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In-situ Modal Testing and Parameter Indentification of Active Magnetic Bearing
System by Magnetic Force Measurement and the Use of
Directional Frequency Response Functions
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Abstract

Complex modal testing is employed for the in-situ parameter identification of a four-axis active
magnetic bearing system while the system is in operation. In the test, magnetic bearings are used
as exciters as well as actuators for feedback control. The experimental results show that the
directional frequency response function, which is properly defined in the complex domain, is a
powerful tool for identification of bearing as well as modal parameters. It is also shown that the
position and current stiffnesses can be accurately estimated using the relations between the
measured forces, displacements, and currents.
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Fig. 1 Modeling of a rigid rotor supported by two
anisotropic bearings
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Table 1 Specifications of rigid rotor AMB

Rotor Bearings
Parameters Values Parameters Values
Mass (m) 9.661 kg Shape factor (¢ & a) 0.92
Diame:rficiz:]i3 rmtla;s(sJ dr;lomerlt 0.1089 kg-m? Error corr(eec)tion factor 0.90
Polar mass moment Sensor gain (Ks) 5000 V/m
of inertai(J,) 000726 kg Coil turns(N) 160
Location of brg #1 (b)) 0.101 m Effective pole face area(A) 1000 mm?
Location of brg #2(b,) 0.071m Nominal air gap(g,) 0.49 mm
Bias current(A)
Bearing #1 1,=24,22 Bearing #2 l 1,,=2.48, 2.2
Proportaional gain Derivative gain ( x 1000)
Y1 \z Z Z2 Wi Y1 2, Zy
Vi 4.131 0 0 0 3.541 0 0 0
V2 0 4.077 0 0 0 4.083 0 0
z 0 0 4131 | 0 0 0 3541 0
2 0 0 0 4.07; 0 0 0 4.083
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Table 2 Bearing parameters
Stiffness (N/m)
Parameters Initial guesses Estimated values
ku+K,; 1.0543E6 9.917E5-j1.527E3
ks 0 —5.118E4 +j2.848E3
ky 0 —1.817E4+j4.345E3
ke+K; 1.1075E6 9.86E5-j2.379E4
dky + 4K, —1.2098E4 ~17.394E3+j5.38E4
Ak 0 2.736E3+j1.35E4
Aky 0 —1.711E4-j1.406E3
Ak + 4K 1.2275E4 1.5695E4-j6.984E3
Damping (N - s/m)
Parameters Initial guesses Estimated values
Cu 1853 1888-j2.539
Ciz 0 53.28+j19.89
Ca 0 33.04-j23.54
Coz 2260 2213+4j15.39
ey —11.23 —106.4-j37.21
4ciz 0 34.62-j37.21
dcay 0 —-14.13-j17.35
ale 12.19 65.0-j17.35
Current stiffness (N/A)
Parameters Computed values Estimated values
K,,, 256 244
Ki,, 260 261
K., 256 247
K., 260 258
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Table 3 Identified modal parameters of the rigid rotor AMB system ; Q=7200 rpm

Mode Modal damping Modal frequency, rpm/Hz
First backward mode 0.387 —3014/50.24
First forward mode 0.371 3469/57.82
Second backward mode 0.436 —4248/-170.8
Second forward mode 0.467 4311/71.85
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