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DESIGN AND EXPERIMENT OF A RESONANT PIEZOELECTRIC
CRAWLING ROBOT?

He Shijie* Wu Yibo " Zhou Shengxi *?
: (School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)
t (Luoyang Ship Material Research Institute, Luoyang 471023, Henan, China)

Abstract Micro robots have become a key research direction in the development of intelligent robot technology in
recent years. Based on their advantages such as small size, high sensitivity, and flexible movement, they can be applied in
many fields such as disaster rescue search, extreme environment detection, and medical surgery. Piezoelectric ceramic is
a kind of intelligent material that can convert mechanical and electrical energy into each other. By combining
piezoelectric ceramic with crawling robots, a crawling robot with integrated patch-typed piezoelectric drive and execution
structure can be designed. Such design not only reduces the size of the mechanism, improves transmission efficiency, but
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also makes the robot's motion more stable and reliable. Therefore, for tasks in complex environments, various new
structures of piezoelectric crawling robots designed using the inverse piezoelectric effect, friction drive, and stick-slip
motion principle have very broad research prospects and practical value. This paper designs an integrated quadruped
crawling robot driven by dual piezoelectric plates based on the inverse piezoelectric effect, and designs several driven
feet with different friction forces. The theoretical mechanic methods are used to establish the overall force equation of a
unit body of the robot, and the vibration mechanics is used to derive its dynamic model. A quadruped piezoelectric robot
is designed and manufactured, and we have experimentally tested the effects of different driving frequencies, loads,
voltages, and driving feet on the motion direction and speed of a single unit segment of the robot. We also investigated
the effects of different contact surfaces and voltage and frequency signals on the motion direction and speed of the
quadruped crawling robot. Finally, the semi-physical simulation platform Quancer board is connected through the
simulation software, and the quadruped crawling robot is controlled by driving voltages of different frequencies and

amplitudes to achieve left turn, right turn, rotation around the center of the circle, and approximate linear motion without

a guide rail.

Key words piezoelectric-driven, dynamic equations, quadruped crawling robot, robot control, PID model
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Table 2 Parameters of a robot unit

Parameter Value

PZT-5 density/(kg'm™>) 7500
PZT-5 Yang's modulus/GPa 63
PZT-5 Poisson's ratio 0.3

beryllium copper density/(kg-m™>) 8330
beryllium copper Yang's modulus/GPa 128
beryllium copper Poisson's ratio 0.3

Parameter Value
quality/g 10.8
leg bend angle/(°) 45
foot connection plate angle/(°) 45
robot three-dimensional size/mm? 148 x 36 x 44
driving leg size/mm? 45 x12%0.2
foot connection plate/mm? 20 x 20 % 0.2
86.97
I =
Q
Lo« 1

S 50
2/ B AR IR (A mm)

Fig.2 Unfolded drawing and dimensions of the robot substrate (unit: mm)
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