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In recent years, there has been a demand for further advanced manufacturing processes to meet social
requirements such as a reduction of environmental impact. Therefore, condition monitoring of the cutting process is
an important technology, however, there are still difficulties especially in milling with small-diameter end mills. Thus,
the purpose of this research is to achieve cutting force and vibration monitoring in shape milling with small-diameter
end mills.

In the chapter 1, it was described the current research of condition monitoring for cutting process and problems
in the application for shape milling at high-speed rotating tool with small-diameter end mills. Then, it was mentioned
that the purpose of this research was to achieve condition monitoring for cutting process by solving these problems.

In the chapter 2, a model-based approach monitoring for cutting forces and vibrations was proposed. Signals from
acceleration sensors on the tool spindle were separated into the fluctuations of the acceleration in the tooth passing
period and the high frequency vibration component to estimate the cutting force based on the model-based approach.
In addition, the condition monitoring for cutting process was carried out by calculating two newly defined feature
values of cutting force and vibration.

In the chapter 3, a method for monitoring the static displacement of the tool spindle was proposed. Table
displacement was defined as the relative displacement between the motor encoder and the linear scale. Then, the
estimated cutting force was calculated from the table displacement to estimate static displacement of the spindle.
Finally, the estimated static displacement was used to estimate a more accurate cutting force based on the model of
the tool spindle structure.

In the chapter 4, a method to achieve advanced modelling by using machine learning was proposed to identify the
model parameters of the machine structure. Among the various machine learning methods, MLP was used to identify
model parameters, and this provided more accurate cutting force estimation.

In chapter 5, the results achieved in this research of the condition monitoring for cutting process were summarized

and the prospects for the future were described.
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