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Abstract: The direct-drive servo valve(DDV) is a kind of one-stage valve because the main spool valve is
directly driven by the dc motor. Since the DDV structure is simple, it is less expensive, more reliable, and
offers a reduced internal leakage and a reduced sensitivity to fluid contamination. The control system of the
DDV is highly nonlinear due to a current limiter, a voltage limiter, and the flow-force effect on the spool
motion. The shape of the step response of the DDV-control system varies considerably according to the
magnitudes of the step input and the load pressure. The system-design requirements mean that the overshoots
should be less than 20%, and the errors at 0.02s should be less than 2%, regardless of the reference-step input
sizes of 1V and 5V and the load-pressure magnitudes of OMPa and 20.7MPa. To satisfy the system-design

requirements, the PID-controller parameters of A, 7; and 7, and the derivative-feedback gain of A, are

designed using the root locus and manual tuning.
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ag, @y, 9, a3,a4,a5:  coefficients  of  denominator
polynomial of G, (s)r G, (s)

B,,: equivalent viscous damping coefficient of DC
motor

faer: break frequency of Ist order filter of derivative
feedback

G.(s), G.(s): transfer function of PID controller
C

a

;. flow coefficient of spool valve orifice
C,: velocity coefficient of spool valve orifice
G, (s): transfer function of LVDT

G

m

(s): transfer function of DC motor

H.(s): transfer function of derivative feedback

c

H, . steady state gain of LVDT

po*

1.: output current of PID controller

G, (s): transfer function of motor-valve assembly
]r:on:](r — Ader
L, sq: saturated current of I, ,
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1, output current of derivative feedback
1,:

J,, €quivalent inertia of DC motor rotating part

coil current of DC motor

K,: back em.f. constant of DC motor

K: gain of PID controller
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K;: derivative gain of PID controller

K,,,: gain of derivative feedback

K, equivalent rotational flow spring constant of DC
motor

K, gain of current to voltage convereter

K

?

integral gain of PID controller

K. proportional gain of PID controller

K, torque constant of DC motor

K,;: flow spring constant of spool valve

L: coil inductance of DC motor

N: number of DC motor poles

N,: constant of 1st order filter of derivative control
P,,P,: port 1, port 2 pressure of spool valve
Pp,P,: return and supply pressure of spool valve
P;: load pressure of spool valve, P, = P, — P,

r: rotating radius of DC motor

R: coil resistant of DC motor

s: Laplace variable

T, derivative time constant of PID controller

T

7., output torque of DC motor

m*

integral time constant of PID controller

V,: error signal voltage of spool position

V,,: input signal voltage to DC motor

-
V.. sat: saturated voltage of V,,

V.. reference signal voltage of spool position
V,: output signal voltage of spool position
w: ratio of orifice area to spool position

x,: spool position of spool valve

v

(;, w;: damping ratio and undamped natural frequency

of LVDT
do d*0 . .
g W angular position, angular velocity and
angular acceleration of DC motor
Tger. time constant of Ist order filter of derivative
feedback

N
Tiags @s Tiead» B> K, lead-lag controller parameters

w,, ¢: complex number in polar coordinates

1.M B
A T5Y ARWEE Fig 1o Yehd 2AHH
Wy Ao)7], AT DCEH, AT AT
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Fig. 1 Schematics of a direct drive servo valve
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Fig. 2 Block diagram of a direct drive servo valve control system
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Fig. 3 Simplified block diagram of a direct drive (« ) Keq) w

servo valve control system
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Table 1 System constants of the direct drive
servo valve control system

J,q = 5.6054 < 10" *Nem s?/rad
B,,=0Ncm/(rad/s)
K, =56.628 Ncm/rad  at P, =0MPa
K,,=0Ncm/rad at P, =20.7 MPa
L=4.5%x10""H
K,=0.177V /(rad/s), K,,=50V/A
H,,=101.04V/cm, w, =3000Hz, ¢, =1
faer =300Hz

dsel me welws
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Fig. 4 Root locus of motor-valve assembly for P,
= 0 MPa
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av
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G.(s) = K, + Ki% + Ks (24)

Table 2 The effects of increasing the PID

controller parameters &,, K;, K,

RT. | OS. | ST. |SSE. | Stab*"
K Dec. Inc. S.C. Dec. Deg.
K; Dec. Inc. Inc. Eli. Deg.
K, M.C. | Dec. Dec. N.E.

R.T.: Rise time, O.S.: Overshoot,

S.T.: Settling time, S.S.E: Steady-state error

Stab.: Stability, Dec.: Decrease, Inc.: Increase

M.C.: Minor Change, S.C.: Small change

N.E.: No effect in theory, Eli.: Eliminate

if K is small

Improve*

Deg.: Degrade, *:
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Fig. 8 DDV spool displacement[V] for K.=8A/V,
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