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ABSTRACT

A rotordynamic analysis is performed with a centrifuge rotor-bearing system for the
rating speed of 100,000 rpm. The system is composed of a centrifuge rotor(or simply the
rotor), flexible shaft, motor rotor and shaft, and two support rolling element bearings of
the motor shaft. Design goals are to achieve wide separation margins of critical speeds
and favorable unbalance responses of the rotor at the associated critical speeds. The
latter requirements are especially important as the system crosses multiple numbers of
critical speeds and as the system may not have enough separation margins around the
rating speed. As the system adopts an extra-flexible shaft, it is shown that the rotor has
satisfactory small unbalance responses over higher criticals while having an unsatisfactory
large one at the first critical. T'o suppress this a bumper ring or guide bearing needs to be
installed at a suitable location of the flexible shaft. It is also shown that even with the
flexible shaft the dynamics of the motor must be incoporated into the full system model
to accurately identify the fourth critical speed. which is close to the rating speed. and
higher ones. The analysis is based on the finite element method.
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Fig. 2 A finite element model of the ultra-centrifuge rotor-bearing system
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Table 1 Lumped disk inertias, shaft material
properties, and bearing stiffnesses
for the FE Model.

Lumped disk inertia Shaft meterial

m (kg), I, & I, (kg - m?) property
Centri-| . —4.55

f‘;f;‘r I, =1.03x1072

r _ -2

(D7) I, =1.32%x10

— -2
01 |7 e | E=2.0x10" N/nt
? - .

I, =9.26x1077 0="7833 kg/m’

m =5.79x10
D2, D3| I, =9.76x10"°
I, =6.36x10"°
= -3
D4 }n ;:;ggiigw Bearing stiffness
Ipt =1.lel0—7 (Kxx=Kyy, N/m)
m =1.45x1072 Out
ps |1, =7.67x107" | P°%4| board
I, =5.16x107
D6 |1, ff%éiigiﬁ 5.0%10" | 5.0x10°
p — 1.
I =1.01x107°
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Table 2 Critical speeds of the system.

Overhung
Full model reduced
model
UnF(‘ile}énged Damped (5%) Freg.
1st 208.6
Critical] 2086 |(5=9.65x107%)| 2123
2nd 2,497
Critical] 2497 |(5=5.53x107%| 2%
3rd 41,487
Critical 41,487 (6=1.00x10"%) 43,544
4th 103,096
Critical 103,056 (5=2.39x10"2) 119,182
5th 111,363 0
Critical 111,356 (5=4.14x10"2) 232,537
6th 164,800
Critical| 184771 1( 5=5.52x10"%)
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Fig. 10 Unbalance responses at the three
criticals along the shaft stations

Table 3 Unbalance response of the centrifuge
rotor at each critical speed.

Amplitude of unbalance
responsé at the rotor (um)

1st Critical 2,235
2nd Critical 102.6
3rd Critical 2.50
4th Critical 0.753
5th Critical 0.756
6th Critical 0.751

Table 4 Maximum unbalance response of the
system at each critical speed.

Amplitude of

Critical speed g‘nag(;iggg O:tc;gf)igg
response(um) number
1st Critical 2,235 30
2nd Critical 1,074 25
3rd Critical 1,497 22
4th Critical 13.98 19
5th Critical 13.13 19
6th Critical 5.76 25
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