VK 62-82

Leonid Kozlov!

Turii Buriennikov!
Petro Michailenko?
Ioan Rusu®
Volodymyr Pyliavets'

ADAPTIVE HYDRAULIC CIRCUIT FOR
MOBILE MACHINES

'Vinnytsia National Technical University, Ukraine
*TDB Bratslav” Ukraine
*’Gheorghe Asachi” Technical University, Romania

Abstract

Hydraulic systems based on adjustable pumps, proportional electrohydraulic equipment and controllers are used in
mobile machines. The authors propose a new scheme of the hydraulic system for mobile machines, which provides the
auger drilling operation. A number of studies have shown that a certain ratio should be maintained between the frequency
of auger rotation and its feed during operation, where the productivity of soil disruption should not exceed the productivity
of transporting loose soil from the drilling zone. Ensuring the required ratio between the speed of the auger rotation and
its feed is implemented by a controller that works according to a certain algorithm. The algorithm for controlling the
auger feed value is formed. This ¢ provides the necessary ratio between the auger feed and speed, as well as reducing the
feed rate in the case of soil hardness increases. This creates the conditions for uninterrupted pit drilling at full depth and
protection of the hydraulic system from overload.
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Introduction

Mabile machines have hydraulic systems based on controlled pumps and modulated hydraulics. Such
hydraulic circuits become more efficient if they are equipped with electrohydraulics, sensors and controllers.
Controllers allow adapting the hydraulic circuit operating modes to the changes of external conditions of the
machine operation.

The authors have proposed a new pattern of a mobile machine hydraulic circuit that provides auger drilling
of shot holes with diameter up to 600 mm and up to 3 m deep in soil without rock. The proposed hydraulic
circuit involves two controlled pumps, a partitioned distributor with modulated electrohydraulics, sensor
system and a controller with analogue inputs and outputs. The hydraulic circuit provides the auger rotation and
its supply during the shot hole drilling. Some known researches have proven that a certain ratio should be
maintained between the auger rotation frequency and its supply during operation; such ratio should provide
that the soil destruction productivity does not exceed the productivity of transporting the unconsolidated soil
from the drilling area. The required ratio between the auger rotation frequency and its supply is provided by
the controller operating according to a certain algorithm.

Results

In Fig. 1, the scheme of the adaptive hydraulic system developed by the authors is presented. The adaptive
hydraulic system includes: adjustable pumps 1 and 2, distributors 3, 4, hydraulic cylinder 5, hydraulic motor
6, adjustable throttles 7, 16, differential pressure valves 8, 17, controller 9, amplifiers 10, 11, pressure sensor
12 and tank 19. The hydraulic cylinder 5, which moves the handle 14 is mounted on the boom 13 of the
excavator. On the handle 14, the hydraulic motor 6 is installed, which actuates the auger 15.

The hydraulic system uses an adaptive regulator (Fig. 2), which has the unit 1 for switching modes, units
2, 3 for adjusting the flow rates for hydraulic motors, mode switch 4, signal delay units 5, 6, unit 7 for forming
the pattern of the ratio change between the flow rates to hydraulic motors, unit 8 for forming the transfer
coefficient of the adjusting component, unit 9 for forming the derivative.
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Fig. 2 Adaptive regulator

The adaptive regulator provides adjustment of the cross-connection signal between circuits which provide
auger rotation and feed in order to improve the dynamic characteristics of the hydraulic system. The adaptive
controller provides for possible adjustment of the parameter k,, —the transfer ratio of the adjustment component
and AT, — the time delay of the cross-connection signal.

A mathematical model was developed for the presented adaptive hydraulic system. According to the
mathematical model, the characteristics of the adaptive hydraulic system were calculated.

During the operation of the adaptive hydraulic system for pit drilling operations, it is necessary to maintain
a stable rotation speed w,, of the hydraulic motor shaft, which actuates the auger. This is ensured by the
presence of the throttle 7 and the differential pressure valve 8 in the adaptive hydraulic system (see Fig.1). The
controller 9 provides a change in the feed rate v, according to a certain dependence, which is implemented in
the program. The program uses the dependence of type Uy, = Uy — koUy,, Where U, and k, are rates that
vary depending on the mode of operation of the adaptive hydraulic system and the value of loads on the auger.

The algorithm provides automatic adjustment of two parameters for setting the adaptive hydraulic system:

Ensuring the ratio between the rotation speed of the auger w,,, and the feed of the auger v., at which the
productivity of loose rock transportation exceeds the productivity of drilling. This ratio eliminates pinching of
the auger during drilling.

Active pressure control of p,, atthe inlet to the hydraulic motor is carried out in order to limit the pressure
of p,; at the pump outlet and ensure uninterrupted drilling when soil properties are changed.



Conclusions

The proposed control algorithm of the adaptive hydraulic system provides such a ratio between the rotation
speed of the auger and the value of its feed in the drilling process, in which the productivity of soil disruption
with the auger does not exceed the productivity of transporting loose soil from the drilled depth, which ensures
uninterrupted operation of the machine in the working cycle. Depending on loading, the auger feed value
changes under condition of not exceeding admissible pressure value in the hydraulic system.
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Aoanmuena ziopasniuna cxema 0711 MOOGIIbHUX MAWMUHU

AHoTauis

Y mobinvnux mawunax euxopucmogyiomvcs 2iopasuiuni cucmemu HA OCHOBI pe2yibO8aHUX HACOCIS,
NPONOPYILHOI eneKmpoz2iopasniunoi anapamypu ma pezyiamopie. Aemopamu 3anponoHo8aHo HOBY CXemy
2I0paesniunoi cucmemu MOOIIbHUX MAWUH, KA 3a0e3neyye pobomy wHeko6020 OypinHs. Y psaodi docrioxcens
NOKA3aHO, WO MIJC HACMOMOW 00epmanHs wiHeKa ma 1o2o nooaweio nio uyac pobomu HeobXiOHO
niompumyeamu neeHe CRi6BIOHOUIEHHS, NPU AKOMY NPOOYVKMUBHICMb DYUHYBAHHA IPYHMY He NOBUHHA
nepesuuyysamu npoOYKMUSHICMb MPAHCNOPMYBAHHS PUXI020 IPYHMY i3 30HU OypinHA. 3abe3neyeHHs
HE0OXIOH020 CNIBBIOHOWEHHS MIJIC WBUOKICIIO 00epmants WHeKa ma 1o2o0 nooaveio 30IUCHIOEMbCS
KOHmMponepom, aKuu npaytoe 3a nesHum anreopummom. CopMOBaHO aneopumm Kepy8aHHs GeIUYUHOIO
winexosoi nooaui. Ilpu yvomy 3abe3neuyemuvcs HeoOXiOHe CRIBGIOHOWIeHHA MidC nodauero uiheka ma
WBUOKICIIO, a MAKOMC 3HUNCEHHS WEUOKOCMI nooayi y pasi niosuwjeHHs meepoocmi tpyumy. Lle cmeopioe
ymo8u 0 Oesnepebitinozo OYPIHHA KOMIOBAHY HA 6ClO 2aUbOUHy ma 3axucmy 2iopocucmemu 8i0
NnepesanmadticenHs.

KuarouoBi ciioBa. agantiBHa rijpaBiiyHa cxema, MOOiTbHA MaIlliHa, KOHTPOJIEP, alNTOPUTM.
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