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Pedepar:

1. Po3p0671€HO KOMILTIEKC MAaTEMAaTUYHUX MOZEJEN PyxXy ME€XaHi3MiB 3MiHM BUJIbOTY BAaHTaXXy Ta OBOPOTY OAIITH
KpaHa: Ipyu pobOTi OAHOTO i3 MexaHi3MiB B yCTaJIEHOMY PEXXUMi 3 pO3rOHOM iHIIOTO, IPU CYMICHOMY PO3roHi 060X
MexaHi3MiB. OTpMMaHi MaTeMaTUYHi MOJeJli IPEeACTaBJIEHi CUCTEMaMU HEJIHIMHUX TA(QEepPeHLiaIbHAX PiBHSIHb.
[IpoBeenut aHasi3 pexxuMiB CyMiCHOTO PyXy MEXaHi3MiB [10Ka3as., 110 [IPMBOAY MEXaHi3MiB IIPOTATOM MEPEXiTHUX
PEXUMIB PyXY [1€PEBAHTAXYIOTHCS 32 KDyTHUM MOMEHTOM Ta 3a MOTY>KHICTIO (100 55,4% 1J151 MEXaHi3My [TI0BOPOTY
KpaHa Ta J10 44,7% J1J11 MeXaHi3My 3MiHM BUJIbOTY BaHTaXYy), a yCTaJleHE 3HaYE€HHS MTOTYKHOCTi MEXaHi3My TIOBOPOTY

KpaHa IPONOPIifiHO 3a7Ie>XKUTD Bifl BiiCTaHi Bif Bi3Ka 10 OCi 06epTaHHS KpaHa. BCTaHOB/IEHO, 1110 MaKCUMaJsbHe



3HQYEHHS CYMapHOI IOTYKHOCTiI 060X MEXaHi3MiB IpY Pi3HMX [TOYATKOBUX I10OJIOKEHHSIX Bi3Ka HA CTPi/li NPUOIN3HO
onHaKoBi. KpiMm Toro, ocinkeHo BUHNKHEHHS MassTHUKOBUX KOJIMBaHb BAaHTAXY Ta iX JucuIanis, siKi IIOB'I3aHi 3
Ii€lo BiILIeHTPOBOI cuiy, cuau Kopiosiica 3 eMndyodoro 30aTHICTIO NPUBOiB. PO3p06s1€HO CTPYKTYPHO-
(PYHKLiOHAJIBHY CXEMY CUCTEMU ONTUMAJIbHOTO KEPYBaHHSI Me€XaHi3MaMU NepeMillleHHsI Bi3Ka Ta [IOBOPOTY KPaHa,
sIKa [,03BOJIsIE PealidyBaTu OTPMMaHi y poOOTi ONTUMaJIbHI 3aKOHU PyXy MEXaHi3MiB, 11J0 YCYyBalOTh MAasTHUKOBI
KOJIMBaHHS BaHTA)Xy Ha THYYKOMY TizBici. Il po3po0Kyu CuCTeMU KEPYBAaHHS HaJlaHO peKOMeH1allii CTOCOBHO
BUOOPY MIKPOKOHTPOJIEPA, JaTYMKa JOBXMUHYU THYYKOTO MiJBiCy, Macu BaHTaXYy, [10JIOXKEHHS Bi3Ka Ha CTpiji Ta
KyTOBOTO IOJIOXKEHHS CTPiY, @ TAKOXK YaCTOTHOTO IepeTBoproBava. Kpim Toro, BKazaHO peKOMeHAallii CTOCOBHO
BHUOOpPY IIPOTOKOJIY Iepeiadi JaHUX MK IIPUCTPOSIMU CUCTeMU KepyBaHHSI. PO3paxyHOK eKOHOMIYHOI e(peKTUBHOCTI
BUKOPUCTaHHS CUCTEMU ONTUMAJILHOIO KEPYBAHHSA PYXOM MeEXaHi3My IepeMillleHHs Bi3Ka, SIKUH I'PYHTYBaBCS Ha
NiABUILEHHI IPOAYKTUBHOCTI pOOOTU KpaHa 3a paxyHOK CKOPOYEHHS LIMKJy NTepeMillleHHS BaHTaXy, [10Ka3as, 10
piuHa eKkoHOMis 17151 6amToBOro KpaHa Liebherr 140 he cknagae 10035 rpH. Takosk BKa3aHO iHIII MO3UTUBHI epeKTn
BiJl BUKOPUCTaHHS CUCTEMU OINTHMMAaJILHOTO KePYBaHHSI: MiiBUILEHHSIM eHeproedeKTUBHOCTI poO60oTH
€JIEKTPOIIPMBO/iB MEXaHi3MiB, 30iJIbII€HHSIM JOBIOBIYHOCTI €JIEMEHTIB MEXaHI3MiB Ta 3HWKE€HHI HAIIPY>XEHOCTI

po6OTH orepaTopa 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.
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