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A Quantitative Feedback Cross-Coupling Control Method for Precision Motion

Stages Oriented to Two-Dimensional Trajectory Tracking"

Gao Dianchun Huang Jiacong Wu Xipeng Song Fazhi’
(Institute of Ultra-Precision Optoelectronic Instrumentation Engineering, Harbin Institute of Technology,

Harbin 150001, China)

Abstract The demand for part accuracy in high-end manufacturing is increasing steadily, thereby driv-
ing the demand for high-precision contour control. The dual-axis precision motion stage is widely used in
CNC equipment due to its advantages of high structural rigidity and wide control frequency. In this pa-
per, we first present a composite control method combining feed-forward and feedback for a decoupled
single-axis system based on the dynamics model of the dual-axis motion stage. Secondly, the contour er-
ror model of tangent approximation is employed to solve the block diagram of the cross-couped control
strategy, thereby obtaining the contour error transfer function with or without cross-coupling controller
and establishing the equivalent feedback loop. Once more, cross-coupled controllers are designed for
time-varying equivalent controlled objects using PID debugging and quantitative feedback methods, re-
spectively. It is demonstrated that the quantitative feedback cross-coupled controllers satisfy the design
conditions. Ultimately, by inputting different reference trajectories, simulation verifies the superiority
of quantitative feedback cross-coupled control compared with PID-type cross-coupled control in terms of

trajectory tracking performance and adaptation to different trajectories.

Key words dual-axis motion table, contour control, cross-coupled control, quantitative feedback

theory
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Table 1 X-axis controlled objects and feedback
controller simulation parameters

Parameter Symbol Value
Actuator equivalent mass m 24 kg
First resonant amplitude K, 0.013
First resonance damping ratio X 0. 040
First resonant frequency [ 150 Hz
Second resonant amplitude K., 0.0023
Second resonance damping ratio X 0.018
Second resonant frequency s 292 Hz
Third resonant amplitude K., 0.0018
Third resonance damping ratio X3 0.027
Third resonant frequency s 510 Hz
Expected bandwidth J abw 50 Hz
Ratio of each frequency a, 3
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Table 2 Y-axis controlled objects and feedback
controller simulation parameters

Parameter Symbol Value
Actuator equivalent mass m, 30 kg
First resonant amplitude K, 0.018
First resonance damping ratio Xy 0.0432
First resonant frequency [ 182 Hz
Second resonant amplitude K, 0.0021
Second resonance damping ratio Xy 0.0531
Second resonant frequency [y 302 Hz
Expected bandwidth S ybw 50 Hz
Ratio of each frequency a, 3
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Fig. 2 Tangent approximation contour error model
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Fig. 3 Block diagram of variable gain cross-coupling control
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Table 3 PID-type cross-coupled controller simulation

parameters
Parameter Symbol Value
Proportional gain K, 5X10°
Integral gain K, 1x10°
Differential gain K, 3
Filter cutoff frequency Wy, 100 Hz
Filter damping ratio zy, 0.707
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Fig. 14 Circular trajectory simulation results
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Table 4 Tracking trajectory metrics data under different
control strategies

Trajectory Control strategy RMSE
Uncoupled control 2.53 pm
Circular Cross-coupled control PID-type 1.15 pm

Cross-coupled control QFT-type 0.74 pm
Uncoupled control PID-type 5.66 pm
Sharp angle Cross-coupled control QFT-type 6.06 pm

Cross-coupled control

e~

.07 pm
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