CRIEC B8 e G TR Vol. 24 No. 4
2016 4F 4 H Optics and Precision Engineering Apr. 2016

XEHS 1004-924X(2016)04-0764-07

ETEHHEBZRENEEZETRRB LEHIEH

BEW K BRI
(bmmhlh kA% Tk, 4% 100083)

FEE MR R RGN 2 0 3L T — B T 2 BN B A U A IR B AR 0 A PR AR . AT
Tl J V7 5 F R G SR T AR R B, 45 08 T & 56 1 R A0 19 B B 7 7 7 R 0 ol T 24T oA T RS0 3 0 i | AR
o HES T AT IR 7 B30 H 45 1 . 48 Hh D SIS 0 I (A A7 1R 22 02 52 M AN ST R Bl A ORI R
Vo VRS T A T Sy R e o e o R RO R T R BRI AN  d S B T BRI RHE T L AR
W BN AR (57 49 0 o IR DR B T ) 0 6 B B S ST o 4R B B R AT T SR IR IR . SRR R AR B
JE R FAGIR BN J1m/N T 94, 156 B0 TRk A Bt . WAMARRRE B A AL BT Gt E RS0,

X B WHEEFHTHTARTAPEEMN L REBRER

thE 43S .V448. 22; TP273. 2 Xk ARIRAD : A doi: 10. 3788/OPE. 20162404. 0764

Autobalancing control of magnetically suspended motor
systems based on plural phase-shift notch filter

XU Xiang-bo™, CHEN Shao, ZHANG Ya-nan

(School of Technology, Beijing Forestry University, Beijing 100083, China)

* Corresponding author, E-mail: xuxiangbo@bj fu. edu. cn

Abstract: To suppress the imbalance force in magnetically suspended rotor systems, an autobalancing
control strategy based on a plural phase-shift notch filter and feedforward control method was pro-
posed. The structure and working principle of a suspended rotor system were introduce, and a model
of the magnetically suspended rotor system with rotor imbalance was described. The electrical charac-
teristic of the imbalance force was analyzed. Then, the condition to suppress the imbalance force was
calculated and the result shows that the suppression errors are mainly caused by the amplitude error
and phase error from power amplifiers. By transforming the two degrees-of-freedom translational mo-
tions into a single degree-of-freedom plural equation, a plural phase-shift notch filter was proposed.
Its math equations were formulated, and the notch features of the amplitude and phase were dis-
cussed. Finally, the proposed strategy was tested and verified on a magnetically suspended control
moment gyro test platform. The experimental results indicate that the imbalance force has been sup-
pressed by 94. 2% with the proposed strategy, which verifies the effectiveness of the proposed control

strategy. Moreover, the proposed control strategy is characterized by smooth dynamic processing and
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a light computational load.

Key words: magnetically suspended rotor; rotor imbalance; autobalancing control; plural phase-shift
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Fig. 1 Diagram of magnetic bearing system
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Fig. 2 Schematic diagram of autobalancing control with notch filter and feedforward compensation

i1 2 AfoR A5



55 4 3 A I L 55 T O BORH RS B I T S TR B T AR BT A 767
! it
fO—gm A ®) ‘ ez ael . D
el SIS XFC (L) #EAT Hr (AR e, IR RS2SR i, AT 45
;H\:EFI: 7Cnul(8)7 1 i0
N, ()= — el (12)

Ca (9=2k,—2kik G, (D{Cy (HC (H+[1—Cy (9 ]G ()}

] R AT- B4R ) 7,2 fo(9 | —j0=0,7]
KA

k.
kik.G, (s) ~

(DO A G F G, Co) 1Y R £,
SR VE ITE ) 3 R AN AT 1Y, ok 22 43R
By Znl Amiibg s . BT G Co AURME: R B
i, IR

Ci(o= (D

C[(S)|x ‘;Q:kfejef, (8)
o
= ST
kikskwww .

Or=arctan(Q/ w,)

D P s o B 9 ) A 0 B0 8 0 gk RTRR AT £
O MYSEIR . LA . 28 B I 45 F0AH 7 8 I 1 7
1 o JhA y Bl st s s S | A AR
Tl a 454 L 4 T A B AR B i A AT (] S
By Pl A o
3.2 SHHEBRKFEIT

DA P B D BT 1 A5 A8 AN RT3 BT s s TR B
HoHfA 2 AAHREH2 AREME, K,
T 1y AT T+ Towe T your W H AR 50 20
Ty Ay HNERIE S

P3N I i B T s A R

Fig. 3 Diagram of internal notch block
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Schematic diagram of autobalancing control

based on plural phase-shift notch filter
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Fig.5 Setup of magnetically suspended control moment gyro
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Tab.1 Parameters of magnetically suspended rotor
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Fig. 6  f. during the use of proposed control method

fo R R (R B AR Ak R A e 4 — B0 I S 5
WFFEALLL £, R BIEAT B

FKRARSCRE LW f, B B wE 6 .
FI R B 200, A i 1V 4 A SR B AN T Al
B SI20 104 NGHE =0, 2 s B Al E T4 25 1
B f, W /N 250,05 s JE T RE RARA
RS 12k 6.1 NsAE £, 1 3h 4528 fb i 72
WA R R AT ] N B AR RS L HLFL
LSRR /0N o U5 T 32 9 1 Bk 09 B A4S o o R T
.

W] 4 &1 3 i 7 1) 52 500N B 6 D5 25 1 PR BT
FRABL 8 FH BFa D6 25 1 P9 B D B e S A il 7
R (R S i By = WO N R | D) 1 D P g |
Ao For, = pR BT SR A RIS B A A
AN TS R B N BT LA R R
3 1 1) YR BBORE Xof LY 1 o B D S T H R R L R Y
T 10 Ak B (B 1 W JEBE AR 9f 1% 4
U AR FH 6 I 2 AN 0 FH T B0 E BE X AR S
2 A EME TR T R 50, 0T 2 438 H B
W A% 5 AR SCHE 1 2 B8R A% B D 25 mT [ B T
P H B HIL T 2 AR ERRTRE T RS,
BB B U a8 T H B 9 > T 29 50% . Ak,
BT FH B DA B2 BOM R B ik s n] B
AT R A AR AR 0, BT R

PR 7 T I O e ) PN S I 0 BT

Fig. 7 Diagram of internal generalized notch filter block
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