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Abstract: This paper focuses on the electromechanical conversion mechanism, energy losses and drive
efficiencies of cylindrical actuators based on Dielectric Electroactive Polymer (DEAP). A electrome-
chanical energy conversion model was established, the parameters for the equivalent circuit model of
an actuator were measured and calculated through experiments, and the influence of the some factors
such as electrode materials on the relative dielectric constant of the DEAP were analyzed. The current

leakage loss of the actuator was studied, and the effect of the current leakage loss on the performance
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of the actuator was verified through experiments. Finally, a test bench for the actuator was designed

for fulfilling the quasi-static actuation experiments of different strokes, and the driving efficiency of

the actuator was calculated through numerical method. The results show that the electromechanical

energy conversion efficiency is about 17. 6% and 25. 6% because the equivalent capacitor of the circuit

is not involved in energy convertion. Moreover, the discrepancy between the experiment and the theo-

retical analysis is less than 15% when the actuator is drived by a low voltage and a short stroke, but

the efficiency will be changed obviously when it is drived by a high voltage and a large stroke owing to

the nonlinear factors such as the current leakage of DEAP membrane. These analyses offer a guidance

for the optimal design and correct operation of DEAP cylindrical actuators.

Key words: dielectric electroactive polymer; electromechanical conversion;cylindrical actuator; actua-

tion efficiency; current leakage
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Fig. 1 Cylindrical actuator and its working principle
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Tab. 4 Test parameters of cylindrical actuator
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Tab.5 Comparison of calculated and experimental actuation efficiency
5iH 1 R 2

A R W2 THEAH I H W2
Wieeh (N mm) 5.77 6.61 14. 56 16. 18 17. 49 8.10
Wi (m]) 1.45X10°° / / 5.54x10°7 / /
W (m]) 15.06 / / 26. 85 / /
W ek (m]) 2. 65 / / 9. 40 / /
Wi (N * mm) / / / / / /
Weiee (m]) 32.78 32.81 0. 09 63. 14 131.95 108. 98
77C,m(%) 17.61 20.15 14. 42 25. 64 13. 26 —48. 3
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