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Abstract: A control method combined by repetitive control and positive integral feedback was proposed
to restrain system power consumption of magnetic bearing. Firstly, mathematical model of magnetic
bearing system was established. Frequency characteristics of current noise caused by gravity, rotor
imbalance and displacement sensor noise were analyzed, and found the current noise could be divided
into two types of direct component and harmonic component. Controller conditions of eliminating di-
rect current were deduced, a current positive integral feedback was designed. By adjusting suspension
position of rotor, magnetic force produced by permanent magnet in hybrid magnetic bearing was used
to offset gravity and suppress direct current component. A root locus method was employed to analyze
the stability of the closed-loop system and to determine the parameters range. Then a plug-in repeti-
tive control method was proposed to suppress multiple-harmonic current noise caused by rotor imbal-

ance and displacement sensor. The absolute stability of the whole system was analyzed with the help
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of the regeneration spectrum. Finally, simulation and experimental research were implemented for

proposed control algorithm taking magnetically suspended control moment gyro as test platform. Re-

sults indicate that: after applying proposed algorithm, direct current component is suppressed basical-

ly. peak-to-peak value of harmonic component is decreased by 88. 3% and power consumption is de-

creased by 7 W, which verifies effectiveness of the algorithm.

Key words: magnetic bearing; direct component; harmonic component; low power consumption; re-

petitive control; positive integral feedback

1 3 =

T Bt 7 EL A T i | g B T SR R TR S
PR IZ IR A ) AR B R R
ML LA B A Y DR R U e 1R A O —
T EH B b AR T 24 1 e R A AR | BE S BEAE
LR IR 45U P 1 DB IR R

H ) B AN A R B A R M P R
P MR A 2 2T, B AT 00 5 R B [
RT3 3R 1) P O I 7 A RR K L e A IR B
FIURG FE T e 25 ) S0 3= 3 ol Tl 73 R T 0 /) fv
B HL U B 7 TR DR E /N I AR /N . T
T TG T 7RCR P K G A i 3 i T R W e I B
FEUIFEN o ERAR SR I I 4505 B T K R T B 0
BE R )RR 51 A A B AL ARG S (EL4I0 ) MR 2 &R e
TEORE BE ¥ 2w AR SE T B I A T A A0
[ A50 FRL 30 o K T 96— AS 1 A AL B £ K i 1
T B T I PR U PR AR A R B R A IR R R
H3 IR 221 B A8 0 01 0 o 2% A 0 R B R
ERORN T PR AT P A AR G SCk, R B
425 1 68 [] B 00 560 BT A AU B, EL TR B A N
T P T I O L AL PR A Y A

AR ST o 1 Bl 7 R G A AR DR A o )RR $2
e T R AR Y W g L I S B SR VA
LK i 3 4068 5 77 9 R — b i A X 52 45 1l
ST A e S ST A R AL R A SR e R S 5 | Y
U R R AR T RGN

2 REEhRRGEARL AT

i b 7R A 8 T B o A R OE T L RS AL T
R SSER IR b Ey IIRYES O 22iN
o HerpE TR RS AR I R T 22 B L

O NFE T L KR R IR s G N T H T,

fEhlE o

DS P

1 BERhR R GEE e A

Fig. 1 Structure of magnetic bearing system

Q N T R Co RF T ILM ot 3 Co B AR BR
A Cxes yo) s Cu NEEF LK Cu 5N Cans
) s T AR N Co Ml Cy BIA—30, & T
PL Q5% 3 5 5% 7 D et nl i SN

{Al] _ {xm} B [IG:| _ {SCOS(\Qt"— X)} (D

Ay Y VG esin(Qt+ )
Forbr, e Ry 43 350 S e 5 AN SF- 48 19 R L RN W) I AR
(A

WK RS X AY W71 S 8O0k, Bl X
B HEAT 53 b R B B 1 B e R R O O e
Al RN N

_ .2
Jnllm—ff > G’ 2
tf.x’: ki, T k.xc

Horp, fo R o SR SR ST R D R 43 51 R HL 3N
JEE R RS I

X b AR REWME 2 Fiws. P C(oh
RIS B Co() =kp+ ki/s+ Kps, koo ki Fl kp
R ARG RV R R Gl (o & T A — By



I, 25 - H A2 5 S BR 0 aE BBt A 45 0 1 i R AR D AR 4 o 2151

B2 X 7 ) g b ok 2R e D 1

Fig. 2 Diagram of magnetic bearing system in X axis
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Fig. 3 Diagram of direct current suppression system
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Fig.5 Schematic diagram of AMB system based on composite control method
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Tab.1 Parameters of magnetic bearing system
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