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Design and Evaluation of an Ultra Precision Rotary Table for Freeform Machine Tools
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This paper describes the design and evaluation procedure of an ultra-precision rotary fable for
freeform generating machined tools. Design of the thrust and journal hydrostatic bearings and
experimental evaluation of the table were performed. To get the compact size and less lost
motion direct drive servomotor with ulfra precision encoder. From the considered design,
foliowing performance were confirmed by experiment. The total stiffness of the prototype rotary
table was 483.6 Njum and 97.6 N/um for axial and radial direction, respectively. Rotational
accuracy of the table was investigated by capacitive sensor and reversal measurement
technique, and 0.10 um radial direction and 0.05 ym axial direction of the rotational accuracy
were confirmed. The micro resolution of the table was also investigated with displacement of
capacitive sensor, and 0.5/10000° of micro resolution was confirmed. Index accuracy of the table
was evaluated by the autocollimator and polygon mirror, and the +0.39 arcsec accuracy and
+0.16 arcsec repeatabiiity of the table were confirmed. Those are under the general requirements
of ultra precision rotary tables for freeform generating machined tools.
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Table 1 Specification of the hydrostatic rotary table

Specifications Objectives
Bea%s Type Hydrostatic
Stiffness of table Axial 450 Nigm
Radial 90 N/tm
Index accuracy £2.0 arcsec
Driving Motor Brushless DC
Diameter of the table 300 mm
Rotation angle 360°
Rotataional Axial <0.1 m
accuracy Radial <0.1 um
Feedback resolution 0.02 arcsec
Maximum speed 50 rpm
Height of the table 225 mm
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Fig. 1 Configuration of the ultra precision rotary table
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Fig. 2 Stiffness and flow rate of the thrust bearing
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Fig. 3 Stiffness and flow rate of the journal bearing

Fig. 4 Deformation analysis of the table
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Fig. 6 Axial static stiffness of the table
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Fig. 7 Radial static stiffness of the table

Fig. 8 Radial run-out test
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Fig. 9 Radial run-out of the table

Fig. 10 Axial run-out test
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Fig. 11 Axial run-out of the table
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Fig. 12 Results of the micro resolution test
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Fig. 13 Index accuracy test for the rotational table
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