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Abstract

Numerical control machine tools drastically enhance machining accuracy and efficiency which
had depended on worker’s skill for a long time. Although the numerical control machine tool
can accurately perform a premade program by itself, the process automation makes it difficult to
monitor the process sensuously. That is why many researchers have proposed sensor-based
process monitoring methods until now. However, these methods are hardly employed in
industrial fields because mounting additional sensors on the machining space is clearly against
the demands of industries such as cost reduction, maintenance free, and so on.

In this research, cutting-state monitoring and stable cutting-condition identification are
proposed, which never require additional sensors. In concrete terms, the machining state is
analyzed based on the variation in cutting load estimated by introducing disturbance observer
theory to the machine-tool control system. The proposed monitoring method aims to detect tool
wear, tool collision, tool fracture, and chatter vibration, and the stability diagnosis focuses on
chatter vibration. The performances of the observer-based process monitoring and stability
diagnosis are evaluated experimentally.

Chapter 1 presents technical progresses and problems of machine tools to explain the purpose
of this research.

Chapter 2 explains the fundamentals to perform the proposed methods. Additionally, two
signal-processing methods are proposed; one is a “rotational digital filter (RDF)” which can
extract a signal moving on a circular orbit in clock-wise direction in order to improve the tool
fracture detection accuracy, the other is an “integration of moving variance and moving Fourier
transform algorithms (MV+MFT)” which can detect chatter with a small number of
computation.

Chapter 3 contains experimental apparatuses for the cutting tests and a parallel calculation
system for a time-domain milling simulator.

Chapter 4 proposes the cutting load estimation using servo information in each axis control
system including the spindle. Experimental results clearly show that the proposed method can
capture the tool wear progress in drilling and tapping.

Chapter 5 shows that tool collision can be detected with high responsiveness by monitoring a
differential value of the estimated cutting load.

Chapter 6 presents that drill fracture is detectable by applying the RDF to the estimated cutting
load in x and y directions.

Chapter 7 describes that chatter can be monitored separately from forced vibration in realtime
by adopting the MV+MFT to the estimated disturbance torque information.

Chapter 8 presents a self-diagnosis method to identify stable spindle rotations against chatter,
which gradually decreases the spindle rotation during chatter. It is experimentally and
theoretically confirmed through side milling tests and time-domain milling simulations that
spindle rotations, at which a drastic chatter frequency shift occurs, are stable against chatter.

Chapter 9 summarizes the obtained results and concludes this research, including the future
prospects of the proposed process monitoring and stability diagnosis of cutting process.




