIpy>KeHO-7e()OPMOBAHOTO CTaHY TOJIOBHOL
0aJKu MOCTOBOTO KpaHy MpH 3aCTOCYBaHHI Ha
BaHT&KHOMY  BI3Ky  XOJOBHX  KOJic 3
€JIaCTUYHOI0 TYMOBOIO BCTaBKOIO.

BukiaieHHs 0CHOBHOT0 MaTepiaay

ExcniepumeHTanbHi IOCIIIKEHHS
HaBaHTA)XEHb  BHHHKAIOYHX B  METaio-
KOHCTPYKIIII MOCTY MOCTOBOTO KpaHa IIpo-
BOJIWIINCh 3 BUKOPHCTaHHSAM JABOXPEOOPIHUX
MWIHIPUYHUX KOJIC Ha BaHTAXHOMY BI3KY
Jlitogoro MocToBoro kpany. Ilix gac peecrparii
BUHHUKAIOUMX HABAHTaKEHb, HA BAaHTAKHOMY
Bi3Ky MOCTOBOTO KpaHa OyJiIM BCTaHOBICHI
CIOYaTKy WITaTHI Kojieca, IIOTIM IITATHI
Kojeca Oynm 3aMiHEHI Ha MOJIEPHI30BaHI
KoJsieca (3 eJIACTHYHOIO, TYMOBOIO BCTaBKOIO).

BanTaxxomigifoMHiCTs KpaHy 5 TOH, MPOTOH
22,5 MeTpiB, BHCOTA MAKOMY 8 METPiB, pEXKUM
pobotu 7K.

Peectpariiss BUHHKaIOUMX HaBaHTaKEHb
3IIHCHIOBAJIaCh 3a JIOTIOMOTOI0 ENEKTPUYHUX
TeH30MeTpiB. TeH3oMeTpipyBaHHA MaIlluH,
MEXaHI3MIB, arperatiB 1 TEXHOJIOTIYHOTO
o0JaHaHHSA HEOOXIIHO JUIS OLIIHKH
HaIpyXeHO-/1e()OPMOBAHOTO CTaHy E€JIEMEHTIB,
JeTanell 1 BY3JiB NIpH eKCIUTyaTamiiHuX abo
CHelialbHUX PeXUMax PoOOTH .

Puc. 1 — HaxireeHnit TeH30pe3UCTOP HA MIOBEPXHIO OAJIKK MOCTOBOTO KpaHa.
Fig. 1 — Tensor mounted on the surface of a bridge crane beam.

30BHIIIHI JPOTH TEH30PE3UCTOPIB 3a
JTIOTIOMOTO0 KJIEMHHX KOJIOJIOK 3’ €IHYBAJIHCH
3 JpOTaMH HAIMIBMOCTOBOI CXeMH, sKa Oyia
M KITFOYeHa i (o) aHaJIOrOBO-IIU(PPOBOTO
neperBoproBaya (ALIIT) ZetLab 210 (puc. 3).

Hani 3 ALII HanxoasaTh 10 €NeKTPOHHO-
obOuucoBanbHOI Mariad (EOM).

TapupoBka mojisiraja B migdomi 1
MOCTYIIOBOMY HAapONIyBaHHI Macu BaHTaXy 3
0,0 xr. mo 3500 xr., mpu Kpolli HAPOIyBaHHI
BaHTaxy y 500 kr.

Bara BaHTaxxy BuMiprOBaJiach  3a

noromMororo auHamometpy AI1Y-10-2.

Me:xi BumiproBanb auHamMometpy JI1-
10-2:

— naimenmuit — 10 kH (1000 krc.);

— Hauobimemmit — 100,0 xH (10000 krc.,
10 Tc.).

Hina mominku — 1,0 kH (100 kre.). Mexi
OCHOBHOT 3BeJIeHOT TOXUOKH +2%, TP 3HSITTI
HaBaHTa)XEHHS 3 JMHAMOMETpa CTPiJIKa BiJi-
KOBOTO IPUCTPOIO BCTAHOBIIOETHCS HA HYJIBO-
BY MTO3HAYKY 3 MOXHOKO0 He Oinbiie 0,5 miHu
MHOJIJIKY IIKAJIH.
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Puc. 2 — 3arajpHuil BUDIS BUMipIOBAILHOTO 00MagHanHsa: 1 — kiemHa kononka; 2 — EOM;
3 — ALIIT; 4 — HamiBMOCTOBA CXeMa I IKITIOYCHHS
Fig. 2 - General view of the measuring equipment: 1 — terminal block; 2 — computer;
3 - ADC; 4 - half-bridge connection diagram

[Mpu migiiomi BaHTaXy, 3aTpUMKa i
yac KOXXKHOTO IHKIy cTaHoBWia 60 cexkyHI.

[Ipu omyckanni BanTaxy 180 cexyH.

Hus MPOBEICHHS MOAATBIINX
PO3paxyHKiB BHKOPHUCTOBYBaJIHCh HACTYITHI
BUXIJIHI JaHI:

— IOBXXHMHA po00Y0i MOBEPXHi (IIPOJIIT KpaHa)
—1,=22500 mm.;

— MarepiajJ BHIOTOBJICHHS MOCTa KpaHa —
BMcr3mgc;

— TOBIIMHA CTIHKH OaJIKK — =6 MM.;

— TPUBAJICTh TiglioMy BaHTaxy — 180 cek.,
t,=60 cexyHx;

— TPUBAJIICTH OIyCKaHHS BaHTaxy — 60 cexk.,
t,=180 cexynn;

— noBxuHa Terzopesuctopy — 1,=30 mm.;

— JKUBJICHHS TCH30METPUYHOTO MOCTa —
E,=1,5B;

— KOe(IIliEHT TEH30YyTIIMBOCTI — Ky=2;

— xoedimient Ilyaccona — v=0,3;

— HampyXeHHs B MOCTy KpaHa (OTpuMaHi
eKCIIEPUMEHTAIBHUM LIIIXOM pHC. 4) — egMB;
— moayib FOura — E=2,05- 10° H/Mm>.

0.2
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Puc. 3 — Harpy>keHHS B MOCTY KpaHa OTpUMaHi
CKCIICPUMCEHTAJIbHUM HIJIAXOM 3 BUKOPUCTAHHAM
AILIIT ZetLab 210
Fig. 3. The tension in the bridge of the crane was
obtained experimentally using ZetLab 210 ADC

Hami BUMIpIOBaJIMCS HanpyTu
TOJIOBHOI OaJKu B TOYIl PiBHOBIINANECHOI BiJl
KOJIiC BAaHT)KHOT'O Bi3Ka MOCTOBOTO KpaHa.

Bukopucropyroun nporpamy
po3paxynkie Mathcadl5 Bu3Haummo iHmI
nedopmariii i HanpyxeHb (puc. 4-5).
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Puc. 5 — I'padik HanpykeHb B MOCTY KpaHa I1iJ| 4yac
OIyCKaHHS BaHTaxy Bif 3,5 T. 7o 10,0 1.
Fig. 5. The schedule of stresses in the bridge of the
crane during the lowering of cargo from 3.5 tons.
up to 10.0 tons

3a pesyibTaTaMH yCEpeIHEHUX 3HAYCHb
HaNpyXeHb TMijJ dYac MiIHOMYy 1 OIyCKaHHi
BaHTaXy MOOYJIyeEMO TapHpPOBOYHY KpHUBY

(puc. 6).

=L BAHTA A

Blwca mamramy dromi

Puc. 6 — TapupoBouHa kpuBa
Fig. 6. Calibration curve

3a rpagikom TapUPOBKH
TEH30PE3UCTOPIB 0aYMMO, 1110 BUMIPIOBAJIBHO-
peecTpyrodye oOJamHaHHS Ta IPOrpaMHE
3a0e3neueHHs JI03BOJIIE B peallbHOMY 4aci
OynyBatd (PYHKIIOHAJIbHI 3aJIEKHOCTI MK
HABAHTAXCHHSM, IIOYMM Ha BUIPOOOBYBaHY

JIeTallb, 1 BUXITHUM CHUTHAJIOM BHUMIPIOBAIIEHO-
peecTpyrodoro obIaHaHHS.

[lim wd9ac TOmANBIIOTO  EKCIIepH-
MEHTaJBHOTO JOCHTI[KEHHS]  BHMipIOBaJIUCS
HamlpyXXEHHs B TOJOBHIM Oalli MOCTOBOTO
KpaHa 3a YMOBM II€pECyBaHHs HaBaHTA)XEHOTO
Bi3Ka 3 OJHOrO Kpalo TOJIOBHOI Oalku Ha
inmwmi. IligaiMaBcs BaHTaxk macoro 500 xr.,
800 kr., 1800 kr., TWKJI MEpeMilIeHHs 3 pas3y.
Bumipu mpoBoauiics B ABOX BapiaHTaX:

1. Ha BanTaxxHOMy Bi3Ky Oyna
BCTaHOBJIEHA BIChb 3 IUTAaTHUMU BEACHUMHU
XOZOBUMH KOJIECAMH.

2. Ha BaHTaxHOMy Bi3ky Oyna
BCTaHOBJIICHA BICh 3 BEICHHUMH XOJOBUMH
KOJIECAMH 3 €JIACTUYHOIO T'YMOBOIO BCTABKOIO.

[lin yac migiiomy 1 mepeMileHHs
BaHTaXy Macolo 500 kr., MM OTpuUMaIU
rpadiku 3MiHH Hampy>KeHb B TEH30METPHYHIX
JaTYMKax MiJ BILIMBOM LIbOTO BAaHTAXY.

OTpumaHi JjaHi HaNpy>KEHOTO CTaHy B
TOJIOBHIM ~ Oaii  MOCTOBOTO  KpaHa
SIeKTPUYHUX CUTHANIB HampyxeHb (MB)
nepepaxyemo B Mexaniuni (MIla), 3a
JOTIOMOTOI0  BXKE€  OTPUMAHOTO0  rpadiky
TapUpOBKHU.

Ha pucynky 7 moka3aHi BHHHUKAOUYU
HanpyXeHHs (G) B TOJOBHIM Oalii MOCTOBOIO
KpaHa TIpY TIepeMillleHH] BaHTaxy Macor 500
KI.0; — IpU BUKOPUCTaHHI BiCi 3 INTATHUMH
XOJIOBUMH KOJIECAMH. G — MPH BUKOPHCTaHHI
BiCl 3 XOJOBUMH KOJieCaMH 3 €JIACTHYHOIO
TYMOBOIO BCTaBKOIO

-10
-20

0 80 160 240 320 400 480 560 640 720 800
t(c)

Puc. 7 — [lopiBHSHHS MEXaHIYHUX HaNpPYyXeHb B
TOJIOBHIiH GaJii MOCTOBOTO KpaHa IpH
nepemimeHHi BaHTaxxy Macoto 500 kr.,

c,®®® 3,000

Fig. 7. Comparison of mechanical stresses in the

main beam of a bridge crane when moving a load

weighing 500 kg.
O1 and O2
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Bucnosku

3 rpadika (puc. 7) 6agmMo, 110 MIKOBI
HaNpYTH G; Ha Mepioa MPOXOIXKECHHS OIHOTO
UKy MTEPEMIllIEHHS HAaBaHTAXXEHOTO Bi3Ka BiJ
KpaHBOTO JIBOTO IO KpaiHROTO IIPABOTO
MOJIOKEHHST 30epiraloThCsi Ha MPOMIKOK 1/2
yacy mepemimieHHsl Bizka. Takox 3 rpadiky
(puc. 8) Oaummo, IO TIKOBI HAMpPYXEHHA O
3HaYHO KOPOTKOYACHI Ta B pa3d 3a YacoM
MEHIIE Gj.

[likoBi Hampyrm G, KOPOTKOYACHI 1

O0anku. TuMm camMuM BOHA 3MEHINYE Tiepenady
KOJIMBaHb HA MICIIsl KPITUIEHHsI TOJIOBHOI Oallku
i KIHIICBHI, BIiJOMOTO MIiCIIsl KOHIICHTPATOpa
HaIpy>KeHb Ta MiCIIS MOSIBH JIe()EKTiB.
Enactuyna rymoBa BcTaBka B KoJecax
Bici Bi3Ka 3MEHINYe SK BEIWYMHY, TaK 1
TPUBATICTh KOJINBaHb, TUM camMHuM
3MEHIIYIOYH  poOOTY  METATOKOHCTPYKIIii
KpaHa BHMKJIMKaHy eKciuryatadiero. [lpu
migiioMi i TepeMieHHi BaHTaXy

MIBHUAKO  TacsAThCS ~ BHACHINOK  BIUIMBY METAJOKOHCTPYKIIisl KpaHa BUKOHYE (DYHKITIFO
€IacTHYHOI TYMOBOI BCTaBKH, fKa TacHTh Omopy cuiaM, SIKi He TOBHHHI BUXOIUTH 32

KOJIMBAHHS 1 3MEHIIYE IX TOMMPEHHS 110 BCil MeKi 30HH TpyKHHX AedopMmamiif, mo
JOBKHHI TOJIOBHOI Okl MOCTOBOIO KpaHa. KOPOTKOYACHO MOXTHBO TpH PE3OHAHCHHX
Crit TakoK 3a3HAUATH, IO BXKE Ml Hac KOJIMBaHHsAX. EnacTuyna rymoBa BCTaBka abo
mepeMilieHdss BaHTaxy Macoio 500 kr., 3HAYHO 3MeHIIye nepiox HiKOBHX

ClacTHdHa  ryMoea  BCTaBka B Konecax PE30HAHCHMX KOJIMBaHb, a00 YCyBa€ iX 30BCIiM.
e(DeKTUBHO TacHTh KOJUBAHHS  TOJIOBHOI
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EXPERIMENTAL STUDIES OF METAL STRUCTURE LOADS WHEN USING ROLLING
WHEELS OF THE NEW DESIGN

The article considered the problems of experimental determination of the advantages of running wheels of a
new design with elastic inserts. The study was carried out on an operating electric, support, two-girder bridge
crane with a load capacity of 10 tons and a span of 22.5 m. With the help of strain gauges assembled in a half-
bridge circuit and connected to the Zetlab210 analog-digital converter, the deformations of the main beam at the
moment of lifting and moving a load of different weights were determined. The lifting and moving of the cargo
was carried out under the same conditions on standard wheels of the cargo cart and on wheels with an elastic
rubber insert.
Graphs of the deformation of the main beam were obtained. In the further calculation, the dependences of the
stress state at each moment of the movement of the load were obtained when using both standard wheels and
wheels with an elastic rubber insert. The dependences and duration of oscillations that occur during the cycle of
lifting and moving the load were also revealed. The cycle of the experimental study consisted of lifting the load
in the extreme left position with the cargo cart, moving the cargo to the extreme right position, and returning the
cargo cart with the cargo to the initial position.

The scientific novelty of the work consists in the application of a new, modernized design of the running wheels
of a cargo cart with an elastic rubber insert, which effectively dampen fluctuations in the metal structure of the
bridge crane.
Experimental studies of loads that occur in the metal structure of the bridge of the overhead crane were carried
out using double-sided cylindrical wheels on the truck of the operating overhead crane. During the registration of
the resulting loads, the standard wheels were first installed on the trolley of the overhead crane, then the standard
wheels were replaced with modernized wheels (with an elastic, rubber insert).
According to the results of experimental studies, it was found that the stress in the main beam of the bridge crane
was reduced by 18% and reducing peak vibrations by 20 seconds at the same load lifting and moving cycles.
Also, when using wheels with an elastic rubber insert, the damping period of oscillations at the end of the load
movement cycle is reduced by at least 30%.

KEY WORDS: running wheel, elastic insert, movement mechanism, conducting an experiment,
oscillations

In cites: Fidrovska N., Slepuzhnshkov E.D., Kyrychenko, I., Ragulin V. (2025). Experimental studies of metal
structure  loads when using rollingwheels of the new design. Engineering, (35), 65-73.
https://doi.org/10.26565/2079-1747-2025-35-07 (in Ukraine)

72


http://dx.doi.org/10.17531/ein.2020.1.9
https://orcid.org/0000-0002-5248-273X
mailto:slepuzhnikov@nuczu.edu.ua
https://orcid.org/0000-0002-5449-3512
https://orcid.org/0000-0002-5248-273X
https://doi.org/10.26565/2079-1747-2025-35-07

ISSN 2079-1747 Maunno6ynyBanns. 2025. Ne35 I"any3eBe MamnHOOy1yBaHHS

References

1. Konowrocki, R & Chojnacki, A 2020, ‘Analysis of rail vehicles’ operational reliability in the aspect of
safety against derailment based on various methods of determining the assessment criterion’, Eksploatacja i
Niezawodnosc — Maintenance and Reliability. 2020. Vol. 22, No.l, pp. 73-85. DOI:
http://dx.doi.org/10.17531/ein.2020.1.9.

2. Ma, Y, Markine, V, Mashal, A et al 2018, 'Improving performance of finite element simulations on
wheel-rail interaction using a coupling strategy’, Proc IMechE, Part F: J Rail and Rapid Transit. doi: 10.1177/
0954409717745983.

3. Raksha, SV, Anofriev, PG, Bohomaz, VM & Kuropiatnyk, OS 2019, ‘Mathematical and S-models of
cargo oscillations during movement of bridge crane’, Naukovyi Visnyk NHU, Ne 2, pp. 108-115. DOI:
10.29202/nvngu/2019-2/16. http://eadnurt.diit.edu.ua/bitstream/123456789/11404/1/Raksha.pdf.

4. Slepuzhnikov, YeD 2015, ‘Vyznachennia dynamichnykh navantazhen pry peresuvanni vantazhnoho
vizka mostovoho krana’ [Determination of dynamic loads when moving a cargo trolley of an overhead crane],
Mashynobuduvannia, Ne 16, Pp. 34-37. http://repositsc.nuczu.edu.ua/handle/123456789/7458

5. Fidrovska, N, Slepuzhnikov, E, Larin, O, Varchenko, I, Lipovyi, V, Afanasenko, K & Harbuz, S 2020,
‘In crease of operating reliability of the travel wheel using the use of the elastic in serts’ EUREKA:
PhysicsandEngineering, Iss/ Ne5(30), P. 69-79. DOI: 10.21303/2461-4262.2020.0013875.

6.Romacevych, Y, Loveikin, V & Stekhno, O 2019, ‘CLOSED-LOOP OPTIMAL CONTROL OF A
SYSTEM ,,TROLLEY - PAYLOAD’, UPB Scientific Bulletin, Series D: Mechanical Engineering. 2019. Vol.
81, Issue 2, pp. 5-12. https://www.scientificbulletin.upb.ro/rev_docs_arhiva/rezaf5_410690.pdf.

7. Franchuk, VP, Ziborov, KA, Krivda, VV & Fedoriachenko, SO 2017, ‘On wheel rolling along the rail
regime with longitudinal load’, Naukovyi Visnyk NHU, Ne 3, pp. 62-67.
http://nbuv.gov.ua/UJRN/ Nvngu _2017_3 12.

8. Markine, V, Mashal, A & Ren, M 2018, ‘Effect of wheel-rail terface parameters on contact stability
in explicit finite element analysis’, Proc IMechE, Part F: J Rail and Rapid Transit, VVol. 232 (6), pp. 1879-1894.
DOI: 10.1177/0954409718754941.

9. Fengqi, W, Jin, Z & Wengqing, Y 2013, ‘Fatigue life analysis of metallurgical bridge crane structure’,
Applied Mechanics and Materials, Vol. 437, P. 181-185. doi:10.4028/www.scientific.net/AMM.437.181

10. Kutsenko, L, Vanin, V, Shoman, O, Yablonskyi, P, Zapolskiy, L, Hrytsyna, N, Nazarenko, S,
Danylenko, V, Sivak, E & Shevchenko, S 2019, ‘Modeling the resonance of a swinging spring based on the
synthesis of a motion trajectory of its load’, Eastern-European Journal of Enterprise Technologies, Iss. 3/7 (199
), P. 53 - 64. DOI: 10.15587/1729-4061.2019.168909

11. Pastor, M, Trebuna, F, Lengvarsky, P & Bocko, J 2016, ‘Possibility of using of tensometry in
deformation analysis in areas with sudden change of geometry’, American Journal of Mechanical Engineering,
Vol. 4, No. 7, pp. 363-367. DOI:10.12691/ajme-4-7-23

12. Konowrocki, R & Chojnacki, A 2020, ‘Analysis of rail vehicles’ operational reliability in the aspect
of safety against derailment based on various methods of determining the assessment criterion’, Eksploatacja i
Niezawodnosc — Maintenance and Reliability, Vol. 22, No.1, pp. 73-85. http://dx.doi.org/10.17531/ein.2020.1.9.

The article was received by the editors 05/13/2025
The article is recommended for printing 06/16/2025

73


http://eadnurt.diit.edu.ua/bitstream/123456789/11404/1/Raksha.pdf
https://www.scientificbulletin.upb.ro/rev_docs_arhiva/rezaf5_410690.pdf
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?I21DBN=LINK&P21DBN=UJRN&Z21ID=&S21REF=10&S21CNR=20&S21STN=1&S21FMT=ASP_meta&C21COM=S&2_S21P03=FILA=&2_S21STR=Nvngu_2017_3_12
https://jet.com.ua/uk/

