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Rotational Characteristics of High Precision Spindle Unit with
Ball-Hydrostatic Bearing

Chan-Hong Lee*, Husang Lee

ABSTRACT
The spindle unit is core parts in high precision machine tools. Diverse static and dynamic charateristics of
spindle unit are needed for special purpose of machine tools. Specially, high damping ability may be very useful to
high precision and high speed spindle unit. But commercial bearing system has very low damping value and high

stiffness.

In this paper, the combined bearing system with ball-hydrostatic bearing is suggested for high damping spindle
unit. The suggested bearing system has 30% damping ability more than general ball bearing's. The average rotational
accuracy of spindle with combined bearing in working speed is 24% better than with ball bearing. The unbalance
rotating experiment in spindle show that rotating error with combined bearing is only half value of with ball bearing.
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Hydrostatic Bearing System

Fig. 1 Components and Configuration of a Combined
Bearing System
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Fig. 2 Mathematical Modeling of a Combined Bearing
System
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¢) Spindle Unit with parallel combined Bearing
Fig. 3 Spindle Unit with Several Type Bearing
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a) Ka= 177 X 108 N/m Ca = 3000 N - s/m

Kb =177 X 108 Nm Cb = 3000 N - s/m
b) Ke = 8785 x 107 N/m Ce= ON -s/m
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Fig. 4 Static Stiffness and Damping of Bearing a)Ball

Bearing b)serial combined Bearing(I) c)parallel
combined Bearing(ll)
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Fig. 5 Static Deflection of Ball Bearing, Combined
Bearing Spindle(l)

-3

Fy = IN

f H\I\I" VyCombIl = 0.050:m

Fig. 6 Static Deflection of Combined Bearing
Spindle(i)
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Fig. 7 Mode Shape of Spindle with parallel combined
Bearing
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Fig. 8 Experimetal Set Up of a parallel combined
Bearing Spindle
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Fig. 9 Static Deflection of Spindle with Ball, combined
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