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Abstract: In-process diagnosis is essential to achieve predictive maintenance in industrial plants. An in- process

diagnosis method was proposed for hydraulic servo systems, which was based upon leakage flow measurement.

Leakage due to servovalve wear was analysed and modeled mathematically for computer simulation work. The

key idea of diagnosis algorithm is that when monitoring signals, such as servovalve input and load displacement

are in steady states, the return-line flow of hydraulic servo systems can be regarded as null-leakage of

servovalve. Virtual experiments were performed to ensure effectiveness of the proposed diagnosis method.
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Q. - load flow

P  pressure of supply

P, ' pressure of valve chamber 1

P, : pressure of valve chamber 2

P, : pressure of return line

C, ' flow coefficient

¢ fluid mass density

, - displacement of spool

@  area gradient of valve

Q ¢ ' null leakage flow

. - radial clearance between spool and
sleeve

x , - displacement of piston

A p  area of piston

At area of orifice between spool and

sleeve
Ty ' time constant of valve
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K sy @ gain constant of valve

V, ¢ volume of chamber 1

V, ¢ volume of chamber 2

Vo © initial volume of chamber 1

Vg © initial volume of chamber 2

V, : total volume of fluid in both
chambers

B,  effective bulk modulus

Q p : leakage flow of nozzle flapper.

¢ absolute viscosity
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Fig. 4 Experimental apparatus diagram

Table 1 Parameter of Hydraulic System

Parameter Value Units
Ty 0.03 -s
Ky 0.001 m/mA
w 0.0314 m/m
P 70x10° Pa
u 14x107 Pa-s
C, 0.61 dimensionless
o 875 kg/m’
Ap 0.0942 m’
Qpg 20 2 /min
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Fig. 5 Curve of spool displacement
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Table 2 Data of null leakage flow
Leakage Flow [ £ /min]
I'c [mm] : _
Simulation Theory
0 2.0000 0
0.002 2.3697 0.3697
0.004 3.4789 1.4789
0.006 5.3276 3.3276
0.008 79158 59158
0.010 11.2434 9.2434
0.012 15.3105 13.3105
0.014 201170 181170
0.016 25.6630 23.6630
0.018 31.9485 29.9485
0.020 389735 36.9735
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