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ABSTRACT

The objective of this research is to investigate an appropriate monitoring method to secure the
accuracy of finish machining.

The development of complex 3-dimensional shape products for industrial applications has been one
main goal for manufacturing industries over the last few decades. Conventional processes such as
injection molding, forging, and casting and assembly technologies are typical processes that have
contributed to achieve mass production. Recently, various small-lot near-net shape production
methods such as additive manufacturing, thin-wall casting, and incremental forming are proposed and
become common in industry. Because these near-net shape parts are often complex shape, these parts
are finished by manual operation. Therefore, a systematic finish machining method for complex 3-
dimentional parts for small-lot production is eagerly desired.

Because end-milling has advantages like efficiency, accuracy, and applicability to small-lot
production, this technology is very widespread application in aerospace, automobile and other
manufacturers. Therefore, end-milling is expected as a promising machining method to finish
machining of near net shape parts. However, accuracy assurance of end-milling has not achieved.
Especially, thermal monitoring in process has not been caught easily by traditional detect method, such

as thermocouple measurement system or thermography technology.



Heat generation and heat transfer characteristics in the cutting process are strongly affected by each
machining case. As a modern technology, finite element simulation can be used to reproduce the
machining process. It can be used to study the stress, strain, temperature distribution, chip breakage,
friction, and heat generation characteristics of the cutting area which is difficult to be observed in
processing. In this thesis, the combination method of local temperature measurement and finite
element simulation is used to investigate the estimation of temperature distribution in machining
process. The main contents are as follows,

Firstly, trends of recent production are summarized as a background of this research. Roles of
monitoring in information driven and connected production are explained. Moreover, related
researches about thermal analysis in end-milling, measurement technology development, FEM
analysis, and combination of measurement and simulation are surveyed.

Secondly, a framework for temperature measurement is proposed. Based on considerations of
process variety, a concept of measurement point evaluation is explained. This research presents a
method to evaluate an effectiveness of each measuring points from aspects of stability of measurement
and sensitivity to the process variation.

Thirdly, developed systems to evaluate the proposed framework are explained. A thermal analysis
method of end-milling is explained, and details of developed simulation system are illustrated.
Developed 3D finite element (FE) models are constructed based on commercial FE software to
simulate the macroscopic workpiece behavior. After discussing a representation method of process
variation, evaluation procedures of measurable points are illustrated. The proposed evaluation method
of measuring points is evaluated based on the case studies.

Lastly, conclusion of dissertation is described.
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