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Fig. 1 Schematic diagram of deformation of dielectric elastomer film
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Fig. 2 Deformation state of a dielectric elastomer film
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Tab.1 Pre-stretch ratios of the actuator units

A Z A (A d0)
6 3,3 2,4 4,2
7 245 5.2
8 4,4 2,6 6,2
10 545 4,6 6.4
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Fig.4 (a) elastic frame; (b) schematic diagram
of a soft actuator unit
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(¢) actuator unit in electric on status
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An energy ratio method for determining the
moving efficiency of a soft actuator unit

RUAN Hongbo, QU Chuan, QIU Wei, HOU Zhende

(School of Mechanical Engineering, Tianjin University, Tianjin 300354, China)

Abstract: Dielectric elastomer is an electroactive flexible material that can be used to develop soft
actuators, for it can change its area and thickness under the action of an electric field. An energy ratio
method of Hyperelastic Materials is proposed in this paper in order to determine the optimized stretch
ratios of the elastomer film and then design a soft actuator unit capable of moving with a maximum
step. Based on Gent and neo-Hookean models, the obtained expressions of the energy ratios are single
ridge 3D surface in a three-dimensional coordinate system with two mutually perpendicular pre-stretch
ratios axes for positions. It is found that the maximum energy ratio is at the top ridge with the two
stretch ratios being equal when the sum of the two ratios is constant. Moving steps of some soft
actuator units with different pre-stretch ratios are obtained through experiments. The results show
that the greater the energy ratios are the greater the moving step of the actuator unit. Not only that,
the closer the pre-stretch ratios are to the ridge the greater the moving step of the actuator unit is and
vice versa. The experimental results are very consistent with the energy ratio distribution
characteristics of the method proposed, which demonstrates the effectiveness of the method. The
energy ratio can provide design reference for high efficiency of soft dielectric elastomer actuator unit.

Keywords: dielectric elastomer; pre-stretch ratio; soft actuator unit; energy ratio



