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E 1. Comparison of actuator technologies.

Max Max | Max | Max Relative
Actuator Type | Pres— | Energy | Effi- | Specific | Speed
o Strain | )
(specific example) ) sure | Density | ciency | Density |  (full
(MPa) [ (J/em) | (%) cycle)
Electrostrictive
Polymer Artificial
Muscle
Silicone 32 1 0.21 | 0.034 | 90 1 Fast

Polyurethane 11 1.9 1 010 | 80 1 Fast

Electrostatic Devices
(Integrated Force 50 | 0.03 {0.0015| >90 1 Fast
Array)

Electromagnetic

5 >
(Voice Coil) 501 0101 0.025 | >9%0 8 Fast

Piezoelectric
Ceramic PZT 0.2 | 110 | 0.10 | >90 7.7 Fast
Polymer (PVDF) 0.1 | 48 [0.0024] 90 1.8 Fast

Shape Memory o i - _
Alloy (NiTi) >5 |>200 >5 | <10 | 65 | Slow

Shape Memory
Polymer 100 4 2 <10 1 Slow
(Polyurethane)

Thermal

Expansion* L | 78 [ 04 | <10 27 | Slow

Electrochemo—
mechanical
Conducting Polymer
(Polyaniline)

10 [ 450 | 23 | <1%| ~1 Slow

Mechano—chemical
Polymer/Gels >40 | 0.3 | 0.06 | 30 ~1 Slow
(poly—electrolyte)

Magnetostrictive
(Terfenol=D, Etrema

2 .
Products) 0. 70 1 0.025 | 60 9 Fast

Natural Muscle ‘
(Human Skeletal) >401 035 ] 0.07 | >35 1 Slow

Note) * &FwH, 500C &% ¥}

oh;} 7].7(} o]/&-x%o

HE (stroke)9t 3
(force £ Ed) o7 ﬂZ‘OV]X]”& g A
i]sz] A]—&Oi o} £r, WS Fo] gl
L R = e

719 @A s vag A, v 54

o7 oA WX (energy density, ©5-3
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H 2. Comparison of piezoelectric materials.
) PZT | PZT

Material G1195|c1278 PVDF
Curie temperature (C) 360 | 190 | 100
Electric field Emx kVm™) | 600 | 600 |40000
s (pmV™) 190 | 250 | 23
Modulus  (GPa) 63 60 2
Effectiveness (x 107 40 51 16
Effectiveness/field (pmV ™) 67 85 | 0.39

Note) dsz =2.5ds1

o714 Evst Ec= W 2 SHA g
Agoln 4,9t t= 7 A8 FrAolt
E 20 v gl FHEES
E, =70 GPa%l 79 gholth. whoF 7H&A <)
o] Agtslo] qtpd 2 A dd A A
Fag gholm o] #hE HW Ay 1
AR R o a&Aolth PZT Aty
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T8 3. Cross—sectional micrographs of composite laminates showing the effect of embedded optical
fibers: (a) optical fiber embedded parallel to the reinforcement in unidirectional composites; (b) optical
fiber embedded transversely to the reinforcement in unidirectional composites; (c) optical fiber
embedded transversely to the reinforcement in a [0/90] cross—ply laminates; (d) optical fiber
embedded transversely to the reinforcement in a [0/90] cross—ply laminates (using the smaller diameter
of cladding and coating materials than (a) — (c)).
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