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Integrated Controller Design for Multi-Axis CNC Systems
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ABSTRACT

This paper proposes a controller design analysis for three-axis CNC systems considering both contouring and
tracking performance. The proposed analysis inclusively combines axial controllers for each individual feed drive
system together with cross-coupling controller at the beginning design stage as an integrated manner. These two
controllers used to be separately designed and analyzed since they have different control objectives. The proposed

scheme includes a stability analysis for the overall control system and a performance analysis in terms of contouring and
tracking accuracy. Computer simulation is performed and the results show the validity of the proposed methodology.
Further, the'results can be used as a basic guideline in systematic and comprehensive controller design for multi-axis

CNC systems.
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k: current time step .
d: number of time steps for position lag

Fig. 1 3D contour error model
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Table 1 System parameters

Parameters X-axis | Y-axis | Z-axis
Open-loop gain (s 121 118 83
Time constant (s) 0.025 0.03 0.01
Basic length unit (BLU) 0.5 um
Sampling time (s) 0.001

Fig. 5 Stability range for controllers gains C, and C,
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