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The spindle system is very important unit for the product accuracy in machine fools. A spindle
system is designed by using the angular contact ceramic ball bearings, built-in motor, oil-air
lubrication method and oil jacket cooling method. The static and dynamic analysis and stiffness
evaluation of 45,000rpm spindie for machine tool has been investigated. Using a finite element
method, we obtained some analyzed a static and dynamic characteristics of a spindle, such as
natural frequency, harmonic analysis and we got the value of compliance through it. We
evaluated stiffness by taking the inverse this value. A 456,000rpm spindle is successfully

developed using the results.
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Analysis (Z 87} 8} A1)

7l=4dY

M = total mass

C = damping

K = stiffness matrix

F = external force vector
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Fig. 1 The schematic of 45,000rpm spindle system
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Fig. 2 Mathematical model of the spindie system
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Fig. 3 Finite element model of the spindle system
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Table 1 Material properties of the spindle part

Table 2 Material properties of the spindle part
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Fig. 4 Analysis result of the maximum deformation
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Fig. 5 Analysis result of the maximum stress
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Fig. 6 Natural frequency of the spindle system

0.1

3.01 ¢

~=180-axis
1 1000 2000 3006 4000 5000
Fregquency {Hz]

Fig. 7 Result of analysis for compliance
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Fig. 8 Deformation by the harmonic analysis

Fig. 9 The developed 45,000rpm spindle
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Table 3 Result of static compliance

Response
Response Peak No. Direction value
[4m/N]
. 0 .
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