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Motion equation

mi+bi=S8,p,—S,p, —F —F, sgn(x) a:i—‘
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Differential equations for the pressures

in the cylinder chambers
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Flow equation

5., valves spool flow
0, =B-abs(x,, £ x,,)-Jabs(ap,) -sm(dp,) L areas ratio

Model of the valve dynamics - 2nd order term Tsps &sv
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Welocity - Load Farce Characteristic of the Differential Valve Contralied Drive

Velocity gain of the open loop | el v opeing 2%, 0%, 60K, 8%, 100%
system depends on the direction

of the motion - piston velocity } ,
s oo 35, 0%
Open loop control of the Reativ oad ofth v £,
asymmetric actuator - . . B
piston position (left), °") B P .
velocity (right) . \ [ .
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Hydraulic stiffness of the oil in the chamber A and B

Ks}
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Stiffness of the piston

KIV = KVH + K/m

Resonance frequency of the
hydraulic cylinder
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Steady state values of the system variables of the asymmetric actuator
characterized by the ratio « and ratiop, system pressure p,, specified
valve flow Q,.,and pressure ;..

running out of the piston running in of the piston
velocity v '
v=vx, [1-
aF,
pressure p Bp,+a’p.
Pl
pressure ps af’p, - Bp. @ -p,-pp,
py =L PP, _Znfp.
Py VA o Py B ra
max. pulling force Fro=-F,
max. Pushing force Fo =aF,
Fr=2F,
I
running out velocity without|  force 7, (used for the Toad pressure
load normalization) F
R
T ey Fo=piSs S
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Position x
controller

Controller Servovalve Cylinder
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State observer

p=c%

Control system with the
state feedback and
Luenberger observer

Controller | Transfer function | Suitable for
ration k
PDTI1 T,s+] k=0+0.5
o s .
Controller | G(s)=K;——
Ts+1
P controller G(S)=KR Kk=05+1
PT1 1 k=1+3
controller G(s)=K Ts+1
State u=sw—r’'x K>3
controller
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Fole-Zera Map
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Real Axis
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. Analysis of the drive - analytical or experimental identification of

the components, creation of the mathematical model, natural
frequency calculation, modelling;

. Position controller structure selection and tuning - different

controllers are suitable and special rules for setting the controller
gain are recommended in dependence on the dynamic properties of
the hydraulic cylinder and control valve.

. Controller implementation - use of the digital control systems and

special rules which respect properties of the control of the hydraulic
drives must be respected and implemented. The industrial
controllers or embedded control systems are recommended. The
detailed analysis and description of the control algorithms from the
fluid power engineer is recommended.

. Control system commissioning.
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Simulation of the state feedback with Luenberger observer

Block diagram of the hydraulic
drive installed in the laboratory and
connected to the control computer

simulace rizeni s pozorovatelem - nelin. model a lin. pozorovatel

The data acquisition card
DS1104 R&D
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porovnani polohy hydramotory
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« The dynamic properties of the asymmetric valve controlled
actuator were summarized.
« The controller should respects the velocity depending gain
« The state controller with the Luenberger observer is suitable
for the given class of the hydraulic actuators characterized by
low damping and low eigen frequency. .
+ The control algorithm can be implemented into the embedded ... thank you for your attention.
control system.
« The functionality was confirmed using the simulation and
experiments on the test rig.

Thank you for your attention.
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