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Development of super high precision rotary encoder using virtual equal division averaging method

Thesis Summary

The accuracy required for various precision processing machines and inspection devices is getting
higher and higher. Especially, processing of large circular parts used in the energy field such as turbine
blades and gears, and nano-processing in the field of ultra-precision machining, not only linear direction
measurement, but also rotational direction freedom has great influence. Under such circumstances, this
study further optimizes the calibration algorithm of the self-calibration rotary encoder, which has been
proposed in recent years, and in practice has not been practically used. The purpose was to develop at
a practical level that can be attached to the top and to verify its usefulness.

Chapter 1 starts with the history of geometrical physical quantities, length and angle, and describes the
necessity of high precision of angle measurement. The peculiarities of angle measurement, the
development of self-calibration method, the previous research and its problems are clarified. And the
purpose and goal of this study were stated.

Chapter 2 explains the principles of the virtual equal-division averaging method, which is the algorithm
for self-calibration value calculation proposed in this research, and its predecessor, the equal-division
averaging method, using analytical methods.

In Chapter 3, major error factors and their effects in self-calibration rotary encoders are compared with
existing algorithms by numerical simulation and by analysis method. And the effectiveness of the virtual
equal division averaging method is verified.

In Chapter 4, according to the sensor head arrangement proposed to be optimum by the verification in
Chapter 3, a rotary encoder system was developed using a laser scale rotary encoder made by
Magnescale, Inc. , which has a scale that is a diffraction grating and a detection head using a
semiconductor laser as a light source. And also develop a processing circuit that actually calculates the
self-calibration value, calibrates it in real time, and outputs the calibrated value.

Chapter 5 focuses on each performance of the developed rotary encoder system, especially the
accuracy that is the important performance, and shows that it is actually self-calibration and has
sufficient performance.

In Chapter 6, attach the developed rotary encoder system to the spindle of NTX 2000 and evaluate the
accuracy and repeatability of its indexing angle and show the effectiveness of the developed rotary
encoder system.

Chapter 7 summarizes the findings obtained in this study and describes the conclusions of this paper.




