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Pedepar:

1. Incepranis NpUCBAY€HA NiABULLIEHHIO €(PEeKTUBHOCTI POOOTHU TifpoNpUBOLY (PPOHTAIBHOTO HABAaHTAKYBAya, 110
3abe3nevyye 3MEHIIEHHS €eHepreTUYHUX BTPAT B TiIPONPUBO], a TaKOXK CTabisi3alliio MBUAKOCTI pyxy HOTo
rigpopBuryHa ta (pikcaliilo HaBaHTa)KeHOr0 BUKOHAaBYOTO OpraHy B po6ouill nosutiii npu MiHiMaJbHUX BUTOKAX 3
KaMep riipoABuryHa 3a paxyHOK po3pO0OKHU TilpONpUBOAY 3 BPiBHOBaXXyBaJIbHUM KJlallaHOM. Po3pobiieHo
MaTeMaTU4HY MOJEJIb EKCIIEPUMEHTAIbHOTO 3pa3Ka rilpoNpuBOLY CTPi/IM 3 BPIBHOBAXKYBaJIbLHUM KJlaraHoM. ITin
9ac MOJEJIOBaHHS BPaXOBaHO BILJIMB TiiPOJAHAMIYHOI CUJIM HA OCHOBHMI 30JI0THYK BPiBHOBaKYBaJIbHOTO KJIAIlaHa,
3MiHy BEJIMYMHU T10]a4i Yepe3 HOoro pobove BiKHO Ta BIUIMB CTOXaCTUYHUX XapAaKTEPUCTUK TEH30PA MOMEHTY
iHepLii BUKOHABYOro OpraHy. 3Hal€HO CIiBBiIHOLIEHHS ITapaMETPiB BPiBHOBaKYBaIbHOT'O KJlalaHa, fAKi
3a6e311e4yIoTh CTiliKy po60Ty rizponpusogy. ONTUMi30BaHO apaMeTPU BPiBHOBAXXYBAJIbLHOTO KJlallaHa 3a

CTAaTUYHUMHU, MHAMIYHUMH Ta €HEPreTUYHUMU XapaKTepUCTHUKaMU rifponpuBoay. CTBOPEHO AOCHiTHUN 3pa30K



BpPiBHOBa)XyBaJIbHOI'O KJlanaHa. JJoCigKeHO CTyIIeHb TePMETUYHOCTI BPiIBHOBAKYBAJIbHOIO KJlalaHa, CTaTU4Hi Ta
IVHaMiYHi XapaKTepUCTUKY rigponpuBony crpinu. IlinTBepaskeHo 3 IMOBIpHiCcTIO 95% aneKBaTHICTh MaTeMaTUYHOI
MOJeJIi EKCIIEPUMEHTAJIbHOTO 3Pa3Ka lifpoNpuBOLYy CTPiN. YIOCKOHAJIEHO CXEMY €KCKaBaTOPa-HaBaHTAXyBa4a
«BOPEKC 2206». 3acToCyBaHHS B TifpoNpruBOax (PPOHTAJIbHOTO HABAaHTAKyBaua BPiBHOBAKYBAJILHUX KJIANAHIB

3aMiCTb pocCeiB 3abe3nedye 3MEHIIEHHS 3aTpaT eHeprii Ha 35% [7151 BUKOHAHHS OJIHAKOBUX Ollepalliil.

2. The thesis is devoted to improving the efficiency of the hydraulic drive of the front-end loader boom, which
reduces the energy losses in the hydraulic drive, as well as stabilizing the speed of its hydraulic cylinders and fixing
the loaded boom in the working position with minimal leaks from the hydraulic cylinder chamber by developing a
hydraulic drive based on the counterbalance valve. A non-linear mathematical model of an experimental sample of
a boom hydraulic drive with the counterbalance valve has been developed. The simulation took into account the
influence of the hydrodynamic force on the main spool of the counterbalance valve, the change in the amount of
flow through its working window and the effect of the stochastic characteristics of the tensor of the moment of
inertia of the executive body. A method for calculating the hydrodynamic force on the main spool based on the
study of the working fluid flow in the counterbalance valve channels using the Autodesk Simulation CFD program
has been developed. The calculation of the working fluid flow was performed by solving the three-dimensional
Navier-Stokes equations, using the finite element method and the k-epsilon turbulence model. The non-linear
mathematical model of the experimental sample of the boom hydraulic drive was solved in the MATLAB Simulink
environment using the equal Rosenbrock method of the 2nd order. The influence of the parameters of the
counterbalance valve on the location of zones of stable operation of the hydraulic drive is investigated. Optimized
the parameters of the counterbalance valve by LP-search. The optimization criterion includes static, dynamic and
energy characteristics of the hydraulic drive. An algorithm has been created for calculating the counterbalance
valve for the selection of optimal design parameters that provide improved static, dynamic and energy
characteristics of the hydraulic drive under operating conditions with counter and associated loads. The degree of
tightness of a counterbalance valve, static and dynamic characteristics of an experimental sample of an hydraulic
boom hydraulic drive are investigated. According to the results of the experiments, the degree of tightness of the
counterbalance valve was determined at the level of foreign analogues. The error of stabilization of the flow does
not exceed 8%. The absence of loss of working fluid through the servospool and the parabolic dependence of the
speed of the servospool of the counterbalance valve on the load on the actuator are confirmed. With a probability
of 95%, the adequacy of the developed mathematical model of an experimental sample of a hydraulic drive boom
loader according to Fisher's criterion was confirmed. It is proposed to improve the scheme of the BOREX 2206
backhoe loader. In hydraulic scheme of the front-end loader the use of counterbalance valves instead of throttles
with check valves reduces energy costs by 35% to perform the same operations at maximum feed. Transients
during braking or overcoming obstacles front-end loader are stable, and the transition process does not exceed 1.3
seconds.
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