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Optimization of Spindle Units Considering the Decrease of
Bearing Stiffness at High Speed Revolution

Chan Hong Lee*

f 4{ Abstract —

Radial stiffness of angular contact ball bearings are decreased remarkably at high speed revolution, because the inner
and outer ball contact angle with races are changed under the ball centrifugal forces at high speed. In the past, the
optimizations of spindle units were done under the assumption of unchanged bearing stiffness for the whole speed
range. But the bearing stiffness is changed and the dimension of optimum spindle is also changed with speed. In
the design phase, only one model of many optimum spindle models with speed should be selected. As optimization
criterion, the area of transfer function at spindle nose is proposed to estimate simply and accurately improvement
of dynamic characteristics in spindle units. Finally, according to many analyses of diverse spindle models with decreased

bearing stiffness, the spindle with shorter bearing span is better than longer bearing span from the viewpoint of dynamic
characteristics.

Key Words : Spindle optimization(Z£3 Z]2]3h, High speed spindle( 31<+ 3232}, Bearing stiffness decrease(H]o1s 34 ),
Dynamic criterion(£%] H7}A|3), Spindle transfer function(F2 ZE3p)
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Fig. 1 High speed spindle system with preload unit
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Fig. 2 High speed spindle system with angular contact
ball bearings

Fig. 3 Change of ball contact angle at high speed
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Fig. 4 Radial and axial stiffness of angular contact ball
bearing with RPM
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Table 1 Simple specification of high speed spindle

‘Spindle Length 03 m

Outer/Inner Diameter 004/ 002 m
Bearing Position, Py / P, 0.1 /7023 m

Bearing Stiffness, K; / K
Bearing Damping, C, / C; 3000 / 3000 Ns/m
Optional Front Mass / Position |1 kg / 0 m
Optional Middle Mass / Position (2.3 kg / 0.165 m
Optional Rear Mass / Position 0kg/03m
Spindle E-Modulus 2.1 E+11 N/’
Spindle Density 7850 kg/m3

273 / 163 N/
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Fig. 5 Mode shapes of spindle systems

Fig. 6 Additional point mass for spindle systems
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Fig. 7 Transfer function of spindle nose
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Fig. 8 Beginning model and mode shape of high speed
spindle with bearing span 288mm
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Fig. 9 Transfer funciton of spindle nose with bearing
span 288mm
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Table 2 Comparison of dynamic properties

B/G Span 288mm|B/G Span 288mm
+k+e +1/3k+1/3¢
Static Deflection
0.0251 0.0332
(1m/N)
f1 (Hz), 196, 181,
Ampl {tm/N) 3.405 0.506
2 (Hz), 706, 597,
Amp2 (um/N) 0.828 0.307
3 (Hz), 2604, 1684,
Amp3 ((m/N) 0.184 0.346
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Fig. 10 Transfer function of spindle nose with bearing
span 288mm, one third stiffness and damping
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Fig. 11 Evaluation process of dynamic properties
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Table 3 Comparison of dynamic evaluation index

k+c 1/3k + 1/3c
Span=288-50 mm 743 61.3
Span=288  mm 143.1 78.1
Span=288+50 mm 258.0 104.9
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Fig. 12 Transfer function of spindle nose with bearing
span 238mm, one third stiffness and damping
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