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Thesis Summary

In recent years, demand for flexibility and robustness of production system has further increased
to respond to mass customization. In field of machine tool, condition monitoring and stabilization
techniques based on it are required, which are indispensable to detection of abnormal cutting and
process optimization. In the condition monitoring, there is great need for cutting force estimation
technique, which is low cost and sustainable and never requires additional sensors. However, the
estimation bandwidth and accuracy of the cutting force are remaining issues. In this research,
sensorless cutting force estimation method for ball-screw-drive system and stabilizing machining
method were proposed, avoiding chatter based on the estimated cutting force.

Chapter 1 presents monitoring and avoidance techniques of abnormal cutting and shows the
purpose of this research.

Chapter 2 presents two sensorless cutting force estimation methods using multiple encoders.
Cutting force estimation applying multi-encoder based disturbance observer is introduced based on
dynamic equation of multi-inertia system, which is independent from stiffness value that varies
depending on the stage position. In mode-decoupled estimation technique, motion of feed drive is
decoupled into rigid body and vibration mode which is based on relative motion between the
mechanical elements. Cutting force components are estimated in each modal space.

Chapter 3 describes simulator and experimental setup for evaluating the cutting force estimation.
Compensation method of error factors is discussed based on analysis result of them, such as
position dependency of the external force, and variations of the external force, position and angle in
wavelength domain.

Chapter 4 presents evaluation results of the error factors in sensorless cutting force estimation.
Specifically, difference of estimation methods, identification error of mass, synchronization error
resulting from phase lag elements, and quantization error of angle measurement are evaluated based
on the simulation and end milling tests. By constructing the estimation system considering above
error factors, the proposed multi encoder-based estimation method increases the estimation
bandwidth compared with the conventional estimation method applying disturbance observer using
current reference and angle of motor.

Chapter 5 describes validity of the mode-decoupled cutting force estimation especially in the
vibration mode. It is possible to estimate both feed and cross-feed force components less than static
friction force by utilizing the relative motion between the motor and the stage.

Chapter 6 presents chatter monitoring and avoidance in parallel turning applying the estimated
cutting force. In the method, the chatter is avoided by machining at optimum pitch angle difference,
which is determined by chatter frequency and spindle speed. By measuring the chatter frequency
based on the estimated cutting force, sensorless and in-process chatter avoidance is possible.

Chapter 7 summarizes and concludes this research, including future prospects.




