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Control Strategy and Method for Variable Polishing Force
Adapting to the 5-Axis Machining Trajectory
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Abstract; A pneumatic polishing force loading control system based on high speed on/off
controlled by pulse-width modulation ( PWM ) signals was designed. The control system was
adjusted by the moving average filter PID control method. PID parameters were determined by
Simulink simulation and experiment, so the dynamic property of the system was improved to
ensure the control requirement of variable polishing force. Assisted by a 3-TPS hybrid robot, a
5-axis variable polishing force experiment system was built, and the experiment of variable
polishing force adapting to the 5-axis machining trajectory was conducted. The experiment results
illustrate that the moving average filtering PID control can quickly respond as the setting force
changes and the measure force value can quickly track the changing setting value. The average
error of the force is about =1 N with a small fluctuation range. The control system has enough
stability and accuracy to satisfy the control requirement of variable polishing force. Variable
polishing force adapting to the 5-axis machining trajectory is thus achieved.

Key words: 5-axis machining trajectory; variable polishing force; PID control; moving average
filtering; PWM signal
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Fig. 1 Schematics of polishing force pneumatic
loading system
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Fig. 2 5-axis variable polishing force
experiment platform
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Fig. 3 Schematics of polishing force pneumatic control system
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Fig. 4 Transfer function identification for the polishing force control system
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Fig. 5 Step response of the closed-loop system based on simulation
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Fig. 6 Simulation results of system with different input values based on the adjusted PID parameters
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Fig. 7 Force control error comparison between PID control and without PID control
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Fig. 8 Structure of the variable polishing force control system
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Fig. 9 Polishing experiment trajectory
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Table 2  Errors with different setting values on the
square trajectory

3 POEM  BREN &K REA
N Fl/N #/N S H/%
CD 20 -0.75~0.95 0.95 4.8
DE 25  -0.48~0.97 0.97 3.9
EF 20 -0.76~0.94 0.94 4.7
FC 15 -0.72~0.75 0.75 5.0
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Table 3 Errors with different setting values on the
linear and circular mixed trajectory

3 POEE REW &K REA

N Fl/N #/N aH/%
AC 20 -0.79~1.00 1.00 5.0
CF 25 -0.37~0.98 0.98 3.9
FB 30 -0.22~0.97 0.97 3.2
BA 25  —-0.78~0.95 0.95 3.8
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