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Fig. 1 (upper) Schematic graph of the system;

(lower) Section of the system during rubbing
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Fig.2 The stability diagram on the plane of (2,8, ) at
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Fig.4 Time history, (upper) rubbing force (black line) and control

force (grey line). (lower) rotor displacement, where 8, =13,02=1.4

XF(12) BBUE DT HAS R A 4 Pros. ol L&
H AER AN ST R 5T R G A S HE SR R
VIR , Ll R AR K. a2 i TAE e, RS
A S 301 0 il s sl B e e 98 9 ) 90 ] il
(a2, Al LAFE eI TR0, R STl
JEE AR PR Y JG BI 5% T AR G0 0 % 45 Lt N
Pl J1Je  BEEE Ty WA A gl /N BT 4 (B B i R
{EARMEA WML 4CT) ). Al i R ot iy



4

1) A5 55 A < P18 SURB 3 2550 400 ) e 1 2R GERIEEE 1 ) 7 2k 341

P T, — AR AP

PAETHRAE R 0 e 1 R Guit N 2™
A S SR B W RESSORE R P 7, REAR A (41 il % 1
FGEIIREEE T7 , 9N RIEEE A7 SR 14 FE . X A o
e INAERE T 1, AT ISR i s i e R A S Vi gh .
3.2 FIRETFX NG R pY ¥ H R g

HET W AN FE o B B, =13,0=1.4
I, 1 3 AR XS & R T2y, = 0.0 I, RELHY
[Fil 22 J] ol FEE e AR RE , 2R T L. g Jg 08 A JE
7, AR HIREEE F7. y, =0. 5 B, 28 40 1 [ 451 4 J
il P R A , I E 7R D S Dk ).

T TRREE I A E T b N ) R AR A X
WS BJERLNL, # R 58 (10) 7R 17 S HCF = 1E
[Fil ot 2 o A EE W 17 . O b, 7 (12) 2R A s A

LURSIZEN )R (S
u=-Ex
Horpr
)
Nyww MK,
0000 00 0
N |00 00 000
o0 0 o0 0 00—y,
0000 00 y O

Xt(12) BUE DT AR N S fros. al LR
H < A il e TV, 2R T LA v S A e Sl
B3l R EAOR  REBE JIAR O, ™ B 5 5 245 1
ARG AEHEIN T4 1 )5, 2R G0 R e i
ST Jo ORI EE ek I S0 S JU) ) < S L PEE s B, B
T3S 9/ A AT A — s N s (L IAT S
(D)) B M o7 i (B2 A AN R i 42 il i A T
A 37, FEMEE A S TR — A oL

contact force (F )

KIS (b)) RiERE 7 (BRER) FdsEl 1 (IRER) 5
CF) er O AL R IR R R I ] R, o8, = 13,02=1. 4
Fig.5 Time history, (upper) rubbing force (black line) and control

force (grey line). (lower) rotor displacement,where 8, =13,02=1.4

PAEIHRRM e R 1 B B A
S SR BEL TR 2500 42 1) ) R Ak ) i/ Nl EE 7
DR Ol PEE A1 R P4 A PP . S b ] g T A e ek
BRI Ei )i ) 1€ e il B

4 #Hig

ASCHEST T 2% SR H T M E 1 8 2 # R LA K
Fil EE T ) 2 ) 5 1/ 5 i EE AR Y, Oy T IR A
SURBE3 280 0 3oF e 1/ RE - 3% 48l JEE Wi oz 13 1 ) 52
M , A% SCAE L AR i 1 5 SR A BHL e A
T, I M SR A 1 T 90 4 JE G B A% , 0 A2 i 1Y)
Rk, FRE MR M 4 R W] % 1 i 3 SO 5 FHL
JERE 158 SURB B 11 J3E R 3% AR ] 90 42 ]l e i
e M (4 /N AR DI | i - 1 28 SURS
I J3E 11 5 B4 52 SRR 3 BEL T 6 335 1) A1 o 2
Flf AORSE M. TR B RER b, AN SCE X ol /)il B g LA
DA G EE AT AR BE , 7 LA B A L2 e B il PR R IR
9 F b, 73 4R TR P2 5 SR A I JE 2500 A
TE 38 SO BELR SO A8 4 il . B (L5 S T
PR A e PR AT AT R NFE 1 R GE T sh il Bk
5T S SO W BE 4 e ) LSt v o 7R
Pl o e e b T TS SURR S BELJE 2 il
D] AR FH 3= s B b 118 SELAECR 2 o 0 e o A
ET L

Z % X M

1 Ulbrich H. Active vibration control of rotors. In: Proc. 5th
International Conf. on Rotor Dynamics, [FToMM. Germany,
1998:16 ~31

2 Heinz Ulbrich, Adrian Cyllik and Guido Ahaus. Stabilization
of centrifuges with instabilites due to fluid-structure interac-
tions ; various control approaches. International Journal of
Rotating Machinery ,2001,7(5) ;323 ~333

3 Lucas Ginzinger, Heinz Ulbrich. Control of a rubbing rotor-
experiments and theory, ISROMAC-11, Hawaii, USA ,2006

4 Jiang J and Ulbrich H. Stability analysis of sliding whirl in a
nonlinear jeffcott rotor with cross-coupling stiffness coeffi-
cients. Nonlinear Dynamics ,2001,24(3) :269 ~ 283

5 Jiang J,et al. Improvement of rotor performance under rub-
bing conditions through active auxiliary bearings. Int J Non-
Linear Mech ,2006,41(8) :949 ~957

6 XUKFF, A BUECY, I B, ST 0 60 ST Be 1Y



342 B o 5 & OH o R 2008 4F2 6 &
¥er Agudrsh EahHdl. 3y oe 51 544k, 2003, 1 9 E LA RS R B A e S A il R BN X
(1):90 ~95(Liu Yongshou, Zhi Xizhe, Gu Zhiping, Yue ShERFTERI L. 3h )12 5380 22 4%, 2004 ,2(3) :64 ~ 69
Zhufeng. The gray forecasting control for vibration of rotor (Wang Shimin Lu Qishao. The effect of rub-impact thermal
system. Journal of Dynamics and Conirol ,2003,1(1) :90 ~ effects on vibration characteristics of a rotor passing through
95 (in Chinese) ) critical speed. Journal of Dynamics and Conirol, 2004 ,2

T BEEAE KR R B T WA AR ST R AR LA R R T (3) :64 ~69(in Chinese) )
Pl 3l 0y o8 5 i 4441, 2007, 5 (1) : 30 ~ 33 ( Liang 10 BRIIZ BLI L. BEDLIURN A5 1R T 37 R e m ik
Haihua,Zheng Weifeng. Nonlnear feedback control of chaos shishl]. b E B YL TR 243, 2006,16:157 ~ 161 ( Chen
in rub-impact rotor mapping systems. Journal of Dynamics Yongjun, Zhu Changsheng. The active vibration control of
and Control ,2007 ,5(1) :30 ~33(in Chinese) ) rotor system under random excitation. Journal of Chinese E-
8 KT KB #EEE. TR E &N T & lectrical Engineering ,2006,16:157 ~161(in Chinese) )
SiPeshdl. VLR 584K ,2003,22(4) :569 ~ 572 11 Haihang Wang, Xixuan Wang. State of the art and existing
(Dajing Chongzi, He Yongyong, Chu Fulei. The vibration problems of studies on active control of rotor vibration. Chi-
control of rotor systems based on MSA. Mechanical Science nese Machinery Engineering,1996,7(1) :54 ~57
and Technology,2003,22(4) ;569 ~572(in Chinese) )
CONTROL METHODS USING THE CROSS-COUPLING EFFECTS
FOR ACTIVE SUPPRESSION OF ROTOR RUBBING *
Shang Zhiyong Jiang Jun Zhang Xiaolong
(MOE Key Laboratory of Strength and Vibration ,Xi’ an Jiaotong University, Xi’ an 710049, China)
Abstract This paper investigated the control strategies for the active suppression of rotor/stator rubbing. First,

the synchronous full annular rubbing solutions of a rotor/stator model, which took into account the dynamics of
the rotor, the stator and the contact stiffness, were solved analytically. The stability of the solutions was then ana-
lyzed. Secondly, the stability characteristics of the model with cross — coupling damping or stiffness were studied ,
and their relations with the rubbing friction were revealed. Based on the resulis, two control methods by using the
effects of the cross — coupling for the active suppression of rotor rubbing were proposed. The numerical simula-

tions show the feasibility of the proposed control methods.

Key words rotor/stator rubbing, dry friction, cross — coupling effects, active rubbing suppression
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