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ABSTRACT

Machining is a method that important to the manufacturing process in the industry.
Productivity and product quality are always concerned with significant issues in
manufacturing technologies. Modern manufacturing aims to improve the machining
accuracy and efficiency of parts and products. However, machining variables involve the
complex machining phenomenon that usually generates process limitations and reduces
product quality. Machining error is one of responsiveness in complex machining
phenomenon. It has directly influenced by varying cutting conditions, workpiece shape,
material characteristics, cutting force, and workpiece deformation. Therefore, a reliable

method for predicting machining errors is essential to solving these requirements.

Small-lot production has attracted attention in the new tendency of manufacturing. Due
to the changing consumer behavior, the personalized, high-quality, and technology
trends require the service of direct-to-consumer manufacturing. Product prototype and
mould making for mass production are regarded as small-lot production that suitably
serves by milling process. On the other hand, end-milling is also a capable method for
direct operating on parts or products with a large variety of materials. This method does
not require expensive and time-consuming preparation. This research deals with a
machining error modelling for the end-milling of elastomer material because it's

uniquely elastic deformation, crack generation, and difficult to control machining error.



Conventional control method of machining error in elastomer end-milling has been
studied with a limitation because most machining services of the elastomeric parts are
based on enterprise-dependent dexterities or know-how. Therefore, this material has

been selected to be a case study in this research.

In order to secure machining accuracy and control the phenomenon, this dissertation
proposes the machining error models through a systematic framework for machining
error modelling. In the framework, the candidates of model variables are evaluated
based on the preliminary experiments. Candidate variables are the cutting conditions
and physical state variables such as workpiece deformation and cutting force. The
proposed models are constructed by conventional data-centric approach, mechanistic
knowledge-based approach, and principal component analysis (PCA) based statistical
approaches. The correlation coefficient and multiple regression method are employed to
compute the model's coefficient and form the linear regression model. Three different
models: the conventional cutting condition model, mechanistic model, and statistical
model are constructed. At the statistical model construction, a proposed systematic
procedure to determine the effective variable is utilized. Afterward, the models are
investigated by using larger experimental cases as the evaluation experiment. From the
experimental results, it become possible to make a comparison between calculated and
measured machining errors. In addition, the statistical model provides relatively good
agreement. Therefore, it could be confirmed the proposed machining error modelling

method can generate the appropriate process model.
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