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Vibration Control and Unbalance Estimation
of a Nonlinear Rotor System Using Disturbance Observer
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*3 Department of Mechanical Science and Engineering, Nagoya University,
Furo-cho, Chikusa-ku, Nagoya-shi, Aichi, 464-8603 Japan

In rotating machinery, the unbalance of the rotor causes many resonances at the critical speeds
corresponding to various modes. In this paper, a method of vibration control for rotor systems
utilizing the disturbance observer (D.Q.) is proposed. The nonlinear terms, unbalance, parameter
variations and uncertain terms of a rotor system are lumped into a disturbance term, and this term
is cancelled by using D.O.. As a result, the vibrations of the system are controlled to a small
amplitude in all over the rotational speed range. Using the information of disturbance obtained by
D. O,, the unbalance of the first mode is estimated simultaneously. Moreover, the effects of some
parameter errors of the control system are also investigated. The validity of the proposed method
is verified through numerical simulations and experiments.

Key Words: Vibration of Rotating Body, Nonlinear Vibration, Vibration Control, Disturbance
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Fig. 1 The Jeffcott rotor model
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Fig. 2 Electromagnetic actuator
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Table 1 System parameters

m 3.55 kg c 4.03 kg/s

k 29314.0 kg/s? fs 2000 Hz

B | 16931.4 N/mm? e | 8465.7 N/mm?

km | 37500.0 kgmm3/As? e 0.1 mm
an 67887.36 kg/s? ky 1.5 A/mm
bn | 56572.8 kgmm/As® || k; | 0.003 As/mm
Ry 1.0 mm Iy 1.0A
g 100 Hz ) 0 mm
ZZT, P I
n = 4 m"’g“ n — — m—‘q‘ 5
a k ok b 4k e (5)

faise = ~AmZ — Act —~ AKZ + fonan (©)
+mew? coswt — N,
ZONEL faise 1K (@) HORRD X D IZTRTEE
MOETHE (HE) T 5.
Faise = Mp& + cu + (kn — @) —bniy  (7)
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Fig. 3 Block diagram in the x-direction
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Fig. 4 Case with no parameter error
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Fig. 5 Case with some parameter errors
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Table 2 Parameters of magnetic characteristics

kmy1 | 39400.0 kgmm?®/As? | &,; | 0.47mm
kmy2 | 38800.0 kgmm3/As? | §y2 | 0.29mm
kmz1 | 37500.0 kgmm?/As? | 6,1 | 0.42mm
Ema2 | 37500.0 kgmm?®/As? | §;2 | 0.32mm
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