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Development of In-Process Polishing Pressure
Control System
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ABSTRACT

Polishing process has been applied to get extremely fine surfaces, e.g., mirror surfaces such as optical mirrors, lens,
molds and etc. Nowadays not only fine surface quality but also submicron order of dimensional accuracy is required
for many applications. To meet the requirements polishing process should be provided with an active control of
polishing pressure especially for automation of polishing process. In this paper a study on development of an active
polishing pressure control system has been presented. A new type of tool assembly has been developed to facilitate the
control.  The tool is attached to an axis of a polishing machine with a coil spring and control of the polishing pressure is
done by the position control of the axis, which needs no additional actuator. The polishing pressure is successfully
measured by the measurement of the spring deformation. Control specifications were quantitatively considered by
weighting functions and a controller was designed by using loop-shaping technique based on the H® synthesis. Some
experiments have been executed on a polishing machine with a PC-NC controller. It is shown that the results were
coincident well with the theoretical analyses and satisfied the design specifications.

Key Words : Polishing (& 2]J), Pressure control(%} 3 A 9]), Loop-shaping(F3 4] °]3), H® synthesis(He =32]),
Disturbance(2] &), Command following(™8 & %) '

54y f(ty= force applied to the polishing tool
x = displacement caused by spring deflection
o = natural frequency W (s) = sensitivity specification
¢ = damping ratio W;(s) = complementary sensitivity specification
¢ = damping coefficient z; = displacement of the Z axis
k = spring constant 7 = disturbance from the polishing tool

m = mass of the moving part
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Table 1 Coil spring parameters

a3t

design parameter value
material Spring Steel
mean diameter 16 mm
wire diameter 2.5 mm
number of turns 16
spring constant 5.88 kN/m
max. shear stress 189.53%x106 N/m2
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Fig.2 Result of static load-displacement test
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Table 2 Dynamic parameters of the tool
parameter value
equivalent mass, m 0.092 kg
damping coeff., ¢ 0.48 kg-s/m
equivalent spring 5.278 kN/m
constant, k
damping ratio, { 0.0109
natural freq., o, 239.8304 rad/s
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