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(57) ABSTRACT

Reusable quick-release fastener systems include fasteners
composed of a neat polymer such as an elastomer or a shape
memory polymer. The fasteners may be of any number of
geometrical shapes, with each pair of fastening devices hav-
ing mating geometries that are compatible with one another.
The fastening devices provide an easy and nearly silent clo-
sure mechanism. The fastener systems can be used to attach
one part to another or to act as the closure mechanism for an
article comprising the fastener system, such as a pocket, a
box, or a container, for example.
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REUSABLE QUICK RELEASE FASTENER
SYSTEMS AND ARTICLES INCLUDING THE
SAME

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 13/002,466, filed Mar. 15, 2011, which was the
national stage entry of International Application PCT/
US2009/41876, filed Apr. 28, 2009, which International
Application claimed the benefit of priority to U.S. Provisional
Application Ser. No. 61/077,674, filed Jul. 2, 2008. This
application is related to, but does not claim priority to, U.S.
patent Application Ser. No. 11/611,358 filed Dec. 15, 2006,
now abandoned.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] This invention was made with U.S. Government
support under Contract No. W56HZV-06-C-0594 awarded by
U.S. Army Tank-Automotive and Armaments Command to
Cornerstone Research Group, Inc. The U.S. Government has
certain rights in the invention.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] This disclosure relates to an apparatus and process
for on-demand attachment or disengagement of components
for use as a means in an easy and quiet or nearly silent
container closure mechanism or fastener system. As used in
this specification quiet and nearly silent can be used inter-
changeable and mean a sound that is typically less than 60
decibels. Specifically this application deals with the use of
elastomers, shape memory polymers, shape memory polymer
composites, or elastomeric composites as the connection
devices in a fastener system. More specifically this applica-
tion deals with the use of elastomers, shape memory poly-
mers, shape memory polymer composites, or elastomeric
composites as the connection portions in a fastener system
which can be used to attach a first part to a second part or act
as the closure mechanism for a pocket, box, or other con-
tainer.

[0005] 2. Description of Related Art

[0006] Shape memory polymers (SMPs) and shape
memory alloys (SMAs) were first developed about twenty
years ago and have been the subject of commercial develop-
ment in the last ten years. SMPs are polymers that derive their
name from their inherent ability to return to their original
“memorized” shape after undergoing a shape deformation.
All SMPs have at least one transition temperature (hereinafter
“T,”) at which point the SMP transitions between a hard rigid
plastic to a soft, pliable, elastomeric polymer. When the SMP
is aboveits T, it is soft and elastic, when below its T itis rigid.
Once the temperature of the SMP is above its T, the SMP can
generally be deformed into the desired shape. The SMP must
then be cooled below its T, while maintaining the desired
deformed shape to “lock™ in the deformation. Once the defor-
mation is locked in, the polymer network cannot return to its
“memorized,” or original shape due to thermal barriers. The
SMP will hold its deformed shape indefinitely until it is again
heated above its T, when the SMP stored mechanical strain is
released and the SMP returns to its “memorized” shape. It is
important to note that the T, represents the average tempera-
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ture at which a material transitions from a rigid polymer to an
elastomeric polymer. Because itis an average temperature the
polymer can sometimes exhibit limited shape memory recov-
ery below the T,. Typically this limited recovery is small
enough and occurs close enough to the T, that it does not
affect the function for which the SMP is designed.

[0007] Shape memory materials derive their name from
their inherent ability to return to their original “memorized”
shape after undergoing a shape deformation. There are three
types of SMPs: (1) partially cured polymers, (2) thermoplas-
tic polymers; and (3) fully cured thermoset polymers. There
are limitations and drawbacks to the first two types of SMPs.
[0008] Partially cured polymers continue to cure during
operation and change properties with every cycle. Thermo-
plastic polymers “creep,” which mean they gradually “forget”
their memory shape over time because they are liquids that
become solid upon curing. But unlike thermoset resins, ther-
moplastic polymers can be softened by application of heat or
other stimuli and they can be heated and reshaped repeatedly.
Additionally, conventional thermoset resins (those that are
not SMP) are liquids that react with a catalyst to form a solid,
but they cannot be returned to their liquid state and, therefore,
cannot be reshaped without destroying the polymer networks.
[0009] The current application uses shape memory poly-
mers which are a set of unique polymers that can be reshaped
and formed to a great extent because of their shape memory
nature but will not return to a liquid upon application of heat.
SMPs utilize the beneficial properties of both thermoset and
thermoplastic resins while eliminating or reducing the
unwanted properties.

[0010] When heated above the transition temperature, the
links between the SMP molecular connections are easily con-
torted, stretched, or reoriented due to their elastic nature.
When cooled below the transition temperature, these SMP
connections retain their new reoriented shape. In the cooled
state SMP behaves as a conventional rigid polymer that was
manufactured in that reoriented shape. When heated again,
the SMP returns to the elastic state and can be reformed to
another reoriented shape, or, if no constraint or outside force
is exerted on the SMP, it will return to its original memory
shape.

[0011] SMPs used in the presently disclosed device are
unique thermoset polymers, which, unlike conventional ther-
moset polymers, can be reshaped and reformed repeatedly
because of their dynamic modulus. These polymers combine
the most useful properties of thermoplastic polymers with
those of a thermoset polymer enabling designers to utilize the
beneficial properties of both thermoset and thermoplastic
resins while eliminating or reducing the unwanted properties.
Such polymers are described in U.S. Pat. No. 6,759,481
issued to Tong, on Jul. 6, 2004 with other thermoset resins
seen in PCT Application No. PCT/US2006/062179, filed by
Tong, et al on Dec. 15, 2006; and PCT Application No.
PCT/US2005/015685 filed by Tong et al, on May 5, 2005 all
of which are hereby incorporated by reference.

[0012] Theterm “composite” is commonly used in industry
to identify components produced by impregnating a fibrous
material with a thermoplastic or thermosetting resin. Gener-
ally, polymers and polymer composites have the advantages
of weight saving, high specific mechanical properties, and
good corrosion resistance which make them indispensable
materials in all areas of manufacturing. The use of other
fabrics or reinforcements such as carbon nano-fibers, high
strain fabrics (meaning a fabric that can be stretched in at least
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one direction and will return to its original shape), chopped
fiber, random fiber mat, fabric of any material, continuous
fiber, fiberglass, filamentous material (meaning a material
made of filaments) or other type of textile fabric can be used
to replace carbon fiber in the above examples. Common struc-
tural fastening technologies include mechanical fastening,
e.g., bolts, latches, clasps, and adhesives. These approaches
are widely-used and provide adequate fastening capability for
many long-term applications.

[0013] Hook and loop type separable fasteners are well
known and are used to join two members detachably to each
other. Hook and loop fasteners provide rapid-release, but
require a higher force to release per area of material than other
fastener systems. This development is more commonly
referred to as VELCRO®. Used in nature for thousands of
years, the system was discovered in 1951 and was issued as a
U.S. Patent in 1955, U.S. Pat. No. 2,717,437, to G. DeMes-
tral. The essential technology behind quick release fasteners
has not changed much since the discovery of VELCRO®.
While there have been some developments to make a better
releasing systems such as use of less force per area of material
or using standard latches that are computer controlled, other
developments have been limited to using explosives to
quickly release dangerous cargoes and unwanted parts, i.e.
explosive bolts, etc. Unfortunately, a means for cheap, repeat-
able attachment and release of large-area flat panels with a
nearly silent release has eluded researchers.

[0014] These types of fasteners generally have two compo-
nents disposed on opposing member surfaces. One compo-
nent typically includes a plurality of resilient hooks while the
other component typically includes a plurality ofloops. When
the two components are pressed together they interlock to
form a releasable engagement. The resulting joint created by
the engagement is relatively resistant to shear and pull forces
and weak in peel strength forces. As such, peeling one com-
ponent from the other component can be used to separate the
components with a relatively small applied force. As used
herein, the term “shear” refers to an action or stress resulting
from applied forces that causes or tends to cause two contigu-
ous parts of a body to slide relative to each other in a direction
parallel to their plane of contact. The term “pull force” refers
to an action or stress resulting from applied forces that causes
or tends to cause two contiguous parts of a body to move
relative to each other in the direction perpendicular to their
plane of contact. Hook and loop type separable fasteners can
require different release times to maximize effectiveness for
different applications. In some applications, release times are
not critical whereas in other applications release times are
critical and may be on the order of a few milliseconds.
[0015] Examples ofhook and loop fastener systems using a
type of shape memory material are exemplified by U.S. Pat.
No. 7,013,536 issued to Golden et al on Mar. 21, 2006 and
U.S. Pat. No. 6,920,675 issued to Browne et al on Jul. 26,
2005. An additional fastener system for use in medical
devices is described in U.S. Pat. No. 6,086,599 issued to Lee
and Fitch on Jul. 11, 2000. Fitch describes a fastener system
for use in implanting medical devices in the human body
principally. The fastener system described by Fitch, however,
is not useful for a system beyond the micro scale described in
the patent. The mating geometries described in Fitch and the
tool necessary to move the device around in the body would
be impractical on a larger scale.

[0016] The system described in Golden relies principally
on the ability of the hook and loop material to melt, flow and
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soften upon heating, thus disengaging the fastener system.
The system described by Golden, however, cannot be reused
without substantial time and effort or a complete replacement
of the hook portions.

[0017] Browne describes a similar system to that of Golden
however. The system described by Browne, as well as
Golden, focuses on the disengagement of the fastener system
and not on a method to engage the fastener system. Addition-
ally both Browne and Golden limit the scope of the system
described to a hook and loop system.

[0018] However, there is a need for a high strength, reus-
able, quick-release fastener system that has not yet been met.
These next-generation fastening systems require equal struc-
tural integrity and fastening capability, but additionally
require the system to be able to exhibit a removal and replace-
ment capability that does not damage the substrate material.
Additionally, these next-generation fastening systems require
a low force to remove and replace, a rapid release/replace-
ment cycle time, and they must be able to attach to any
material, including metals, polymers and composites.
[0019] Therefore thereis a need inthe art for a quick release
fastener system that can use different mating geometries with
high strength other than a hook and loop. Additionally there is
a need for a fastener system that can be reused and easily
engaged or disengaged at desired times and with little diffi-
culty and with little or no noise.

BRIEF SUMMARY OF THE INVENTION

[0020] Disclosed herein is a process for engaging and dis-
engaging a releasable fastener system, comprising fastening
devices composed of shape memory polymer or shape
memory polymer composites wherein the fastening devices
may be of any number of geometrical shapes limited only by
the fact that each pair of fastening devices are designed such
that the mating geometries of each device are compatible with
the other and the engagement and disengagement of the fas-
teners results in little to no noise.

[0021] When the rapid release system is activated using an
integrated heating system, the fasteners become flexible,
allowing simple, snap-on attachment. Once fastened, the sys-
tem returns to a rigid state, locking the fasteners in place. To
detach the fasteners again, a user simply activates the system,
transitioning the material back to an elastic state and allowing
easy removal. This process can be repeated.

[0022] Traditional fastening systems have a “male” and
“female” portion. In the hook and loop system described
above the male portion is the hook and the female portion is
the loop. These traditional systems are limited to parts which
contain the male and female portions. Thus, in these systems
two female portions or two male portions cannot typically be
used to connect two parts together. The device disclosed
herein does not utilize the traditional system as each fastening
device can be designed to mate and lock with any other
similarly designed device. This allows for mass production of
the devices as there is no need to retool a factory to produce
the male part and then the female part.

[0023] To engage the fastener systems, at least two devices
with identical or similar mating geometries are connected to
the two parts to be joined together. The devices can be made
of'shape memory polymer or composites. The shape memory
polymer is then activated by any number of various mecha-
nisms which will depend on the type of shape memory poly-
mer used. Shape memory polymers may be activated by any
number of methods, including, but not limited to, heat, expo-



US 2015/0327634 Al

sure to electromagnetic radiation, water, and other similar
means. Once activated, the shape memory polymer or com-
posite becomes soft, flexible and easily manipulated. The two
mating geometries are pressed together so as to interlock. The
shape memory polymer or composite is then deactivated by
any number of various mechanisms, including, but not lim-
ited to cooling below T, exposure to electromagnetic radia-
tion, water, and other similar means. Once the shape memory
polymer is deactivated with the devices interlocked by the
mating geometries the parts that have been joined are resistant
to pull and shear forces. Additionally, because the shape
memory polymer is now rigid, the parts are additionally resis-
tant to peel strength forces.

[0024] Inorderto disengage the parts, the process is simply
reversed. The shape memory polymer or composite is acti-
vated by similar means as described above. Once activated,
the SMP or composite is soft, flexible and easily manipulated.
The fastening devices are now easily separated with a mini-
mal applied pull, shear or peel forces.

[0025] Thus, it is one embodiment of the present invention
to provide a quick engagement and disengagement fastening
system to allow the joining and removal of two different
surfaces together.

[0026] The second embodiment of the present invention is
to provide an engagement and disengagement system that
requires little force to engage or disengage and while engaged
to be highly resistant to pull, shear, and peel forces to prevent
the joined parts or surfaces from becoming prematurely dis-
engaged from one another. While activated the system will
require little force to engage or disengage, however while
deactivated, the system will essentially be unable to be
engaged or disengaged without damaging the system.
[0027] The third embodiment of the present invention is to
provide a system wherein the shape memory polymer can be
activated or deactivated with a remote signal that activates the
energy source which causes the activation or deactivation of
the SMP or composite.

[0028] The fourthembodiment ofthe present invention is to
provide a system of attaching or detaching parts from auto-
mobiles, military vehicles, aircraft, buildings, walls, signs,
floors, ceilings, and other surfaces as may be desired.

[0029] This disclosure relates to an apparatus and process
for on-demand attachment and/or disengagement of compo-
nents or for use as a means for an easy and near silent closure
mechanism for a container. Specifically this application deals
with the use of elastomers, shape memory polymers, shape
memory polymer composites, or elastomeric composites as
the connection devices in a fastener system. More specifically
this application deals with the use of elastomers, shape
memory polymers, shape memory polymer composites, or
elastomeric composites as the connections in a fastener sys-
tem which can be used to attach one part to another or act as
the closure mechanism for a pocket, box, or other container.
[0030] The above described and other features are exem-
plified by the following figures and detailed description.
[0031] BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0032] FIG.1shows one embodiment of two surfaces being
joined together.
[0033] FIGS. 2-A though 2-G show several different

embodiments of the fastener design which can form inter-
locking networks.

[0034] FIG. 3 shows one embodiment of the interlocking
design before the parts are joined together.
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[0035] FIG. 4 shows one embodiment of the interlocking
design in the process of joining two parts together.

[0036] FIG. 5 shows the disengagement of the interlocking
design allowing two parts to be separated.

[0037] FIG. 6 shows a second embodiment of the interlock-
ing design before the two parts are joined together.

[0038] FIG. 7 shows a second embodiment of the interlock-
ing design before the shape memory materials in the connec-
tion devices have returned to their memory positions and
become rigid.

[0039] FIG. 8 shows a second embodiment of the interlock-
ing design joining two parts together.

[0040] FIG. 9 shows how the second embodiment of the
interlocking design prevents the two parts joined from being
prematurely separated.

[0041] FIG. 10 shows two parts being disengaged from
each other due to the interlocking connection devices being in
an elastic state.

[0042] FIG. 11 shows a cross sectional view of a series of
interlocking devices, 110 and 115, of the preferred design in
a interlocked formation, 120, so as to prevent the two parts,
100 and 105, from separating.

[0043] FIG. 12 shows a cross sectional view of a series of
interlocking devices, 130 and 135, of the preferred design
slipping past each other, 140 and 145, after being deformed
and heated to make it easy to separate the two parts, 100 and
105, from each other.

[0044] FIG. 13 shows a close-up of the preferred head, 160,
and stem, 165, of the interlocking devices.

[0045] FIG. 14 shows a close up of how a first interlocking
devices head, 205, will interlock with a second interlocking
devices head, 245.

DETAILED DESCRIPTION OF THE INVENTION

[0046] The present discovery is a fastening technology that
exploits the unique properties of shape memory polymers.
First introduced in the United States in 1984, Shape Memory
Polymers (“SMPs”) are polymers whose qualities have been
altered to give them dynamic shape “memory” properties.
Under thermal, electric, light, electromagnetic radiation,
water, and other stimuli depending on the type of SMP
desired for a particular use. SMP can exhibit a radical change
from a rigid thermoplastic to a highly flexible, elastic state,
then return to a rigid state again. In its elastic state, SMP will
recover its “memory” shape if left unrestrained. The
“memory,” or recovery, quality comes from the stored
mechanical energy attained during the reconfiguration of the
material. SMP’s ability to change modulus and shape con-
figuration at will makes SMP ideal for applications requiring
lightweight, dynamic, and adaptable materials.

[0047] Unlike a shape memory alloy (SMA), SMPs exhibit
a radical change from a normal rigid polymer to a flexible
elastic and back on command, this process can be repeated
multiple times with each trial imparting minimal degradation
of the material. The SMP transition process is a molecular
relaxation, rather than the induced crystalline phase transfor-
mation in SMA. In addition, SMPs demonstrate much
broader range and versatility than SMA in shape configura-
tion and manipulation with SMPs being able to recover from
strains of 400-600% or more and having a wide range of
activation methods including heat, light, and water.

[0048] A fully cured SMP is a rigid plastic and dramatically
softens into an elastic state when the shape memory effect is
activated. This activation is typically accomplished by heat-
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ing the SMP above its glass transition temperature (“T,”). As
used throughout this application to activate or activation of an
SMP means to make it soft and pliable and as used throughout
this application to deactivate or deactivation of an SMP
means to make it hard and rigid.

[0049] Previous SMP fasteners, as described in U.S. patent
application Ser. No. 11/611,358 and incorporated herein by
reference, show a dramatic materials property change
induced from the activation that softens the interlocking
geometry of a similar fastener system, which will allow for
quick and easy engagement or disengagement of the fasten-
ers, as shown in FIG. 1. In FIG. 1 two sheets, 8 and 10, are
joined together by individual fasteners, 2 and 4, whose mating
geometries will prevent the sheets, 8 and 10, from involun-
tarily separating. Throughout this disclosure the phrases
“individual fasteners”, “fastening devices”, and “fasteners”
are used interchangeably and all mean the connection por-
tions of the system disclosed that form an interlocking net-
work.

[0050] The activation mechanism of the prior art, as noted
above, is typically heat, but can also be light, water, electro-
magnetic radiation, and other means which will induce the
shape memory effect in the SMP. Activation by heat can be
applied through various methods, including embedded
nichrome wires, other embedded conductors, placement in
conventional ovens, heating blankets, inductive heating,
resistive heating, or heat guns. Additionally the present inven-
tion can be accomplished by using SMP resin to create a
composite material with which to practice the present discov-
ery and whose composite substrate also includes the embed-
ded conductor.

[0051] The goal of material selection is to identify the most
important material properties for this application, and then
select and/or develop a shape memory polymer (SMP) mate-
rial to satisfy those properties. For the fastening application,
the properties below T, are the most important. Below T, the
material needs to have high toughness, strength, and modulus
to be capable of withstanding high loads encountered when
fastened and during an impact event. Toughness provides the
durability needed in application, while the strength and
modulus increases the load the fasteners can hold. The prop-
erties above T,, are less stringent, requiring only a low
amount of elongation, toughness, and high modulus. The
ability for the SMP to return to its original configuration is
also necessary so that when the stems or heads deflect during
attachment or detachment they return to their upright position
to allow proper alignment for the next attachment or detach-
ment cycle.

[0052] An epoxy-based SMP was developed with a tough-
ness comparable to that of commercially available toughened
epoxies and a T, of 86° C. Both of these parameters satisfied
the need for the fastener system. The high modulus (below
T,), 3100 MPa, and the low modulus above T, 1.4 MPa, are
key to the successful performance of the fastening system.
The 4.5% elongation to break at room temperature is an
indication of the toughness of the material system and is
comparable to commercially available epoxy resins.

[0053] The goal in designing the fasteners was to create a
simple system that could be attached and detached with low
force, yet exhibited high strength hold at room temperature.
The fabrication of the fasteners was also considered in the
design to ensure the fasteners could be manufactured cost
effectively. The fasteners were designed to achieve several
target properties described below:
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[0054] Attachment Force/Unit Area: Attachment force is
the force required to engage the two sides of the fastener
system. The force required to attach the two sides of the
fastener must be low in order for this to be a feasible technol-
ogy, thus one of the goals is to minimize attachment force;

[0055] Tensile Strength: The tensile strength of the fasten-
ers is the strength required to detach the fasteners by applying
force in an out-of-plane direction. The tensile strength, also
comparable to flatwise tension in adhesives, should be maxi-
mized;

[0056] Shear Strength: Shear strength is the property of the
fasteners under loads in-plane and is necessary when used to
hold an item in the vertical position. This is similar to a lap
shear property in adhesives; and

[0057] Release Force/Unit Area: The force required to
remove the fasteners must be low in order to reduce time and
energy of the user.

[0058] Building on previous results, a stem and head sys-
tem was used for simplicity and its symmetry between the two
sides. This is advantageous over hook and loop systems
because they require a different geometry on each side, which
may be overcomplicated and logistically difficult. The stem
and head array system could be broken down even further into
the geometry of the heads and stems, or the design which
facilitates interlocking. Previous designs provided different
means to engage with the opposing stem and head system.
Fabrication was instrumental in selecting a head-stem geom-
etry for further development. A baseline fastener design con-
sisting of a semicircle head with a straight filleted stem,
shown in FIG. 13 was created. The head, 160, is attached to
the stem, 165, and has an overlapping edge, 170. The head,
160, is attached to the stem, 165, with a rounded seam, 180.
The relatively flat portion, 185, of the stem, 165, provides for
a thicker and stronger stem, 165. The rounded edges, 175, at
the bottom provide for a strong attachment to a surface. This
design is the most preferred as it is the simplest to fabricate
and provides adequate surface area to engage and interlock
the fastener system. The fasteners are comprised of a fiber-
reinforced substrate with neat polymer stems and heads.

[0059] Prior designs other than those currently presented
could be used to prevent stem failure, thus increasing the
strength of the fastener system. This may involve using a set
of aluminum or titanium fasteners attached to the metal heads
to be attached to each other, with one set of fasteners having
longer stems than the others. When an impact occurs the force
will be transferred from the attached part, to the base of the
SMP fasteners, to the metal heads. The heads of the SMP
fasteners will never receive the compression force from
impact.

[0060] Ifhigh structural strength is not required, the appa-
ratus can be made out of a series of head and stem elements
that engage to interlock. The material is made out of an
elastomeric material to allow the heads and stems to flex and
bend, allowing the opposing side to fasten and unfasten.

[0061] Each set of heads, 115 and 110, consist of a bulk of
material that interlocks with the opposing heads to keep the
system fastened as shown in FIG. 11. The lips of the heads,
120, overlap with each head, 110 and 115, so as to join the two
parts together. As seen in FIG. 12, when fastening the first
head, 130, pushes past the opposing heads, 135, causing the
stems to flex, and eventually clears, 145, the opposing heads
to sit in their fastened state. The bottoms of each head are in
contact to keep the system fastened. The heads can be differ-



US 2015/0327634 Al

ent shapes including hemispheres, spheres, arrow heads, or
cones. In addition a barb system can be used to keep the
system fastened better.

[0062] The stems connect the heads to a base. The base
connects all the stems so that multiple stems and heads are not
separate. The stem diameter is such that it provides high
enough fastening strength but does not cause a force that is too
high to disengage the fasteners. The stems must be flexible to
allow movement so that the heads can move past each other to
unfasten.

[0063] FIG. 14 shows a close up of how two heads of
similar geometry mate. The first head, 205, attached to the
first stem, 240, and second head, 245, attached to the second
stem, 200, make up the fasteners. The first face, 255, and
second face, 250, fit in the cavity caused by the recessed
portions of the stems, 230 and 235. The first head, 205, has a
face edge, 215, and a back edge, 220, which overlaps the face
edge, 210, and back edge, 225, of the second head, 245, to
ensure that the fasteners interlock.

[0064] The spacing of the heads and stems are also impor-
tant in the design of the fastening system. Throughout this
application, the terms heads and connection portions are used
interchangeably and the terms stems and connection supports
are used interchangeably. The spacing must be minimized to
provide maximum amount of head to head contact. When
engaged, the surface area of the head on the opposing head is
directly related to the hold strength. The spacing also has to do
with the amount of “play” present in the system. “Play” is the
term used to describe the movement of the system when
fastened. This should be minimized to avoid unwanted
detachment and shifting during use.

[0065] This currently claimed design is similar to other
SMP fasteners mentioned above. The major difference is that
the currently claimed system always stays near or above the
glass transition temperature (T,). The polymer used in the
currently claimed system is designed to have a T, at or below
the expected environmental or operational temperature the
system will be exposed to. The T, is important because it is
the temperature at which the material turns from a rigid plas-
tic to a soft elastomer. The modulus of this system must stay
near the operational temperature to maintain flexibility
required to unfasten the system. The T, is directly related to
the modulus of the material and can be tailored by including
different combinations of monomers and polymers in the
makeup of the resin system.

[0066] The material compositions used for this system can
be elastomers such as polyurethane, silicone, or rubber or any
other polymer or elastomer with a transition temperature
which is less than the environment. The selection of compo-
sition is based on its toughness to prevent unwanted failure of
the fastener. The composition is also based on the modulus of
the material. The modulus must be high enough so that it
maintains the fastened configuration, but below enough to be
able to disengage the fasteners without high forces. In addi-
tion, the composition should be such that it will not melt or
degrade in operational conditions. The durability, toughness,
and flexible nature of elastomers make it a good choice for the
Silent Release Fastener system.

[0067] The clastomeric nature of the heads and stems pre-
vent the noise associated with current VELCRO®. The
design allows for versatility in use with simple attachment
and detachment. The nearly silent nature of the fastener
makes it possible to use in covert operations such as the
military or hunting. It can also be used when trying to avoid
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waking a baby or disturbing others. The military has many
potential applications including clothing, tents, and back-
packs. The size of the heads and stems can be of any geomet-
ric size and shape capable of being produced, from micro-
scopic sizes to one foot or more.

[0068] The mating pieces of the preferred system are iden-
tical so there does not have to be a male and female or hook
and loop on opposing sides although a system could be
designed using male and female connectors. This allows the
fasteners to be interchanged more easily. When trying to
quickly fasten or unfasten a pouch or piece of equipment,
simplicity is key. Not having to line up opposing sides before
fastening, but simply blindly pushing the system together is
very important. This is a major advantage over zippers or the
slidingly engaging fasteners.

[0069] No tools are required to use these fasteners. They
can be fastened and unfastened by pushing and pulling. This
is also important when time is minimal.

[0070] FIGS. 2-A thru 2-G show various mating geom-
etries that are contemplated under the present application. It
will be apparent to those of skill in the art that other mating
geometries may be useful for certain applications and that
various geometries may be used with non-identical, but simi-
lar geometries, which could be used in any of the embodi-
ments mentioned below.

[0071] The following examples use heat or thermal energy
as the means to activate the shape memory effect of the SMPs.
As previously noted, other means such as light, water, and
electromagnetic radiation could also be used to activate the
shape memory effect.

[0072] Infirstembodiment, as shown in FIGS. 3 thru 5, the
fastener device’s mating geometries can be made in a variety
of different geometries as the specific design of the fasteners
will be developed by the user for best results in the desired
work environment. In FIG. 3 there are two parts, 20 and 22,
which are to be fastened together. The fastening devices, 26,
28 and 30, are deactivated, rigid SMP. In order to join parts 20
and 22, the SMP in the fastening devices 26, 28 and 30 is
activated. Once activated little force is necessary to push the
parts together, as shown in FIG. 4. In FIG. 4 the now soft
fastening devices, 23, 25 and 27, form an interlocking net-
work joining parts 20 and 22. In order to ensure that the
desired parts remained joined, no additional force should be
applied to the system until the SMP in the fastening devices,
23, 25 and 27 has been deactivated. Once deactivated, the
SMP turns rigid and the interlocking network of fastening
devices becomes very resistant to sheer, pull, tensile, and tear
forces, minimizing the chances that parts 20 and 22 will be
involuntarily separated from one another. In order to release
parts 20 and 22 from one another, the process is simply
reversed. The SMP in the fastening devices 23, 25, and 27 is
activated. Then, as shown in FIG. 5, parts 20 and 22 are
simply pulled away from one another and the SMP, in the now
soft fastening devices, 29, 31, and 32 provide little or no
resistance to sheer, pull, tensile, or tear forces.

[0073] In asecond embodiment, as shown in FIGS. 6 thru
10, the fasteners are fabricated in a closed, multi-petal type
geometry, such as a closed rosebud or closed pinwheel. As
seen in FIG. 6, the SMP in the fasteners is activated to induce
the soft, elastic state which would allow the SMP fasteners,
46 and 49, to easily pass by each other as force is applied to
join parts 40 and 42. Then, as seen in FIG. 7, as force is
continually applied to spread out the fasteners, 47 and 50, into
a flat, pinwheel configuration. The final flat configuration of
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the fasteners, 45 and 48 can be seen in FIG. 8. Once in this
position the SMP is then deactivated resulting in an inter-
locked configuration as seen in FIG. 9 with rigid fasteners.
[0074] The parts 40 and 42 can be separated by activating
the SMP to a soft and elastic state. As seen in FIG. 10, the
fasteners, 51 and 52, can easily pass by one another upon the
application of sufficient force to completely release the fas-
teners and parts 40 and 42. Additionally, the shape change
from flat pinwheel to closed bud will greatly assist the release
mechanism. The processes and embodiments described
above can be repeated multiple times before the SMP will
begin to lose its shape memory effect or suffer irreparable
damage from over use. Additionally, the parts may be joined
without activating the SMP if sufficient force is applied to
make the fastening devices form an interlocking network.
[0075] Test data gathered from a government program was
used to determine the strength of the fasteners. The data was
then used to size the necessary fastening area for operation
with the morphing tooling actuators. On average the fasteners
can support up to 180 psi in shear and 660 psi in tension. It
should be noted that the shear properties are obtained using a
lap shear type test, which induces both shear forces and
bending moments into each unit fastener.

[0076] One application of the present disclosure where
SMP is the preferred embodiment is the easy attachment of
additional armor to military vehicles. The current fleets of
light tactical military vehicles are insufficiently equipped
with armor protection because these vehicles were never
intended for combat on the front line. But due to the change in
world climate, these vehicles now need to be up-armored with
structural armor panels that are attached directly to the
vehicle chassis. These armor panels need to be lightweight
but made of strong composite materials. The next-generation
composite armor also needs a next-generation armor fasten-
ing technology that is quick and easy to apply and replace in
the field keeping soldiers out of harm’s way.

[0077] Light, maneuverable, fast and fully protected
vehicles are needed on today’s battlefields. Steel armor plates
are inexpensive, but extremely heavy, adding thousands of
pounds to light trucks. The extra load wears heavily on these
vehicles causing premature engine and transmission failures,
as well as suspension and brake problems. These conven-
tional steel armor panels are attached to the vehicles by bolt-
ing or bonding and cannot be removed without great expense
and time. The presently disclosed system uses an SMP as a
means to easily and quickly connect large steel plates to these
lightly armored vehicles when needed, and then easily and
quickly remove the additional armor to prevent unnecessary
wear on the vehicles’ other mechanical parts.

[0078] This innovative fastener technology offers the fol-
lowing benefits: low force required to remove/replace;
reduced labor; rapid release/replacement time which reduces
the time to remove or attach from minutes and hours, to
seconds and minutes; no extra or specialized tooling required;
repeatable removal/replacement process without damage to
the substrate; and the material can be attached to any structure
and/or material, including metals, polymers and composites.
[0079] The fastener system disclosed does not need to be
limited to off-the-shelf parts and materials. The fastener
design can be optimized in an effort to achieve several target
values depending on the use and environment in which the
system will be expected to operate. The force required to
attach the parts together must generally be low in order for
this to be a feasible technology. The value of the attachment
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and detachment forces should be less than 15 psi and more
preferably less than 10 psi. The tensile strength of the fasten-
ers is the strength required to detach the fasteners by applying
force in the axial direction with a range of at least 100 psi, and
more preferably 200 psi or greater. This can be achieved
through material selection and design revision. The preferred
design holds twenty times more weight in tension than con-
ventional detachable fastener systems and attaches and
detaches with less force. This saves valuable time and pro-
vides versatile armor options for soldiers in the field.

[0080] Shear strength is the property of the fasteners under
loads perpendicular to stems.

[0081] Current fastener products have a shear strength of 24
psi, tensile strength of 38 psi, and an activated tensile detach
strength of 16 psi. The currently disclosed fasteners have a
shear strength of 235 psi, a tensile strength of 769 psi, and an
activated tensile detach strength of 15 psi.

[0082] Additional parameters such as damage resistance,
ballistic impact resistance and vibration resistance can be
designed into the fastener system based on the selection of
SMP formulation and composites selected for use. Those of
skill in the art will be able to modify parameters in the manu-
facture of the presently disclosed process to ensure compli-
ance with the desired use and environmental conditions under
which the system will operate. Changing the geometry of the
fasteners and their placement on the surfaces to be joined is an
additional optimization that those of skill in the art will be
able to easily accomplish.

[0083] The ability of the fastener system to maintain fas-
tening strength through long term use and potential damage is
essential to success. Approaches to overcoming these prob-
lems include increasing the amount of reinforcement in the
stems and transitioning to a higher strength tow or braid. The
point of failure in the fasteners is typically the area of the stem
just above the fillet radius. Increasing its strength will yield a
stronger fastener system. High strength fiber such as KEV-
LAR® can be used as a possible reinforcement type.

[0084] The stem and head dimensions and properties are
the principal variable that will be adjusted to meet the desired
design criteria. Other properties such as the material that the
fasteners are fabricated from, the location of the fasteners
relative to one another, and the numbers of fasteners per area
are additional properties that could be varied.

[0085] The stems, which are the support system for the
heads, can be adjusted to achieve higher tensile and shear
strength. To increase the strength of the stems, reinforcements
such as a para-aramid, KEVLAR®, or TWARON®, high-
strength polyethylene (DYNEEMA®), PBO, or fiberglass
can be added. KEVLAR® composites using shape memory
polymers are particularly preferred and have proven their
compatibility with known resin systems.

[0086] Thehead size and shape should also be optimized to
reduce the attachment force and increase the shear strength. A
cone or arrow shaped head configuration will reduce the force
to slide the heads past one another. The shear strength of the
fastener system, which is the main concern in static loading of
the fastener system depending on the size and scale of the
parts to be attached to each other, is largely dependent on the
contact area of the head on the stem. A very small contact area
results in yielding of the material. Therefore, if the contact
area between the head and stem can be increased, the force is
distributed over a larger area on the stem. Increasing the
contact surface between the head and stem will improve the
overall fastening characteristics. One way to increase that
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contact area is to increase the surface area of the head. A
drawback with this method is that by increasing the surface
area of the head the attachment force will increase. A balance
should be designed by those of skill in the art so as to achieve
a low attachment force while still maintaining a high shear
strength.

[0087] Finally, the best polymer for the desired application
should be selected. Most polymer mechanical properties are
dependent on strain rate; therefore, the properties needed for
impact modeling may be different than static loading. After
the appropriate material properties are selected, those of skill
in the art should be able to design the fastener system to meet
their individual needs quickly and efficiently.

[0088] Ifapolymer does not provide sufficient mechanical
properties a composite may be used. Styrene and epoxy SMP
can be formulated with a T, from room temperature to 120° C.
and can be toughened if necessary. The maximum elongation
and strength are inversely related. An SMP formulation with
less than 100% elongation but with increased strength may be
preferable over a SMP formulation that has over 200% elon-
gation with relatively decreased strength.

[0089] One example of a shape memory polymer that is
useful in the present invention is an epoxy-based SMP. CRG
Industries, LLC sells epoxy based SMP under the trade name
VERIFLEX® E1, E2, and special custom resins. This epoxy
based SMP is preferred and can be bought off the shelf or
tailored to provide specific T,. This SMP provides a clear
solid shape memory polymer at room temperature that has a
glass T, of approximately 104° C. or other T, as desired. The
resulting material is also tough, as revealed by its resistance to
breakage, and with large elongation above its T,, and excel-
lent shape recovery. The rubbery modulus of this material is
also significantly higher than the styrene-based SMP.

[0090] Inadditionto epoxy SMP, styrene SMP can be used,
however, the epoxy SMP is particularly preferred. Styrene
SMP can also be bought from CRG Industries, LL.C under the
trade name VERIFLEX® and can be formulated to provide a
specific T,.

[0091] It is possible that not all parts of the composite
fastener need to be fabricated from SMP material. Addition-
ally, not all fastening devices need be made of SMP, so long as
one set of fasteners is made of such material and the geom-
etries of each set of fasteners are such that when the fasteners
are joined they form an interlocking network. Therefore
while it is preferred that both sets of fasteners be fabricated
from SMP and have identical mating geometries, this is not
required.

[0092] In other embodiments where low forces are needed
to ensure that the container, pocket, or other device stays
closed and/or the level of noise to open or close the container
is desired to be low, elastomers are the preferred polymers
needed to make the fastening devices. These elastomers will
typically have a T, below that of the expected environmental
conditions, so that the elastomers will always be soft and
pliable. It is because they are always soft and pliable that
quick and quiet fasteners can be made. The sound generated
by the separation of a first part and a second part fastened
together by such quiet fasteners can be no louder than forty
decibels, no louder than twenty decibels, or even no louder
than ten decibels.

[0093] Elastomers also provide sufficient mechanical prop-
erties to securely hold two mating geometries together in a
low stress/strain environment, such as a pocket or other con-
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tainer where there is no expectation that the fasteners will be
exposed to large enough forces to open them unexpectedly.
[0094] The most preferred fabrication of the elastomer-
based fasteners involves a vacuum-assisted resin transfer
molding (“VARTM?”) process. This process involves assem-
bling a vacuum bag with substrate materials and stem mold,
pulling a vacuum, and then infusing the resin. The elastomer
resin wets the substrate fabric and then fills the stems without
voids. Elastomer stems or elastomer composite stems can be
made with commercially available elastomers or other resins.
In order to de-mold the composite from the stem tray, the
elastomer part is pulled away from the stem tray as a silicone
mold is used to infuse the entire part at the same time. The
VARTM approach yields a fully-infused, structurally sound
composite part.

[0095] Inorder to make the quiet release fasteners, a mold
material was identified to achieve proper elongation, durabil-
ity, and chemical compatibility. Several silicones were con-
sidered, but the ultimate chemical compatibility and physical
properties were found in Dow Corning’s SILASTIC® S. This
mold making material displayed ideal properties in modulus
of elasticity, tear strength, tensile strength, and durometer.
The process uses a negative silicone mold that undergoes
vacuum assisted resin transfer molding (VARTM) to infuse
the fiberglass base and fill the mold for the heads and stems.
[0096] The silicone mold was fabricated using a replicate
of'the fasteners. A rapid prototype process was used to create
the cast in which the silicone was then molded over. This
process is advantageous because of its cost and ability to build
complex parts and it provides flexibility to modify designs
quickly. Through several iterations, it was determined that the
effects of the silicone’s coefficient of thermal expansion
(CTE) were significant and needed to be considered in the
rapid prototype design.

[0097] Because of the small size and intricacy associated
with this part, the appropriate rapid prototype method to make
the mold was not trivial. The support material used during the
rapid prototype process caused a rough surface on the stem.
This roughness is transterred to the silicone mold, which in
turn is transferred to the SMP fasteners. This causes stress
concentrations on the stem, resulting in lower strength.
[0098] A metal master mold, using stems made on a screw
machine is the preferred approach to take to manufacture the
fasteners. An array of holes was drilled into a high-tolerance
ground flat plate. The stems and heads were made on a screw
machine and then were inserted into the array of holes in the
plate. A screw machine works by machining a profile into a
stock rod, then cutting it to length. It repeats this process
quickly to manufacture screws cost effectively. A custom tool
was required to achieve the head and stem profile desired and
can be machined to each design by those of skill in the art.
[0099] In addition to the mold being manufactured in a
larger footprint (12"x12" versus 6"x6"), there are also
improvements in the stem profile. The rapid prototype created
a rough surface texture that was produced by the layering of
material during the build. This surface was transferred to the
stem and caused stress concentrations in the stem, where the
majority of failure occurs. The smooth surface of the metal
was transferred to the silicone, which was in turn transferred
to the fastener part and decreased the stresses and increased
the reliability of the fasteners.

[0100] The rapid release fasteners fulfill a need that exists
to improve temporary shelters. This fastener system can be
used to keep walls in place temporarily, while resisting
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impact and shock loadings. This system design allows easy
disassembly by simply activating the fastener system. The
fasteners can also be used for temporarily armor shelters
similar to applique armor vehicles. Soft-sided shelters will
also benefit from high strength removable fasteners.

[0101] While the disclosure has been described with refer-
ence to several exemplary embodiments, it will be understood
by those of skill in the art that various changes may be made
and equivalents may be substituted for elements thereof with-
out departing from the scope of the present disclosure. In
addition, many of the modifications may be made to adapt a
particular situation or material to the teachings of the disclo-
sure without departing from the essential scope thereof.
Therefore, it is intended that the disclosure not be limited to
the particular embodiments disclosed as the best mode con-
templated for carrying out this discovery, but that the disclo-
sure will include all embodiments falling within the scope of
the appended claims.

1-19. (canceled)

20. A reusable quick release fastener system comprising:

a first part having a first base and a plurality of first indi-
vidual fasteners, the first individual fasteners each com-
prising a first stem attached with a rounded seam to a first
head of the first individual fastener and with a rounded
edge to the first base, each first head having a first face
edge and a first back edge; and

a second part having a second base and a plurality of
second individual fasteners, the second individual fas-
teners each comprising a second stem attached with a
rounded seam to a second head of the second individual
fastener and with a rounded edge to the second base,
each second head having a second face edge and a sec-
ond back edge,

wherein:

the first base and the second base are fiber-reinforced sub-
strates;

the first heads and the first stems of the first individual
fasteners and the second heads and the second stems of
the second individual fasteners all consist of neat poly-
mer;

the first individual fasteners and the second individual fas-
teners are configured such that when the first part is
pushed against the second part, the first stems of the first
individual fasteners and the second stems of the second
individual fasteners flex to allow the first back edges of
the first individual fasteners to move past the second face
edges of the second individual fasteners into cavities
defined by recessed portions of the second stems
between the rounded seams of the second stems and the
rounded edges of the second stems, to place the first part
and the second part in an attached state in which the first
back edges overlap the second back edges and interlock
the first individual fasteners and the second individual
fasteners.

21. The reusable quick release fastener system of claim 20,
wherein the neat polymer is a flexible material.

22. The reusable quick release fastener system of claim 21,
wherein the flexible material has a transition temperature that
is below an expected environmental temperature for use of the
reusable quick release fastener system, and the flexible mate-
rial is always soft and pliable at the expected environmental
temperature.
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23. The reusable quick release fastener system of claim 21,
wherein the flexible material is an elastomer or an elastomeric
composite containing the elastomer.

24. The reusable quick release fastener system of claim 23,
wherein the elastomer is chosen from polyurethanes, sili-
cones, and rubbers.

25. The reusable quick release fastener system of claim 20,
wherein the neat polymer is a shape memory polymer having
an elastic activated state and a rigid deactivated state and
being chosen from styrene shape memory polymers, cyanate
ester shape memory polymers, maleimide shape memory
polymers, epoxy-based shape memory polymers, acrylate
shape memory polymers, polyurethane shape memory poly-
mers, and vinyl ester shape memory polymers.

26. The reusable quick release fastener system of claim 25,
wherein the shape memory polymer is reversibly activatable
from a flexible state to a rigid state by heat, light, water, or
electromagnetic radiation.

27. The reusable quick release fastener system of claim 25,
wherein the shape memory polymer is an epoxy-based shape
memory polymer.

28. The reusable quick release fastener system of claim 20,
wherein the first heads of the first individual fasteners and the
second heads of the second individual fasteners have shapes
chosen from semicircles, hemispheres, spheres, arrow heads,
and cones.

29. The reusable quick release fastener system of claim 20,
wherein the first heads and the first stems of the first indi-
vidual fasteners have geometries identical to geometries of
the second heads and the second stems of the second indi-
vidual fasteners.

30. The reusable quick release fastener system of claim 29,
wherein the first heads of the first individual fasteners and the
second heads of the second individual fasteners have shapes
chosen from semicircles, hemispheres, spheres, arrow heads,
and cones.

31. The reusable quick release fastener system of claim 20,
wherein the first part and the second part are components of
an article chosen from a pocket, a box, a container, a garment,
a tent, and a backpack.

32. The reusable quick release fastener system of claim 20,
wherein the first part and the second part in the attached state
are silently detachable by pulling the first part away from the
second part.

33. A closeable article comprising a reusable quick release
fastener system, the reusable quick release fastener system
comprising:

a first part attached to the closeable article, the first part
having a first base and a plurality of first individual
fasteners, the first individual fasteners each comprising a
first stem attached with a rounded seam to a first head of
the first individual fastener and with a rounded edge to
the first base, each first head having a first face edge and
a first back edge; and

a second part attached to the closeable article, the second
part having a second base and a plurality of second
individual fasteners, the second individual fasteners
each comprising a second stem attached with a rounded
seam to a second head of the second individual fastener
and with a rounded edge to the second base, each second
head having a second face edge and a second back edge,

wherein:

the first base and the second base are fiber-reinforced sub-
strates;
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the first heads and the first stems of the first individual
fasteners and the second heads and the second stems of
the second individual fasteners all consist of neat poly-
mer;

the first individual fasteners and the second individual fas-

teners are configured such that when the first part is
pushed against the second part, the first stems of the first
individual fasteners and the second stems of the second
individual fasteners flex to allow the first back edges of
the first individual fasteners to move past the second face
edges of the second individual fasteners into cavities
defined by recessed portions of the second stems
between the rounded seams of the second stems and the
rounded edges of the second stems, to place the first part
and the second part in an attached state in which the first
back edges overlap the second back edges and interlock
the first individual fasteners and the second individual
fasteners, thereby placing the closeable article in a
closed state.

34. The closeable article of claim 33, wherein the closeable
article is a pocket, a box, a container, a garment, a tent, a
backpack, or a component of a vehicle, an aircraft, a building,
a wall, a sign, a floor, or a ceiling.

35. The closeable article of claim 33, wherein the first part
and the second part in the attached state are silently detach-
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able by pulling the first part away from the second part to
place the closeable article in an open state from the closed
state.

36. The closeable article of claim 33, wherein the neat
polymer is a flexible material having a transition temperature
that is below an expected environmental temperature, and the
flexible material is always soft and pliable at the expected
environmental temperature.

37. The closeable article of claim 33, wherein the neat
polymer is a shape memory polymer having an elastic acti-
vated state and a rigid deactivated state and being chosen from
styrene shape memory polymers, cyanate ester shape
memory polymers, maleimide shape memory polymers,
epoxy-based shape memory polymers, acrylate shape
memory polymers, polyurethane shape memory polymers,
and vinyl ester shape memory polymers.

38. The closeable article of claim 37, wherein the shape
memory polymer is reversibly activatable from a flexible state
to a rigid state by heat, light, water, or electromagnetic radia-
tion.

39. The closeable article of claim 37, further comprising an
integrated heating system that activates the shape memory
polymer.



