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DEPLOYABLE TOUCH FASTENER

FIELD

[0001] Disclosed embodiments are related to a deployable
touch fastener.

BACKGROUND

[0002] Touch fasteners such as Velcro®, Scotchmate®, and
Tri-Hook® were originally produced using textile technol-
ogy. Two common types of touch fasteners include hook and
loop fasteners as well as mushroom and loop fasteners. Hook
and loop type fasteners, as they were originally developed and
commercialized, consisted of a textile strip including numer-
ous monofilament fastening elements, shaped like hooks,
projecting from one surface and another mating textile strip
including multifilamented fastening elements woven into
loop shaped projections on the opposing mating surface. In
the case of mushroom and loop fasteners, the fastener
includes a strip containing numerous monofilament projec-
tions with mushroom shaped head. The mushroom shaped
heads are typically formed by heating the tips of straight
monofilament projections until a mushroom head is formed
on each projection.

[0003] Recently the use of thermoplastic extrusion and
molding methods for making touch fasteners have become
popular. In the case of hook and loop fasteners, a hook strip
may be extruded or molded in a number of different ways.
With regards to mushroom and loop fasteners, the mushroom
strip may be produced by extruding or molding a strip of
material having pin-like projections and subsequently form-
ing mushroom-like heads on the pin-like projections. A mat-
ing portion of the touch fastener still typically corresponds to
a loop strip produced using woven, knitted, and/or non-wo-
ven technologies.

[0004] Metal touch fasteners might be made by first form-
ing a plurality of fastening elements in a metal substrate and
separately bending each of the individual fastening elements
into a deployed state. In such a manufacturing process, the
plurality of fastening elements are formed in the substrate
using cutting, die cutting, punching, or another appropriate
manufacturing process. Punches are then positioned against
the individual fastening elements and press the fastening ele-
ment in order to bend the individual fastening elements into
an upright bent position. In this particular type of manufac-
turing process the plurality of fastening elements are indi-
vidually bent by separately applying a force directly to each
of the fastening elements.

SUMMARY

[0005] Inone embodiment, a touch fastener may include a
substrate with a first portion and a second portion displace-
able relative to the first portion. A first fastening element may
also be formed in the first portion. When the first portion is
displaced relative to the second portion, a force and/or
moment generated by the displacement causes the first fas-
tening element to be deployed.

[0006] In another embodiment, a method of deploying a
touch fastener may include: displacing a first portion of a
substrate relative to a second portion of the substrate, wherein
a force and/or moment generated by the displacement
deploys a first fastening element formed in at least one of the
first portion and the second portion.
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[0007] In yet another embodiment, a touch fastener may
include a substrate with a first portion and a second portion
displaceable relative to the first portion. A first fastening
element may also be formed in the first portion. The first
fastening element may include a first stem attached to a fas-
tening portion and to the first portion. A first deployment link
may extend between the second portion and either the fasten-
ing portion or the first stem of the first fastening element.
[0008] In another embodiment, a touch fastener may
include a substrate with a first portion and a second portion
displaceable relative to the first portion. The touch fastener
may also include a first fastening element with a first stem
attached to the first portion, a second stem attached to the
second portion, and a fastening portion extending between
the first stem and the second stem. Displacing the first portion
relative to the second portion may displace the first stem
towards the second stem to deploy the first fastening element
in response to the displacement of the first portion and the
second portion.

[0009] In another embodiment, a touch fastener includes
substrate with a first portion and a second portion that is
displaceable in a plane of the substrate relative to the first
portion. The touch fastener also includes a first fastening
element with sections formed in the first and second portion
of the substrate. When the first and second portions are dis-
placed in the plane of the substrate relative to each other, the
displacement causes the first fastening element to be
deployed out of the plane of the substrate.

[0010] Itshouldbe appreciated that the foregoing concepts,
and additional concepts discussed below, may be arranged in
any suitable combination, as the present disclosure is not
limited in this respect. Further, other advantages and novel
features of the present disclosure will become apparent from
the following detailed description of various non-limiting
embodiments when considered in conjunction with the
accompanying figures.

BRIEF DESCRIPTION OF DRAWINGS

[0011] The accompanying drawings are not intended to be
drawn to scale. In the drawings, each identical or nearly
identical component that is illustrated in various figures may
be represented by a like numeral. For purposes of clarity, not
every component may be labeled in every drawing. In the
drawings:

[0012] FIG. 1A is a schematic representation of a deploy-
able fastening element formed in a substrate shown in the
undeployed state;

[0013] FIG. 1B is a schematic representation of the deploy-
able fastening element of FIG. 1A shown in the deployed
state;

[0014] FIG. 2A is a schematic representation of another
deployable fastening element formed in a substrate shown in
the undeployed state;

[0015] FIG. 2B is a schematic representation of the deploy-
able fastening element of FIG. 2A shown in the deployed
state;

[0016] FIG. 3A is a schematic representation of a deploy-
able fastening element in a partially deployed state;

[0017] FIG. 3B is a schematic representation of a deploy-
able fastening element in a fully deployed state;

[0018] FIG. 4A is a schematic representation of a plurality
of' deployable fastening elements formed in a substrate in the
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deployed state where the fastening portions of the deployable
fastening elements remain substantially straight when
deployed;

[0019] FIG. 4B is a schematic representation of a plurality
of' deployable fastening elements formed in a substrate in the
deployed state where fastening portions of the deployable
fastening elements are bent when deployed;

[0020] FIG. 5A is a schematic representation of a deploy-
able fastening element including a continuous substrate;
[0021] FIG. 5B is a schematic representation of the deploy-
able fastening of FIG. 5A in the deployed state;

[0022] FIG. 6 is a schematic representation of a plurality of
deployable fastening elements formed in a plurality of sepa-
rate portions of a substrate;

[0023] FIG.7 is a schematic representation of a deployable
fastening element including a deployment link that applies a
non-symmetric deployment force to the fastening element
during deployment;

[0024] FIG. 8A is a schematic representation of a deploy-
able loop fastening element;

[0025] FIG. 8B is a schematic representation of the deploy-
able loop fastening element depicted in FIG. 8A in the
deployed state;

[0026] FIG. 9A is a schematic representation of a deploy-
able loop fastening element;

[0027] FIG. 9B is a schematic representation of the deploy-
able loop fastening element depicted in FIG. 9A in the
deployed state;

[0028] FIG. 10A is a schematic representation of a deploy-
able loop fastening element that is deployed by displacing
two opposing stems towards each other;

[0029] FIG. 10B is a schematic representation of the
deployable loop fastening element depicted in FIG. 10A in
the deployed state;

[0030] FIG. 11A is a schematic representation of a deploy-
able male fastening element that is deployed by displacing
two opposing stems towards each other;

[0031] FIG. 11B is a schematic representation of the
deployable male fastening element depicted in FIG. 11A in
the deployed state;

[0032] FIG. 12A is a schematic representation of a deploy-
able fastening element oriented in a perpendicular fashion
relative to the opposing substrate portions;

[0033] FIG. 12B is a schematic representation of the
deployable fastening element depicted in FIG. 12A in the
deployed state;

[0034] FIG. 13A is a schematic representation of a deploy-
able fastening element that is deployed by displacing oppos-
ing substrate portions towards each other;

[0035] FIG. 13B is a schematic representation of the
deployable fastening element depicted in FIG. 13A in the
deployed state;

[0036] FIG. 14A is a schematic representation of a deploy-
able fastening element that is deployed by displacing oppos-
ing substrate portions along an interface between the two
portions;

[0037] FIG. 14B is a schematic representation of the
deployable fastening element depicted in FIG. 14A in the
deployed state;

[0038] FIG. 15 is a schematic representation of a substrate
including separate portions including male fastening ele-
ments and female fastening elements;

[0039] FIGS. 16A-160 are schematic representations of
various shapes for a deployable fastening element;
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[0040] FIG. 17A is aschematic representation of a plurality
of deployable fastening elements and two different deploy-
ment stops, all shown in an undeployed state;

[0041] FIG. 17B is a schematic representation of the plu-
rality of deployable fastening elements and the deployment
stops of FIG. 17A in a deployed state;

[0042] FIG. 17C is a schematic perspective view of the
plurality of deployable fastening element and the deployment
stops of FIG. 17A in a deployed state; and

[0043] FIG. 18A is aschematic representation of a plurality
of deployable fastening elements and a plurality of deploy-
ment stops;

[0044] FIG. 18B is a schematic representation of the plu-
rality of deployable fastening elements and the plurality of
deployment stops of FIG. 18A in a deployed state

[0045] FIG. 19A is a schematic representation of a deploy-
able touch fastener with fastening elements that are deployed
by deforming an integral substrate where different rows of
fastening elements are staggered across an entire width of the
deployable touch fastener;

[0046] FIG. 19B is a schematic representation of a deploy-
able touch fastener with fastening elements that are deployed
by deforming an integral substrate where the fastening ele-
ments are positioned across a portion of the width of the
deployable touch fastener;

[0047] FIG. 19C is a schematic side view of the deployable
touch fastener of FIG. 19A in the deployed state;

[0048] FIG. 19D is a schematic representation of a touch
fastener including single fastening elements that are deployed
when an integral substrate is deformed;

[0049] FIG. 19E is a schematic representation of a deploy-
able touch fastener similar to FIG. 19A in the deployed state;
[0050] FIG. 20A is a schematic representation of a deploy-
able touch fastener with fastening elements arranged in
aligned rows and columns;

[0051] FIG. 20B is a schematic representation of the
deployable touch fastener of FIG. 20A in the deployed state;
[0052] FIG. 20C is a schematic representation of a deploy-
able touch fastener similar to FIG. 20A;

[0053] FIG. 21A is a schematic representation of a deploy-
able touch fastener including integrally formed portions that
are deformed relative to one another to deploy one or more
fastening elements;

[0054] FIG. 21B is a schematic representation of the
deployable touch fastener of FIG. 21A in the deployed state;
[0055] FIG. 22A is a schematic representation of a deploy-
able touch fastener that includes multiple slits to form fasten-
ing elements that are deformed prior to displacing portions of
the substrate towards one another to form loops;

[0056] FIG. 22B is a schematic representation of the
deployable touch fastener of FIG. 22A after deforming the
fastening elements and prior to displacing the portions
towards one another;

[0057] FIG. 22C is a schematic representation of the
deployable touch fastener of FIG. 22B after displacing the
portions towards one another to form loops;

[0058] FIG. 23 is a schematic representation of a deploy-
able touch fastener including an underlying layer;

[0059] FIG. 24A is a schematic representation of a deploy-
able touch fastener including an embossed surface;

[0060] FIG. 24B is a schematic cross-sectional view of the
deployable touch fastener taken along line 24B-24B of FIG.
24A;
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[0061] FIG. 25 is a schematic cross-sectional view of a
deployable touch fastener in the deployed state with a protec-
tive material disposed on top of the fastening elements; and
[0062] FIG. 26 is a schematic cross-sectional view of a
deployable touch fastener in the deployed state with edge
seals.

DETAILED DESCRIPTION

[0063] Theinventorhas recognized that the cost of molding
touch fasteners tends to be driven by the quantity and cost of
the raw materials, which are typically various types of poly-
mers. Additionally, the inventor has recognized several limi-
tations associated with the packaging and handling of typical
touch fasteners. The inventor has also recognized the limita-
tions associated with using a stamper to separately apply
deployment forces to each individual fastening element on a
substrate in order to deploy a touch fastener. Additionally,
when packaged in roll form, the fastening elements emanat-
ing from the top and/or bottom surfaces of a touch fastener
tend to make the overall thickness of a fastener strip signifi-
cantly thicker. This increased thickness limits the amount of
fastener strip that may be packaged on a reasonably sized roll.
Additionally, the fastener elements may slide relative to adja-
cent layers on a roll making the package unstable. This insta-
bility coupled with the narrowness of a fastener strip roll,
which can be less than 1 inch wide, may present handling
issues to end users and shippers. Tightly winding a fastener
strip roll may provide more stability, but the fastener elements
present on the touch fastener strip may be damaged by com-
pressive forces if the roll is wound too tightly. In some appli-
cations requiring longer lengths, cross-wound packaging
may be used to provide a longer length of fastener per roll, but
distortion may be induced in the narrow strip and pose prob-
lems in applications that require a straight flat product. Addi-
tionally, in instances where a perforated fastener strip is used
for example, winding of the fastener strip often times results
in the undesirable engagement of fastening elements of one
layer with the perforations in the base of an adjacent layer
which may again complicate the delivery of a touch fastener
strip from a package. Touch fasteners which are attached to
garments, such as on coat sleeves and winter-wear, may also
become tangled or ensnared on portions of the garment or
other garments when laundered.

[0064] In view of the limitations associated with typical
touch fasteners, the inventor has recognized a need for a touch
fastener capable of providing equivalent, or superior, perfor-
mance and cost as compared to molded products. Such a
touch fastener could also consume less raw material. The
inventor has also recognized a need for touch fasteners that
offer improved handling, stability, packaging efficiency, and/
or reduced material distortion when packaged. In some
embodiments, it may also be desirable to provide a touch
fastener that is deployed simply by displacing portions of a
substrate as compared to individually bending each fastening
element present within a substrate. In some instances it may
also be desirable to provide improved fastening element pro-
tection during packing and handling to avoid unwanted dam-
age to the fastening elements. Additionally, the inventor has
recognized that in some instances it may be desirable to
economically produce fastening element geometries that are
not easily produced using typical molding and/or extrusion
techniques or from materials that are not easily processed to
form touch fasteners. In view of the above, the inventor has
recognized the benefits associated with a touch fastener
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including one or more, or a plurality of, deployable fastening
elements. Depending on the embodiment, a deployable touch
fastener including one or more deployable fastening elements
may either be permanently deployed or the deployment of the
deployable fastening elements may be reversible, as
described in more detail below regarding the various possible
embodiments.

[0065] In one embodiment, a deployable touch fastener
may include a substrate with one or more portions that are
displaceable relative to one another. For example, a substrate
might include a first portion, a second portion, a third portion,
and/or any number of other portions that are displaceable
relative to one another. The one or more substrate portions
may include one or more fastening elements formed therein
including at least one stem connected to the substrate. Each of
the fastening elements may also include a fastening portion
either directly, or indirectly, connected to the stem. The fas-
tening portion may correspond to any appropriate element
capable of mating with a complimentary fastening element,
such as an appropriately shaped head or a loop, as described
in more detail below. Depending on the embodiment, each of
the fastening elements may be connected to one or more
deployment links connected to another one of the substrate
portions. Displacing the substrate portions relative to one
another results in the displacement of the deployment links.
As the deployment links are displaced, they apply a deploy-
ment force to the associated fastening elements. This deploy-
ment force causes the fastening elements to be displaced
about their connection to the associated substrate portion
(similar to a living hinge) and into the deployed state. Alter-
natively, in some embodiments, a fastening element may not
be associated with a deployment link. Instead, a fastening
element may include two or more separate stems that are
displaced relative to each other in order to deploy the fasten-
ing element. However other arrangements of deploying a
fastening element in response to displacement of portions of
a substrate are also possible as the disclosure is not limited to
any particular deployment arrangement.

[0066] For ease of manufacturing, the substrate may be in
the form of a continuous sheet of material such as a continu-
ous strip of material. However, it should be understood that
any appropriate geometry, including discrete sheets or
patches of material, could also be used. Additionally, the
displaceable portions formed in the various types of substrate
may be provided in any appropriate manner. For example, the
displaceable portions of the substrate may be formed by pro-
viding a weakened joint between the portions, cuts located
between the portions, or a bond formed between the portions
using a deformable material. In some embodiments, the dis-
placeable portions of a substrate does not include any sepa-
rations or weakened portions between them. Instead, the vari-
ous portions of the substrate may be continuous with one
another such that they form a continuous substrate. In such an
embodiment, the continuous substrate may be deformed and
one or more stems and/or deployment links at different loca-
tions along a length of the substrate may be subjected to
different amounts of displacement. These differing amounts
of displacement may result in a deployment force being
applied to an associated deployable fastening element in
order to deploy it as described in more detail below.

[0067] Depending on the desired application, the fastening
elements may be deployed on either one, or both sides of a
substrate. In instances where the fastening elements are
deployed on both sides of the substrate, the fastening ele-
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ments may be deployed in any desired pattern. In one embodi-
ment, the fastening elements might be uniformly deployed on
either side of a substrate. Alternatively, the fastening elements
might be deployed in discrete sections on either side of the
fastening element, as the current disclosure is not so limited.
For example, in one specific embodiment, male elements are
deployed on one side of a deployable touch fastener and
female elements are deployed on the opposing side of the
deployable touch fastener to provide a face to back engaging
touch fastener. Alternatively, a deployable touch fastener
might include a region of male elements on one side of a
deployable touch fastener and a separate region of corre-
sponding female elements located on the same side of a
deployable touch fastener to provide a face-to-face engaging
touch fastener. However, it should be understood that any
appropriate arrangement of male and female fastening ele-
ments may be deployed on either side of the deployable touch
fastener as the disclosure is not so limited.

[0068] In some embodiments, it may also be desirable to
provide a touch fastener including multiple fastening ele-
ments with multiple heights and/or shapes. In one such
embodiment, a touch fastener might include a first set of
fastening elements with a first height and/or first shape and a
second set of fastening elements with a second height and/or
second shape that is different from the first. Depending on the
application, these different sets of fastening elements may
either be provided in separate sections of the touch fastener,
or they may be interspersed with one another across the touch
fastener surface. For example, a touch fastener including
separate sets of fastening elements with different heights
and/or shapes in different sections may be arranged to mate
with different materials when installed. Alternatively, a touch
fastener including interspersed fastening elements with dif-
ferent heights and/or shapes might be mated with a material
including loops of different sizes and/or heights to improve
the gripping strength. Other applications are also possible.

[0069] The fastening elements, deployment links, and/or
substrate, may be engineered in any appropriate manner to
deploy the fastening elements in a desired direction and pat-
tern as noted above. For example, in one embodiment, addi-
tional material, such as an elongated dot of curable adhesive,
is selectively added to one or both sides of a deployment link
to bias the direction of deployment of a fastening element
either towards an upper or lower surface of a substrate
depending upon which side of the link the material is depos-
ited. In another embodiment, the deployment links is biased
in a desired direction by deforming the deployment links
rather than by adding material. For example, a dimple or
elongated dimple is impressed onto the upper or lower surface
of'a deployment link to create the desired bias as noted above.
Alternatively, the deployable fastening element itself and/or
portions of the substrate might be deformed, using a suitable
process such as embossing, to provide a shape or residual
strain to bias the fastening elements towards a preselected
direction to aid in deployment.

[0070] In yet another embodiment, either the deployment
link and/or a deployable fastening element may be heated in
a desired location prior to deployment to aid in deploying in
a desired direction. For example, it may be desirable to heat
one side of a connection between the fastening element and
substrate, the fastening element itself, and/or a deployment
link. Without wishing to be bound by theory, this may lead to
a thermal expansion of material on the heated side such that
the deployable fastening element deployment direction is
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biased towards the opposing side of the touch fastener. Heat-
ing of a surface may be provided in any appropriate manner.
For example, a light absorbent dye, such as a black dye, is
provided on a desired surface and an appropriate illumination
source, such as an infrared illumination source, may illumi-
nate the surface. The light absorbent dye may absorb a larger
fraction of the incident illumination such that the underlying
substrate is heated. It should be understood that any appro-
priate light absorbent dye or material and corresponding illu-
mination source might be used. In another embodiment, a
metallic material is coated onto or may be integrated with a
desired portion of the substrate. The substrate may then be
subjected to a radiofrequency source such that the portions of
the substrate associated with the metallic material may be
heated. In one specific embodiment, the metallic material is a
metallic ink coated onto a surface. Alternatively, the metallic
material may be integrated into a separate coating or material
layer disposed on the substrate. While specific ways of heat-
ing the substrate are described above, other methods of selec-
tively heating portions of the substrate are also contemplated.
Additionally, in some embodiments, substrate may be coated
with, or made from, a magnetic material. This may help with
positioning of the touch fastener using a magnetic positioning
system as is used in some automotive applications. For
example, the substrate could be coated with a magnetically
attractable metallic ink or coating. Alternatively, the substrate
could be made from a base material, such as plastic, having a
with a magnetically attractable metallic material (whether
particles or wires or other structures) embedded therein.

[0071] Itshould be understood that the associated fastening
elements, deployment links, and substrate portions may be
engineered to provide deployment of a deployable touch fas-
tener in response to a force applied in any desired deformation
direction. For example, a touch fastener including deployable
fastening elements might be deployed when stretched in a
machine direction corresponding to a direction of manufac-
ture of a continuously produced sheet or strip of material, a
cross-machine direction perpendicular to the machine direc-
tion, or a combination of the machine direction and the cross-
machine direction. Additionally, it should be understood that
the various portions of a substrate including one or more
deployable fastening elements may be displaced in any
appropriate direction relative to one another in order to
deploy the one or more deployable fastening elements. For
example, a first and second portion are displaced away from
each other, towards each other, sideways relative to each other
along an interface between the substrate portions, or any
combination of directions as the disclosure is not so limited.
Combinations of the various deformation directions relative
both to the machine direction as well as the portions of the
substrate are possible. Therefore, it should be understood that
the disclosure is not limited to any particular deformation
direction of either the substrate or the various portions of the
substrate in order to deploy the fastening element.

[0072] In some embodiments, it may be desirable to pro-
vide one or more mechanisms to aid in controlled deforma-
tion of a substrate to deploy one or more deployable fastening
elements. Therefore, in at least one embodiment, a substrate
may include one or more registration holes and/or marks per
portion of the substrate. These registration holes and/or marks
may be located along the edges of the substrate or along
interior portions of the substrate as the disclosure is not so
limited. For example, in one embodiment, registration holes
and/or marks located along opposing edges of a strip pass
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through a corresponding machine applying a deformation to
the substrate. In instances where the sides of a substrate and
an interior portion of the substrate are deformed relative to
one another, registration holes and/or marks may be located
on both the sides of the substrate as well as on an interior
portion of the substrate. Without wishing to be bound by
theory, by controlling the relative displacement of the regis-
tration holes and/or marks located along the sides of the
substrate relative to the registration holes and/or marks
located on the interior substrate, a shear stress may be applied
across the substrate. It should be understood that other
arrangements of registration holes and/or marks to provide a
desired deformation are also contemplated.

[0073] Insome embodiments, a deployable touch fastener
may already be positioned in the deployed state. In such an
embodiment, it may be desirable to undeploy the deployable
touch fastener. In such an embodiment, the various portions
of the substrate including one or more deployable fastening
elements may be displaced relative to one another in order to
undeploy the fastening elements. This may be done in a
manner substantially similar to that described with regards to
deploying the deployable touch fasteners described herein,
but in reverse. This might be provided for example, by a
substrate that is laminated to another underlying material that
may be retracted such as an elastomeric material under ten-
sion, or other layer that may undergo a contraction. Embodi-
ments in which extension of the substrate results in undeploy-
ing of the deployable touch fasteners are also possible.

[0074] In some embodiments, cuts forming the fastening
elements, deployment links, and/or substrate portions may
include features such as termination points and/or sharp cor-
ners that may act as stress concentrators. Without wishing to
be bound by theory, stress concentrators may result in frac-
turing of the substrate and/or fastening elements during
deployment and use. Additionally, the presence of stress con-
centrators might also result in reduced fatigue life for a
deployable touch fastener that undergoes multiple deploy-
ment cycles. Consequently, it may be desirable to provide
stress concentration reliefs in a pattern cut into a substrate.
For example, a pattern cut into a substrate might include
features such as holes, rounds, or other appropriate stress
relieving shapes, at the termination points of the cuts and/or at
other stress concentration locations such as along abrupt con-
tour transitions. It should be understood, that the pattern may
also be designed to include gradual contour changes to reduce
the presence of stress concentrations along the cut pattern.
However, embodiments in which the cut pattern includes
sharp edges, such as are found in an arrowhead shape, are also
possible.

[0075] As noted above, in some embodiments, the deploy-
able touch fasteners may be formed in a substrate without the
need for manufacturing processes that import heat to the
substrate. Thus, unlike touch fasteners formed using molding
methods where the material is subjected to elevated tempera-
tures, oriented polymers may be used to form a deployable
touch fastener. This may offer distinct strength benefits asso-
ciated with a touch fastener formed from an oriented polymer.
Possible oriented polymers include, but are not limited to,
oriented para-aramid such as Kevlar®, oriented polyethyl-
ene, oriented polypropylene, oriented nylon, and other appro-
priate oriented polymers. It should be understood that
embodiments using unoriented polymers as well as other
materials are also contemplated.
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[0076] The embodiments of a deployable touch fastener
disclosed herein may offer one or multiple benefits. For
example, traditional touch fasteners use a continuous sub-
strate material in contrast to a deployable touch fastener
which may be stretched either along its width or length prior
to or during application. Consequently, the deployable touch
fastener may be applied to a similar area as a traditional touch
fastener while using substantially less material. Additionally,
since a deployable touch fastener may be formed in a flat
substrate, a deployable touch fastener can be packaged and
shipped in a flat form with the deployable fastening elements
in the undeployed state which may result in reduced package
sizes, increased yardages on a spool, and/or reduced defor-
mation of the substrate and fastening elements during storage
and handling.

[0077] Without wishing to be bound by theory, depending
on the particular deployable touch fastener, the deployable
fastening elements may undergo twisting, shearing, and/or a
raking action during deployment which may result in the
fastening elements engaging more mating fastening elements
and thus enhanced engagement between opposing portions of
a touch fastener. This may be beneficial for touch fasteners
including low profile loops because the twisting, shearing,
and/or raking action of the deployable touch fastener may
enhance the individual retention force and/or increase the
number of loops engaged during attachment. This may con-
sequently result in an increased gripping force between the
opposing portions of the touch fastener.

[0078] In some embodiments, a deployable touch fastener
may also be more flexible as compared to typical touch fas-
teners because the stretched substrates may include gaps
between adjacent substrate portions when deployed which
may accommodate stretching and/or bending along the sub-
strate base plane. This increased flexibility may permit bend-
ing of a deployable touch fastener without significant distor-
tion of the fastener which is contrasted with the solid
substrates of typical touch fasteners which may be distorted
when stretched or bent along the substrate base plane.

[0079] Depending on the embodiment, a plurality of
deployable fastening elements of a deployable touch fastener
may either be permanently or reversibly deployed. In embodi-
ments in which the deployment is reversible, the fastening
elements, as well as the associated deployment links and
portions of the substrate, may include appropriate dimen-
sions, materials, and/or limits on the applied strain to avoid, or
at least limit, the amount of plastic deformation and/or frac-
ture during deployment. In such an embodiment, the deploy-
able fastening elements may either fully or partially retract
after the substrate has been released to move the fastening
elements towards the undeployed state. The substrate may
either retract on its own due to the applied elastic strains, or an
appropriate elastic material layer capable of retracting the
substrate towards the initial undeployed stated may be
bonded to the substrate. In the above embodiments, the dis-
placement of the substrate portions relative to one another is
at least partially recoverable to at least partially retract the
fastening elements. In other embodiments in which it is desir-
able to permanently deploy the touch fastener, the fastening
elements, deployment links, portions of the substrate, and/or
other appropriate features may be dimensioned and/or
include materials such that one or more elements are irrevers-
ibly deformed during deployment to prevent retraction of the
substrate afterwards. Alternatively, the touch fastener might
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be bonded to a material layer in the deployed state to prevent
retraction of the substrate and maintain the touch faster in the
deployed state.

[0080] It should be understood that a deployable touch
fastener including deployable fastening elements may be
manufactured using any appropriate material, or combination
of materials. For example, polymers, papers, papers pre-
coated or pre-saturated with a reinforcing material, metals,
ceramics, fabrics, composite materials, foamed materials,
non-woven materials, woven materials, knitted materials,
glasses, and/or combinations of the above might be used to
form a deployable touch fastener. Depending on the particular
application, the deployable touch fastener may be made from
or coated with a bioresorbable and/or biocompatible material.
Alternatively, the deployable touch fastener might be made
from a biological material such as, for example, acellular
dermal matrix, cartilage, and other appropriate biological
materials. In some embodiments, the substrate of a deploy-
able touch fastener may also be a laminated structure includ-
ing two or more material layers bonded to one another. The
substrate may be laminated or otherwise bonded to other
layers either before or after deploying the fastening elements.
Also, the lamination may occur during formation of the fas-
tening elements, as described below, or the lamination may be
prefabricated. Depending on the particular application, the
individual material layers within the laminated structure may
either be bonded along their entire mating surface areas,
along their edges, or within discrete portions along the sur-
face areas as the disclosure is not so limited.

[0081] Instill yet another embodiment, a deployable touch
fastener may be made from a substrate including smaller
fastening elements formed on a surface of the substrate. In
such an embodiment, separate larger deployable fastening
elements may be formed in the substrate. These larger deploy-
able fastening elements may subsequently be deployed as
described herein. Since the substrate surface includes smaller
fastening elements on its surface, the larger deployable fas-
tening elements will also include the smaller fastening ele-
ments on their surfaces. Consequently, when deployed from
the substrate, the larger deployable fastening elements will be
positioned in the deployed state with one, or a plurality, of
separately formed smaller fastening elements located on their
deployed surfaces.

[0082] In addition to the above, in some embodiments, a
material the deployable touch fastener is made to shrink or
expand on exposure to fluids such as water and/or from expo-
sure to heat. The material might also shrink and/or expand
from exposure to different pH environments and/or chemical
reactions. However, it should be understood that the disclo-
sure is not limited to any specific method of controlling the
expansion or contraction of the material. The ability to selec-
tively control the expansion and/or contraction of the material
might be used during the manufacturing process and/or use to
deploy the fastening elements without the need to deform the
substrate in a separate mechanical step. Alternatively, these
materials might be used to provide a selectively deployable
touch fastener by controlling the deformation of the substrate
in use.

[0083] Insome embodiments, a deployable touch fastener
may be made from a material that is difficult to form tradi-
tional touch fasteners from. For example, polyvinyl chloride
is useful for many applications including applications in the
medical field due to its ability to be welded using radio fre-
quency welding. However, polyvinyl chloride is difficult to
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extrude safely and its manufacturing process is corrosive to
manufacturing equipment. Consequently, it is difficult to
form touch fasteners from polyvinyl chloride. In addition,
materials that are either incapable, or difficult to, mold such as
thermoset plastics, papers, ceramics, epoxies, metals, and
other materials cannot be used in typical molded touch fas-
tener manufacturing techniques. However, in the various dis-
closed embodiments, patterns are simply formed in a pre-
existing substrate to manufacture a deployable touch fastener.
Therefore, the deployable touch fasteners may be easily, and
cheaply, manufactured in many different materials including,
for example, thermoset plastics, papers, ceramics, epoxies, as
well as metals to name just a few.

[0084] A fastening portion of the fastening elements may
have any appropriate shape capable of engaging a mating
portion of a touch fastener. For example, the inventors have
recognized that since a limited number of fastening elements,
typically 10% or less, actually engage with a mating touch
fastener, fastening elements including shapes that limit the
ability of a corresponding element such as a loop to slide off
may provide improved gripping. Several non-limiting geom-
etries that might be used for a fastening portion, include an
arrowhead, a mushroom, a single hook, a double hook, a
single or double sided saw tooth shape, a sinusoidal shape, a
T, a partial circle, a pointed shape, aY, a star burst, a lightning
bolt shape, and/or any other appropriate shape. In some
embodiments, the fastening portion may correspond to a
straight or tapered pin and/or another similar shape. In such
an embodiment, as well as in other embodiments, the fasten-
ing portion may be subjected to additional processing in order
to properly form the fastening element to function as a touch
fastener. For example, the fastening portion may be bent over
during a separate processing step or during deployment to
form a hook like shape. Alternatively, the fastening portion
may be mushroomed using heat or ultrasonics. Another way
to mushroom the fastening portion would be apply a metallic
coating to the fastening portion and heat the fastening element
using radio frequency heating. Additionally, the fastening
portion may include a light absorbing ink or material which
may be exposed to a light source, such as a laser or other
appropriate light source, to heat the fastening portion and
form a mushroom shaped head. In yet another embodiment,
the fastening portion might also be coated with a suitable
material to form a head on the fastening portion. In other
embodiments, the fastening element might also correspond to
a loop or other appropriate structure capable of connecting to
a male portion of a touch fastener. It should be noted, that
many of these shapes are not suitable for manufacture using
typical molding processes since they cannot slide out of a
mold. However, these fastening portion shapes and more are
capable of being easily and economically produced using the
deployable touch fasteners described herein.

[0085] It should be understood that the disclosed touch
fasteners may be manufactured in any appropriate fashion. In
some embodiments, shapes corresponding to the fastening
elements, deployment links, and substrate portions may be
cutinto a discrete sheet or patch of material, a continuous strip
of material, or any other appropriate substrate material to
form the desired structure. Consequently, the fastening ele-
ment might either be formed in a batch process or continu-
ously. Additionally, in some embodiments, the deployable
touch fastener may be produced as an integral part of a final
product or assembly where the fastener may either be
deployed during manufacture or by an end user during use.
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For example, a deployable touch fastener may be formed
directly on the side tab of a disposable diaper or other appro-
priate product. The deployable touch fastener may also be
assembled with appropriate polymer films, non-woven fab-
rics, woven materials, knitted materials, laminates, adhesives
and/or other materials to provide desired functionalities as
described in more detail below. While the embodiments
described herein are directed to cutting a desired pattern into
a substrate, embodiments in which the touch fastener is
formed by assembling separately formed fastening elements,
substrate portions, and/or deployment links to form the
desired structure are also possible.

[0086] In embodiments in which the touch fastener is
formed by cutting a pattern into a substrate, it should also be
understood that the cuts might be formed using any appropri-
ate cutting method including, but not limited to, mechanical,
thermal, and/or chemical based methods. For example, inter-
mittent or rotary die cutting, laser cutting, open flame cutting,
infrared cutting, machining, water jet cutting, laser ablation,
pressure based cutting methods, and other appropriate cutting
methods might be used. In other embodiments, a mask might
be patterned, or printed, onto a substrate to control or limit
exposure of the substrate to cutting methods such as incident
radiation, chemical etches, and the like in order to form a
desired cut pattern. While an etch might be used with a metal-
lic substrate, etching process might also be used with cellu-
lose-based substrates (e.g. paper), polymer-based substrates,
as well as other materials using an appropriate solvent and/or
etchant. In embodiments where heat and/or incident radiation
are applied, a vacuum may be applied to an underside of the
substrate including a mask to aid the localized flow of thermal
energy into the substrate through the mask openings. In con-
trastto forming a mask, in some embodiments, a material may
be printed onto a substrate in a desired pattern to enhance the
efficiency of some chemical and/or thermal cutting methods.
For example, a desired cut pattern may be printed onto a
substrate using a material whose composition or color per-
mits infrared energy to cut printed pattern into the substrate.
One such method might include printing a black pattern onto
aclear polymer substrate and exposing the material to intense
infrared energy to cut the polymer substrate. In yet another
embodiment, the desired pattern may be formed using addi-
tive manufacturing processes. In such an embodiment, a sub-
strate including the desired pattern and substrate portions
may be directly printed onto a surface. For example, the
pattern might be printed onto a rotating roll or drum such that
it may be peeled off to form a continuously printed pattern
substrate without the need to separately form cuts. In view of
the above, it should be understood that the disclosure is not
limited to how a pattern is formed in a substrate to form a
deployable touch fastener.

[0087] While embodiments describing cuts, gaps, or other
appropriate structures that extend through a thickness of a
substrate are described above, a pattern formed in a substrate
is not limited in this fashion. Instead, in some embodiments,
a pattern formed in a substrate may only extend through a
portion of the substrate. In such an embodiment, the fastening
elements defined by the pattern may shear the remaining
material located along the edges of the fastening elements to
free the edges of the fastening elements from the substrate as
they are deployed. After breaking the partially cut through
edges of the fastening elements free from the substrate, the
fastening elements may be deployed as described above.
Alternatively, in some embodiments, the fastening elements
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may delaminate from the substrate during deployment.
Whether the fastening elements break their connections to the
substrate or delaminate from the substrate may be governed
by a shear strength of the material, a thickness of the sub-
strate, a thickness of the pattern formed in the substrate,
properties of one or more layers within a laminated substrate,
and/or other appropriate considerations.

[0088] In some embodiments, it may be desirable to alter
the properties of a plurality of deployed fastening elements
and/or a substrate prior to, during, or after deployment. In
such an embodiment, the deployable touch fastener may be
coated and/or saturated with one or more materials prior to,
during, or after the fastening elements have been deployed.
Additionally, the material may either be applied to an entire
substrate, a surface of the substrate, individual fastening ele-
ments, individual portions of the substrate, and/or any other
appropriate location or combination of locations on the sub-
strate as the disclosure is not so limited. Depending on the
particular embodiment, the material is applied to the touch
fastener by roll coating, spraying, dipping, vapor deposition,
and/or any other appropriate coating or application processes.
The material may also provide any number of benefits to the
touch fastener. For example, the material might provide addi-
tional strength, chemical resistance, coloration, bonding,
material compatibly, and/or act as a structural component of
the touch fastener. Alternatively, or in addition to the above,
the coating may act as an adhesive to bond the substrate to
another material. Possible materials that might be used to coat
and/or saturate a material include polymers, metals, ceram-
ics, epoxies, glasses, abrasives, biocompatible materials,
bioresorbable materials, biological materials, magnetic mate-
rials, wax, and other appropriate materials. It should be
understood, that depending on the embodiment, a material
may either be coated onto the entire substrate or only a portion
of the substrate. For example, the coating may be applied to
only the fastening elements.

[0089] In one exemplary embodiment, a deployable touch
fastener may be produced from an inexpensive material such
as paper, deployed and then coated with a material such as a
ceramic slurry that is sintered or cured in a later step to
provide added strength and/or durability. Alternatively, the
deployable touch fasteners formed from the paper might be
coated with a material such as a polymer to strengthen the
fastening elements. In such an embodiment, the deployed
fastening elements formed from paper simply act as carriers
upon which to deposit the structural material, whether
ceramic, polymeric, metallic, or other suitable structural
material. The above embodiments may enable the inexpen-
sive manufacture of touch fasteners from materials that may
otherwise be difficult or impossible to extrude, mold, cut, or
form into a fastening element.

[0090] In another exemplary embodiment, a coating may
be applied to a surface of a substrate to enhance bonding with
another material to form a laminate. In one embodiment, the
coating may simply be an adhesive that bonds to both the
substrate including a deployable touch fastener as well as a
corresponding material it is attached to. Alternatively, the
coating may be an intermediate material capable of bonding
to the substrate and bonding with a separate adhesive or
material layer that cannot be easily bonded to the substrate.
Appropriate materials that might be used in such a fashion
include, but are not limited to, ethylene vinyl acetate, acrylic,
UV cured epoxies, polyesters, hot melts, and/or moisture
cured hot melts. For example, and without wishing to be
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bound by theory, applying acrylic, polypropylene, polyethyl-
ene, or other appropriate materials to a surface of a paper
substrate would enable the paper substrate to be ultrasoni-
cally welded to a desired plastic surface or object without the
need for a separate adhesive.

[0091] In yet another exemplary embodiment, a coating
may only be applied to the fastening portions of a deployable
touch fastener. One way in which to apply the coating to the
fastening portions might include simply dipping the fastening
portions into a coating material such as a polymer resin sub-
sequent to curing the polymer. For example, a head of a
fastening element, a pin, or other appropriate portion of the
fastening element may be dipped into the coating. In some
instances, this may enhance gripping to the fastening portion
of a mating touch fastener, object, or surface. In other
instances, such as the pin embodiment, the coating may form
a head for mating with a corresponding portion of a touch
fastener. However, it should be understood that the coating
may be applied to the fastening portions of the deployable
fastening elements in any appropriate fashion as noted previ-
ously.

[0092] The disclosed deployable touch fasteners may be
used in any number of applications where touch fasteners are
typically used. However, the disclosed deployable touch fas-
teners may also be applied in instances where typical touch
fasteners are not generally used as the deployable touch fas-
teners are not limited to any particular application or use.
Several possible applications for a deployable touch fastener
are described in more detail below.

[0093] In one embodiment, a deployable touch fastener
may be incorporated into a stretchable tab closure of a dis-
posable diaper. In such an embodiment, an end of the deploy-
able touch fastener, and/or a stretchable tab of the deployable
touch fastener is attached to, may be attached to a diaper shell
and the user may pull on a free end of the stretchable tab to
deploy the fastening elements and attach the stretchable tab to
a mating portion of the diaper shell. Without wishing to be
bound by theory, typical touch fasteners used for tab closures
on disposable diapers often have rough or abrasive surfaces
which may come in contact with an infant’s tender skin. In
contrast, the deployable fastening elements of a deployable
touch fastener may remain hidden until the closure tab is
stretched and positioned on the surface of a diaper shell,
thereby shielding the infant from exposure to the abrasive
surfaces typical with conventional touch fasteners.

[0094] Inanother embodiment, a deployable touch fastener
may be incorporated into a garment. In such an embodiment,
it may be desirable for the deployable touch fastener to be
selectively movable between a deployed and undeployed
state. This may offer multiple benefits. For example, touch
fasteners that are attached to garments, such as on coat sleeves
and winter-wear, are often tangled or ensnared on portions of
the garment or other garments when laundered. In contrast, a
deployable touch fastener positioned in the undeployed state
when not in use may be less prone to tangling and/or ensnar-
ing portions of the garment and other garments as compared
to a typical touch fastener.

[0095] Inyet another embodiment, a deployable touch fas-
tener may be incorporated into various automotive applica-
tions. For example, a deployable touch fastener may be posi-
tioned in an automotive seat bun for attaching an associated
fabric cover. While the deployable touch fastener may be
positioned in the automotive seat bun in any appropriate
fashion, in one embodiment, the deployable touch fastener
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may be deployed and positioned within a channel formed in
the automotive seat bun. Subsequently, a material may be
foamed around the deployable touch fastener to attach the
deployable touch fastener the automotive seat bun.

[0096] Inanother embodiment, a deployable touch fastener
might be used as a surgical fastener. For example, a deploy-
able touch fastener might be used to attach two opposing
portions of tissue to one another during a surgical procedure.
In such an application, the deployable touch fastener may be
engineered to behave elastically during and after deployment
to provide a desired resilient closure force to hold a wound
together. In another embodiment, a deployable touch fastener
might be used in a surgical procedures such as a hernia repair.
The deployable touch fastener might serve as a reinforcing
material as well as a method for attaching the reinforced
material to surrounding tissue such as an abdominal wall.
Thus, in such an embodiment, the deployable touch fastener
might replace separate attachment mechanisms such as
stitches, tacks, clips, and other attachment methods currently
used in conjunction with various tissue repair materials such
as surgical repair fabrics. In some applications, a porosity of
a deployable touch fastener may be engineered by the pat-
terning of fastening elements, holes, the use of appropriate
laminates, and other appropriate methods to enhance tissue
integration with the deployable touch fastener after implan-
tation. Depending on the particular application, a deployable
touch fastener may include substrates and/or coatings made
from biological materials, biocompatible materials, biore-
sorbable materials, and/or their appropriate materials.
Depending on the particular application, it may be desirable
for a fastener to provide medication to a site. Therefore, in
some embodiments, a touch fastener may be engineered to be
drug eluting to provide a therapeutic compound to the site or
application. A deployable touch fastener used for a medical
procedure might include alternative methods for fastener
deployment such as elevated temperatures from the body,
(e.g., by employing nitinol), moisture, chemical reactions,
and/or pH as described above. Further, a deployable touch
fastener might be deployed either prior to positioning on
tissue or the deployable touch fastener might be deployed
after final positioning of a deployable touch fastener during a
surgical procedure as the disclosure is not so limited.

[0097] In yet another embodiment, a side of a deployable
touch fastener opposite the fastening elements might be
coated with an abrasive material and the deployed touch
fastener might be attached to a sanding apparatus. The result-
ing material may thus be used as sandpaper. In a related
embodiment, a deployable touch fastener may include fasten-
ing elements deployed on one side of the deployable touch
fastener and one or more elements deployed on an opposing
side of the deployable touch fastener. In such an embodiment,
the fastening elements may be attached to a sanding apparatus
as noted above. In addition, the one or more elements
deployed on the opposing side may be coated or encapsulated
with an abrasive material so as to function as a bristle-like
sanding pad including an open structure. Without wishing to
be bound by theory, the open structure of the deployed sub-
strates noted above might also permit a vacuum or airflow
through the sandpaper to permit the extraction of dust par-
ticles generated during use. While a specific arrangement has
been noted above for providing an abrasive pad, other
arrangements are also contemplated.

[0098] Turning now to the figures, several non-limiting
embodiments are described in more detail.
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[0099] FIGS. 1A and 2A depict possible embodiments of a
deployable touch fastener. In the depicted embodiments, the
deployable touch fastener includes a planar substrate 2. The
substrate 2 is divided into a first portion 4 and a second portion
6 demarcated by line 102. However, it should be understood
that any number of substrate portions could be used. A fas-
tening element 8 is formed in the first portion 4. The fastening
element includes at least one stem 14 including one or more
portions. The stem 14 may also be connected to a fastening
portion 10 of the fastening element. The fastening portion 10
may have any appropriate shape capable of engaging with a
mating object or surface. For example, as depicted in the
figure, the fastening portion 10 may correspond to a barbed
arrowhead including an overhanging shoulder 12. This type
of fastening portion 10 may help to engage with elements on
a mating object or surface to prevent the mating structure
from slipping off of the fastening elements. However, as
described in more detail below, other types of shapes includ-
ing mushroom, hook, and loop shapes may be used for the
fastening portion 10 as the disclosure is not so limited.

[0100] The deployable touch fastener may also include one
or more deployment links 16 extending between, and
attached to, either the stem 14 or fastening portion 10 of the
fastening element and the opposing second portion 6 of the
substrate. While a single deployment link 16 arranged sym-
metrically between two opposing stems 14 has been depicted
in the figures, other arrangements are also possible. For
example, any number of deployment links and any number of
stems could be used. Additionally, either a symmetric
arrangement, or a non-symmetric arrangement, of deploy-
ment links and one or more stems might be used.

[0101] While the substrate portions, fastening elements,
and deployment links may be formed in any appropriate
fashion, one embodiment of a pattern used to form these
elements is illustrated in the figures. Referring again to FIGS.
1A and 2 A, the deployment link 16 is provided by two parallel
lines 100 cut or otherwise formed in the substrate 2 and
generally aligned with a deployment direction D of the fas-
tening element 8. Two generally perpendicularly arranged
lines 102 extend outwards from approximately a midpoint of
the cuts 100 to form the first portion 4 and second portion 6 of
the substrate. While lines 102 are depicted as extending out-
wards from a midpoint of the line 100, lines 102 may also be
located at an end of lines 100 such that they form a tab
extending from the second portion 6 of the substrate to the
fastening element 8. Other locations of lines 102 are also
contemplated. In some embodiments, a line 104 may be
formed within the first portion 4 of the substrate extending
around the deployment link 16 to form both a fastening por-
tion 10 and stem 14 of a fastening element 8. However,
embodiments in which the line 104 does not extend around
the deployment link 16 are also contemplated. Again, while
specific shapes of these lines and corresponding substrate
portions, fastening elements, and deployment links have been
depicted in the figures and described above, other shapes are
also possible. For example, instead of a line, a larger shape,
such as a window that frames the fastening element, might be
cut out from a substrate to form the fastening element. Addi-
tionally, it should be understood that the depicted lines might
correspond to cuts formed in a substrate or they might corre-
spond to gaps and/or spaces molded into a substrate during an
appropriate formation process as the disclosure is not limited
to how these features are formed. Alternatively, and as

Oct. 1, 2015

described in more detail below, the individual portions of the
substrate may form a continuous substrate as the disclosure is
not so limited.

[0102] Asdepictedin FIGS.1A and 2 A, adeployable touch
fastener 2 may also include one or more registration holes or
marks 30. The registration holes or marks 30 may be located
either along an edge of the substrate, or in some embodi-
ments, the registration holes or marks may also be located
along an interior portion of the substrate. The registration
holes or marks may help a corresponding machine to appro-
priately feed and/or deform the substrate during a manufac-
turing process.

[0103] Having described the general arrangement of a
deployable touch fastener, FIGS. 1B, 2B, 4A, and 4B illus-
trate the deployment of these fasteners. As illustrated in the
figures, the first portion 4 and the second portion 6 of a
substrate are displaced relative to one another in a deploy-
ment direction D indicated by the arrows. Since the deploy-
ment link 16 is attached to both the fastening element 8 and
second portion of the substrate 6, the deployment link 16 is
also displaced in the deployment direction D. As illustrated in
the figures, the displacement of the substrate in the deploy-
ment direction D is located within a plane of the substrate.
While this displacement has been illustrated as being a linear
displacement within a single flat plane, this displacement
within a plane of the substrate might also be accomplished
using sets of rollers or any other arrangement capable of
displacing a first portion of the substrate relative to a second
portion of the substrate. In either case, as the deployment link
16 is displaced, it applies a deployment force and/or moment
to a portion of the fastening element 8 it is attached to. This
deployment force and/or moment generated by the displace-
ment of the first and second portions causes the fastening
element to rotate about the attachment between stem 14 of the
fastening element and the first portion 4 of substrate into a
deployed position. Once fully deployed, fastening element 8
may be oriented generally in an upright deployed position, as
shown in the figures. While the force and/or moment applied
to deploy the fastening element is provided by a deployment
link in the present embodiment, as described in more detail
below, this deployment force and/or moment may be applied
to the fastening elements without the use of a deployment link
as well.

[0104] Referring again to FIGS. 1A and 2A, a stem 14 of
the fastening element may have one or more stems with
widths w, and one or more deployment links with a width w,.
The widths w, of the one or more stems 14 may be selected to
be sufficient to support a fastening element during deploy-
ment, engagement with a mating object or surface, as well as
subsequent loading of the deployable touch fastener. Addi-
tionally, the widths w, of the one or more deployment links
may be selected to ensure full deployment of the fastening
element without fracturing. In addition to the above, the rela-
tive widths of these elements may be selected to control the
deployment behavior of the fastening portion 10 of the fas-
tening element. Without wishing to be bound by theory,
smaller width deployment links may permit the fastening
portion 10 to remain substantially aligned with the stem 14 of
the fastening element when in the deployed state as illustrated
in FIGS. 1A, 1B, and 4A. In contrast, and without wishing to
be bound by theory, wider deployment links may result in the
fastening portion 10 of the fastening element either being bent
over in the deployed state such that it is aligned with the one
or more deployment links or oriented at an angle in between
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an orientation of the stem 14 and one or more deployment
links 16 as illustrated by FIGS. 2A, 2B, and 4B.

[0105] Embodiments in which the fastening portions 10 of
a fastening element are bent over in the deployed state may
offer multiple benefits. For example, the bent over fastening
portion 10 of the fastening element may be located in an
orientation somewhat parallel to and spaced from an associ-
ated substrate 2. This may facilitate engagement of the fas-
tening element fastening portion with a complementary mat-
ing element, such as a loop. For example, and without wishing
to be bound by theory, if the fastening portion 10 of the
fastening element is shaped in the form of an arrowhead, the
bent over fastening portion may facilitate engagement with a
low profile loop while also improving the strength of the
resulting mechanical bond.

[0106] Insomeembodiments, and as depicted in FIGS. 3A
and 3B, a deployable touch fastener 6 may initially be posi-
tioned in a partially deployed state prior to being fully
deployed. In such an embodiment, a deployable touch fas-
tener may include a substrate 2 with a first portion 4 and
second portion 6 that have been displaced relative to one
another by an initial displacement d1, see FIG. 3A. As
depicted in the figure, the deployment link 14 has also been
displaced and the deployable touch fastener 8 has been par-
tially deployed as well. Upon further displacement d2 of the
first and second portions 4 and 6, the deployment link 14 is
also displaced further and the deployable fastening element 8
may be fully deployed as depicted in FIG. 3B.

[0107] FIGS. 4A and 4B illustrate an embodiment of a
deployable touch fastener including fastening elements 8
arranged in an alternating fashion on opposing portions of a
substrate. For example, a first fastening element 8a may be
arranged on a first portion 4 of substrate and a second fasten-
ing element 85 may be arranged on an adjacent second por-
tion 6 of the substrate. This pattern might be continued across
either the width and/or length of the substrate. When a
deployable touch fastener is deployed by a force as indicated
by the arrows, the deployment links 16 deploy various fas-
tening elements 8a and 85 located on either side of the gap
formed between the first portion 4 and second portion 6 of the
substrate in the deployed state. In the case of the fastening
portions bending over as illustrated in FIG. 4B, this arrange-
ment of fastening element 8 may be beneficial in that the
fastening portions 10 of the various fastening elements are
oriented in different directions which may improve engage-
ment with a mating portion of the deployable touch fastener.
It should be understood that while a single alternating pattern
of fastening elements has been depicted, other patterns and
arrangements of the fastening elements on two or more por-
tions of a substrate are also contemplated.

[0108] FIGS. 5A and 5B depict one embodiment of a sub-
strate 2 including a first portion 4 and a second portion 6 that
are continuous and do not include a cut or weakening between
the two portions. Similar to the above, a deployable touch
fastener 8 may be defined by a line 104 forming an appropri-
ately shaped pattern in the substrate. Additionally, a deploy-
ment link 16 may be associated with a stem 14 or other
portion of the deployable touch fastener. Upon application of
a force as depicted in FIG. 5B, the substrate 2 may be
deformed from a first length to a second length. Since the
deployable fastening element 8 and deployment link 16 are at
least partially decoupled from the surrounding substrate, the
deformation applied to the substrate does not substantially
deform either the deployable fastening element 8 or the
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deployment link 16. Consequently, as the substrate is
stretched, the position where the deployment link 16 is con-
nected to substrate 2 is displaced relative the position where
the stem 14 of the deployable fastening element is attached to
the substrate. This displacement of the displacement link 16
relative to the stem 14 results in the deployable touch fastener
8 moving towards a deployed position. The amount of sub-
strate deformation needed to fully deploy a fastening element
may be engineered using parameters such as where the
deployment link is attached to the stem as well as the length
of the deployment link. While a separately formed fastening
elements and deployment link have been depicted in the fig-
ures, as described in more detail below, fastening elements
that do not include a separately formed deployment link and/
or do not include a deployment link are also possible and may
be used in an embodiment with a continuous substrate.

[0109] As noted above, a deployable touch fastener may
include any number of substrate portions including multiple
deployable fastening elements. FIG. 6 illustrates one such
embodiment. As depicted in the figure, a deployable touch
fastener may include a substrate 2 including a first portion 4,
a second portion 6, and at least a third portion 18. Depending
on the embodiment, both the first portion 4 and second por-
tion 6 of the substrate may include either one, or a plurality, of
fastening elements 8 formed therein. Each of the fastening
elements 8 formed within the first portion 4 of the substrate
may be connected to one or more deployment links 16 extend-
ing between the fastening elements and the second portion 6
of the substrate. Additionally, each of the fastening elements
8 formed within the second portion 6 of the substrate may
similarly be connected to one or more deployment links 16
extending between the fastening elements and the third por-
tion 18 of the substrate. A similar arrangement may be used
for any number of substrate portions and any desired width of
substrate. The fastening elements 8 may be deployed in a
manner similar to that described above with regards to FIGS.
1A-4B. Additionally, other patterns and arrangements of the
fastening elements and/or deployment links relative to each
other and the various portions of the substrate are also pos-
sible.

[0110] As noted above, raking and/or twisting of the fas-
tening elements during deployment may enhance engage-
ment between mating portions of a touch fastener. Conse-
quently, and without wishing to be bound by theory, in some
embodiments, the inventors have recognized that it may be
desirable to apply a non-symmetric deployment force to a
fastening element to impart a twisting motion during deploy-
ment. One possible arrangement for applying a non-symmet-
ric deployment force to a fastening element is depicted in
FIG. 7. As depicted in the figure, a single deployment link 16
is attached to a side of a fastening element 8 adjacent to a stem
14 of the fastening element in a non-symmetric arrangement.
Consequently, depending on the width, shape (e.g. straight,
curved, etc.), and orientation of the stem and deployment link,
the deployment link 16 may apply a non-symmetric deploy-
ment force to the stem 14 when the first portion 4 and second
portion 6 ofthe substrate are displaced relative to one another.
Consequently, depending on the particular design, the
depicted fastening element may be deployed in a straight
fashion as described above, or it may be deployed in a manner
that provides a twisting motion. While a single non-sym-
metrically arranged deployment link has been depicted in the
figures, configurations including multiple deployment links
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arranged to apply a non-symmetric deployment force to the
fastening element are also contemplated as the disclosure is
not so limited.

[0111] FIGS. 8A and 8B depict an embodiment of a fasten-
ing element 8 in the shape of a loop. In the depicted embodi-
ment, the fastening element includes a stem 14 attached to a
first substrate portion 4. The stem 14 is attached to a rounded
fastening portion 10 that forms the loop when deployed. On
the opposing end the fastening portion 10 is attached to a
deployment link 16 that extends into a second substrate por-
tion 6. As illustrated in FIG. 8B, when the two substrate
portions 4 and 6 are moved away from each other, the deploy-
ment link 16 applies a deployment force to the fastening
portion 10 to deploy the fastening element and form a loop.
[0112] FIGS. 9A and 9B depict another embodiment of a
fastening element 8 in the shape of a loop. In this embodi-
ment, a fastening element includes two opposing stems 14
connected to opposite ends of a loop shaped fastening portion
10 formed in a first substrate portion 4. A separate deploy-
ment link 16 extends from a second substrate portion 6 to the
fastening portion 10. Similar to the above, as the first and
second portions are moved apart the deployment link 16
applies a deployment force to the fastening portion to move it
to the deployed state as shown in FIG. 9B.

[0113] FIGS. 10A-11B depict two different embodiments
of deployable fastening elements that do not include a sepa-
rate deployment link. Instead, the fastening element 8 is
formed in a substrate including a first substrate portion 4 and
a second substrate portion 6. The fastening element 8 may
include separate first and second stems 14a and 145 formed in
and attached to the two opposing substrate portions. A fas-
tening portion 10 may be disposed between the separate
stems. As depicted in the figures, the second stem 145 may be
located on an end of the fastening element 8 located opposite
the first portion 4. Similarly, the first stem 14a may be located
on the other end of the fastening element opposite the second
portion 6. Additionally, the first and second portions may be
shaped such that the first portion 4 is attached to the second
stem 145 and the second portion 6 is attached to the first stem
14a. Therefore, as the first and second portions 4 and 6 are
moved away from each other as indicated by the arrows D, the
separate first and second stems 14a and 1456 are displaced
towards one another. Since the fastening portion 10 remains
the same length, the deployable touch fastener 8 is displaced
upwards into a deployed state, see FIGS. 10B and 11B.
depending on the embodiment, a profile of the fastening por-
tion 10 may either be formed to provide a female fastening
element such as the loop shown in FIG. 10B, or it may be
shaped to provide a male fastening element such as the barbed
arrow shown in FIG. 11B.

[0114] It should be understood that fasteners including dif-
ferently shaped fastening portions might also be used. In
some embodiments including, for example, forming a loop as
shown in FIG. 10B, it may be desirable to limit the displace-
ment of the first and second substrate portions 4 and 6 prior to
the stems 14a and 145 contacting one another. Limiting this
displacement may ensure a desired loop width and height is
provided so that the resulting loop may be easily engaged.
However, in some embodiments, it may be desirable to dis-
place the first and second substrate portions 4 and 6 until the
opposing stems 14a and 145 contact one another as might be
the case for the male fastener shown in FIG. 11B. While the
fastening portions 10 depicted in FIGS. 10A-11B have been
depicted as being arranged parallel to a deployment direction
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of'the substrate, embodiments in which the fastening portions
are oriented at an angle relative to the deployment direction
and the substrate portions are also possible.

[0115] Inview ofthe embodiments depicted in FIGS. 10A-
11B, it should be appreciated that in some embodiments, the
first and second stems located in the first and second portions
of the substrate may extend up to the fastening portion of a
fastening element. The first and second stems may then func-
tion to deploy the fastening element when the first and second
portions of the substrate are displaced relative to one another.
In such an embodiment, the first and second stems function as
deployment links without the need for a separately formed
feature. It should also be understood that this concept applies
both to embodiments such as those discussed above in refer-
ence to FIGS. 10A-11B as well as other embodiments dis-
cussed herein including, for example, FIG. 7 where the
deployment link might be interpreted as a second stem
extending from the second portion of the substrate to the
fastening portion.

[0116] In another embodiment, and as depicted in FIGS.
12A and 12B, a deployable fastening element 8 may be
located perpendicular to a deployment direction of a substrate
including a first portion 4 and a second portion 6. The fasten-
ing element 8 may include two or more separate stems 14 that
are also oriented perpendicular to the deployment direction
and attached to the opposing first and second substrate por-
tions 4 and 6. This embodiment does not include a separate
deployment link. A fastening portion 10 is attached to the
separate stems 14. As illustrated by FIG. 12B, as the first and
second substrate portions 4 and 6 are displaced away from
each other, the separate stems 14 are also drawn away from
each other. Without wishing to be bound by theory, as the
stems 14 are drawn apart, an out of plane moment is applied
to the fastening element which moves it into the upright
deployed state as depicted in FIG. 12B. The applied moment
may also result in the fastening portion 10 twisting as it is
deployed. While the fastening element 8 may be deployed by
moving the opposing substrate portions 4 and 6 away from
each other, the fastening element 8 may also be deployed by
moving the substrate portions in opposite parallel directions
along their interface. In this case, one of the stems 14 might
function as a deployment link similar to the embodiments
described above.

[0117] In the above embodiments, separate substrate por-
tions 4 and 6 have been displaced away from each other in
opposing directions in order to deploy a fastening element.
However, as illustrated by FIG. 13 A, a fastening element may
be deployed by moving a first substrate portion 4 and a second
substrate portion 6 towards each other. In the depicted
embodiment, the fastening element 8 may include two oppos-
ing stem 14 located within and attached to the first substrate
portion 4 and the second substrate portion 6. A fastening
portion 10 may extend between the two opposing stems 14.
Additionally, the fastening portion 10 may be shaped to pro-
vide a loop or an appropriate head to function as a fastening
element. As depicted in the figure, the fastening portion 10
may be shaped like an X to function as a male fastening
element. When the first and second substrate portions 4 and 6
are displaced towards one another, the stems 14 remain the
same length and are thus displaced upwards during the noted
displacement in order to accommodate their length. This
upwards displacement of the stems 14 moves the fastening
element 8 into the deployed state as shown in FIG. 13B.
depending on the particular embodiment, the first and second
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substrate portions may either be displaced such that one slides
above or underneath the other or the substrate portions may
simply be plastically deformed as the disclosure is not so
limited.

[0118] FIGS. 14A and 14B depict an embodiment of a
deployable touch fastener that is deployed by displacing (e.g.,
sliding) a first substrate portion 4 and a second substrate
portion 6 along their interface 5. In this embodiment, a
deployable fastening element 8 may include two separate
stems 14 located within the first and second substrate portions
4 and 6 and a fastening portion 10 extending therebetween. As
illustrated by the figures, the fastening element 8 may be
angled relative to the interface 5 located between the two
opposing substrate portions. When the two opposing sub-
strate portions 4 and 6 are displaced along their interface, and
in a direction opposing the angled direction of the fastening
element 8, the two stems 14 may be moved towards one
another. Again, since the fastening portion 10 remains the
same length, it is displaced upwards into the deployed state to
accommodate its length as the two separate stems 14 are
moved towards one another, see FIG. 14B. In this particular
embodiment, the fastening portion 10 is a simple straight
portion which forms a loop when positioned in the deployed
state. However, embodiments in which different shapes of the
fastening portion are provided to form different types of fas-
teners are also contemplated.

[0119] FIG. 15 depicts an embodiment of a substrate 2
including multiple types of fastening elements. As illustrated
in the figure, the substrate may include at least a first portion
4 and a second portion 6. One or more female fastening
elements 8a may be formed within the first portion 4 and one
or more corresponding male fastening elements 86 may be
formed within the second portion 6. However, embodiments
in which different types of female and/or different types of
male fastening elements are used on the same substrate are
also contemplated. The various fastening elements 8a and 85
may either deploy on the same side of a touch fastener, or they
may deploy on opposing sides of the touch fastener. In
embodiments where the fastening elements deploy on the
same side of the touch fastener, the resulting deployable touch
fastener may be attached to itself'in a face to face manner. In
embodiments where the fastening elements deploy on oppos-
ing sides of the touch fastener, the resulting deployable touch
fastener may be attached to itself in a face to back manner.
While particular types of deployable fastening elements are
depicted in the figures, any appropriate deployable fastening
element might be used. Additionally, only a single row of
each type of fastening element has been depicted in the figure
for the sake of clarity. Therefore, it should be understood that
any number of arrangements of the female and male fastening
elements may be used and each type of fastening element may
extend over any desired length of a deployable touch fastener
as the disclosure is not so limited.

[0120] In addition to the use of different types of fastening
elements within a single substrate, FIG. 15 illustrates that an
interface 5 located between two adjacent substrate portions
may have a different type of shape depending on the particular
embodiment. For example, the interface 5 associated with the
female fastening elements 8a has an edge that follows a
somewhat castellated profile. In contrast, the interface 5 asso-
ciated with the male fastening elements 86 has an edge with a
substantially straight profile. However, an interface located
between two adjacent substrate portions may follow any
desired profile as the disclosure is not so limited. For
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example, an interface between two adjacent substrate por-
tions may have a profile with a shape such as a sawtooth
shape, a curve, an L. shape, a wave shape, or any other appro-
priate shape.

[0121] In many low cost, high volume applications a loop
portion of a touch fastener may be designed with a very low
profile loop to reduce material consumption and produce a
low profile fastener. However, these low loops may be diffi-
cult to engage or snare with a mating hook or mushroom
fastener since the tip of a typical hook or mushroom element
may be unable to slide under an adjacent loop in order to
engage it. Consequently, in some embodiments, a fastening
element may include a fastening portion with a geometry
selected to facilitate engagement with a mating portion of a
touch fastener. FIGS. 16 A-16N depict several non-limiting
embodiments of fastening portion geometries that might be
used. These possible geometries include shapes for a male
fastening element such as an arrowhead shape (FIGS. 1A-7),
a mushroom shape (FIG. 16A), a single hook shape (FIG.
16B), a double hook shape (FIG. 16C), a single or double
sided saw tooth shape (FIG. 16D), a sinusoidal shape (FIG.
16E), a T-shape (FIG. 16F), a partial circle (FIG. 16G), a
pointed shape (FIG. 16H), a Y-shape (FIG. 16]), a star burst
shape (FIG. 16]), a lightning bolt shape (FIG. 16K), and/or
any other appropriate shape. In some embodiments a fasten-
ing portion of a fastening element may be bent over in the
deployed state or otherwise formed to facilitate engagement
with a corresponding fastening element. Formation may
either be done during deployment or it may be done using a
post formation procedure. In either case, a fastening portion
in such an embodiment may have a shape corresponding to a
straight pin (FIG. 16L), a pointed or tapered pin (FIG. 16M),
or other appropriate shape including those previously
described above. In other embodiments, the fastening ele-
ment might correspond to a female portion of a touch fastener
with a shape such as a loop, multiple loops, or any other
appropriate geometry, see FIG. 16N.

[0122] Without wishing to be bound by theory, deployable
touch fasteners formed from a relatively thin substrate mate-
rial results in a corresponding relatively thin fastening ele-
ment when deployed. Such a fastening element may be sub-
jectto buckling, twisting, and/or shearing during deployment
and/or use. Therefore, in some embodiments, it is desirable to
provide a fastening element shape that may reduce and/or
eliminate some of the above noted issues. One possible
embodiment is depicted in FIG. 160 which depicts a fasten-
ing element 8 including a stem 14 with a rounded end, though
another end shape might also be used. The fastening element
8 includes a throat 34 formed at an angle relative to a center-
line CL of the fastening element. The throat 34 is also directed
inwards and away from a base of the stem 14 to form a
fastening portion 10. As illustrated in the figure, the fastening
portion 10 is shaped similarly to a crochet hook. In some
embodiments, the throat is constructed and arranged such that
it extends up to, and in some embodiments beyond the cen-
terline CL of the fastening element. Without wishing to be
bound by theory, a loop engaged with the fastening portion 10
depicted in the figure will be located at or near the centerline
CL of the fastening element. Consequently, a torque applied
by a loop on the fastening element is reduced as compared to
loops held on arms or other structures located at a distance
from the center line of the fastener. This may again help to
reduce, and/or eliminate, buckling, twisting, and/or shearing
of the fastening elements due to the corresponding lower
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torques applied to the fastening elements. While a fastening
element capable of reducing and/or eliminating buckling,
twisting, and/or shearing during deployment and use is
described above, embodiments in which buckling, twisting,
and/or shearing of the fastening element is desirable are also
contemplated.

[0123] Insomeembodiments, it may be desirableto include
one or more features that may function as deployment stops to
limit the relative displacement of adjacent portions of a sub-
strate. These deployment stops may permit the angle, or
degree of, fastener element deployment to be controlled. The
deployment stops may also help to prevent over deployment
of the fastening elements due to the application of an exces-
sive deployment force and/or displacement to the substrate
portions during deployment or use. Several non-limiting
embodiments of deployment stops are depicted in FIGS.
17A-17C.

[0124] As depicted in FIGS. 17A-17C, afirst portion of the
substrate may include deployment stop 20a including a one or
more legs 22 associated with a deployment link 24 extending
between, and attached to, the deployment stop and the second
portion 6 of the substrate. In the specific embodiment shown
in the figures, the deployment stop includes two legs 22
extending from opposing ends of a back span 26 and the
deployment link 24 is attached to a central portion of the back
span 26. The lengths of the deployment stop 20a and the
associated deployment link 24 are selected to control the
amount of deployment of the associated fastening elements
formed on the first and second portions 4 and 6 of the sub-
strate. More specifically, as the deployment stop 20a is
extended, the stem 22 and back span 26 are deformed up and
over until they overlap with the deployment link 24 and are
positioned in the fully extended position. Once fully
extended, the deployment stop 20a may substantially prevent
further displacement of the adjacent portions of the substrate
until sufficient force is applied to either deform or fracture the
deployment stop. In some embodiments, the deployment
stops may be engineered to undergo permanent deformation
during deployment to maintain the deployable touch fastener
in the deployed position.

[0125] Inanother embodiment, a deployment stop 205 may
extend between a first portion 4 and a second portion 6 of a
substrate. As depicted in FIGS. 17A-17C the deployment stop
205 may correspond to a nonlinear shape such as an S shape,
a curve, a sinusoidal wave shape, a saw tooth shape, or any
other appropriate shape where a total length of the shape in
the undeployed state is greater than a distance between the
two attachment points to the first and second portions 4 and 6.
As the first and second portions 4 and 6 are displaced relative
to one another, the deployment stop 205 may become elon-
gated and assume a somewhat straightened shape between the
attachment points to the first and second portions 4 and 6. As
the deployment stop 206 goes from the initial undeployed
state to the straightened deployed shape, it may apply an
increasing force to oppose the displacement of the first and
second portions and thus may function as a deployment stop
for a deployable touch fastener.

[0126] FIGS. 17A-17C also depict another embodiment of
two opposing deployable fastening elements 8. More specifi-
cally, as depicted in the figures, a deployable touch fastener
may include one or more deployment links 16 extending
between, and attached to, two opposing fastening elements 8
formed on the first portion 4 and the second portion 6. During
deployment of the fastening elements 8, the deployment links
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16 apply deployment forces to both fastening elements 8
located on the opposing first and second portions 4 and 6 of
the substrate. Therefore as the first and second portions are
displaced relative to each other, the fastening elements 8 are
moved towards their deployed position. In some embodi-
ments, a stiffness of the deployment link relative to the fas-
tening elements 8 may be selected such that the opposing
fastening elements may provide some resistance to additional
displacement of the substrate portions after they are fully
deployed. However, if additional force is applied, over bend-
ing of the fastening elements may still result.

[0127] FIGS. 18A and 18B depict another embodiment of a
deployment stop 20c. In the depicted embodiment, one or
more deployment stops 20c¢ may correspond to a straight link
extending between and attached to both the first portion 4 and
the second portion 6 of a substrate. As the first and second
portions 4 and 6 are displaced relative to one another, the one
or more deployment stops 20¢ may be stretched from a first
undeployed length to a second length greater than the first. As
the deployment stops 20c¢ are stretched, they may exhibit an
increasing resistance to further displacement of the first and
second portions relative to each other. Thus, the deployment
stops 20¢ may function appropriately to limit deployment of
a deployable touch fastener Depending on the particular
embodiment, the deployment stops 20c may be engineered to
stretch predictably to a preferred length while remaining
intact. Additionally, in certain polymers and under certain
conditions, stretching of the deployment stops 20c, may
result in molecular orientation of the substrate material within
the deployment stop 20¢ causing the force required to stretch
the deployment stop to increase until it reaches a desired
peak.

[0128] Depending on the particular embodiment, the
deployment links and/or deployment stops described above
may either be broken during deployment of a deployable
touch fastener or they may remain intact as the disclosure is
not so limited. However, in instances where the deployment
links and/or deployment stops are broken during deployment,
it may be desirable to include an underlying material layer
such as alaminate to support the now deployed touch fastener.
[0129] While several embodiments of a deployment stop
have been depicted in the figures and described above, it
should be understood that a deployment stop for limiting,
and/or substantially preventing, over deployment of one or
more fastening elements may be provided in any number of
different ways. Therefore, the concept of a deployment stop
should not be limited to only those embodiments with which
it is described and instead may be applied to any embodi-
ments disclosed herein or otherwise.

[0130] Another arrangement for deploying one or more
fastening elements in response to deformation of a continu-
ous substrate is illustrated in FIGS. 19A-20C. As described in
more detail below, this deployment arrangement may not
require separate deployment links or substrate portions.
Instead, the profiles of the fastening elements may be cut into
the substrate and these cuts may serve as intermittent breaks
in the substrate, allowing the substrate to be stretched without
additional cross-cuts similar to the deployable fastening ele-
ment described above regarding FIGS. 5A and 5B. More
specifically, the intermittent breaks in the substrate may cre-
ate a distortion of the substrate during deformation of the
substrate which may be used to cause the fastening elements
to deploy above and/or below the resultant, somewhat undu-
lating, surface of the substrate. By implementing variations in
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the shape, length, and locations of these cuts the product
performance and appearance may be changed. The fastening
elements may remain deployed after stretching, or they may
return to their original state depending upon materials used
and deployment forces.

[0131] In the depicted embodiment, a substrate 200 does
not include discrete portions as described above. Instead, as
depicted in the figures, the substrate 200 may be continuous
and one or more lines 202 and 204 corresponding to cuts,
gaps, or weakened portions of the substrate may define one or
more fastening elements. In this particular embodiment, even
though the substrate is continuous, a first portion of the sub-
strate located on one side of the one or more fastening ele-
ments is displaced relative to a second portion of the sub-
strate. Without wishing to be bound by theory, this results in
a continuous deformation of the substrate between these two
portions which may be used to deploy a fastening element as
described herein. For example, two opposing ends of a sub-
strate may be displaced relative to one another in order to
provide a desired deformation to deploy one or more fasten-
ing elements located between the ends. In instances where the
lines 202 and 204 form symmetric interlocking shapes, fas-
tening elements 2024, 2025, 2044, and 2045 may be formed
which face in opposing directions. These fastening elements
may then be deformed out of plane to form multiple inter-
locking fastening elements such as those depicted in the fig-
ures. Since these fastening elements face in opposite direc-
tions, this may help with engaging a mating portion of a touch
fastener. However, as depicted in FIG. 19D, shapes for form-
ing non-symmetric fastening elements such as single fasten-
ing elements 2024 and 2044 without the presence of opposing
fastening elements may also be used. Without wishing to be
bound by theory, the symmetrical elements may allow for
tighter nesting of elements and engagement in either direc-
tion. In contrast, the non-symmetrical elements may allow the
fastening element to be more receptive to engagement with
mating fasteners by providing more open space immediately
adjacent to the element. Additionally, the fastening elements
depicted in FIG. 19D are oriented in the same direction and
may permit the use of the touch fastener in a manner similar
to a ratchet. Namely, the fastening elements 202a and 204a
will engage a corresponding object or surface when pulled in
a first direction, but will release the corresponding object or
surface when pulled in a second opposing direction. There-
fore, the touch fastener of FIG. 19D could be used in a strap
or other configuration where it may be subjected to repeated
tighten, release, and attach cycles by simply pulling on the
touch fastener in a release direction followed by pulling on
the touch fastener in a tightening direction.

[0132] As illustrated by FIGS. 19A and 19B, the pattern
formed on the substrate 200 may either extend to the edges
206 of the substrate, or it may leave an uninterrupted portion
of the substrate running along both edges 206 as the disclo-
sure is not so limited. These uninterrupted edge portions may
help facilitate additional post processing of the deployable
touch fastener by providing a more manageable edge that is
easier to manipulate. Additionally, an uninterrupted edge por-
tion may provide more uniform deployment for the fastening
elements closest to the edge of the strip.

[0133] The patterns shown in FIGS. 19A-19E correspond
to an embodiment where a pattern indicated by lines 202 and
204 intermittently shifts or alternates as it repeats along a
deployment direction of the substrate, for example, a machine
direction of the substrate. Without wishing to be bound by
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theory, the alternating pattern formed by lines 202 and 204
could create a non-uniform stress and strain field within the
substrate 200 when it is deformed. Depending on the particu-
lar layout, this non-uniform stress and strain field may result
in the fastening elements 202q and 2025 deploying on a side
of the substrate and the fastening elements 2044 and 2045
deploying on the opposite side of the substrate as illustrated in
FIGS. 19C and 19E. However, it should be appreciated that
aspects of the disclosure are not limited in this regard, and
instead the alternating pattern formed by lines 202 and 204
could also result in the fastening elements 2024 and 20256 and
the fastening elements 204a and 2045 deploying on the same
side of the substrate.

[0134] In another embodiment as shown in FIGS. 20A-
20C, a pattern in a substrate 200 may be defined by lines 202
located at constant width locations of the substrate and repeat
along a length of the substrate. Depending on the embodi-
ment, the lines may repeat with a constant pitch or the pitch
may be variable along the length of the substrate as the dis-
closure is not so limited. As illustrated by the figures, this
pattern of lines 202 may provide a series of uninterrupted
strips running along a length of the substrate between the
rows of fastening elements 202a and 2025 defined by the lines
202. These uninterrupted strips may actto prevent breaking of
the substrate and may also limited distortion of the substrate
during deployment. Additionally, since the pattern and loca-
tions of lines 202 is constant along the length of the substrate
200, the stress and strain fields applied to the individual
fastening elements 202a and 2026 may be similar along the
length of the substrate. Consequently, it is possible that the
fastening elements may deploy on the same side of the sub-
strate as depicted in FIGS. 20B and 20C. However, it should
be appreciated that aspects of the disclosure are not limited in
this regard, and instead the pattern and locations of lines 202
could also result in the fastening elements 202a¢ and 2025
deploying on opposite sides of the substrate.

[0135] Accordingly, though different patterns and loca-
tions of lines 202 are shown and described with respect to
FIGS. 19A-19E and FIGS. 20A-20C as being possible con-
figurations that may cause the fastening elements to deploy in
a certain direction or directions, it should be appreciated that
other physical mechanisms may be employed to urge fasten-
ing element deployment in a desired direction or directions,
as will be discussed further below.

[0136] In another embodiment shown in FIGS. 21A and
21B, including a continuous substrate, a continuous substrate
2 may include a series of fastening elements 8 defined by two
or more substantially parallel lines 106 angled relative to a
deployment direction of the substrate. The fastening elements
8 defined between the lines 106 may include two stems 14
located on opposing ends of the fastening elements and a
fastening portion 10 located between the two opposing stems.
In the depicted embodiment, two sets of fastening elements
are located between the uncut continuous portions 4, 6, and 18
of a substrate. Therefore, when the adjacent portions of the
substrate are moved in directions opposing the angled direc-
tion of the lines 106, the opposing stems 14 of the fastening
elements are moved towards one another. Somewhat similar
to the embodiment described above regarding FIGS. 14A and
14B, since a length of the fastening elements does not change,
the fastening portions 10 may be displaced out of plane to
form loops in order to accommodate the length of the fasten-
ing elements as their ends are positioned closer to one another
as depicted in FIG. 21B. While the depicted embodiment
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included two sets of fastening elements and a central substrate
portion, embodiments including a single set of fastening ele-
ments or any number of sets of fastening elements are also
contemplated.

[0137] In a somewhat similar embodiment, as shown in
FIGS. 22A and 22B, a continuous substrate 2 may include a
series of fastening elements 8 defined by two or more sub-
stantially parallel lines 106 that are substantially parallel to a
deployment direction of the substrate. The fastening elements
8 defined between the lines 106 may again include two stems
14 located on opposing ends of the fastening elements and a
fastening portion 10 located between the two opposing stems.
In the depicted embodiment, two sets of fastening elements
are depicted as being located between the uncut continuous
portions 4, 6, and 18 of the substrate. However, in this
embodiment, the substrate is first deformed by uniformly
stretching the substrate in a first direction. As depicted in FIG.
22B, this results in the fastening elements 8 being stretched as
well. As the fastening elements 8 are stretched they may
become elongated and thinned relative to their original con-
figuration. Additionally, when appropriate polymeric materi-
als and dimensions are used, molecular orientation of the
material within the fastening elements may occur providing
increased strength and elongation of the resulting fastening
elements. After stretching the substrate 2 in a first direction,
the substrate may then be displaced in a second direction
opposite the first as depicted in FIG. 22B. As the opposing
stems 14 located at the ends of each fastening element 8 are
moved towards one another, the fastening portions 10 may
again be displaced out of plane to form loops in order to
accommodate the length of the fastening elements as depicted
in FIG. 22C.

[0138] In some embodiments, a deployable touch fastener
may be attached to, or embedded within, another material
layer. This material layer may either be applied to a portion, or
the entire surface of a deployable touch fastener. For example,
as depicted in FIG. 23, a substrate 2 of a deployable touch
fastener may be attached to an underlying material layer 28
along its entire length. As noted above, the material layers and
any associated adhesives may be applied to either a portion, or
the entire, surface of the deployable touch fastener. However,
one of the more common problems associated with typical
touch fasteners is the difficulty associated with bonding the
fastener strip to another material layer. More specifically,
nylon, polypropylene, and other polymers typically used to
manufacture touch fasteners tend to be resistive to many
adhesives. Modifications such as holes, laminates, and other
modifications may be made to the substrate of a touch fastener
to facilitate mechanical bonding of the material layer with the
touch fastener. In view of the above, the gaps, and holes
present within a deployable touch fastener after deploying the
fastening elements may serve to enhance the bonding of the
deployable touch fastener substrate to various other material
layers. In some instances, the bond may correspond to either
fully or partially encapsulating the touch fastener substrate to
provide a mechanical bond in addition to any chemical bond
achieved. It should be understood that the associated material
layer may correspond to any appropriate material and it may
be shaped in any appropriate fashion. For example, a material
layer might be flat, corrugated, V-shaped, pleated, and/or
foamed. Additionally, the material layer may be located on
either side of a deployable touch fastener.

[0139] As noted above, an attached material layer may
correspond to any number of different materials. For
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example, the material layer may correspond to an elastic
material such as an elastomeric film, coating, and/or non-
woven material. The material might also correspond to a
structural material intended to provide strength to the result-
ing composite structure and/or to maintain the fastener in a
desired deployment state. Other materials may also be used to
provide a deployable touch fastener that may be selectively
deployed or undeployed. Specific non-limiting embodiments
of composite structures with a deployable touch fastener are
described in more detail below.

[0140] In some applications, such as when a deployable
touch fastener is integrated with an automotive seat bun, the
deployable touch fastener may be attached to an underlying
foam layer while in the deployed state. In some embodiments,
the foam layer may be foamed after being placed in contact
with the deployable touch fastener. In such an embodiment,
the foam may intrude into the gaps between separate portions
of the touch fastener substrate which may increase the bond
strength by providing enhanced mechanical bonding between
the layers. However, embodiments in which the foam does
not intrude between separate portions of the touch fastener
substrate and/or where the foam is foamed prior to attachment
to the deployable touch fastener are also possible. It should be
understood that the foam may be correspond to materials such
as polyurethane foam, Styrofoam, and any other appropriate
material capable of being foamed and attached to the deploy-
able touch fastener. While a deployable touch fastener has
been described as being attached to a foam layer in the
deployed state, embodiments in which a foam is attached to a
deployable touch fastener in the undeployed state are also
contemplated. Additionally, a deployable touch fastener
might also be combined with manufacturing methods such as
casting, injection molding, and other appropriate manufac-
turing methods in which the deployable touch fastener is
integrated with a resulting part formed during the manufac-
turing process.

[0141] Inembodiments where a deployable touch fastener
might become fully or partially embedded within a material,
as might happen with the foaming, casting, and injection
molding methods noted above, it may be desirable to protect
some or all of the fastening elements from being coated,
encased in, or contaminated with these materials. Addition-
ally, it may be desirable to protect the touch fastener from
being damaged during manufacturing and installation. Pro-
tecting the substrate and fastening elements may be done in
any number of ways. Two possible embodiments are
described in more detail below.

[0142] In one exemplary embodiment, fastening elements
located in a deployed or undeployed state might be covered
and/or encapsulated with a film or other protective material
36 to temporarily shield or protect the fastening elements.
FIG. 25 presents one such configuration where a deployed
fastening element 8 is positioned within a protective material
36. The protective material 36 may either cover an entire
fastening element such that it contacts the substrate or it may
only partially cover a fastening element from a tip of the
fastening element to part way down a stem of the fastening
element without contacting the substrate as the disclosure is
not so limited. The protective material 36 may subsequently
be removed when the protective material is no longer needed,
leaving the fastening element 8 in the deployed position and
ready for use. In the depicted embodiment, since the fastening
element is located in the deployed position and covered by the
protective material another underlying material layer to pro-
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tect the fastening element is not needed. However, in embodi-
ments where a fastening element is in the undeployed posi-
tion, it may be desirable to provide an underlying material
layer as noted above to prevent material from bonding
directly to the fastening element and possibly preventing the
subsequent deployment of the fastening element. Depending
on the particular embodiment, ends of the substrate 4 are left
uncovered by the protective material 36. This may permit the
ends of the substrate 4 to be embedded in a material during
either a foaming, molding, casting, or other appropriate
manufacturing process. Embedding the ends of the touch
fastener in the material may help to retain the touch fastener
on a desired surface or object when loaded. Additionally, in
some embodiments, the protective material may be coated
with, or made from, a magnetic material. This may help with
positioning of the touch fastener using a magnetic positioning
system as is used in some automotive applications. For
example, the protective material could be coated with a mag-
netically attractable metallic ink or coating. Alternatively, the
protective material could be made from a plastic or elasto-
meric material doped with a magnetically attractable metallic
material. Of course, other magnetically attractable materials
could also be used as the disclosure is not so limited.

[0143] Inanother exemplary embodiment, a touch fastener
includes one or more edge seals 38 extending from the surface
of the substrate 4 up to a height equal to or greater than the
fastening elements when located in the deployed state, see
FIG. 26. Depending on the particular embodiment, the edge
seals 38 may either be rigid or compliant. Without wishing to
be bound by theory, a compliant edge seal may provide a
better seal when pressed against an opposing surface. In
either case, the edge seals 38 may be located on either side of
the substrate and may extend along the entire length, or along
a portion of the length, of the substrate 4 as the disclosure is
not so limited. The edge seals 38 may be located at an edge of
the substrate 4, or they may be offset from the edge as shown
in the figure such that unsealed outer portion of the substrate
extends along the length of the substrate. While the edge seals
have been shown as being located on the edges extending
along a length of the substrate, it should be understood that
edge seals may also be located at the edges along the ends of
the substrate 4 as well, not depicted. In embodiments where
the substrate 4 is cut into discrete portions, it may be desirable
to provide an underlying material layer 28 to seal a bottom
surface of the deployable touch fastener and prevent material
from penetrating through the gaps between the substrate por-
tions. However, embodiments in which an underlying mate-
rial layer is not used with an edge seal are also contemplated.
For example, an edge seal might be used with a continuous
substrate.

[0144] In one embodiment, a deployable touch fastener
may either be fully, or partially, laminated along its length
with an elastic material layer such as an elastomeric film or
non-woven material bonded with the deployable touch fas-
tener substrate. Such a composite material may provide
enhanced retraction of the fastening elements upon release of
the touch fastener substrate after deployment. If the elastic
material layer is adhesively bonded to deployable fastener it
may be advantageous to first deploy the touch fastener prior to
applying adhesive to the structure to avoid bonding the fas-
tening elements to the laminate. After appropriate curing,
cooling, and/or drying of the adhesive, the deployable touch
fastener may be released to allow the touch fastener to return
to the retracted undeployed state. In some embodiments, the
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elastic material layer may be pre-stretched to a degree during
the lamination process such that after bonding the fastening
elements either partially, or fully, retract back into the touch
fastener substrate plane when un-deployed. Thus, a deploy-
able touch fastener may be adapted to repeatedly deploy and
undeploy a plurality of fastening elements. As noted above,
this may be useful in a number of applications including for
example, in touch fasteners attached to garments, such as on
coat sleeves and winter-wear, because when not in use the
fastening elements may be positioned in the undeployed state
reducing the chance of tangling or ensnaring portions of the
garment or other garments. While deployable touch fasteners
including a stretched elastic material layer applied to a
deployed touch fastener are described above, embodiments in
which an unstrained elastic material layer is applied to an
undeployed touch fastener as well as other combinations are
also contemplated.

[0145] Inanother embodiment, a deployable touch fastener
may be laminated with a material layer that provides struc-
tural support after it has been deformed to the deployed state.
In such an embodiment, the thickness and material strength of
the material layer may be selected to substantially prevent
retraction of the deployable touch fastener. Therefore, the
underlying material layer may permanently maintain the
deployable touch fastener in the deployed state.

[0146] In some instances it may be desirable to laminate a
deployable touch fastener to a material layer including mat-
ing fastening elements or surfaces to permit attachment of the
deployable touch fastener to itself in a face to back arrange-
ment. For example, when a male fastening element is pro-
vided on a deployable touch fastener, the deployable touch
fastener may be laminated to a material layer including cor-
responding loops. These loops may simply be a non-woven
material or it may include engineered loops that are oriented
and/or sized for engaging with the fastening elements of the
deployable touch fastener. Alternatively, in some embodi-
ments, the deployable touch fastener is laminated or other-
wise bonded to a foam capable of attaching to the fastening
elements. Embodiments including different types of mating
fastening elements, surfaces, objects, and other materials are
also contemplated.

[0147] In yet another embodiment, a material layer
attached to a deployable touch fastener substrate may corre-
spond to a material capable of changing its dimensions. For
example the material layer may be selectively expanded or
contracted using either heat, water absorption, a chemical
reaction, or an applied voltage. For example, a ceramic or
polymeric piezoelectric material capable of contracting and
expanding in response to an applied voltage might be used.
Alternatively, a material layer with a different coefficient of
thermal expansion as compared to the deployable touch fas-
tener substrate might be used to control expansion and con-
traction of the associated substrate in response to an applied
temperature. In yet another embodiment, materials that
undergo a physical transition in response to the application of
a physical stimulus, such as heat, may be used to control
expansion and/or contraction of the associated substrate. For
example, a shrink film that contracts in response to being
heated may be used as the underlying material layer. Such an
embodiment may be useful where the touch fastener is
deployed by deforming or displacing the substrate portions
towards one another and/or to retract a substrate and corre-
sponding touch fasteners in response to heat. With regards to
the above embodiments, since the underlying material layer is
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attached to the deployable touch fastener substrate, selec-
tively expanding and contracting this material layer may
result in the substrate of the deployable touch fastener under-
going corresponding expansions and contractions which may
be used to selectively deploy and undeploy fastening ele-
ments formed therein. Other ways of selectively deforming a
substrate to provide a selectively deployable touch fastener
are also contemplated.

[0148] Inyet another embodiment, a deployable touch fas-
tener may be embedded in a non-woven material layer either
during or after the production of the non-woven material. The
deployed fastening elements may be sufficiently long such
that they extend through the non-woven material layer to
engage with a suitable mating material. Depending on the
material selected, and the deployable touch fastener design,
the non-woven material layer may act as a structural backing
for a deployed touch fastener. This may be of particular ben-
efit when the deployed touch fastener does not have sufficient
integrity to serve as a touch fastener by itself. Additionally,
the non-woven material used in such an embodiment may
offer a low-cost method for providing sufficient structural
integrity to a deployable touch fastener. Similar to the above,
in some embodiments, the non-woven material may also act
as a mating fastener element thus allowing the deployed fas-
tener to be mated to itself in a face to face orientation or in a
face to back orientation.

[0149] For some applications, a deployable touch fastener
may be attached to a temporary material layer including an
appropriate adhesive. The temporary material layer may be
selectively removable from the touch fastener. In some
embodiments, the deployed fastening elements may be elas-
tically deformed to an undeployed position and attached to
the material layer. However, some amount of inelastic defor-
mation may also occur. In view of the above, the deployable
touch fastener may be forced to remain in an undeployed state
due to the temporary material layer holding the fastening
elements in the undeployed state. Further, upon removal of
the adhesive tape, the fastening elements may return to the
deployed state. While a temporary material layer used to
restrain deployment of fastening elements in a substrate
might be used with a deployable touch fastener, it might also
be used with a typical touch fastener formed by actively
deforming fastening elements to a deployed state as well.

[0150] In some embodiments, it may be desirable to pro-
vide features to improve bonding of a deployable touch fas-
tener to another material or a material layer applied to the
deployable touch fasteners as described above. In such an
embodiment, the deployable touch fastener may also include
one or more anchoring elements deployed on a surface oppo-
site the surface on which one or more fastening elements are
deployed. These anchoring elements may serve to enhance
the attachment of the deployable touch fastener onto an adhe-
sive coated surface and/or they may be embedded into a
surface of another material the deployable touch fastener is
attached to such as molded polyurethane foams, injection
molded and/or compression molded polymers, paper or wood
like materials, composite materials, roofing materials such as
shingles, insulation, and/or other appropriate materials.
Depending on the embodiment, the anchoring elements may
be formed in a method similar to that described above for the
deployable fastening elements. More specifically, the anchor-
ing elements may include a loop, a head, or other appropriate
fastening portion as well as one or more stems, one or more
deployment links, or other structures capable of selectively
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deploying the anchoring elements. Other embodiments in
which the anchoring elements are separately formed and/or
attached to the deployable touch fastener are also contem-
plated. Additionally, while the above embodiments are
directed to anchoring elements that are deployed at the same
time as the fastening elements in response to deformation of
a touch fastener substrate, embodiments in which the anchor-
ing elements are deployed in a separate processing step are
also contemplated.

[0151] In some instances, it may be desirable to reinforce
either portions of the touch fastener substrate and/or the
deployable fastening elements themselves. This reinforce-
ment may be accomplished in any number of ways and may
be applied either to discrete sections of the deployable touch
fastener or the entire touch fastener. Several non-limiting
embodiments of ways to reinforce a touch fastener are
described in more detail below.

[0152] In one embodiment, a deployable touch fastener
may be selectively reinforced or weakened by embossing
patterns onto the touch fastener substrate prior to, during or
after, a die cutting process. The applied pattern may either be
applied to a substrate of the deployable touch fastener, the
deployable fastening elements, and/or a combination of the
two to provide a desired reinforcement. In such an embodi-
ment, the selective reinforcement of the substrate, deploy-
ment links, and/or deployable fastening elements may be due
to a change in the material thickness or geometry associated
with the embossed pattern. For example, as shown in FIGS.
24A and 24B, an embossing process may be performed on a
substrate 2 to create a curvature along the length of a fastening
element 8, somewhat like a shape of a venetian blind slat.
Alternatively, an embossing process may create a crease 32 at
a location to favorably bias the deployment of the fastening
element 8 in a desired direction. It should be understood that
a crease 32 may be located in a portion of a substrate, a
deployment link, fastening element, and/or any appropriate
location to bias a deployment direction of the deployable
touch fastener. For example, if a crease is formed at a desired
hinge point 32, it may cause molecular orientation of the
hinge material and improve the performance or longevity of
the hinge during subsequent deployment and retraction of the
fastening element.

[0153] In another embodiment, a surface of the substrate
material may either be coated along the entire substrate sur-
face or it may be selectively coated in a pattern using an
appropriate material. The applied pattern may either be
applied to a substrate of the deployable touch fastener, the
deployable fastening elements, and/or a combination of the
two to provide a desired reinforcement. Additionally, this
selectively applied material may favorably bias the deploy-
ment of the fastening elements in a desired direction. For
example, coating one entire face of a deployable touch fas-
tener substrate may favorably bias the deployment of the
elements due to the different mechanical response of the
coating as compared to the underlying substrate material.
Regarding the above coatings, in some embodiments, the
coatings may saturate a substrate they are applied to such as,
for example, a paper substrate saturated with a polymer,
epoxy, or other material.

[0154] While the above embodiments have been directed to
modifying the substrate and/or fastening elements to bias the
deployment of the fastening elements, in some embodiments,
it is desirable to bias deployment of the fastening elements
using an appropriate device or deployment method. In one
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embodiment, a substrate including a plurality of deployable
fastening elements formed in the substrate is passed over a
pressure or vacuum source while the substrate is deformed to
deploy the fastening elements. The pressure or vacuum
source applies a force to the fastening elements as they are
being deployed to bias their deployment to a particular sur-
face of the substrate. Alternatively, in another embodiment, a
substrate including a plurality of deployable fastening ele-
ments formed in the substrate is rolled over, bent around, or
otherwise passed over a roller, bar, or other rounded surface in
order to deform the substrate. Without wishing to be bound by
theory, deforming the substrate around a rounded surface
applies a compressive stress to the interior surface of the
substrate adjacent to the rounded surface and a tensile stress
to the exterior surface of the substrate. This differential stress
biases the deployment of the plurality of fastening elements
toward a desired direction away from the substrate surface.
Additionally, depending on the particular fastening element
geometry, the plurality of fastening elements are biased
towards the interior surface of the substrate adjacent to the
rounded surface during deployment.

[0155] In still yet another embodiment, either a portion
and/or the edges of a deployable fastening element may be
modified or thickened during formation so as to increase the
strength of the fastening element. This may help to prevent
the fastening element from being cut or damaged when sub-
jected to a load from a mating element. For example, a laser
used to cut a pattern into a substrate to form the one or more
deployable fastening elements may cause a bead of resolidi-
fied material to form along the cut edges thereby reinforcing
the formed edge. Without wishing to be bound by theory,
forming a bead of material along the edges forming the fas-
tening elements may also help to reduce the notch sensitivity
of the formed fastening element.

[0156] While, the deployable touch fasteners described
herein and depicted in the figures are directed to planar sub-
strate geometries such as strips, sheets, webs, and films, it
should be understood that the substrate geometry of a deploy-
able touch fastener is not limited to a planar geometry.
Instead, various other substrate geometries may be used to
form a deployable touch fastener. For example, substrates
might be corrugated, cylindrical, triangular, square or any
other appropriate shape or configuration that permits one or
more deployable fastening elements to be formed therein and
subsequently deployed. In one specific embodiment, a tubu-
lar substrate with one or more deployable fastening elements
formed therein may be slid over an expandable or inflatable
mandrel and then inserted into a recess lined with, or con-
structed from, an appropriate mating material. The tubular
substrate may then be expanded or inflated to deploy the
fastening elements and engage with the mating material.
Alternatively, a tubular substrate may be expanded to deploy
the associated deployable fastening elements and compressed
to undeploy the fastening elements. In such an embodiment,
the tubular substrate might be compressed and inserted into a
passage including a mating portion of a touch fastener and
released in order to deploy the fastening elements and engage
the mating material. The fastening elements used in the above
embodiments might be designed so as to provide a permanent
or reusable attachment as the disclosure is not so limited.

[0157] In some instances, it may be desirable to provide a
method of visually verifying that one or more fastening ele-
ments of a deployable touch fastener are in the deployed state.
For example, in one embodiment, an upper surface of the
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deployable touch fastener may have a first color such as white
and a lower surface of the deployable touch fastener may have
a second contrasting color such as red. Consequently, when
the deployable touch fastener has been stretched to the
deployed state, the one or more fastening elements will be
located in the deployed state exposing the second contrasting
color, red, corresponding to the lower surface which is easily
visible against the first color, white. This visual cue of con-
trasting colors may thus act as a visual verification of fasten-
ing element deployment. It should be understood that other
appropriate colors, or other appropriate visual indication,
might be used. Additionally, other methods of verifying fas-
tening element deployment are also possible.

[0158] While the present teachings have been described in
conjunction with various embodiments and examples, it is not
intended that the present teachings be limited to such embodi-
ments or examples. On the contrary, the present teachings
encompass various alternatives, modifications, and equiva-
lents, as will be appreciated by those of skill in the art.
Accordingly, the foregoing description and drawings are by
way of example only.

What is claimed is:

1. A touch fastener comprising:

a substrate defining a plane, the substrate including a first
portion and a second portion each lying in the plane and
each displaceable along the plane relative to each other,
wherein the first portion and the second portion are
constructed to be displaced away from each other along
an interface between the first portion and the second
portion;

a first fastening element formed in the plane in the first
portion, wherein the first fastening element includes a
first stem attached to a fastening portion and to the first
portion; and

a first deployment link extending between the second por-
tion and either the fastening portion or the first stem of
the first fastening element, wherein when the first por-
tion and the second portion are displaced relative to each
other in the plane, the first deployment link applies a
force and/or moment generated by the displacement to
the first fastening element, and wherein the first fasten-
ing element is deployed out of the plane by the applied
force and/or moment.

2. The touch fastener of claim 1, wherein the displacement
of the first portion relative to the second portion is at least
partially recoverable to at least partially retract the fastening
element toward the plane.

3. (canceled)

4. The touch fastener of claim 1, further comprising a
second stem attached to the fastening portion.

5. (canceled)

6. (canceled)

7. The touch fastener of claim 1, further comprising at least
one deployment stop to limit a relative displacement between
the first portion and the second portion.

8. The touch fastener of claim 7, wherein the at least one
deployment stop includes two deployment stop legs attached
to opposing ends of a backspan formed within the first portion
of'the substrate, and wherein at least one deployment stop leg
is attached to the backspan and second portion of the sub-
strate.

9. The touch fastener of claim 1, wherein a shape of the
fastening element comprises at least one of an arrowhead, a
single hook, a double hook, a T, a mushroom, a partial circle,
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a lightning bolt shape, a sinusoidal shape, a single saw tooth
shape, a double sided saw tooth shape, a Y, a star burst, a
pointed shape, a straight pin, a tapered pin and a loop.

10. The touch fastener of claim 1, wherein a shape of the
fastening element comprises a fastening portion including a
throat angled relative to a centerline of the fastening element
such that the throat extends into the fastening element and
away from a base of the fastening element.

11. The touch fastener of claim 10, wherein the throat
extends up to at least the centerline of the fastening element.

12. The touch fastener of claim 1, further comprising a
second fastening element formed in either of the first portion
orthe second portion and a second deployment link extending
between the second fastening element and the other of the first
portion or the second portion.

13. The touch fastener of claim 12, wherein the first
deployment link and second deployment link form a single
deployment link extending between the first fastening ele-
ment and the second fastening element.

14. The touch fastener of claim 1, wherein at least one of
the substrate and the first fastening element is coated with a
material.
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15. The touch fastener of claim 1, wherein the substrate
comprises at least one of a polymer, a paper, a paper pre-
coated or pre-saturated with a reinforcing material, a metal, a
ceramic, a fabric, a composite material, a foamed material, a
non-woven material, a woven material, a knitted material, and
a glass.

16. The touch fastener of claim 1, wherein the substrate is
at least one of a sheet, strip, web, and film.

17. The touch fastener of claim 1, wherein the substrate is
a laminate.

18. The touch fastener of claim 1, wherein the substrate is
bonded to or comprises a diaper tab.

19. The touch fastener of claim 1, wherein the substrate is
attached to an automotive seat cushion.

20. The touch fastener of claim 1, further comprising at
least one edge seal disposed on the substrate.

21. The touch fastener of claim 1, further a protective
material disposed on the first fastening element.

22. The touch fastener of claim 1, wherein the first deploy-
ment link extends between the second portion and the fasten-
ing portion, and wherein the deployment link comprises a
second stem.



