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Research of Conically-shaped Dielectric Electroactive Polymer
Actuators Based on Negative Stiffness Preload Mechanism

ZHU Yinlong', WANG Huaming' ? * , ZHAO Dongbiao', LUAN Yunguang'

1. College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics ,
Nanjing 210016 ., China

2. State Key Laboratory of Robotics . Shenyang Institute of Automation, Chinese Academy of Sciences .
Shenyang 110016, China

Abstract: Modeling a dielectric electroactive polymer (EAP) actuator is cruma\‘fgr«tﬁe design and optimization of actuators.

By combining the large deformation elastic theory of membranes and a)@elf' stress, this paper builds a model that de-
scribes the electromechanical coupling of dielectric EAP materials. Aar?aga}we stiffness preload mechanism is analyzed which
can significantly improve the actuation characteristics of an EAP @gtuator, and a model of a conically-shaped dielectric EAP
actuator with negative stiffness preload mechanism is foundeijy computing the nonlinear ordinary differential algebraic
equations. the main factors that contribute to the perfortﬁ cd of the conically-shaped dielectric EAP actuator are analyzed.

The voltage-displacement curves and principal strifé\h atio and the distribution of principal stress in the membrane under dif-
ferent voltages are obtained. At the same t|rﬁ>&f theﬂorce -displacement curve of the EAP actuator with voltage on or off is al-
so derived. Finally, factors contributin to“\(}g ﬁewatlon between theoretical analysis and experimental results are listed.

The results show that the proposed m el\can guide the design and application of conicalIy-shap{&gielectric EAP actuators.

&\
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Key words: negative stiffnei\g%ectrlc EAP; preload mechnism; actuator; electr@\e\c\l\arical coupling
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