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In-Process Diagnosis of Servovalve wear in

Hydraulic Force Control Systems
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Abstract: An in-process method of diagnosing the spool wear of hydraulic servovalves was explored. The

diagnostic method discussed in this paper is for force-control hydraulic servo systems. The key principle used is

that pressure sensitivity of a servovalve drops as the valve spool wears out so that it is possible to determine

the spool condition by monitoring pressure sensitivity. A diagnostic algorithm was developed and evaluated

through numerical simulation and experiments. Two major steps of diagnosis are the evaluation of null bias of

the servovalve and the approximation of pressure sensitivity, both of which could be successfully done during

normal operation of a servo system. The difference between a new servovalve and a worn valve could be

clearly detected in-process, and the diagnostic test was found to be repeatable.
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Table 1 Conceptual algorithm of detail parts

Content Algorithm

Signal Averaging

Signal rate | Slope of linear-fit curve
No-load Load signal is less than ¢&;
condition

Finite-load
condition

Load signal is greater than G

Steady-stat
e condition

Changing rate of valve input is less
than & and changing rate of load
force is less than &;

Null bias Negative of valve input deviation
of valve from zero
input
Pressure Load force signal
sensitivity Valve input + Null bias
€1, &, €3 Upper limits of variables that are
assumed to be zero
G Lower limit of a variable that is

considered finite
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Pressure Sensitivity
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Null Bias Pressure Sensitivity

Steady State Steady State
yes
Calculation of Calculation of Approximate

End
Fig. 5 Flowchart of null
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Table 2 Major hydraulic components used in the

simulation
Instrument Type Model Maker
Servovalve 2-stage G761-3004 Moog
Cylinder | Double rods | A85302-640 [ Moog
Power unit | Gear pump HPS161 Feedback

A, =0.000708 m?
""""" A, =0.002125 m?

T A, = 0006375 m? 7

05 %

Pressure sensitivity (103 bar/mA)

.\\ -----------------

0.0 P Il TP o foirecty o P R

0.0 0.2 0.4 0.6 0.8 1.0

Leakage index

Fig. 7 Simulation curves of the approximate

pressure sensitivity
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Table 3 Specifications of major components of
the test apparatus

Instrument |Specification Model Maker
Power unit | 5.7 Lpm HPS161 Feedback
Servovalve | 38 Lpm | G761-3004 Moog
Servoactuator| 25.4 mm | A85302-640 Moog
Load cell | 0-2000 kgr | YG38-2T Setech
DFBHHC600
Pressure filter 3 um 3B1.0 Hydac
Return filter 3 (m AT72266-1 Moog
. 4 ch, 16 bit,
Amplifier 100 kHz YSA-700DS Setech
Pentium
Notebook PC M-17 GHz SENS-X30 | Samsung
16 input, .
DAQ Card | 2 output, | 6024E | National
. Instruments
12 bit,
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Table 4 Wear and null bias of the two valves

tested
Sleeve | Spool Center N.u I
. . Clearance bias
dia. dia. leakage .
ratio
New 6.611 | 6.607 2 um 1.45 12%
mm mm Ipm
Worn 6.603 | 6.568 17.5 um 7.50 +8.6%
mm mm lpm
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