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Observer-based Controller Design of a Magnetic Bearing System
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ABSTRACT

There exist two critical problems in application of the magnetic bearing system. One is the control axis
interference caused by gyroscopic effect and the other is the vibration caused by the unbalance on the
rotor. To solve both problems at the same time, first, a centralized full-state feedback controller based on
the LQR control theory was designed to compensate for the gyroscopic effect. Second, disturbance rejection
control input based on the observer was designed to avoid the vibration caused by the unbalanced rotor.
Balancing inputs computed according to LQR and outputs of the observer were derived in terms of
rotational speed. Effectiveness of the on-line balancing was verified through numerical simulations. The
developed observer-based controller was also applied to the linear and nonlinear magnetic bearing systems.
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Fig. 1 Coordinates of rotor suspended by magnetic
bearing
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Fig. 2 Displacement of center-of-gravity and principal
axis of inertia due to mass unbalance
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Table | Parameters of the magnetic bearing system

[ Parameters Letter| Value Unit T
Rotor mass m 25 kg l
Polar moment of inertia L | 0.00276 kg - m®
Lateral moment of inertia I 0.1089 kg - m® ‘
Bearing span ! 0.12 m ;
| Displacement stiffness K, !17593E6 N/m ‘
} Current stiffness 1 K, |87965E2 N/A ;
" Eccentricity 3 20 1m |
L Eccentrical angle r 400 | %10 7% degrees
x(t) = A(Q)x(t) + Bult) + Du(1) (4)
wW(= Ca(t)
w(t) = (D u(t) ®)
3. Ho{7] MA

Aoj7l: Fig. 33 ol FUAR el dAY
oo AEE Q¢ BHAM 5 SEANE o8
o HAMAN AW SAsAY, AAaMe) FHe
AxAesta 78 & AT Aolsl MA Wl
A7) Wo] YA 2 e} AP Table 134 2k,

3.1 SAREA Matej o= KoY

A7) dolPA2E n&o FXAIA HY, Aol
2aT ofs] Alxdel BAAAE 2AY F Sk
olgiat apol2 EHEF B N2YE FHsAINY
98 LQRoIEE utgoz g9 AFUAsE =
3= FEUFA ANE A=Az E AR

Magnetic Bearing
System
System Equation
o] O = A + Bun) + Dw )
w0 = BQ@wa)
yioy = Ox(y

Displacement
Current L

Rotational Speed X

Disturbance Observer
£(0 = W) - V()
i) = {E@Q)-VD 3o~ VB u(f)
+{-VA+ BQV - VDV Ix@)
© W (f)= N+ V()

Solve Ricatti Equation

PA+ AP -PER*A'P4+Q=0

Determine
PO

Soive LQ Control

Digtwsbance Rejection
Control Law

a()= -8 P () () =—(B BY* B Db (f)

l P

Comtrol Input
N(8) = my () & 2y (L)

Fig. 3 Flowchart of observer-based controller design
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Fig. 4 Overall block diagram of the magnetic bearing systemn
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