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Pedepar:

1. Incepraniiina po60oTa IpucBsYeHa po3po0iii IPOrpaMHO KEPOBAHOI'0 €JIEKTPOTIAPABIIYHOTO MTO3ULITHOTO
IIPUBOJlY TUCKPETHOI Iii HU3bKOI BapTOCTI, SIKNH 103BOJISIE MTO3ULIOHYBATU 3HAYHI MaCH 3 IIPOTPaMOBaHOI0
IVICKPETHICTIO i BUCOKMMHU POOOYMMU MIBUAKOCTSIMU. BuKoprcTaHHs po3po06yeHOro pUBOLY B rilpodikoBaHOMY
06J1alHaHHi NO3BOJIUTH MiABUIIUTYU HOTO NPOAYKTUBHICTE. Lle 00yMOBJIEHO 30i/bIIEHHSIM POOOYNX IIBUAKOCTEN Ta
IIBUJIKOZi MPUBOAY LIJISIXOM PalliOHAJIbHOTO BUGOPY MO0 CTPYKTYPH Ta ajJrOPUTMY ITO3MLIIOHYBaHHS. BUKOHaHM
aHaJIi3 TEXHIYHUX PillleHb BiIOMUX €JIEKTPOTiIPaBIiYHNX O3ULIMHUX IPUBOIIiB I03BOJIUB BUSIBUTU YOTUPY OCHOBHI
METOJIY NIO3ULIIOHYBAHHS Ta BJIACTUBOCTI IIPUBOJB, SIKi BOHM OOYMOBJIIOIOTh; BUBHAYEHO (PaKTOPH, IO BILJIMBAIOTh
Ha BJIACTUBOCTI IPUBOZIB Ta BUKOHAHO KiJIbKICHY OLiHKY iX BIIJIUBY 3 BpaXyBaHHAM METOIY ITO3MLIOHYBaHHS;

BHUSIBJIEHO B32€MO3B'SI30K MDX OyIOBOIO €JIEKTPOTiAPaBIiYHMX [IPUBO/IiB IO3ULIIOHYBAHHS Ta iX BJIaCTUBOCTSIMU Ta



BM3HAYE€HO HAIPSMOK PO3POOKU CTPYKTYPHOI CX€MU €JIEKTPOTiIPaBIIiYHOrO MO3ULIMHOrO IPUBOAY 3 33JaHUM
KOMILJIEKTOM BJIaCTUBOCTEM; pO3p06JI€HO MaTeEMaTUYHY MOIeJIb IIPUBOAY, OCOOIMBOCTSIMU SIKOi € MOZIyJIbHA
Oprasisallis, BpaxyBaHHS aCUMETPil CXeMHU TifipaBivHOro UMJIIHAPY Ta HEJIIHIMHOI CUJIM TEPTA 3a PiBHSAHHIMU
JIyI'pe; KOPEKTHICTb MaTeMaTUYHOI MOJIeJli MiITBEPIKEHO LIJISIXOM IOPiBHSIHHS PE3yJIbTaTiB MOJEJIbHUX Ta
}i3MYHNX eKCIIepUMeHTIB. BUKOHAaHO AOCIIKeHHS IOTEHIIHUX MOXKJINBOCTEN [IPUBOLY IIPU IUCKPETHOMY
CII0CcO6i KepyBaHHs 3 aKLJEHTOM Ha IPOLE€CU raJIbMyBaHHS, sIKe [10Ka3ajlo, 110 Yac rajlbMyBaHHS i MaKCHMaJIbHUN
THCK B IOPOKHMHAX MIPOLMIIHIPY BU3BHAUAIOTHCS MIBULIKICTIO POOOYOro OpPraHy Ta iHepLiiHMM HaBaHTaXXEHHSIM;
BcTaHOBIEHO KiJIbKiCHI 3a71€5KHOCTI 4acy rajlbMyBaHHS Ta BEJIMYMHU MaKCUMaJIbHOTO TUCKY B TOPO>KHMHAX
rigpoUMIiHIPY Bifl IBUIKOCTI po60YOro opraHy, sika 3MiHioBasack B fianasodi Big 0.311 mo 1.228 m/c Ta Bif,
iHepLilfHOro HaBaHTa>XEHHS B Jianas3oHi Bif, 17 7o 57 KT Ipu HYJIbOBOMY 4Yacy BiJj'yKy 30JI0THUKA; BUBHAUYEHO TaKOX,
110 Yac BiAATyKy 30JI0THMKA Ma€ 3HAYHUI BILJIMB Ha NIPOLEC rajIbMyBaHHs IPUBOAY; BCTAHOBJIEHO, 10 30iJIbIIEHHS
4acy BifITyKy 30JIOTHUKA CyTTEBO 3MEHIIY€E YacC raJbMyBaHHS, BEJIMUNHY MAaKCUMAaJIbHOTO TUCKY B IIOPOKHUHAX
riZpoLMIIiHTPa, @ TAKOX CTYIIHb 10I0 KOJIMBaHb, [P 11bOMY, 3HaYHe 361/1bLIeHHS 4acy BiryKy 30JI0THHUKA
IIPU3BOJUTSH 10 301/IbIIEHHS Yacy rajibMyBaHHs. JJOCIIiI>KEHO BIJIMB Ha [IPOLeC rajlbMyBaHHS IIapaMeTpiB Ta YMOB
€KCIuTyaTalii NpruBoaYy, OTPUMAaHI KiJIbKiCHi 3aJIEXKHOCTI MK 4aCOM TaJIbMyBaHHS Ta MAKCUMAaJIbHUM TUCKOM B
[IOPOKHMHAX rigpouutiHapy. O6rpyHTOBAHO Ta 3aIIPOIIOHOBAHO CXEMY €JIeKTPOTiAPaBIiYHOrO MO3ULIFHOTO
IIPUBOAY JUCKPETHOI Aii Ta po3p06sieHO CXeMy IPOrPaMOBAHOrO PEryIbOBAHOIO APOCEIsl; PO3POOIEHO

I BOETAIMTHUI aJITOPUTM MO3ULiOHYBAaHHS NIPY AUCKPETHIN Aii npusony. LInsxoM MOJEIbHUX €KCIIEPUMEHTIB y
cepenosuli Simulink BU3HauY€HO TOYHICTb MO3MI[iOHYBAHHS (IOXUOKY MO3ULIOHYBaHHSI), 4acC IIPOLEeCy
[IO3MLIOHYBaHHS i IOIYCTUMY MaKCUMaJbHy WBUAKICTb. Mole/IbHI €eKCIIePUMEHTH NiATBepANIN ePEeKTUBHICTD
PO3p06JIEHOr0 TEXHIYHOTO PillleHHS Ta 3alIPOIIOHOBAHOIO ABOETAIIHOTO aJIFTOPUTMY MO3ULIOHYBaHHSI, IIPU LIbOMY,
TOYHICTb MIO3MLiOHYBaHH 30ibIIEHO OibLI HXK B 11 pasiB, IBUIKICTb pyXy pOOOYOro OpraHy 30i/IbMIEeHO 6ibIl HixK
B 1.9 pa3y, i CKOpOU€HO yac Mpolecy Mo3ulioHyBaHHs 6ibul HiXK B 1.3 pa3u. HaBeleHO MeTOIMKY ITPOEKTyBaHHS Ta
peKoMeHpalji o0 BU60pY KOMIIOHEHTIB IPUBOAY Ta 1OT0 KEPYBaHHS, 1O JO3BOJIUTh 3a0€3M€YNTH MaKCUMaJbHY

HpO,ZIYKTI/IBHiCTb IIPpUBOY B KOHKPETHUX YMOBAX eKanIyaTauii.

2. The thesis is devoted to the development of a low-cost programmable electrohydraulic position actuator with
discrete action, which is capable of performing positioning motion of large mass with the programmable
discretization and a high working speed. The application of the developed actuator in hydraulic equipments will
increase their productivity. This is due to the increase in the working speed and response speed of the actuator
through the rational selection of its structure and positioning algorithm. Based on the analysis of technical
solutions of known electrohydraulic positioning actuators, the four main positioning methods and the properties
of the actuators that they determine were revealed. The factors affecting the properties of the actuators were
determined and a quantitative assessment of their influence was carried out, taking into account the positioning
methods. The relationship between the structure of electrohydraulic positioning actuators and their properties
was revealed. And the direction of development of the structural solution for an electrohydraulic positioning
actuator with a set of desired properties was determined. A mathematical model of the electrohydraulic
positioning actuator was established, which is characterized by a modular organization considering the nonlinear
friction sub-model LuGre, as well as the asymmetry of the hydraulic cylinder. The correctness of the developed
mathematical model was confirmed by comparing the simulation and physical experimental results. The potential
performance of the actuator in a discrete control method with a focus on braking processes was researched,
which showed that the braking time and the maximum pressure in the hydraulic cylinder chambers are
determined by the velocity of the working body and the inertial load. The quantitative dependencies of the braking
time and the maximum pressure on the velocity and inertial load of the working body were determined in the case
of zero response time of the spool, where the velocity ranges from 0.311 m /s to 1.228 m /s and the inertial mass
ranges from 17 to 57 kg. It was also revealed that the spool response time has a significant influence on the braking
process of the actuator. It is shown that as the spool response time increases, the braking time and the maximum
pressure and the level of pressure fluctuation in the hydraulic cylinder chambers decreases significantly. With a
considerable increase in spool response time, this leads to an increase in braking time instead. The influence of the



parameters and operating conditions of the actuator on the braking process was studied, and quantitative
dependences between the braking time and the maximum pressure in the hydraulic cylinder chambers were
obtained. The scheme of the discrete electro-hydraulic positioning actuator was justified and proposed, and a new
scheme of a programmable adjustable throttle valve was developed. A two-stage positioning algorithm for the
actuator with discrete action was developed. The positioning accuracy (positioning error), positioning process
time, and permissible maximum positioning speed were determined by simulation experiments in the Simulink
environment. The effectiveness of the developed technical solution and the proposed two-stage positioning
algorithm was confirmed by simulation experiments, with the positioning accuracy is improved more than 11 times,
the velocity of the working body is increased by more than 1.9 times, as well as the positioning process time is
reduced by more than 1.3 times. Recommendations are provided for the selection of the actuator’s components

and their control algorithm, which will ensure maximum performance under specific operating conditions.
Jep>kaBHHHM peecTpaniiiHuii Homep JiP:
IIpiopuTeTHHH HaNIpSIM PO3BHTKY HayKH i TEXHIKHU. EHepreTuka Ta eHeproeeKTUBHICTb
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aJIbTEPHATUBHUX JIKEPEJ €Heprii
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