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Calculate force exerted on free plate by fixed
plate

Force Is the gradient of potential so
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Comparison of Actuators

Mechanical Transducers

Type of Actuator S(lt\lﬁf:) St(l:;:i)n S}{rili:: [i(:x‘:iet; Effici‘;)ncy
(Hz) | (Wikg)
fg)fr‘l’gg;tg)‘c (macroscopic 004 | >10 | >1 | >10 >20
Cardiac Muscle (human) 0.1 > 40 4 > 100 > 35
e, [ o [ e [os | w
Skeletal Muscle (human) 0.35 > 40 5 > 100 > 35
Polymer (polyaniline) 180 >2 > 1 > 1,000 > 30
Piezoelectric Polymer (PVDF) 3 0.1 >1 > 100 <1
Piezoelectric Ceramic 35 0.09 > 10 > 1,000 > 30
Magnetostrictive (Terfenol-D) 70 0.2 1 > 1,000 <30
s ooy Alloy (NITE 15200 | >3 30| >1000 | >3
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Table of linear actuator materials. After Hunter and Lafontaine (1992). The
authors noted that the values provided did not always represent optimal materials,
as development is active in many of these categories and that the power needed for
accessory systems, such as cooling, were not included in the calculations.

Micro/Nanoscale Physical Processes



Electrostatics Scaling

Energy Storage Force Generation
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.3 * BEven bigger gains possible with very small gaps
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Electrostatic Cantilever
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lllustration of an electrostatically deflected cantilever structure showing variable
definitions for analysis. After Petersen (1978a).

o cantilever suspended above substrate
forming parallel plate capacitor in a vacuum

 Analysis requires Euler-Bernoulli Beam
Flexure Formula and electrostatics

Petersen, K.E., “Dynamic Micromechanics on Silicon: Techniques and Devices,”
IEEE Trans. On Electron Devices, vol. ED-25, no. 10, Oct. 1978, p. 1241-1250.
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Spring/electrode model
F = K(RX-Z)
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