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(57) ABSTRACT

A hybrid electromechanical actuator has two different types
of electromechanical elements, one that expands in a trans-
verse direction when electric power is applied thereto and one
that contracts in a transverse direction when electric power is
applied thereto. The two electromechanical elements are (i)
disposed in relation to one another such that the transverse
directions thereof are parallel to one another, and (ii)
mechanically coupled to one another at least at two opposing
edges thereof. Electric power is applied simultaneously to the
elements.
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HYBRID ELETROMECHANICAL ACTUATOR
AND ACTUATION SYSTEM

ORIGIN OF THE INVENTION

The invention described herein was made in part by an
employee of the United States Government and may be
manufactured and used by and for the Government of the
United States for governmental purposes without the pay-
ment of any royalties thereon or therefore.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to electromechanical actuators.
More specifically, the invention is a hybrid electromechanical
actuator and actuation system in which two different types of
electromechanical elements are coupled together.

2. Description of the Related Art

Electromechanical devices made from electroactive mate-
rials are widely used in a variety of technologies to include
precision mechanical systems, optical devices, drug delivery
systems, underwater navigation systems, microphones, and
aerospace applications (e.g., active noise vibration control,
aerodynamic control and surveillance). Electroactive materi-
als, to include electroactive polymers, ceramics and compos-
ites, have been developed for use in such electromechanical
devices. The two key issues that arise in the development of an
electromechanical device using one of these materials are (i)
performance enhancement in terms of electric-field induced
mechanical motion and power, and (ii) reduction in the
energy required to drive the device. Currently, research has
focused on the development of an electroactive material that
offers the desired electromechanical properties for the par-
ticular application and/or reduces the power consumption of
the material for the particular application.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide an electromechanical actuator that offers improved
electromechanical performance while also providing
improved power consumption efficiency.

Another object of the present invention is to provide a high
performance, high efficiency electromechanical actuation
system.

Other objects and advantages of the present invention will
become more obvious hereinafter in the specification and
drawings.

In accordance with the present invention, a hybrid electro-
mechanical actuator and actuation system utilize two differ-
ent types of electromechanical elements. A first electrome-
chanical element includes a first electromechanically active
component that expands in a transverse direction when elec-
tric power is applied thereto. A second electromechanical
element includes a second electromechanically active com-
ponent that contracts in a transverse direction when electric
power is applied thereto. The first and second electrome-
chanical elements are (i) disposed in relation to one another
such that the transverse directions thereof are parallel to one
another, and (ii) mechanically coupled to one another at least
at two opposing edges thereof. To complete the actuation
system, an electric power source is coupled to the first and
second electromechanically active components and simulta-
neously applies electric power thereto.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the present
invention will become apparent upon reference to the follow-
ing description of the preferred embodiments and to the draw-
ings, wherein corresponding reference characters indicate
corresponding parts throughout the several views of the draw-
ings and wherein:

FIG. 1 is a block diagram of a one-direction electrome-
chanical actuation system in accordance with the present
invention;

FIG. 2A is a schematic view of the expanding electrome-
chanical element shown in isolation illustrating an electric
field in direction 3 that brings about expansion in the trans-
verse direction 1;

FIG. 2B is a schematic view of the contracting electrome-
chanical element shown in isolation illustrating an electric
field in direction 3 that brings about contraction in the trans-
verse direction 1;

FIG. 3 is a schematic view of the actuation response of the
one-direction system shown in FIG. 1;

FIG. 4 is a side view of an embodiment of a one-direction
electromechanical element in accordance with the present
invention;

FIG. 5 is a plan view of the element taken along line 5-5 in
FIG. 4,

FIG. 6 is a block diagram of a two-direction electrome-
chanical actuation system in accordance with the present
invention;

FIG. 7 is a side view of an embodiment of a two-direction
electromechanical element in accordance with the present
invention; and

FIG. 8 is a schematic view of the actuation response of the
one-direction system shown in FIG. 6.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to the drawings, and more particularly to
FIG. 1, a one-direction electromechanical actuation system is
shown and is referenced generally by numeral 10. System 10
is illustrated generally and will be used to describe the novelty
and operating principles of the present invention. However, it
is to be understood that the particular size, shape, construc-
tion details, and application of an actual actuation system can
be varied without departing from the scope of the present
invention. For example, the actuation system can be designed
in various shapes, including but not limited to rectangular,
circular, square, and oval.

Electromechanical actuation system 10 utilizes a hybrid
electromechanical actuator 12 constructed from two different
types of electromechanical elements. In general, the two dif-
ferent types of electromechanical elements cooperate to gen-
erate mechanical motion and power that exceeds that of either
of the individual elements when the elements (in the hybrid
actuator, configuration) have electric power simultaneously
applied thereto.

Hybrid actuator 12 mechanically couples an expanding
electromechanical element (EEE) 120 and a contracting elec-
tromechanical element (CEE) 122 using mechanical cou-
plings (“MC”) 124. A single power source 14 is used to
simultaneously apply electric power to each of elements 120
and 122. Depending on the configuration/construction of ele-
ments 120 and 122 and/or application of system 10, the same
ordifferent levels of electric power can be applied to elements
120 and 122. The requisite levels of electric power can be
regulated by conditioning electronics 16 and 18 respectively
coupled between power source 14 and elements 120 and 122.
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The operating principles of the present invention will now
be explained with reference to FIGS. 2A, 2B and 3. In FIG.
2A, when electric power is applied to EEE 120 such that the
electric field developed therein is along direction 3, EEE 120
experiences expansion in what is known as the transverse
direction (i.e., direction 1) as indicated by arrows 121. Con-
versely, in FIG. 2B, when electric power is applied to CEE
122 such that the electric field developed therein is along
direction 3, CEE 122 experiences contraction in the trans-
verse direction (i.e., direction 1) as indicated by arrows 123.
The present invention utilizes the opposing transverse-direc-
tion expansion and contraction reactions. Specifically, EEE
120 and CEE 122 are mechanically coupled to each other at
opposing edges thereof using mechanical couplings 124 such
that the transverse directions of each element are parallel with
one another and such that there is an unbound region 126
between elements 120 and 122. Unbound region 126 can be
realized by either an unbound interface/contact between ele-
ments 12 and 122 or a physical gap between elements 120 and
122 except for,the locations of mechanical couplings 124. As
a result of this construction, when electric power is applied
simultaneously to EEE 120 and CEE 122 (as part of system
10), EEE 120 expands (illustrated by arrows 121) while CEE
122 contracts (illustrated by arrows 123) to generate
enhanced displacement (FIG. 3) in the direction perpendicu-
lar to the parallel transverse directions of the elements.

To generate the requisite expansion or contraction, each of
elements 120 and 122 utilizes an electromechanically active
component. By way of example, one possible construction of
hybrid actuator 12 in FIG. 1 is shown in FIGS. 4 and 5 where
EEE 120 and CEE 122 are mechanically-coupled at their
opposing edges by couplings 124. Such mechanical coupling
can be accomplished using adhesive or any other bonding
technique known in the art.

EEE 120 can be made from one or more layers 120A of
electroactive polymers having electrodes 120B disposed on
opposing planar surfaces thereof. Layer(s) 120A define a
thickness t,,, that can be optimized to provide a specific
electromechanical contribution (i.e., expansion) for a specific
voltage V applied thereto since the electric field E developed
across thickness t, 5, is equal to V/t, 5. The opposing planar
surfaces of layer(s) 120A define the transverse direction of
layer(s) 120A. Typically, electrodes 120B are slightly smaller
in size than the planar surface are oflayer(s) 120A in order to
avoid the build up of space charges as would be well under-
stood in the art. The electroactive polymers can be piezoelec-
tric polymers or electrostrictive polymers. Suitable piezo-
electric polymers include-but are not limited to poly
(vinylidene fluoride) (PVDF or PVDF,), poly(vinylidene
fluoride-trifluoroethylene) copolymers, piezoelectric nylons,
and other piezoelectric polymers, copolymers and polymeric
composites. Suitable electrostrictive polymers include but are
not limited to irradiated PVDF or PVDF, poly(vinylidene
fluoride-trifluoroethylene)copolymers, polyurethane elas-
tomers, dielectric elastomers, dielectrostrictive elastomers,
graft elastomers, terpolymers, and other polymers and poly-
meric composites.

CEE 122 can be made from one or more layers 122A of
electroactive ceramics having electrodes 122B disposed on
opposing planar surfaces thereof where these surfaces define
the transverse direction of layer(s) 122A. Layer(s) 122A
define a thickness t,,, that can be optimized to provide a
specific electromechanical contribution (i.e., contraction) for
a specific voltage V applied thereto since the electric field E
developed across thickness t, 5, is equal to V/t 5.

The electroactive ceramics for layer(s) 122A can include
but are not limited to lead zirconate titanate (PZT), barium

20

25

30

35

40

45

50

55

60

65

4

titanate ceramics, single-crystal barium, lead magnesium nio-
bate-lead titanate ceramics (PMN-xPT), single-crystal lead-
zine, single-crystal niobate-lead titanate, lead zinc niobate-
lead magnesium niobate-lead titanate ceramics (PZN-PMN-
PT), lead lanthanum zirconate titanate (PLZT), strontium
barium niobate crystal, lithium niobate crystal, lithium tanta-
late, lead barium niobate crystal, and other electroactive
ceramics that contract in a transverse direction thereof in the
presence of an electric field.

The above-described piezoelectric/electrostrictive poly-
mers and electroactive ceramics expand and contract, respec-
tively, isotropically in their transverse planes. Accordingly, it
may be desirable to direct the expansion/contraction prima-
rily along one direction/dimension by appropriately sizing/
shaping the components of the hybrid actuator. For example,
as illustrated in the plan view of FIG. 5, the shapes of layer(s)
120A and electrodes 120B (as well as the shapes of layer(s)
122 A and electrodes 122B which are not visible in F1G. 5) are
elongated and aligned with one another. In this way, expan-
sion of layer(s) 120 A (and simultaneous contraction of layer
(s) 122A) will occur primarily along the axis 20 of the elon-
gate shape. This is because the dimension of the hybrid
actuator’s elements, while in the transverse plane of each of
layer(s)120A and 122 A, are substantially less in the direction
that is perpendicular to axis 20. Thus, in general, the shape
(i.e., the transverse plane) of layer(s) 120A/122A and elec-
trodes 120B/122B can be tailored to define respective pri-
mary directions of expansion and contraction. Mechanical
motion in the present invention is maximized when (i) the
primary directions of expansion and contraction are aligned
with one another, and (ii) the individual electromechanical
elements are mechanically coupled to one another at oppos-
ing edges that are along the aligned primary directions of
expansion and contraction.

For the above-described hybrid actuator and actuation sys-
tem, displacement occurs in a single direction, e.g., up as
illustrated in FIG. 3. However, the present invention is not so
limited. For example, a two-direction actuation system 30 and
its hybrid actuator 32 illustrated in FIGS. 6 and 7, respec-
tively, are capable of simultaneously generating both up and
down mechanical motion. Hybrid actuator 32 consists of two
expanding electromechanical elements (EEE) 320 sand-
wiched about and mechanically coupled (via mechanical cou-
pling 324) to contracting electromechanical element (CEE)
322. As in the one-direction embodiment, EEE’s 320 and
CEE 322 will have electric power applied thereto simulta-
neously by power source 14. Although not shown, power
conditioning electronics could be provided for each indi-
vidual electromechanical element of hybrid actuator 32.

As shown in FIG. 7, each of elements 320 and 322 consists
of an appropriate electromechanically active component
(e.g., layer(s) 320A of piezoelectric or electrostrictive poly-
mers and layer(s) 322A of electroactive ceramics) with elec-
trodes (i.e., electrodes 320B and 322B) disposed on opposing
planar surfaces of the mechanically active component.
Hybrid actuator 32 is constructed such that the transverse
directions of each of elements 320 and 322 are parallel to one
another. Thus, when electric power is simultaneously applied
to (i) both of elements 320, and (ii) element 322, both sets of
layer(s) 320 A expand while layer(s) 322A contract. Through
proper construction techniques and power application, hybrid
actuator 32 generates enhanced displacement in opposing
(e.g., up and down in the illustrated example) directions per-
pendicular to the parallel transverse directions of each elec-
tromechanical element. This is illustrated in FIG. 8 where
arrows 321 indicate expansion in the transverse direction and
arrows 323 indicate contraction in the transverse direction.
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Similar to the one-direction actuation system, mechanical
motion and displacement in two directions is maximized by
(1) aligning the primary directions of expansion and contrac-
tion, and (i) mechanically coupling the individual electrome-
chanical elements (i.e, elements 320 and 322) to one another
at opposing edges thereof that are along the aligned primary
directions of expansion and contraction.

The advantages of the present invention are numerous. The
electroactive hybrid actuator and actuation system demon-
strate a novel approach for utilizing the electromechanical
properties of electroactive polymers and electroactive ceram-
ics to achieve significantly enhanced electromechanical per-
formance. Electromechanical performance is superior to that
of devices using each component individually. The-hybrid
actuator can be used by itself or could serve as the building
block for electromechanical arrays, stack actuation systems,
etc.

As mentioned above, the electric field developed in an
electromechanical element is a function of the active compo-
nent(s) thickness (i.e., E=V/t where E is the electric field, V is
the voltage applied to the electromechanical element, and t is
the thickness of the element’s active component(s)). Thus, the
hybrid actuator’s performance can be optimized by adjusting
the relative thickness of each electroactive component,
adjusting the power distribution to each electroactive compo-
nent, or adjusting both the relative thickness and power dis-
tribution to optimize the performance and efficiency. In this
way, the electromechanical contribution of each element can
be tailored to exacting requirements. Since a wide variety of
electroactive components can be used by the present inven-
tion, each hybrid actuator can be designed to exacting stan-
dards for a particular purpose.

Although the invention has been described relative to a
specific embodiment thereof, there-are numerous variations
and modifications that will be readily apparent to those
skilled in the art in light of the above teachings. For example,
rather than just mechanically coupling the individual electro-
mechanical elements to one another at two opposing edges,
the present invention could be realized by mechanically cou-
pling two individual electromechanical elements at a variety
of points distributed at the peripheral edges thereof or con-
tinuously about the peripheral edges thereof. It is therefore to
be understood that, within the scope of the appended claims,
the invention may be practiced other than as specifically
described.

What is claimed as new and desired to be secured by
Letters Patent of the United States is:

1. An electromechanical actuation system, comprising:

a first electromechanical clement including a first electro-
mechanically active component that expands in a trans-
verse direction when electric power is applied thereto;

a second electromechanical element including a second
electromechanically active component, that contracts in
a transverse direction when electric power is applied
thereto, said first and second electromechanical ele-
ments being (i) disposed in relation to one another such
that said transverse directions thereof are parallel to one
another, and (ii) mechanically coupled to one another at
least at two opposing edges thereof;

wherein said first and second electromechanically active
components will displace in opposing directions simul-
taneously upon application of the same electrical power;
and

an electric power source coupled to said first and second
electromechanically active components for simulta-
neously applying electric power thereto.
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2. An electromechanical actuation system as in claim 1
wherein said first electromechanically active component
comprises at least one layer of an electroactive polymer.

3. An electromechanical actuation system as in claim 2
wherein said electroactive polymer is selected from the group
consisting of piezoelectric polymers and electrostrictive
polymers.

4. An electromechanical actuation system as in claim 1
wherein said second electromechanically active component
comprises at least one layer of an electroactive ceramic.

5. An electromechanical actuation system as in claim 1
further comprising a third electromechanical element includ-
ing a third electromechanically active component that
expands in a transverse direction when electric power is
applied thereto, said third electromechanical element being
(1) disposed in relation to said first and second electrome-
chanical elements such that said transverse directions thereof
are parallel to one another, and (ii) mechanically coupled to
said second electromechanical element at least at two oppos-
ing edges thereof that are aligned with said two opposing
edges of said first and second electromechanical elements
wherein said second electromechanical element is sand-
wiched between said first and third electromechanical ele-
ments, said electric power source further coupled to said third
electromechanically active component for simultaneously
applying electric power to said first, second and third electro-
mechanically active components.

6. An electromechanical actuation system as in claim 1
wherein said first electromechanically active component is
defined by a first thickness extending perpendicular to said
transverse direction of said first electromechanical element
and wherein said second electromechanically active compo-
nentis defined by a second thickness extending perpendicular
to said transverse direction of said second electromechanical
element, said first thickness governing expansion of said first
electromechanical element for a given level of electric power
applied thereto, and said second thickness governing contrac-
tion of said second electromechanical element for a given
level of electric power applied thereto.

7. An electromechanical actuation system as in claim 1
having a shape selected from the group consisting of rectan-
gular, circular, square, oval, and variations thereof.

8. An electromechanical actuator, comprising:

a first electromechanical element including a first electro-
mechanically active component that expands in a trans-
verse direction when electric power is applied thereto;
and

a second electromechanical element including a second
electromechanically active component that contracts in
a transverse direction when electric power is applied
thereto, said first and second electromechanical ele-
ments being (i) disposed in relation to one another such
that said transverse directions thereof are parallel to one
another, and (ii) mechanically coupled to one another at
least at two opposing edges thereof;

wherein said first and second electromechanically active
components will displace in opposing directions simul-
taneously upon application of the same electrical power.

9. An electromechanical actuator as in claim 8 wherein said
first electromechanically active component comprises at least
one layer of an electroactive polymer.

10. An electromechanical actuator as in claim 9 wherein
said electroactive polymer is selected from the group consist-
ing of piezoelectric polymers and electrostrictive polymers.

11. An electromechanical actuator as in claim 8 wherein
said second electromechanically active component com-
prises at least one layer of an electroactive ceramic.
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12. An electromechanical actuator as in claim 8 further
comprising a third electromechanical element including a
third electromechanically active component that expands in a
transverse direction when electric power is applied thereto,
said third electromechanical element being (i) disposed in
relation to said first and second electromechanical elements
such that said transverse directions thereof are parallel to one
another, and (ii) mechanically coupled to said second elec-
tromechanical element at least at two opposing edges thereof
that are aligned with said two opposing edges of said first and
second electromechanical elements wherein said second
electromechanical element is sandwiched between said first
and third electromechanical elements.

13. An electromechanical actuator as in claim 8 wherein
said first electromechanically active component is defined by
a first thickness extending perpendicular to said transverse
direction of said first electromechanical element and wherein
said second electromechanically active component is defined
by a second thickness extending perpendicular to said trans-
verse direction of said second electromechanical element,
said first thickness governing expansion of said first electro-
mechanical element for a given level of electric power applied
thereto, and said second thickness governing contraction of
said second electromechanical element for a given level of
electric power applied thereto.

14. An electromechanical actuator as in claim 8 having a
shape selected from the group consisting of rectangular, cir-
cular, square, oval, and variations thereof.

15. An electromechanical actuation system, comprising:

a first electromechanical element having (i) a first electro-
mechanically active component capable of isotropic
expansion in a transverse plane thereof when electric
power is applied thereto, and (ii) first electrodes coupled
to said first electromechanically active component for
defining a primary direction of expansion in said trans-
verse plane thereof when electric power is applied to
said first electrodes;

a second electromechanical element having (i) a second
electromechanically active component capable of iso-
tropic contraction in a transverse plane thereof when
electric power is applied thereto, and (ii) second elec-
trodes coupled to said second electromechanically
active component for defining a primary direction of
contraction in said transverse plane thereof when elec-
tric power is applied to said second electrodes, said first
and second electromechanical elements being (i) dis-
posed in relation to one another such that said transverse
planes thereof are parallel to one another with said pri-
mary direction of expansion being aligned with said
primary direction of contraction, and (ii) mechanically
coupled to one another at least at two opposing edges
thereof along said primary direction of expansion and
said primary direction of contraction;

wherein said first and second electromechanically active
components will displace in opposing directions simul-
taneously upon application of the same electrical power;
and

an electric power source coupled to said first and second
electrodes for simultaneously applying electric power
thereto.

16. An electromechanical actuation system as in claim 15
wherein said first electromechanically active component
comprises at least one layer of an electroactive polymer.

17. An electromechanical actuation system as in claim 16
wherein said electroactive polymer is selected from the group
consisting of piezoelectric polymers and electrostrictive
polymers.

20

25

30

35

40

45

50

55

60

65

8

18. An electromechanical actuation system as in claim 15
wherein said second electromechanically active component
comprises at least one layer of an electroactive ceramic.

19. An electromechanical actuation system as in claim 15
further comprising a third electromechanical element having
(1) a third electromechanically active component capable of
isotropic expansion in a transverse plane thereof when elec-
tric power is applied thereto, and (ii) third electrodes coupled
to said third electromechanically active component for defin-
ing a primary direction of expansion in said transverse plane
thereof when electric power is applied to said third electrodes,
said third electromechanical element being (i) disposed in
relation to said first and second electromechanical elements
such that said transverse planes thereof are parallel to one
another with each of said primary directions of expansion
being aligned with said primary direction of contraction, and
(i1) mechanically coupled to said second electromechanical
element at least at two opposing edges thereof that are aligned
with said two opposing edges of said first and second elec-
tromechanical elements wherein said second electrome-
chanical element is sandwiched between said first and third
electromechanical elements, said electric power source fur-
ther coupled to said third electrodes for simultaneously
applying electric power to said first, second and third elec-
trodes.

20. An electromechanical actuation system as in claim 15
wherein said first electromechanically active component is
defined by a first thickness extending perpendicular to said
transverse direction of said first electromechanical element,
and wherein said second electromechanically active compo-
nentis defined by a second thickness extending perpendicular
to said transverse direction of said second electromechanical
element, said first thickness governing expansion of said first
electromechanical element for a given level of electric power
applied thereto, and said second thickness governing contrac-
tion of said second electromechanical element for a given
level of electric power applied thereto.

21. An electromechanical actuation system as in claim 15
having a shape selected from the group consisting of rectan-
gular, circular, square, oval, and variations thereof.

22. An electromechanical actuator, comprising:

a first electromechanical element having (i) a first electro-
mechanically active component capable of isotropic
expansion in a transverse plane thereof when electric
power is applied thereto, and (ii) first electrodes coupled
to said first electromechanically active component for
defining a primary direction of expansion in said trans-
verse plane thereof when electric power is applied to
said first electrodes; and

a second electromechanical element having (i) a second
electromechanically active component capable of iso-
tropic contraction in a transverse plane thereof when
electric power is applied thereto, and (ii) second elec-
trodes coupled to said second electromechanically
active component for defining a primary direction of
contraction in said transverse plane thereof when elec-
tric power is applied to said second electrodes, said first
and second electromechanical elements being (i) dis-
posed in relation to one another such that said transverse
planes thereof are parallel to one another with said pri-
mary direction of expansion being aligned with said
primary direction of contraction, and (ii) mechanically
coupled to one another at least at two opposing edges
thereof along said primary direction of expansion and
said primary direction of contraction;
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wherein said first and second electromechanically active
components will displace in opposing directions simul-
taneously upon application of the same electrical power.

23. An electromechanical actuator as in claim 22 wherein
said first electromechanically active component comprises at
least one layer of an electroactive polymer.

24. An electromechanical actuator as in claim 23 wherein
said electroactive polymer is selected from the group consist-
ing of piezoelectric polymers and electrostrictive polymers.

25. An electromechanical actuator as in claim 22 wherein
said second electromechanically active component com-
prises at least one layer of an electroactive ceramic.

26. An electromechanical actuator as in claim 22 further
comprising a third electromechanical element having (i) a
third electromechanically active component capable of iso-
tropic expansion in a transverse plane thereof when electric
power is applied thereto, and (ii) third electrodes coupled to
said third electromechanically active component for defining
a primary direction of expansion in said transverse plane
thereof when electric power is applied to said third electrodes,
said third electromechanical element being (i) disposed in
relation to said first and second electromechanical elements
such that said transverse planes thereof are parallel to one
another with each of said primary directions of expansion

20
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being aligned with said primary direction of contraction, and
(i1) mechanically coupled to said second electromechanical
element at least at two opposing edges thereof that are aligned
with said two opposing edges of said first and second elec-
tromechanical elements wherein said second electrome-
chanical element is sandwiched between said first and third
electromechanical elements.

27. In electromechanical actuator as in claim 22 wherein
said first electromechanically active component is defined by
a first thickness extending perpendicular to said transverse
direction of said first electromechanical element, and wherein
said second electromechanically active component is defined
by a second thickness extending perpendicular to said trans-
verse direction of said second electromechanical element,
said first thickness governing expansion of said first electro-
mechanical element for a given level of electric power applied
thereto, and said second thickness governing contraction of
said second electromechanical element for a given level of
electric power applied thereto.

28. An electromechanical actuator as in claim 22 having a
shape selected from the group consisting of rectangular, cir-
cular, square, oval, and variations thereof.

#* #* #* #* #*



