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Modeling and control of a macro-micro dual-drive
ultra-precision positioning mechanism

JIE De-gang, LIU Yan-jie, SUN Li-ning, SUN Shao-yun, CAI He-gao
(Robot Research Institute of Harbin Institute of Technology, Harbin 150001 ,China)

Abstract: A macro-micro dual-drive ultra-precision positioning mechanism is presented. Combining
macro with micro actuator, a system with large workspace and high resolution of motion was devel-
oped. The direct-drive motor is used in the macro motion, and PZT-driven micro stage with high fre-
quency is mounted on the motor and compensates the position error. A high-resolution linear encoder
is integrated into the closed-loop feedback, which is used to measure the position of the end-effector
mounted in the micro stage. The feedforward and feedback are combined to control the macro stage,
and the fuzzy-adaptive PID control algorithm is employed in the micro stage. The experimental results
show that the travel range is 100 mm, the settling time is less than 40 ms and the repeatability error is
10 nm.
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Dynamic model of the translation

driven micro-robot
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Fig. 4

control system
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Block diagram of the micro fuzzy-

adaptive PID controller
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Tab.1 Result of repeating position precision
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Tab. 2 Result of settling time
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