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Vibration Analysis of an Active Magnetic Bearing-
Backup Bearing-Rotor System

(Vibration Characteristics for the Various Fault Patterns
of an Active Magnetic Bearing)
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When the electric power for an active magnetic bearing (AMB) is shut down during the
operation, the backup bearing plays important role to stop the rotor system in safety. In this paper,
we study vibration characteristics of the AMB-backup bearing-rotor system in the case that some
accident happens in the AMB system. We propose mathematical model for the contact phenomena
between the rotor and the backup bearing. By comparing the results of numerical simulation and
experiment, we clarify that the proposed model is useful to evaluate the friction force and other
forces during contact. We also investigate vibration characteristics of the rotor systems in various
cases of AMB accidents theoretically and experimentally.
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Fig. 1 Analytical model
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Fig. 3 Characteristics of spring and damper
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Fig. 4 Magnetic forces of a magnetic bearing

Fig. 5 Friction force at a contact of a backup
bearing (r2 > 8, Tsws + vy > Tpwp)
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Table 1 System parameters

a 0.5 k1 1.0 ks, 0.5

n 0.4 ¢ | 0.008 () 0.008

e 0.15 n | 04 ks 0.81
kp 0.667 || kg | 1.885 19 1.0

zo(= yo) 1.0 ) 0.5 k. | 75826.0
Ce 24.7 I, | 0.65 cp 0.0002

2= arETIILICLVANS. B, #E
2o b—3i 3 42k Fortran 2R L, BUEFES I
EL@RDY T N—F Ry r— SSL2 DY T —
Frodam WS, ZOVTIN—F 0%, ZIAEH]
i L ORERIEME D07 F AREEZRANZHLOTH
v, FORBEX, FRFOEEIZ Adams-Bashforth
DAR %, EEFOHEIZ Adams-Moulton DA%
AV, Tl -5 - EE - 59 (PECER) 217200
Thb. ZOyIal—a rORFMATyIBE L
TIXEEEEE w @ 1 A T = 2r/w % 2'5 = 65536
SEILT b DEIRE L TITV, TOMBARAT v 7 #IZ,
BT L Bl & ORICEAREBEORESCKT &
Wo 2 RDBENRBELTNE I EFERS. £L T,
ROB(LMEE Lz LBl b xi2iE, R (2)(5)
#E@BLC F, F., Fy Z3HEL, >XOBMAT »
ThLFRON VB EITS. £, 1REERT v 7
DERKEEIL, BRTEEZ 1 LLEEDOKEST
|E1.073 LRNE LTITY. AR THWZINHD
RERIZ A (EEEEE w © 1 A 1/21%) BLOE
REEE (BRTELY 1 & LELEXITBRELI LN
XENEN, ROEENRHE (EIRMAROMIK, #H8h
B OEEB RO BRI 2012 +07
HWELZEZIREMTHEI L HEAL TV,

RESEZ O®BIZIX, HeRBEREZLND
¥, AL TIE, MEEZO 4 >OEBEREARIROE
PRE— L ENFIZOWTHAN, TOROIREMZ
BAOEMITS. FLT, BISRTHEREEEE 2 A
Wt EBREE R L BRI AT A LIk Y, B
DEFMEORNELHIWT 5. EBRER L BT D
oI, /35 A—ZEIFEHREBICHL LTI-BELZH
W5, BWEERT/ AT A—FEE LITTRT.

¥4, MKEZALFICERHL T 5 & & DRERE
M, OERERER 6 (2T, KOBESEIE, RlEEHEAR
MMM I N & X OEET— FOBEFIREEK
TERTAL LBEEEZRLTHY, UTORGEA
BEThs. ®6 TIX, MREIZ TIFasnicLzo
BROXRA w= 112 ThERE—I 2FO>DHLT
Hb.

Maximum Amplitude R,

Rotational Speed »

Fig. 6 Resonance curve of AMB-rotor system
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. 8 Time histories, spectra, and orbits of rotor
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Fig. 9 Resonance curves and orbits
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Backup bearing

Fig. 10 Experimental setup
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Fig. 11 Resonance curve (Experiment)
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Fig. 12 Resonance curve (Damaged all electromag-

nets : Experiment)
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Fig. 14 Resonance curves and orbits (Experiment)
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