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Development and Verification of Analytical Model of a Pilot
Operated Flow Control Valve for 21-ton Electric Excavator
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Abstract: An electro hydraulic poppet valve (EHPV) and a variable orifice poppet are assembled in a single
block, which is referred to as a RHINO but is also generally called a pilot-operated flow control valve. In this
study, we analyzed the structure and the operating principle for a RHINO applied in a 21-ton electric excavator
system. The RHINO was experimentally tested to measure the dynamic responses and the pressure energy loss.
In this test, we investigated the variation in the conductance coefficient according to the increase in the supply
pressure under a constant current and a variation in the flow rate according to the increase in the current.
Then, the geometrical shapes and the spring stiffness of the RHINO were considered to develop an analysis
model. The characteristics (current-force and hysteresis) for the solenoid based on the experimental data were
reflected in the analysis model that was developed, and the reliability of the analysis model was also verified
by comparing the experimental and analytical results. The developed model is thus considered to be reliable for

use in a wide range of applications, including optimum design, sensitivity analysis, parameter tuning, etc.

715 d4H Apy ¢ area in nose of a main poppet, m’
A, © area in nose of a variable orifice poppet, m?
Py : pressure at nose port, N/m’ Apg  area in side of a main poppet, m®
Py © pressure at side port, N/m® Ag : area in side of a variable orifice poppet, m?
P pressure inner EHPV, N/m’ A ¢ area in control chamber of a EHPV, m®
P+ pressure in control chamber, N/m? A area in control chamber of a variable orifice
AP : pressure drop, N/m? poppet, m?

F,.. - spring force at the bias spring, N

Fpy.s  sbring force at the pilot bias spring , N
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Fy,, - flow force of a variable orifice poppet, N

. seat force of a variable orifice poppet, N
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