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1. INTRODUCTION

The servovalve is essentially a regulating
system. The output (flow, pressure) is controlled by
the electric control input. There is a negative
feedback. This feedback can be mechanical,
hydraulic and electrical. The analysis is realized on
linearising mathematical models. As modeling
techniques there can be used transfer functions or
state equations.

The paper presents the mathematical model for a
SV 60 servovalve. The dynamic performances are
influenced by the constructive parameters. The
mathematical model permits the realisation of the
block diagram of the servovalve and the use of the

variable state method.

2. The servovalve mathematical model

In fig. 1 it is shown the simplified
servovalve functional scheme in which: TM -
torque motor, FN — flap nozzle, VS — slide valve

and MF — mechanic feedback.
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Figure 1. Servovalve functional scheme.

2.1. The torque motor mathematical model

The electrical circuit equation:

u= R1+L£+ku0 i (1)
dt dt

The dynamic equilibrium equation of the
moments that operate on the blade:

d’e dé
+c—+k, 0+ M 2
dt’ a7’ @

ki=J,

For k,7~0M,=0 and applying the Laplace
transformation it is obtained:

Figure 2. Hydraulic balance
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The transfer function is:

(l'km)/(R'kf)

u(s) - (Tes+IXTnfs2 +2§mes+1)
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2.2. The flap-nozzle amplifier mathematical
model

The running of the flap-nozzle amplifier is Po i an
of a hydraulic balance type, fig. 2.

Figure 3. Hydraulic balance

The balance load is the four-way valve.
Using the notation X = %c itresults X, =1—-Xx
0

and X, = I+ Xx . The flow equations are:

=GP, ~ P30 =G \/pcl Pr
2=G2\/Pa_Pc2;Q4= 4prc2—pT(4)

The hydraulic resistivity equations are:

2 0,=0,=0;=0,=0,
G, =G,=G, =y, -4, ; G,=G2=G3=G4=G(y)

G,(x)=6G,-%,=G,-(1-%) (5) We put down ptps=py and p.prpr it
¢ ¢ results:
G4(X)=G0'§2=G0'(1+f) p _p
G QL=G(y)- =, y>0
Using the notation & = %;dr it results: 2 (12)
Pu—Pe 4-0°-X ) 0, =G(y)- |7l y<o
— o 2 (1% 2 . 2 —\2
P.—Pr lI+a (1 x) ] lI+a (1+x) J(6) 0 —G. . y _\/Po —p, -sgn(y) 13
L M
The characteristics Ap = f(x ) is linear for Y B 2
x € [0;x,, ] .1t can be written: . We put down p, PL/po, y= y/yM’
Mp=K % @) 0,=0,/0,,G=y-G, ,and it s obtained:
px
— 1
=v-.|=-l1=7p. -son(y (14)
2.3. The four-way valve mathematical model Q. =y \/2 =P, -sgn(y)]
Through linearisation it is obtained:
The flow for a shifting y of the piston is:

40, =k, -Ay—k, -4p, (15)
2
—u-w-d - ./_. A
OQ=u-z p Y o \p (8)

00, Gy-\p, |1 PL,
Q=G(y)-\/Ap qu_ oy - Vo ) 3 1- sgn(yo)
The functional analysis of the four way

valves leads to an equivalent scheme of a hydraulic
balance type, fig. 3

0

Pro
) . 2P {1 P sgily, )}
The equations of the flows kpy 0, / % = _ — Py
Qsl =G5(y). Ipo—pA 9 aQL/apL kqp yosgnyo
y>0 ) are the flow a pressure gradients.
0,, =G, (y ) \NPs — Pr Through linearisation and the application of
Laplace transformation it is obtained:
{st =G7(J’)'\/P0_PB 0 QL(S)=qu'y(s)_kpy'pL(s) (16)
y< (10)

0,= Gs(y)' NPa—Pr

For the symmetrical distribution and pr=0

The dynamic equilibrium equation of the
forces is.
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On the bases of the block scheme, using the method
k

0(s)

Figure 4. Servovalve block scheme

d’y dy
A, - - =m +c,—+c,-
P (pcl Pcz) % s 2 )
Through the application of Laplace

transformation it is obtained:

(m, .57 +c, -s+cz)-y(s)=Ap Ap(s) (18)

The servovalve mathematical models
results from the composing of the subassemblies.
1/R

i) =luls) - 5-06))

e

+ 1

125 - 0s)+2-&,T,s- &s)+0s) =k, ,AM
(m, 5" +¢,-s+¢,) y(s)= A, - 4p(s)
u, (s)=kos - 6(s)

Xp(s)=1-6(s)

Ap(s) =k . - x, (5)

AM=M,-M,-M,

The block scheme is shown in fig. 4

4. CONCLUSIONS

The mathematical model of the servovalve is
obtained by means of the adequate assembling of
the mathematical models of the elements that
constitute the regulating loop of the system.

of the state variables, there can be realized the
numerical simulation on the computer.

References

1. Calarasu D., Reglarea secundara a sistemelor de
actionare hidrostatici in regim de presiune
cvasiconstantd, Ed. Media-Tech, lasi, 1999

2. Chirita C, Actionari electrohidraulice, Ed. Satya,
Iasi, 2000

3. Gaminin M.S. s.a., GidravliCesie sledaSie

privody sistem upravlenid, MaSinostroenie, Moskva,

1972.

4. Livint Gh., Teoria sistemelor automate, Editura

Gama, lagsi, 1996.

5. Mazilu 1., Marin V., Sisteme hidraulice
automate, Editura Academiei, Bucuresti, 1982.



