HEtoiAietsl 20014 FA e s =28 A pp. 507~514 KSME 01F084

344 Bode Wl 93 JWFEIM B 19F Aojs] A
o) Ay, AW, Bz

Classical Controller Design of Direct Drive Servo Valve
Using Analytical Bode Method
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Abstract

Direct drive servovalve(DDV) is a kind of one-stage valve since the rotary motion of DC motor
is directly transferred to the linear motion of valve spool through the link. Since the structure of
DDV is simple, it is less expensive, more reliable and offers reduced internal leakage and reduced
sensitivity to fluid contamination. However, the flow force effect on the spool motion is significant
such that it induces large steady-state error in a step response. If the proportional control gain is
increased to reduce the steady-state error, the system becomes unstable. In order to satisfy the
system design requirements, the classical controller is designed using the analytical Bode method.
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Fig. 1 Schematics of direct drive servo valve
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Fig. 2 The block diagram of direct drive servo valve
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Fig. 4 Step response of proportional control
system: Kp=15[A/V], Kam=4[A/V],
Teer=1/(21%300)[s] (1Volt==0.099mm)
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Lead Controt: Open Loop Bode Plot{PL=0:dotted line, PL=3000 psi:solid line)
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Fig. 6 Bode plot of linearized lead control
system: Kp=12[A/V], £=13.87,
Tiead=1/(21*306)[s], Kim=0[A/V]
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Fig. 7 Step response of linearized lead control
system: Kp=12, B=13.87, Tieaa=1/(21%306), Kim=0

o ou#EZ RAZR oYY LWMFES A
7171 8 F7HEA GRS FHesde dal
of thgat & HIdHE AL

Gp(s) =
TorefilterS + 1
AU E HL3 A3 Fig. 89 Mg
AAA N2 AGTHoAA LHFEI 10%
olllz Z4&dQn ALAAHLAE MHALFEZA

Toreriter=1/(211%200)[s] (39)

2 2% olWE RSP,

adu APTFY MRYUEY] udgye =
F 2@ FAFH AEdolR A¥E off BF2
A R Fig. 99 Yeid AGSHE Rd ¥
3t o] Opsi ® 3000 psilA 7IEUYo] 1EE
A AY LHFEE 39%, 43%°lH 7IEYHol 5
Z2EQ AT LHFEET 20%, B%E HENT ®

Prefitered Lead-Lag Control(PL=0:dotted line, PL=3000 psi:solid line)

R
0 o
L] e eeeedecnd
U.A-I'
02}

0 0.002 0004 0006 0008 001 0.012 0014 0.016 0018 002
[sec]

Fig. 8 Step response of linearized lead control
system with prefilter: Ky=12[A/V],
£ =13.87, Tieaa=1/(20+306)[s), Kam=0
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Fig. 9 Step response of lead control system
with prefilter: Kp=12[A/V], 8=13.87,
Tieaa=1/(21%306)[s], Kam=0
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Fig. 10 Bode plot of linearized lead-lag control
system: Kp=6[A/V], @ =24, Twg=1/(2nx12){s],
B=11.6, Tiaa=1/(2n%182)(s], Kam=0
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Fig. 11 Step response of linearized lead-lag
control system: K,=6[A/V], @=24, T
1/@nx12)(s), B =116, Tiear=1/(20%182)[s), Kam=0
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Fig. 12 Step response of linearized lead-lag
control system with prefilter: Tpefiter=
1/(2nx200)[s), Kp=6lA/V], @ =24, Tig=1/(21%12)
[s], B=116, Teas=1/(2n*182)[s], Kam=0
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Prefitered Lead-Lag Control(PL=0:dotted line, PL=3000 psi:solid line}
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Fig. 13 Step response of lead-lag control
system with prefilter: Tprefier=1/(20%200)[s],
Ko=6lA/V], a=24, Tie=1/(2n*12)[s], £=11.6,
Tieaa=1/(21%182)[s], Kam=0
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