o5 34 5 1
2021 42 H

Ik o T

Journal of Vibration Engineering

% R Vol. 34 No. 1

Feb. 2021

i 5 4 2 BB T 5 SV A AR 1 ) B & R R
% LKA

(WL R R TR e, WidT i 310027)

FE: A AT — R T HURE AT @ 30 0 R R AT I IR BRI IROTIR L T 2B 5 T R R 3 Sy 2
SIMT T T o Bl R 2 BE ) % B ) R A% 8 O P R Y SR B B T B R/ N O SR R T — R R TR G S T
AE B, R 22 B A A 45 O I0K 10 1 7 A0 K i AR £ 02 T 4 o 8 5 LURUR 22 125 I 1 2R 8 S (0 % B R A% 28
L s 0 A R EAT T B K ARERWY AR I I 2 B R T R e 2 R AE 1 7 2 SRR 5 R T LA 0

T 7 R e x Bl % 38 T

K ZEEH T HIGM RS BT AR IR RIR s ZHUIR (L 8 1

FESES: 0347.6; TB535 XERFRERD: A
DOI:10.16385/j.cnki.issn.1004-4523.2021.01.019

5l

i

e R HLAR A 5% 1 28 G A B G A LR 55 9 il
TR AL 2 = A Z2 IR 31, i HL ik 2 38 i 4l
TR N B 1 Z 18] A Jot 4 JE At A ack — A 22 B0 1) S il
I3, T BURE e MR 1ty 5 il 2 1R 45 4 e AR R B
s R E A 2 o AR 0 15 3 ) 2 T BUM MR S5 4 R AR iR
2y, 5 W PR A B B PR RE 5 AU K g i B R S
14 1 36k 3 5 1 2 1) 2 1) 45 0 1) 41 8l A 5052 i B R AL 114
R BE i 22 o B A 25 [ 25 R ) T AR 3R BT . 7R 2
JHE e LA v, 6 3 1 ST 1 B 25K Gm RT X e 1 AR
Iy IR LK DAL b a0 2500 T e HILAR % 1 AR G AL g st
A R P, LIS/ 5 2 G SRR 45 4 e 2 e
AR

N TN RE B S 1 R GE R AL ), T LR
JHI 0 422 1 R 32 0 4 o) A R v

Weshda il % H AT NG T R e Al e
T5 ik 22—, a4 ol U ) 5 SR N R 4
Yl 7 1 e 4 g R AR g A 3 AR 1) B T R R
SEBLAL 1 7 W I . AT A0 X e 1 AT B F L,
58 45 4 FIE sCHEAT D0 AR 25 5 i 3 T X Ja 7 38 45 4
(1 3h 71 2 R BT U0 AL >R F 3 Al diR | B | B 4R
FTB IRshgsh iR T AT RN AR R E
SERITR L, B T LB, MR R A SR A TR 2
BTN HR R A A T B A B 4 R ROR 15 2
Tz R o AR B A S P BE L ML 1% 1 7 2R

s B H#3: 2019-03-03; 1&1T H #A: 2020-03-11

XEHS: 1004-4523(2021)01-0166-10

9 ok — 20 41 v, 33K 8 s 4 T Ok A7 A B XA A
126 3 3E LUAT R4 1 59 R B T . 534, vl gl
P B B B R E AR N RE O, RS A R E
T, Tk A e MLAR A A 5 AR T A% 1F 1 X
DB e B 7 R A K

ik Esh bl RE = S R RERN —
Filv B 6% XoF T8 2 ML 2 G A% 36 g R AT AT LA i 1Y)
WA . L3 ) ST LA s R S R R
Lo TOLHAEA , ASAURT LA 20 47 il o i A 2l e
T LA 250 A7 o B 4R 2, R A 4 R e R
SRAEDL I I —SE e R HLAR LA 3 1 R B T
RAFRYRCR o IR 3l 3 s il SR BOA 1 3 Al
A I8 e DLW 7 2R B M 0 B — R s B80T T

Lewis 8528 — > Ha g 4k ) R 5 EOHUAR e )
ol R IR 8 Ao X FEL R AR A R R AT SIS R R S B
Xt HE 3 Bk 7R R 5 2 Aty 22 () B A AL 5 T (Y S Sh Pl
TE— A~ SRR 1 BE A ol 4 2 i 2% A% 228 77 ok 3l ek /)
3026 0 XM SR 45T LI P i 2 il 2R A% 26 30 A A A 0
I I 30 D1 R o FHARBIETE T 8l 77 W4k 4 o 552 B Al
FYN IR A BT T s o AR RUAR AR LU R o
TR Ak 3 A% i AN RE A% 8 R O 4 H AR i
LN Tk K 2o FRR S5 AR 258 SR Hh e D8 3l 0 W4k
SR BT AN TR F b bR R Bl ) W AR A B4
37 T X il 2R 1) I Bl 4 R ROR (952 o Zhang 45
K 3h 7 W AR A R AT 22 AR AR O B 2R 4 T R S
S Je 2 [, LA 550080/ N W ikE R A 128 2 1 B 8l
PETTREAR T AR AR iR S e 5 o RIS 55 BT T 9

HE&WB: BHFHRFFE4 R H (11632015) ; B K E AL TR 5 H (302030116-0659-001)



1l

T BESF RS RRZ B R T 2 AR L8 0 B IS N AR 167

I 2% 110 22 e 0 8 X o Il R R A% 38 B e IR 5 4 I
19 352 o 55 BRSO T A RE RS R L H R A
PEPAT & 0T 36l /Nl 2R B N 1) 41 21 DA K F b 5 | £ A
4R 3 19520 . Becker 5 BF5E T H 5 — Ml 7K £
I 42 2 1) s L AUATT 8 X 5 R e W R Bl M A% g gk
7 F B v Ta) R, RS Tt 3 A AR T RCR .

e RGMNAME IR TR 51 T ia )
[] 25 %) Bl A3 43 it B340 B A LG A DL 4
P45 R 2R BN 2 WLy . S TR 2 A O AT
i, BT AT DR B J7 2 E A WA —Fh 2R
HY 22> BT ) 45 0 4 JR AT, 78 2 008 A AT AR [
B B ) 45 1 D 1 5 O — Bl R AG T 2 A B )
155, R T 3 45 1 5k A 152 1 H A o Bl 8
& W Zenger 5B 1T 1 — F il 224> 08 ik 258 0F BE
i A, 38 3 2 A K FXLLMS (Filtered-x Least Mean
Square)%ﬁ%ﬂlg}fﬁq:ﬁtﬁ%B‘Jﬁﬁ’fﬁ%ﬁ:ﬁrﬁﬂ%o Peng
S5 L AR RV A ORI 2 A B AR B A 9T
156 1117 o Y 22 A IL PR 2% L ST P T X OR S-A LA K A TR A
w2 R R Z 0 B 1 A . 5 3 A0 Setiawan
LR Lyapunov o8 ECHE BT — Rl LA [R] B 4
LA B T B O ik o Cul 55103 F JR 30 P i 4E
A Ji B o T — o ) i AR AR O DA BR
BN e AT AR 2 5 45, 38 ik 5 A % RN i /N 4
E PN 7R G0 1 R E Tk AT ) A o

TESE T R Gk ah E sh #6151, AR KA 5 ot
G PR T RGO E SRS L s
¥ Rauth s ) SRR R R D, A
BEXF 2 W5 5 2R G0 22 Wl R A 3 ) Y 3 gl 45 4 1)
B E AT — Bl R T REPAT A A Bl R R v ]
TR A RS540 s O A IR sk @ Sr 7 255
T RGN B )RR, S A T 5% 38 o il R 4 ik
1) A% 386 07 B e - FR 48 Tk A 38 ) S Bl A I Y R
SR A A 3E W FXLMS Bk 82 1 17 —Fp 2k TR
2R T AT IR, B 22 A~ BB 4 i O BT Y
A A [ 3 I A R AR i T A A s BE , DAOSUh £
e 1 250 R 0 0 il A% 3 ) 3 Sl AR R s 00 sobE
(LN = N o T O S NG 1 D W) L EE DA D)
A RGN TR o MR BT T AL
1Bk R Rl OR AL R AR R s RS Y AR
B L -

1 ETHEHTHEIAFETED
iR A AR

R TS B AR G AR 1) AR Bl ) R R R a0
P 1T 7 e s 0 4 R T AR A H G AR T R O IR T AR

G AR 1) Al 7R B4 U T, A I — 1> B R T TR
R S5 R A Tl AR 22 R R R L Bl R o 1R 2
h—A A A\ C RSG5 MY LG R AT 2R B s B 1B .
T BRI WA ARG , B R ] R BB R B R Y
B 8 o () — A s b 7 1 R 08 8y A A s A )l —
ASBERSS , K8 P A B e 8 4 R AT R IBG , BT T B A
—AE TR BB BT B — A R
i %
MU A A&
RLREIAT 8%

PIL BE T B AT 2 RO AR 17 R 5 R 45 44
Fig. 1 Hybrid bearing structure of radial bearing with electro-

magnetic actuator
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Fig.3 Simplified model of rotor system with two shafts
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Fig.4 Active control of multi-frequency transmission force

of multi-shaft rotor system
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Fig.5 Internal block diagram of the transmission force con-

troller
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Fig. 6 Internal block diagram of adaptive controller
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Fig. 8 Internal block diagram of signal generator module
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Adaptive control of multi-frequency bearing transmission force of multi-
span rotors with hybrid bearings

XU Hui, ZHU Chang-sheng
(College of Electrical Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: When a rotor of a rotating machinery rotates, a multi-frequency force transmitted to the base of the bearings will be pro-
duced by electromagnetic, fluid and mechanical excitations. In order to control the multi-frequency bearing transmission force of the
rotor system, a hybrid bearing with controllable dynamic characteristics by using an electromagnetic actuator is introduced. A dy-
namic model of a multi-span rotor system is built by the finite element method, the bearing transmission force and the control princi-
ple of bearing transmission force are discussed. Then a sub-band filtering through error signal and parallel implementation for every
controlled frequency based variable step-size adaptive iterative transmission force controller is proposed to the FxXLLMS algorithm.
Finally, numerical simulation in a two shaft multi-span rotor system is carried out to demonstrate the effectiveness of the variable
step-size adaptive iterative transmission force controller. It is shown that the variable step-size adaptive iterative transmission force
controller proposed can effectively suppress the multi-frequency bearing transmission force by adjusting the control force of electro-

magnetic actuators in real time.
Key words: multi-span rotors; self-adaptive control; electromagnetic actuator; hybrid bearing; multi-frequency bearing transmis-
sion forces
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