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ABSTRACT

For the stable operation of high speed aerostatic spindle, the low rotational inertia and high damping ratio
of spindle shafts as well as high fundamental natural frequency are indispensable. Conventional steel spindles
are not appropriate for very high speed operation because of their high rotational inertia and low damping
ratio. In this study, the composite spindles with aerostatic bearing were designed and manufactured with
carbon fiber/epoxy composite. The fundamental natural frequency of the composite spindle was evaluated

through the modal testing.
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Table 1. Specifications of the aerostatic spindle

Shaft outer diameter (mm) 25
Shaft length (mm) 210
Bearing clearance (¢m) 15
Max. radial load capacity (N) 80
Max. radial stiffness (MN/m) 6
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Fig. 1. Schematic diagram of test for measuring the
radial stiffness of the aerostatic bearing.
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Fig. 2. The model of the shaft and the aerostatic bearing
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Fig. 3. The radial stiffness of the aerostatic bearing w.r. t.
displacement when applied pressure vary from 0.2 MPa
to 0.9 MPa per 0.2 MPa,
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Fig. 4. The model of the composite shaft and aerostatic
bearing for FE analysis.
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Fig. 5. Fundamental natural frequency of the composite
aerostatic spindle and the steel aerostatic spindle w. r. t.
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Fig. 6. 2™ natural frequency of the composite aerostatic
spindle and the steel aerostatic spindle w. r. t. thickness

of the shaft
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Fig. 7. 3" natural frequency of the composite aerostatic
spindle and the steel aerostatic spindle w. r. t. thickness
of the shaft
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Table 2. Properties of the unidirectional carbon
fiber/epoxy composite material (USN125, &) SKC)

Tensile modulus (GPa) 131.6
Transverse modulus (GPa) 82
Shear modulus (GPa) 6.1
Tensile strength (GPa) 1.78
Transverse strength (MPa) 50
Shear strength (MPa) 88
Density (kg/m?) 1560

Fig. 8. Photograph of the composite shaft.
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Fig. 9. Amplitude of the acceleration for the steel and
composite aerostatic spindle w. . t. the frequency.
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Table 3. Performance comparisons of the composite
aerostatic spindle and the steel aerostatic spindle.

Steel Composite
spindle spindle
Spindle section shape Solid Hollow
Mass (kg) 1.11 0.37
Rotational moment " "
of inertia (kgm?) 9.14x 10° 3.32x 10
Second natural 36,900 70,440
frequency (rpm)
Loss factor (%) 1.5 42
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