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电活性聚合物薄膜柔性结构的动态特性分析与实验
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摘要： 针对用电活性聚合物(EAP)薄膜制造柔性智能器件提出的理论模型和性能要求,采用一种铁电高分子聚合物薄膜制作了柔性结构器件,建
立了它的动力学方程、振动行为模型及其机电性能描述。研究了预张力-抗弯刚度、驱动电压、器件几何参数对柔性薄膜器件性能的影响。提出

了柔性薄膜器件在预张力和抗弯刚度共同作用下的振动行为模型及其特征化描述,用数值模拟和有限元仿真研究了杨氏模量及预张力-刚度比对

柔性薄膜结构振动行为的影响,基于有限元模型与激光多普勒技术模拟和实测了EAP薄膜柔性结构的模态振型。此外,基于压电激励-激光拾振方

法研究了驱动电压及器件几何尺寸对EAP薄膜柔性结构动态响应特性的影响。实验结果验证了激光多普勒技术用于EAP薄膜智能器件测试的有

效性,揭示了EAP薄膜柔性结构器件的工作机理及动态性能,1 V驱动电压可产生精密位移21.6 nm。本文为研究EAP薄膜器件提供了理论基础和

实验依据。

关键词： 电活性聚合物   薄膜器件   动态特性   柔性结构   激光多普勒技术   

Dynamic characteristic analysis and experiments of flexible structure based on electroactive polymer 
film
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Abstract: According to the theory model and property requirements proposed by Electroactive Polymer (EAP) film-
based flexible and intelligent devices, a flexible structure device was fabricated using a ferroelectric polymeric film, the 
corresponding kinetic equation,vibration behavior model, and electromechanical property description for the flexible 
device were established, and the influence of pretension-bending rigidity, driving voltage and geometric parameters on 
the properties of the flexible device was investigated. The vibration behavior model and characteristic description for 
the flexible film device under the coupling effects of pretension-bending rigidity were presented, the influence of 
Young's modulus and pretension-rigidity ratio on the vibration behavior of flexible film device was illustrated through 
combing numerical analysis with finite element simulation, and then the mode shape of the EAP film-based flexible 
structure was simulated and measured by using the Finite Element Model (FEM) and laser Doppler technique. 
Furthermore, dynamic response characteristics of EAP film-based flexible structure versus the driving voltage and 
geometric parameters were indicated by a combined approach of piezoelectric excitation and laser vibrometer 
measurement. The research results demonstrate the validity of laser Doppler technique employed in the property test 
on the EAP film-based flexible and intelligent film devices, illustrate its the working mechanism and dynamic properties. 
and show the precision displacement to be 21.6 nm under a driving voltage of 1 V. This work can provide theoretic 
foundation and experimental supports for EAP-based flexible devices.

Keywords: electroactive polymer   film device   dynamic characteristic   flexible structure   laser Doppler technique   

收稿日期 2012-08-24 修回日期 2012-09-25 网络版发布日期  

基金项目: 

国家自然科学基金资助项目(No.51205414);山东省优秀中青年科学家科研奖励基金资助项目(No.BS2012DX044);中央高校基本科研业务

费专项资金资助项目(No.12CX04065A) 

通讯作者: 张冬至

作者简介: 张冬至 (1981-),男,山东聊城人,博士,讲师,2004年于山东理工大学获得学士学位,2007年于中国石油大学(华东)获得硕士学

位,2011年于华南理工大学获得博士学位,主要从事动态测试技术与仪器、微机电系统(MEMS)与微纳传感器等方面的研究。E-
mail:dzzhang@upc.edu.cn 
作者Email: dzzhang@upc.edu.cn 

参考文献：

[1] 陈明, 林桂娟, 宋德朝. 基于电活性聚合物的微型发电机研究[J]. 光学精密工程, 2010,18(11):2413-2420. CHEN M, LIN G J, SONG 
D CH. Micro-power generator on dielectric electro active polymer [J]. Opt. Precision Eng., 2010,18(11):2413-2420. (in 
Chinese) [2] 林桂娟, 宋德朝, 陈明, 等. 电活性聚合物的力学性能及发电应用[J]. 同济大学学报(自然科学版), 2011, 39(6):908-913. LIN 
G J, SONG D CH, CHEN M, et al.. Mechanical property and power generation application research on dielectric electro 
active polymer [J]. Journal of Tongji University (Natural Science), 2011,39(6):908-913. (in Chinese) [3] KWANGMOK J, 
KWANG J K, HYOUK R C. A self-sensing dielectric elastomer actuator[J]. Sensors and Actuators A: Physical, 2008, 143
(2):343-351. [4] KOVACS G,LOCHMATTER P,WISSLER M.An arm wrestling robot driven by dielectric elastomer actuators
[J].Smart Materials and Structures, 2007,16(2):S306-S317. [5] BROCHU P, PEI Q. Advances in dielectric elastomers for 
actuators and artificial muscles [J]. Macromolecular Rapid Communications, 2010,31(1):10-36. [6] BAR-COHEN Y. 
Electroactive polymer (EAP) actuators for future humanlike robots. Proc. of the Electroactive Polymer Actuators and 
Devices (EAPAD),2009,San Diego,7287:728703-1-6. [7] RATHOD V T, MAHAPATRA D R, JAIN A, et al.. Characterization of a 



large-area PVDF thin film for electro-mechanical and ultrasonic sensing applications [J]. Sensors and Actuators A: 
Physical, 2010,163(1):164-171. [8] BENSLIMANE M Y, KIIL H E, TRYSON M J. Dielectric electro-active polymer push 
actuators: performance and challenges [J]. Polymer International, 2010,59(3):415-421. [9] KOVACS G, D RING L. 
Contractive tension force stack actuator based on soft dielectric EAP. Proc. of the Electroactive Polymer Actuators and 
Devices (EAPAD) 2009, San Diego,7287:72870A1-15. [10] ANDERSON I A, CALIUS E P, GISBY T, et al.. A dielectric 
elastomer actuator thin membrane rotary motor. Proc. of the Electroactive Polymer Actuators and Devices (EAPAD) 
2009,San Diego,7287:72871H-1-10. [11] CARPI F, FREDIANI G., DE R D. Dielectric elastomer actuators with hydrostatic 
coupling. Proc. of the Elect roact ive Polymer Actuators and Devices (EAPAD) 2009,San Diego,7287:72870D-1-8. [12] 
FLITTNER K, LOTZ P, MATYSEK M, et al.. Integrated gasvalve array using dielectric elastomer actuators. Proc. of the 
Electroactive Polymer Actuators and Devices (EAPAD) 2009,San Diego,7287:72872C-1-7. [13] LOTZ P, MATYSEK M, 
SCHLAAK H F. Peristaltic pump made of dielectric elastomer actuators. Proc. of the Electroactive Polymer Actuators and 
Devices (EAPAD) 2009,San Diego,7287:72872D-1-8. [14] 夏冬梅, 庞宣明, 陈晓南, 等. 电致动聚合物驱动的无阀微泵的设计与制作

[J]. 西安交通大学学报, 2009, 43(7):92-95. XIA D M, PANG X M, CHEN X N, et al.. Design and fabrication for valveless 
micropump driven by dielectric elastomer [J]. Journal of Xi'an Jiaotong University, 2009, 43(7):92-95. (in Chinese) [15] 景
素芳, 庞宣明, 陈晓南. 电致动聚合物致动器的动态响应研究[J]. 西安交通大学学报, 2009, 43(11): 47-50. JING S F, PANG X M, CHEN X 
N. Investigation for dynamic response of electroactive polymer actuator [J]. Journal of Xi'an Jiaotong University, 2009, 43
(11):47-50. (in Chinese) [16] 张一超, 祁新梅, 郑寿森. 智能材料DE驱动的两态串并联机器人系统的运动特性[J]. 机器人, 2010, 32
(6):749-753. ZHANG Y CH, QI X M, ZHENG SH S. Kinematic characteristics of smart material DE actuated binary serial-
parallel robot system [J]. Robot, 2010, 32(6):749-753. (in Chinese) [17] WAH T. Vibration of circular plates [J]. Journal of 
the Acoustical Society of America, 1962,34(3):275-281. [18] PELRINE R, KORNBLUH R, PEI Q, et al.. High-speed 
electrically actuated elastomers with strain greater than 100% [J]. Science, 2000, 287(5454):836-839. [19] WISSLER M, 
MAZZA E. Modeling and simulation of dielectric elastomer actuators [J]. Smart Materials Structures, 2005(14):1396-
1402.
本刊中的类似文章

1．朱晓锦, 蒋丽娜, 孙冰, 张合生, 易金聪.基于B样条拟合的光纤光栅机敏柔性结构形态重构[J]. 光学精密工程, 2011,19(7): 1627-1634

2．陈明, 林桂娟, 宋德朝.电活性聚合物微型发电机[J]. 光学精密工程, 2010,18(11): 2413-2420

3．佘东生, 王晓东, 张习文, 王立鼎.低温环境下MEMS微构件的动态特性及测试系统[J]. 光学精密工程, 2010,18(10): 2178-2184

4．陈治.基于块匹配的MEMS平面纳米精度运动测量[J]. 光学精密工程, 2008,16(3): 505-510

5．张布卿;马建设;潘龙法;汝继刚.用有限元和灵敏度分析法改善 光学头力矩器高频动态特性[J]. 光学精密工程, 2007,15(7): 1002-1008

6．赵宏伟;吴博达;华顺明;杨志刚;程光明;曲兴田.尺蠖型压电直线驱动器的动态特性[J]. 光学精密工程, 2007,15(6): 873-877

7．许晓慧;鲁 健;朱龙洋;褚家如.基于激光多普勒技术的PZT薄膜压电性能测试研究[J]. 光学精密工程, 2005,13(6): 658-663

8．贾宏光, 吴一辉, 于振雷, 王立鼎.压电驱动微位移工作台动态特性分析[J]. 光学精密工程, 2000,8(5): 440-443

9．单宝忠, 武克用, 卢锷.弹性基体对光学仪器动态特性的影响[J]. 光学精密工程, 1997,5(6): 59-63

10．陈杰, 严义损.全固态电致变色薄膜器件的研制[J]. 光学精密工程, 1996,4(5): 48-54

11．张二星.微型机械运动参数测试仪光学机械系统研究[J]. 光学精密工程, 1996,4(2): 48-52

Copyright by 光学精密工程


