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Develop the path planning system for a B-axis fixed plane on a 4-axis machine tool
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In this paper, a path planning system for B-axis is developed for a 4-axis turn-mill multitasking machine. Due to the lack of B-axis,
the features on a tilt plane are difficult to be machined; this research developed value-added software to solve above issues. Extending
the machinability of a CNC multi-axis machine tool can be achieved without increasing cost, this research uses homogeneous
coordinates to transform the existing 3-axis machining path which planned in the system into a tilt fixed plane machining path.
In addition, the theoretical formula of bottom surface roughness is derived from the research, and C programming language and
Visual Studio platform are utilized to complete the development of HMI (Human-Machine Interface). Four machining paths and the
prediction of roughness are the main features for this tilted plane machining software. The HMI is primarily presented in a dialog
form so that the users have a simple operating environment which is a low threshold of technique. This software is mainly used in
aerospace, automobile, and precision machinery industries. Set each machining path into a path-function of C language, and set
homogeneous coordinate matrices into a method of C language to apply to each coordinate point. In order to transform a horizontal
plane to a tilt plane, the program needs the rotation matrix by the world Y-axis and the rotation matrix by the current X-axis. Also, the
prediction of roughness is derived from the bottom milling. Verification of the software which is developed in this research is done
through NcPlot, Vericut, and AutoCAD, by testing the accuracy of the path of the exported program, the accuracy of the path is less
than or equal to 1 pm. In order to enhance the practicality, researcher derives a new formula for predicting the surface roughness, the
rate of error for predicting is less than 10%. Finally, the speed of generating machining code is 92.8% faster than a traditional method.
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Fig. 3D diagram of Non-Orthogonal machine structure
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