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V. BimoMocTi npo guceprariio
MoBga guceprariii:
Koau TemaTHYHHX PYyOpPHK: 55.03

Tema gucepranii:
1. AganTuBHa rigpocrucTemMa 3 IepexpecHUM 3B'sI3KOM [171s1 MOOLJIbHOI MaIIMHU

2. Adaptive hydraulic system with cross link for mobile machines

Pedepar:

1. Inceprariist Ha 30O6YTTSI HAYKOBOTO CTYIIEHS KaHJWaTa TEXHIYHUX HayK 3a creuianbpHicTio 05.02.02 -
MamuHo3HaBCTBO. — HallioHaIbHUI TEXHIYHUY YHIBEPCUTET YKpaiHy «KUiBCbKUM MOMITEXHIYHUI iHCTUTYT iMEHI
Irops Cixkopcbrkoro» MOH Ykpainn, Kuis, 2021. luceprauist npucBsiueHa po3poOJIEHHIO aJallTUBHOI TiJpOCUCTEMH 3
IIepeXpeCHUM 3B’S1I3KOM 3 MIOKPAIIEeHUMU CTAaTUMHUMHU, eHEPreTUYHMMU Ta JMHAMIYHMMU XapaKTepUCTUKAMU.
Po3pobseHo maTeMaTnyHi MOJeIi BapiaHTiB afanTUBHOI rifpocucteMu Ha 6a3i OZHOTO Ta IBOX PEryJbOBaHUX
HacociB. JJOCiIKeHO BIVIUB PEKMMIB, yMOB POOOTH TiIpOCUCTEMHU, & TAKOXK IIapaMeTpiB pPeryJsTopiB Ta
IIapaMeTpiB IEPEXPECHOrO 3B's13Ky Ha JUHAMIYHI XapaKTepUCTUKU. Ha eKxcliepuMeHTaIbHOMY CTEH]Ii IPOBENIEHO
IOCJIiIPKEHHS POOOTH TiIPOCUCTEMU B CTATUYHUX Ta AUHAMIYHUX peXMMaxX poOOTH, BU3HAYE€HO XapaKTePUCTUKU

KOHTpOJIepa 3 MiJICUJIIOBaYeM, MiITBEPIKEHO aJeKBAaTHICTh MaTEeMaTUYHUX Mozesiel. CIPOEKTOBaHO AOCIiTHUN



3Ppa30K CEKLIMHOTO PO3MOiNbHMAKA 3 IPOMOPLIHNUM €JIeKTPOrifpaBliYHUM KepyBaHHSIM. PO3po6yieHO cxeMy
aJanTUBHOI rifpocrcTemMu g Mo6isibHOI po6oyoi mamHu Tuiy BAM-2014, 1m0 BUNycKaeTbCst MiIpueMCTBOM
«bynarpomau» m. Kuis. BctanoBsieHo, 1110 BTpaTH NOTYKHOCTI IIpu 6ypiHHI mypdy B MOepHi30BaHill rinpocucremi
3MEHIIYIOTbCS Ha (7,7...13,7) KBT B KOHTYpi 0ocHOBHOTrO pyxy Ta Ha (13,3...15,6) KBT B KOHTYpi nogadi. OuikyBaHUi
€KOHOMIYHMI ePeKT Ha MOOibHIN po6ouiit mamuHi Tuny BAM-2014 ctanoButs 44880 rpH/pik. Kio4oBi cioBa:

aJanTyBHA ripocucTeMa, po3NOIiIbHUK, IepeXpeCcHU 3B's130K, MOOIbHA MalllMHa, 3MEHIIIEHHS! BTPaT IIOTY>KHOCTI.

2. Thesis for the scientific degree of candidate of Technical Science on the speciality 05.02.02 - Machine Science. -
National Technical University of Ukraine “Igor Sicorsky Kyiv Polytechnic Institute” of the Ministry of Education of
Ukraine, Kyiv, 2021. The thesis is devoted to the development of an adaptive cross-linked hydraulic system with
improved static, energy and dynamic characteristics. The analysis of works on research topics is carried out. The
principle of operation has been substantiated and schemes of variants of an adaptive hydraulic system based on
one and two variable pumps have been developed. The hydraulic system uses electro-hydraulic directional valves,
a controller and a sensor system. In the developed versions of the adaptive hydraulic system, the controller
implements a cross link between the two circuits, which allows matching the speed values of the hydraulic motors,
ensuring the smooth operation of the machine and the maximum loading of the pumps by pressure. It is proposed
to form the cross link, which is implemented by the controller, in the form of the sum of the main and corrective
components. The correction component is the product of the derivative of the pressure sensor signal and the
transmission coefficient. The correcting component is added to the main one with a certain time delay.
Mathematical models of adaptive hydraulic systems based on one and two adjustable pumps have been developed.
The mathematical models take into account the moments of inertia of the working mechanisms, the flow
characteristics of the directional valve are determined on the basis of modeling the flow of working fluid through
the working windows and experimentally determined characteristics of the controller. The influence of hydraulic
system operating modes, as well as parameters of regulators and cross link parameters on dynamic characteristics
has been studied. It was found that the dynamic characteristics of the adaptive hydraulic system depend on the
ratio of the values of the design parameters of the pump regulator and the differential pressure valve. The optimal
combinations of parameters of regulators and parameters of cross link are found. A prototype of a sectional
directional valve with proportional electrohydraulic control is designed. The scheme of the adaptive hydraulic
system for the mobile working machine of the BAM-2014 type which is issued by the “Budagromash” (Kyiv)
enterprise of is developed. The operation of the adaptive hydraulic system with the hydraulic system of the base
machine is compared. Power losses on auger drilling operations in the main contour are reduced by (7.7 -13.7) kW,
and in the feed contour by (13.3 - 15.6) kW. Requirements are provided for the accuracy of stabilization of the
speeds of the working mechanism, for the time of regulation and overshoot. The expected economic effect from
the use of the developed adaptive hydraulic system on the mobile working machine type BAM-2014 is 44.880

UAH /year. Test stand for investigation of the adaptive hydraulic system based on a variable pump, directional
control valve with proportional electrohydraulic control and a controller as well as the program for computation of
static, dynamic and energy characteristics of the adaptive control system are implemented into the educational
process in Vinnytsia National Technical University. The developed circuit of the adaptive hydraulic system and the
sectional directional control valve design can also be used for developing hydraulic drives of other mobile
machines, where it is necessary to provide regulation, stabilization and coordination of the speed modes of
hydraulic engines, such as drilling-crane machines BKM-2M, BKM-3V. The results of the work can also be used at
Kharkiv Tractor Plant, Drogobych Truck Crane Plant, Turbiv Machine-Building Plant, Kalynivka Machine-Building
Plant. Key words: adaptive hydraulic system, directional valve, cross link, mobile machine, power loss reduction.
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