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Thesis Summary

High-performance optical components are widely used in precision devices. Among these,
freeform and microstructured optical designs are especially important for enhancing the optical
functionality. Ultraprecision machining technologies play a critical role in fabricating such
components, among which, fast tool servo (FTS) machining has emerged as a promising approach
for producing freeform surfaces with enhanced productivity. However, most previous studies on
FTS machining have focused on the machining of periodic microstructures with dimensions of
several tens of micrometers, and there have been few studies on machining of freeform surfaces
that require a stroke of millimeters or more. In this study, an error analysis method based on the
dynamic behavior of FTS was proposed for machining freeform surfaces with millimeter-scale
height differences, and the form errors were compensated for accordingly.

Chapter 1 introduces the background and objective of this research work.

Chapter 2 provides a brief introduction to ultraprecision machines and recent demands for optical
components, and a literature review of machining methods including FTS machining.

Chapter 3 presents the effect of clocking angle error in the spindle rotational direction on form
errors in FTS machining of freeform surfaces. The system time delay was identified, and its
compensation method was proposed. The effectiveness of the method was verified by machining
freeform surfaces with millimeter-level height differences, and the clocking angle error caused by
the time delay was successfully reduced.

Chapter 4 proposes a method for estimating the form error of freeform surface machining using
the time delay identification method for the FTS. By using the estimated form error from the servo
data to derive a three-dimensional error map and using the error map as correction data for toolpath
generation, the form error in freeform machining was successfully compensated for and form
accuracy was improved significantly.

Chapter 5 presents a method for suppressing the waviness on a concave micro lens array (MLA)
surface. By comparing the surface waviness after machining and the dynamic error based on servo
data analysis, the optimization of machining conditions to minimize the surface waviness was
performed.

Chapter 6 describes FTS machining of a convex micro dome array (MDA) with comparison with
the MLA machining. The relationship between servo dynamic error and form error was
investigated, and a machining method to reduce the form error in MDA machining was proposed.

Chapter 7 presents the overall conclusions obtained from this research.
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