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Abstract
Natural muscles are the drivers of animal locomotion, tunable vision and hearing while simultaneously being sensors for many physical parameters. This multifunctionality of lightweight and silent natural muscles is in contrary to electric motor or servo which is bulky, heavy, and cluttering while powering robotics system.  This motivates the recent research and development of artificial muscles   based on electroactive polymer actuators.   The needs of muscles-like actuator have recently spurred re-invention of Mckibben-like soft actuator based on pneumatic and hydraulic systems, and invention of smart polymeric materials for artificial muscles, which were published in Science and Nature.  Inspired by biological systems, my research group has been investigating the use of passive materials to make electro-active actuators to deliver multi-physical functions. We have developed some novel actuation principles: 1) powerful thermal micro-actuators, and 2) dielectric elastomer actuators, in addition to 3) spring-assisted electric motor. First, the thermal micro-actuators are powerful and fast to drive micro-positioning system in hard disk drive and smartphone camera autofocus, in replacement for a more conventional piezoelectric actuator or a voice coil motor. Second, we applied dielectric elastomer actuator to drive various bio-innspired applications, which include  bionic fingers for nimble gripping, a tunable lens for variable focus, a  smart window for transparency switching and broad-band sound absorption. Last but not least, we added spring to electric motor to improve the flight efficiency of flapping wings rivalling against a propeller. 
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