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Study on a master-slave underwater manipulator

for nuclear power plant servicing

Wang Gang* ™, Wang Facheng ™" | Zhang Xingxing ™ , Yang Shengxi ™" , Zhang Luyao "
( " National Key Laboratory of Science and Technology on Autonomous Underwater Vehicle,
Harbin Engineering University, Harbin 150001 )
( ™ College of Shipbuilding Engineering, Harbin Engineering University, Harbin 150001 )
( " College of Mechanical and Electrical Engineering, Harbin Engineering University, Harbin 150001 )
( ™ COTEC Offshore Engineering Solutions, Beijing 100029 )
Abstract
A 6-DOFs homogeneous master-slave underwater manipulator was designed for servicing of nuclear power plant
reactors and spent fuel storage pools. A separated scale mapping model was built for the master-slave manipulator.
A hydrodynamic model for the underwater manipulator was established based on the slice theory. A master-slave
controller based on fuzzy-PID was designed for the manipulator according to its strong non-linearity. Finally, a two-
joint test system for the master-slave manipulator was set up by using the dsPACE semi-physical simulation platform
to verify the real-time tracking performance of the manipulator so as to lay the foundation for the whole machine con-
trol of multi-drive underwater manipulators. The experimental results showed that the master-slave manipulator was
well in tracking capability, and the shape of the terminal trajectory of the master manipulator was nearly the same as
that of the slave manipulator, and they were proportional in size, showing that the preferable position tracking and
the high accuracy of position servo can be achieved when using the fuzzy-PID controller.
Key words: nuclear power plant servicing, master-slave, underwater manipulator, hydrodynamics, fuzzy-PID

control
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