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1. OnTumiszauis pexxumiB pyxy MexaHi3miB 3MiHM BUJIbOTY BAaHTaXXy Ta [TIOBOPOTY OAIITOBOTO KpaHa

2. Optimization of movement modes of mechanisms of luffing and slewing of the tower crane

Pedepar:

1. Po3p06s1€HO KOMIIJIEKC MaTEMAaTUYHUX MOJeJIell pyXy MeXaHi3MiB 3MiHU BUJIbOTY BaHTaXy Ta [IOBOPOTY 6allTH
KpaHa: IIp1 pobOTi OAHOrO i3 MEXaHi3MiB B yCTaJIEHOMY PEKMMi 3 PO3TOHOM iHIIOTO, IPX CyMiCHOMY PO3TOHi 060X
MexaHi3MiB. OTprMaHi MaTeMaTUYHi MoZesli IpeiCTaBIeHi CUCTEMaMU HeJiHIMHUX AudepeHIiabHUX PiBHSIHb.
[IpoBeneHuit aHasi3 pe>xXUMiB CyMiCHOTO PyXy MEXaHi3MiB [10Ka3as, 110 [IPUBOLY MEXaHi3MiB IIPOTATOM IEPEXiTHUX
PEXUMIB PyXy [1€pEBAHTAXYIOTbCS 32 KDyTHUM MOMEHTOM Ta 32 MOTY>KHICTIO (00 55,4% 1J151 MEXaHi3My [TIOBOPOTY
KpaHa Ta 110 44,7% 1711 MexaHi3My 3MiHM BUJIbOTY BaHTaXy), @ yCTaJl€eHE 3HAYEHHS IOTYKHOCTI MEXaHi3My [I0BOPOTY
KpaHa IIPOTIOPIiMiHO 3a7Ie>XKUTh Bifl BifiCTaHi Bif] Bi3Ka 0 oci 06epTaHHs KpaHa. BCTaHOBJIEHO, 1110 MaKCUMaJsbHe
3HAYEHHSI CYMapHOI IOTYKHOCTi 060X MEXaHi3MiB IpY Pi3HMX [10YATKOBUX [10JIOKEHHSIX Bi3Ka HA CTPi/li NpUOINU3HO
onHaKoBi. Kpim TOro, 1ocinkeHo BUHNKHEHHS MasSTHUKOBUX KOJIMBaHb BAHTAXY Ta iX Jucumnanis, siki IIOB'sI3aHi 3

Ii€ro BinLeHTpoBoi cuiy, cuiau Kopiosica 3 geMndyodoro 30aTHICTIO IPpUBOLiB. PO3p06J1€HO CTPYKTYPHO-



(PYHKLIOHAJIBHY CXEMY CUCTEMH ONTUMAJIbHOTO KEPYBaHHSI ME€XaHi3MaMU NepEMIIlleHHs Bi3Ka Ta IOBOPOTY KPaHa,
sIKa JI03BOJIsIE peasli3yBaTy OTPUMaHi y poOOTi ONTHMasbHI 3aKOHU PYXy MeXaHi3MiB, 110 yCyBalOTh MasSTHUKOBI
KOJIMBaHHS BAHTQ)Xy Ha THYYKOMY TifBici. Il po3po0KyU cuCTeMU KEPYBAHHS HaJlaHO peKOMeH1allii CTOCOBHO
BUOOPY MIKPOKOHTPOJIEPA, JaTYMKa JOBXUHY THYYKOTrO MiJBiCy, MaCH BaHTaXy, [I0JIOXKEHHS Bi3Ka Ha CTpii Ta
KyTOBOTO II0JIOKEHHS CTPi/Y, @ TAKOK YaCTOTHOTO IepeTBOproBava. Kpim Toro, BKazaHO peKOMEHallii CTOCOBHO
BUOOpPY IIPOTOKOJIY epefaydi aHUX MK IPUCTPOSIMU CUCTEMU KepyBaHHsI. PO3paxyHOK eKOHOMiYHOi e(peKTUBHOCTI
BHMKOPHCTaHHS CUCTEMU ONTMMAJIbHOTO KEPYBAHHS PYXOM MEXaHi3My IepeMillileHHs Bi3Ka, SIKMI I'PyHTYBaBCS Ha
NiABUILEHHI TPOAYKTUBHOCTI pOOOTU KpaHa 3a PaxyHOK CKOPOYEHHS LIMKJy NTepeMillleHHS BaHTaXYy, [10Ka3aB, 10
piuHa eKoHOMis mJist 6amToBoro KpaHa Liebherr 140 he cknamae 10035 rpH. Takoxk BKa3aHO iHII MO3UTHBHI eheKTr
BiJl BUKOPUCTAaHHSI CUCTEMU OITHMMAaJILHOTO KEPYBaHHS: MiIBUIEHHSIM eHeproeeKTUBHOCTI poO60TH
€JIEKTPOIPMBO/iB MEXaHi3MiB, 30iJIbII€HHSM JOBIOBIYHOCTI €JIEMEHTIB MEXaHi3MiB Ta 3HUKEHHI HAITPY>XKEHOCTI

po6oTu oreparopa KpaHa.

2. A set of mathematical models of motion of mechanisms of luffing and slewing of the crane has been developed:
one of mechanisms in the steady mode and another starts, at simultaneous start of both mechanisms. The
obtained mathematical models are represented by systems of nonlinear differential equations. The analysis of the
modes of simultaneous movement of mechanisms showed that the drives of mechanisms during transient modes
of movement are overloaded by torque and power (up to 55,4% for the slewing mechanism and up to 44,7% for the
luffing mechanism). The steady value of power of the mechanism the crane slewing is proportional to the distance
from the trolley to the axis of tower rotation. It was found that the maximum value of the total power of both
mechanisms at different initial positions of the trolley on the boom is approximately the same. In addition, the
occurrence of pendulum oscillations of the load and their dissipation, which are connected with the effect of
centrifugal force, Coriolis force and damping features of the drives, have been studied. The structural-functional
scheme of the system of optimal control of the mechanisms of trolley movement and crane slewing is developed. It
allows to realize obtained in the work optimal laws of mechanisms motion. They eliminate pendulum oscillations of
the load on the flexible suspension. In order to develop a control system that implements the optimal laws,
recommendations have been given regarding the selection of microcontroller, flexible suspension length sensor,
load weight sensor, boom trolley position and boom angular position sensors, and frequency inverter. In addition,
recommendations for selection a data transfer protocol between the devices of the control system have been
given. The calculation of the cost-effectiveness of exploitation the system of optimal control of the movement of
the trolley, which was based on increasing the capacity of the crane by reducing the load cycle movement, showed
that the annual savings for Liebherr 140 hc tower crane is 10035 UAH. Other positive effects from the application
of the optimal control system include: increase of energy efficiency of electric drives of mechanisms, increase of
durability of elements of mechanisms and decrease of complications of work of the crane operator.

Jep>kaBHHHM peecTpaniiiHuii Homep [iP:

IIpiopuTeTHHH HANIPpSIM PO3BHTKY HayKH i TEXHIKH:
CrpareriyHu# NpiopHTETHHUI HAIIPSIM iHHOBaLLiMHOI Aig/ILHOCTI:
ITizcyMKH JOCTiI>KEeHHS:

Iy6sikaii:

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILis:
ConiasiIbHO-€KOHOMIYHA CIIPSIMOBAHICTh:

OxopoHHi goKymeHTH Ha OIIIB:

BrnpoBaz>keHHS pe3yJIbTaTiB AHCEPTAaILii:



3B'S130K 3 HAYKOBHMH TEMaMH:

VI. BizoMocTi mpo HayKOBOr0 K€PiBHUKa /KePiBHHUKIB (KOHCYJIbTAaHTA)

BaacHe IlpizBume Im's I1o-6aThKOBI:
1. Jloetikin Bauyecnas CepriioBud

2. Loveikin Viacheslav Serhiiovych

KBasigikamis: n. 1. u., 05.05.05
InenTudikarop ORCID ID: He 3acrocosyerbcs
JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €1PIIOY:

Micue3HaxoO KeHHSI:

dopma By1acHoOCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

VII. BizomocTi npo odiifiHuX ONOHEHTIB Ta PELeH3€HTiB
O@inifiHi OIOHEHTH
BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. ®igposcbka Haranist MukosaiBHa

2. Fidrovska Nataliia Mykolaivna

KBasigikamis: . 1. 1., 05.05.05
InenTudikarop ORCID ID: He 3acrocosyetscs
HoparkoBa indpopmamnist:

IToBHe HallMeHYBaHHS IOPHIHNYHOI 0COOH:
Kopg 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHoOCTI:

Cdepa ynpasiiHHS:

ImenTudikarop ROR: He zacrocoyerbcs

BaacHe IlpizBume Im's I1o-6aTbKOBI:
1. Crpuxak Map sHa I'eopriiBHa

2. Stryzhak Mariana Heorhiivna



KBasmigikamis: k. 1. 1., 05.05.17
InenTudikarop ORCID ID: He 3acrocosyerses
JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €1PIIOY:

Micue3Haxoa KeHHSI:

dopma By1acHoCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. PoroBchbKkuii IBaH JIeoHimoBUY

2. Rohovskyi Ivan Leonidovych

KBasigikamis: n. 1. 1., 05.05.11
InenTudikarop ORCID ID: He 3acrocosyerbcs
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kopg 3a €IPIIOY:

Micue3HaxoaKeHHs:

dopma BiracHoCTI:

Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs

Baacwue IlpizBumie Im's I1o-6aTbKOBI:
1. Tonosay Isan Bosogumuposuy

2. Holovach Ivan Volodymyrovych

KBasigikanis: 1. 1. 1., 05.05.11
Imentudikarop ORCID ID: He zactocoyerbcs
JonaTkoBa iHdopmarist:

TloBHe HaliMEeHYBaHHS IOPHIHYHOI 0COOH:
Kop 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma ByracHOCTI:

Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs



VIII. 3akr04Hi BimoMocTi
BiiacHe IIpi3Buie Im'sa I1o-6aTbKOBI
TOJIOBH pagu

BaacHe IlpizBuiie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCifiaHHi
BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi

OisIJIbHOCTI

Bparimko Bsiyecas BsiueciaBoBuy

Bparimko Bsiyecnas BsyecniaBoBuy

FOpuenko T.A.



