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Fig.l Airturbine driven ultraprecision spindle system
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Fig.3 XY nano-positioning table system
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Fig.5 Optical micrograph of the proposed micro-sensor
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(Research Field)

Establishment of a design methodology for a future ultraprecision and intelligent manufacturing system, actual development of the

mother machine, its machine components and the related ultraprecision machining technology.
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Fig.2 Axial thermal expansion during rotation
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Fig.4 1nm step response of the XY table
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An example of adaptive control (Constant machining temperature)

(Current Topics)
1) Ultraprecision spindle system for nano-machining
(H. Yoshioka, H. Shinno and H. Sawano)

High speed rotation, high precision rotation and low thermal
expansion are required for an ultraprecision spindle system to
realize high speed nano-machining. A prototype spindle system
with air bearings and an air turbine was developed and then the
basic performance was evaluated. Furthermore, we are
investigating the optimal structural design of the spindle system
considering the mechanical and thermal characteristics. (Figs. 1
and 2)

2) X-Y Nano-motion table system for a mother machine
(H. Yoshioka, H. Shinno and H. Sawano)

An X-Y nano-motion table system has been newly developed
for a mother machine. The moving table with aerostatic bearings
is levitated on a large-sized rectangular ceramics base and driven
by voice coil motors (VCMs) in a noncontact condition. The
VCMs are symmetrically allocated around the table, and then
3-DOF (XY0) motion of the table can be realized. The table has
no mechanical interference among the driving axes due to the
symmetrical structure, and hence the positioning controllers could
be simple. Remarkable performance of the system has been confi
rmed. (Figs. 3 and 4)

3) Adaptive control of ultraprecision machining process
(H. Yoshioka, H. Shinno and H. Sawano)

Future flexible and ultraprecision machining systems require
intelligent and ultraprecision machine tools equipped with
effective  in-process monitoring functions. A  resistance
thermometry type micro-sensor for detecting thermal behavior
near the cutting point has been developed. The sensor is mounted
directly on the diamond tool tip surface. The machining test
results confirmed that the sensor has a remarkable performance.
Furthermore, we are investigating adaptive control of
ultraprecision machining process using the monitored sensor

output. (Figs. 5 and 6)
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