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2. Proportional electro-hydraulic valve with the independent control of streams for mobile machines

Pedepar:

1. O6'exT moCHimKeHHs - po604i TPOIEeCH B IMPOIOPLIMHUX €JIeKTPOTiAPaBIiYHUX PO3NOIiIbHUKAX. MeToo
IOCJIiI)KEHHS € 3MEHIIEHHS] €eHepreTUYHUX BTPaT B riIpONPUBO/AI MOOIIbHOI MalIMHU 32 PaxyHOK CTBOPEHHS
IIPOIOPLIAHOrO €JIEKTPOTiAPaBIiYHOrO PO3MOAiTIbHMAKA 3 HE3aJIEXKHUM KEPYBaHHS MOTOKIB. 1711 OCSTHEHHS
[IOCTaBJIEHOI META BUKOPMCTAHO MaTEMATUYHE MOZEJIIOBAHHS [IPOLIECIB B IIPONOPLIIITHOMY €JIEKTPOTipaBIiYyHOMY
PO3IOiNBbHUKY 3 He3aJIe)KHUM KEPYBaHHSIM IOTOKIB 3 ypaxyBaHHSIM HOro KOHCTPYKTUBHUX OCOGJIMBOCTEN i
PEXKMMIB POOOTH HAa OCHOBI HEJiHIHUX AudepeHIiaTbHUX PiBHSIHD 3 BAKOPMCTAaHHSIM YMCJIOBUX METOZIB iX
PO3B's13aHHS, A TAKOK €KCIIEPUMEHTAJIbHI NOCIIIIP)KEHHS IMX XapaKTEPUCTUK HA CIELiaJIbHO PO3PO0JIEHUX CTEHTAX.
HaykoBa HOBHM3Ha NOJISITa€ y TOMY, 1110 BII€pLIe BCTAHOBJIEHA 3aJI€KHICTb MBUAKOZI] 30JI0THUKA APYroro Kackamy
IIPOIOPLIMHOrO €JIEKTPOrifpaBliYHOrO PO3MOLiIbHYKA 3 HE3AJIES)KHUM KEPYBAaHHSIM ITOTOKIB Bifj BATPATHUX
XapaKTEPUCTHUK APOCEJIbHUX €JIEMEHTIB Ta MBUAKOII KjlallaHa ePIIOro KacKazy; Blieplie po3pobyeHO KpUTepi
onTUMi3zallii mepuoro Kackagy po3nofiabHUKA, 110 AO3BOJISIE HA OCHOBI QyHKIIiOHAA 3a6€31eYNT MaKCUMAJIbHY

HMIBUAKOZIIO CIIPALIOBAHHS Ta JIHINHICTD 3a/1€XKHOCTI IEPEMIIlIeHHS 30JIOTHUKA APYroro KaCKaly po3noAiIbHUKA Bif,



HaIpyru KEPyBaHHS; PO3PO0JIEHO MaTEMATUYHY MOJEJIb IPONOPLiTHOTO €JIEKTPOriIpaBIiYHOrO PO3MNOIiIbHUKA 3
HEe3aJIEXKHMM KEPYBaHHSIM IIOTOKIB, SIKa BKJIIOYA€E HEJIiHINHI 3a7IEXXHOCTI BTPAT Yepe3 JiaMeTPabHU KiJbLIEeBUAN
3a30p 30JIOTHUKA APYroro KacKaay Ta 4Yepes CIPsKeHHd "KJlallaH-Cifjl0" KepOBaHOro 3BOPOTHOTO KJIAIIAHA;
BM3HA4€Hi 3aKOHOMIPHOCTI BIVIUBY NPOBiTHOCTEN APOCEIBbHUX €JIEMEHTIB NIEPIIOro KacKaly Ha BEJIMUUHY
ricrepesncy 3aJe>KHOCTI IIEPEMIleHHS 30JI0THUKA APYroro Kackay Bill HAIIPYrd KepyBaHHs. [IpakTU4He 3HaYeHHs
OJlep>KaHUX pe3yJIbTaTiB [0JIsITae y TOMY, 1110 cOOPMYJIbOBAHO NPAKTUYHI peKOMeHallii o010 BUOOPY
KOHCTPYKTUBHUX IIapaMeTpiB, 5IKi JO3BOJISIIOTh IOKPALIUTY CTAaTUYHI Ta AUHAMIUHI XapaKTepUCTUKU NPONOPLiFIHOTO
€JIEKTPOTigPaBliYHOrO PO3MOAiTbHNIKA 3 HE3AJIEXKHUM KEPYBAaHHSIM IOTOKIB; pO3p06I€HO KOHCTPYKLIIIO
PO3NOMINILHUKA 3 HE3AJIEXKHUM KEPYBAHHSM IOTOKIB Ta MOKPaLIEHUMHU JUHAMIYHUMU, CTATUYHUMU Ta
€HepreTMYHUMU XapaKTepHUCTUKAMU; 3alIPOIIOHOBAHO CXE€MY TiIpOIIPMBOAY Ha OCHOBi po3p06JieHOr0
PO3IOLiNbHUKA, SIKUH 3a0€3I1euy€e BUCOKUH CTYyIiHb FePMETUYHOCTI IIOPOXXHUH TiIpOJBUTYHA T 3MEHILIEHHS BTPAT
IIOTYXKHOCTI; PO3p006JIEHO HOBY CXEMY TiiponpuBoy HaBaHTaxyBa4ya "BOPEKC-2271" Ha 0CHOBi po3p006JjieHOro
PO3IIOiNbHUKA 3 HE3aJIEXKHUM KEPYBaHHSIM IOTOKiB. CTyIiHb BIIPOBaIyKEHHS - pe3yJIbTaTu AUCEPTaLiliHOi poboTu
BIpoBamkeHo Ha AT "Bopekc”, (cMT. BopopsiHKa) Ta HaByasibHUIN IIpoLec Kadeapy TeXHOJIOrI Ta aBToMaTh3allii
MamKUHOOYNYBaHHS BiHHMIIBKOTO HalLliOHAJIbHOTO TEXHIYHOTO yHiBepcuTeTy. Cepa (ranysb) BAKOPUCTAHHS -

MalIMHOOYyBaHHS.

2. Research object - working processes in proportional electrohydraulic valves. Research goal - reduction of power
losses in the hydraulic drive of a mobile machine through creation of the hydraulic drive with independent control
of streams. To achieve the goal, mathematical simulation of the processes in the proportional electrohydraulic
directional control valve with independent control of streams was performed, taking into account its design
features and operating modes, on the basis of nonlinear differential equations using numerical methods of their
solution as well as experimental research of said characteristics at specially-designed stands. Scientific novelty
consists in the following: for the first time the relationship was established between the response of the spool in
the second stage of the directional control valve with independent control of streams and flow rate characteristics
of the throttling elements and the first-stage valve response; for the first time an optimization criterion for the
first stage of the directional control valve was developed, which makes it possible, on the basis of the functional, to
provide maximal response and linear relationship between the displacement of the spool in the second stage of the
directional control valve and the control voltage; mathematical model of the proportional electrohydraulic
directional control valve with independent control of streams was developed that includes non-linear relationships
between the losses through the diametric annual gap in the second-stage spool and through the valve-seat
coupling of the controlled check valve; regularities were established of the influence of the first-stage throttling
elements conductivity on the hysteresis value of the second-stage spool displacement dependence on the control
voltage. Practical importance of the obtained results consists in the following: practical recommendations are
developed on the choice of the design parameters, which make it possible to improve static and dynamic
characteristics of the proportional electrohydraulic directional control valve with independent control of streams;
directional control valve with independent control of streams and improved static, dynamic and power
characteristics is designed; hydraulic drive circuit on the basis of the developed directional control valve is
proposed, which provides high sealing degree for the hydraulic engine chambers and power losses reduction; new
hydraulic drive circuit was designed for the loader "BOREX-2271" on the basis of the developed directional control
valve with independent control of streams. Implementation degree: the results of the thesis are implemented at
"BOREX"joint-stock company (Borodianka) and into the educational process at the department of Machine-
building technology and automation of Vinnytsia National Technical University. Application field - machine-
building.
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