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Fig. 1 Free-body diagram of the rotor
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Fig.4  Structure diagram of magnetic bearing based on LMS adaptive feedforward
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Table 1  Parameter of the model

Parameter Value

Power Amplifier Gain k,/(A/V) 0.00004
Power Amplifier Time Constant 7/s 0. 0005
Rotor Mass m/Kg 1.69
Current Stiffness Coefficient &,/ (N/A) 104.6
Displacement Stiffness Coefficient k,/(N/m) 149198
Sensor Resolution £,/ (V/m) 8000
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Fig.7 The simulation results of the coil currents



53 1]

FRIRGAE BT LMS J5 L TR AR S i 81

X10%

0 01 02 03 04 05 06 07
t/s

B8 A AR WS R N 1] 56 2R 2K

Fig.8 The simulation results of the displace ment signal

AT EE R0 LA X ARG sh 5 Y
JMEBILB, A LMS B AM2 5 e 5 1AL 8s #l
FL AL AR U SR AR (L P B AT 1 i

4 #hig

PR SONS T A8 T 5 1AT A A% R T D R P 1 L
R AT TSl LA A &
LMS Feisiahes, i/ T R A% 15 5 0/ Af 0
ozl $o T — i B Y R AR A i A 2P KA
¥, BEAG SN 7 B 3 14 5 - S BUIR S o i i
Dy SRR 7% 07 5 B A B A R OR . (E2
ARSCHERS /GRS BEAT T HIETE , % F HAd 703
LB R A A R

Z % X W

1 Zheng S Q,Han B C. Investigations of an integrated angu-
lar velocity measurement and attitude control system for
spacecraft using magnetically suspended double-gimbal
CMGs. Advances in Space Research,2013,51 (12):2216
~2228

2 Schweitzer G, Maslen H. Magnetic bearings: theory, de-
sign, and application to rotating machinery. New York:
Springer,2009

3 Tang L,Chen Y Q. Model development and adaptive im-
balance vibration control of magnetic suspended system.
Acta Astronautica ,2009 ,65(9) :1506 ~ 1514

4 Herzog R, Buhter P, Gahler C, et al. Unbalance compensa-
tion using generalized notch filters in the multivariable
feedback of magnetic bearings. IEEE Transactions on
Conirol Systems Technology,1996,4(5) :580 ~ 586

5 Shi J, Zmood R, Qin L. The direct method for adaptive
feed-forward vibration control in magnetic bearing sys-
tems. In:Proceedings of the seventh International Confer-
ence on Control, Automation, Robotics and Vision, Sin-

gapore ,2002 :675 ~ 680

10

11

12

13

14

XM, B3 S, KN, 45 A1 AR A 1 A U sl 2 1
i RS, HUBL TR A, 2010,46 (12) ;188 ~
194 (Liu B, Fang J C, Liu G, et al. Unbalance vibration
control and experiment research of magnetically suspen-
ded flywheels. Journal of Mechanical Engineering, 2010,
46(12) ;188 ~ 194 (in Chinese) )
Setiawan J D, Mukherjee R, Maslen E H. Synchronous
sensor runout and unbalance compensation in active mag-
netic bearings using bias current excitation. Journal of
Dynamic Systems Measurement & Conirol, 2002, 124
(1):14~24
Xu X B, Fang J C , Liu G ,et al. Model development and
harmonic current reduction in active magnetic bearing
systems with rotor imbalance and sensor runout. Journal
of Vibration and Control ,2015,21(13) ;2520 ~2535
Cui P L, Li S, Zhao G Z, et al. Suppression of harmonic
current in active-passive magnetically suspended using
improved repetitive controller. IEEE/ASME Transactions
on Mechatronics ,2016,21(4) :2132 ~2141
KT, BRos ik, X T, i AR R AL AR I B IR
s FE M. F M, 2015, 11,1289 ~ 1295
(Zhang J Y,Chen Z J,Liu H. Active control of multi-fre-
quency vibration caused by displacement sensor runout in
magnetic suspension flywheel. Journal of Astronautics.
2015, 11 1289 ~ 1295 (in Chinese) )
Zhou K,Low K S,Wang D, et al. Zero-phase odd-harmon-
ic repetitive controller for a single-phase pwminverter.
IEEE Transactions on Power Electronics,2006,21 (1) .
193 ~201
BRI BB TR BIE 2R Sl i AR A BRI S [ 12 ir
W3] KU ER R HOR K ,2016 (Wei ] B. Study
on control technologies of magnetically suspended gimbal-
ling momentum wheel [ Ph. D Thesis]. Changsha;Nation-
al University of Defense Technology,2016 (in Chinese) )
AR RS, AN AF S AL B V522 . Y22 iy 7 R R E
R £t , 2001 ( Shen F M. Adaptive signal processing. Xi’
an: Xi'an University of Electronic Science and Technology
Press,2001 (in Chinese) )
Chen S L, Lin S Y, Toh C S. Adaptive unbalance compen-
sation for a three-pole active magnetic bearing system.
IEEE Transactions on Industrial Electronics, 2020, 67
(3) :2097 ~2106
WRBE, XU P, RS 5. i 3 A8 A0 K e /N O 2 B
5 W G A S B B 3o A D7 . LR C R A AR
2015, 51(15): 119 ~127(Chen Q, Liu G,Zhen S Q.
Automatic balancing for magnetically suspended high-
speed motor based on adaptive variable step-size LMS al-
gorithm. Journal of Mechanical Engineering, 2015, 51
(15) :119 ~ 127 (in Chinese) )



82 g 1 ¥ 5 & 6l ¥ W 2022 4E55 20 %

VIBRATION SUPPRESSION OF MAGNETIC LEVITATION FLYWHEEL
BASED ON VARIABLE STEP SIZE LMS METHOD*

Wang Yunan Liu Kun'

(School of Aeronautics and Astronautics ,Sun Yat-sen University , Guangzhou 510275, China)

Abstract To suppress multi-frequency harmonic vibration caused by displacement sensor runout in a magnetic
suspension flywheel system, an adaptive variable step-size least mean square (LMS) algorithm is proposed. The
model is established to identify the displacement stiffness coefficient k, and current stiffness coefficient k; of the
magnetic bearing rotor. The octave frequency noise caused by the displacement sensor runout is taken as the sup-
pression target. On the basis of the adaptive LMS algorithm, a modified variable step-size factor with changing
frequency is improved to achieve automatic balancing. The stability of close loop system is analyzed by general-
ized root locus. Simulation results show that the proposed method can effectively suppress octave frequency dis-

turbance.

Key words active magnetic bearing, variable step-size LMS algorithm, displacement sensor runout, vibra-

tion control
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