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Pedepar:

1. luceprarifina po6oTa nmpucBsYeHa po3podili IPOrpaMHO KEPOBAHOTO €JIEKTPOTiIPaBIiYHOTO MO3ULIIITHOTO
[IPUBOIY OUCKPETHOI Ail HU3bKOI BapTOCTI, IKAM [O3BOJISIE NTO3ULIOHYBATU 3HAYHI MacU 3 IIPOrPaMOBaHOI0
IVICKPETHICTIO i BACOKMMHU POOOYMMHU MIBUAKOCTSIMU. BUKOpHCTaHHS pO3PO06IEHOr0 PUBOLY B rilpodiKOBaHOMY
0071aHaHHI T03BOJINTD MiIBULIUTY Or0 IPOLYKTUBHICTS. lle 06yMOBJI€HO 36i/bIIeHHSIM POOOYNX IIBUIKOCTEN Ta
WBUAKOJIii MPUBOJY LIISXOM PallioHaJIbHOTO BUOOPY MOr0 CTPYKTYPH Ta alrOPUTMY NO3ULIOHYBaHHS. BukoHaHU

aHaJli3 TEXHIYHUX pillleHb BiOMUX €JIEKTPOTifpaBliYHUX [TO3ULIMHUX IIPUBOLIB JO3BOJIMB BUSBUTA YOTUPY OCHOBHI



METOM MO3UIIOHYBAaHHS Ta BJIACTUBOCTI IIPUBO/IIB, SIKi BOHM 00YMOBJIIOIOTh; BU3HAUYE€HO (HPaKTOPH, 1110 BIIJIUBAIOThH
Ha BJIACTUBOCTI IPUBOZiB Ta BUKOHAHO KiJIbKICHY OLIiHKY iX BIIJIUBY 3 BpaXyBaHHSIM METOY ITO3ULIIOHYBaHHY;
BUSIBJIEHO B32€MO3B'SI30K MX Oy/IOBOIO €JIEKTPOTiAPaBIiYHMX [IPUBO/IiB NIO3MLIIOHYBAHHS Ta iX BJIaCTUBOCTSIMU Ta
BM3HAUYE€HO HAIPSIMOK PO3POOKU CTPYKTYPHOI CX€MU €JIEKTPOTiIpaBlidHOrO MO3ULIMHOIO IPUBOAY 3 33JaHUM
KOMILJIEKTOM BJIACTUBOCTEH; PO3pO6JIEHO MAaTEMAaTUYHY MOIEJb IIPUBOAY, OCOOJIMBOCTSIMU SKOi € MOZIyJIbHA
Oprasisallis, BpaxyBaHHS aCUMETPil CXeMHU TiipaBiIivHOro UMJIIHAPY Ta HEJIIHIMHOI CUJIN TEPTS 3a PiBHSAHHIMU
JIyI'pe; KOPEKTHICTb MaTeMaTUYHOI MOJieJli iITBEPIKEHO LIJISIXOM IOPiBHSIHHS PE3yJIbTaTiB MOJI€JIbHUX Ta
(}i3nYHMX eKCIIEPUMEHTIB. BUKOHAHO OCIIPKEHHS TOTEHLIMHUX MOXXIMBOCTEN IPUBOJY IIPU JUCKPETHOMY
CI10co6i KepyBaHHS 3 aKIJEHTOM Ha IIPOLIE€CU IaJIbMyBaHH4, SIKe [10Ka3ajlo, 110 Yac rajJlbMyBaHHS i MaKCHMaJIbHUN
THCK B IOPOKHMHAX MIPOLMIIHIPY BUBHAYAIOTHCS MIBULIKICTIO POOGOYOro OpraHy Ta iHepLiliHUM HaBaHTaXXKEHHSIM;
BcTaHOBIIEHO KiNbKiCHI 3aJ1€KHOCTI Yacy rajlbMyBaHHS Ta BEJIMYAHY MaKCMMAaJIbHOTO TUCKY B IOPO>KHUHAX
rigpouMIiHIPY Bifl IBUIKOCTi po60Y0Oro opraHy, sika 3MiHioBasack B fianasodi Big 0.311 mo 1.228 m/c Ta Bif,
iHepLilfHOro HaBaHTaXEHHS B Jliana3oHi Bif, 17 7o 57 KT IpU HYJIbOBOMY Yacy Bifi'yKy 30JI0THUKA; BUBHAUYEHO TaKOX,
110 Yac BiATyKy 30JI0THMKA Ma€ 3HAaYHUI BILJIMB Ha NIPOLIEC rajlbMyBaHHs IPUBO/AY; BCTAHOBJIEHO, 110 30iJIbIIEHHS
yacy BifIl'yKy 30JIOTHUKA CyTTEBO 3MEHIIy€E YacC raJbMyBaHHS, BEJIMUNHY MaKCUMAaJbHOTO TUCKY B IIOPOXKHUHAX
riZpouMIIiHTPa, @ TAKOX CTYIIHb I0r0 KOJIMBaHb, [P [IbOMY, 3HaYHe 361/IbLIeHHS 4acy Bill'yKy 30JI0THUKA
IIPU3BOJUTSH 10 301/IbII€HHS Yacy rajibMyBaHHs. JJOCIIiI>KeHO BIJIMB Ha [IPOLjeC rajlbMyBaHHS IapaMeTpiB Ta YMOB
eKCIITyaranii IpuBoay, OTPUMMAaHI KiJIbKICHI 3aJI€5KHOCTI MIXK 4aCOM rajibMyBaHHS Ta MaKCUMaJIbLHUM TMCKOM B
MOPO>KHUHAX TiiponuiHapy. OGrpyHTOBAHO Ta 3alIPOIIOHOBAHO CXEMY €JIEKTPOTiIpaBliYHOro MO3ULIHOTO
IIPUBOAY IUCKPETHOI Aii Ta po3p06JieHO cXxeMy IPOrpaMOBaHOr0 PeryIbOBaHOIO APOCEIsl; PO3POOIEHO

I BOETAIHUI aJITOPUTM NO3UL[iOHYBaHHS NIPY AUCKPETHIN Aii npusony. 1lInsx0oM MOJEIbHUX €KCIIEPUMEHTIB Y
cepepouui Simulink BU3Ha4€HO TOYHICTh NO3MLIOHYBAaHHS (TIOXUOKY IO3ULIOHYBAHHS), YaC IIPOLIECY
[IO3MLIOHYBaHHS i JOMYCTUMY MaKCUMaJbHY WIBUAKICTb. MOLe/IbHI €eKCIIEePUMEHTH MiATBepANIN e(PeKTUBHICTD
PO3p06JIEHOr0 TEXHIYHOIO PillleHHs Ta 3alIPOIIOHOBAHOIO ABOETAIIHOI'O aJIFOPUTMY MO3ULIOHYBaHHS, IIPY LIbOMY,
TOYHICTb NIO3MLiOHYBaHH 30i/IbLIEHO 6isbI HIXK B 11 pasiB, IIBUIKICTb pyXy pOOOYOro OpraHy 30i/IbMIEeHO 6ibIl HixK
B 1.9 pa3sy, i CKOpOU€HO yYac Mpolecy Mo3uLioHyBaHHs 6inbu HiX B 1.3 pasu. HaBeleHO METOOMKY ITPOEKTYBaHHS Ta
peKoMeHpalii o0 BU60py KOMIIOHEHTIB IIPUBOAY Ta OO0 KEPYBaHHS, 1O JO3BOJIUTh 3a0€3MeYNTH MaKCUMAaJbHY

HpOILYKTI/IBHiCTb IIpUBOY B KOHKPETHUX YMOBAX eKcnﬂyaTauﬁ.

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 [iP:
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