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Development of Integrated CNC System for High Precision Machining and High
Productivity by Sharing Data

Computerized numerical control (CNC) is a technology for controlling machine tools with high
speed and high accuracy. For highly accurate shape machining, a CNC system infers the required
shape based on an NC program and generates tool paths. The tool paths generated through inference
sometimes have problems in maintaining shape accuracy and surface quality. NC programs and
machining conditions are improved at production sites. However, current production systems do not
have a mechanism to share such information so that operator experience and knowledge are not
inherited, and the improved data are not reflected in the next processing.

To solve these problems, an integrated CNC system with a shared database based on a structured
data models was developed. By directly using the CAD data in the shared database, it was possible
to generate tool paths that achieve high-precision machining without inferring the required shape.
Productivity was improved by developing a system that could automatically accumulate and use
experience and knowledge of skilled operators and machining information generated based on
machining results in the shared database.

Chapter 1 outlines the background and challenges of this research.

Chapter 2 summarizes the technological development that has resulted in high precision control
and intelligence by computerizing numerical control.

Chapter 3 describes data models that are the basic structure of the shared database. The data model
extends the STEP-NC data model and shares design information, machining commands, and
machining information. The shared database enabled to effectively utilize the shared information by
minimizing the loss of information between production processes.

Chapter 4 describes the utilization of CAD shape information in the shared database. Tool
trajectories were controlled based on characteristic shape information from CAD; thus, the tool path
error due to speed control was reduced. By using the design shape information, the control points of
adjacent toolpaths on free-form surfaces were aligned; thus, surface quality was improved.

Chapter 5 describes the collection and reuse of machining data based on vibration data during
actual machining and knowledge of machining operators in the shared database. By selecting the
machining conditions based on an evaluation index, an unskilled operator was able to achieve
machining efficiency equal to or higher than that of an expert.

Chapter 6 summarizes the results of this study.
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