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(57) ABSTRACT 

Disclosed herein is a strut assembly 10 comprising a locking 
device 11 in operative communication With a piston 3, 
Wherein the locking device 11 comprises an active material 
operative to resist motion of the piston 3 in response to an 
activation signal. Disclosed herein too is a method of 
operating a strut assembly 10 comprising displacing a sus 
pended body 60 in mechanical communication With a piston 
3; activating an active material in operative communication 
With the piston 3; and controlling the motion of the sus 
pended body 60. 
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DEVICES FOR HOLDING INTERMEDIATE 
POSITIONS AND ARTICLES THAT CONTAIN THE 

SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application Ser. No. 60/552,791 ?led Mar. 12, 2004, 
the entire contents of Which are hereby incorporated by 
reference. 

BACKGROUND 

[0002] This disclosure relates to devices for holding inter 
mediate positions and articles that contain the same. 

[0003] Strut assemblies are often used in automobiles to 
facilitate the opening, locking and positioning of doors, 
trunks, hoods, tail-gates, or the like. They are also used in 
residential homes to facilitate the locking of doors, storm 
doors and WindoWs. These assemblies generally require 
manual effort to initiate locking When it is desired to 
partially or fully open an article (e.g., door, WindoW, or the 
like) that is in operative communication With the strut 
assembly. For eXample, a door that is in operative commu 
nication With a strut assembly generally has a small Washer 
that is manually adjusted to facilitate locking of the strut 
assembly in order to prop open the door. This can pose a 
problem for users of articles to Which the strut assembly is 
attached, When for example, the user has both arms engaged 
in other activity such as carrying cargo, or the like. 

[0004] In addition, strut assemblies that require manual 
interaction to facilitate locking are generally not easily 
accessible. For eXample, strut assemblies that are used for 
propping open storm doors are generally located at the top 
of the storm door and are often not easily accessible to 
shorter people. Many practical bene?ts can accrue from the 
ability to hold the sWing panel open in any given position 
until it is moved to a neW position eg an opened tailgate 
Will remain comfortably Within the reach of shorter users, 
the trunk sWing panel Will not beat against a piece of luggage 
that eXtends outside the trunk, etc. 

[0005] It is therefore desirable to use strut assemblies that 
offer opportunities for automated locking. It is also desirable 
to use strut assemblies that can be used to lock an article that 
is in communication With the strut assembly in one position 
until it is desired to displace the article to a neW position in 
Which it can be locked once again. 

SUMMARY 

[0006] Disclosed herein is a strut assembly comprising a 
locking device in operative communication With a piston, 
Wherein the locking device comprises an active material 
operative to resist motion of the piston in response to an 
activation signal. 

[0007] Disclosed herein is a strut assembly comprising a 
piston in slideable communication With a housing; a locking 
device in operative communication With the piston, Wherein 
the locking device comprises a tilt Washer in operative 
communication With an active material, Wherein the tilt 
Washer is operative to resist the motion of the piston. 

[0008] Disclosed herein is a strut assembly comprising a 
piston in slideable communication With a housing; a locking 
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device in operative communication With the piston, Wherein 
the locking device comprises a sleeve; and an active material 
in operative communication With the sleeve; Wherein the 
sleeve is operative to control the motion of the piston. 

[0009] Disclosed herein is a strut assembly comprising a 
piston comprising a piston head and a piston rod; Wherein 
the piston is in slideable communication With a housing; a 
locking device in operative communication With the piston, 
Wherein the locking device comprises a plate in operative 
communication With a piston head; Wherein the plate is in 
slideable communication With the piston rod; a spring stack 
disposed betWeen the plate and the piston head; and an 
active material in operative communication With the plate; 
Wherein the active material upon activation is operative to 
control the motion of the piston. 

[0010] Disclosed herein too is a strut assembly comprising 
a piston comprising a piston head and a piston rod; Wherein 
the piston rod is in slideable communication With a housing; 
a locking device in operative communication With the pis 
ton, Wherein the locking device comprises one or more 
protrusions ?Xedly attached to a piston head; a Wave-like 
tubular guide comprising an active material, Wherein the 
Wave-like tubular guide is in slideable communication With 
the protrusions; and Wherein the Wave-like tubular guide is 
operative to control the motion of the piston. 

[0011] Disclosed herein too is a strut assembly comprising 
a piston comprising a piston head and a piston rod in 
slideable communication With a housing; Wherein the piston 
head comprises a portion having one or more elastic mem 
bers; one or more brake shoes, Wherein the brake shoes are 
in operative communication With the elastic members; and 
an active material in operative communication With the 
brake shoes; Wherein the active material is operative to 
control the motion of the piston. 

[0012] Disclosed herein too is a strut assembly comprising 
a piston that comprises a piston head and a piston rod, 
Wherein the piston is in slideable communication With a 
housing; Wherein the housing comprises an electrorheologi 
cal ?uid or a magnetorheological ?uid and Wherein the 
piston head comprises an optional permanent magnet, and 
an electromagnet; and Wherein the optional permanent mag 
net and the electromagnet are operative to control the motion 
of the piston. 

[0013] Disclosed herein too is a locking device comprising 
a pivot pin having disposed thereon a ball disk comprising 
balls; a long arm and a short arm in rotary communication 
With a pivot pin; Wherein the short arm comprises detents 
disposed upon a surface that is opposed to a surface in 
contact With a surface of the long arm; and a cylindrical 
housing in communication With a surface of the long arm in 
opposition to a surface in contact With the short arm, 
Wherein the housing comprises an actuator, a piston and a 
spring, and Wherein the actuator comprises a shape memory 
material operative to disengage the balls from the detents. 

[0014] Disclosed herein too is a method of operating a 
strut assembly comprising displacing a suspended body in 
mechanical communication With a piston; activating an 
active material in operative communication With the piston; 
and controlling the motion of the suspended body. 

DETAILED DESCRIPTION OF FIGURES 

[0015] FIG. 1 is an exemplary schematic depiction of a 
strut assembly 10 that comprises a locking device 11. The 
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locking device 11 comprises a tilt Washer 22 in operative 
communication With an active element 20 that comprises an 
active material; 

[0016] FIG. 2 is an exemplary schematic representation of 
a side vieW and a front vieW of a section of the strut 
assembly 10 depicted in the FIG. 1; 

[0017] FIG. 3 is an exemplary schematic representation of 
the mode of operation of the locking device 11 of the FIG. 
1; 
[0018] FIG. 4 is an exemplary schematic representation of 
one possible location of the locking device 11 that comprises 
a sleeve 32 in operative communication With an active 
element 20. The locking device can be disposed in the 
housing if desired; 

[0019] FIG. 5 is an exemplary schematic depiction of the 
strut assembly 10 Wherein the locking device 11 is in 
operative communication With a piston rod 12. The active 
element 20 and the return spring 30 permit control of the 
motion of the piston rod 12; 

[0020] FIG. 6 is another exemplary schematic depiction 
of the strut assembly 10 Wherein the locking device 11 is in 
operative communication With a piston rod 12. The active 
element 20 and the return spring 30 permit control of the 
motion of the piston rod 12; 

[0021] FIG. 7 is an exemplary schematic depiction of the 
strut assembly 10 Wherein the locking device 11 is in 
operative communication With a piston rod 12. The piston 
rod 12, the active element 20 and the sleeve 32 are concen 
trically arranged With the active element 20 circumferen 
tially disposed upon the sleeve 32; 

[0022] FIG. 8 is an exemplary schematic depiction of the 
strut assembly 10 Wherein the locking device 11 is in 
operative communication With a piston rod 12. The locking 
device comprises a spring stack 26, Which When compressed 
controls the motion of the piston rod 12; 

[0023] FIG. 9 is an exemplary schematic depiction of the 
strut assembly 10 Wherein the locking device 11 comprises 
a Wave-like guide 36 in operative communication With a 
piston 3. The piston 3 comprises one or more protrusions 48 
that are in slideable communication With the guide 36 that 
comprises a Wave-like inner surface; 

[0024] FIG. 10 is an exemplary depiction of the construc 
tion of the Wave-like tubular guide 36; 

[0025] FIG. 11 is an exemplary depiction of a strut 
assembly 10 that comprises a locking device 11 Wherein the 
piston head comprises brake shoes 54 that are in operative 
communication With the piston rod 12 and in slideable 
communication With the housing 2; 

[0026] FIG. 12 is an exemplary depiction of a cross 
sectional vieW of the central portion 52 of the piston head 12 
displayed in the FIG. 11; 

[0027] FIG. 13 is an exemplary depiction of a strut 
assembly 10 that comprises a locking device 11 Wherein the 
piston head 14 comprises brake shoes 54 that are in opera 
tive communication With the piston rod 12 and in slideable 
communication With the housing 2. The central portion 52 of 
the piston head 14 comprises a groove that engages With the 
locking rings 62 to lock the strut assembly 10; 
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[0028] FIG. 14 is an exemplary depiction of a cross 
sectional vieW of the central portion 52 of the piston head 12 
displayed in the FIG. 11; 

[0029] FIG. 15 is an exemplary depiction of a strut 
assembly 10 Wherein the housing 2 comprises a magne 
torheological ?uid. The displacement of the strut assembly 
can be controlled by using a magnetic ?eld disposed Within 
the housing to change the viscosity of the magnetorheologi 
cal ?uid; 

[0030] FIG. 16 is a depiction of an exemplary embodi 
ment of a front vieW of a pivot detent locking device 11; 

[0031] FIG. 17 is a depiction of an exemplary embodi 
ment of a rear vieW of a pivot detent locking device 11; 

[0032] FIG. 18 depicts a sectional vieW of one embodi 
ment of the pivot detent locking device 11 When in the 
locked position; and 

[0033] FIG. 19 depicts a sectional vieW of one embodi 
ment of the detent-locking device 11 in its unlocked posi 
tion. 

DETAILED DESCRIPTION 

[0034] Disclosed herein are locking devices employed in 
conjunction With strut assemblies that can advantageously 
be used to lock an article (a suspended body) in a desired 
position. The locking device advantageously comprises an 
active element that is in a frictional relationship With a 
moveable component of the strut assembly, such as for 
example, the piston, thereby facilitating a locking of the 
suspended body. A frictional relationship is one Wherein 
resistance is applied either directly or indirectly to the 
motion of a moveable component of the strut assembly due 
to friction betWeen the moving components. In one embodi 
ment, the locking device is in operative communication With 
a piston, Wherein the locking device comprises an active 
material operative to resist motion of the piston in response 
to an activation signal. In another embodiment, the locking 
device is in operative communication With the housing and 
is adapted to resist the motion of the housing. The locking 
device can be disposed on the cylinder and can be in 
operative communication With the piston or can be disposed 
on the piston and can be in operative communication With 
the cylinder. The locking device can be used to control the 
motion of the suspended body and can lock the suspended 
body When desired. 

[0035] The strut assembly is disposed betWeen the sus 
pended body and a supporting body and is in operative 
communication With the suspended body and the supporting 
body. The locking devices can be deployed either inside or 
outside the strut assemblies. The locking devices advanta 
geously employ active materials, i.e., materials that exhibit 
the ability to respond to an external stimulus by changing 
one or more of their properties (eg elastic modulus, crystal 
structure, or the like). 

[0036] The suspended body may be any device that uti 
liZes spatial positioning such as a door in an automobile or 
a residential building; the hood or trunk of a automobile; the 
jaWs of a vice or a press; the platens on machine tools such 
as injection molding machines, compression molding 
machines; arbors and chucks on lathes and drilling 
machines, or the like. The supporting body can comprise a 
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door frame, an automobile frame, a aircraft frame, a ship 
frame, or the like. The suspended body is generally movable 
and can be displaced With respect to the supporting body, 
Which generally occupies a ?xed position. The suspended 
body can be opened or closed With respect to the supporting 
body. 

[0037] In one embodiment, the locking device advanta 
geously increases resistance on the movement of the strut 
assembly. This resistance increases the resistance to the 
motion of a suspended body that is in operative communi 
cation With the strut assembly. The devices also permit 
locking of the strut assemblies and hence of the suspended 
body Without the use of any poWer or energy i.e., they are 
capable of a poWer-off locking of the suspended body. The 
strut assemblies advantageously permit locking of the article 
in an in?nite number of positions and can lock the article 
during any position along its length of travel. The devices 
can advantageously lock the suspended body in any desired 
position either as the suspended body is being opened or 
closed. 

[0038] In one embodiment, the positioning or reposition 
ing of the suspended body that is in operative communica 
tion With the strut assembly is accomplished by the appli 
cation of a suitable manual force. In another embodiment, 
the positioning or repositioning of an article that is in 
operative communication With the strut assembly is accom 
plished by use of a motive force such as mechanical energy 
or electrical energy. Positioning or repositioning is de?ned 
as the motion imparted to the article by manual force or 
other motive forces such as mechanical energy, electrical 
energy, or the like. The ability to position and lock an article 
in a state of equilibrium at one or more desirable points 
along the length of its travel is termed detent. The strut 
assemblies that employ the locking devices have an in?nite 
detent capability and permit positioning or repositioning of 
a suspended body that is in operative communication With 
the strut assembly at any degree of opening With the minimal 
use of force or restraint. 

[0039] As stated above, the locking devices can comprise 
components that are located inside or outside the strut 
assembly if desired. In one embodiment, components of the 
locking device can be in a supportive relationship With the 
housing of the strut assembly. A supportive relationship as 
de?ned herein is indicated to mean that components of the 
locking device are physically supported by the housing. In 
another embodiment, components of the locking device are 
in a supportive relationship With a frame that is not in 
operative communication With the housing. In yet another 
embodiment, the locking device can be in a supportive 
relationship With the piston or to a ?xture in operative 
communication With the piston. 

[0040] The locking devices employ active materials (e.g., 
shape memory materials) that can be activated by applying 
an activation signal to lock the piston of the strut assembly 
in a desired position. Shape memory materials generally 
refer to materials or compositions that have the ability to 
remember their original shape, Which can subsequently be 
recalled by applying an external stimulus, i.e., an activation 
signal. Exemplary shape memory materials suitable for use 
in the present disclosure include shape memory alloys, 
ferromagnetic shape memory alloys, shape memory poly 
mers and composites of the foregoing shape memory mate 

Oct. 20, 2005 

rials With non-shape memory materials, and combinations 
comprising at least one of the foregoing shape memory 
materials. In another embodiment, the class of active mate 
rials used in the strut assembly are those that change their 
shape in proportion to the strength of the applied ?eld but 
then return to their original shape upon the discontinuation 
of the ?eld. Exemplary active materials in this category are 
electroactive polymers (dielectric polymers), pieZoelectrics, 
and pieZoceramics. Activation signals can employ an elec 
trical stimulus, a magnetic stimulus, a chemical stimulus, a 
mechanical stimulus, a thermal stimulus, or a combination 
comprising at least one of the foregoing stimuli. 

[0041] FIG. 1 is an exemplary depiction Wherein the 
locking device 11 is ?xedly attached to a strut assembly 10 
that comprises a housing 2 that is in slideable or rotary 
communication With a piston 3. The piston 3 comprises a 
piston head 14 and a piston rod 12. The piston head 14 is 
?xedly attached to the piston rod 12. The housing 2 contains 
a ?uid 4. The piston head 14 has disposed in it channels 8 
that permit the passage of ?uid through the piston head 14 
as it moves forWard and backWard in the housing 2. Seals 6 
are circumferentially disposed upon the piston head 14 and 
seal the space betWeen the piston head 14 and the housing 
2. The seals 6 are concentric With the piston head 14. 
Additional seals 6 can also be optionally disposed betWeen 
the piston rod 12 and the housing 2. The strut assembly 10 
is in operative communication With a supporting body 50 
(e.g., the body of the vehicle) and is also in operative 
communication With a suspended body 60 (e. g., a suspended 
member 60 that sWings back and forth such as a door). The 
supporting body 50 and the suspended body 60 are disposed 
at opposing ends of the strut assembly 10. While FIG. 1 
depicts the suspended body 60 as being contacted by the 
housing 2 and the supporting body 50 as being contacted by 
the piston rod 12, it is envisioned that the suspended body 
60 can be contacted by the piston rod 12 While the support 
ing body can be contacted by the housing 2. Exemplary 
moveable parts of the strut assembly 10 are the piston 3, the 
housing 2, or any other components such as Worm Wheels, 
gears, pinions, or the like, that are in operative communi 
cation With the piston and/or the housing and Which facili 
tate the displacement of the suspended body 60. 

[0042] The locking device comprises a tilt Washer 22 that 
is in operative communication With an active element 20 that 
comprises an active material. The tilt Washer 22 is disposed 
outside the housing 2, but can be disposed internally if 
desired. In one embodiment, the tilt Washer 22 may be in 
pivotable communication With the housing 2 or With another 
desired frame that may or may not be in operative commu 
nication With the strut assembly 10. 

[0043] As can be seen in the FIG. 2, Which depicts a side 
vieW and a front vieW of the locking device 11, the tilt 
Washer 22 comprises a ?rst end that pivots about a hinge 24 
that is af?xed to the outer surface of the housing 2 and a 
second end that is in slideable communication With an outer 
surface of the housing 2. In one embodiment, the second end 
of the hinge may be in slideable communication With the 
outer surface of the housing 2, via a guide (not shoWn). In 
another embodiment, the hinge 24 comprises an elastomeric 
material that ?exes to accommodate the change in slope of 
the tilt Washer that is desirable to lock or unlock the piston 
rod 12. The tilt Washer 22 also has disposed in it a hole 26 
through Which passes the piston rod 12. The smallest diam 
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eter of the hole 26 is larger than the diameter of the piston 
rod 12. When the suspended body 60 (not shown) is dis 
placed With respect to the supporting body 50 (not shoWn), 
the piston rod 12 travels back and forth (reciprocates) 
through the hole 26 in the tilt Washer 22 until a surface of the 
tilt Washer 22 contacts the piston rod 12 and exerts axial 
friction on the piston rod 12 or otherWise produces mechani 
cal interference that resists the motion of the piston rod. 

[0044] As can be seen in the FIG. 2, the tilt Washer has a 
geometry effective to contact the piston rod 12 upon acti 
vation of the active element 20. The tilt Washer 22 can have 
any suitable geometry depending upon the selected appli 
cation and space restrictions. Aportion of the tilt Washer 22 
is in operative communication With the active element 20, 
Which upon activation promotes displacement of the tilt 
Washer 22. The active element 20 is disposed betWeen the tilt 
Washer 22 and an active element support panel 28. In its 
default position, the tilt Washer contacts the piston rod 12 
and locks it. Activation of the active element 20 can displace 
the tilt Washer 22 such that the surface of the hole 26 no 
longer contacts the piston rod 12. This reduces the axial 
friction and permits the displacement of the piston rod and 
hence of the suspended body 60. In one embodiment, the 
active element 20 can displace the tilt Washer 22 against a 
restoring force (e.g., produced by the elastic deformation of 
the tilt Washer, or produced by an external biasing spring, or 
the like) to displace the tilt Washer from its default position. 

[0045] FIG. 3 depicts one manner of operating the locking 
device 11. FIG. 3(a) is an exemplary depiction shoWing the 
tilt Washer 22 in its default position. In its default position, 
Which Will noW be referred to as its ?rst position, the tilt 
Washer 22 acts as a normally engaged brake and resists the 
motion of the piston rod 12. The piston rod 12 can be held 
in this position even after the activating signal to the active 
element is removed or discontinued. This is referred to as a 
poWer-off hold. 

[0046] When it is desired to once again displace the 
suspended body 60, an activating signal is applied to the 
active element 20, thereby displacing the tilt Washer 22 to a 
second position. In the second position, the tilt Washer 22 
does not contact the piston rod 12 and does not exert any 
axial frictional on the piston rod 12. Hence the piston rod 12 
can be freely displaced. When it is desired to lock the 
suspended body 60 once again, the active element 20 is once 
again deactivated. The restoring force of the hinge 24 or that 
or a restoring or biasing spring (not shoWn) can be used to 
restore the tilt Washer 22 to its original position thereby 
locking the piston rod 12. 

[0047] As noted above, the active element 20 comprises 
an active material (e.g., shape memory material). In one 
embodiment, the active element 20 consists essentially of 
the active material. In another embodiment, the active 
element 20 can comprise active materials and or passive 
(i.e., non-active) materials. Passive materials are those that 
do not recover their original shape after the application of an 
external stimulus. The active element 20 can comprise a 
single active element or multiple active elements. When 
more than one active element is used, they can be arranged 
in series or in parallel or combinations thereof. 

[0048] In one embodiment, the active element 20 may be 
part of a motor that is used to actuate the tilt Washer 20. 
Examples of such motors are electric stepper motors, inch 
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Worms, pieZoelectric inchWorms, ultrasonic motors, electro 
hydrostatic actuators, nanomotion pieZoelectric motors, 
compact hybrid actuator devices (CHAD), or the like, or a 
combination comprising at least one of the foregoing 
motors. 

[0049] For convenience and by Way of example, reference 
herein Will be made to shape memory alloys. An exemplary 
active material is a shape memory alloy. Shape memory 
alloys (SMA’s) generally refer to a group of metallic mate 
rials that demonstrate the ability to return to some previously 
de?ned shape or siZe When subjected to an appropriate 
thermal stimulus. Shape memory alloys are capable of 
undergoing phase transitions in Which their elastic modulus, 
yield strength, and shape orientation are altered as a ?nction 
of temperature. Generally, in the loW temperature, or mar 
tensite phase, shape memory alloys can be plastically 
deformed and upon exposure to some higher temperature 
Will transform to an austenite phase, or parent phase, return 
ing to their shape prior to the deformation. Materials that 
exhibit this shape memory effect only upon heating are 
referred to as having one-Way shape memory. Those mate 
rials that also exhibit shape memory upon re-cooling are 
referred to as having tWo-Way shape memory behavior. 

[0050] Shape memory alloys can exhibit a one-Way shape 
memory effect, an intrinsic tWo-Way effect, or an extrinsic 
tWo-Way shape memory. Annealed shape memory alloys 
generally exhibit the one-Way shape memory effect. Suf? 
cient heating subsequent to loW-temperature deformation of 
the shape memory material Will induce the martensite to 
austenite type transition, and the material Will recover the 
original, annealed shape. Hence, one-Way shape memory 
effects are only observed upon heating. 

[0051] Intrinsic tWo-Way shape memory alloys are char 
acteriZed by a shape transition both upon heating from the 
martensite phase to the austenite phase, as Well as an 
additional shape transition upon cooling from the austenite 
phase back to the martensite phase. In contrast, active 
connector elements that exhibit the extrinsic tWo-Way shape 
memory effects are composite or multi-component materials 
that combine a shape memory alloy composition that exhib 
its a one-Way effect With another element that provides a 
restoring force to return the ?rst plate another position or to 
its original position. Active elements that exhibit an intrinsic 
one-Way shape memory effect are fabricated from a shape 
memory alloy composition that Will cause the active ele 
ments to automatically reform themselves as a result of the 
above noted phase transformations. Intrinsic tWo-Way shape 
memory behavior must be induced in the shape memory 
material through thermo-mechanical processing. Such pro 
cedures include extreme deformation of the material While 
in the martensite phase, heating-cooling under constraint or 
load, or surface modi?cation such as laser annealing, pol 
ishing, or shot-peening. Once the material has been trained 
to exhibit the tWo-Way shape memory effect, the shape 
change betWeen the loW and high temperature states is 
generally reversible and persists through a high number of 
thermal cycles. 

[0052] The temperature at Which the shape memory alloy 
remembers its high temperature form When heated can be 
adjusted by slight changes in the composition of the alloy 
and through heat treatment. In nickel-titanium shape 
memory alloys, for instance, it can be changed from above 
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about 100° C. to below about —100° C. The shape recovery 
process occurs over a range of just a feW degrees and the 
start or ?nish of the transformation can be controlled to 
Within a degree or tWo depending on the alloy composition. 

[0053] Suitable shape memory alloy materials for fabri 
cating the active elements include nickel-titanium based 
alloys, indium-titanium based alloys, nickel-aluminum 
based alloys, nickel-gallium based alloys, copper based 
alloys (e.g., copper-Zinc alloys, copper-aluminum alloys, 
copper-gold, and copper-tin alloys), gold-cadmium based 
alloys, silver-cadmium based alloys, indium-cadmium based 
alloys, manganese-copper based alloys, iron-platinum based 
alloys, iron-palladium based alloys, or the like, or a com 
bination comprising at least one of the foregoing shape 
memory alloys. The alloys can be binary, ternary, or any 
higher order so long as the alloy composition exhibits a 
shape memory effect, e.g., change in shape orientation, 
changes in yield strength, and/or ?exural modulus proper 
ties, damping capacity, and the like. 

[0054] The thermal activation signal may be applied to the 
shape memory alloy in various Ways. It is generally desir 
able for the thermal activation signal to promote a change in 
the temperature of the shape memory alloy to a temperature 
greater than or equal to its austenitic transition temperature. 
Suitable examples of such thermal activation signals that can 
promote a change in temperature are the use of steam, hot 
oil, resistive electrical heating, or the like, or a combination 
comprising at least one of the foregoing signals. Apreferred 
thermal activation signal is one derived from resistive elec 
trical heating. 

[0055] The active element 20 may also be an electrically 
active polymer. Electrically active polymers are also com 
monly knoWn as electroactive polymers (EAP’s). The key 
design feature of devices based on these materials is the use 
of compliant electrodes that enable polymer ?lms to expand 
or contract in the in-plane directions in response to applied 
electric ?elds or mechanical stresses. When EAP’s are used 
as the active element 20, strains of greater than or equal to 
about 100%, pressures greater than or equal to about 50 
kilograms/square centimeter (kg/cm2) can be developed in 
response to an applied voltage. The good electromechanical 
response of these materials, as Well as other characteristics 
such as good environmental tolerance and long-term dura 
bility, make them suitable for active elements under a variety 
of manufacturing conditions. EAP’s are suitable for use as 
an active element in many strut assembly 10 con?gurations. 

[0056] Electroactive polymer coatings used in strut assem 
bly 10 may be selected based on one or more material 
properties such as a high electrical breakdoWn strength, a 
loW modulus of elasticity-(for large or small deformations), 
a high dielectric constant, and the like. In one embodiment, 
a polymer is selected such that is has an elastic modulus at 
most about 100 MPa. In another embodiment, the polymer 
is selected such that is has a maximum actuation pressure 
betWeen about 0.05 MPa and about 10 MPa, and preferably 
betWeen about 0.3 MPa and about 3 MPa. In another 
embodiment, the polymer is selected such that is has a 
dielectric constant betWeen about 2 and about 20, and 
preferably betWeen about 2.5 and about 12. The present 
disclosure is not intended to be limited to these ranges. 
Ideally, materials With a higher dielectric constant than the 
ranges given above Would be desirable if the materials had 
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both a high dielectric constant and a high dielectric strength. 
In many cases, electroactive polymers may be fabricated and 
implemented as thin ?lms. Thicknesses suitable for these 
thin ?lms may be beloW 50 micrometers. 

[0057] As electroactive polymers may de?ect at high 
strains, electrodes attached to the polymers should also 
de?ect Without compromising mechanical or electrical per 
formance. Generally, electrodes suitable for use may be of 
any shape and material provided that they are able to supply 
a suitable voltage to, or receive a suitable voltage from, an 
electroactive polymer. The voltage may be either constant or 
varying over time. In one embodiment, the electrodes adhere 
to a surface of the polymer. Electrodes adhering to the 
polymer are preferably compliant and conform to the chang 
ing shape of the polymer. Correspondingly, the present 
disclosure may include compliant electrodes that conform to 
the shape of an electroactive polymer to Which they are 
attached. The electrodes may be only applied to a portion of 
an electroactive polymer and de?ne an active area according 
to their geometry. Various types of electrodes suitable for 
use With the present disclosure include structured electrodes 
comprising metal traces and charge distribution layers, tex 
tured electrodes comprising varying out of plane dimen 
sions, conductive greases such as carbon greases or silver 
greases, colloidal suspensions, high aspect ratio conductive 
materials such as carbon ?brils and carbon nanotubes, and 
mixtures of ionically conductive materials. 

[0058] Materials used for electrodes may vary. Suitable 
materials used in an electrode may include graphite, carbon 
black, colloidal suspensions, thin metals including silver and 
gold, silver ?lled and carbon ?lled gels and polymers, and 
ionically or electronically conductive polymers. It is under 
stood that certain electrode materials may Work Well With 
particular polymers and may not Work as Well for others. By 
Way of example, carbon ?brils Work Well With acrylic 
elastomer polymers While not as Well With silicone poly 
mers. 

[0059] The electroactive polymers (EAP’s) used herein, 
are generally conjugated polymers. Suitable examples of 
EAP’s are poly(aniline), substituted poly(aniline)s, polycar 
baZoles, substituted polycarbaZoles, polyindoles, poly(pyr 
role)s, substituted poly(pyrrole)s, poly(thiophene)s, substi 
tuted poly(thiophene)s, poly(acetylene)s, poly(ethylene 
dioxythiophene)s, poly(ethylenedioxypyrrole)s, poly(p-phe 
nylene vinylene)s, or the like, or combinations comprising at 
least one of the foregoing EAP’s. Blends or copolymers or 
composites of the foregoing EAP’s may also be used. 
Similarly blends or copolymers or composites of an EAP 
With an EAP precursor may also be used. 

[0060] The actuator element 20 used in the customiZable 
strut assembly 10 may also comprise a pieZoelectric mate 
rial. Also, in certain embodiments, the pieZoelectric material 
may be con?gured for providing rapid deployment. As used 
herein, the term “piezoelectric” is used to describe a material 
that mechanically deforms (changes shape and/or siZe) When 
a voltage potential is applied, or conversely, generates an 
electrical charge When mechanically deformed. As pieZo 
electric actuators have a small output stroke, they are usually 
coupled With a transmission (eg a compliant mechanism) 
that serves to amplify the output stroke at the expense of a 
reduction in the output force. As an example, a pieZoelectric 
material is disposed on strips of a ?exible metal sheet. The 
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pieZo actuators are coupled to the sheet in a manner that 
causes bending or unbending of the sheet When the actuators 
are activated. The ability of the bending mode of deforma 
tion in a ?exible shell to amplify small axial strains into 
larger rotary displacements is used to advantage. The strips 
can be unimorph or bimorph. Preferably, the strips are 
bimorph, because bimorphs generally exhibit more displace 
ment than unimorphs. 

[0061] In contrast to the unimorph pieZoelectric device, a 
bimorph device includes an intermediate ?exible metal foil 
sandWiched betWeen tWo pieZoelectric elements. Bimorphs 
exhibit more displacement than unimorphs because under 
the applied voltage one ceramic element Will contract While 
the other expands. Bimorphs can exhibit strains up to about 
20%, but similar to unimorphs, generally cannot sustain high 
loads relative to the overall dimensions of the unimorph 
structure. 

[0062] Suitable pieZoelectric materials include inorganic 
compounds, organic compounds, and metals. With regard to 
organic materials, all of the polymeric materials With non 
centrosymmetric structure and large dipole moment 
group(s) on the main chain or on the side-chain, or on both 
chains Within the molecules, can be used as candidates for 
the pieZoelectric ?lm. Examples of suitable polymers 
include, for example, but are not limited to, poly(sodium 
4-styrenesulfonate) (“PSS”), poly S-119 (poly(vinylamine 
)backbone aZo chromophore), and their derivatives; poly 
?uorocarbons, including polyvinylidene ?uoride (“PVDF”), 
its co-polymer vinylidene ?uoride (“VDF”), tri?uoroethyl 
ene (TrFE), and their derivatives; polychlorocarbons, 
including poly(vinyl chloride) (“PVC”), polyvinylidene 
chloride (“PVC2”), and their derivatives; polyacrylonitriles 
(“PAN ”), and their derivatives; polycarboxylic acids, includ 
ing poly(methacrylic acid (“PMA”), and their derivatives; 
polyureas, and their derivatives; polyurethanes (“PUE”), 
and their derivatives; bio-polymer molecules such as poly 
L-lactic acids and their derivatives, and membrane proteins, 
as Well as phosphate bio-molecules; polyanilines and their 
derivatives, and all of the derivatives of tetramines; poly 
imides, polyetherimides (“PEI”), and their derivatives; all of 
the membrane polymers; poly(N-vinyl pyrrolidone) 
(“PVP”) homopolymer, and its derivatives, and random 
PVP-co-vinyl acetate (“PVAc”) copolymers; and all of the 
aromatic polymers With dipole moment groups in the main 
chain or side-chains, or in both the main-chain and the 
side-chains, and mixtures thereof. 

[0063] Further, pieZoelectric materials can include Pt, Pd, 
Ni, Ti, Cr, Fe, Ag, Au, Cu, and metal alloys and mixtures 
thereof. These pieZoelectric materials can also include, for 
example, metal oxide such as SiO2, A1203, ZrO2, TiO2, 
SrTiO3, PbTiO3, BaTiO3, FeO3, Fe3O4, ZnO, and mixtures 
thereof; and Group VIA and IIB compounds, such as CdSe, 
CdS, GaAs, AgCaSe2, ZnSe, GaP, InP, ZnS, and mixtures 
thereof. 

[0064] Shape memory polymers (SMPs) can also be used 
in the locking and detent mechanisms. Most commonly, they 
can be used to provide means for poWer-off position holding. 
Generally, SMP’s are co-polymers comprised of at least tWo 
different units Which may be described as de?ning different 
segments Within the co-polymer, each segment contributing 
differently to the elastic modulus properties and thermal 
transition temperatures of the material. The term “segment” 

Oct. 20, 2005 

refers to a block, graft, or sequence of the same or similar 
monomer or oligomer units that are copolymeriZed With a 
different segment to form a continuous crosslinked-inter 
penetrating netWork of these segments. 

[0065] These segments may be a combination of crystal 
line or amorphous materials and therefore may be generally 
classi?ed as a hard segment(s) or a soft segment(s), Wherein 
the hard segment generally has a higher glass transition 
temperature (Tg) or melting point than the soft segment. 
Each segment then contributes to the overall elastic modulus 
properties of the SMP and the thermal transitions thereof. 
When multiple segments are used, multiple thermal transi 
tion temperatures may be observed, Wherein the thermal 
transition temperatures of the copolymer may be approxi 
mated as Weighted averages of the thermal transition tem 
peratures of its comprising segments. The previously 
de?ned or permanent shape of the SMP can be set by 
molding the polymer at a temperature higher than the 
highest thermal transition temperature for the shape memory 
polymer or its melting point, folloWed by cooling beloW that 
thermal transition temperature. 

[0066] In practice, the SMP’s are alternated betWeen one 
of at least tWo shape orientations such that at least one 
orientation Will provide a siZe reduction or shape change 
relative to the other orientation(s) When an appropriate 
thermal signal is provided. To set a permanent shape, the 
SMP must be at about or above its melting point or highest 
transition temperature (also termed “last” transition tem 
perature). The SMP’s are shaped at this temperature by bloW 
molding, injection molding, vacuum forming, or the like, or 
shaped With an applied force folloWed by cooling to set the 
permanent shape. The temperature to set the permanent 
shape is about 40° C. to about 300° C. After expansion, the 
permanent shape is regained When the applied force is 
removed, and the SMP formed device is again brought to or 
above the highest or last transition temperature of the SMP. 
The Tg of the SMP can be chosen for a particular application 
by modifying the structure and composition of the polymer. 
Transition temperatures of suitable SMPs generally range 
from about —63° C. to above about 160° C. 

[0067] The temperature desired for permanent shape 
recovery can be set at any temperature of about —63° C. and 
about 160° C., or above. Engineering the composition and 
structure of the polymer itself can alloW for the choice of a 
particular temperature for a desired application. Apreferred 
temperature for shape recovery is greater than or equal to 
about —30° C., more preferably greater than or equal to about 
20° C., and most preferably a temperature greater than or 
equal to about 70° C. Also, a preferred temperature for shape 
recovery is less than or equal to about 250° C., more 
preferably less than or equal to about 200° C., and most 
preferably less than or equal to about 180° C. 

[0068] The shape memory polymers used in the active 
device can be thermoplastics, interpenetrating netWorks, 
semi-interpenetrating netWorks, or mixed netWorks. The 
polymers can be a single polymer or a blend of polymers. 
Polymers can be linear, branched, thermoplastic elastomers 
With side chains or any kind of dendritic structural elements. 
In one embodiment the shape memory polymer can be a 
block copolymer, a graft copolymer, a random copolymer or 
a blend of a polymer With a copolymer. 

[0069] Stimuli causing shape change can be temperature, 
ionic change, pH, light, electric ?eld, magnetic ?eld or 


















