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Abstract: The spool displacement of directional control valve can be considered as the standard signal to
measure the bandwidth frequency of a directional control valve. When the spool displacement is not available,
the metering-orifice system is implemented in this research as an alternative way of measuring the 90 degrees
phase bandwidth frequency of the hydraulic directional control valve. The inertia effect on the transmission line
oil induces the phase lead of the valve load pressure when compared with the phase of spool displacement.
The capacitance effect of the oil induces the phase lag of the valve load pressure. The phase of the load
pressure can be adjusted to be the same as that of the spool displacement by controlling the opening area of
the metering orifice. A series of experiments were conducted to verify the effectiveness of the metering orifice.
The 90 degrees phase bandwidth frequency measured from the valve load pressure was significantly deviated in
some cases from the frequency of the spool displacement. The metering orifice was hard to be applied to

measure the -90 degrees phase bandwidth frequency of the high precision.

71 &MH I : oil mass inertia of a transmission line, kg/m*
K, pressure-flow gain of metering orifice, m*/s-Pa
A, : area of metering orifice, m’ K, : null spool displacement-flow gain, m’/s/m
b : width of directional control valve orifices, m L : length of a transmission line, m
C' : oil capacitance of a transmission line, m’/Pa P1os Do, - Upstream pressure and downstream pressure
C, : discharge coefficient of orifice, no dimension of metering orifice, Pa
D : inner diameter of transmission lines, m D1y Do, - Outlet pressures of directional control valve,
Pa

* Corresponding author: sdkim@kumoh.ac.kr Pr,: load pressure of metering orifice, p;, — p,,, Pa
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pr, - load pressure of directional control valve,

ps - supply pressure, Pa
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: load flow rate of a directional control valve,

QLU
3
m’/s
Q, : flow rate of metering orifice, m%/s
s : Laplas variable, no dimension
t : time, S
Vi, V, : outlet volumes of directional control valve,

3
m

: spool displacement of a directional control valve,

T,
m

B.,: effective bulk modulus of line oil, Pa

p : oil density, kg/m’

w : frequency, rad/s
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Fig. 1 Schematic view to use pressure signals for
the measurement of dynamic behavior of a
directional control valve
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Table 1 Specification of the metering orifice system

Instruments Specification

rated flow 10 LPM, rated

S lve 1
eIvo valve pressure 21 MPa

rated flow 20 LPM,

Ive 2
Servo valve rated pressure 21 MPa

rated flow 10 LPM,

Power unit rated provaure 21 MPa
PC CPU speed 2.0 GHz,

memory capacity 512 MB

DAQ board 16bit, A/D 16 channel,

D/A 2 channel

Pressure sensor rated pressure 100 MPa

rated flow 30 LPM,

Meteri ifi
clering orttice rated pressure 21 MPa

capacity volume 2L,

Accumulator rated pressure 35 MPa

exchanged calory 6,178

Oil cooler kcal/hr, capacity 50-75
LPM
. filtration rating 10p,
Filter rated flow 12.7 GPM
Measurement

version LabVIEW 2012

software language
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