
A Variable Stiffness Artificial Muscle Material 
for Soft Robotics

Erin Askounis, Zhixin Xie, Yu Qiu, Zihang Peng, Alex Goldsberry, Qibing Pei
Department of Materials Science and Engineering, UCLA

Soft Dielectric 
Elastomer Actuation 

(DEA)

Polymer film
Voltage off

Compliant electrodes 
(on top and bottom surfaces)

V

Voltage on
- - - - - - - - - - -
+ + + + + + + + + + +

Stiff BSEP 
polymer film

Compliant 
electrodes

V

Softened 
polymer film

T > Tm

Voltage 
ON

T < Tm

T > Tm

Stiff polymer 
film

A B

CD

Voltage 
OFF

Bistable Electroactive 
Polymer (BSEP) 

combining SMP and 
DEA funtionalities



Bistable Electroactive Polymer (BSEP) 
Phase Transition is tunable and narrow Rubbery elasticity above transition T

o Maximum strain: 70%
o EB=127MV/m
o P=0.53MPa
o Energy density: 0.14 J/cm3
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Bistable Electroactive Polymer (BSEP) 

As-polymerized spiral film Temporary shape Shape recovery along 
a heated tube 

Excellent shape 
memory property



Compliant Heating Electrode 
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Reversible Adhesion



BSEP Dexterous Manipulator
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