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Proof-phase-margin design of nutation cross-feedback control in
magnetically suspended high-speed rotor system with large rotary inertia

WEI Tong, FANG Jian-cheng

(School of Instrumentation Science & Opto-electronics Engineering

Beihang University , Beijing 100083, China)

Abstract: A parameter design method of nutation cross-feedback control is investigated. Based on nu-
tation stability analysis of a large-inertia and high-speed rotor using two-frequency Bode diagram, a
new proof-phase-margin method of cross-feedback parameter design based on two-frequency Nyquist
contour is proposed. The proportional coefficient and High-pass Filter (HPF) cutoff frequency of
cross-feedback are determined by vectors combination to accomplish the robust design of nutation sta-
bility. Utilizing designed cross-feedback controller, nutation stability of rotor in the magnetically sus-
pended control moment gyroscope is significantly improved and the critical speed of rotor increases
from 10 500 r/min to 20 040 r/min. It can be concluded that the proposed method is effective for
cross-feedback parameter design, which provides important foundation for rotor suspension stability of
control moment gyroscope and momentum flywheel.

Key words: magnetic bearing; gyroscopic effect; nutation; stability; cross-feedback control; two-fre-

quency Nyquist contour

Y 5 B H#3:2006-04-14; 4&1T H A :2007-03-21.
BEE&WB : [H K863 = 7 AR fjp K45 5% B 1 H (No. 2003AA741022)



55 6 401 B Y R B B T A G gl 8 AR A DR A A R i 859
A Rk ]
1 5 =

i 1 07 B MR RN B AR R S M N AR F K
S AT R e 2 3845 1 2R 58 00 QS AT PLAG T
S Ak A 2l A ey R R A o A SRR A
YRR A3t o s 0 B R RN Bl i R 4y i) 2o
AR B 1 gl iR T 1) AR N R R R T
RAFLES . W T LB R AT o4 fil L B2 R AT 45
SR A A R g A T T i B MR R Bl B Y
i P85 R 43 i o s T G A8 T SR 1Y R v R B T
RGNS R IR s = 3 H 45) 21
A5 R

W B RS T SOR ARG MR E M L T
W H IR B —E M SRR R . B TR
5 (e T T I R B MR AN o R VR B AR
P E R gy A ik ZURE B T O3 A Ry E Bl A R
gy o FLAGE P B 5% 1 T T R IR . X T4 T PID
P B WG BT R T R G RE AR e B AR £
B BUR FABLZS 1005 O w3 3 AR
JE o T EH TG P A A ) 24 0 ) T S AT S A Y
AU JE P B Sl AR M B R Y T T AR B R
A BRI 2 - 1Y) di v R o B R A Bl i, A0
AR IE .

i Tk I e T B Sl AR MR R TE v R
B ERPT U LQR #2441 . Gain-Scheduled H
ool 5 Cholesky J3fife [ Bt Fi fift
R i A P s ORI A BB 58 T
O3 28 X HG A B A3 A8 U R R I A A 3 58
MR JURTE R AR . 58 SRR T H R L
191 28 S Kt 7 12 AN AN 48 ) 1 B L T EL A 90 7] B AR
RO AN B gl AR M Uy T B A T W AL
R AH |y TR ) PR TE L Sl RE R . B T AR
Z AN LS HBTT ik HAE R TR B3 f5
B L RO AN T SE PR .

TR KA L B R T RS S LA
FE A R 8 PRI BT s STHRL 1 DR X ) 284 7 A2
it P PR B PR B 1 3 ) AR R B AR RO S R R
RS Rk AU Bode [ 43 B i 2l il 55 3l A2
PELIFE T SR AR . A SCHESCERL T Y
BEftl b7 — 2P 4R — B BE T XU Nyquist il 28
(58 LSRR A A B BT 7 ik IR AT T AR R
SR BRI A SCIR B Sh AR E L T AN K

2 BT RAEHH N FR

VH 3P 1 38 77 e 1 AR 0 ol A A% Il il 0%
R1); QNG N 7R R T R A 1 R T N
o Ry 5 1) R R o D5 15 Z 28 o
71 X8 IO L TG R Al LA Lo ) S R TR
ST AR R Oz yz» O gL T 56 7 Bt » - Al
v Gl G AR A R BR B S 1 A2 1 e B i AN R
B B e 2 B EE T8 M . 5T ALB I AR H O
T HEE = R X FR

.

>
-
-

B 1 R RGN AR R X
Fig. 1 Close-loop system of magnetically suspended

rotor and relevant coordinate definition
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Fig. 2 Diagram of equivalent feedback control system
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Tab.1 Parameters of magnetically suspended high-speed
rotor system of MSCMG
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Fig. 3 Two-frequency Bode diagram of whirling

mode of magnetically suspended rotor sys-

tem
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Fig. 4 Diagram of cross-feedback correction
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