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An Optimum Design of a Rotor-Bearing Spindle System
for a Ultra Centrifuge
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ABSTRACT

This paper presents an optimum design of a rotor-bearing spindle system for a ultra centrifuge (80,000
RPM) supported by ball bearings with nonlinear stiffness characteristics. To obtain the nonlinear bearing
stiffnesses. a ball bearing is modeled in five degrees of freedom and is analyzed quasi-statically. The
dynamic behaviors of the nonlinear rotor-bearing system are analyzed by using a transfer-matrix method
iteratively. For optimization. we use the cost function that simultaneously minimizes the weight of a rotor
and maximizes the separation margins to yield the critical speeds as far from the operating speed as possi-
ble. Augmented Lagrange Multiplier (ALM) method is employed for the nonlinear optimization problem.
The result shows that the rotor-bearing spindle system is optimized to obtain 9.5% weight reduction and
21 % separation margin.

Key Words :Ultra centrifuge(Z2% 94#27]), Critical speed (YA%%), Natural frequency(2-40%54%),
Nonlinear bearing stiffness(¥143 wWol8 7}4), Optimum design (HA4A),
Separation margin (¥£2l9-§)
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Fig. 1 A schematic of the ultra-centrifuge rotor-bearing system
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Fig. 2 Loads and displacements of a ball bearing
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Fig. 3 Flow chart for ball bearing analysis
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Table 1 Ball bearing specification

ACBB (Hybrid type)
d12 X D28 X B8 (mm)

Bearing Type
Boundary Dimension

Pitch Circle Dia. 20 (mm)
Ball Dia. ( SiaN, ) 4.762 (mm)
Number of Balls 10 (EA)

Initial Contact Angle | 15°

Groove Radius of OR 0.54 xBall Dia. (mm)
Groove Radius of IR 0.52XBall Dia. (mm)
Pre-load 21 (N)

Table 2 Material properities of the bearing

Ring Ball

(SAE 52100){ ( SisNs )

Young's Modulus [MPa] | 210,000 315,000
Poisson’s Ratio 0.3 0.26
Density [Kg/m’] 7800 3190
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Fig. 4 Dynamic stiffnesses as a function of operating speed
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Fig. 5 A rotor-bearing system model for transfer matrix
method
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Table 3 Station and lumped data for TMM model

Station Diameter Length .
addition
# {an] L]
1 12.00 7.50
2 12,00 10.50 Disk 1
3 12.00 4.00 Bearing 1
4 15.00 15,00
5 15,00 15.00
6 18.00 8.75
7 18.00 17.50 Disk 2
8 18,00 8.75 Disk 3
9 20.00 10,00
10 15,00 16.00
11 12.00 8.00 Disk 4
12 12,00 3.00
13 10.00 6.50
14 10, 00 11.50 Disk &
15 10.00 5.50 Disk 6
16~26 5.00 15,00
27 5.00 10.00
28 11,7 12.00
29 11.70 12,00
30 Disk 7
Disk Mass Ie Iy
# [kg] [kg - n’] (kg - ']
1 1.97x10% 1.34x10° | 9.26x107
2.3 5.79x102 9.76x10% | 6.36x107®
4 3.60x107° 1.93x07 | 1.01x107
s 1.45x102 767107 | 5. 16x107
6 2.31x10°2 1.56x10% | 1.01x10°
7 4.55 1.03x102% | 1.32x107%
st criticat made ——
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1 ED‘ 1Es 15‘6 .201; 5‘5‘6 300 350
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- .
[ -/'/( . . \'\.
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4th cnbcal mode '/'\
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Fig. 8 Mode shapes
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Fig. 9 Overall procedure of the optimal design program
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Table 4 Initial and optimum design variable changes at the

weighting factor 0.6
design variables | lower bound | initial value |optimum value | upper bound
T (m) 65 75 650 95
s (m) 65 75 650 95
o (m) 90 120 9.00 120
o (m) 65 15 650 95
Toskatr (ND) 15 25 252 3%
L (w) 140 150 1450 160
s (m) 140 150 1450 160
L (w 90 106 903 110
Lo (m) 150 160 1600 170
Lucer () B0 1750 171134 2000
8 (%) 150 200 207 900
Table 5 Initial and optimum critical speed values
Initial Optimum
1st Critical 220 rpm 217 rpm
2nd Critical 2,590 rpm 2,610 rpm
3rd Critical 45,100 rpm 42,090 rpm
4th Critical 50,400 rpm | 50,160 rpm
5th Critical 63,500 rpm 66,310 rpm
6th Critical 121,000 rpm 125,000 rpm
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Fig. 10 5th and 6th natural frequencies of rotor-bearing sys-
tem at the intial and optimal design
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