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Abstract: The independent metering control system often triggers oscillations between the
actuator speed and the pressure in the two chambers of the hydraulic cylinder due to abrupt
changes in the control signal during operation, thus leading to the reduction of operating comfort
and machine reliability and even causing safety accidents. To address this problem, initially, the
limitations of the pressure-flow composite control strategy of the independent metering control
system as well as the vibration suppression of the traditional damping compensation method are
analyzed, and the causes of velocity oscillations and pressure fluctuations are elucidated.
Subsequently, based on this system, a vibration suppression method using the nonlinear filter for
mutation control signal modification is proposed, and the boundary selection principle of the

nonlinear filter is given. Ultimately, the inlet and outlet valve controllers of the independent
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metering control system are designed, and the effects of different mutation signals on the actuator

speed are reduced through the reference flow signal modification. Numerical simulation is carried

out based on the independent metering control system of a 20-ton excavator. The results indicate

that compared with the traditional damping compensation method, the proposed method can

effectively reduce the actuator speed oscillation and pressure fluctuation caused by step and ramp

signals; the pressure fluctuation is small under typical working conditions featuring the full

extension and full retraction of the movable arm’s hydraulic cylinder; and the speed oscillation is

reduced by 32. 5% to 64. 7%. Under such circumstances, the dynamic characteristics of the

system are effectively improved.

Keywords: independent metering; pressure flow compound control; nonlinear filters; mutation

signals; vibration suppression
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Fig. 1 Schematic diagram of independent metering control

system
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Fig. 2 General block diagram of independent metering
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Fig. 3 Block diagram of nonlinear filter control
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Table 1 Excavator model parameters

Z4 B AH
S om, kg 6 016
AT BT me /kg 2 415
B3} i & omy /kg 674

T E A S, /m’ 0.011 304
AP S, /m? 0.005 632 375
T BEIER ARV, /m’ 0.000 1
AR ERV,/m’ 0.000 1
FHPERE Bp/(Nemes ) 23 556
Wi R A, 0.7
H MR 8./ MPa 800
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Fig. 7 Motion characteristic of the boom at the arm fully retracted and fully extended conditions under step signal
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Fig. 8 Motion characteristic of the boom at the arm fully retracted conditions under ramp signal
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