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Machining systems have been evolved to produce more detailed products of high added value.
This has been possible, in large part, due to the development of highly accurate muilti-axis CNC
machine tools. The conventional CNC of machine tools has individual axis controllers to
maximize tracking performance. On the other hand, cross-coupling controllers can be integrated
into the conventional CNC to enhance contouring performance. For this multi-axis cross-coupling
control system, it is necessary to automatically adjust the controller gains depending on operating
conditions and/or other external conditions from an optimization perspective. This paper proposes
automatic modeling of feed drive systems that minimizes the difference in behavior between the
system model and the actual system. Based on the modeling, an integrated auto-tuning method
is also proposed to improve both tracking and contouring accuracy of a 3-axis cross-coupling
conirol system as well as users’ convenience. The proposed methods are evaluated by both
simulation and experiments.
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Fig. 2 Three-axis cross-coupling control system
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Fig. 4 Flow of the proposed auto-tuning
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Table 1 Comparison of system parameters
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a -2.76677172968 -2.76677173

a, 2.544638512325 2.54463851

as -0.77786678264 -0.77786680

b 0.00000196699985 0.000001967

b, 0.00000739321135 0.00000739

by 0.00000173484178 0.00000173
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Table 2 Axis controller gain sets

Gains (K,) | X-axis | Y-axis | Z-axis
Initial (1st) 40 40 40

Interim (3rd) 44.365 44.094 44.247
Final (6th) 49.872 49.865 49.814

Table 3 Cross-coupling controller gain sets

Gains X-axis Y-axis Z-axis
nitial Cp 0 0 0
t
nitiaj C[ 0 0 0
(1st)
Gy 0 0 0
Cp, | 53.170 | 52.902 | 52.020
Interim
Grd) C; | 64211 | 63.920 | 61.003
T
Cp | 0.012 0.008 0.003
Cp | 79202 | 73330 | 71.101
- Final
(6th) G, 110.3 109.1 108.7
Cp | 0.009 0.010 0.009
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