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Abstract

Recently, progress in performance of computer and control techniques has contributed to
rapid and accurate control of industrial machines and robots. However, the rapid movements
excite the mechanical resonances, which prevent the machines and robots from further
improvement of rapidness and accuracy. In addition, time delay included in a communication
system or DA converter decreases phase margin of a controlled system, and it also induces
vibrations. Therefore, in order to realize the further rapid and accurate motion of machines and
robots, vibration suppression of mechanical resonance and time-delay compensation should be
considered in the control design.

The purpose of this dissertation is to construct a unified control of mechanical resonant
system and time-delay system as control of wave system by introducing modeling based on
wave equation which is one of distributed parameter models.

Chapter 1 introduces the background and objective of this dissertation.

In chapter 2, both mechanical resonant and time-delay systems are modeled by using a wave
equation. Structures of wave transmission in both systems are revealed from the transfer
functions, and there exists similarity between the mechanical resonant and time-delay systems
from the wave transmission point of view. In addition, it is clarified that causes of vibrations are
reflected wave in the wave systems.

Chapter 3 describes a basic structure for eliminating the reflected wave from the wave
systems to suppress the vibrations. The reflected wave rejection scheme is composed of a
reflected wave estimator and a feedforward compensator for the reflected wave, which can be
implemented by using a time-delay element. Although it is easy to implement the proposal, it is
effective for suppression of high-order vibrations.

In chapter 4, the reflected wave rejection is applied to various mechanical resonant systems
which have different boundary conditions and wave transmission characteristics. In particular,
expression of wave equation and setting methods of boundary conditions are shown for
practical industrial machines and robots.

Chapter 5 explains the reflected wave rejection for a time-delay system. Considering the
similarity between resonant and time-delay systems, control design based on reflected wave
rejection and time-delay compensation with elastic force feedback are proposed.

In chapter 6, the reflected wave rejection for wave systems including both mechanical
resonance and time-delay is proposed. The resonant system is transformed into an equivalent
time-delay system, in which there only exists traveling wave, by the reflected wave rejection in
the inner loop. As for the outer loop, actual and equivalent time-delays are simultaneously
suppressed by a typical time-delay compensation method. Based on the basic structure, the
reflected wave rejection which uses a reaction force from the wave system instead of the tip
position is also proposed.

Chapter 7 shows a wave disturbance observer for enhancing robustness against disturbance
and parameter variations. The viability of the wave system with a wave disturbance observer is
analyzed by the sensitivity and complementary sensitivity functions. Moreover, force control
using the wave disturbance observer as force estimator is also proposed.

Finally, this dissertation is concluded in chapter 8.
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