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Abstract: Spool displacement of a direction control valve is the standard signal to measure the bandwidth
frequency of the direction control valve. When the spool displacement signal is not available, it is suggested in
this study to use the metering hydraulic line as an alternative way to measure - 90 degree phase bandwidth
frequency of the hydraulic direction control valve. Dynamics of the hydraulic line is composed of inertia,
capacitance, and friction effects. The effect of oil inertia is dominant in common hydraulic line dynamics and
the line dynamics is close to a derivative action in a range of high frequency; such as a range of bandwidth
frequency of common directional control valves. Phase difference between spool displacement and line load
pressure is nearly constant as a valve close to 90 degree. If phase difference is compensated from the phase
between valve input and pressure, compensated phase may be almost same as the phase of spool displacement
that is a standard signal to measure phase bandwidth frequency of the directional control valve. A series of
experiments were conducted to examine the possibility of using line pressure in to measure phase bandwidth
frequency of a directional control valve. Phase bandwidth frequency could be measured with relatively high
precision based on metering hydraulic line technique and it reveals consistent results even when valve input, oil

temperature, and supply pressure change.

71 M9 C, : discharge coefficient of orifice, no dimension
D : inner diameter of hydraulic line, m
C : capacitance of a hydraulic line, m*/Pa f : friction factor of hydraulic line, no dimension

1, : valve input, V

I : oil mass inertia of a hydraulic line, kg/m"
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qz, : load flow rate of a valve, m%/s

R : friction resistance coefficient of hydraulic line, Pa
s/m’

Re : Reynolds number, no dimension

s : Laplas variable, no dimension

t : time, S
v : fluid velocity, m/s
w, : width of valve orifices, m

v

x, : spool displacement of a valve, m

8., effective bulk modulus of line oil, Pa

o : oil viscosity, N-s/m’

p : oil density, kg/m’

w : frequency, rad/s

: bandwidth frequency based on the pressure, Hz

the

wbp

wy, : bandwidth frequency based on spool
displacement, Hz

£ : phase angle of a transfer function or a complex

variable
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Fig. 1 Schematic view to use the metering

hydraulic line for measurement of the
bandwidth frequency of a directional control
valve
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Table 1 Parameters related to a hydraulic line

and oil
Parameters Specification

Inner diameter of steel

wbe, D 0.011 m

Length of steel tube, 0.35 m

Oil viscosity, 0.0365 N's/m’

Oil density, p 868 kg/m’

Effective oil bulk

« 10° N/m?
modulus, £, 0.689 « 10" N/m

Line oil innertia, / 3.197 « 10° kg/m*

Line capacitance, C' 4.891 + 10" m’/N

Line resistance, R 3.555 « 10" Pa's/m’
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Table 4 Error of the measured bandwidth frequencies
for environmental factors

. averaged error| maximum
environmental factor
[%] error [%]
oil temperature 22 6.7
supply pressure 4.0 11.8
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Fig. 11 Effect of the oil temperture variation on
the bandwidth frequencies
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Fig. 12 Effect of the supply pressure variation on
the bandwidth frequencies
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