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This research aims to develop an anomaly detection approach for cutting tool
operations in Computer Numerical Control (CNC) machines by applying machine leaming
techniques to support predictive maintenance and to reduce potential damage during the
manufacturing process. The data used in this study were obtained from real machining
experiments, in which cutting force and machine vibration signals were collected under
different operating conditions. The proposed methodology consists of data preprocessing to
reduce noise, followed by anomaly detection using the lIsolation Forest algorithm in
combination with a quantile-based threshold (Quantile Threshold) to improve the
discrimination between normal and abnormal cutting tool operating conditions.
Experimental results demonstrate that the proposed approach can effectively detect
abnormal trends and provide early warning signals prior to severe cutting tool damage. The
research findings highlight the potential of applying machine learning techniques for
monitoring the operating condition of CNC machines. The proposed method can be
practically implemented in industrial environments to enhance production reliability, reduce

rmaintenance costs, and extend the service life of machinery in an efficient manner.
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