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Abstract; In order to overcome the nonlinear influence of electromagnet material on control system, a

new method of nonlinear power amplifier was put forward. By this special amplifier,

electromagnet load system became a linear system. For the controller of active suspension,

the differential

the control

object was transformed into a linear control system, which facilitated the real-time calculation of the

controls variable. The experiment result showed that the nonlinear amplifier had expanded the dynamic

range of the controller and improved the stability of the active magnetic levitation control system.
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Fig. 1 Hysteresis loop of electroomagnet
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Fig.2 1-DOF active magnetic levitation system
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Fig.3 Block diagram of digital nonlinear power amplifier

WO AR LA D A S B AR RS
TG PR A 22 ) L U ) 8% B, AR B AR A 52
IPEIRE R wo — B 5 w 2RA5J5, W 1y
AF, BRI RN

AF” :ASII/'LS" i?’l - Ax”M%Iliiﬂ (n :O ’1 b oo ’m) (4)
2 2
i A= sV A= sV i
4 (¢y +x,) "4 (e -w,)

L5 =IO + LIO +I’x5 Lx =]0 _LxO - Lxx

A, O 0
. 0 4, :
& A.S = .
: 0
L 0 0 A, ]
(A, O 0
0 A, :
A =] |
: 0
0 - 0 A,




8 GRMELT A, FELME DY K F R F RS A AT 271
(M, [in 0 - 0 s, 3.2 EEMETIRAR G
LA R AR LR HE RO B P4 5 I B RE RS
) : 0 : PR S BB e AR 2R M AN e A b
(M, | [0 0 & Jlm ARy, HHRE T An 1] 4 iR,
_Mxl i _Lzl 0 0 __:Um
M = M, _ 0 iiz Dol e
' : : 0 :
_Mxm i L O oo 0 iim i _Mxm
F A5 SR 3 Ry
AF =[AF, AF, AFm][z
AM -AM, (5)
Hp
AF, Ay 0 - 0 v 0 0
AF, 0 A, - 0 i Dl e
Dol 0 0 :
AF 0 0 A, o0 0 2 |m
A, 0 -0 iil 0 0 sy
0 A, : 0 iiz Mo
' 6
: 0 : 0 : (6)
0 = 0 A, L0 - 0 & |Ha

A MR LR O 2, AT DL i PID 45 i 5
IR HOR, IFRIEC(6) #E S B2 A B T
J7 )iy

(] A 0 = 07wy O - O
i?z B 0 A4, 0w, :
: : 0 0
i 0 0 A4, 0 0 u
AF, A, 0 07'r4, 0 -+ 0
AF, 0 A, : 0 A,
+
: 0 : 0
| AF, 0 0 A, 0 0 4
My O 0 i
0wy Pl i
' . (7)
: 0
0 - 0 pm, i,

SN @AL il VTNIEEN TN TISIEN TR O G S
LD N B R B N A ARG R AR RL B - H
LR BRERTE 0 ol D S DA A AR
RORAR R, BRAT s o b 0 B0 X AT
T ARL AR it 2 o3 B B, 45 4] e m] LA 5 S 0OkS
B I , 5 o 3 A5 9 B 58 X AR, AR T8 AR
REH

Bl 4 AEZAE T A A A ]

Fig.4 Software diagram of nonlinear power amplifier
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Fig.5 Radial runout test of motorized spindle Fig.7 Static displacement signal of four radial

DOF after nonlinear compensation

(1) Boxt T hid B SORBARMT 5T S 25 iy
FRLRAEINRE, 08 7 R GE R AR Lt A A B I KA
LR B BT R GRS E BRI

6 ALk kb Al 4 R0 H i (2) Bt T — PR A AR L S D T
SRS ERTE ARG IR T SRR T R G RE TS

Fig.6 Static displacement signal of four radial B AR X R BRI 52
DOF before nonlinear compensation (3) X 20 kW B, 3 #l AT T %g/\ Sy ik L ks

PERISRVE, 7R T M S TS, AR RUENE B B AR R e B F T R T R i 0 s S
PRI R A 2 — 2R 1 H A A e R AR TH, S T S R R G R E T

& % x #t

Jif. BERIF AR A MBI AT D] s BB TR, 2009.

Zhou Wei. Study and design of magnetic levitation power amplifier[ D]. Wuhan; Wuhan University of Technology,2009. (in
Chinese )

Keith F J, Maslen E H, Humphris R R, et al. Switching amplifier design for magnetic bearing [ C] // Proceedings of the 11th
International Symposium on Magnetic Bearings, Nara, Japan. 2008 . 211 ~218.

WO R AR TS REETE R DS ORAR [T ] MU TR SR, 2010,46(20) ¢ 9 ~ 14.

Chang Xiao, Xu Longxiang, Dong Jiyong. Digital power amplifier of active magnetic bearing [ J]. Journal of Mechanical
Engineering, 2010,46(20) ;: 9 ~14. (in Chinese)

Li Minfang, Xu Wenjun. The research and design of full digital magnetic levitating bearing control and amplifier system[ C] //
Proceedings of the 6th World Congress on Intelligent Control and Automation, Dalian,China,2006: 6 279 ~6 282.

B, DA, TR 0 AR R SRR b R 1) A T AR R AL A S R R ()] FUBR TR %41, 2007 ,43(6) : 110 ~ 115,
Wei Tong, Fang Jiancheng. Adaptive control based on variant operating-point linearization magnetic bearings of MSCMG [ J].
Chinese Journal of Mechanical Engineering, 2007,43(6) ;110 ~115. (in Chinese)

Zhang Jiansheng. Magnetic bearing intelligent control systematic design methods[ C] // Proceedings of International Symposium on
Computational Intelligence and Industrial Applications, Haikou, China, 2008: 167 ~170.

Yang F Y, Zhang W. Problems on homoclinic tangency in a rotor-active magnetic bearing system [ C] // Proceedings of the 3rd
International Conference on Dynamics, Vibration and Control, 2011.

JAPE BUR A — P R R = L PWM IR SC IO B9 L[] b [ L TR, 2010,30(36) 2103 ~ 110.

Zhou Dan, Zhu Changsheng. Failure mechanism of one kind of three-level PWM switching power amplifier for active magnetic
bearings[ J]. Proceedings of the CSEE,2010,30(36) :103 ~110. (in Chinese)

M, R ERTT . RO R R T R R A OV RS AT [T ] IR R IR IR IS 55T, 2009 ,22(2) 146 ~49.

Yang Shao,Zeng Qingwan. Expeimental study on the coupling effect of the magnetic bearing with five dimensional freedom[ J]. Gas

Turbine Experiment and Research, 2009,22(2) :46 ~49. (in Chinese)

10 FEuk, SR, JR I, 45, R RRETE IS S RGO T AAE AT ()], AR B A AR, 2009,30( 1) 222 ~

26.
Qi Bin, Dai Liming, Zhou Haibo, et al. Nonlinear modeling and analysis of magnetic force in precision magnetic levitation system
[J]. Journal of Huaqiao University; Natual Science, 2009,30(1) ;22 ~26. (in Chinese)

(¥ 5E 286 T1)



286 P 1 R A= 4 20134

11 Jan G Smits, Susan I Dalke, Thomas IL Cooney. The constituent equations of piezoelectric bimorphs[ J ] . Sensors and Actuators
A Physical, 1991, 28(1): 41 ~61.

12 Lin Shuyu. Study on the radial vibration of a new type of composite piezoelectric transducer[ J]. Journal of Sound and Vibration
2007, 306(1) :192 ~202.

13 KM E S, TR A8 Bk TR AIEE D] R4, 2012,43(2) 1226 ~229.
Zheng Wei, Dong Jingshi, Yu Hongyang, et al. Kipp oscillator gas piezoelectric pump[ J ]. Transactions of the Chinese Society for
Agricultural Machinery, 2012,43(2) :226 ~229. (in Chinese)

14 fFAYE ASIHURBET M. bt i EAR Tl AR, 1997 :225 ~ 245.

15 7%, B THUMBGT[M]. BRI [R5 ik, 199255 ~71.

16 AN ASUARBETH[ M. Jbst: s Tl R, 2002:231 ~ 258.

(#5272 7T)

1L XS BRRE PR RHRE A I B AL BEFE [ D] BT ) PR, 2007.
Liu Zongchuan. Research of the hysteresis model about ferromagnetic material [ D ]. Nanning: Guangxi University, 2007. (in
Chinese)

12 Rashid M H. Power electronics| M. USA: Prentice-Hall,Inc. , 1988 20 ~ 150.

13 AR B, BRI AR SB[ 1] LB LR #4z,2006,42(2) 1208 ~211.
Gu Huidong, Zhao Hongbin, Zhao Lei. Design of active magnetic bearing’s power amplifier[ J]. Chinese Journal of Mechanical
Engineering,2006,42(2) ;208 ~211. (in Chinese)

14 RTHL R, REETE BT A ROR AR BT A ()] sUDUH TR 4, 2005,27(5) 1230 ~233.
Yu Yuxiang, Hu Yefa. Research and design of digital power amplifier for magnetic levitating bearing system[ J ]. Journal of
WUT,2005,27(5) :230 ~233. (in Chinese)

15 SRR REEIF SOR R G BEBOR MR BOREGS R HWIFE[ D], B B, 2006.

Zhang Jiansheng. Study and applications on digital control technology and power amplifier in magnetic levitation support system

[D]. Shanghai:Shanghai University,2006. (in Chinese)



