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Rotordynamics of a Centrifuge Rotor-Bearing System

for 100,000RPM Operation

An Sung Lee", Young Cheol Kim’, and Jong Kweon Park”

ABSTRACT
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Table 1 Lumped disk inertias, shaft material
properties, and bearing stiffnesses for the FE model.

Lumped Disk Inertia Shaft Material
m(ke), Ip & L(ke - o) Property
Centrifuge 'I’:Z%:ggxlo_z
RotorDD) | 7, — 1 3210~
=1.97x107?
pi |1 =13x107¢| E =2.0x10"N/m
I =9.26x1077| © = 7833 ke/m
m =5.79%x1072
D2, D3 | 1, =9.76x10°
I, =6.36%x107°
— -3
D4 ;n ;?ggiigq Bearing Stiffness
[ _7| (Ks=K,,, N/m)
I, =1.01%x10
m =1.45%x10"¢
D5 I, =7.67x10"7| In Board | Out Board
I, =5.16x1077
m =2.31x107? ;
D6 |, =1.56x107°) 5.0x10" | 5.0x 10
I, =1.01x107¢

ZE(o]F Y3 ZEHE AA), 9%, REHY =
He &, 2709 8% X FEuolgor T4
gt Zo] 175 mm, 9|7 5 mm¢ #AZ9 B
% L 2HY AF a8n o § & ojdy
d AdHH, 9 dHolHA dddddy. 2HE
oA E 3 #d%o Aadh AN2g9 #3%
845490 Fig. 24 Bodxx Jx, AFA% =
AA, & AR EBAZA, 23 ¥y A=
Table 141 A He] Ut £248 243y
g8 AHg" AEAEL Fig. 39 2dxn gt}
pdgd gey FAHALAY VB FHH 38
288 & 849 B4 L AAHMEY 2 iz
9 B EY L Wojgde B 2 AHumELYs
agn BFY 7HAYY Fo] fxHYY. o =
deflA 2HE, {945, 2 oY"HE 44 15
12, 2719 %842 2dydY. 2HE 3 §
7t AFU2a3z 29y Hoxn, vid & 5749
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Fig. 1 A schematic of the ultra-centrifuge
rotor-bearing system. '
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Fig. 2 A finite element model of the ultra-
centrifuge rotor-bearing system.
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Fig. 3 Coordinate system of a shaft element.
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Fig. 4 Forward whirl natural frequencies as a
function of rotating speed.

Forward Whirl Natural Freqs. (RPM)

Rotating Speed (RPM)

Fig. 5 Detailed forward whirl natural frequencies
as a function of rotating speed.
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1wt Critical Mode at 208.6 RPM

2nd Critical Mods at 2,497 RPM

T~

3rd Critical Mode at 41,487 RPM

Fig. 6 Undamped mode shapes at the first
three criticals.

4th Critcal Mode at 103,086 RPM
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Fig. 7 Undamped mode shapes at the next
three criticals.
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Table 2 Critical speeds of the system.

Overhung
Full Model Reduced
Model
Undambed) Damped (5%) | Free.
1st 208.6
Critical] 2086 |(s=9.65x10-5) 2123
2nd 2,497
Critical 2,497 (86=5.53%x10"%) 2,528
3rd 41,487
Critical 41'487 ( o= 1.00X1(]_3) 43,544
4th 103,096
Critical 103,056 (8=2.39%10"2) 119,182
5th 111,363
Crltlcal 111’356 (6: 4.14)(10—2) 232,537
6th 164,800
Critical 164,771 (8=5.52x10"9%)
2, FEuoIFEY 77t ufg ZHr] giEd 24

APE5E Aoz nztae Azel o F
A, B8y Foxdo] dA #AMFHoH =, o
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NAE AR AE AT F 2 ol matd
e HAEIA 3¢ ¢ F o a3e=, o
g} o] mELow AAY AR FIHA
L2 A 4537 M= ZHFe FAE
& TFse AAl Aa 2do] uk=Al Z]]He]
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32 B3 EAY
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RPM7HA] Bqzih, 37He) &% F3vazt 9
P& zdA BEFEAD AFSZAAMY AFLS
Table 39 Foi RA™H #+z 2,235 1026, 19
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3 FEd ol2x glrh 434414 63 HPEHEAA
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£371¢ 2F 1 pmEY 2AY. 439} 53 HES
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Amplitude of Unbalance Response (um)

Fig. 8 Overall unbvalance response of the rotor

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

Rotating Speed (RPM)

up to 200,000 RPM.

Amplitude of Unbalance

Response at the Rotor (im)

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

Amplitude of Unbalance Response ()

0.7!

Bth Peak

0.6

Fig. 9 Unbalance response of the rotor at a
speed range of 60,000 to 200,000 RPM.
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Fig. 10 Unbalance responses at the criticals
along the shaft stations.

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

Critical | Amplitude of Maximum O;;:;g;) 2g
Speed | Unbalance Response(um) Number
Cr}tsitzal 2,23 30
ood 1,074 %
Cr?:g:al 1.497 22
o 13.98 19
o 13.13 19
o 5.76 %
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