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Most conventional mechanisms are driven by actuators requiring gears, 
bearings, and other complex components. 

Emulating biological muscles can enable various novel manipulation 
capabilities that are impossible today. 

Electroactive polymers (EAP) are emerging with capability that can mimic 
muscles to actuate biologically inspired mechanisms. 

EAP are resilient, fracture tolerant, noiseless actuators that can be made 
miniature, low mass, inexpensive and cons me low power. 

EAP can potentially be used to construct 3-D systems, such as robotics, 
which can be imagined today as science fiction. 



EAC SMlA 
43% short 
fatigue life 

Actuation strain 

30-40 about 700 Force ( m a )  
Reaction speed sec to min psec to sec 

I Density 5 -6g /cc  6-8 ~ / C C  
50 - 800 V NA Drive voltage 

I Consumed Power* watts 
I Fracture tourrhness fragile elastic 

U 

* Note: Power values are compared for documented devices driven 
by such actuators. 



Roentgen [1880] is credited for the first experiment with EAP electro- 
activating: rubber-band to move a cantilever with mass attached to the 

U 

free-end 
Sacerdote [ 18991 
field activation 

formulated the strain response of polymers to electric 

Eguchi [ 19251 discovery of electrets* marks the first developed EAP 
- Obtained when carnauba wax, rosin and beeswax are solidified by cooling while 

subjected to DC bias field. 

Another important milestone is Kawai [1969] observation of a 
substantial piezoelectric activity in PVF2. 
- PVF2 films were applied as sensors, miniature actuators and speakers. 

Since the early 70’s the list of new EAP materials has grown 
considerably, but the most progress was made after 1990. 

* Electrets are dielectric materials that can store charges for long times and produce field variation in reaction to pressure. 
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Insects were used by various researchers (e.g., University of Tokyo, 
Japan) as locomotives to carry backpack of wireless electronics. 

EAP offers the potential of making insect-like robot to replace the 
“real thing”. 

Cricket 

Reference: http:llwww.leopard.t.u-tokyO.ac.jp/ 

Spider Cockroach 

http:llwww.leopard.t.u-tokyO.ac.jp


Photoelastic force platform is used at 
Berkeley to study insect walk ng 
mechanism. 

U /Polarizing filter 
I ,.A- 

* Robert Full, Berkeley U. 
Ref: http://rjf2.biol.berkeley.edu/Full~Lab/FL~Publications/PB~Posters/94ASZ~Tuming/94ASZ~Tuming.ht~l 



Conductive and Photonic Polymers 

Smart Structures and Materials 

Deform ble Polvmers 
J 

cally Activated 

le Structures 
Shape Memory Polymers 

Light Activated Polymers 
Magnetically Activated Polymers 
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ELECTRONIC EAP 
Dielectric EAP 
Electrostrictive Graft Elastomers 
Electrostrictive Paper 
Electro-Viscoelastic E 
Ferroe ectric Polymers 
Liquid Crystal Elastomers (LCE) 

IONIC EAP 
Carbon Nanotubes (CNT) 
Conductive Polymers (CP) 
ElectroRheological Fluids (ERF') 
Ionic Polymer Gels (IPG) 
Ionic Polymer Metallic Composite (IPMC) 



Voltage Off 





Electronic EAP 

Ionic EAP 

m Can operate in room conditions for 
a long time 
Rapid response (mSec 
Can hold strain under DC activation 
Induces relatively large actuation 
forces 

m 

Large bending displacements 
Provides mostly bending actuation 
(longitudinal mechanisms can be 
constructed) 
Requires low voltage 

Requires high voltages (-1SOV/pm) . Requires compromise between strain 

. Glass transition temperature is 
and stress 

inadequate for low temperature 
actuation tasks 

Except for CPs, ionic EAPs do not 
hold strain under DC voltage 
Slow response (fraction of a second) 
Bending EAPs induce a relatively low 
actuation force 
Except for CPs, it is difficult to 
produce a consistent material 
(particularly IPMC) 
In aqueous systems the material 
sustains hydrolysis at > I  .23-V 

. 
m 



Computational chemistry 
may lead to material design 
tools using comprehensive 
modeling to methodically 
synthesize effective new 
EAPs 

(NAS A-LaRC) 



Different methods of characterization are needed for the 
various types of EAP. 

Efforts a e underway to develop a database that allows 
comparing with properties of other actuators 





Electro-Rheological Fluid at reference (left) and 
activated states (right). [Smart Technology Ltd, UK] 



Mechanisms 
- Lenses with controlled configuration 
- Mechanical Lock 
- Noise reduction 
- Flight control surfaces/Jet flow control 
- Anti G-Suit 
Robotics, Toys and Animatronics 
- Biologically -inspir ed Rob0 t s 
- Toys and Animatronics 

- Haptic interfaces 
- Tactile interfaces 
- Orientation indicator 

Human-Machine Interfaces 

Medical Applications 
- EAP for Biological Muscle 

Augmentation or Replacement 
- Miniature in-Vivo EAP Robots for 

Diagnostics and Microsurgery 
- Catheter Steering Mechanism 
- Tissues Growth Engineering 
- Interfacing Neuron to Electronic 

- Active Bandage 
Devices Using EAP 

Liquid and Gases Flow Control 

Controlled Weaving 
- Smart flight/diving Suits - Garrnent and Clothing 
- Artificial Nose 
- Braille display (for Blind Persons) 

MEMS 

Planetary Applications EM Polymer Sensors &Transducers 
- Sensor cleanedwiper 
- Shape control of gossamer structures 



Interfacing human and machine to complement or 
substitute our senses would enable important 
medical applications. 

Researchers at Duke U. connected electrodes to a 
brain of a money and were able to control a robotic 
arm. This breakthrough opens the possibility that 
the human brain would be able to operate 
prosthetics that are driven by EAP. 

Feedback is re ired to “feel” the environment 
around the artificial limbs. Currently, researchers 
are developing tactile sensors, haptic devices, and 
other interfaces. Active Braille Display 
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MMARY 
Artificial technologies (AI, AM, and othe s) for making biologically 
inspired devices and instruments are increasingly being commercialized. 

Materials that resemble human and animals are widely used by movie 
industry and animatronics have advanced to become powerful tools. 

Electroactive polymers are human made actuators that are the closest to 
resemble biological muscle potentially enabling unique robotic 
capabilities. 

Technology has advanced to the level that biologically inspired robots 
are taking increasing role making science fiction ideas closer to an 
engineering reality. 




