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TENSION LIMITING MECHANISMS FOR CLOSURE DEVICES
AND METHODS THEREFOR

BACKGROUND OF THE INVENTION

The present invention is related to closure devices for various articles, such as
braces, medical devices, shoes, clothing, apparel, and the like. Such articles typically
include closure devices that allow the article to be placed and closed about a body part.
The closure devices are typically used to maintain or secure the article to the body part.
For example, shoes are typically placed over an individual’s foot and lace is tensioned and
tied to close the shoe about the foot and secure the shoe to the foot. Conventional closure
devices have been modified in an effort to increase the fit and/or comfort of the article
about the body part. For example, shoe lacing configurations and/or patterns have been
modified in an attempt to increase the fit and/or comfort of wearing shoes. Conventional
closure devices have also been modified in an effort to decrease the time in which an
article may be closed and secured about the body part. These modifications have resulted
in the use of various pull cords, straps, and tensioning devices that enable the article to be

quickly closed and secured to the foot.

BRIEF SUMMARY OF THE INVENTION

The embodiments described herein provide closure systems having mechanisms
that limit the tension that may be applied to a tension member (e.g., lace) in closing an
article. The tension limiting mechanisms may prevent or limit the article from being over-
tightened. Additionally or alternatively, in some embodiments the closure systems may
include a mechanism that functions to substantially maintain a tension on the tension
member. Stated differently, the closure system may include a mechanism that allows the
tension member’s tension to be released or loosened when a sudden spike in tension
occurs, such as from swelling of a limb, dynamic movement of a body part, an impact of
the article with surrounding objects, and the like. According to one aspect, a reel for use
with a lacing system for tightening an article is described. The reel includes a housing
having an interior region and a spool positioned within the interior region of the housing
and rotatable relative thereto. The spool has having an annular channel formed therein.
The reel also includes a knob that is rotatable relative to the housing and operably coupled

with the spool to cause the spool to rotate within the interior region of the housing. A
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tension member is coupled with the spool and is tensioned by winding the tension member
around the spool’s annular channel upon rotation of the knob. The reel further includes a
tension control mechanism that is configured to: enable tensioning of the tension member
by rotation of the knob until a tension threshold is achieved, after which further rotation of
the knob does not cause further tensioning of the tension member; and enable rotation of
the spool within the housing’s interior region upon tensioning of the tension member from

a source other than the knob.

According to another aspect, a device for tightening an article is described. The
device includes a housing having an interior region and a spool positioned within the
interior region of the housing and rotatable relative thereto. The device also includes a
tightening mechanism that is operably coupled with the spool to cause the spool to rotate
within the interior region of the housing and a tension member that is coupled with the
spool and configured to be tensioned upon rotation of the spool via the tightening
mechanism. The device further includes a tension limiting mechanism that allows the
tension member to be tensioned via the tightening mechanism until a tension threshold is
achieved, after which further operation of the tightening mechanism does not substantially

tension the tension member.

According to yet another aspect, a method for assembling a device for tightening
an article is described. The method includes providing a housing having an interior region
and positioning a spool within the interior region of the housing so that the spool is
rotatable relative to the housing. The method also includes operably coupling a tightening
mechanism with the spool so that the spool is rotatable within the interior region of the
housing upon operation of the tightening mechanism. The method further includes
coupling a tension member with the spool so that the tension member is tensionable upon
rotation of the spool via the tightening mechanism. The method additionally includes
operably coupling a tension limiting mechanism with the spool to enable the tension
member to be tensioned via the tightening mechanism until a tension threshold is
achieved, after which further operation of the tightening mechanism does not substantially

tension the tension member.

According to yet another aspect, a device for tightening an article is described.
The device includes a housing having an interior region and a spool positioned within the

interior region of the housing and rotatable relative thereto. The device also includes a
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tightening mechanism that is operably coupled with the spool to cause the spool to rotate
within the interior region of the housing and a tension member that is coupled with the
spool and configured to be tensioned upon rotation of the spool via the tightening
mechanism. The device further includes a force limiting mechanism that is configured to
transfer tightening forces from the tightening mechanism to one or more internal
components of the device until a tightening force threshold is achieved and that is further
configured to not transfer tightening forces from the tightening mechanism to the one or

more internal components of the device after the tightening force threshold is achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is described in conjunction with the appended figures:

FIG. 1 illustrates a perspective view of a lacing system that may be used for

tightening a shoe or other article.

FIG. 2 illustrates a perspective view of another lacing system that can be used for

tightening a shoe or other article.
FIGs. 3 & 4 illustrate exploded perspective views of the lacing system of FIG. 2.

FIGs. 5A-B illustrate a cover with grip and a core of a reel assembly being fit

together into an assembly.

FIG. 5 illustrates an embodiment of a closure device having a tension limiting

mechanism that is configured to withstand dynamic lace tension loading.

FIG. 6 illustrates an embodiment of a closure device having a tension limiting
mechanism that is configured to slip when dynamic lace tension loads are applied or

experienced.

FIGs. 7A-M illustrate embodiments of closure devices and/or tension limiting

mechanisms that utilize a wave clutch or similar type clutch component.

FIGs. 8A-II illustrate embodiments of closure devices and/or tension limiting

mechanisms that utilize detent-like components or mechanisms.

FIGs. 9A-I illustrate embodiments of closure devices and/or tension limiting

mechanisms that affect a user’s grip on a knob portion of the closure device.
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FIGs. 10A-G illustrate embodiments of closure devices and/or tension limiting

mechanisms that utilize friction-based clutching system.

FIGs. 10H-I illustrate an embodiment of a closure device and/or tension limiting

mechanism that utilizes a torsion spring to create a friction-based clutching mechanism.

FIGs. 10J-M illustrate an embodiment of a closure device that includes a tension

level indicator.

FIGs. 11A-C illustrate another embodiment of a closure device having a tension

control mechanism that includes a pair of radially displaceable clutch components.

FIGs. 12A-E illustrate another embodiment of a closure system having a tension

limiting component or mechanism.

In the appended figures, similar components and/or features may have the same
numerical reference label. Further, various components of the same type may be
distinguished by following the reference label by a letter that distinguishes among the
similar components and/or features. If only the first numerical reference label is used in
the specification, the description is applicable to any one of the similar components and/or

features having the same first numerical reference label irrespective of the letter suffix.
DETAILED DESCRIPTION OF THE INVENTION

Embodiments described herein provide various tension limiting mechanisms that
may be used for closure devices and/or other devices. A specific example of a closure
device for which the input force limiting mechanisms may be used are rotary or reel based
closure devices that typically include a knob that is grasped by a user and rotated to wind
lace around a spool mounted within a housing. The lace is tensioned by the closure device
as the lace is wound around the spool. Tensioning of the lace is used to close or tighten

apparel, equipment, or some other component that the closure device is coupled with.

These types of closure device are used frequently to closure or tighten various
apparel and equipment, such as standard footwear, athletic footwear, medical footwear,
and the like. Some uses of these closure devices require the application of relatively large
tension to the closure device’s lace. To provide the relatively large tension forces, some
closure devices include gearing that amplifies the input force applied by a user. The

gearing, however, may allow a user to apply far greater tension than is required for a given
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application. For example, in snowboard boots, a geared system may be used to increase
the lace tension that may be applied by the closure system. The increased lace tension
may be required to completely close and properly tighten one or more layers of the
snowboard boots. The geared system, however, may allow a user to tighten the lace
beyond what would be expected in use and/or beyond a tension that may cause discomfort
or pain if the boots are being worn. If the boots are not fit about a leg, a user may over-

tighten the lace due to neglect, lack of attention, and the like.

Over-tensioning of the lace may damage or break the lace as well as damage or
break internal components of the closure device and/or lace guides around which the lace
is wound. Further, when the closure device is used to close apparel or equipment about a
user’s body part, over-tensioning the lace may result in the body part being squeezed too
tightly, which may limit or restrict blood flow to and from the body part. Such over-
tensioning, for example, can be a serious problem for diabetic patients wearing a brace
(e.g., foot brace or boot) because these patients often lose sensation or feeling in the body
part that is being supported by the brace. Loss of blood flow to a body part in diabetic
patients can result in serious complications including amputation of the body part. The
embodiments described herein provide mechanisms that limit the amount of tension that
may be applied to the lace. This is often achieved by limiting the input force that is
transferred from the closure device’s knob to the spool or other component. As such, a
user may not be able to over-tighten the closure device, thereby remedying many of the
problems associated with over-tensioning a lace. Further, the embodiments described
herein also allow a repeatable tension to be applied to the lace and thus to the footwear or
other device. Repeatable tensioning as used herein means the ability to repeatedly tension
the lace to a favorable or desired setting, such as to a desired lace tension and/or fit of the
footwear about the body. The embodiments described herein allow a user to easily don
footwear and operate a closure device (e.g., reel assembly) to tension the lace until a
desired tension is achieved, after which the closure device will not further tension the lace.

In this manner, donning and tensioning of the footwear is greatly enhanced.

Referring briefly now to FIG. 1, illustrated is a perspective view of an embodiment
of closure device or system that is used for tightening a shoe. The shoe can be any
suitable footwear that can be tightened around a wearer’s foot. The closure device can be
used to close or tighten various other articles as described herein, such as, for example, a

belt, a hat, a glove, snowboard bindings, a medical brace, or a bag. The closure device can
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include a reel assembly 104, a lace 106, and one or more lace guides 108. In the
illustrated embodiment, the reel assembly 104 can be attached to the tongue 110 of the
shoe, although various other configurations are also possible. For example, the reel
assembly 104 can be attached to a side of the shoe, which can be advantageous for shoes
in which the shoe sides 112a-b are designed to be drawn closely together when tightened
leaving only a small portion of the tongue 110 exposed. The reel assembly 104 can also
be attached to the back of the shoe and a portion of the lace 106 can pass through the shoe
using tubing for the lace to travel through. In some embodiments the tubing can be
positioned on either side of the wearer’s ankle such that the lace 106 can be engaged with
the reel assembly 104 when back-mounted. In some embodiments, the reel assembly 104

may also be attached to the lateral side at or near the top of the lacing throat.

FIG. 2 is a perspective view of an embodiment of a closure device 200 that can be
similar to the closure device of FIG. 1, or any other closure device described herein. The
closure device can include a reel assembly 204 which can be similar to the reel assembly
104, or any other reel/knob assembly described herein. FIG. 3 is an exploded perspective
view of the reel assembly 204. FIG. 4 is another exploded perspective view of the reel
assembly 204. The closure device 200 that is illustrated in FIGS. 2-4 represents general
reel based closure devices and illustrates common components of such devices. It should
be realized that other reel based closure devices may include more or fewer components

and/or have a modified configuration.

With reference to FIGS. 2 to 4, the reel assembly 204 can include a base member
214, a spool member 216, and a knob member 218. The base member can include a spool
housing 220 and a mounting flange 222. The spool housing 220 can include a plurality of
ratchet teeth 224, which can extend radially inwardly. The base member 214 can include

lace holes (e.g., 226a) that allow the lace 206 to enter the spool housing 220.

The spool member 216 can be disposed within the spool housing 220 such that the
spool member 216 is rotatable about an axis 228 with respect to the spool housing 220.
The lace 206 can be secured to the spool member 216 such that when the spool member
216 rotates in a tightening direction (shown by arrow A) the lace 206 is drawn into the
spool housing 220 and is wound around the channel 230 formed in the spool member 216,
and when the spool member 216 rotates in a loosening direction (shown by arrow B) the

lace 206 unwinds from the channel 230 of the spool member 216 and exits the spool
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housing 220 via the lace holes (e.g., 226a). The spool member 216 can also include spool
teeth 232 formed thereon. It will be understood that the embodiments disclosed herein can
be modified such that rotation in the direction shown by arrow B will tighten the lacing.

In this particular embodiment, the knob member 218 may be raised axially to disengage
from spool 230 to allow the spool to freewheel in direction B in order to release the lace.
In other embodiments, rotation of the knob member 218 in the direction shown by arrow
A may loosen the lacing system. In a specific embodiment, the knob member 218 may be
rotated be a specific amount (e.g., ¥4 to %2 turn) in a loosening direction (e.g., as shown by
arrow A) to loosen the lacing system. Other user interfaces are possible for tightening,

releasing, or adjusting lace tension.

The knob member 218 can be attached to the spool housing 220 such that the knob
member 218 can rotate about the axis 228 with respect to the spool housing 220. The
knob member 218 can include knob teeth 234 that can be configured to mate with the
spool teeth 232 to couple the knob member 218 to the spool member 216 such that
rotation of the knob member 218 in the tightening direction causes the spool member 216
to also rotate in the tightening direction. In some embodiments, the rotation of the knob
member 218 in the loosening direction can also cause the spool member 216 to rotate in
the loosening direction. The knob member 218 can also include one or more pawls 236
which can be biased radially outwardly so as to mate with the ratchet teeth 224. The
pawls 236 and ratchet teeth 224 can be configured so that the ratchet teeth 224 can
displace the pawls 236 radially inwardly when the knob member 218 is rotated in the
tightening direction, thereby allowing the knob member 218 to rotate in the tightening
direction. The pawls 236 and the ratchet teeth 224 can also be configured so that they
engage one another when force is applied to twist the knob member 218 in the loosening
direction, thereby preventing the knob member 218 from rotating in the loosening
direction. In other arrangements, the ratchet teeth 224 may be oriented axially to engage

knob pawl members (not shown) that are correspondingly arranged to mate axially.

Thus, a reel assembly such as reel assembly 204 can provide a one-way tightening
system configured to allow a user to rotate the knob member 218 in the tightening
direction, which causes the spool member 216 to rotate in the tightening direction, which
in turn causes the lace 206 to be drawn into the spool housing 220 via the lace holes (e.g.,
226a). As the lace 206 is drawn into the spool housing 220 the lacing system 200 can

tighten, causing the lace guide 208 to be drawn in the direction toward the reel assembly
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204 (shown by arrow C in FIG. 2). Although the lacing system 200 is shown with a single
lace guide 208, any other suitable number of lace guides can be used. Other features of
the reel and lacing system are described in U.S. Patent Application No. 2011/0266384,
filed April 29, 2011, and Titled “Reel Based Lacing System”, the entire disclosure of

which is incorporated herein by reference.

As described above, the embodiments described herein provide mechanisms that
limit the tension that may be applied to a lace via a closure device, such as those illustrated
in FIGS. 1-4. The mechanisms that provide tensioning limits typically include clutching
mechanisms or components (hereinafter clutching mechanism) that may be placed within
the closure device to limit the input force that is transferred from a user to one or more
internal components of the closure device. Typically the clutching mechanism or
component is designed to slip when a desired maximum input torque is achieved with the
reel assembly — i.e., the lace reaches or attains a certain tension. In some embodiments,
the tension limit at which the clutching mechanism slips may be set by a user of the
device. In other embodiments, the tension limit at which the clutch mechanism slips may

be predetermined or set by a third-party, such as by a physician or manufacturer.

In many applications the closure device is used in situations where the tension on
the lace will be dynamic. For example, when the closure device is used to tighten shoes,
the tension in the lace will vary as the user flexes and relaxes their foot, such as due to
running, walking, jumping, flexing, and the like. This increase in lace tension is due to
conditions other than the user operating the closure device’s knob. In such embodiments,
the tension on the lace may increase beyond an initially set tension threshold —i.e., a
maximum tension limit that is set or desired for the closure device and/or clutching
mechanism. In such instances, it may be desirable for the lace and closure device to
withstand the higher tension loads that are placed on the lace in order to keep the shoe or
other device closed. For example, if dynamic loads are being placed on the lace as a user
runs or moves in a sporting event, it may be desirable to keep the shoe closed and
tightened about the user’s foot. In such instances, the closure device and clutching
mechanism should be designed to withstand the higher dynamic loads, otherwise the user
would have to continually retighten the shoe’s lace. In many embodiments, the ability of
the closure device to “withstand dynamic lace loading”, and thus maintain a closure of an
article, is achieved by preventing the closure device’s spool from rotating in a direction

that effects loosening of the lace (i.c., a loosening direction).
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In other instances, it may be desirable for the lace and closure device to slip when
relatively high tension loads are experienced in order to protect the user and/or device or
components. For example, if dynamic loads are applied to the lace of a brace that is being
worn by a patient, it may be desirable to allow the brace’s lace and closure device to slip
as the higher dynamic loads are applied. In such instances, slippage may keep the pressure
applied by the brace to the patient’s body part within a prescribed pressure range, which
may reduce or eliminate loss of blood flow to the body part or the formation of scars or
other damage to the body tissue. Slippage of the closure device in such instances may
ultimately reduce damage to the body part and/or improve healing of the body part. In
many embodiments, the ability of the closure device to “slip in response to dynamic lace
loading” is achieved by allowing the closure device’s spool to rotate in a direction that
effects loosening of the lace (i.e., a loosening direction) when higher lace tensions are
experienced. The embodiments of the closure devices described herein allow for the lace
to withstand higher dynamic loads and/or slip when higher dynamic loads are applied as

desired.

In some embodiments, the ability of the closure device and lace to withstand high
dynamic loading of the lace, or to slip when higher dynamic loads are applied, may be
achieved by varying the placement of a stop mechanism that prevents the closure device’s
spool for rotating in the loosening direction. In some embodiments, the stop mechanism
includes a pawl mechanism, or pawl teeth, that engage with corresponding teeth of the
closure device’s housing (or a toothed plate or disc) in a ratchet like manner to allow the
spool to rotate in a first direction (i.c., tightening direction) while preventing rotation of
the spool in a second and opposite direction (i.e., loosening direction). Positioning of the
stop mechanism relative to the clutching mechanism may prevent or allow slippage of the
spool (i.e., rotation in the loosening direction) in response to dynamic lace tension loading

as desired.

FIG. 5 illustrates one embodiment in which a closure device 500 is configured to
withstand dynamic lace tension loading. As shown in FIG. 5, pawl teeth 506 (i.e., stop
mechanism) are positioned such that they interact with the spool housing 502 and spool
504. In some embodiments, the pawl teeth 506 may be coupled directly with the spool
504 or be integral components thereof, while in other embodiments, the pawl teeth 506
may be coupled with a pawl disc (not shown) that is in turn coupled with the spool 504 via

a spine, engaged teeth, or some other mechanism. A clutching mechanism 508 is
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positioned axially above the pawl teeth 506 and spool 504. Positioning of the pawl teeth
506 axially below the clutching mechanism 508 allows the closure device 500 to withstand
dynamic loading or tensioning of the lace. Stated differently, because the pawl teeth 506
are positioned axially below the clutching mechanism 508, the slippage of the clutching
mechanism 508 and knob 510 does not affect the interaction of the spool 504, pawl teeth
506, and spool housing 502. As such, the pawl teeth 506 hold or maintain the spool’s
position regardless of if dynamic lace loads are applied — i.c., the pawl teeth 506 prevent

counter rotation or unwinding of the spool 504.

In some embodiments, a second clutch mechanism (not shown) may be used to
allow slippage of the closure mechanism’s spool, but at a tension greater than that
provided by the clutch mechanism 508 that limits the input torque or tension. Stated
differently, the closure device may include a first clutch mechanism that limits the input
torque or tension applied by a user, and may include a second clutch mechanism that
limits the dynamic lace tension loading that may occur. The second clutch mechanism
may be configured to clip at a higher lace tension load than the first clutch mechanism in
order to allow some dynamic lace tension loading to occur while preventing excessive lace
tension loading that may damage the lace, closure device components, and/or damage
bodily tissue. Accordingly, the user may use the article (e.g., shoe) for an activity (e.g.,
walking, running, and the like) without loosening the article’s lace while being

safeguarded from injury or other issues that may result from excessive lace tensioning.

In contrast, FIG. 6 illustrates one embodiment in which the closure device 600 is
configured to slip when higher dynamic lace loads are applied or experienced. As shown
in FIG. 6, the pawl teeth 606 are positioned such that they interact with the clutching
mechanism 608 and spool housing 602. In some embodiments, the pawl teeth 606 may be
coupled directly with the clutching mechanism 608 or be integral components thereof,
while in other embodiments, the pawl teeth 606 may be coupled with a pawl disc (not
shown) that is in turn coupled with the clutching mechanism 608. The spool 604 is
positioned axially below the clutching mechanism 608. In this arrangement, the pawl
teeth 606 do not directly affect the spool 604. Rather, the pawl teeth 606 indirectly affect
the spool 604 via the clutch components of clutching mechanism 608 (e.g., wave like
clutch teeth and the like). Because the clutch components of clutching mechanism 608 are
used to hold the spool 604 in position (i.e., to prevent counter rotation or unwinding), the

spool 604 will slip when a predetermined input torque is applied by a user and/or when the

10
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lace’s tension level exceeds a threshold amount. In this manner, the closure device 600°s
“hold”, or ability to prevent counter rotation, is limited to a predetermined input torque
and lace tension threshold. As the lace experiences dynamic loading, the spool 604
counter-rotates within spool housing 602, which causes the lace to unwind slightly from

around the spool thereby releasing or loosening the lace tension to some degree.

The configurations of FIGS. 5 and 6, or configurations similar to these
embodiments, are provided to illustrate how the hold of a closure device may be modified
based on a usage or need of the device. The remaining embodiments described herein
(i.e., FIGS. 7A-11C) may employ similar pawl teeth, spool housing, spool, and/or clutch
mechanism configurations in order to provide a limited or relatively infinite lace hold as
desired. Stated differently, the embodiments of FIGS. 7A-11C may be modified as
desired to allow the closure device to withstand higher dynamic loads or slip when such
loads are applied. It should be noted that the interface between the clutch mechanism and
spool in the cross section view of FIGs. 5-6 is illustrated having a wave like configuration.
The wave like configuration is used merely to illustrate the positioning of the clutch/spool
interface relative to the stop mechanism. In most embodiments, a cross section of the
clutch/spool interface will not have a wave like configuration, but rather straight line or
toothed configuration. As such, the wave like cross sectional clutch/spool interface is not
physically representative of most of the embodiments described herein and such

embodiments are not limited by illustration of FIGs. 5-6.

In other embodiments, the clutching mechanism may be designed to limit a user’s
input rather than directly limit the tension that may be applied. For example, the clutching
mechanism may be configured to allow a user to rotate a knob of the closure device by
only a specified amount. In this manner, the user’s input to the knob is limited rather than
the resulting tension that is applied to lace. In this manner, the clutching mechanism
indirectly limits the lace tension that may be applied rather than directly limiting the lace
tension via slippage of the clutch/spool interface. The tension that is ultimately applied to
the lace may vary due to differences in a user’s body part size, the closure device
component configuration, and the like. In still other embodiments, the clutching
mechanisms described herein may provide an audible feedback, tactile feedback, and/or
visual feedback to indicate the amount of tension that is applied to lace and/or to indicate
that a maximum amount of tension has been applied. In one embodiment, the audible

feedback and/or tactile feedback may involve a clicking sound and/or sensation. The
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visual feedback may involve various indicators positioned on the knob that visually
illustrates an amount of tension applied and/or that a tension limit has been reached. In
some embodiments, the feedback indicator may be positioned on the lace, a knob, a lace
guide, and the like. An indicator positioned on the lace may indicate a relative position of
the lace with respect to the closure device rather than indicating an amount of tension
applied to lace. These and other aspects of the tension limiting mechanisms will be more

apparent with reference to the figures described below.

Referring now to FIGs. 7A-M, illustrated are embodiments of clutching
mechanisms that utilize a wave clutch or similar type clutch component. For example, as
illustrated in FIGs. 7A-D, a wave clutch mechanism 710 may be inserted between a knob
702 and a tension limiter component 703. The tension limiter component 703 may include
a top member and a bottom member with a shaft member extending therebetween. The
top member of clutch component 703 may be positioned axially above and/or within a
recessed portion of a top surface of knob 702 while the bottom member is positioned
axially below and/or within a recessed portion of a bottom surface of knob 702. A spring
component 718 may be positioned between the top member of tension limiter component
703 and the top surface of knob 702. The wave clutch mechanism 710 may be positioned
between the bottom member of tension limiter component 703 and the bottom surface of
knob 702. Wave clutch mechanism 710 includes a top member 714 that is coupled with or
otherwise integrally formed with the bottom surface of knob 702 and a bottom member
712 that is coupled with or otherwise integrally formed with the bottom member of tension

limiter component 703.

The top member 714 and bottom member 712 each include teeth that have a
wavelike or sinusoidal pattern. The wavelike teeth of bottom member 712 and top
member 714 interact via friction to drive tension limiter component 703 as knob 702 is
rotated by a user. As the tension in a lace (not shown) that is wound around spool 706
increases, an increased amount of friction between the wavelike teeth of bottom member
712 and top member 714 is required to drive spool 706. Eventually the friction required to
drive bottom number 712 and spool 706 is sufficient enough that the wavelike teeth of
bottom member 712 and top member 714 will being to slip, thereby preventing further
tensioning of the lace. Spring 718 biases the top member 714 and bottom member 712
together and may be used to vary the frictional engagement of the teeth. Spring 718 may

be removed and replaced with a stiffer or more flexible spring to bias the top member 714
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and bottom member 712 together in a desired manner and thereby vary the frictional force
required to cause slippage of the wavelike teeth, 714 and 712. Replacing the spring 718 in
the manner may be used to increase or decrease the normal force, and thus the friction
force, between the wave clutch mechanism 710 of top member 714 and bottom number
712. As can be readily understood, increasing or decreasing the frictional engagement of
the top member 714 and bottom member 712 correspondingly increases or decreases the
lace tension threshold at which the wave clutch mechanism 710 slips, thereby enabling

more or less tension to be applied to the lace.

In some embodiments, a screw 716 may be threaded into a threaded protrusion 717
of housing 704 to couple the components together. In some embodiments, screw 716 may
be accessible to a user to enable the user to remove one or more of the components, such
as for repair or replacement. In other embodiments, the screw 716 may only be accessible

by a physician, or other individual, using a specialized tool.

As shown in FIG. 7A, in one embodiment the pawl teeth 713 may be positioned on
an interior surface of the knob 702. The pawl teeth 713 may interact with corresponding
ratchet teeth 711 that are positioned on an interior surface of the housing 704. This
configuration allows the spool 706 and tension limiter component 703 to slip within
housing 704. Accordingly, in this configuration embodiment 700 would be unable to
withstand dynamic lace tension loads. Instead, embodiment 700 would slip upon the
application of dynamic lace tension loads. This configuration would be ideal for
applications involving medical braces and/or any other application in which slippage due

to dynamic tension loads is desired.

In other embodiments, the pawl teeth 713 may be positioned elsewhere to allow
embodiment 700 withstand dynamic lace tension loads. For example, in some
embodiments the pawl teeth 713 may be positioned on an outer surface of the spool 706
and configured to interact with corresponding ratchet teeth 711 positioned on an interior
surface of housing 704. In this configuration, embodiment 700 would be able to withstand
dynamic tension loads that are placed on the lace without slipping. This configuration
would be ideal for applications involving shoes, boots, and other apparel or devices in

which slippage due to dynamic tension loads is not desired.

FIGs. 7E-G illustrate another embodiment of a closure device 720 that includes a

clutching mechanism. Closure device 720 includes a housing 725 and knob 729 as
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previously described. Positioned on a bottom surface of knob 729 and on a top surface of
the spool 727 is a tension limiting mechanism 728 (e.g., wave clutch). Tension limiting
mechanism 728 may include a wavelike teeth pattern as previously described, or any other
tooth pattern described herein, that allows a top and bottom component of the tension
limiting mechanism 728 to slip relative to one another when a certain input torque and/or
lace tension is achieved. A spring 726 is positioned on a bottom surface of spool 727 and
on a top surface of a top cam component 724. Positioned axially below the top cam
component 724 is a bottom cam component 722. The bottom cam component 722
includes a handle portion 721 that may be rotated by a user to cause the top cam
component 724 and bottom cam component 722 two axially separate as shown in FIGs.
7F-G. The top cam component 724 and bottom cam component 722 include cam surfaces
that causes the components to axially separate as handle 721 is rotated by a user. A post
or protrusion 723 that is coupled with a bottom surface of housing 725 includes a key
member that couples with top cam component 724 to prevent rotation of the top cam
component 724 as bottom cam portion 722 is rotated via handle 721. This allows the cam
surfaces of top cam component 724 and bottom cam component 722 to cause axial
separation of the components as the handle portion 721 is rotated by a user. Bottom cam
component 722 may include a slot (not numbered) within which the key member slides as

bottom cam component 722 is rotated relative to the top cam component 724.

The axial separation of the top cam component 724 from the bottom cam
component 722 compresses spring 726 positioned between the top surface of top cam
component 724 and the bottom surface of spool 727. Compression of spring 726 increases
the normal force, and thus frictional force or engagement, of tension limiting mechanism
728 such that tension limiting component 728 is prevented from slipping until a greater
input torque and/or lace tension force is achieved. In this manner, a user is easily able to

adjust the tension limiting properties or tension slippage threshold of closure device 720.

FIGs. 7H-] illustrate yet another embodiment of a closure device 730 comprising a
clutching mechanism. Closure device 730 includes a knob 734, spool housing 732, and
spool 736. The tension limiting mechanism 738 is positioned between a top surface of
spool 736 and a bottom surface of knob 734. Tension limiting mechanism 738 may
include a wavelike tooth pattern and/or any other pattern that allows slippage of the top
component and bottom component of tension limiting mechanism 738. A spring 735 is

positioned between the bottom surface of spool 736 and spool housing 732. Spring 735
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biases spool 736 axially upward to apply a friction force between the bottom component
and top component of tension limiting mechanism 738. A screw 737 or other closure
component may be inserted through knob 734 and spool 736 and coupled with housing
732. Screw 737 may be adjusted to compressed spring 735 via tension limiting
mechanism 738 and spool 736. Compressing spring 735 increases the normal force, and
thus the frictional force or engagement, between the top component and bottom
component of tension limiting mechanism 738. In this manner, the input torque and/or
lace tension required to cause slippage of the tension limiting mechanism 738 may be
varied. In some embodiments, a bottom portion of housing 732 may be adjusted (e.g.,
rotated) to compress spring 735 and thereby vary the normal force between the top and
bottom components of tension limiting mechanism 738. In some embodiments, adjusting
the bottom portion of the housing 732 may cause the screw 737 to move axially upward or
downward and thereby compress spring 735. FIGs. 71-J illustrate the operation of the
tension limiting mechanism 738. Specifically, these figures illustrate the top and bottom
components of tension limiting mechanism 738 in a fully engaged position and in a

position in which the plates are slipping relative to one another.

FIGs. 7K-L illustrate another embodiment of a closure device 740 that includes a
clutching mechanism 748. The closure device 740 of FIGs. 7K-L is similar to the closure
device 730 of FIGs. 7H-J, in that closure device 740 includes a knob 744, spool housing
742, spool 746, and spring component 743 having a similar arrangement to closure device
730. In some embodiments, the top surface of spool 746 of closure device 740 may
function as the bottom component of tension limiting mechanism 748. In such
embodiments, the top surface of spool 746 may interact with a top component of tension
limiting mechanism 748 to provide slippage of the two components when a predetermined
input torque and/or lace tension threshold is achieved. In some embodiments, the bottom
surface of knob 744 may function as the top component of tension limiting mechanism

748.

FIGs. 7K-L further illustrate the top component of tension limiting mechanism
including pawl teeth (not numbered) that interact with corresponding ratchet teeth of
housing 742. This configuration allows the spool 746 to slip when a dynamic load is
applied to the lace. In another configuration, spool 746 may include the pawl teeth
interact with corresponding ratchet teeth of housing 742. This configuration would not

allow slippage of the spool 746 as a dynamic load is applied. Rather, this configuration

15



10

15

20

25

30

WO 2015/003079 PCT/US2014/045291

would provide an essentially infinite hold of the lace regardless of the dynamic lace

tension applied.

In some embodiments, closure device 740 may be coupled with apparel or a device
so that access to a bottom of the closure device is provided. In such embodiments, a strap
741 may be positioned across the bottom surface of the closure device 740 and coupled in
a closed position over the bottom surface of closure device 740 via Velcro® or another
fastening component. Strap 741 may be uncoupled to expose the bottom surface of
closure device 740. Exposing the bottom surface of closure device 740 may allow a screw
or other fastening component to be adjusted to compresses spring 743 and thereby vary the
tension limiting capability of tension limiting component mechanism 748 as described

herein.

FIG. 7M illustrates another embodiment of a closure device 750 that includes a
clutching mechanism. As in some of the previous embodiments, closure device 750
includes a spool housing 752, spool 756, knob 754, and tension limiting mechanism 758
positioned between the bottom surface of knob 754 and a top surface of spool 756. A
spring 755 is positioned between a bottom surface of spool 756 and spool housing 752.
Spring 755 may be compressed as previously described to vary the tension limiting
capabilities of tension limiting mechanism 758. Tension limiting mechanism 758 may be
similar to any of the tension limiting mechanisms described herein. In one embodiment,
tension limiting mechanism 758 includes saw-like teeth that are positioned relative to one
another to allow slippage of the teeth. Specifically, the saw-like teeth of tension limiting
mechanism 758 are configured so that when the knob 754 is rotated in a tightening
direction, the angled portions of the saw-like teeth press against one another. As the
tension in the lace is increased, the angled or ramped portions of the saw-like teeth begin
to slide relative to one another such that when a predetermined input torque and/or lace
tension is achieved, the top teeth will slide relative to the bottom teeth without further
tensioning the lace. As in some of the other embodiments, closure device 750 includes a
screw 757 or other fastening mechanism that may be adjusted to increase or decrease the
pressure applied to the saw-like teeth of tension limiting mechanism 758. As described
previously, adjusting the pressure applied to the teeth varies the friction force between the
teeth and, thus, varies the input torque and/or lace tension that must be achieved in order

to cause slippage of the tension limiting mechanism 758.
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Referring now to FIGs. 8 A-11, illustrated are embodiments of closure devices that
include clutching mechanisms that utilize detent-like components to allow slippage of the
closure device. For example, FIGs. 8 A-E illustrate an embodiment of a closure device 800
that includes a spool housing 802, a knob 804, and a spool 806. As shown in greater detail
in FIG. 8E and the cross section A-A of FIG. 8B, positioned on a top surface of spool 806,
or integrally formed therewith, is a tension limiting component 808 that includes a
plurality of notches 805 positioned circumferentially around an outer edge of the tension
limiting component 808. In another embodiment, the notches 805 may be positioned on a

top surface of the tension limiting component 808.

As shown in greater detail in FIGs. 8A and 8E and the cross section B-B of FIG.
8C, knob 804 includes a plurality of apertures 807 that are each arranged so as to be
positioned axially above one of the notches 805 of tension limiting component 808. Pins
809 may be inserted through apertures 807 so that a portion of the pin 809 is positioned
within a notch 805 of tension limiting component 808. In one embodiment, a distal end of
the pin 809 may be positioned within a notch 805 that is positioned on a top surface of
tension limiting component 808. In another embodiment, a main body or shaft of the pin
809 may be positioned within a notch 805 that is positioned on the outer edge of tension
limiting component 808. The pins 809 mechanically resist slippage between the knob 808
and the tension limiting component 808 in a detent-like manner. Specifically, the pins 809
remain within the notches 805 until a predetermined input torque and/or lace tension
threshold is achieved. After the predetermined input torque and/or lace tension threshold
is achieved, the pins 809 deflect radially out of the notches 805 so that the knob 804 slips

relative to tension limiting component 808.

A desired number of pins 809 may be inserted within the apertures 807 in order to
achieve a desired slippage of the knob 804 and tension limiting component 808. For
example, when slippage of the closure device 800 is desired at a relatively low input
torque and/or lace tension threshold, only a few pins 809 may be inserted within apertures
807 to lower the overall mechanical resistance of the closure device 800. In contrast,
when slippage of the closure device 800 is desired at a relatively high input torque and/or
lace tension threshold, more pins 809 may be inserted within apertures 807 to increase the
overall mechanical resistance of closure device 800. In some embodiments, the pins 809
may be provided to a user to allow the user to easily modify the input torque and/or lace

tension limiting capabilities of the closure device 800. In another embodiment, only a
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physician or third-party may have access to the pins 809 to modify the closure device’s
input torque and/or lace tension limiting capabilities. As previously described, the
arrangement of the closure device 800°s pawl teeth may be selected so as to allow or
prevent slippage of the spool 806 upon application of a dynamic lace tension loads as

desired.

FIGs. 8F-H illustrate another embodiment of a closure device 810 having a
clutching mechanism that functions in a detent-like manner. Specifically, closure device
810 includes a knob 812 having and annular slot 814 within which a flexible ring 816 is
placed. Internally mounted within closure device 810 and under knob 812 is a tension
limiting component 811 that includes a plurality of notches 813. Flexible ring 816
includes a plurality of shafts 818 that extend axially downward from the bottom surface of
flexible ring 816. Shafts 818 are configured to be positioned within the notches 813 of
tension limiting component 811. As previously described, shafts 818 remain within the
notches 813 of tension limiting component 811 until a predetermined input torque and/or
lace tension threshold is achieved. Shafts 818 are configured to flex radially outward and
out of notches 813 when the predetermined input torque and/or lace tension threshold is
achieved in order to allow slippage of the knob 812 relative to tension limiting component

811.

Knob 812 includes a plurality of drive components or keys 817 that press against
corresponding drive components 815 of the shafts 818 in order to drive flexible ring 816
and tension limiting component 811 as knob 812 is rotated by a user. In some
embodiments the drive components 817 may include rectangular members that extend
axially downward and radially inward from knob 812. As shown in FIG. 8H, the
corresponding drive components 815 of the shafts 818 may also be rectangular shaped
members that are insertable between two drive components 817 of knob 812. The drive
components 815 of the shafts 818 may be positioned on an upper end of the shafts to allow
a lower end of the shafts 818 to flex radially outward and into and out of the notches 813.
As also shown in FIG. 8H, a diameter of the shafts 818 may be varied to increase or
decrease the stiffness of the shafts. For example, flexible ring 816 may include relatively
large diameter shafts 818a, relatively small diameter shafts 818c, or mid-diameter shafts
818b. The large diameter shafts 818a may be stiffer than the mid-diameter shafts 818b
and small diameter shafts 818c, which may allow a greater input torque and/or lace tension

to be applied before the flexible ring 816 and knob 812 slip relative to tension limiting
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component 811. A user may select the appropriate flexible shaft 816 to achieve a desired
input torque and/or lace tension threshold before slippage of the knob 812 and tension

limiting component 811.

FIGs. 8I-L illustrate another embodiment of a closure device 820 having a
clutching mechanism that functions in a detent-like manner. Specifically, knob 822 of
closure device 820 includes a plurality of apertures 827 through which a U-shaped spring
828 is inserted. U-shaped spring 828 includes a pair of inwardly disposed shaft portions
826 that are configured to fit within notches 823 of a tension limiting member 821, which
is disposed within closure device 820. The U-shaped spring 828 is inserted through
apertures 827 until the inwardly disposed shaft portions 826 fit within the notches 823 of
the tension limiting member 821. The inwardly disposed portions 826 of U-shaped spring
828 are used to drive the tension limiting member 821 as knob 822 is rotated by a user.
As the tension of the lace of closure device 820 is increased, the U-shaped spring 828, and
specifically the inwardly disposed shaft portions 826, begins to flex radially outward.
Upon achieving or exceeding a predetermined input torque and/or lace tension threshold,
the inwardly disposed shaft portions 826 flex radially outward sufficiently such that the
inwardly disposed shaft portions 826 slide out of the notches 823 and the knob 822 slips

relative to the tension limiting member 821.

FIG. 8L illustrates that the diameter of the tension limiting member 828’s shaft
may be varied 828a-c so as to vary the spring force that presses the inwardly disposed
shaft portions 826 into notches 823. In this manner, the input torque and/or lace tension
limiting capabilities of the closure device 820 may be varied by selecting an appropriate
tension limiting member §28a-c. For example, the tension limiting member 828 may be
replaced with a stiffer or more flexible tension limiting member 828a-c as desired to
achieve a desired amount of slippage between the knob 828 and tension limiting member

828.

Referring now to FIGs. 8M-0, illustrated is another embodiment of a closure
device 830 that includes a clutching mechanism that functions in a detent-like manner.
Specifically, closure device 830 includes a cap member 838 that includes a plurality of
protrusions 836 that protrude radially inward from and are positioned circumferentially
around an inner surface of cap member 838. The protrusions 836 are configured to be

positioned within notches 833 of a disc 831. The interaction of the protrusions 836 and
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notches 833 drive the disc 831 when the cap member 838 is rotated by a user, which in
turn drives a spool and tensions the lace. Similar to the embodiments previously
described, when the input torque and/or lace tension of closure device 830 reaches a
predetermined threshold, the protrusions 836 flex and/or displace out of the notches 833 of
disc 831 such that the cap member 838 slips relativity disc 831 (see FIG. 80).

As shown in FIG. 8N, in one embodiment the cap member 838 may be positioned
over a knob 832a of closure device 830. In this embodiment, the knob 832a would
function as the disc 831 and include the notches 833. In such embodiments, a cap member
838 could be selected based on the stiffness of the protrusions 836 and used with knob
832a to appropriately tension the lace to near a desired tension threshold. In other
embodiments, the cap member 838 may be positioned internally within closure device 830

and an external knob 832b may be rotated to rotate cap member 838 and disc 831.

Referring now to FIGs. 8P-R, illustrated is another embodiment of closure device
840 that includes a clutching mechanism. In this embodiment, a knob 842 includes a
plurality of notches 843 within which ball bearings 848 are positioned. The ball bearings
848 are used to drive a disc 845 as knob 842 is rotated. Disc 845 includes one or more
slots 841 that are configured to receive the ball bearing 848. An adjustable spring plate
846 is positioned between the disc 845 and the knob 842. Adjustable spring plate 846
includes a plurality of arms 847 that each have a channel formed therein within which a

respective ball bearing 848 is positioned.

The adjustable spring plate 846 is rotatable relative to disc 845 to move the ball
bearing 848 within the channel of arm 847 between a distal end 849a and a proximal end
849b. The arm 847 is coupled with a body portion of adjustable spring plate 846 in a
cantilever like manner with the proximal end 849b integrally formed with, or otherwise
rigidly coupled to, the body portion of the spring plate 846 while the distal end 849a is
free-floating or otherwise unconnected to the body portion of adjustable spring plate 846.
Varying the position of the ball bearing 848 between the distal end 849a and the proximal
end 849b of arm 847 varies the lever or moment arm, which varies the force required to
deflect the ball bearing 848 out of one of the notches 843 of knob 842. For example, the
lever/moment arm is increased as the ball bearing 848 is moved toward the distal end
849a, which increases the bending moment that is induced in the arm 847 by a force

applied to the ball bearing 848. The increased bending moment allows the ball bearing
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848 to more casily deflect out of one of the notches 843 in response to an applied force. In
contrast, the lever/moment arm is decreased as the ball bearing 848 is moved toward the
proximal end 849b, which decreases the bending moment that is induced in the arm 847
by a force applied to the ball bearing 848. The decreased bending moment requires an
increased force to be applied to the ball bearing 848 to deflect the ball bearing 848 out of
one of the notches 843. Stated differently, the arm 847 flexes more as the ball bearing 848
is moved closer to the distal end 849a, which allows the ball bearing 848 to more easily

deflect out of one of the notches 843 in response to an applied force.

The arms 847 of adjustable spring plate 846 allows the ball bearings 848 to deflect
radially inward when a predetermined input torque and/or lace tension threshold is
achieved or exceeded, which allows the knob 842 to slip relative to disc 845. In this
manner, adjustment of the adjustable spring plate 846, and thus the position of the ball
bearings 848 relative to arm 847, varies the slippage of the knob 842 relative to disc 845.
In some embodiments, when the ball bearings 848 are positioned at the proximal end 849b
of the arms 847, inward deflection of the ball bearings 848 may be prevented thereby
preventing slippage of the knob 842 relative to disc 845. In this manner, the slippage of
the closure device 840 may be varied between essentially no slippage and slippage at a

relatively low input torques and/or lace tension thresholds as desired.

In some embodiments, a top portion of the adjustable spring plate 846 may be
accessible via an aperture of knob 842 to allow a user to rotate the adjustable spring plate
846 relative to knob 842 and disc 845 and thereby adjust the input torque and/or lace

tensioning limit capabilities of closure device 840.

Referring now to FIGs. 8S-V, illustrated is another embodiment of a closure device
850 that includes a clutching mechanism. Specifically, a knob 852 of closure device 850
includes a plurality of protrusions 853 that extend axially downward from a bottom edge
of knob 852. The protrusions 853 are configured to be positioned within notches 856 of a
tension limiting component 854 that is assembled axially below and directly adjacent knob
852. The protrusions 853 drive tension limiting component 854 as knob 852 is rotated by
a user. Tension limiting component 852 in turn drives the other internal components of
the closure device 850, such as the spool (not numbered), a pawl disc (not numbered), lace
(not shown), and the like. Similar to the other embodiments described herein, when the

input torque and/or lace tension threshold is achieved or exceeded, the protrusions 853 of
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knob 852 will slip from the notches 856 of tension limiting component 854 to prevent
further tensioning of the lace. In some embodiments, a screw 858 or other fastening
mechanism may be axially displaceable to adjust a frictional engagement or force between
the protrusions 853 and notches 856 and thereby vary the slippage of the knob 852 relative
to tension limiting component 854. A spring 857 may be positioned internally between
the knob 852 and tension limiting component 854. The spring 857 may be compressed as
screw 856 is axially adjusted to vary the frictional force/engagement of the protrusions
853 and notches 856. The protrusions 853 and/or notches 856 may have a wavelike
pattern, sawlike pattern, triangular pattern, and the like as desired. As shown in FIG. 8T,
in some embodiments the knob 852 may include “windows” or cut out portions that are
positioned axially above the protrusions 853. The windows may allow the protrusions 853
to more easily deflect axially upward and out of the notches 856 of tension limiting

component §54.

FIGs. 8W-Y illustrate another embodiment of the closure device 860 that includes
a clutching mechanism. Specifically, closure device 860 includes an outer knob 862 that
is axially adjustable relative to an inner knob 868 in order to vary a frictional engagement
or force exerted between the inner knob 868 and a tension limiting component 864.
Tension limiting component 864 includes a plurality of notches 863 that are positioned
circumferentially around an outer edge of tension limiting component 864. The inner
knob 868 includes inwardly directed protrusions (not shown) or other components that fit

within the notches 863 of tension limiting component 864.

As shown in FIGs. 8X-Y, as the outer knob 862 is adjusted axially downward
relative to inner knob 868, the protrusions or other components of inner knob 868 are
pressed more firmly within the notches 863 of tension limiting component 864. This
increases the frictional engagement or force between the inner knob 868 and tension
limiting component 864, and thus increases an input torque and/or lace tension threshold
that is required to achieve slippage between these two components. Likewise, as the outer
knob 862 is adjusted axially upward relative to inner knob 868, the protrusions or other
components of inner knob 868 are pressed less firmly within notches 863 of tension
limiting component 864, which allows the inner knob 868 to more easily slip relative to
tension limiting component 864. In some embodiments, axial adjustment of the outer
knob 862 relative to the inner knob 868 may be achieved via a threaded shaft 865 or other

component. A user may rotate the threaded shaft 865, such as via a screwdriver or other
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device, to axially adjust the outer knob 862 relative to the inner knob 868 and thereby vary

the input torque and/or lace tension limiting capabilities of closure device 860.

Referring to FIGs. 8Z-CC, illustrated is another embodiment of a closure device
that may be used to limit the amount of tension applied to a lace. Closure device 870
includes a clutch plate 878 that is positioned between a knob 872 and a spool 8§74. Spool
874 includes a plurality of notches 873 within which corresponding teeth 871 of clutch
plate 878 are positioned. Knob 872 includes a plurality of drive components 877 that are
insertable within corresponding keyed portions 879 of clutch plate 878 and that function to
drive the clutch plate 878 as knob 872 is rotated by a user. As the knob 872 and clutch
plate 878 are rotated, teeth 871 drive spool 874 via notches 873. When a predetermined
input torque and/or lace tension threshold is achieved or exceeded, the teeth 871 deflect
axially upward and slip out of the notches 873 causing the clutch plate 878 and knob 872
to slip relative to spool 874.

A screw 875 or other component is threadingly coupled with knob 872 so as to be
axially adjustable downward onto clutch plate 878. Threading screw 875 axially
downward onto clutch plate 878 causes clutch plate 878 to bow which deflects teeth 871
partially out of notches 873 of spool 8§74. Deflection of the teeth 871 out of notches 873
varies the slippage of the clutch plate 878 and knob 872 relative to spool 874 by allowing
a lesser input torque and/or lace tension threshold to be achieved before the teeth 871 will
deflect axially upward and slip out of notches 873. As can be readily understood by one
skilled in the art, the more that clutch plate 878 is caused to bow via screw 875, the more
slippage will be achieved between clutch plate 878 and knob 872 relative to spool 875 at a
lower input torque and/or lace tension threshold. In some embodiments, clutch plate 878
may include a central aperture and or radially extending slots to facilitate bowing of the

clutch plate 878 as screw 875 is threaded axially downward onto clutch plate 878.

Referring to FIGs. 8DD-II, illustrated is another embodiment of a closure device
880 that may be used to limit the amount of tension applied to a lace. Closure device 880
includes a knob 882 having one or more radially inwardly extending flanges 881 that are
positioned over arms 885 of a clutch plate 888. The position of the flanges 881 relative to
the arms 885 may be adjusted to vary an input torque and/or lace tension threshold at
which the closure device 880 will slip. Specifically as shown in cross section A-A of FIG.

8FF and cross section B-B of FIG. 8GG, the arms 885 include tab portions 887 that are
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insertable within notches 884 of a tension limiting component 886 that is in turn coupled
with a spool (not numbered) or integrally formed therewith. As described herein, the tab
portions 887 are configured to drive rotation of the tension limiting component 886 and
spool, and to deflect out of the notches 884 in a detent-like manner when a predetermined
input torque and/or lace tension threshold is achieved or exceeded to prevent further

tensioning of the lace.

As shown in the cross-sections A-A and B-B, the flanges 881 are slidable along the
arms 885 between a proximal end, in which the flanges 881 are positioned away from the
tab portions 887, and a distal end, in which the flanges 881 are positioned adjacent or
axially above the tab portions 887. When the flanges 881 are positioned near the proximal
end, the flex of the arms 885 is increased due to an increase moment arm and bending
moment, which allows the tab portions 887 to more easily deflect out of the notches 884 of
tension limiting component 886. In contrast, when the flanges 881 are positioned near the
distal end, the flex of the arms 885 is greatly decreased due to a decreased moment arm
and bending moment, which requires an increased input torque and/or lace tension force to
cause the tab portions 887 to deflect out of the notches 884. In some embodiments, the
flanges 881 may be positioned axially above the tab portions 887 to prevent the tab
portions 887 from deflecting out of the notches 884. In this manner, slippage of the

closure device 880 may be essentially prevented.

In some embodiments, movement of the flanges 881 along the arms 885 may be
provided via an tension varying mechanism 883, such as a screw that is threadingly
coupled with the clutch plate 888. The tension varying mechanism 883 may be accessible
by a user and/or physician as desired. The tension varying mechanism 883 allows the
slippage of the closure device 880 to be varied between essentially no slippage and
slippage at relatively low input torques and/or lace tension thresholds as desired. As
shown in FIG. 8&II, in some embodiments spacers 889 may be positioned between the
clutch plate 888 and the knob 882 to position and maintain the flanges 881 at a desired
position relative to arms 885. In some embodiments, the spacers 889 and/or tension
varying mechanism 883 may drive rotation of the clutch plate 888 as the knob 882 is

rotated by a user.

Referring now to FIGs. 9A-], illustrated are embodiments of limiting an amount of

tension that may be applied by affecting a user’s grip on a knob portion of the closure
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device. For example, FIGs. 9A-B illustrate an embodiment of the closure device 900
where a knob component 902 includes an inner knob 904 and an outer knob 906. The
inner knob 904 is axially adjustable relative to outer knob 906 so as to increase a grip
surface of the knob component 902. In one embodiment, the inner knob 904 may be
threadingly coupled with the outer knob 906 such that the inner knob 904 may be threaded
axially upward or downward with respect outer knob 906. When the inner knob 904 is
threaded fully axially downward, the grip surface of knob component 902 may have a
height of approximately X as shown in FIG. 9A. In contrast, when the inner knob 904 is
threaded fully axially upward, the grip surface of knob component 902 may have a height
of approximately X + Y as shown in FIG. 9B. Because the overall grip of the knob
component 902 is greater when the inner knob 904 is axially extended from outer knob
906, a user may more easily grip knob component 902 and rotate the knob component 902
to tension the closure device’s lace. Similarly, when the inner knob 904 is retracted within
the outer knob 906, a user’s grip on knob component 902 is negatively affected making it
more difficult for the user to grip knob component 902 and tension the closure device’s
lace. In some embodiments, the inner knob 904 may be axially adjustable along a shaft

908 that is centrally positioned within closure device 900.

Referring now to FIGs. 9C-F, illustrated is another embodiment of a closure device
910 in which a user’s ability to grip a knob 914 may be varied. Specifically, an outer cap
912 1s positioned atop knob 914. A user presses radially inward on a cover portion of
outer cap 912 which squeezes knob 914 and allows the user to rotate knob 914. Outer cap
912 includes an adjustment mechanism 915, such as a threaded screw, that may be
adjusted (e.g., rotated) to axially adjust a disc 916 positioned within outer cap 912.
Axially adjusting disc 916 within outer cap 912 varies the user’s ability to squeeze the
cover portion of outer cap 912 about knob 914. For example, when disc 916 is positioned
adjacent an inner surface of outer cap 912, the cover portion of outer cap 912 is flexible
and may be casily squeezed by a user against the outer surface of knob 914. When disc
916 1s axially adjusted downward so that disc 916 is adjacent a top surface of knob 914,
the cover portion of outer cap 912 is relatively rigid thereby making it more difficult for a
user to squeeze the cover portion of outer cap 912 against knob 914. In this manner the
ability of a user to grip knob 914 may be varied which affects the user’s ability to tension

a lace via closure device 910 and/or allows outer cap 912 to slip relative to knob 914.
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Referring now to FIGs. 9G-1, illustrated is another embodiment of the closure
device 920 the may be used to affect a user’s ability to grasp a knob component 922 of the
closure device 920. Similar to the closure device 900 described previously, the knob
component 922 of closure device 920 includes an outer knob 923 and an inner knob 924.
Outer knob 923 is rotatable relative to enter knob 924 so as to very a grip surface of the
knob component 922. For example, when outer knob 923 is adjusted fully axially
downward relative to inner knob 924, a grip surface of knob component 922 may have a
height of approximately X as shown in FIG. 9G. When outer knob 923 is adjusted fully
axially upward relative to inner knob 924, a grip surface of knob component 922 may have
a height of approximately X + Y as shown in FIG. 9H. As previously described, the
increased grip surface of knob component 922 may make it considerably easier for a user
to grip the knob component 922 and tension the closure device’s lace. As shown in FIG.
91, in some embodiments a tool 926 may be used to hold inner knob 924 stationary relative
to outer knob 923 in order to allow the outer knob 923 to be rotated relative to inner knob
924. In other embodiments, tool 926 may be used to provide additional torque that may be
required to rotate outer knob 923 relative to inner knob 924. In some embodiments, a pair
of tools similar to tool 926 may be used to hold one of the knobs stationary while the other

knob is rotated in order to axially adjust the outer knob 923 relative to the inner knob 924.

Referring now to FIG. 10A, illustrated is an embodiment of a closure device 1000
that includes a clutching mechanism 1006. Clutching mechanism 1006 functions via
friction between a bottom surface of knob 1002 and a top surface of a tension limiting
member 1004. Specifically, the bottom surface of knob 1002 and the top surface of
tension limiting member 1004 are angled and these angled portions of the knob 1002 and
tension limiting member 1004 engage to effect tensioning of the lace via friction. Closure
device 1000 also includes a screw 1008 or other fastening component that is coupled with
knob 1002. Positioned between a bottom surface of screw 1008 and within a recess of
knob 1002 is a spring washer 1007. Screw 1008 may be adjusted axially relative to knob
1002 so as to compress spring washer 1007. Screw 1008 is also connected to tension
limiting member 1004 such that compression of the spring washer 1007 causes increased
engagement or contact, and thus friction, between the angled portions of the knob 1002
and tension limiting member 1004. In this manner, the friction force between the knob
1002 and tension limiting member 1004 may be increased or decreased as desired to affect

tensioning of the closure device 1000’s lace.
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Further, as shown in FIG. 10A, the angle of the knob 1002 and the tension limiting
member 1004 may be modified as desired to increase or decrease the friction between the
knob 1002 and tension limiting member 1004. For example, increasing the angled
portions to have a steeper profile typically increases the friction between the two
components while decreasing the angled portions typically decreases the friction between
the two components. In operation, the frictional force between the angled portions of the
knob 1002 and tension limiting member 1004 drives rotation of the tension limiting
member 1004 as the knob 1002 is rotated. The spool 1009 is rotated to wind lace via teeth
between the spool 1009 and tension limiting member 1004. When the input torque and/or
lace tension reaches a predetermined threshold, the frictional force between the angled
portions of the knob 1002 and tension limiting member 1004 is insufficient to cause
further rotation of the spool 1009, which causes the tension limiting member 1004 to slip
upon subsequent rotation of the knob 1002. In this manner, the lace may be tensioned to a
predetermined threshold before the lace is no longer tensionable via rotation of the knob

1002.

Referring now to FIGs. 10B-D, illustrated is an embodiment of a closure device
1010 that includes another embodiment of a friction-based clutching system. Specifically,
closure device 1010 includes a knob 1012 and a tension limiting component 1014. A
friction disc 1016 is positioned between the knob 1012 and the tension limiting component
1014. The tension limiting component 1014 includes a groove or channel within which
the disc 1016 is positioned. Frictional contact between the disc 1016, tension limiting
component 1014, and knob 1012 drives rotation of these components as the knob 1012 is
rotated by a user. Closure device 1010 may also include an adjustable spring (not shown)
that may be adjusted to increase or decrease the frictional engagement or contact between
the knob 1012, disc 1016, and or tension limiting component 1014, and thereby increase or
decrease a slippage threshold of these components. In some embodiments, disc 1016 may
be integrally formed with knob 1012 so that the closure device 1010 only includes two

components (i.c., knob 1012 and tension limiting component 1014).

As described previously, the frictional engagement/force between the knob 1012,
disc 1016, and/or tension limiting component 1014 allows tensioning of the closure device
1010’s lace until a predetermined input torque and/or lace tension threshold is achieved.

After the predetermined input torque and/or lace tension threshold is achieved, one or
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more of these components (i.e. knob 1012, disc 1016, and/or tension limiting component

1014) will slip so that further tensioning of the lace is not possible or is greatly reduced.

FIG. 10D illustrates other embodiments of disc 1016. In some embodiments, the
frictional disc may be relatively flat 1016a, conically shaped 1016b, have multiple conical
sections 1016¢, and/or have any other desired configuration so as to provide a desired
amount of frictional engagement/contact between the knob 1012, disc 1016, and/or tension
limiting component 1014. Likewise, the material of the disc 1016 may be varied (e.g.,
polymer material, metal material, and the like) to vary the coefficient of friction and
thereby provide a desired amount of frictional force. Depending on the activity or other
use of the closure device 1010, disc 1016 may be replaced with an appropriate disc having

desired frictional properties for a given activity or usage.

FIGs. 10E-G illustrate another embodiment of a closure device 1020 that includes
a friction-based clutching system. Specifically, closure device 1020 includes a knob 1022
having a channel 1024 formed in its top surface. A friction ring 1026 may be placed
within the channel 1024 of knob 1022. Closure device 1020 also includes a tension
limiting member 1028 that is positioned internally of the knob 1022. The friction ring
1026 includes a pair of axially extending flanges 1027 that contact the tension limiting
member 1028 as the knob 1022 is rotated. Knob 1022 is configured to drive rotation of
friction ring 1026 as the knob 1022 is rotated by a user. To drive rotation of the friction
ring 1026, knob 1022 may include a pair of slots 1021 within which radially extending
flanges 1023 of friction ring 1026 are inserted. In some embodiments, tension limiting
member 1028 includes a cam surface 1029 that increases the frictional contact between the
flanges 1027 and the tension limiting member 1028 as the knob 1022 and friction ring

1026 are rotated relative to tension limiting member 1028.

The frictional engagement/contact between the friction ring 1026 and tension
limiting member 1028, and more specifically engagement/contact between the flanges
1027 and cam surface 1029, causes rotation of the tension limiting member 1028 and a
spool (not numbered) coupled therewith, which in turn winds lace around the spool.
When a predetermined input torque and/or lace tension threshold is achieved or exceeded,
the frictional force between the flanges 1027 and the cam surface 1029 is overcome such
that the friction ring 1026 and flanges 1027 slip relative to tension limiting member 1028

and cam surface 1029. In this manner, the lace may be tensioned only until a
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predetermined input torque and/or lace tension is approximately achieved. The friction
ring 1026 may be removed from knob 1022 and replaced with a different friction ring in
order to achieve more or less frictional resistance as desired. Friction ring 1026 may
include any number of flanges 1027, any flange thickness or width, and/or any material to

provide a desired amount of friction.

As shown in FIGs. 10H-I, illustrated is another embodiment of a closure device
1030 that uses a friction-based clutching mechanism. Specifically, closure device 1030
includes a knob 1032 and a tension limiting component 1036 that is positioned internally
of the knob 1032. A coil spring 1038 is positioned between a bottom surface of the knob
1032 and a top surface of the tension limiting component 1036. The coil spring 1038 is
loosely coiled around a post 1034 of spool housing 1033. The bottom surface of the knob
1032 includes a coupling member 1035 that an end of the coil spring 1038 attaches to.
Similarly, a top surface of the tension limiting component 1036 also includes a coupling
member 1037 that an opposite end of the coil spring 1038 attaches to. As the knob 1032 is
rotated, the torque is transferred through coil spring 1038 and to the tensioning limiting
component 1036 via coupling members 1035 and 1037. The torque causes the tension
limiting component 1036, and a spool (not numbered) coupled therewith, to rotate, which
winds lace around the spool. As the tension in the lace increases, the coil spring 1038
begins to constrict about the post 1034. At some point during rotation of the knob 1032,
such as when a predetermined amount of input torque and/or lace tension threshold is
achieved or exceeded, the coil spring 1038 will constrict about the post 1034 such that
further rotation of the tension limiting component 1036 and knob 1032 is prevented. In
this manner, the lace may be tensioned only until a predetermined amount of input torque

and/or lace tension threshold is achieved.

Referring now to FIGs. 10J-M, illustrated is an embodiment of a closure device
1040 that includes a tension level indicator. Closure device 1040 includes a knob 1042
and a tensioning component 1044 that is similar to the components previously described.
A coil spring 1046 is positioned between a bottom surface of the knob 1042 and a top
surface of the tensioning component 1044. Coil spring 1046 is different than the coil
spring 1038 previously described, in that rotation of the knob 1042 causes the coil spring
1046 to uncoil rather than constrict about a post. As previously described, torque is
transferred from knob 1042 to tensioning component 1044 via coil spring 1046. As the

input torque and/or lace tension increases, coil spring 1046 will begin to uncoil.
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In some embodiments, one end of the coil spring 1046 may be coupled with a
visual indicator that is positioned under a tensioning window 1048 of knob 1042.
Uncoiling of the coil spring 1046 causes the visual indicator to rotate within the tensioning
window 1048, which produces a visual indication of the tension level applied to the lace.
In another embodiment, one end of the coil spring 1046 may be coupled with a component
that is configured to rotate past a sensor as the coil spring 1046 uncoils. Closure device
1040 may be configured to alert a user when component 1041 rotates past the sensor. The
alert may be a visual and/or audio alert as desired, such as an audible alarm or a flashing
light that indicates that a predetermined input torque and/or lace tension threshold has
been reached. In this manner, a user may recognize when the closure device 1040°s lace

has been appropriately tensioned.

As shown in FIGs. 11A-C, illustrated is another embodiment of a closure device
1100 that includes a clutch or tension control mechanism. In some embodiments, device
1100 may be used to control the amount of torque that may be input or transferred to
internal components of a closure system. Over-torqueing internal components of a closure
device or system can lead to breakage of one or more of the internal components. To
alleviate this problem, the internal components of closure systems are often designed and
manufactured as relatively robust components. Stated differently, the components are
designed and manufactured larger than needed merely to ensure that the components can
handle the stress and/or fatigue associated with over-torqueing (i.e., the transfer of too
much rotational stress to the internal components). Because device 1100 can reduce or
prevent issues associated with over-torqueing, the components of closure systems can be
designed and manufactured smaller than the components currently used, which may allow

the closure system to exhibit improved performance and/or have a smaller size and profile.

Device 1100 is able to reduce or prevent issues associated with over-torqueing by
using clutch components 1106 as described herein below. An advantage of the clutch
components 1106 is that the components are configured or designed to work with
conventional closure device systems. For example, the clutch components 1106 operably
couple with spring 1108, which is a spring that is commonly used in conventional closure
device systems. In the conventional closure systems, spring 1108 may function as the
open and close mechanism that allows the system to be fully opened to release or loosen
tension on the system’s lace. In such embodiments, spring 1108 may expand and contract

around a bushing to hold or maintain the closure system in an open configuration. The
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clutch components 1106 have a relatively low profile or configuration that allows the
components 1106 to fit within an existing void or cavity of conventional closure systems.
Further, the clutch components 1106 prevent or limits over-torqueing issues regardless of
how the closure system’s knob or tightening mechanism is rotated. Stated differently, the
clutch components 1106 prevent over-torqueing when the closure system’s knob is rotated
in a tightening direction (e.g., clockwise) and when the knob is rotated in a loosening
direction (e.g., counterclockwise). Exemplary closure systems in which the clutch
components 1106 may be used are further described in U.S. Patent Application No.
11/263,253, filed October 31, 2005, entitled “Reel Based Closure System,” and U.S.
Patent Application No. 13/098,276, filed April 29, 2011, entitled “Reel Based Lacing
System,” the entire disclosures of which are incorporated by reference herein.

Referring again to FIGs. 11A-C, device 1100 includes a housing 1102 having an
interior region within which one or more components of the device are positioned.
Housing 1102 also includes a pair of lace ports 1112 through which lace (not shown) is
inserted. A spool 1104 is positioned within the interior region of housing 1102. Spool
1104 is a simple representation of the internal components of a closure system and is not
necessarily illustrative of all the internal system components that may be included. For
example, closure systems often include a stop mechanism, such as a pawl disc or
component, which is not illustrated in FIGs. 11A-C. Exemplary internal closure system
components are described in U.S. Application No. 11/263,253 and U.S. Application No.
13/098,276 incorporated by reference herein above. The inclusion of spool 1104 is to
represent such various internal mechanisms or components (e.g., stop mechanism and the

like) of a closure system.

Spool 1104 includes an annular channel or recess 1122 around which the lace is
wound as the device 1100 is operated by a user. Spool 1104 includes a central protrusion
or bushing 1126 about which a spring 1108 is positioned. Spring 1108 includes two
straight opposing ends that abut opposing planar surfaces of central protrusion 1126. The
midsection of spring 1108 extends from the opposing straight ends in a semicircular or
oval-like fashion. The midsection of spring 1108 is positioned between two pins 1150 and
an opposing wall or axial protrusion 1124 of spool 1104 (see FIG. 11C), which function to
hold the spring 1108 in position as the spring flexes radially inward and outward during

operation of the device 1100.
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A pair of clutch components 1106 are positioned atop spool 1104 and positioned
on opposing sides thereof. Clutch components 1106 each include a central channel 1136
which is positioned atop a corresponding track 1128 of spool 1104. The tracks 1128
extends radially from the central protrusion 1126 and function to guide the clutch
component 1106 in moving radially inward and outward during operation of the device
1100. The tracks 1128 also function to transfer rotational forces from the clutch
components 1106 to the spool 1104 when a knob 1110 is rotated by a user. When the
clutch components 1106 are positioned on top of the spool 1104, the spring 1108 is
positioned on a top surface of the clutch components and within a channel or groove 1132.
The spring 1108 biases the clutch components 1106 radially outward relative to spool
1104. The spring 1108 ensures that teeth 1134 of the clutch components 1106 are biased
toward an engaged position with corresponding teeth 1146 of the knob component 1110,
which is positioned atop and coaxially aligned with the housing 1102, spool 1104, and

clutch components 1106.

Knob 1110 includes a central aperture 1144 through which a coupling component,
such as a screw and the like, may be positioned to couple the various components of the
device 1100 together. Knob 1110 also includes an outer surface 1142 that is configured to
be gripped by a user. The outer surface 1142 may include a textured configuration that
increases these friction between a user’s hand and the knob 1110 or may include one or
more materials, such as rubber, plastic, and the like, that increases the frictional resistance
between the user’s hand and the knob 1110. In some embodiments, the frictional material

may be included as an over mold that is coupled with the knob 1110.

FIG. 11B illustrates a top and cross-sectional view of the assembled components of
device 1100. FIG. 11C illustrates the device 1100 during operation. Specifically, as
shown in the top view of FIG. 11C, with the teeth 1134 of clutch component 1106
engaged with the corresponding teeth 1146 of the knob 1110, rotation of the knob 1110
causes the spool 1104 to rotate via clutch components 1106 and tracks 1128. As the lace
is tensioned via rotation of the spool 1104, the tension in the lace begins to counteract the
rotational force input to knob 1110 by a user. As shown in the bottom figure of FIG. 11C,
when a lace tension threshold is achieved or exceeded, the force exerted by the lace
tension and the wave-like configuration of the tecth, 1134 and 1146, causes the clutch
components 1106 to displace radially inward and out of engagement with the teeth 1146 of

knob 1110. Spring 1108 then functions to bias the clutch components 1106 back into
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engagement with adjacent teeth 1146 of knob 1110. Further operation of the knob 1110
causes the clutch component 1106 to continually displace radially inward and outward,
causing the clutch components teeth 1134 to skip into and out of engagement with the
teeth 1146 of knob 1110. Counter-rotation of the knob 1110 will cause the lace tension to
release or loosen.

In some embodiments, the clutch components 1106 may be incorporated into a
device or conventional closure system that is configured to tighten an article, such as a
shoe. In such embodiments, the device may include a housing having an interior region
and a spool that is positioned within the interior region of the housing and rotatable
relative thereto. A tightening mechanism, such as a knob, may be operably coupled with
the spool to cause the spool to rotate within the interior region of the housing. A tension
member, such as lace, may be coupled with the spool and configured to be tensioned upon
rotation of the spool via the tightening mechanism. The clutch components 1106 may
function as a force limiting mechanism that is configured to transfer tightening forces from
the tightening mechanism to one or more internal components of the device, such as the
spool, until a tightening force threshold is achieved. As described above, the clutch
components 1106 may be further configured to not transfer tightening forces from the
tightening mechanism to the one or more internal components of the device after the

tightening force threshold is achieved.

As described herein, the clutch component may operationally engage with a spring
that is positioned around a central protrusion or bushing. The spring may bias the clutch
component toward an engaged position in which tightening forces are transferred to the
one or more internal components. The clutch component may radially engage with the
knob via the spring to transfer the tightening forces from the knob to the one or more
internal components until the tightening force threshold is achieved, after which the clutch
component may radially disengage from the knob so that the tightening forces are not
transferred from the knob to the one or more internal components. The spring may be
configured to maintain the device in an open position in which the tension member’s
tension is released or loosened. In some embodiments, the knob may be pulled axially
upward and the spring may flex around the central protrusion or bushing to maintain the
device in the open configuration. The clutch component may be positioned within a void

or cavity axially below the knob.
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Referring now to FIGs. 12A-E, illustrated is another embodiment of a device or
closure system 1200 having a tension limiting component or mechanism. As shown in the
exploded perspective view of FIG. 12B, system 1200 includes a housing 1202 having an
interior region and a plurality of housing teeth 1230. In some embodiments the housing
1202 may have an open top end and an open bottom end while in other embodiments the
housing 1202 may have a closed bottom end. A spool 1204 is positioned within the
interior region of the housing 1202 and is rotatable relative thereto. Spool 1204 includes
an annular channel (not numbered) around which a tension member or lace (not shown) is
wound to tension the tension member. Spool 1204 also includes a plurality of axially
oriented teeth 1232 that engage with corresponding axially oriented teeth 1234 of a core
1206 positioned axially above the spool 1204. Engagement of the teeth, 1232 and 1234,

transfers rotational forces between the two components.

A plurality of pawl components 1208 are operationally coupled with the core 1206.
Each pawl component 1208 includes pawl teeth 1236 that engage with the housing teeth
1230 of housing 1202 in a ratchet like fashion to allow the spool 1204 to be rotated within
the housing’s interior region in a first direction while preventing rotation of the spool 1204
in a second and opposite direction. In some embodiments, the core 1206 and pawl
component 1208 may be replaced by a single component, such as a pawl disc. In other
embodiments, the arrangement of the various teeth may be different. For example,
radially oriented teeth may have an axial orientation and/or axially oriented teeth may
have a radial orientation. In some embodiments, housing teeth 1230 may be replaced by a

toothed component or disc that couples with the housing 1202.

A spring component 1210 is positioned axially above the pawl components 1208.
Spring 1210 is similar to spring 1108 described above. Spring 1210 couples with a central
bushing 1212 and is configured to maintain the system 1200 in an open configuration.
System 1200 can be positioned in the open configuration by pulling axially upward on a
knob component 1226, by pressing a button (not shown), by counter-rotating the knob
component 1226 by a defined amount (e.g., ¥ to ¥4 counter-rotation), and the like. In
some embodiments, spring 1210 may be replaced with a washer or other component
having two or more stable positions. A screw or other fastener 1214 may couple the
various components together. A further description of these components is included in

U.S. Application No. 13/098,276, which is incorporated by reference herein.
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A cap component 1220 is positioned axially above the previously described
components. The cap component 1220 is configured so that the core 1206 may couple
with the cap component 1220. For example, various features of the core 1206 may snap
into engagement with the cap component 1220 to couple the two components together.
Because the core 1206 and cap component 1220 snap into engagement, or otherwise
couple together, rotational forces input to the cap component 1220 are transferred to the
core 1206. A toothed disc 1222 couples with the cap component 1220, such as by
snapping together. The toothed disc 1222 includes radially inward oriented drive teeth
1242 that engage with corresponding radially outward oriented drive teeth 1240 of cap
component 1220. Engagement of the drive teeth, 1242 and 1240, aids in transferring

rotational forces between the two components.

A drive disc 1224 is positioned axially above the toothed disc 1222. Drive disc
1224 includes a pair of cantilevered arms 1254 that extend circumferentially from a main
body of the disc 1224. Each cantilevered arm 1254 includes a tooth 1248 positioned on a
distal end that is positioned within a corresponding axially oriented tooth 1250 or notch of
toothed disc 1222. Engagement of the teeth, 1248 and 1250, of disc 1224 and 1222,
respectively, transfers rotational forces between the two components. As described in
greater detail below, the cantilevered arms 1254 are configured to axially flex when the
tension threshold is achieved or exceeded to prevent further tensioning of the tension
member or lace. Although FIG. 12B illustrates drive disc 1224 having a pair of
cantilevered arms 1254 that each include axially oriented teeth 1248, it should be realized
that in other embodiments more or fewer arms 1254 may be used. For example, in some
embodiments, disc 1224 may include a single cantilevered arm 1254 or three or more
cantilevered arms. Similarly, some or all of the arms 1254 could include radially oriented

teeth that cause the arms to flex radially inward and outward.

As described in greater detail below, the drive disc 1224 and toothed disc 1222
function as a tension limiting mechanism that allows the tension member or lace to be
tensioned via a tightening mechanism (e.g., knob component 1226) until a tension
threshold is achieved, after which further operation of the tightening mechanism does not
substantially tension the tension member or otherwise cause further tensioning of the

tension member.
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The knob component 1226 is positioned axially above the drive disc 1224. Knob
component 1226 functions as a tightening mechanism that may be grasped and rotated by
a user to tension the tension member or lace. Knob component 1226 is operably coupled
with the spool 1204 via one or more of the components previously described. Rotation of
the knob component 1226 causes the spool 1204 to rotate within the interior region of the
housing 1202, which winds the tension member or lace around the spool’s annular channel
and thereby tensions the tension member or lace. Knob component 1226 also includes
indicia 1260 that indicates the tension threshold of the system 1200 that may be set and/or

adjusted as described below.

A fastener 1228, such as a screw, may be coaxially aligned with and inserted
through an aperture of the knob 1226. The fastener 1228 may threadingly couple with a
boss 1262 of cap component 1220 to couple the various component of system 1200
together. FIG. 12A shows an assembled perspective view of the system 1200 and FIG.

12C shows a cross section view of the assembled system.

FIG. 12E shows a bottom perspective view of the knob component 1226 and a top
perspective view of the drive disc 1224 and toothed component 1222, The bottom
perspective view of the knob component 1226 shows a torque control member 1252 that is
positioned on a bottom inner surface of the knob component 1226. The torque control
member 1252 is used to adjust the tension threshold of the system 1200 by adjusting the
flexibility of the cantilevered arms 1254. Specifically, the torque control member 1252 is
a flange or other axially protruding member that is configured to be positioned atop the
cantilevered arms 1254. As described previously in relation to FIGs. 8FF and 8GG, the
position of the torque control member 1252 relative to the cantilevered arms 1254 varies
the moment arm and bending moment of the arms 1254 and thus, varies the tension

threshold in which the system 1200 will no longer tension the tension member or lace.

For example, when the torque control member 1252 is positioned near the
proximal end of the arms 1254 and away from the tooth 1248, the flex of the arms 1254 is
increased due to an increased moment arm and bending moment. This configuration
allows the tooth 1248 to more easily deflect out of the notches 1250 of toothed disc 1222.
As such, this configuration requires a relatively low tension threshold before further
operation of the knob component 1226 will no longer tension the tension member or lace.

In contrast, when the torque control member 1252 is positioned near the distal end of arms
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1254 adjacent the tooth 1248, the flex of the arms 1254 is greatly decreased due to a
decreased moment arm and bending moment. This configuration requires an increased
input torque and/or lace tension force to cause the tooth 1248 to deflect out of the notches
1250 of toothed disc 1222. As such, this configuration requires a relatively high tension
threshold before further operation of the knob component 1226 will no longer tension the
tension member or lace. In some embodiments, the torque control member 1252 may be
positioned axially above the teeth 1248 to prevent the teeth 1248 from deflecting out of the
notches 1250. In this configuration, slippage of the drive disc 1224 and toothed disc 1222
may be essentially prevented. As such, this configuration ensures that operation of the

knob component 1226 will essentially always tension the tension member or lace.

In some embodiments, a radial inward end of the torque control member 1252 may
be positioned within radial grooves 1258 that are angularly positioned on the main body of
the drive disc 1224. In some embodiments, the radial grooves 1258 may be relatively
evenly spaced about the main body between an angle of between about 90 and 150
degrees. The radial grooves 1258 may be positioned so that a first radial groove is
positioned near the proximal end of the cantilevered arms and a last radial groove is

positioned near a distal end of the cantilevered arms adjacent the tooth 1248.

The position of the torque control member 1252 relative to the cantilevered arms

1254 may be changed by moving the knob component 1226 axially upward relative to the
drive disc 1224 and repositioning the torque control member 1252 within a different radial
groove 1258. In some embodiments the drive disc 1224 may include approximately 8
radial grooves that allow a user to set or vary the system 1200’s tension threshold between
1 of 8 settings from a relatively low tension threshold to a relatively infinite threshold. In
other embodiments the drive disc 1224 may include more or fewer radial grooves 1258 as
desired. The indicia 1260 of knob component 1226 may correspond to the radial grooves

1258 to show the set tension threshold.

FIG. 12D illustrates the interaction of a tooth 1248 of the cantilevered arms and a
notch 1250 of the toothed disc 1222. Specifically, the tooth 1248 engages with the notch
1250 and transfers a rotational force between the drive disc 1224 and toothed disc 1222
until the tension threshold is achieved or exceeded. After the tension threshold is achieved
or exceeded, further rotation of the knob component 1226 causes the cantilevered arm

1254 to flex, which causes the tooth 1248 to axially deflect upward and out of the notch
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1250. In this manner, rotation of the knob component 1226 causes the tooth 1248 to
sequential skip of flex into and out of engagement with adjacent notches 1250 of the
toothed component 1222, thereby preventing or limiting further tensioning of the tension
member or lace via operation of the knob component 1226. In some embodiments, the
drive component 1224 and toothed component 1222 may similarly operate when the knob

component 1226 is counter-rotated.

In some embodiments, the system 1200 may also include a control mechanism that
allows the tension member’s tension to be substantially maintained upon tensioning of the
tension member from a source other than the tightening mechanism. As used herein, the
description of the tension member’s tension being substantially maintained means that the
tension member’s tension is not substantially or significantly increased. The description
may also mean that the tension member’s tension is loosened to some degree. Likewise,
the description of the tension member being tensioned from a source other than the
tightening mechanism means that some other factor or component is causing an increase in

the tension member’s tension.

For example, in shoe applications, the tension member’s tension may be increased
as the user flexes their foot, engages in a sporting event, runs, walks, and the like. In such
applications, the tension may also be increased due to swelling of the foot. In such
embodiments, the control mechanism may function to prevent the tension member from
being further tensioned. This tension limitation may be important to prevent injury to a
body part, such as the development of ulcers in diabetic individuals due to swelling of the

feet.

In some embodiments, the control mechanism may be disposed axially below a
load holding element (e.g., pawl components 1208) that allows rotation of the spool in a
first direction while preventing rotation of the spool in a second direction. This
configuration is represented in previously described FIG. 6. In some embodiments, the
control mechanism may have a non-linear bottom surface that frictionally engages with a
non-linear top surface of the spool to transfer rotational forces between the control
mechanism and spool and thereby tension the tension member until the tension threshold
is achieved. The non-linear surfaces may also allow slippage of the spool relative to the
control mechanism after the tension threshold is achieved so as to limit additional

tensioning of the tension member. In such embodiments, the bottom surface of the control
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mechanism and the top surface of the spool may have a wave-like or sinusoidal shape as
described above. In other embodiments, the non-linear bottom surface of the control
mechanism and the non-linear top surface of the spool may be configured to frictionally

engage as described above.

In some embodiments, the control mechanism may be a mechanism that is separate
from the tension limiting mechanism, while in other embodiments the tension limiting
mechanism and the control mechanism are the same. In embodiments where the control
mechanism is separate from the tension limiting mechanism, the control mechanism may
allow the spool 1204 to slip at a higher tension threshold then the tension limiting
mechanism. This may be preferred in instance where greater tensions are preferred, but
prevention of over-tensioning is still desired. For example, in diabetic shoes it may be
preferred to allow some increase in the tension member’s tension to prevent the shoes
from becoming loose due to walking or running, while still preventing over-tensioning of
the shoes from swelling. In some embodiments, the tension limiting mechanism may be

disposed axially above the load holding element.

In some embodiments, a method for assembling a device for tightening an article
may include providing a housing having an interior region and positioning a spool within
the interior region of the housing so that the spool is rotatable relative to the housing. The
method may also include operably coupling a tightening mechanism with the spool so that
the spool is rotatable within the interior region of the housing upon operation of the
tightening mechanism and coupling a tension member with the spool so that the tension
member is tensionable upon rotation of the spool via the tightening mechanism. The
method may further include operably coupling a tension limiting mechanism with the
spool to enable the tension member to be tensioned via the tightening mechanism until a
tension threshold is achieved, after which further operation of the tightening mechanism

does not substantially tension the tension member.

In some embodiments, the method may additionally include providing the
tightening mechanism with an indicator having indicia representative of a set tension
threshold. In some embodiments, the method may additionally include coupling a control
mechanism with the spool where the control mechanism is configured to allow the tension
member’s tension to be substantially maintained upon tensioning of the tension member

from a source other than the tightening mechanism. In such embodiments, the control
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mechanism may be disposed axially below a load holding element that allows rotation of

the spool in a first direction while preventing rotation of the spool in a second direction.

Having described several embodiments, it will be recognized by those of skill in
the art that various modifications, alternative constructions, and equivalents may be used
without departing from the spirit of the invention. Additionally, a number of well-known
processes and elements have not been described in order to avoid unnecessarily obscuring
the present invention. Accordingly, the above description should not be taken as limiting

the scope of the invention.

Where a range of values is provided, it is understood that each intervening value,
to the tenth of the unit of the lower limit unless the context clearly dictates otherwise,
between the upper and lower limits of that range is also specifically disclosed. Each
smaller range between any stated value or intervening value in a stated range and any
other stated or intervening value in that stated range is encompassed. The upper and lower
limits of these smaller ranges may independently be included or excluded in the range, and
each range where either, neither or both limits are included in the smaller ranges is also
encompassed within the invention, subject to any specifically excluded limit in the stated
range. Where the stated range includes one or both of the limits, ranges excluding either

or both of those included limits are also included.

As used herein and in the appended claims, the singular forms “a”, “an”, and “the”
include plural referents unless the context clearly dictates otherwise. Thus, for example,
reference to “a process” includes a plurality of such processes and reference to “the
device” includes reference to one or more devices and equivalents thercof known to those

skilled in the art, and so forth.

2% ¢ 99 ¢cs 99 ¢cs

Also, the words “comprise,” “comprising,” “include,” “including,” and “includes”
when used in this specification and in the following claims are intended to specify the
presence of stated features, integers, components, or steps, but they do not preclude the
presence or addition of one or more other features, integers, components, steps, acts, or

groups.
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WHAT IS CLAIMED IS:

1. A reel for use with a lacing system for tightening an article

comprising:
5 a housing having an interior region;

a spool positioned within the interior region of the housing and
rotatable relative thereto, the spool having an annular channel formed therein;

a knob rotatable relative to the housing and operably coupled with the
spool to cause the spool to rotate within the interior region of the housing;

10 a tension member coupled with the spool so as to be tensioned by

winding the tension member around the spool’s annular channel upon rotation of the

knob; and
a tension control mechanism that is configured to:
enable tensioning of the tension member by rotation of the
15 knob until a tension threshold is achieved, after which further rotation of the

knob does not cause further tensioning of the tension member; and
enable rotation of the spool within the housing’s interior region

upon tensioning of the tension member from a source other than the knob.

2. The reel of claim 1, further comprising an indicator that

20  visually indicates the tension threshold.

3. The reel of claim 1, wherein the tension control mechanism
comprises:
a first mechanism that enables tensioning of the tension member by
rotation of the knob until the tension threshold is achieved; and
25 a second mechanism that enables rotation of the spool upon tensioning

of the tension member from the source other than the knob.

4. The reel of claim 3, wherein the second mechanism comprises
a non-linear interface between a top surface of the spool and a bottom surface of the
tension control mechanism, wherein the non-linear interface transfers a rotational
30  force from the knob to the spool until the tension threshold is achieved, and wherein

the non-linear interfaces allows slippage of the top surface of the spool and the bottom
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surface of the tension control mechanism after the tension threshold is achieved to

limit additional tensioning of the tension member.

5. The reel of claim 4, wherein the bottom surface of the control

mechanism and the top surface of the spool have a wave-like or sinusoidal shape.

5 6. The reel of claim 4, wherein the non-linear bottom surface of
the control mechanism and the non-linear top surface of the spool are configured to

frictionally engage.

7. The reel of claim 1, wherein the tension control mechanism

comprises a single mechanism.

10 8. The reel of claim 1, wherein the tension control mechanism
comprises:
one or more cantilever arms that extend from a main body of the
tension control mechanism and that engage with corresponding teeth of a spool
driving mechanism to enable tensioning of the tension member by rotation of the
15 knob until the tension threshold is achieved; and
one or more torque control members that adjust the tension threshold

by adjusting a flexibility of the one or more cantilever arms.

9. The reel of claim 8, wherein the one or more torque control

members are adjustable by a user to adjust the tension threshold.

20 10. The reel of claim 1, wherein the housing comprises an open top

end and an open bottom end.

11. A device for tightening an article comprising:
a housing having an interior region;
a spool positioned within the interior region of the housing and
25  rotatable relative thereto;
a tightening mechanism operably coupled with the spool to cause the
spool to rotate within the interior region of the housing;
a tension member coupled with the spool and configured to be

tensioned upon rotation of the spool via the tightening mechanism; and
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a tension limiting mechanism that allows the tension member to be
tensioned via the tightening mechanism until a tension threshold is achieved, after
which further operation of the tightening mechanism does not substantially tension

the tension member.

12.  The device of claim 11, further comprising a control
mechanism that allows the tension member’s tension to be substantially maintained
upon tensioning of the tension member from a source other than the tightening

mechanism.

13. The device of claim 12, wherein the control mechanism is
disposed axially below a load holding element that allows rotation of the spool in a

first direction while preventing rotation of the spool in a second direction.

14, The device of claim 12, wherein the control mechanism
comprises a non-linear bottom surface that frictionally engages with a non-linear top
surface of the spool to transfer rotational forces between the control mechanism and
spool and thereby tension the tension member until the tension threshold is achieved,
and to allow slippage of the spool relative to the control mechanism after the tension

threshold is achieved so as to limit additional tensioning of the tension member.

15. The device of claim 14, wherein the bottom surface of the
control mechanism and the top surface of the spool have a wave-like or sinusoidal

shape.

16. The device of claim 14, wherein the non-linear bottom surface
of the control mechanism and the non-linear top surface of the spool are configured to

frictionally engage.

17.  The device of claim 11, wherein the tension limiting
mechanism is disposed axially above a load holding element that allows rotation of
the spool in a first direction while preventing rotation of the spool in a second

direction.

18.  The device of claim 11, further comprising an indicator having

indicia representative of a set tension threshold.

43



WO 2015/003079 PCT/US2014/045291

19.  The device of claim 11, wherein the tension limiting
mechanism further comprises:
at least one cantilever arm that extends from a main body of the
tension limiting mechanism and that engages with corresponding teeth of a spool
5  driving mechanism to enable tensioning of the tension member until the tension
threshold is achieved; and
at least one torque control member that adjusts the tension threshold by

adjusting a flexibility of the at least one cantilever arm.

20. The device of claim 19, wherein the at least one cantilever arm

10 is configured to axially engage with the corresponding teeth of the device.

21. The device of claim 19, wherein the at least one cantilever arm

is configured to radially engage with the corresponding teeth of the device.

22. The device of claim 19, wherein the at least one torque control

member is adjustable by a user to adjust the tension threshold.

15 23.  The device of claim 19, wherein the housing comprises an open

top end and an open bottom end.

24. A method for assembling a device for tightening an article
comprising:
providing a housing having an interior region;
20 positioning a spool within the interior region of the housing so that the
spool is rotatable relative to the housing;
operably coupling a tightening mechanism with the spool so that the
spool is rotatable within the interior region of the housing upon operation of the
tightening mechanism;
25 coupling a tension member with the spool so that the tension member
is tensionable upon rotation of the spool via the tightening mechanism; and
operably coupling a tension limiting mechanism with the spool to
enable the tension member to be tensioned via the tightening mechanism until a
tension threshold is achieved, after which further operation of the tightening

30  mechanism does not substantially tension the tension member.
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25.  The method of claim 24, further comprising providing the

device with an indicator having indicia representative of a set tension threshold.

26.  The method of claim 24, wherein the tension limiting
mechanism further comprises:

at least one cantilever arm that extends from a main body of the
tension limiting mechanism and that engages with corresponding teeth of a spool
driving mechanism to enable tensioning of the tension member until the tension
threshold is achieved; and

at least one torque control member that adjusts the tension threshold by

adjusting a flexibility of the at least one cantilever arm.

27.  The method of claim 24, further comprising coupling a control
mechanism with the spool, the control mechanism being configured to allow the
tension member’s tension to be substantially maintained upon tensioning of the

tension member from a source other than the tightening mechanism.

28. The method of claim 27, wherein the control mechanism is
disposed axially below a load holding element that allows rotation of the spool in a

first direction while preventing rotation of the spool in a second direction .

29. The method of claim 28, wherein the control mechanism
comprises a non-linear bottom surface that frictionally engages with a non-linear top
surface of the spool to transfer rotational forces between the control mechanism and
spool, and wherein the control mechanism allows the spool to slip relative to the
control mechanism after the tension threshold is achieved to limit additional

tensioning of the tension member.

30.  The method of claim 24, wherein the housing comprises an

open top end and an open bottom end.

31. A device for tightening an article comprising:
a housing having an interior region;
a spool positioned within the interior region of the housing and

rotatable relative thereto;
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a tightening mechanism operably coupled with the spool to cause the
spool to rotate within the interior region of the housing;

a tension member coupled with the spool and configured to be
tensioned upon rotation of the spool via the tightening mechanism; and

a force limiting mechanism that is configured to transfer tightening
forces from the tightening mechanism to one or more internal components of the
device until a tightening force threshold is achieved and that is further configured to
not transfer tightening forces from the tightening mechanism to the one or more

internal components of the device after the tightening force threshold is achieved.

32. The device of claim 31, wherein the one or more internal

components includes the spool.

33.  The device of claim 31, wherein the force limiting mechanism
includes a clutch component that operationally engages with a spring positioned at
least partially around a central protrusion or bushing that is coupled with the housing,
and wherein the spring biases the clutch component toward an engaged position in

which tightening forces are transferred to the one or more internal components.

34.  The device of claim 33, wherein the tightening mechanism is a
rotatable knob and wherein the clutch component radially engages with the knob via
the spring to transfer tightening forces from the knob to the one or more internal
components until the tightening force threshold is achieved, and wherein the clutch
component radially disengages with the knob after the tightening force threshold is
achieved so that the tightening forces are not transferred from the knob to the one or

more internal components.

35.  The device of claim 33, wherein the spring is configured to
maintain the device in an open position in which the tension member’s tension is

released or loosened.

36.  The device of claim 34, wherein the clutch component is

positioned within a void or cavity axially below the knob.
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