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Static/Dynamic/Thermal Characteristics Analysis of a High-Speed Spindle System with 50,000rpm

Seok-11 Kim*, Jae-Wan Jo', Won-Jae Lee" and Yong-Hee Lee’

{ Abstract I[

This paper concems the static, dynamic and thermal characteristics analysis of a high-speed spindle system for horizontal
machining centers with ¢45mm X 50,000rpm. The spindle system is designed based on the angular contact ceramic ball
bearings, built-in motor, oil-air lubrication method and oil jacket cooling method. The structural and thermal analysis models
of spindle system are constructed by the finite element method. The static and dynamic characteristics are estimated based
on the static deformation, modal parameter, mode shape and frequency response function, and the thermal characteristics
are estimated based on the temperature rise, temperature distribution and thermal deformation. The analysis results illustrate
that the designed spindle system has excellent structural and thermal stabilities.
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Fig. 1. High-speed spindle system
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Fig. 2. Static/dynamic analysis model of spindle system

Table 1 Radial characteristics of bearings

Stiffness Damping coeff.
Front bearing 117MN/m 0.90kN - s/m
Rear bearing 101MN/m 0.78kN- s/m
8.0x10%
6.0x10
4.0x10%
g 2.0x10%
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Fig. 3. Static deformation of spindle system
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Table 2 Modal parameters of spindle system

Natural Frequency Damping Ratio
Forward | Backward | Forward | Backward
Ist mode | 1,231Hz | 1,246Hz 0.099 0.105
2nd mode | 1,780Hz | 1,842Hz 0.200 0.200
3rd mode | 2,780Hz | 2,846Hz 0.267 0.260
4th mode | 4983Hz | 5,192Hz 0.097 0.097

5th mode | 7,891Hz | 8,094Hz 0.083 0.084

Normalized Magnitude

Fig. 4. Mode shapes of spindle system
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Fig. 6. Frequency response of spindle system
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Fig. 7. Heat generation rate of built-in motor
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Fig. 8. Heat generation rate of ceramic ball bearing
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Fig. 9. Thermal analysis model of spindle system

Table 3 Material properties of spindle elements

Density Thermal conductivity
SCM440 7,860kg/m’ 427W/mC
$45C 7,817kg/m’ 51.9W/mC
Fe-Si 7,700kg/m’ 42 7W/mC
Cu 8,930kg/m’ 393.1W/mT
SUI2 7,860kg/m’ 41.9WmC
SisN, 3,200kg/m’ 29.3W/mC

Table 4 Material properties of oil

Dynamic viscosity 1.5¢St
Specific heat 0.47kcal/kgC
Density 900ke/m’

Table 5 Flow rates of oil

Front bearing: (45SBNR19H) 0.0075cc/min/EA
Rear bearing (40BNR19H) 0.0075cc/min/EA
Oil jacket of front bearing 74 /min
Oil jacket of rear bearing 54 /min

Oil jacket of motor 12 ¢ /min
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Fig. 10. Temperature rise of spindle system
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Fig. 12. Axial deformation of spindle system
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