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e Ishii  Kirk!" Jeffoolt
1
1 2 b
Ma s ed; Ms/2 N
Mv/2 N ¢ ) s
1) , ;
2) s .
: (Xda Yd)7 (Xs; Ys); (Xl’h Yh) B (Xl’b Yh)
;Md Ms M}) Mh 5
& Fh%
Ky
M, M, §z
2 2 YCyy
Mg e M
2 K, 2
M, *m,
2 2
h
1 2
¢ b G ; %o ed ;Rs Ry
; Ho , N
, F ; Tq :No ; R
. 11 . s 1

MaXa+ Co(Xx- X2)+ Ks(Xa- Xo) + Cakn =

Mag + Maeq Fcos( Pa— ) — Psin( - @)/, (1)
MyYa+ Cs(Va- B)+ Ky Ya— Yy)+ Catu=

M qeqf Gsin( - Pyp)— Picos( Pa— D)/, (2)
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Ja @i+ Coof 81— &)+ Ko Cu— @)+ Cuo®r=— Mageasin( ®a— Pw)+ To (3)

MX .+ C(X¥- Xn)+ K (X.— Xq) = M.g— Ncosa+ Fsina, (4)
M:Ye+ Cs( o= ¥u) + Ko(Ys— Ya) == Nsina- Fcosa, (5)
J %+ Coo( 8- %)+ Koo( ®— ®) =- FR, (6)
MwXv+ Co(X¥n—- %) + Kn(Xv— Xn) = Ncosa— Fsinae (7)
MvYv+ Co( ¥— %)+ Kn( Yo— Ya) = Nsina+ Feosa, (8)
Ty @+ Che® = FRy, - sign( &) He( N+ No) Rn, (9)
MiXn+ CoXr+ KnXyw= Co(X1- X3) + Ky Xp— Xn), (10)
Mth+ Chyﬁ’]+ Kthh = Cb(%— }5}1) + Kb( Yb— Yh)‘ (11)
2 a (X )
a = arctan ;/:: ;l;' (12)
, N
& d&/de, 2
§= (Xs- Xp)cosa+ (Y- Yp)sina— R,+ R, (13)
6> 0,
N=K.6+ C.& (14)
Ke Ce , . . N 20
. : N<0 N=0 80 N=0 N=0 Coulomn
F=0, .
Vee= ®R,— Xsina+ cosar (15)
Vie = @ Ry— ¥psina+ Bcosa (16)
s V= Vi, , F ,
| F | <IN, (17)
K, . , Ve= Ve ,
. s , F 0
F (17), F , (18)°
y Ve Ve (Veem Vi) > 0, , F  F= LN, Ly
. Vsie< Ve (Vse— Vbe) < 0,  F=- N,
F = sign( Vse— Vi) PaN*® (18)
( ®) ;
X ) )
, (1)~ (11) :
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Ma= 4kg, Mi= 1.6 kg, Ma= 0.4kg, M= 1kg;
Ja= 0.002 3 kgm?, J.= 0.001 2 kgm?®, J,= 0.000 1 kgm?;
K.= 20MN/m, Kp= 3.0MN/m K .= 500MN/m, Kn, = 10 GN/m, K1y = 10 GN/m,

Ko = 17.7TkN*m/rad; C. = 2 kN*s/m, Cq= 1 N°*s/m, C;= 150 N*s/m,

Ch= 90N*s/m, Cry = Cp = 2N*s/m, Cqe= Cse= 0.000 2Nm*s/rad,

Cpe= 0.002 Nm*s/rad; eq= 30Mm, Ry = 0.014 8m, R;,= 0. 015m,

Rn= 0021 5m; g = 9.81 m/sz, Ta=—- 02N*mNog= 2N; He= 0.03, =

3~ 6 ( n = 9 000 r/ min, =
942. 477 796 rad/ s, At = S5 Hs, Ch= 90N*s/m, Hs= 0.5, Ha= 0.3)°
. 3 4 a N > *
80 ' 15,0 FAHE K 00-05
108 : L L SN S
] 12.04— — - s -4 }
b | R 9.0 ———h—1 e
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-108}— g 45} i}
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262. 6 Hz 630 3.7 Hz) , .

5 4, 9 000 r/
min , 0.2s 8 000 r/min ,
, , . 0.3s
5 000 r/min, 1 , N
10.5 kN, 6 kN, 2.105 mm
1.023mm 0. 892 mm* 0.33s N 11. 8 kN 7.5
kN, 4 000 r/min, 550Hz/ s ,

2350 mm 1. 145mm  0.971 mm®

[T N

, 6 2 :850Hz 1.1 kHz, ,
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Study on Catastrophic Mechanism for Rotor Drop
Transient Vibration Following

Magnetic Bearing Failure

FANG Zhi chu
( Department of Engineering Mechanics, Shanghai Jiaotong University,
Shan ghai 200030, P R China)

Abstract: The nonlinear and transient vibration of a rotor, which dropped onto back up bearings
when its active magnetic bearings were out of order, was investigated. After strictly deriving its equa-
tions of motion and performing numerical simulations, the time_histories of rotating speed of the drop-
ping rotor, and normal force at the rubbing contact point as well as the frequency spedrum of the vi-
bration displacement of back up bearings are fully analyzed. It is found that the strong and unsteady
forced bending vibration of the unbalancced and damped rotor decelerating through its first bending
vibtation of the unbalaned and damped rotor decelerating through its first critica speed as well as
chattering at high frequendes caused by the non linearity & the rubbing contact point between the
journal and back up bearings may lead to the catastrophic damage of the system.

Key words: rotor system with active magnetic bearing, magnetic bearing failure; transient response
passing through critical speed; non_linear rubbing; catastrophic mechanism



