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On Characteristics of Regulator System in Hydraulic Piston Pump

Myeong Ku Yeo, Jong Ki Kim, Jae Youn Jung’
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* Faculty of Mechanical Eng., Chonbuk National University and AHTRI

Abstract — The importance of variable displacement piston pump is recently increasing in industrial
applications, as it is widely used for raising the energy level of the fluid in hydraulic system. The regulator
is the device that controls the pump output flow depending on the machine load and engine speed, and that
regulates the discharge flow of the piston pump by controlling the swivel angel. This work deals with
constant power control of a regulator system in bent-axis type piston pump. In order to use engine power
effectively, it is important to keep the horsepower from the engine to the pump constant. Therefore,
optimum power usage is obtained by accurately following the power hyperbola. First, the governing
equations of the regulator are derived, and analysis is performed by numerical simulation in which
significant parameters of regulator are identified. Also, we designed and manufactured the prototype of the
constant power control regulator for experiments. The experimental results show the responsibility and
pressure-flowrate characteristics and these are compared with the theoretical analysis. As the result, it is
confirmed that the characteristics of the designed regulator correspond to the numerical simulation.

Key words — Hydraulics, Regulator, Bent-axis type piston pump, Constant power control, Pressure-flow
rate characteristics, Responsibility, Numerical simulation
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Fig. 1 The hydraulic circuit of the regulator
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Fig. 2 The schematic diagram of the regulator
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Fig. 3 Constant power curve
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Fig. 4 The schematic diagram of the spool
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Table. 1 The specification of the regulator
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Soing Constart Spring 1 5.60<10°
Nim) Spring 2 114X10°
Spring 3 117X10°
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Fig, § The block diagram for simulation
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Fig. 6 The designed regulator housing

Fig. 7 Spool, pilot piston and control piston
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Fig. 8 The assembled regulator

LIS

Power  Function
Supply Generator

. Sensor :
?r Q |
JA—
Proportionai
Rallef Vatve

Resetvoir

Computer

Recorder

Fig. 9 Schematic diagram of experimental setup
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Fig. 10 The ramp response of the regulator
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Fig. 11 The step response of the regulator
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Fig. 12 hyperbolic curve of the regulator
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Fig. 13 The inner leakage of regulator
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Nomenclature

Suction pressure [MPa]

Pump delivery pressure [MPa]

Orifice pressure acting on pilot piston [MPa)

Pressure of the small diameter past of the control
piston [MPa]

Interval between spring 1 and spring 2 {m]

Initial deflection of spring 1 [m)

Initial deflection of spring 2 [m]

Swivel angle, angular velocity and acceleration

Max. and Min, of the swive] angle [rad]

Regulator angle of inclination frad]

Travel, velocity, acceleration of the spoof

Travel, velocity, acceleration of the control  piston

Area of the small diameter part [m’]

Area of the large diameter part [m’]

Area between chamber 1 and chamber 2 {m’)

Area between chamber 2 and reservoir [m’}

Actual delivery flowratefm’/s]

Leakage coefficient of the spool [m’/N- s]
Leakage coefficient of the pilot piston [N §)

Discharge Coefficient

Volume of chamber 1 and chamber 2 [m’]

Fluid bulk modutus [MPa]

Mass [N}

Stiffness of the spring {N/m]

CoefTicient of viscosity resistance [N* s/m]
Viscosity of working fluid [N- s/m?)

Density of working fluid [ N+ /m)

Distance between center piston spherical joint and

controf piston [m]
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