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Pedepar:

1. CuHxpoHi3aliist po60TH eKiIbKOX POHOYNX OPTaHiB AJ1s1 3a6€3MeUyeHHsI TOYHOTO MePeMillieHHSI OHOTO pO60Y0ro
eJIeMeHTa (3aCTOCYBaHHs 6araToABUTIyHHUX riipaBili-UHUX arperaTiB) € akTyaJbHOIO IIPO6JIEMOIO B 6araTbox
rajyssix IpOMMCJIOBOCTI: 00-JIaJHAaHHS 1151 IPECYBAHHS i KyBaHHS, MiAJIOMHO-TPAHCIIOPTHI NPUCTPOI, TPUCTPOi
17151 CTBOPEHHS! Bibpallii, 3eMJiepuiiHi MamyHy Tomo. EQeKTUBHICTh BUKOPUCTaHHS Cy4yac-HOTO TEXHOJIOTIYHOTO
oby1aIHaHHSA, SIKEe MPeCTaBIIsie CO000 CKIAAHI aBTOMATU30BaHi KOMILJIEKCH 3 BEJIUKOIO KiTbKiCTIO BUKOHABYMX
OPraHiB, B 3HA4YHIil Mipi 3aJIEXKUTH BiJl MOKJIMBOCTI IIPOrHO3YBAHHS XapaKTEPUCTHK CUJIOBUX IIPUBOIIB, SIKi B HbOMY
3aCTOCO-BYIOThCSl. BUKOHAHO aHaJi3 cXeM CHHXPOHI3alii rifpoIBUryHiB, PO3IJISIHYTO (PAKTOPH, SIKi BIVIMBAIOTh HA
y3roJpKeHHs PyXy BUXiTHUX JIAHOK [IBUTYHIB (LITOKIB ripouuIiHIpiB, pOTOPIB rifpoMoTopiB). Po3rinsnyTi cxemu
CHHXPOHIi3allii rigpaBaiyHuX ABUTYHIB Xa-pPaKTE€PU3YIOThCS CTAJI00 IOXMOKOIO IBUIKOCTI PyXy ripaBiidyHUX
IBUTYHIB B yCTa-JIEHOMY peXuMi. BCTaHOBJIEHO, 110 IPU HECUMETPUYHOMY HaBaHTaXEHHI NOXUOKA CHUH-XPOHi3allii
3a [10JIO’KEHHSIM BUXiTHOI JIAHKY TipaBJiyHOTO IBUTYHA IPOIIOPIiiliHA Be-JIMYMHI IIepeMileHHs (4acy pyxy). 3a

pe3yJbTaTaMy aHaJli3y IIOCTaBJIEH] 3a7ja4i 110 BOCKOHAJIEHHIO NIPOLIECY CUHXPOHi3alii pyxy riapaBiiyHUX ABUTYHIB



y 6araToBUry-HHOMY TiipaBJiYHOMY arperari. JJoCciIpKeHo riipaBiiuyHnil IPUBiL, 3 IBOMA TipaBIiYHUMU
LUJIiHAPaMM, CUHXPO-Hi3allis MBUIKOCTI PyXy LITOKIB SIKUX 3IiHCHIOETHCS IiTbBHUKOM IIOTOKY po60oyoi pi-nuHu. Ha
OCHOBi p0o3p006J1€eHOi MaTeMaTUYHOI MOZEJIi IPOBEJEHO PO3PaxXyHOK POOOTH CUHXPOHI30BaHUX ripOLUIiHAPIB B
HEYCTaJIEHOMY PEKMMI [IpY panToBiil 3MiHi HAaBa-HTaXKEHHS Ha OJHOMY 3 TigpoLuiiHgpiB. Bu3HayeHO MBUAKOCTI
PYXY IITOKIB Tigpo-UuIiHAPIB i TUCK B MIKIPOCENbHYX KaMepax [AiIbHUKA ITIOTOKY. BCTaHOBJIEHO, 1110 1P
IepexifHUX peskuMax poboTU NPUBOLY, 0OYMOBJIEHMX PAlITOBOIO 3MiHOIO HaBaHTa->KEeHHS TiIpOoLUIiHAPIB,
BMHUKAIOTh KOJIMBAHHS TUCKY B MIKIPOCEJIbHUX KaMepax [JiJbHUKA IIOTOKY i, B pe3yJIbTaTi 1IbOro, MoXnoka
CUHXPOHIi3alii MBUAKOCTI pyXy WITOKIB riIpOUMIiHAPIB HA I0YaTKOBOMY €Tarlli. BigHOCHMI niepena, TUCKIB B
MIKIPO-CeIbHUX KaMepax Jlocsrae 1, a BifHOCHA pi3HULS WBUIKOCTEN Pyxy — #0 0.43. [l nigBUIIEHHS TOYHOCTI
CHHXPOHi3alii pyxy rigpasiiyHUX ABUTYHIB 3alIPOIIOHOBAHUI [iJIbHUK IIOTOKY, B IKOMY JOJAHO IOLATKOBUMN
3BOPOTHU 3B'SI30K IO NIepenagy TUCKY B MIKIPOCEIbHUX KaMepax JilbHUKA. [JoBaTKOBUI 3BOPOTHU 3B's130K
peani3oBaHUi 32 PaxyHOK 3aCTOCYBaHHS JBOXIUIIJIMHHOTO JPOCEJIIOI0YOrO PO3NOiIBHUKA 30JI0THU-KOBOTO TUILY.
Buxopsuu 3 yMOB 3a6e3IeyeHHs MiHiMasIbHOI IOXUOKY CHHXPOHi3allii, BU3HaUeHa HeobXiHa 3aJeXXHICTb 3MiHU
17011 poboyoi WiIMHY PerylbOBaHUX PO-CEJIiB Ta HaBeJleHO PEKOMeH allii oo npodinisanii pobounx mwianH
30JIOTHUKOBOT'O ApOCeis. BCTAHOBIEHO PO3PAaXYHKOBUM LIJIIXOM i MiZTBEPAKEHO B €KCIIEPHMMEHTI, 110 3a-
CTOCYBaHHSI PETyJIbOBaHUX APOCEJIiB 3MEHINYE [T0XUOKY CUHXPOHi3alii IIBUAKOCT] py-Xy IITOKIB riIpOLUIiHAPIB 1O
0.27, a nepenay TUCKiB B MKIPOCEIbHUX KaMepax JibHUKa NOTOKy — 1o 0.53. B nepexigHomy npoteci s
IIBAJIKOCTI i TUCKY BUHUKJIM FaPMOHIKY BULOTO MO-PSAKY, 3yMOBJIEHI PYXOM 30JIOTHUKA JBOXIIIJIMHHOTO
po3nonisibHUKaA. HagBHICTL rapMOHIKM BUALIIOTO MOPALKY B KOJIMBAHHAX TUCKY i IIBUAKOCTI HECYT-TEBO BILJIMBAE HA
POOOTY rifpaBiivyHUX IBUTYHIB, OCKIJIbKY aMILJIiTyla KOJIMBaHb He-3HauyHa. [1ifBruieHHs TOYHOCTi CUHXPOHi3alLii
IIBAJIKOCTI 3yMOBJIEHO OJIHOYACHOIO 3MiHOIO IIJIOMi Ipoceis, sSIKU CTabisizye rnepenag TUCKy Ta IO

PErybOBaHOTO APOCEIS.

2. Synchronization of several working bodies operation to ensure the precise movement of one working element
(the implementation of multi-engine hydraulic units) is an urgent problem in many industries: pressing and forging
equipment, hoist and transport devices, vibration generators, earth-moving machines etc. The efficiency to use
the modern technological equipment including complex automated aggregates with a large number of executive
bodies greately depends on the ability to predict the properties of the power drivers used in it. The schemes of the
hydraulic engines synchronization are analyzed, the factors that influence the motion coordination of the output
units in the engines (rods of hydraulic cylinders, rotors of hydraulic engines) are considered. The schemes of
hydraulic engines synchronization are characterized by a constant error of the hydraulic engines motion velocity
in the steady mode. It is established that at the asymmetrical loading the synchronization error by the position of
the output link of the hydraulic engine is proportional to the amount of movement (motion time). According to the
results of the analysis, tasks to improve the synchronization process regarding the movement of the hydraulic
engines in a multi-engine hydraulic unit are set. The hydraulic drive with two hydraulic cylinders is investigated,
the motion velocity of rods is synchronized by the divider of the working fluid flow. Based on the investigated
mathematical model, the operation of synchronized hydraulic cylinders in unsteady mode with a sudden change of
load on one of the hydraulic cylinders is calculated. The motion velocities of the rods of the hydraulic cylinders
and the pressure in the inter-throttle chambers of the flow divider are determined. It is established that during
transient operation modes of the drive, caused by a sudden change in the load of the hydraulic cylinders, there are
oscillations of pressure in the inter-throttle chambers of the flow divider and, as a result, the synchronization
error of the motion velocity of the cylinders rods at the initial stage. The relative pressure drop in the inter-
throttle chambers reaches 1, and the relative difference of motion velocities - up to 0.43. In order to improve the
accuracy of the hydraulic engines synchronization, a flow divider is proposed, which added extra feedback
regarding the pressure drop in the inter-throttle chambers of the divider. Additional feedback is realized through
the use of a double-slotted spool-type throttle valve. Based on the conditions of minimum synchronization error,
the necessary dependence to change the working gap of the regulated throttles is determined and the
recommendations on the profiling of the working gaps of the spool-type throttle are given. It is established
through calculation and confirmed in the experiment that the use of adjustable throttles reduces the error



regarding the synchronization of movement velocity of the cylinders rods to 0.27, and the pressure drop in the
inter-throttle chambers of the flow divider - to 0.53. In the transition process for the velocity and pressure, there
are higher-order harmonics, caused by the movement of the spool valve of the double-slot distributor. The
presence of higher-order harmonics in pressure and velocity oscillations does not significantly affect the hydraulic
motors operation, since the amplitude of oscillations is negligible. The reduction of the velocity synchronization
error is due to the simultaneous change of the throttle area, which stabilizes the pressure drop and the adjustable
throttle area.
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