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Harmonic vibration suppression in active magnetic bearing
systems with adaptive notch filter and repetitive control
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Abstract: Harmonic vibrations caused by rotor mass imbalance and sensor runout, the main disturbances
in magnetically suspended rotor systems. To suppress these disturbances, a compound control method
based on repetitive control and variable phase adaptive notch filter feedback was proposed. Firstly, by es-
tablishing a model of the magnetic suspended rotor system, the generation mechanism of different disturb-
ing vibration forces was analyzed. Then, taking the X-direction as an example for analysis, an inserted re-
petitive controller was designed to suppress the harmonic vibration caused by sensor runout. An adaptive
notch filter was used to extract the synchronous signal online to adaptively compensate imbalance. The sta-
bility of the system was maintained by varying the phase angle at different frequencies, and to compensate
the same-frequency displacement stiffness, so that the system can effectively suppress the harmonic vibra-
tion. Finally, the proposed control method was verified by simulation and experiment. The experimental
results show that the first, third and fifth harmonic vibrations are reduced by 94. 4%, 90.4% and 85.9%,
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respectively. The harmonic vibrations can be effectively suppressed using the proposed composite control

method, whose effectiveness well verified.

Key words: magnetically suspended rotor; mass imbalanced; sensor runout; repetitive control; adaptive

notch filter
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Fig.1 Structure of an AMB rotor system

AY

<~V

El2 Abr RREE

Fig.2 Schematic diagram of a coordinate a system

i S 907, LA X J7 1) O 9, MR 0 A o — E L A
6] H a2 3 5 F v Ron o

771i:f}+f,, (1)

Ho o e 5 Fde £, o X5 [0 B BTG T, i A
A A7

1A AL 20T RGP AR L ME R )

AR PR R R

fr=ka+ ki, (2)

s R, A ey 5350 S A5 TN R TR O B 2 4, O 4
I I e

e 5 A A5 2 B e 1 LA ol O 5 G

CHYA—ZL, Lh Qi) 5% 35 e 1 [A] 20 e i , (i1 e

A 5 R R B, AN 01 £, AT LR R OA -

fi=me* cos(+ ¢), (3)

Hor s e AP R E, QR el o - £ o

fr=ms" X (s)= k[ X(

) L) 4 ki (5)= k[ X(

FIH] 3 AH AV o

HA ik 7 5 0 5% F R G O
BN

X()=x()— f,(2), (4)

Hodr . (e) IO f, (0) FRos & AN
A 5 | 2 P B

32 M REAS 3 5] UL B A% g A T 2% 1 ()
WM, S B AL A A T S ol AT
B TRE E E RIR AR Bk Bl L XA
1 AR Bk 2 ) AMB R 4t , Joi K48 5% + JLAa h
O ELALE . A R RS RR A

7/

z, () =x(t)+ a2, (1), (5)
Kb, (1) L RSB sh, Al KR
:iq sin (iQ¢t+ 0,), (6)

Horbrso, W AE IRER B B 0 B, 0, MW R AR AT, ki
WA (i=1,2,,n),

B oG5S 7 i R A% 8k 2 Bk 20 i AMB #%
?%’:%U%é‘hﬂigﬂu@Sﬂ?ﬂ{a,ﬁé*(}[(s)i‘j}ﬁ%&
350 LB -FR Gy - AR L Gl (s ) SR 3K
fir L P (s)h 2981 1% i o %&%%%éﬁ (s)EZ
55, kadiﬁﬂk\ﬁ%UEW#*ﬂ{i@1§@%§E@

3 EA i AT R SR s Bk 3l 9 AMB % T 45 1 &
GEAE 14
Fig.3 Schematic diagram of an AMB rotor system with

mass imbalance and sensor runout
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with compound method
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Tab.1 Parameter of magnetically suspended rotor
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