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Abstract: The spool displacement signal of a directional control valve, including the servo valve, can be considered
as the standard signal to measure dynamic characteristics. When the spool displacement signal is not available, the
velocity signal of a metering cylinder piston can be used. In this study, the frequency response characteristics of
the metering cylinder are investigated for the spool displacement input. The transfer functions of the servo
valve-metering system are derived taking into consideration the oil inertia effect in the transmission lines. The
theoretical results of the transfer functions are verified through computer simulations and experiments. The oil
inertia effect in the transmission lines was found to have a very significant effect on the bandwidth frequency of
the servo valve-metering cylinder system. In order to more precisely measure the dynamic characteristics of a servo
valve, the metering cylinder should be set up to minimize the oil inertia effect by increasing the inner diameters of

the transmission lines or shortening their lengths.

715 MH C,, : internal leakage coefficient of metering cylinder,
m’/sec/Pa
A,y ¢ area of transmission line, m’ G, : total leakage coefficient, m’/sec/Pa
A, : area of piston, m’ d},ose - inner diameter of transmission line, m
c : radial clearance between piston and tube, m d, : diameter of piston rod, m
C;, G, : oil capacitance of transmission line, m’/Pa D, : diameter of piston, m
C,; : discharge coefficient of orifice, no dimension F, : arbitrary load force on piston, N

C., : extemal leakage coefficient of metering cylinder, ¢ = viscous damping coefficient of piston, Nsec/m
3 . L C
m’/sec/Pa I, I, : oil mass inertia of transmission line, kg/m’

K, : valve flow gain, m’/sec/m

* Corresponding author: sdkim@kumoh.ac.kr Ly, Ly, L,.. : length of transmission line, m
1 Department of Mechanical System Engineering, Kumoh i

National Institute of Technology, Gyeongbuk 39177, Korea L, : length of piston, m

2 Department of Automation System, Korea Polytechnics, M., : equivalent mass of total load, kg
Gyeongbuk 39257, Korea eq ’

Copyright © 2021, KSFC M.y - mass of oil in metering cylinder, kg

This is an Open-Access article distributed under the terms of the oo .. .
Creative Commons Attribution Non-Commercial ~License(http:/ M1 pose - mass of oil in transmission lines, kg
creativecommons.org/licenses/by-nc/3.0) which permits unrestricted .

non-commercial use, distribution, and reproduction in any medium, Mp : mass of piston, kg

provided the original work is properly cited.
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M, : total mass of piston and load referred to piston,
kg

Py,, P,, : forward and return pressure of piston, Pa

Py,, P,, : forward and return pressure of servo valve,
Pa

P, : load pressure of piston, P, — P, Pa

Py, : load pressure of servo valve, P,,— P,,, Pa

Py : supply pressure of servo valve, Pa

P, : return pressure of servo valve, Pa

(1> (o, : forward and return flow rate of piston,

m’/sec

@1p> @, : forward and return flow rate of servo
valve, m’/sec

@, : load flow rate of piston, m’/sec

Q,, : load flow rate of servo valve, m’/sec

s : Laplace variable

S, stroke of piston, m

Vinoses Vanose : volume of transmission line, m’

Vip» Vs, : chamber volume of cylinder, m’

V, hose : total volume of transmission lines, m’

V;, : total volume of cylinder, m’

Upose - Velocity of oil in transmission line, m/sec

v,  velocity of metering cylinder piston, m/sec

w : area gradient of valve port, m*/m

x, : piston displacement of metering cylinder, m

x, : spool displacement of servo valve, m

Be.cy - effective bulk modulus of cylinder, Pa

B. hose - cffective bulk modulus of transmission line,
Pa

B., : equivalent effective bulk modulus, Pa

p o coefficient of viscosity, Nsec/m’

p : oil density, kg/m’

w;, : hydraulic natural frequency, rad/sec
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Table 1 Specifications of test system

Specification Value Unit
C, 0.611
w 0.0058 m*'m
Py 7 MPa
p 860 kg/m?
m 3.9372x 107 Nsec/m?
D, 0.05 m
d, 0.0224 m
L, 0.04 m
S, 0.15 m
M, 0.33 kg
Myt et 0.20245 kg
c 1.25%107 m
G, 1.0x 10" m?*/sec/ Pa
C., 1.0x<10™" m*/sec/ Pa
Lyoee 0.4 m




Ho
o

Table 2 Parameters for computer simulation

1,

Parameter Value Unit
K, 0.31972 m®/sec/m
A, 1.5694x107 m?

Vi, 2.3541<10™ m’

fv 2000 Nsec/m
G, 1.0 10" m®/sec/ Pa
Bey 3.10x10° N/m?

Table 3 Simulation parameters by line size

Parameter | 3/8 inch | 1/4 inch | 1/2 inch | Unit
Vihose |5.70x10° |2.53x107 [1.01x10* | »?
M, hose |4.90<107 [2.18x107 |8.72<107 | kg

M, 2431 54.04 13.91 kg

Table 22} Table 32 Table 1ZHE AHEEH A=
AEY ol wtetr|E o] ™, Table 3o vi&e] W7ol
webA gepA e AlEdeld st HE )5k
AN Vinose St My pose= T 70wl TSk
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d A g
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Table 4 Hydraulic natural frequency at 3/8 inch
lines

Input-output | Simulation result | Measured value

z,— Py 330 Hz 331 Hz
T, v, 330 Hz 328 Hz
52 1/4 inch v &5 ALESt ot SH
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Fig. 11 Freqguency response simulation result of
x,— P, at 1/4 inch lines
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Fig. 12 Frequency response simulation result of
z,—wv, at 1/4 inch lines
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Fig. 13 Freqguency response measured value of
z,— P, at 1/4 inch lines
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Fig. 14 Frequency response measured value of

x,—wv, at 1/4 inch lines

Table 5 Hydraulic natural frequency at 1/4 inch
lines

Measured value
233 Hz
230 Hz

Input-output | Simulation result
z,— Pp 234 Hz
Ty, =0, 234 Hz
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Fig. 15 Frequency response simulation result of
z,— P, at 1/2 inch lines
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Fig. 16 Freguency response simulation result of
z,—wv, at 1/2 inch lines
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Fig. 17 Frequency response measured value of

z,— P, at 1/2 inch lines
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Fig. 18 Frequency response measured value of

x,—wv, at 1/2 inch lines

Table 6 Hydraulic natural frequency at 1/2 inch
lines

Input-output | Simulation result | Measured value

z,— Pp 407 Hz 405 Hz
T, — v, 407 Hz 378 Hz
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