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Kalman Filter Estimation of the Servo Valve Effective Orifice Area
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Abstract: Flow rate is one of the important variables for precise motion control and detection of the faults and

fluid loss in many hydraulic components and systems. But in many cases, it is not easy to measure it directly.

The orifice area of a servo valve by which the fluid flows is one of key factors to monitor the flow rate. In

this paper, we have constructed an estimation algorithm for the effective orifice area by using the model of a

servo valve cylinder control system and Kalman filter algorithm. Without geometry information about the servo

valve, it is shown that the effective orifice area can be estimated by using only displacement and pressure data

corrupted with noise. And the effect of the biased sensor data and system parameter errors on the estimation

results are discussed. The paper reveals that sensor calibration is important in accurate estimation and plausible

parameter data such as oil bulk modulus and actuator volume are acceptable for the estimation without any

error. The estimation algorithm can be used as an useful tool for detecting leakage, monitoring malfunction

and/or degradation of the system performance.
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Q - volumetric flow rate

ay ' Instantaneous orifice area

AP : pressure drop across the orifice

p - fluid mass density

C,  discharge coefficient

. volume of the actuator chamber
B, - ol bulk modulus in the actuator chamber
B, - effective oil bulk modulus in hoses
P pressure

z,, - displacement of the valve spool

z, : displacement of the piston rod

a= Cya,  effective orifice area
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q P : flow loss due to leakage
S, ¢ orifice area profile slope
v

(4]

V,, : hose volume

: initial fluid volume

Subscripts

h head-side port
y - rod-side port
s - supply port

e . exit port
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Fig. 2 AMESIm model of the hydraulic system

Table 1 Key parameters of the hydraulic system

Parameter Description Value
discharge coefficient
Ca of the servo valve 0.7
overlapv(gflsge servo 0.5x10°%m
Piston Head-side -3_3
Vao,h initial oil volume 3.4x10"m
Piston Rod-side 33
Va‘” initial oil volume 2.8¥10"m
Vio Hose oil volume 4.9x10*m?
Head-side pressure 32
Ay area in actuator 11.4<10"m
4 Rod-side pressure 9 4x1073m?
T area in actuator )
0Oil fg&l:é%}f at 85%kg/m’
Oil bulk modulus in
Ba actuator chamber 1400MPa
Effective oil bulk
Pr modulus in hoses 65MPa
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