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positioned radially away from the shaft. The lace receiv-
ing channel is configured to receive a lace. The spool is
configured to tighten the tensioning system by winding
the lace around portions of the shaft disposed on both
sides of the at least one dividing portion.
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Description
CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation-in-part (CIP)
of Beers et al., U.S. Patent No._(now U.S. Patent Appli-
cation No. 14/014,555), filed August 30, 2013 and entitled
"Motorized Tensioning System with Sensors," which
claims priority under 35 U.S.C. § 119(e) to Beers et al.,
U.S. Provisional Patent Application No. 61/695,953, filed
August 31,2012 and entitled "Motorized Tensioning Sys-
tem with Sensors," the entire disclosures of which are
incorporated herein by reference.

BACKGROUND

[0002] The present embodiments relate generally to
articles of footwear and including removable motorized
adjustment systems.

[0003] Articles of footwear generally include two pri-
mary elements: an upper and a sole structure. The upper
is often formed from a plurality of material elements (e.g.,
textiles, polymer sheet layers, foam layers, leather, syn-
thetic leather) that are stitched or adhesively bonded to-
gether to form a void on the interior of the footwear for
comfortably and securely receiving a foot. More particu-
larly, the upper forms a structure that extends over instep
and toe areas of the foot, along medial and lateral sides
of the foot, and around a heel area of the foot. The upper
may also incorporate a lacing system to adjust the fit of
the footwear, as well as permitting entry and removal of
the foot from the void within the upper. Likewise, some
articles of apparel may include various kinds of closure
systems for adjusting the fit of the apparel.

SUMMARY

[0004] Inone aspect, the presentdisclosure is directed
to an article of footwear including a motorized tensioning
system. The tensioning system may include a tensile
member and a motorized tightening device configured to
apply tension in the tensile member to adjust the size of
an internal void defined by the article of footwear. The
tensioning system may further include a power source
configured to supply power to the motorized tightening
device. The tensile member, the motorized tightening de-
vice, and the power source may be configured to be re-
movably attached to the article of footwear.

[0005] In another aspect, the present disclosure is di-
rected to a method of changing a lacing system of an
article of footwear. The method may include providing an
article of footwear including a motorized tensioning sys-
tem attached to the article of footwear, the motorized
tensioning system including a tensile member laced
through eye stays in a lacing region of the article of foot-
wear, a motorized tightening device configured to apply
tension in the tensile member to adjust the size of an
internal void defined by the article of footwear, and a pow-
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er source configured to supply power to the motorized
tightening device. The method may further include re-
moving the tensile member, the motorized tightening de-
vice, and the power source from the article of footwear.
In addition, the method may include lacing a manual lace
into the article of footwear.

[0006] In another aspect, the present disclosure is di-
rected to a motorized footwear lacing system. The lacing
system may include an article of footwear and a manual
lace. In addition, the lacing system may include a motor-
ized tensioning system, including a tensile member and
amotorized tightening device configured to apply tension
in the tensile member to adjust the size of an internal
void defined by the article of footwear. Also the lacing
system may include a container configured to contain the
article of footwear, the manual lace, the tensile member,
and the motorized tightening device. Further, the tensile
member and the motorized tightening device may be con-
figured to be removably attached to the article of footwear
and replaced with the manual lace.

[0007] Other systems, methods, features and advan-
tages of the embodiments will be, or will become, appar-
ent to one of ordinary skill in the art upon examination of
the following figures and detailed description. Itis intend-
ed that all such additional systems, methods, features
and advantages be included within this description and
this summary, be within the scope of the embodiments,
and be protected by the following claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The embodiments can be better understood
with reference to the following drawings and description.
The components in the figures are not necessarily to
scale, emphasis instead being placed upon illustrating
the principles of the invention. Moreover, in the figures,
like reference numerals designate corresponding parts
throughout the different views.

FIG. 1 is a schematic illustration of an embodiment
of a kit of parts including an article of footwear, a
motorized tensioning system, and a remote device
for controlling the tensioning system;

FIG. 2 is an exploded view of an embodiment of an
article of footwear and an attachable motorized ten-
sioning system;

FIG. 3 is a perspective, assembled view of an em-
bodiment of an article of footwear and an attachable
motorized tensioning system;

FIG. 4 is a partial cutaway view of the attachable
motorized tensioning system;

FIG. 5 is a top down schematic view of a portion of
an article of footwear including a removable adjust-
mentapparatus, in which the locations of a motorized
tensioning device, a control unit, and a battery pack
are indicated schematically;

FIG. 6 is a schematic isometric view of an embodi-
ment of a manual release mechanism for a tension-
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ing system including a motorized tensioning device;
FIG. 7 is a schematic view of an embodiment of an-
other manual release mechanism for a tensioning
system including a motorized tensioning device;
FIG. 8 is a schematic isometric view of an embodi-
ment of a motorized tensioning device with an outer
cover of the housing unit removed;

FIG. 9 is a schematic exploded isometric view of an
embodiment of some components of a motorized
tensioning device;

FIG. 10 is a schematic exploded isometric view of
an embodiment of a ratcheting assembily;

FIG. 11 is a schematic isometric view of a portion of
a motorized tensioning system showing a ratcheting
assembly clamped to a spool;

FIG. 12 is a schematic isometric view of an embod-
iment of a shaft and a rotational control assembly;
FIG. 13 is a schematic isometric view of a portion of
a motorized tensioning system showing a rotational
control assembly engaging a spool;

FIG. 14 is another schematic isometric view of a por-
tion of the rotational control assembly of FIG. 13;
FIG. 15 is a schematic isometric view of an embod-
iment of a spool;

FIG. 16 is a side schematic view of an embodiment
of a torque transmitting system;

FIG. 17 is a side schematic view of an embodiment
of a torque transmitting system in a fully loosened
configuration;

FIG. 18 is a side schematic view of an embodiment
of a torque transmitting system in an incremental
tightening configuration;

FIG. 19 is a side schematic view of an embodiment
of a torque transmitting system in an incremental
tightening configuration;

FIG. 20 is a schematic isometric view of a portion of
a torque transmitting system as a gear contacts a
ratcheting assembly;

FIG. 21 is a schematic isometric view of the portion
of torque transmitting system of FIG. 20, in which
the gear, ratcheting assembly and spool are clamped
together and the spool is rotated;

FIG. 22 is a side schematic isometric view of a torque
transmitting system in an incremental loosening con-
figuration;

FIG. 23 is a schematic isometric view of a torque
transmitting system in a first stage of an incremental
loosening configuration;

FIG. 24 is a schematic isometric view of a torque
transmitting system in a second stage of an incre-
mental loosening configuration;

FIG. 25 is a schematic isometric view of a torque
transmitting system in a third stage of an incremental
loosening configuration;

FIG. 26 is a schematic side view of an embodiment
of a torque transmitting system transitioning to a full
loosening configuration;

FIG. 27 is a schematic isometric view of a secondary
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winding assembly operating while a lace is being
wound onto a spool;

FIG. 28 is a schematic isometric view of a secondary
winding assembly operating while a lace is being un-
wound from a spool due to tension on the lace;
FIG. 29 is a schematic isometric view of a secondary
winding assembly operating when a lace has devel-
oped some slack near the spool;

FIG. 30 is a schematic isometric view of motorized
tensioning device including an alternative configura-
tion for a secondary winding assembly;

FIG. 31 is a schematic isometric view of an embod-
iment of an article of footwear with a tensioning sys-
tem and a remote device for controlling the tension-
ing system;

FIG. 32 is a schematic view of an embodiment of a
remote device running a lacing control application;
FIG. 33 is a schematic view of an embodiment of a
footbeinginserted into an article and aremote device
running a lacing control application;

FIG. 34 is a schematic view of an embodiment of a
foot fully inserted into an article and a remote device
running a lacing control application;

FIG. 35 is a schematic view of an embodiment of an
article being tightened as a remote device sends an
incremental tighten command to a tensioning sys-
tem;

FIG. 36 is a schematic view of an embodiment of an
article being loosened as a remote device sends an
incremental loosen command to a tensioning sys-
tem;

FIG. 37 is a schematic view of an embodiment of an
article opened to allow a foot to be removed after a
remote device has sent an open command to a ten-
sioning system;

FIG. 38 is a schematic isometric view of an embod-
iment of an article of footwear including a tensioning
system and a remote bracelet configured to control
a motorized tensioning device of the tensioning sys-
tem;

FIG. 39 is aschematic process for automatically con-
trolling tension in an article to maintain an initial ten-
sion;

FIG.40is aschematic process for automatically con-
trolling tension according to a user selected tension-
ing mode;

FIG. 41 is a schematic isometric view of an alterna-
tive embodiment of a motorized tensioning device;
FIG. 42 is an enlarged isometric view of a load-hold-
ing mechanism of the motorized tensioning device
of FIG. 41;

FIG. 43 is a cut-away view of an embodiment of a
portion of a motorized tensioning device;

FIG. 44 is an isometric view of another embodiment
of a load holding mechanism for a motorized ten-
sioning device;

FIG.45is anisometric view of the load holding mech-
anism of FIG. 44, in which an output ring has been
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removed;

FIG. 46 is a schematic view of an article of footwear
having an attachable tensioning system and show-
ing select components of a sole structure of the foot-
wear;

FIG. 47 is a schematic view of another embodiment
of an article of footwear having an attachable ten-
sioning system;

FIG. 48 is a schematic view of another embodiment
of an article of footwear having an attachable ten-
sioning system; and

FIG. 49 is a schematic view of another embodiment
of an article of footwear having an attachable ten-
sioning system.

DETAILED DESCRIPTION

[0009] The following discussion and accompanying
figures disclose articles of footwear and motorized lacing
systems for the footwear. Concepts associated with the
footwear disclosed herein may be applied to a variety of
athletic footwear types, including running shoes, basket-
ball shoes, soccer shoes, baseball shoes, football shoes,
and golf shoes, for example. Accordingly, the concepts
disclosed herein apply to awide variety of footwear types.
[0010] To assistand clarify the subsequent description
of various embodiments, various terms are defined here-
in. Unless otherwise indicated, the following definitions
apply throughout this specification (including the claims).
For consistency and convenience, directional adjectives
are employed throughout this detailed description corre-
sponding to the illustrated embodiments.

[0011] Theterm "longitudinal," as used throughout this
detailed description and in the claims, refers to a direction
extending a length of a component. For example, a lon-
gitudinal direction of an article of footwear extends from
aforefootregion to a heel region of the article of footwear.
The term "forward" is used to refer to the general direction
in which the toes of a foot point, and the term "rearward"
is used to refer to the opposite direction, i.e., the direction
in which the heel of the foot is facing.

[0012] The term "lateral direction," as used throughout
this detailed description and in the claims, refers to a
side-to-side direction extending a width of a component.
In other words, the lateral direction may extend between
a medial side and a lateral side of an article of footwear,
with the lateral side of the article of footwear being the
surface that faces away from the other foot, and the me-
dial side being the surface that faces toward the other
foot.

[0013] The term "side," as used in this specification
and in the claims, refers to any portion of a component
facing generally in a lateral, medial, forward, or rearward
direction, as opposed to an upward or downward direc-
tion.

[0014] The term "vertical," as used throughout this de-
tailed description and in the claims, refers to a direction
generally perpendicular to both the lateral and longitudi-
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nal directions. For example, in cases where a sole is
planted flat on a ground surface, the vertical direction
may extend from the ground surface upward. It will be
understood that each of these directional adjectives may
be applied to individual components of a sole. The term
"upward" refers to the vertical direction heading away
from a ground surface, while the term "downward" refers
to the vertical direction heading towards the ground sur-
face. Similarly, the terms "top," "upper," and other similar
terms refer to the portion of an object substantially fur-
thest from the ground in a vertical direction, and the terms
"bottom," "lower," and other similar terms refer to the por-
tion of an object substantially closest to the ground in a
vertical direction.

[0015] The "interior" of a shoe refers to space that is
occupied by a wearer’s foot when the shoe is worn. The
"inner side" of a panel or other shoe element refers to
the face of thatpanel or elementthatis (or will be) oriented
toward the shoe interior in a completed shoe. The "outer
side" or "exterior" of an element refers to the face of that
element that is (or will be) oriented away from the shoe
interior in the completed shoe. In some cases, the inner
side of an element may have other elements between
that inner side and the interior in the completed shoe.
Similarly, an outer side of an element may have other
elements between that outer side and the space external
to the completed shoe. Further, the terms "inward" and
"inwardly" shall refer to the direction toward the interior
of the shoe, and the terms "outward" and "outwardly"
shall refer to the direction toward the exterior of the shoe.
[0016] For purposes of this disclosure, the foregoing
directional terms, when used in reference to an article of
footwear, shall refer to the article of footwear when sitting
in an upright position, with the sole facing groundward,
that is, as it would be positioned when worn by a wearer
standing on a substantially level surface.

[0017] In addition, for purposes of this disclosure, the
term "fixedly attached" shall refer to two components
joined in a manner such that the components may not
be readily separated (for example, without destroying
one or both of the components). Exemplary modalities
of fixed attachment may include joining with permanent
adhesive, rivets, stitches, nails, staples, welding or other
thermal bonding, or other joining techniques. In addition,
two components may be "fixedly attached" by virtue of
being integrally formed, for example, in a molding proc-
ess.

[0018] For purposes of this disclosure, the term "re-
movably attached" shall refer to the joining of two com-
ponents in a manner such that the two components are
secured together, but may be readily detached from one
another. Examples of removable attachment mecha-
nisms may include hook and loop fasteners, friction fit
connections, interference fit connections, threaded con-
nectors, cam-locking connectors, and other such readily
detachable connectors.

[0019] A motorized footwear lacing system may in-
clude an article of footwear, a manual lace, and a motor-
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ized tensioning system. The motorized tensioning sys-
tem may include a tensile member and a motorized tight-
ening device that may be removable and interchangeable
with the manual lace. In some embodiments, the lacing
system may be provided as a kit of parts, including a
container in which a pair of footwear, a pair of motorized
tensioning systems, and a pair of manual laces may be
provided. In some embodiments, the motorized tighten-
ing device may be removably attached to the heel portion
ofthe article of footwear. The tensile member may include
a cord or other lace-like member that attaches to the mo-
torized tightening device. In some embodiments, the cord
may be laced through eye stays in a lacing region of the
article of footwear. Accordingly, when the motorized tight-
ening device and the tensile member are removed from
the footwear, the manual lace may be laced into the same
eye stays in which the tensile member is used.

[0020] The motorized tensioning system enables rel-
atively rapid tightening of the footwear. In addition, in
some embodiments the tightening system may provide
incremental tightening. Such incremental tightening may
enable the user to achieve a predictable tightness for
each wearing. In some embodiments, sensors may be
included to monitor tightness. In such embodiments, the
user may also achieve a predictable tightness.

[0021] In some cases, using a motorized tensioning
device may remove dexterity issues that may occur with
other tensioning technologies (pulling straps, Velcro, and
other such manual closure systems). Such a design
could improve the use of footwear for physically impaired
or injured individuals who may otherwise have a hard
time putting on and adjusting their footwear. Using the
designs proposed here, footwear could be tightened via
a push button or remote interface.

[0022] In some embodiments, the tensioning system
may be remotely controlled, for example by a bracelet or
hand-held device. In such embodiments, adjustments
may be made without the wearer having to stop the ac-
tivity in which they are participating. For example, a dis-
tance runner may adjust the tightness of their footwear
without interrupting their workout or competitive event.
[0023] In addition, the tensioning system may also be
configured to make automatic adjustments. Forexample,
using tightness sensors, the system may be configured
to maintain tightness during wear by adjusting tightness
according to changes in the fit. For example, as feet swell
during wear, the tensioning system may release tension
on the tensile member, in order to maintain the initially
selected tightness.

[0024] In addition, the tensioning system may be con-
figured to adjust the tightness during use to improve per-
formance. For example, as a wearer places loads on the
footwear during an athletic activity, the system may tight-
en orloosen the tensile members to achieve desired per-
formance characteristics. For example, as a runner pro-
ceeds around a curve, the tensioning system may tighten
the footwear in order to provide additional stability and
maintain the foot in a centralized position within the foot-
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wear. As another example, when a runner is running
downhill, the tightening system may loosen the footwear
to limit additional forces exerted on the foot as the foot
tends to slide toward the front of the footwear during the
downhill run. Numerous other automated adjustments
may be utilized for performance. Such automated adjust-
ments may vary for each activity. In addition, the type
and amount of such adjustments may be preselected by
the user. For instance, using the examples above, the
user may select whether to tighten or loosen the footwear
while proceeding around a curve. In addition, the user
may select whether to utilize an automated adjustment
at all during certain conditions. For example, the user
may choose to implement the adjustment while proceed-
ing around curves, but may opt not to utilize an adjust-
ment when running downhill.

[0025] Providing the motorized tensioning system as
removable from the article of footwear may enable the
footwear to be used conventionally. In addition, remov-
ability of the tensioning system may enable components
of the tensioning system to be repaired or replaced in-
dependent of the footwear. In addition, removability of
the tensioning system enables the footwear to be re-
paired or replaced independent of the tensioning system.
[0026] FIG. 1 illustrates a motorized footwear lacing
system 1100. As shown in FIG. 1, system 1100 may be
a kit of parts. The kit of parts may include a container
1105 configured to store components of the motorized
footwear lacing system 1100. System 1100 may include
a first article of footwear 1100. System 1100 may also
include a first manual lace 1116 configured to be laced
into footwear 1110 in a conventional manner. Lace 1116
may be utilized to modify the dimensions of interior void
1165, thereby securing the foot of a wearer within interior
void 1165 and facilitating entry and removal of the foot
from interior void 1165.

[0027] System 1100 may include a first motorized ten-
sioning system 1120, which may include a first tensile
member and afirst motorized tightening device 1125 con-
figured to apply tension in the tensile member to adjust
the size of an internal void defined by footwear 1110. The
term "tensile member," as used throughout this detailed
description and in the claims, refers to any component
that has a generally elongated shape and high tensile
strength. In some cases, a tensile member could also
have a generally low elasticity. Examples of different ten-
sile membersinclude, but are not limited to: laces, cables,
straps and cords. In some cases, tensile members may
be used to fasten and/or tighten an article footwear. In
other cases, tensile members may be used to apply ten-
sion ata predetermined location for purposes of actuating
some components or system.

[0028] Insomeembodiments, the tensile member may
be provided in sections. For example, the tensile member
may include a first tensile member portion 1130, which
may be associated with tightening device 1125. For ex-
ample, first tensile member portion 1130 may extend
through motorized tightening device 1125, as shown in
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FIG. 1. In addition, the tensile member may include a
second tensile member portion 1135, which may be re-
leasably attached to first tensile member portion 1130.
Also, the tensile member may include a third tensile mem-
ber portion 1136, which may be attachable to first tensile
member portion 1130. Second tensile member portion
1135 and third tensile member portion 1136 may be laced
into footwear 1110, and thus, replace manual lace 1116.
Once second tensile member portion 1135 and third ten-
sile member portion 1136 are laced into footwear 1110,
second tensile member portion 1135 may be releasably
fastened to third tensile member portion 1136.

[0029] Motorized tightening device 1125 and the ten-
sile member may be removably attached to footwear
1110. In addition, manual lace 1116 may be interchange-
able with the tensile member and motorized tightening
device 1125.

[0030] In some embodiments, system 1100 may in-
clude a pair of footwear and thus may include a second
article of footwear 1111. Further, since system 1100 may
include a pair of footwear, the other components of sys-
tem 1100 may also be provided in pairs. For example,
system 1100 may include a second manual lace 1115.
In addition, system 1100 may include a second motorized
tensioning system 1121. Second motorized tensioning
system 1121 may include a second motorized tensioning
device 1126. Second motorized tensioning system 1121
may also include a second tensile member, including a
fourth tensile member portion 1131, a fifth tensile mem-
ber portion 1140, and a sixth tensile member portion
1141. For purposes of description, only one of each pair
of components will be discussed in detail below.

[0031] As further shown in FIG. 1, motorized footwear
lacing system 1100 may include a remote device 1145
configured to control motorized tightening device 1125.
In some embodiments, remote device 1145 may be pro-
vided in the form of a bracelet, as shown in FIG. 1. For
example, remote device 1145 may be implemented as a
function of a watch. In some embodiments, remote de-
vice 1145 may be a hand-held device. For example, re-
mote device 1145 may be implemented as a function of
a mobile telephone or other mobile device.

[0032] Container 1105 may be configured to contain
the pair of footwear, the pair of manual laces, and the
pair of motorized tensioning systems, including the ten-
sile members and the pair of motorized tightening devic-
es. Asshownin FIG. 1, in some embodiments, container
1105 may be a box, such as a shoe box.

[0033] FIG. 2 illustrates the association between ten-
sioning system 1120 and footwear 1110. For reference
purposes, footwear 1110 may be divided into three gen-
eral regions: a forefoot region 10, a midfoot region 12,
and a heel region 14. Forefoot region 10 generally in-
cludes portions of footwear 1110 corresponding with the
toes and the joints connecting the metatarsals with the
phalanges. Midfoot region 12 generally includes portions
of footwear 1110 corresponding with an arch area of the
foot. Heel region 14 generally corresponds with rear por-
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tions of the foot, including the calcaneus bone. Forefoot
region 10, midfoot region 12, and heel region 14 are not
intended to demarcate precise areas of footwear 1110.
Rather, forefoot region 10, midfoot region 12, and heel
region 14 are intended torepresentgeneral relative areas
of footwear 1110 to aid in the following discussion. Since
various features of footwear 1110 extend beyond one
region of footwear 1110, the terms forefoot region 10,
midfoot region 12, and heel region 14 apply not only to
footwear 1110, but also to the various features of foot-
wear 1110.

[0034] Footwear 1110 may include a sole structure
1150 and an upper 1155 secured to sole structure 1150.
As shown in FIG. 2, upper 1155 may include one or more
material elements (for example, meshes, textiles, foam,
leather, and synthetic leather), which may be joined to
define an interior void 1165 configured to receive a foot
of a wearer. The material elements may be selected and
arranged to selectively impart properties such as light
weight, durability, air-permeability, wear-resistance, flex-
ibility, and comfort. Upper 1155 may define athroat open-
ing 1160 through which a foot of a wearer may be re-
ceived into void 1165.

[0035] Sole structure 1150 may be fixedly attached to
upper 1155 (for example, with adhesive, stitching, weld-
ing, or other suitable techniques) and may have a con-
figuration that extends between upper 1155 and the
ground. Sole structure 1150 may include provisions for
attenuating ground reaction forces (that is, cushioning
and stabilizing the foot during vertical and horizontal load-
ing). In addition, sole structure 1150 may be configured
to provide traction, impart stability, and control or limit
various foot motions, such as pronation, supination, or
other motions.

[0036] The configuration of sole structure 1150 may
vary significantly according to one or more types of
ground surfaces on which sole structure 1155 may be
used. For example, the disclosed concepts may be ap-
plicable to footwear configured for use on any of a variety
of surfaces, including indoor surfaces or outdoor surfac-
es. The configuration of sole structure 11150 may vary
based on the properties and conditions of the surfaces
on which footwear 1110 is anticipated to be used. For
example, sole structure 1150 may vary depending on
whether the surface is harder or softer. In addition, sole
structure 1150 may be tailored for use in wet or dry con-
ditions.

[0037] Insomeembodiments, sole structure 1150 may
be configured for a particularly specialized surface or
condition. For example, in some embodiments, footwear
1110 is illustrated in the accompanying figures as a run-
ning shoe and, accordingly, the illustrated sole structure
1150 is configured for providing cushioning, stability, and
traction on hard, smooth surfaces, such as pavement.
The proposed footwear upper construction may be ap-
plicable to any kind of footwear, however, such as bas-
ketball, soccer, football, and other athletic activities. Ac-
cordingly, in some embodiments, sole structure 1150
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may be configured to provide traction and stability on
hard indoor surfaces (such as hardwood), soft, natural
turf surfaces, or on hard, artificial turf surfaces. In some
embodiments, sole structure 1150 may be configured for
use on a multiple different surfaces.

[0038] Insome embodiments, sole structure 1150 may
include multiple components, which may individually or
collectively provide footwear 1110 with a number of at-
tributes, such as support, rigidity, flexibility, stability,
cushioning, comfort, reduced weight, or other attributes.
In some embodiments, sole structure 1150 may include
an insole/sockliner (See FIG. 46), a midsole 1151, and
a ground-contacting outer sole member 1152, which may
have an exposed, ground-contacting lower surface 1153,
as shownin FIG. 2. In some cases, however, one or more
of these components may be omitted.

[0039] The insole may be disposed in void 1165 de-
fined by upper 1155. The insole may extend through each
of forefoot region 10, midfoot region 12, and heel region
14, and between a lateral side and medial side of foot-
wear 1110. The insole may be formed of a deformable
(for example, compressible) material, such as poly-
urethane foams, or other polymer foam materials. Ac-
cordingly, the insole may, by virtue of its compressibility,
provide cushioning, and may also conform to the foot in
order to provide comfort, support, and stability.

[0040] Midsole 1151 may be fixedly attached to a lower
area of upper 1155 (for example, through stitching, ad-
hesive bonding, thermal bonding (such as welding), or
other techniques), or may be integral with upper 1155.
Midsole 1151 may extend through each of forefoot region
10, midfoot region 12, and heel region 14, and between
a lateral side and medial side of footwear 100. In some
embodiments, portions of midsole 1151 may be exposed
around the periphery of footwear 1110, as shown in FIG.
2.Inotherembodiments, midsole 1151 may be complete-
ly covered by other elements, such as material layers
from upper 1155. Midsole 1151 may be formed from any
suitable material having the properties described above,
according to the activity for which footwear 1110 is in-
tended. In some embodiments, midsole 160 may include
a foamed polymer material, such as polyurethane (PU),
ethyl vinyl acetate (EVA), or any other suitable material
that operates to attenuate ground reaction forces as sole
structure 1150 contacts the ground during walking, run-
ning, or other ambulatory activities.

[0041] AsshowninFIG. 2, footwear 1110 may include
a tongue 2270, which may be provided in a lacing region
1175. In some embodiments, lacing region 1175 may be
provided in an instep region of footwear 1110, as shown
in FIG. 2. However, in other embodiments, the lacing
region may be provided in other portions of the article of
footwear. (See FIGS. 48 and 49.)

[0042] AsshowninFIG. 2, footwear 1110 may include
a plurality of eye stays in lacing region 1175 configured
to receive a lace. For example, footwear 1110 may in-
clude a first eye stay 1181, a second eye stay 1182, a
third eye stay 1183, and a fourth eye stay 1184 on a first
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side of lacing region 1175. In addition, footwear 1110
may include a fifth eye stay 1185, a sixth eye stay 1186,
a seventh eye stay 1187, and an eighth eye stay 1188
on a second side of lacing region 1175. The eye stays
are illustrated schematically in FIG. 2, and may have any
suitable configuration that will accept a conventional
shoelace as well as the tensile member of tensioning
system 1120.

[0043] FIG. 2 schematically illustrates the placement
of motorized tensioning system 1120 when removably
attached to footwear 1110. As illustrated by a dashed
outline 1137, tensioning system 1120 may be removably
attached to heel region 14 of footwear 1110. Motorized
tightening device 1125 may be disposed in a housing
1190, which may have a shape that conforms with the
heel counter of footwear 1110.

[0044] As shown in FIG. 2, housing 1190 may have a
first surface 1127 configured to mate with a second sur-
face 1128 on upper 1155 of footwear 1110. In some em-
bodiments, first surface 1127 and second surface 1128
may be removably attached with a hook and loop fastener
material 1129. In other embodiments, first surface 1127
and second surface 1128 may be removably attached
with a tongue and groove configuration, including a
tongue 2300 and groove 2305. Tongue 2300 and groove
2305 are shown oriented in a substantially horizontal po-
sition for purposes of illustration. Asimplemented, tongue
2300 and groove 2305 may be oriented vertically. In such
a vertical orientation, housing 1190 may be slid vertically
into position. In other embodiments, first surface 1127
and second surface 1128 may be removably attached
with an interference fit or friction fit. For example, a first
protruding portion 2310 may extend into a recess 2315
in an interference fit. The components of such a friction
fit attachment may have any suitable orientation.
[0045] It will be noted that the components of these
connections may be disposed on either first surface 1127
or second surface 1128. For example, the hook compo-
nent of the hook and loop fastener 1129 may be located
on either first surface 1127 or second surface 1128. The
loop component of hook and loop fastener 1129 may be
disposed on the opposing surface to the hook compo-
nent. Similarly, tongue 2300 may be located on either
first surface 1127 or second surface 1128 and groove
2305 may be located on the opposing surface from
tongue 2300. Further, protruding portion 2310 may be
located on either first surface 1127 or second surface
1128 and recess 2315 may be located on the opposing
surface from protruding portion 2310. These disclosed
removable connections are intended to be exemplary on-
ly. Alternative types of removable connections are also
possible including, for example, threaded fasteners,
cam-lock fasteners, spring clip type fasteners, and other
removable connection mechanisms.

[0046] As shown in FIG. 2 by dashed line 1137, the
tensile member may be laced through the eyelets in lac-
ing region 1175, in the same or similar manner as a man-
ual lace. For example, third tensile member portion 1135
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may be threaded through fifth eyelet 185, second eyelet
182, seventh eyelet 1187, and fourth eyelet 1184. Simi-
larly, fourth tensile member portion 1136 may be thread-
edthrough firsteyelet 1181, sixth eyelet 1186, third eyelet
1183, and eighth eyelet 1188. Since third tensile member
portion 1135 and fourth tensile member portion 1136 may
be detachable from first tensile member portion 1130,
third tensile member portion 1135 and fourth tensile
member portion 1136 may be laced through the eyelets
from either end. It will be noted that the mechanical con-
nectors connecting the portions of the tensile member
together are shown schematically and are shown en-
larged for purposes of illustration. For example, a cou-
pling 1235 at the distal ends of third tensile member por-
tion 1135 an fourth tensile member portion 1136 may
include a first connector portion 1240 and a second con-
nector portion 1245. First connector portion 1240 and
second female portion 1245 may be sized and configured
to be laced through the eyelets in lacing region 1175.
[0047] A method of changing the lacing system of foot-
wear 1110 may include removing the tensile member,
motorized tightening device 1125, and a power source
from the article of footwear and lacing a manual lace into
footwear 1110. In some embodiments, lacing a manual
lace into the article of footwear includes lacing the manual
lace into the eye stays from which the tensile member of
system 1120 was removed. The step of removing motor-
ized tightening device 1125 from footwear 1110 may in-
clude detaching housing 1190 from upper 1155 of foot-
wear 1110.

[0048] FIG. 3 is a rear perspective view of article of
footwear 1110 with tensioning system 1120 removably
installed. As shown in FIG. 3, housing 1190 is removably
attached to a heel portion of footwear 1110. In addition,
third tensile member portion 1135 and fourth tensile
member portion 1136 are laced into the eye stays, in-
cluding first eye stay 1181, second eye stay 1182, fifth
eye stay 1185, and sixth eye stay 1186. The remainder
of the lacing region has been truncated in FIG. 3 for pur-
poses of illustration.

[0049] As shown in FIG. 3, tensioning system 1120
may include motorized tightening device 1125 configured
to apply tension in the tensile member to adjust the size
of internal void 1165 defined by footwear 1110. Tighten-
ing device may be disposed within housing 1190.
[0050] As also shown in FIG. 3, system 1120 may in-
clude a power source 1205 configured to supply power
to motorized tightening device 1125. Housing 1190 may
be configured to house motorized tightening device 1125
and power source 1205, as well as first tensile member
portion 1130.

[0051] Insome embodiments, power source 1205 may
include one or more batteries. Power source 1205 is only
intended as a schematic representation of one or more
types of battery technologies that could be used to power
motorized tightening device 1125. One possibly battery
technology that could be used is a lithium polymer bat-
tery. The battery (or batteries) could be rechargeable or
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replaceable units packaged as flat, cylindrical, or coin
shaped. In addition, batteries could be single cell or cells
in series or parallel.

[0052] Rechargeable batteries could be recharged in
place or removed from an article for recharging. In some
embodiments, charging circuitry could be built in and on
board. In other embodiments, charging circuitry could be
located in a remote charger. In another embodiment, in-
ductive charging could be used for charging one or more
batteries. For example, a charging antenna could be dis-
posed in a sole structure of an article and the article could
then be placed on a charging mat to recharge the batter-
ies.

[0053] Additional provisions could be incorporated to
maximize battery power and/or otherwise improve use.
For example, it is also contemplated that batteries could
be used in combination with super caps to handle peak
currentrequirements. In other embodiments, energy har-
vesting techniques could be incorporated which utilize
the weight of the runner and each step to generate power
for charging a battery.

[0054] FIG. 4 is a rear perspective view of motorized
tensioning system 1120. FIG. 4 includes a cutaway view
of housing 1190 exposing components of system 1120
located within housing 1190. For example, FIG. 4 shows
motorized tightening device 1125. FIG. 4 shows an outer
housing of tightening device 1125. The inner winding
mechanisms of tightening device 1125 are discussed in
greater detail below. As shown in FIG. 4, tightening de-
vice 1125 may be configured to apply tension to the ten-
sile member by drawing first tensile member portion 1130
into tightening device 1125, as illustrated by a first arrow
1225 and a second arrow 1230. It will be noted that the
routing of first tensile member portion 1130 is merely
schematic, and more complicated arrangements for such
routing are possible.

[0055] Also exposed in FIG. 4 is power source 1205,
as well as a control unit 1215. Control unit 1215 may
include various circuitry components. In addition, control
unit 1215 may include a processor, configured to control
motorized tightening device 1125. As shown in FIG. 4,
tensioning system 1120 may include a first electrical ca-
ble 1210 extending between power source 1205 and mo-
torized tightening device 1125. In addition, a second elec-
trical cable 1220 may extend between control unit 1215
and tightening device 1125. First electrical cable 1210
and second electrical cable 1220 may be configured to
deliver electrical power, as well as electronic communi-
cation signals, between power source 1205, tightening
device 1125, and control unit 1215.

[0056] Control unit 1215 is only intended as a sche-
matic representation of one or more control technologies
that could be used with motor tightening device 1125.
For example, there are various approaches to motor con-
trol that may be employed to allow speed and direction
control. For some embodiments, a microcontroller unit
may be used. The microcontroller may use internal inter-
rupt generated timing pulses to create pulse-width mod-
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ulation (PWM) output. This PWM output is fed to an H-
bridge which allows high current PWM pulses to drive
the motor both clockwise and counterclockwise with
speed control. However, any other methods of motor con-
trol known in the art could also be used.

[0057] FIG.5isaschematictop view of tensioning sys-
tem 1120 installed on footwear 1110. As shown in FIG.
5, housing 1190 may be configured to be removably at-
tached to a heel portion of footwear 1110. Further, tight-
ening device 1125, power source 1205, and control unit
1215 may be housed within housing 1190, which may
function to receive and protect these components. As
shown in FIG. 5, in some embodiments, when housing
1190 is attached to the heel portion of footwear 1110,
motorized tensioning device 1125 may be disposed in a
rearmost portion of footwear 1110. This positioning may
facilitate the application of tension to tensile members on
both a medial side 1260 and a lateral side 1265 of foot-
wear 1110.

[0058] In other embodiments, however, any of these
components could be disposed in any other portions of
an article, including the upper and/or sole structure. In
some cases, some components could be disposed in one
portion of an article and other components could be dis-
posed in another, different, portion. In another embodi-
ment motorized tensioning device 1125 could be dis-
posed at the heel of an upper, while power source 1205
and/or control unit 1215 could be disposed with a sole
structure of footwear 1110. For example, in one embod-
iment the power source and control unit may be disposed
under midfoot region 12 of article 1110 with a cable con-
nection (or a simple electrical contact connection) to mo-
torized tensioning device 1125, which may be disposed
in heel region 14. In still other embodiments, a power
source and a control unit could be integrated into a mo-
torized tensioning device. For example, in some embod-
iments, both a battery and a control unit could be dis-
posed within an outer housing of motorized tensioning
device 1125.

[0059] Further, in some embodiments, housing 1190
may be configured to wrap atleast partially around medial
side 1260 and lateral side 1265 of the heel portion of
footwear 1110, as also shown in FIG. 5. In FIG. 5, control
unit 1215 is shown on medial side 1260 in heel region
14 of footwear 1110. Power source 1205 is shown on
lateral side 1265 in heel region 14 of footwear 1110. The
positions of control unit 1215 and power source 1205
may be reversed in some embodiments. However, it may
be advantageous to locate the thinner component on the
medial side 1260 of footwear 1110. This may enable
housing 1190 to have a lower profile on medial side 1260
than on lateral side 1265 (as shown in FIG. 5), which may
minimize the amount of housing 1190 that extends me-
dially and could interfere with the footwear on the other
foot of the wearer.

[0060] FIG. 6 is a partial view of lacing region 1175 of
footwear 1110 with the tensile member of the tensioning
system installed. As shown in FIG. 6, third tensile mem-
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ber portion 1135 is laced through seventh eyelet 1187
and fourth eyelet 1184. In addition, fourth tensile member
portion 1136 islaced through third eyelet 1183 and eighth
eyelet 1188. As shown in FIG. 6, the tensile member may
include a manual release mechanism for manually de-
coupling third tensile member portion 1135 from a fourth
tensile member portion 1136. For example, a coupling
1235 may include first connector portion 1240 at the distal
end of third tensile member portion 1135, and second
connector portion 1245 at the distal end of fourth tensile
member portion 1135. As shown in FIG. 6, in some em-
bodiments, the manual release mechanism, such as cou-
pling 1235, may be located in an instep region of footwear
1110.

[0061] Coupling 1235 may be a readily decoupled
manually, in order to enable removal of the tensile mem-
ber from the article of footwear. Such manual decoupling
may facilitate removal of the motorized tensioning system
from footwear 1110. This manual release mechanism
may also enable the tension in the tensile member to be
released in the event of a malfunction or low battery pow-
er. Exemplary manual release mechanisms may include
any suitable connector types. In some embodiments,
threaded connections may be utilized. For example, first
connector portion 1240 may include a male threaded por-
tion and second connector portion 1245 may include a
female threaded portion. In order to decouple coupling
1235, first connector portion 1240 and second connector
portion 1245 may be twisted, for example in the directions
of a first arrow 1250 and a second arrow 1255. While
FIG. 6 illustrates a threaded coupling, in other embodi-
ments the tensile member could utilized any other fas-
tening provisions including a snap fit connector, a hook
and receiver type connector, or any other kinds of manual
fasteners known in the art.

[0062] FIG. 7 illustrates an embodiment of an exem-
plary manual release system for tensile members. Re-
ferring to FIG. 7, article 1000 may be similar to previous
embodiments and can include a tensioning system 1002
with alace 1004 and a motorized tensioning device 1006.
In this embodiment, a portion of lace 1004 is equipped
with a manual release mechanism 1010. In the embod-
iment shown here, manual release mechanism 1010 in-
cludes corresponding fasteners 1012 that can be man-
ually disconnected torelieve lace tension. Insome cases,
fasteners 1012 comprise a threaded coupling, as shown
in FIG. 7. However, other embodiments could utilized
any other fastening provisions including a snap fit con-
nector, a hook and receiver type connector, or any other
kinds of fasteners known in the art.

[0063] FIGS. 8 and 9 illustrate an isometric view and
isometric exploded view, respectively, of an embodiment
of the internal components of motorized tensioning de-
vice 160. Referring first to FIG. 8, the components are
shown within a portion of housing unit 212. Housing unit
212 may further include an inner housing portion 216 and
an outer housing portion 218. Outer housing portion 218
may include a base panel 210 as well as an outer cover
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214, and generally provides a protective outer covering
for components of motorized tensioning device 160. In-
ner housing portion 216 may be shaped to support com-
ponents of motorized tensioning device 160. In some
cases, portions of inner housing portion 216 function to
limit the mobility of some components, as discussed in
detail below.

[0064] Referring now to FIGS. 8 and 9, in some em-
bodiments, motorized tensioning system 160 may com-
prise motor 220 (shown schematically in FIG. 9). In some
embodiments, motor 220 may be an electric motor. How-
ever, in other embodiments, motor 220 could comprise
any kind of non-electric motor known in the art. Examples
of different motors that can be used include, but are not
limited to: DC motors (such as permanent-magnet mo-
tors, brushed DC motors, brushless DC motors, switched
reluctance motors, etc.), AC motors (such as motors with
sliding rotors, synchronous electrical motors, asynchro-
nous electrical motors, induction motors, etc.), universal
motors, stepper motors, piezoelectric motors, as well as
any other kinds of motors known in the art. Motor 220
may further include a motor crankshaft 222 that can be
used to drive one or more components of motorized ten-
sioning system 160. Provisions for powering motor 220,
including various kinds of batteries, are discussed in de-
tail below.

[0065] In some embodiments, motorized tensioning
system 160 can include provisions for reducing the output
speed of, and increasing the torque generated by, motor
220. In some embodiments, motorized tensioning sys-
tem 160 can include one or more gear reduction assem-
blies and/or gear reduction systems. In some embodi-
ments, motorized tensioning system 160 may include a
single gear reduction assembly. In other embodiments,
motorized tensioning system 160 may include two or
more gear reduction assemblies. In one embodiment,
motorized tensioning system 160 includes first gear re-
duction assembly 230 and second gear reduction assem-
bly 232, which may be collectively referred to as gear
reduction system 228. First gear reduction assembly 230
may be an in-line spur gear reduction assembly that is
generally aligned with motor 220 and/or crankshaft 222.
In contrast, second gear reduction assembly 232 may
provide additional gear reduction that extends in a gen-
erally perpendicular direction to the orientation of crank-
shaft 222. With respect to housing unit 212, first gear
reduction assembly 230 may extend in a longitudinal di-
rection of housing unit 212 while second gear reduction
assembly 232 may extend in a lateral (or horizontal) di-
rection of housing unit 212. By using a combination of in-
line gears and horizontally spaced gears, relative to the
orientation of crankshaft 222, motor 220 can be arranged
in parallel with a spool and corresponding spool shaft (as
discussed in further detail below). This arrangement may
reduce the longitudinal space required to fit all the com-
ponents of motorized tensioning device 160 within hous-
ing unit 212.

[0066] Each gear reduction assembly can comprise
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one or more gears. In the exemplary embodiment, first
gear reduction assembly 230 comprises one or more in-
line spur gears. Moreover, first gear reduction assembly
230 may be driven by crankshaft 222 and itself drives a
first gear 234 of second gear reduction assembly 232.
[0067] In one embodiment, second gear reduction as-
sembly 232 may be configured with 4 stages of spur
gears, including a first gear 234, a second gear 235, a
third gear 236 and a fourth gear 237. In this embodiment,
fourth gear 237 acts as a clamping gear for turning ad-
ditional components of motorized tensioning device 160,
as described in further detail below. The current embod-
iment of second gear reduction assembly 232 includes
four gears. However, other embodiments could use any
other number of gears. Likewise, the number of gears
comprising first gear reduction assembly 230 may vary
in different embodiments. Additionally, in different em-
bodiments, the type of gears used in first gear reduction
assembly 230 and/or second gear assembly 232 could
vary. In some cases, spur gears may be used. Other
examples of gears that may be used include, but are not
limited to: helical gears, external gears, internal gears,
bevel gears, crown gears, worm gears, non-circular
gears, rack and pinion gears, epicyclic gears, planetary
gears, harmonicdrive gears, cage gears, magneticgears
as well as any other kinds of gears and/or any combina-
tions of various kinds of gears. The number, type and
arrangement of gears for gear reduction system 228 may
be selected to achieve the desired tradeoff between size,
torque and speed of the motorized tensioning system
160.

[0068] In some embodiments, motorized tensioning
system 160 can include provisions for winding and un-
winding portions of a lace. In some embodiments, mo-
torized tensioning system 160 can include spool 240. In
some cases, spool 240 may further comprise a first re-
ceiving portion 242 and a second receiving portion 244
forreceiving a lace and a portion of a spring, respectively.
Moreover, in some cases, first receiving portion 242 may
comprise a first lace winding region 246 and a second
lace winding region 248, which in some cases can be
used to separately wind two ends of a lace. Since torque
output goes down as the lace builds up in diameter, using
separate winding regions for each lace end may help
decrease the diameter of wound lace on spool 240 and
thereby minimize torque output reduction. In some cases,
first lace winding region 246 and second lace winding
region 248 may be separated by a dividing portion 249,
which may include a lace receiving channel 247 for per-
manently retaining a portion of the lace on spool 240. In
other cases, however, first receiving portion 242 may
comprise a single lace winding region.

[0069] Motorized lacing system 160 may include pro-
visions for transferring torque between a final drive gear
of second gear reduction assembly 232 and spool 240.
In some embodiments, motorized lacing system 160 may
include provisions for transferring torque from second
gear reduction assembly 232 (or more generally from
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gear reduction system 228) to spool 240 in a manner that
allows for incremental tightening, incremental loosening
and full loosening of a lace. In one embodiment, motor-
ized lacing system 160 may be configured with a torque
transmitting system 250 that facilitates the transmission
of torque from fourth gear 237 of second gear reduction
assembly 232 to spool 240.

[0070] Torque transmitting system 250 may further
comprise various assemblies and components. In some
embodiments, torque transmitting system 250 may in-
clude a ratcheting assembly 252, a shaft 254 and a ro-
tation control assembly 256. As discussed in further detail
below, the components of torque transmitting system 250
operate to transmit torque from fourth gear 237 of second
gear reduction assembly 232 to spool 240. More specif-
ically, these components operate in a manner that allows
for incremental tightening (spool winding), incremental
loosening (spool unwinding) as well as full tension re-
lease (during which time substantially no torque is trans-
ferred from fourth gear 237 to spool 240).

[0071] in some embodiments, motorized tensioning
device 160 may further include a secondary winding as-
sembly 260. In some embodiments, secondary winding
assembly 260 may be configured to apply torque to spool
240 independently of any torque applied by motor 220.
In some cases, for example, secondary winding assem-
bly 260 comprises a spring member 262 and a rotatable
spring bearing 264. Spring member 262 may extends
between second receiving portion 244 of spool 240 and
spring bearing 264. In particular, a first end portion 263
of spring member 262 may be associated with spool 240
while a second end portion 265 of spring member 262
may be associated with spring bearing 264. In operation,
spring member 262 may be configured to apply a biasing
torque that may tend to rotate spool 240 in the lace wind-
ing direction in the absence of other forces or torques
(forexample when thereis slack in the lace). Spring mem-
ber 262 could be a wind-up spring, a constant force
spring, a constant torque spring, a clock spring as well
as any other kind of spring.

[0072] Some embodiments can also include a fixed
bearing 266, which may be associated with an end of
shaft 254. In some embodiments, fixed bearing 266 may
be received within a recess 268 of inner housing portion
216. In some embodiments, an end of shaft 254 may be
disposed within opening 269 of fixed bearing 266, and
may be configured so that shaft 254 can slide through
opening 269 to provide some axial movement for shaft
254,

[0073] In some embodiments, motorized tensioning
device 160 may include provisions for adjusting the op-
eration of motor 220 according to one or more feedback
signals. In some embodiments, for example, motorized
tensioning device 160 may include a limit switch assem-
bly 258. Generally, limit switch assembly 258 may detect
current across portions of rotation control assembly 256
and vary the operation of motor 220 according to the
detected current. Further details on the operation of limit
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switch assembly 258 are discussed in detail below.
[0074] For purposes of reference, the following de-
tailed description uses the terms "first rotational direction”
and "second rotational direction" in describing the rota-
tional directions of one or more components about an
axis. For purposes of convenience, the first rotational di-
rection and the second rotational direction refer to rota-
tional directions about a longitudinal axis 284 (see FIG.
12) of shaft 254 and are generally opposite rotational
directions. The first rotational direction may refer to the
clockwise rotation of a component about longitudinal axis
284, when viewing the component from the vantage point
of first end portion 620 of shaft 254. First end portion 620
of shaft 254 may be the end portion associated with fourth
gear 237. The second rotational direction may be then
be characterized by the counterclockwise rotation of a
component about longitudinal axis 284, when viewing
the component from the same vantage point.

[0075] A brief overview of the operation of motorized
tensioning device 160 is described here. A detailed de-
scription of the operation is given below. In the incremen-
tal tighten mode motor 220 may begin operating in order
to rotate crankshaft 222. Crankshaft 222 may turn an
input gear of first gear reduction assembly 230, such that
the output gear of first gear reduction assembly 230
drives first gear 234 of second gear reduction assembly
232. The intermediate second gear 235 and third gear
236 both rotate, which drives fourth gear 237 in the first
rotational direction. As fourth gear 237 rotates, fourth
gear 237 may engage and drive torque transmitting sys-
tem 250 such that spool 240 may eventually begin to
rotate in the first rotational direction. This causes lace
152 to wind onto first receiving portion 242 of spool 240.
[0076] Intheincremental loosen mode, motor 220 may
operate to rotate crankshaft 222. In the loosening mode,
motor 220 and crankshaft 222 turn in an opposite direc-
tion of the direction associated with tightening. The gear
reduction system 228 is then driven such that fourth gear
237 of second gear reduction assembly 232 rotates in
the second rotational direction. In contrast to the incre-
mental tighten mode, in the incremental loosen mode
fourth gear 237 does not directly drive portions of torque
transmitting system 250 and spool 240. Instead, the mo-
tion of fourth gear 237 in the second rotational direction
causes torque transmitting system 250 to momentarily
release spool 240, allowing spool 240 to unwind by a
predetermined amount after which torque transmitting
system 250 reengages spool 240 and prevents further
unwinding. This sequence of releasing and catching
spool 240 occurs over and over as long as fourth gear
237 rotates in the second rotational direction. Further de-
tails of the method by which this incremental loosening
is achieved is described in detail below.

[0077] Finally, in the open or fully loosen mode, torque
transmitting system 250 operates so that substantially
no torque is transmitted to spool 240 from any compo-
nents of torque transmitting system 250. During this
mode, spool 240 may rotate more easily in the unwinding
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direction about shaft 254 (for example, as a wearer man-
ually loosens lace 152 to take off article 100). As slack
forms along the lace, secondary winding assembly 260
may apply a small amount of torque to second receiving
portion 244 of spool 240, which acts to wind up slack in
lace 152.

[0078] FIGS. 10-14 illustrate various schematic views
of the components comprising torque transmitting sys-
tem 250. For purposes of clarity, these components are
shown in isolation from other parts of motorized tighten-
ing device 160. Additionally, some components are not
shown or may be shown in phantom in some views to
reveal interior components.

[0079] Referring first to FIGS. 10 and 11, ratcheting
assembly 252 may comprise several components includ-
ing fourth gear 237, pawl member 600 and ratchet hous-
ing 602 (ratchet housing 602 is not shown in FIG. 11 to
better show the relative positions of fourth gear 237, pawl
member 600 and spool 240). Fourth gear 237 may in-
clude an extended boss portion 604. In some embodi-
ments, the extended boss portion 604 further includes a
frictional face 606 that contacts pawl member 600. Fourth
gear 237 may also include an internally threaded cavity
608 that may engage threading on shaft 254. For pur-
poses of convenience, fourth gear 237 is characterized
as part of both ratcheting assembly 252 and second gear
reduction assembly 232 as fourth gear 237 acts as an
element that confronts and directly drives pawl member
600 and also as a final driving gear of second gear re-
duction assembly 232. In particular, itis to be understood
that characterizing fourth gear 237 as part of one assem-
bly does not preclude it from being associated with a
different assembly.

[0080] In some embodiments, pawl member 600 is
configured to interface with ratchet housing 602. In par-
ticular, teeth 610, which extend from pawl arms 611, may
engage with corresponding teeth 612 on ratchet housing
602. In some cases the geometry of pawl arms 611 and
teeth 610 provide an arrangement where pawl member
600 can rotate within ratchet housing 602 in a first rota-
tional direction, but pawl member 600 is prevented from
rotating within ratchet housing 602 in a second rotational
direction that is opposite of the first rotational direction.

[0081] In some embodiments, pawl member 600 in-
cludes a boss engaging surface 614 that confronts and
can engage frictional face 606 of fourth gear 237. When
frictional face 606 of fourth gear 237 is brought into con-
tact with boss engaging surface 614 of pawl member
600, fourth gear 237 may drive pawl member 600. More-
over, the one-way ratchet design of ratcheting assembly
252 ensures that fourth gear 237 may only drive pawl
member 600 in a first rotational direction.

[0082] Pawl member 600 may include a spool engag-
ing surface 616 (see also FIG. 16) which confronts a first
end 670 of spool 240. When spool engaging surface 616
is pressed against spool 240 with enough frictional force,
pawl member 600 may be used to drive spool 240 in the
first rotational direction. Thus, in the configuration shown
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in FIG. 11, with fourth gear 237, pawl member 600 and
spool 240 all clamped together under sufficient frictional
force, fourth gear 237 may act to drive pawl member 600
and thus spool 240.

[0083] Ratcheting assembly 252 is only intended to be
exemplary of a one-way torque transmitting mechanism
that may be used to transmit torque to a spool. Other
embodiments are not limited to ratchet-like mechanisms
and couldinclude other one-way mechanisms. Examples
of other one-way mechanisms that could be usedinclude,
but are not limited to: roller bearings, sprag clutches,
ratcheting wheel and pawl as well as other mechanisms.
[0084] FIGS. 12-14 illustrate various views of addition-
al components of torque transmitting system 250, includ-
ing shaft 254 and rotation control assembly 256. In par-
ticular, FIG. 12 illustrates an isolated exploded view of
shaft 254 and rotation control assembly 256, while FIGS.
13-14 illustrate assembled views of some portions of
these components from various perspectives.

[0085] Shaft 254 may comprise a first end portion 620.
In some embodiments, first end portion 620 may include
threading 624. In some cases, threading 624 may en-
gageinternally threaded cavity 608 (see FIG. 10) of fourth
gear 237, which may facilitate the relative axial move-
ment of fourth gear 237 along shaft 254. Shaft 254 may
also include a second end portion 622 that engages
opening 269 of fixed bearing 266. In some embodiments,
anintermediate portion 626 of shaft 254 may be disposed
between first end portion 620 and second end portion
622.

[0086] Various portions of shaft 254 are configured to
receive components of torque transmitting system 250
and spool 240. First end portion 620 and second end
portion 622 may be associated with ratcheting assembly
252 and rotation control assembly 256, respectively. In-
termediate portion 626 may be inserted within a central
cavity 690 of spool 240 (see FIG. 15), such that spool
240 may rotate about intermediate portion 262.

[0087] In some embodiments, intermediate portion
626 of shaft 254 further includes a flange portion 628 that
extends radially outwards from shaft 254. Flange portion
628 may include a spool engaging surface 630 that con-
tacts spool 240. An opposing surface of flange portion
628 (not shown) may confront rotation control assembly
256. In some embodiments, flange portion 628 may in-
clude one or more slots 632.

[0088] In some embodiments, rotation control assem-
bly 256 may include an engagement plate 640 and a
compression spring 642. In some embodiments, engage-
ment plate 640 further includes pins 644 that extend to-
wards engagement plate 640 and spool 240. In some
embodiments, pins 644 may be inserted through slots
632 of flange portion 628. Moreover, in some cases, pins
644 may be inserted into alignment holes 650 of spool
240 (see FIG. 15), which prevents shaft 254 and spool
240 from rotating independently of one another.

[0089] As seeninFIGS. 12-14, the components of ro-
tation control assembly 256 are disposed along second
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end portion 622 of shaft 254. In some embodiments, com-
pression spring 642 may be disposed between engage-
ment plate 640 and fixed bearing 266 so that compres-
sion spring 642 may act to bias engagement plate 640
in an axial direction towards flange portion 628 and spool
240.

[0090] Inotherembodiments, alternate methods could
be used for releasably coupling a shaft and spool. Ex-
amples include other kinds of physical interlocking fea-
tures or including friction increasing features. As one ex-
ample, axial compliant friction coupling could be
achieved using a wave washer or Belleville washer.
[0091] FIG. 15 illustrates an isometric view of an em-
bodiment spool 240 in isolation. As previously described,
spool 240 includes provisions for receiving pins 644 of
engagement plate 640. In this case, four alignment holes
650 are approximately evenly spaced about a second
end face 673. Additionally, this particular view of spool
240 clearly illustrates a slot 675 that may be used for
retaining an end of spring member 262.

[0092] Referring now to FIG. 16, the components of
torque transmitting system 250 are shown in their as-
sembled configuration along shaft 254. For purposes of
reference, spool 240 is shown in phantom on shaft 254.
In addition, a cross-sectional portion ofinner housing por-
tion 216 is shown for reference. As also seen in FIG. 8,
when installed within inner housing portion 216, some
components of torque transfer system 250 are con-
strained from any axial movement. For example, spool
240 and ratchet housing 602 are constrained from mov-
ing in an axial direction (or along a longitudinal direction
of shaft 254). In contrast, fourth gear 237, which is thread-
ed along first end portion 620 of shaft 254, can rotate
about shaft 254 and translate axially (because of the
threaded engagement) along shaft 254. In some embod-
iments, a wall portion 652 of inner housing portion 216
limits the axial motion of fourth gear 237 in a direction
away from ratcheting assembly 252.

[0093] The arrangement shown here for torque trans-
mitting system 250 also allows for both rotation and axial
translation of shaft 254. In particular, second end portion
622 of shaft 254 may slide through fixed bearing 266,
while first end portion 620 of shaft 254 is disposed in a
channel 660 of inner housing portion 216 (see FIG. 8)
that also allows for some axial motion of shaft 254. In
some embodiments, the amount of axial translation may
be limited by features including contact between flange
portion 628 and spool 240, as well as possibly other fea-
tures.

[0094] FIGS. 17 through 26 illustrate schematic views
of torque transmitting system 250 and spool 240 for pur-
poses of illustrating the operation of torque transmitting
system 250 during incremental tightening, incremental
loosening and full loosening. Referring first to FIG. 17,
torque transmitting system 250 is in a configuration
where the lace is fully loosened. More specifically, this
configuration is one in which no torque is transmitted to
spool 240 from torque transmitting system 250. In this
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configuration, fourth gear 237 may be spaced away from
pawl member 600 (disposed within ratchet housing 602)
so that no torque is transmitted from fourth gear 237 to
pawl member 600. Furthermore, without fourth gear 237
to provide any clamping pressure against pawl member
600 and spool 240, spool 240 may rotate without any
substantial resistance at first end portion 670 from pawl
member 600. Furthermore, in this configuration engage-
ment plate 640 and flange portion 628 are spaced apart
from second end 672 of spool 640, so that spool 240 also
does not undergo any resistance to rotation at second
end 672. Although features of inner housing portion 612
prevent any axial motion of spool 240, in this configura-
tion spool 240 may rotate in a first rotational direction or
a second rotational direction. As previously described,
spool 240 may be biased to rotate in a first rotational
direction (i.e., lace winding direction) by secondary wind-
ing assembly 260 (not shown), which applies a biasing
torque to spool at second receiving portion 244. Howev-
er, this biasing force may be just large enough to pull in
slack and can be overcome relatively easily by a wearer
pulling on the laces to unwind them from spool 240. Thus,
spool 240 may rotate relatively freely in this configuration,
though spool 240 will be biased to wind in slack in the
absence of tension applied by the lace to spool 240.
[0095] As also shown in FIG. 17, in this fully loosened
configuration the contacts 259 of limit switch assembly
258 are pressed against engagement plate 640. This
contact with engagement plate 640 provides continuity
for the switch, so that current may flow between contacts
259.

[0096] FIG. 18 shows the operation of torque transmit-
ting system 250 as motor 220 (not shown) begins to ro-
tate. Initially, motor 220 drives gear reduction system
228, so that fourth gear 237 is rotated in the first rotational
direction (represented schematically by arrow 700). As
fourth gear 237 rotates in the first rotational direction,
fourth gear 237 translates axially (indicated by arrow 702)
towards pawl member 600 because of the threaded in-
terface between fourth gear 237 and shaft 254. Fourth
gear 237 continues to rotate and translate axially until
frictional face 606 of boss portion 604 contacts and press-
es against boss engaging surface 614 of pawl member
600. At this point, the preload from compression spring
642 may provide some drag on engagement plate 640
and flange portion 628 (which are coupled) to keep shaft
254 from rotating while fourth gear 237 translates axially
along shaft 254. Without this drag, or another source of
friction or drag, shaft 254 may be inclined to turn with
fourth gear 237 so thatfourth gear 237 would nottranslate
axially.

[0097] FIG. 19 shows the operation of torque transmit-
ting system 250 in a configuration where spool 240 may
begin towind in lace (i.e., torque transmitting system 250
is in the incremental tighten mode). In this case, motor
220 continues to drive fourth gear 237 in the first rota-
tional direction (indicated schematically as arrow 700),
though contact with pawl member 600 prevents any fur-
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ther axial translation of fourth gear 237 along shaft 254.
Therefore, as fourth gear 237 continues to turn, shaft 254
is translated axially (indicated schematically as arrow
706) so that first end portion 620 translates further from
spool 240. As shaft 254 translates axially, flange portion
628 compresses against second end 672 of spool 240,
allowing pins 644 to engage alignment holes (see FIG.
15) of spool 254. This locks shaft 254 and spool 240
together and prevents relative rotation of the two com-
ponents. The contact between flange portion 628 and
spool 240 prevents any further axial translation of shaft
254. At this point, with ratcheting assembly 252 clamped
against first end portion 670 of spool 240, further driving
of fourth gear 237 acts to rotate spool 240 in the first
rotational direction (indicated schematically by arrow
708). As long as motor 240 continues to drive fourth gear
237, lace may be wound onto spool 240.

[0098] ItcanalsobeseeninFIG. 19 thatas flange 628
moves towards spool 240 and engagement plate 640
follows under the force of compression spring 642, limit
switch assembly 258 is separated from engagement
plate 640. This breaks the continuity of current between
contacts 259.

[0099] FIGS. 20 and 21 illustrate close up schematic
views of some components. For purposes of illustration,
a schematic lace 720 is shown with spool 240. Referring
to FIGS. 20 and 21, ratcheting assembly 252 ensures
that torque can only be transmitted from fourth gear 237
to pawl member 600 and spool 240, and not vice versa.
In particular, the one-way operation of ratcheting assem-
bly 252 prevents torque generated by spool 240 from
turning pawl member 600, fourth gear 237 and ultimately
motor 220. In other words, as previously described, ratch-
eting assembly 252 functions as a load-holding mecha-
nism that prevents spool 240 from unintentionally rotating
in the second rotational direction (i.e., the unwinding di-
rection). This arrangement may help prevent spool 240
from back winding motor 220 in situations where motor
220 stops or the torque applied to spool 240 by the lace
exceeds to torque applied to the spool by fourth gear 237.
[0100] FIGS. 22-25 show the operation of torque trans-
mitting system 250 in an incremental loosen mode. In
some embodiments, incremental loosening may occurin
several stages. During a first stage, shown in FIGS. 22
and 23, motor 220 is operated to drive fourth gear 237
in the second rotational direction (indicated schematical-
ly as arrow 730). This causes fourth gear 237 to translate
axially away from pawl member 600 and spool 240 in a
direction indicated schematically by arrow 732. As fourth
gear 237 translates away from pawl member 600, the
clamping force between fourth gear 237, pawl member
600 and first end 670 of spool 240 is released. During a
second stage, shown in FIG. 24, tension in the lace then
causes spool 240 to rotate in the second rotational direc-
tion (indicated schematically by arrow 734). Because
spool 240 and shaft 254 are physically locked together
at this stage, shaft 254 rotates along with spool 240 in
the second rotational direction (indicated schematically
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by arrow 736). As shaft 254 rotates the threaded engage-
ment between shaft 254 and fourth gear 237 (as well as
the resistance to the rotation of fourth gear 237 provided
by gear reduction system 228 and motor 220) causes
fourth gear 237 to translate axially towards pawl member
600. In the last stage, shown in FIG. 25, fourth gear 237,
pawl member 600 and spool 240 are clamped together,
which prevents spool 240 from further rotation in the sec-
ond rotational direction. These three stages may be re-
peated in succession to incrementally unwind lace from
spool 240.

[0101] FIG. 26 shows the operation of torque transmit-
ting system 250 in a fully loosen mode (or full release
mode). Referring to FIG. 26, motor 220 may drive fourth
gear 237 to rotate in the second rotational direction (in-
dicated schematically by arrow 740) until the lace tension
is low enough that spool 240 no longer unwinds. In some
embodiments, fourth gear 237 may continue to rotate
until fourth gear 237 encounters a hard stop provided by
wall portion 652 of inner housing portion 216. With fourth
gear 237 unable to translate further, continued driving of
fourth gear 237 by motor 220 results in shaft 254 trans-
lating axially in the direction indicated schematically by
arrow 742 until engagement plate 628 is no longer locked
with spool 240 (i.e., until pins 644 disengaged from align-
ment holes 650 of spool 240). At this point, engagement
plate 640 touches contacts 259 of limit switch assembly
258, thereby completing the limit switch continuity, which
further causes motor 220 to stop. This leaves spool 240
inafully loosened state and able torotate relatively freely,
though with some biasing in the first rotational direction
provided by secondary winding assembly 260.

[0102] A secondary winding assembly may be config-
ured to operate substantially independently of a torque
transmitting system. This may allow the winding assem-
bly to draw in slack during various stages of operation of
the torque transmitting system. In particular, the second-
ary winding assembly may be configured to draw in slack
in atensile member (e.g., lace), which could occur during
tightening, loosening and fully loosening of the tensile
member.

[0103] FIGS. 27 through 29 illustrate schematic iso-
metric views of some portions of motorized tightening
device 160. More specifically, FIGS. 27 through 29 are
intended to illustrate the general operation of secondary
winding assembly 260 during different operating modes
of the system. FIG. 27 illustrates a configuration of motor
tightening device 160 operating in a tightening mode. In
this mode, fourth gear 237, in cooperation with torque
transmitting system 250, drives spool 240 in a first rota-
tional direction and thereby winds lace 800 around spool
240. In this mode, spring member 262 may be wound
from spool 240 to spring bearing 264 as spool 240 is
driven by the motor.

[0104] Referring nextto FIG. 28, when motorized tight-
ening device 160 operates in a fully loosened mode, the
tension of lace 800 rotates spool 240 in the second wind-
ing direction and unwinds lace 800 from spool 240. As
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spool 240 winds in the second rotational direction, spring
member 262 may unwind from spring bearing 264 and
onto second receiving portion 244 of spool 240. This al-
lows spring member 262 to return to a default configura-
tion, in which secondary winding assembly 260 tends to
bias spool 240 in the winding direction to draw in slack.
[0105] Referring next to FIG. 29, motorized tightening
device 160 is operating in a mode where no torque is
being supplied to spool 240 by a motor. In addition, slack
has developed inlace 800 so thatlace 800 is not applying
much torque to spool 240 either. In this situation, sec-
ondary winding assembly 260 provides a biasing force
to wind spool 240 in the first rotational direction, as spring
member 262 unwinds from second receiving portion 244
of spool 240 and onto spring bearing 264.

[0106] Secondarywinding assembly 260 may improve
usability of tensioning system 150, by ensuring that slack
is rapidly wound up when motor 220 is disengaged. This
is desirable so a user can quickly put the article on or
take the article off without having to wait for the motor to
wind in slack. In the embodiment shown, this rapid slack
winding is accomplished using constant force spring that
is stored on a freewheeling spool and rewound onto one
end of the lace spool. However, in other embodiments,
a variety of different elements or systems could be used
for this rapid slack winding. For example, in another em-
bodiment a second small motor with either no reduction
or light gear reduction could be used for slack winding.
In still other embodiments, other spring elements could
be used. For example, in another embodiment, an elas-
tomeric torsion spring could be used. In still another em-
bodiment, a geared clock spring could be used. Moreo-
ver, in other embodiments, a spring member could be
wound onto other components of a tightening system.
For example, in the alternative embodiment shown in
FIG. 30, spring member 820 is configured to wind around
spool 240 at one end, and around motor 220 at another.
This alternative arrangement may provide a slightly more
compact configuration for a motorized tightening system.
In addition to improving the speed of fully winding and
unwinding the lace, battery life may be greatly improved
over systems that utilize a motor to completely wind and
unwind a lace.

[0107] The location of a motorized tensioning device
can vary from one embodimentto another. The illustrated
embodiments show a motorized tensioning device dis-
posed on the heel of an upper. However, other embodi-
ments may incorporate a motorized tensioning device in
any other location of an article of footwear, including the
forefoot and midfoot portions of an upper. In still other
embodiments, a motorized tensioning device could be
disposed in a sole structure of an article. The location of
amotorized tensioning device may be selected according
to various factors including, but not limited to: size con-
straints, manufacturing constraints, aesthetic preferenc-
es, optimal lacing placement, ease of removability as well
as possibly other factors.

[0108] In embodiments where motorized tensioning
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device 160 is disposed externally on upper 102, a wearer
may access components by removing a portion of hous-
ing unit 212 (see FIG. 1). For example, in some cases
spool 240 may be replaceable in the event of a broken
lace.

[0109] Some embodiments may include provisions for
incorporating a motorized tensioning device into remov-
able components of an article. In one embodiment, amo-
torized tensioning device may be incorporated into an
external heel counter. In some cases, an external heel
counter may function as a harness for mounting a mo-
torized tensioning device to an article. In such embodi-
ments, the external heel counter may be specially adapt-
ed to receive a motorized tensioning device. An example
of a heel counter configured for use with a lace tensioning
device is disclosed in Gerber, U.S. Patent Application
Publication No. _, (now U.S. Patent Application Number
13/481,132, filed May 25, 2012 and titled "Article of Foot-
wear with Protective Member for a Control Device"), the
entire disclosure of which is incorporated herein by ref-
erence.

[0110] FIG. 31 illustrates a schematic isometric view
of an embodiment of article of footwear 100 that is con-
figured with a tensioning system 150. In the current em-
bodiment, article of footwear 100, also referred to here-
after simply as article 100, is shown in the form of an
athletic shoe, such as a running shoe. However, in other
embodiments, tensioning system 150 may be used with
any other kind of footwear including, but not limited to:
hiking boots, soccer shoes, football shoes, sneakers,
running shoes, cross-training shoes, rugby shoes, bas-
ketball shoes, baseball shoes as well as other kinds of
shoes. Moreover, in some embodiments article 100 may
be configured for use with various kinds of non-sports
related footwear, including, but not limited to: slippers,
sandals, high heeled footwear, loafers as well as any
other kinds of footwear. As discussed in further detail
below, a tensioning system may not be limited to footwear
and in other embodiments a tensioning system could be
used with various kinds of apparel, including clothing,
sportswear, sporting equipment and other kinds of ap-
parel. In still other embodiments, a tensioning system
may be used with braces, such as medical braces.
[0111] Article 100 may include upper 102 and sole
structure 104. Generally, upper 102 may be any type of
upper. In particular, upper 102 may have any design,
shape, size and/or color. For example, in embodiments
where article 100 is a basketball shoe, upper 102 could
be a high top upper thatis shaped to provide high support
on an ankle. In embodiments where article 100 is a run-
ning shoe, upper 102 could be a low top upper.

[0112] In some embodiments, sole structure 104 may
be configured to provide traction for article 100. In addi-
tion to providing traction, sole structure 104 may attenu-
ate ground reaction forces when compressed between
the foot and the ground during walking, running or other
ambulatory activities. The configuration of sole structure
104 may vary significantly in different embodiments to
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include a variety of conventional or non-conventional
structures. In some cases, the configuration of sole struc-
ture 104 can be configured according to one or more
types of ground surfaces on which sole structure 104
may be used. Examples of ground surfaces include, but
are not limited to: natural turf, synthetic turf, dirt, as well
as other surfaces.

[0113] In different embodiments, sole structure 104
may include different components. For example, sole
structure 104 may include an outsole, a midsole, and/or
an insole. In addition, in some cases, sole structure 104
can include one or more cleat members or traction ele-
ments that are configured to increase traction with a
ground surface.

[0114] In some embodiments, sole structure 104 may
be joined with upper 102. In some cases, upper 102 is
configured to wrap around a foot and secure sole struc-
ture 104 to the foot. In some cases, upper 102 may in-
clude opening 130 that provides access to an interior
cavity of article 100.

[0115] Tensioning system 150 may comprise various
components and systems for adjusting the size of open-
ing 130 and thereby tightening (or loosening) upper 102
around a wearer’s foot. In some embodiments, tension-
ing system 150 may comprise lace 152 as well as mo-
torized tensioning device 160. Lace 152 may be config-
ured to pass through various different lacing guides 154,
which may be further associated with the edges of throat
opening 132. In some cases, lacing guides 154 may pro-
vide a similar function to traditional eyelets on uppers. In
particular, as lace 152 is pulled or tensioned, throat open-
ing 132 may generally constrict so that upper 102 is tight-
ened around a foot.

[0116] The arrangement of lacing guides 154 in this
embodiment is only intended to be exemplary and it will
be understood that other embodiments are not limited to
a particular configuration for lacing guides 154. Further-
more, the particular types of lacing guides 154 illustrated
in the embodiments are also exemplary and other em-
bodiments may incorporate any other kinds of lacing
guides or similar lacing provisions. In some other em-
bodiments, for example, lace 154 could be inserted
through traditional eyelets. Some examples of lace guid-
ing provisions that may be incorporated into the embod-
iments are disclosed in Cotterman et al., U.S. Patent Ap-
plication Publication Number 2012/0000091, published
January 5, 2012 and entitled "Lace Guide," the disclosure
ofwhichisincorporated herein by referenceinits entirety.
Additional examples are disclosed in Goodman et al.,
U.S. Patent Application Publication  Number
2011/0266384, published November 3, 2011 and entitled
"Reel Based Lacing System" (the "Reel Based Lacing
Application"), the disclosure of which is incorporated
herein by reference in its entirety. Still additional exam-
ples of lace guides are disclosed in Kerns et al., U.S.
Patent Application Publication Number 2011/0225843,
published September 22, 2011 and entitled "Guides For
Lacing Systems," the disclosure of which is incorporated
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herein by reference in its entirety.

[0117] Lace 152 may comprise any type of type of lac-
ing material known in the art. Examples of lace that may
be used include cables or fibers having a low modulus
of elasticity as well as a high tensile strength. A lace may
comprise a single strand of material, or can comprise
multiple strands of material. An exemplary material for
the lace is SPECTRA™, manufactured by Honeywell of
Morris Township NJ, although other kinds of extended
chain, high modulus polyethylene fiber materials can also
be used as a lace. Still further exemplary properties of a
lace can be found in the Reel Based Lacing Application
mentioned above.

[0118] Insomeembodiments, lace 152 may be passed
through lacing guides 154 and may pass through internal
channels (not shown) within upper 102 after entering
channel openings 156 that are above lacing guides 154.
In some embodiments, the internal channels extend
around the sides of upper 102 and guide the lace towards
motorized tensioning device 160, which may be mounted
on heel portion 14 of upper 102. In some cases, motor-
ized tensioning device 160 may include provisions for
receiving portions of lace 152. In some cases, end por-
tions of lace 152 exit internal channels of upper 102 and
pass through aperturesin a housing unit 212 of motorized
tensioning device 160.

[0119] Motorized tensioning device 160 may be con-
figured to automatically apply tension to lace 152 for pur-
poses of tightening and loosening upper 102. As de-
scribed in further detail below, motorized tensioning de-
vice 160 may include provisions for winding lace 152 on-
to, and unwinding lace 152 from, a spool internal to mo-
torized tensioning device 160. Moreover, the provisions
may include an electric motor that automatically winds
and unwinds the spool in response to various inputs or
controls.

[0120] Provisions for mounting motorized tensioning
device 160 to upper 102 can vary in different embodi-
ments. In some cases, motorized tensioning device 160
may be removably attached, so that motorized tensioning
system 160 can be easily removed by a user and modified
(for example, when a lace must be changed). Examples
of provisions for removably attaching motorized tension-
ing system 160 to upper 102 are discussed in detail later.
In other cases, motorized lacing device 160 could be per-
manently attached to upper 102. In one embodiment, for
example, an external harness (not shown) may be used
to mount motorized tensioning system 160 to upper 102
at heel portion 14.

[0121] In some embodiments, motorized tensioning
device 160 may communicate with remote device 170.
In some cases, motorized tensioning device 160 may
receive operating instructions from remote device 170.
For example, motorized tensioning device 160 may re-
ceive instructions to apply increased tension to lace 152
by winding the spool. In some cases, remote device 170
may be capable of receiving information from motorized
tensioning device 160. For example, remote device 170
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could receive information related to the current tension
in lace 152 and/or other sensed information. As dis-
cussed below in reference to FIG. 32, remote device 170
may function as a remote control that may be used by
the wearer to operate tensioning system 150.

[0122] In one embodiment, remote device 170 com-
prises a mobile phone, such as the iPhone made by Ap-
ple, Inc. In other embodiments, any other kinds of mobile
phones could also be used including smartphones. In
other embodiments, any portable electronic devices
could be used including, but notlimited to: personal digital
assistants, digital music players, tablet computers, laptop
computers, ultrabook computers as well as any other
kinds of portable electronic devices. In still other embod-
iments, any other kinds of remote devices could be used
including remote devices specifically designed for con-
trolling motorized tensioning device 160. In another em-
bodiment, discussed in detail below, remote device 170
could comprise a bracelet, wristband and/or armband
that is worn by a user and specifically designed for com-
municating with motorized tensioning device 160. The
type of remote device could be selected according to
software and hardware requirements, ease of mobility,
manufacturing expenses, as well as possibly other fac-
tors.

[0123] Insomeembodiments, motorized tightening de-
vice 160 may communicate with multiple remote devices.
For example, a user may use a mobile device, such as
an iPhone, at home to identify and set preferred tension
settings, and another remote device, such as with a
bracelet, wristband and/or armband, with more rudimen-
tary controls might then be used to issue commands to
motorized tightening device 160, for example while play-
ing sports. For example, a bracelet might allow a user to
recall a settension and adjustit, but not set a new tension
for later recall.

[0124] As already mentioned, remote device 170 may
communicate with motorized tightening device 160 (or
indirectly with motorized tightening device 160 via a sec-
ondary device, such as a separate control unit). Exam-
ples of different communication methods include, but are
not limited to: wireless networks such as personal area
networks (e.g., Bluetooth®) and local area networks
(e.g., Wi-Fi) as well as any kinds of RF based methods
known in the art. In some embodiments, infrared light
may be used for wireless communication. Although the
illustrated embodiments detail a remote device 170 that
communicates wirelessly with motorized tensioning sys-
tem 160, in other embodiments remote device 170 and
motorized tensioning system 160 may be physically con-
nected and communicate through one or more wires.
[0125] For purposes of clarity, a single article of foot-
wear is shown in the embodiments. However, it will be
understood that remote device 170 may be configured
to operate a corresponding article of footwear which also
includes a similar tensioning system (e.g., a pair of foot-
wear each having a tensioning system). As described
below, remote device 170 may be used to operate each
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the tensioning systems of each article independently of
one another.

[0126] FIG. 32 illustrates a schematic view of an em-
bodiment of remote device 170, including a schematic
representation of an exemplary user interface for con-
trolling tensioning system 150. In some embodiments,
remote device 170 may be capable of running a lacing
control software application 180, hereafter referred to
simply as application 180. In embodiments where remote
device 170 is a mobile phone (or similar digital device)
capable of running mobile software applications, appli-
cation 180 may be downloaded by a user from a third
party online store or website. Such a mobile phone (or
similar digital device) may include a touch screen LCD
device which may be used by application 180 for input
and outputinteraction with a user. In some embodiments,
an LCD or non-touch screen LCD may be used for output
display only.

[0127] Application 180 may display, and respond to
user interaction with, a plurality of control buttons 182
and initiate control commands in response to such inter-
action. Exemplary control commands may include, but
are not limited to, left/right shoe selection, incremental
tighten, incremental loosen, open/fully loosen, store ten-
sion, and recall/restore tension. In the exemplary embod-
iment of FIG. 32, these control buttons include a first but-
ton 191 and a second button 192, which are respectively
used to select the shoe (left or right) that will receive and
respond to the control commands. In some embodi-
ments, either first button 191 or second button 192 may
be selected, but both may not be selected simultaneous-
ly. In other cases, it may be possible to select both first
button 191 and second button 192 simultaneously, to al-
low a user to tighten, loosen, or open both shoes simul-
taneously. In addition, application 180 may include third
button 193 for initiating an "incremental tighten" com-
mand, a fourth button 194 for initiating an "incremental
loosen" command and a fifth button 195 for initiating an
"open" (or fully loosen) command. Optionally, some em-
bodiments could include a "fully tighten" command that
would tighten the footwear until a predetermined thresh-
old is achieved (for example, a threshold pressure, wind-
ing distance, etc.).

[0128] In some embodiments, a shoe, article, or other
item may include more than one motorized tightening
device 160. In such embodiments, each motorized tight-
ening device 160 may include wireless communication
hardware for separately communicating with a remote
device 170, or a single wireless communication device
may be provided for common use by multiple motorized
tightening devices 160. For such embodiments, remote
device 170 may be configured, such as with application
180, to provide additional buttons or other controls to
individually adjust plural motorized tightening devices
160 on asingle article. Forexample, button 191 illustrated
in FIG. 32 could be subdivided into a top region and lower
region which are separately responsive to user interac-
tion. By use of these regions, one of two motorized tight-
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ening devices 160 could be selected for tension adjust-
ment via buttons 193, 194, and 195. In another example,
additional buttons like buttons 193 and 194 could be dis-
played at the same time by application 180, allowing for
more rapid adjustment of multiple motorized tightening
devices 160.

[0129] Application 180 may also include provisions for
storing and using preferred tension settings. For exam-
ple, sixth button 196 and seventh button 197 may be
used to initiate a "store current tension" command and a
"return to stored tension" command, respectively. In
some cases, the tension values could be stored at the
remote device, while in other cases the tension values
could be stored in internal memory of a control board for
the motorized tensioning device 160. Still other embod-
iments could include provisions for storing multiple ten-
sion settings. For example, a user may prefer a tighter
fit for playing sports and a looser fit for casual activities.
In such cases, remote device 170 may allow a user to
store two or more tension settings, corresponding to at
least two different lace tension preferences. In some em-
bodiments, sixth button 196 may cause the tension set-
ting for a single, currently selected, motorized tightening
device 160 to be stored, and in some embodiments sixth
button 196 may cause the tension settings for multiple
motorized tightening devices 160 to be stored in a single
action. Those skilled in the art appreciate that storage or
recall of tensions for multiple motorized tightening devic-
es 160, whether part of a single item or multiple items,
such as a pair of shoes, may be performed with a single
command issued by a remote device 170 or with a series
of control commands, such as by issuing separate control
commands to each motorized tightening device 160.
[0130] In some embodiments, application 180 and/or
remote device 170 may be configured to selectively con-
trol individual items or individual sets of items, such as a
pair of shoes, from among multiple items or sets of items
within communication range of remote device 170. For
example, application 180 may be configured to enumer-
ate items by unique identifiers assigned to each item,
display the enumerated items to a user, and receive an
input selecting an item. In another example, an applica-
tion 180 may be paired via Bluetooth® with a particular
item or set of items. In another example, a remote device
without an LCD display may include a control button that
may be pressed, repeatedly if needed, to select a desired
item, and the item may include an LED which is illumi-
nated when it is in wireless communication with the re-
mote device.

[0131] The embodiments are not limited to a particular
user interface or application for remotely operating mo-
torized tensioning device 160. The embodiments here
are intended to be exemplary, and other embodiments
could incorporate any additional control buttons, inter-
face designs and software applications. As one example,
some embodiments may not include provisions for se-
lecting the shoe to be controlled, and instead could utilize
two sets of control buttons, where each set corresponds
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to either the left or right shoe. The control buttons for
initiating various operating commands can be selected
according to various factors including: ease of use, aes-
thetic preferences of the designer, software design costs,
operating properties of the motorized tensioning device
160 as well as possibly other factors.

[0132] Throughout the detailed description and in the
claims, various operating modes, or configurations, of a
tensioning system are described. These operating
modes may refer to states of the tensioning system itself,
as well as to the operating modes of individual subsys-
tems and/or components of the tensioning system. Ex-
emplary modes include an "incremental tighten mode",
an "incremental loosen mode" and a "fully loosen" mode.
The latter two modes may also be referred to as an "in-
cremental release mode" and a "full release mode". In
the incremental tighten mode, motorized tightening de-
vice 160 may operate in a manner that incrementally (or
gradually) tightens, or increases the tension of, lace 152.
In the incremental loosen mode, motorized tightening de-
vice 160 may operate in a manner that incrementally (or
gradually) loosens, or releases tension in, lace 152. As
discussed further below, the incremental tighten mode
and the incremental loosen mode may tighten and loosen
alace in discrete steps or continuously. In the full release
mode, motorized tightening device 160 may operate in
amanner so that tension applied to the lace by the system
is substantially reduced to a level where the user can
easily remove his or her foot from the article. This is in
contrast to the incremental release mode, where the sys-
tem operates to achieve a lower tension for the lace rel-
ative to the current tension, but not necessarily to com-
pletely remove tension from the laces. Moreover, while
the full release mode may be utilized to quickly release
lace tension so the user can remove the article, the in-
cremental release mode may be utilized to make minor
adjustments to the lace tension as a user searches for
the desired amount of tension. Although the embodi-
ments describe three possible modes of operation (and
associated control commands), other operating modes
may also be possible. For example, some embodiments
could incorporated a fully tighten operating mode where
motorized tightening device 160 continues to tighten lace
152 until a predetermined tension has been achieved.
[0133] FIGS. 33 through 37 illustrate schematic views
of anembodiment of article 100 being tightened and loos-
ened during different operating modes of tensioning sys-
tem 150. Each figure also shows a schematic view of
remote device 170, including the particular control button
used to initiate each operating mode.

[0134] FIG. 33 shows article 100 is in a fully opened
state just prior to the entry of foot 200. In this state, lace
152 may be loose enough to allow a user to insert his or
her foot into opening 130. Referring next to FIG. 34, foot
200 is inserted into article 100, which remains in the fully
opened state. Referring next to FIG. 35, an incremental
tighten command has been sent to motorized tensioning
device 160 by pressing third button 193 of remote device
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170. This command causes motorized tensioning device
160 to enter an incremental tighten mode. At this point,
the tension of lace 152 is increased to tighten upper 102
around foot 200. In particular, lace 152 is drawn into mo-
torized tensioning device 160, which pulls on the portions
of lace 152 disposed adjacent throat opening 132 and
thus constricts throat opening 132. In some cases, this
incremental tightening can occur in discrete steps so that
each time the wearer presses third button 193, lace 152
is taken up by a predetermined amount (for example by
rotating a spool within motorized tensioning device 160
through a predetermined angle). In other cases, this in-
cremental tightening can occur in a continuous manner,
as long as the wearer continues to touch third button 193.
In some cases, the speed of tightening can be set so that
the system does not overshoot a preferred level of tight-
ness (i.e., the system doesn’t move between not tight
enough and overly tighttoo quickly) while also being large
enough to avoid overly long times for fully tightening ar-
ticle 100.

[0135] FIGS. 36 and 37 illustrate schematic views of
two different operating modes where lace 152 may be
loosened. Referring first to FIG. 36, a wearer can press
fourth button 194 to initiate an incremental loosen com-
mand in tensioning system 150. Upon receiving the in-
cremental loosen command, motorized tensioning de-
vice 160 may operate in an incremental loosen mode, in
which lace 152 is released from motorized tensioning
device 160 (i.e., sections of lace 152 exit from motorized
tensioning device 160). This relaxes some of the tension
in lace 152 and allows throat opening 132 to partially
expand. In some cases, this incremental loosening can
occur in discrete steps so that each time the wearer
presses fourth button 194, lace 152 is let out up by a
predetermined amount (for example by rotating a spool
within motorized tensioning device 160 through a prede-
termined angle). In other cases, this incremental loosen-
ing can occur in a continuous manner, as long as the
wearer continues to touch fourth button 194. In some
cases, the speed of loosening can be set so that the
system does not overshoot a preferred level of tightness
(i.e., the system doesn’t move between too tight and not
tight enough too quickly) while also being large enough
to avoid overly long times for fully loosening article 100.
With this arrangement, a wearer can continue increasing
and decreasing the tension of lace 152 (using the incre-
mental tighten and incremental loosen modes) until a pre-
ferred level of tightness for upper 102 is achieved.
[0136] Referring next to FIG. 37, a wearer can press
fifth button 195 to initiate an open, or fully loosen, com-
mand in tensioning system 150. In contrast to the incre-
mental loosen command, the open command may be
used to quickly relieve all (or most of) tension in lace 152
so thata user can quickly remove article 100. Thus, upon
receiving the open command, motorized tensioning de-
vice 160 operates in a fully loosen mode. In this mode,
motorized tensioning device operates to let out enough
of lace 152 so that substantially all tension is removed
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from lace 152. In some cases, this may be achieved by
continuously monitoring tensionin lace 152 (for example,
using sensors) and letting out lace 152 until the level of
tension is below a threshold tension. In other cases, this
may be achieved by letting out a predetermined length
of lace 152 known to correspond approximately to the
amount needed to achieve a fully loosened state for ten-
sioning system 150. As seen in FIG. 37, with tensioning
system 150 in the open state, foot 200 can be easily and
comfortably removed from footwear 100.

[0137] Indifferentembodiments, control of a motorized
lacing device can be accomplished using various meth-
ods and devices. Referring now to FIG. 38, some em-
bodiments may utilize various kinds of remote devices,
including an RF based control bracelet 390. Control
bracelet 390 may incorporate one or more buttons for
sending commands to a motorized tensioning device. In
some cases, control bracelet 390 may include buttons
forinitiating incremental tightening and incremental loos-
ening commands. In still other cases, additional buttons
can be included for initiating any other commands includ-
ing the open command (or fully loosen command), store
tension command and return to stored tension command.
Still other cases could incorporate any other buttons for
issuing any other kinds of commands.

[0138] In some other embodiments, buttons for tight-
ening, loosening and/or performing other functions can
be located directly on an article. As an example, some
embodiments could incorporate one or more buttons lo-
cated on or adjacent to the housing of a motorized ten-
sioning device. In still other embodiments, a motorized
tightening device maybe controlled using voice com-
mands. These commands could be transmitted through
aremote device, or to a device capable of receiving voice
commands that is integrated into the article and in com-
munication with the motorized tensioning device.
[0139] Embodiments can incorporate a variety of sen-
sors for providing information to a control unit of a mo-
torized tensioning system. As described above, in some
embodiments an H-bridge mechanism is used to meas-
ure current. The measured currentis provided as an input
to control unit 302 (see FIG. 5). In some cases, a prede-
termined current may be known to correspond to a certain
lace tension. By checking the measured current against
the predetermined current, a motorized tensioning sys-
tem may adjust the tension of a lace until the predeter-
mined current is measured, which indicates the desired
lace tension has been achieved.

[0140] With current as a feedback, a variety of digital
control strategies can be used. For instance, proportional
control only could be used. Alternatively, Pl control could
be used or full PID. In cases some cases, simple aver-
aging could be used or otherfiltering techniques including
fuzzy logic and band-pass to reduce noise.

[0141] Still other embodiments can include additional
types of sensors. In some cases, pressure sensors could
be used under the insoles of an article to indicate when
the user is standing. A motorized tensioning system can
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be programmed to automatically loosen the tension of
the lace when the user moves from the standing position
to a sitting position. Such a configuration may be useful
for older adults that may require low tension when sitting
to promote blood circulation but high tension for safety
when standing.

[0142] Still otherembodiments could include additional
tension sensing elements. In one embodiment, three
point bend indicators could be used in the lace to more
accurately monitor the state of the tensioning system,
including the lace. In other embodiments, various devices
to measure deflection such as capacitive orinductive de-
vices could be used. In some other embodiments, strain
gauges could be used to measure tension induced strain
in one or more components of a tensioning system.
[0143] In some embodiments, sensors such as gyro-
scopes and accelerometers could be incorporated into a
tensioning system. In some embodiments, an acceler-
ometer and/or gyroscope could be used to detect sudden
moment and/or position information that may be used as
feedback for adjusting lace tension. These sensors could
also be implemented to control periods of sleep/awake
to extend battery life. In some cases, for example, infor-
mation from these sensors could be used to reduce ten-
sion in a system when the user is inactive, and increase
tension during periods of greater activity.

[0144] Some embodiments may use memory (for ex-
ample onboard memory associated with a control unit)
to store sensed data over time. This data may be stored
for later upload and analysis. For example, one embod-
iment of an article of footwear may sense and store ten-
sion information over time that can be later evaluated to
look at trends in tightening.

[0145] Itis also contemplated that some embodiments
could incorporate pressure sensors to detect high pres-
sure regions that may develop during tightening. In some
cases, the tension of the lace could be automatically re-
duced to avoid such high pressure regions. Additionally,
in some cases, a system could prompt a user to alter
them to these high pressure regions and suggest ways
of avoiding them (by altering use or fit of the article).
[0146] Itis contemplated that in some embodiments a
user could be provided with feedback through motor puls-
ing, which generates haptic feedback for the user in the
form of vibrations/sounds. Such provisions could facili-
tate operation of a tensioning system directly, or provide
haptic feedback for other systems in communication with
a motorized tensioning device.

[0147] Various methods of automatically operating a
motorized tensioning device in response to various inputs
canbe used. Forexample, after initially tightening a shoe,
itis common for the lace tension to quickly decline in the
first few minutes of use. Some embodiments of a ten-
sioning system may include provisions for readjusting
lace tension to the initial tension set by the user. In some
embodiments, a control unitmay be configured to monitor
tension in those first minutes to then readjust tension to
match original tension.
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[0148] FIG. 39 is a schematic view of an exemplary
process for automatically readjusting lace tension to
maintain the user desired tension over time. In some em-
bodiments, some of the following steps could be accom-
plished by a control unit 302 (see FIG. 5) associated with
motorized tensioning device 160. In other embodiments,
some of the following steps could be accomplished by
other components of a tensioning system. It will be un-
derstood that in other embodiments one or more of the
following steps may be optional.

[0149] in step 502, control unit 302 may determine if a
user has finished tightening an article. In some cases,
control unit 302 may determine that a user has finished
tightening a lace if no control commands (e.g., an incre-
mental tighten command) have beenreceived aftera pre-
determined period of time. If control unit 302 determines
that the user has finished tightening the article, control
unit 302 proceeds to step 504. Otherwise, control unit
302 may wait until it has been determined that the user
has finished tightening the article.

[0150] In step 504, control unit 302 may monitor ten-
sion of the tensioning system (e.g., tension of a lace) for
a predetermined interval to determine an initial tension.
Methods for monitoring tension, including current sen-
sors and other sensors have been previously discussed
above. In some cases, control unit 302 may set the av-
erage measured tension over the predetermined interval
as the initial tension.

[0151] Next, in step 506, control unit 302 may deter-
mine if the tension of the tensioning system has de-
creased. If not, control unit 302 may wait and then re-
valuate if the tension has decreased. Once it has been
determined that the tension has decreased, control unit
302 may proceed to step 508. In step 508, control unit
302 may automatically increase the tension of the ten-
sioning system until the initial tension has been achieved.
In some embodiments, after step 508, control unit may
wait and again automatically evaluate the tension at step
506. In some embodiments, control unit 302 may be ad-
ditionally configured to automatically detect overtension
and in response automatically decrease the tension of
the tensioning system until the initial tension has been
achieved. In some embodiments, control unit 302 may
be configured to perform cyclic changes in tension, such
as to enhance blood circulation.

[0152] In some embodiments, instead of only waiting
a determined period of time, as illustrated in FIG. 39 and
described above, the reevaluation of step 506 may be
triggered by sensor information. In one example, sensor-
based triggering may replace the waiting, with sensor
information causing reevaluation of tension to occur. In
another example, waiting may be performed asiillustrated
in FIG. 39, but with sensor information possibly causing
the waiting to be terminated and triggering reevaluation
of tension. Sensors providing such information to control
unit 302 might include, but are not limited to, pressure
sensors in shoe insoles to detect standing and/or rate of
motion, bend indicators, strain gauges, gyroscopes, and
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accelerometers. In some embodiments, instead of or in
addition to maintaining an initial tension, the sensor in-
formation may be used to establish a new target tension.
For example, pressure sensors could be used to meas-
ure contact pressures of the upper of an article of foot-
wear against the foot of a wearer and automatically adjust
to achieve a desired pressure. In some embodiments,
control unit 302 may be configured to store sensor infor-
mation obtained over a period of time to identify triggering
events. Additionally, control unit 302 may be configured
to upload or otherwise provide stored sensor information
to a remote device. Uploaded sensorinformation may be
reviewed and analyzed for purposes including, but not
limited to, monitoring correlations between footwear
tightness and athletic performance.

[0153] Some embodiments may be configured to op-
erate in two or more different modes. For example, some
embodiments could operate in a "normal mode" and a
"game mode" (or similarly, a "sports mode" or "active
mode"). In the normal mode, the electric motor would be
powered down after tensioning in order to save battery
life. In contrast, when the game mode is selected by a
user, the tension of the system may be continuously mon-
itored and adjusted for maximum performance though at
the expense of battery life. By enabling a user to change
between these two modes, a user can choose to optimize
battery life or optimize performance depending on the
needs of the situation. In some embodiments, multiple
target tensions may be stored and returned to, for either
of the "normal mode" or the "game mode," such as con-
figuring a target tension for sport and a substantially dif-
ferent tension for leisure. In some embodiments, control
unit 302 may be configured to frequently, but not contin-
uously, monitor and adjust tension, so as to further extend
battery life while achieving some of the benefit of a con-
tinuously monitored "game mode."

[0154] FIG. 40 is a schematic view of an exemplary
process for operating a tensioning system in two different
modes. In some embodiments, some of the following
steps could be accomplished by a control unit 302 (see
FIG. 5) associated with motorized tensioning device 160.
In other embodiments, some of the following steps could
be accomplished by other components of a tensioning
system. It will be understood that in other embodiments
one or more of the following steps may be optional.
[0155] In step 510, control unit 302 may receive the
user selected mode. This may be determined by receiv-
ing a signal from a remote device, which may prompt a
user to select with a "normal mode" or a "game mode".
Next, in step 512, control unit 302 may determine if the
user has finished tightening the article. If not, control unit
302 waits until the user has finished tightening the article.
When the user has finished tightening the article, control
unit 302 proceeds to step 514. At step 514, control unit
302 determines which mode has been selected from the
information received during step 510. If the user has se-
lected the normal mode, control unit proceeds to step
516, where the motor is powered down and the system
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awaits further instructions from the user (or other sys-
tems/sensors) to save battery power. If, however, the
user has selected the game mode at step 514, control
unit 302 proceeds to step 518. During step 518, control
unit 302 may actively monitor the tension of the article
and may automatically adjust the tension to achieve max-
imum performance.

[0156] As another example of a process for automati-
cally controlling a tensioning system, GPS feedback from
a remote device could be used to determine if a runner
is on flat ground, climbing or descending. The system
could automatically adjust the tension of the laces in foot-
wear automatically, for example, by increasing tension
in the laces during descent.

[0157] Methods of digitally tracking tensioning data
measured by one or more sensors could be used in some
embodiments. The average tension of the device could
also be tracked. This tension data may be used to meas-
ure performance parameters, such as loading on the foot
during an athletic activity. In some embodiments, such
tension monitoring may be used to measure swelling. In
addition, in some cases, the number of times the footwear
is put on and taken off can be tracked. In addition, time
of use could also be tracked. Data collection could be
facilitated by various technologies including USB devic-
es, data cords and blue tooth communication technolo-
gies. Moreover, the data collected can be transmitted
through a variety of technologies to either a central da-
tabase for evaluation.

[0158] Although the exemplary methods described
above and shown in FIGS. 39 and 40 are directed to
footwear, it will be understood that similar methods could
be used for automated operation of other kinds of articles
including tensioning systems. In particular, these meth-
ods could be used with any type of apparel.

[0159] FIG. 41 shows a schematic view of an alterna-
tive embodiment of a motorized tensioning device 900.
For purposes of describing some internal components,
FIG. 43 illustrates a cross sectional view of some com-
ponents of motorized tensioning device 900. Motorized
tensioning device 900 may include some similar provi-
sions as the previous embodiments, for example a motor
902 and a gear reduction system 904 that is driven by
motor 902. Gear reduction system 904 as shown here
includes 5 stages of spur gears. Other gear reductions
that could be employed include: cycloidal, harmonic, and
planetary. In some embodiments, the motor 902 and gear
reduction system 904 combination may be sized to max-
imize the tradeoffs between current requirement, size,
torque and speed. In the embodiment shown, the gear
reduction is approximately 600:1 with an output RPM of
30 and a peak current of 1.2 amps.

[0160] The output of gear reduction system 904 may
enter an incrementally releasable load holding mecha-
nism 906, which is shown in FIG. 42. This load holding
mechanism 906 comprises a ratcheting type mechanism,
which helps hold any loads applied to spool 908 without
potentially back driving motor 902 and/or gear reduction
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system 904. The purpose is to hold the load without re-
lying on the motor/gearbox to not back drive. Load hold-
ing mechanism 906 may hold load on spool 908 even
while motor 902 is de-energized. When a small amount
of lace tension is desired to be released, motor 902 un-
winds and a sweeper element sweeps pawl elements
910 off internal teeth 912 allowing the output to unwind
one tooth. This can be repeated as desired to precisely
unwind the spool and correspondingly relax lace tension.
This is important to allow the user to get to a precise fit.
An exemplary load holding mechanism that may be used
is disclosed in Soderberg et al., U.S. Patent Application
Publication Number 2010/0139057, published June 10,
2010 and titled "Reel Based Lacing System," the entire
disclosure of which is incorporated herein by reference.
[0161] Referringto FIGS. 41 and 43, the output of load
holding mechanism 906 in this embodiment is a male
square drive 914. This drive element could be any
number of sides or be an external spline. The male
square drive mates with a female element 916 with suf-
ficient clearance and of a material for low friction sliding
along shaft 912 (see FIG. 43). The female element 916
is driven by the male square drive 914. The opposite end
of female element 916 includes a face driving element
920. In the embodiment shown, this is a large number of
triangular teeth which can engage or disengage from
matching teeth on one flange of spool 908. These teeth
could be from as few as one to more than eight. To en-
courage engagement the teeth may be back drafted from
5 to 60 degrees. In some embodiments, the teeth may
be angled at approximately 45 degrees.

[0162] The center of female element 916 has a thread
(not shown) which can engage threaded portion of shaft
912. When motor 902 is driven in one direction element
916 moves axially as a result of the internal thread and
engages the face teeth between itself and corresponding
teeth on spool 908. Shaft 912, which is normally station-
ary, has africtional element 922 to preventrotation during
axial travel and engagement. When engagementis com-
plete and the face teeth are fully engaged, the external
thread of shaft 912 will experience torque. Over a certain
torque level, motor 902 and gear reduction system 904
will overcome the torsional friction element 922 and shaft
912 will turn. Inthe embodiment shown, frictional element
922 is an O-ring on shaft 912 that is contained in a hous-
ing. The O-ring pressure can be adjusted via a screw
which can clamp down on the O-ring. In other embodi-
ments, this torsion friction could be accomplished by a
number of means. For example, in another embodiment,
torsional friction could be done as a coulomb frictional
device such as an adjustable face clutch for instance
using steel or brass against nylon or other brake pad
materials and adjustable via an axial spring tensioner. In
other embodiments, torsional friction could also be done
electrically via a particle clutch or hydraulically via a rotary
damper. In some embodiments, the number of turns to
reach disengagement can be coordinated if desired with
the number of turns to go from full lace tension to no
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tension. That way, incremental release can be done an-
ywhere in the range of lace that is tensioned.

[0163] Inthe embodimentshown, rapid slack wind may
be achieved via a constant force spring (not shown) that
is stored on a freewheeling spool 930 and rewound onto
one end 930 of spool 908.

[0164] In some embodiments, the lace may exit and is
tended through radiused eyelets in a housing to prevent
lace wear and increase lace fatigue life. In some embod-
iments, these exits may be located at least V2 of the spool
diameter away from the spool to help the lace more or
less level wind onto the spool to maximize capacity.
[0165] In some embodiments, a user initiated manual
release element is also provided should the user every
find themselves intightened shoes with no remaining bat-
tery life. Many approaches could be used to manually
disengage the spool from the load holding and mo-
tor/gearbox mechanism. For instance a tapered blade
(not shown) can be inserted between the teeth on spool
908 and element 916 to separate them via a spring ele-
ment allowing axial movement of spool 908 in the sepa-
ration direction.

[0166] FIGS. 44 and 45 illustrate schematic views of
an alternative tensioning and release mechanism that
could be used with a motorized tightening system. For
purposes of reference, this mechanism is shown in iso-
lation from other components of a tightening device. This
mechanism can be used for accomplishing tightening,
load holding, incremental release and full release.
[0167] In this design, a system of cams and latches
are used. Referring to FIGS. 44 and 45, load holding
mechanism 938 includes a final stage output gear 940
of a gear reduction system (not shown) which is connect-
ed to a cylindrical plate 942 that has a single driving pawl
944 near its center. In the tightening direction, the motor
is continually driven and the pawl 944 drives via detents
in an output ring 946 that is attached to the spool. This
output ring 946 has internal detents 948 that plate 942
drives and external female teeth 950 that engage an ex-
ternal load holding pawl 954. When the motor is stopped
the external load holding pawl 954 resists the spool
torque. It can be seen that plate 942 not only has the
internal drive pawl 944 but also has cam elements 945
on its periphery that periodically disengage the external
load holding pawl 954. When stopped and holding load
the external pawl is engaged 954. Then the cylindrical
plate 942 begins to back up for an incremental release.
At first the output does not release. Then one of cam
elements 945 on plate 942 releases outside load holding
pawl 954. When this happens, output ring 946 catches
up to pawl 954 and next the load holding pawl 954 en-
gages and the mechanism stops in an incremental load
holding position. In this way incremental release is ac-
complished. For this to operate a limit switch is employed
to monitor plate 942 and stop in each incremental release
position. In the embodiment shown there are six stop
positions or every 60 degrees of rotation. This number
can vary based on space requirements and the incre-
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mental lace release resolution desired. There could be
as few as 1 stop per revolution and as many as 12, for
example.

[0168] For full release, mechanism 938 must be
stopped with both the internal and external pawl released
at the same time. There is one more releasing pawl 960
required to accomplish this. In the figure, pawl 960 has
three positions. Fully retracted, actuator extended, and
releasing cam extended. After tensioning, pawl 960 is
fully retracted. As incremental releases are actuated, the
internal pawl 944 will likely pass this external pawl 960
and setittothe fullrelease position. Sowhen afull release
is commanded, the internal pawl 944 will move into a
position where both internal and external pawls are lifted
and the user can freely extract lace and take off the article
while only encountering minimal resistance which is pro-
vided by the slack take up mechanism.

[0169] FIG. 46 illustrates an exemplary embodiment
of an article of footwear 3010 including an upper 3155
and a sole structure 3150 secured to upper 3155. In some
embodiments, sole structure 3150 may include a midsole
3151 and an insole 3054. Insole 3054 may be removably
inserted into footwear 3010, as illustrated by an arrow
3055.

[0170] FIG. 46 also shows a motorized tensioning sys-
tem 3020, which may be removably attached to footwear
3010. Footwear 3010 and tensioning system 3020 may
have the same or similar attributes as footwear and ten-
sioning systems discussed above. For example, tension-
ing system may include a tightening device, power
source, and other componentry in a housing 3025, which
may be removably attached to upper 3155, for example,
on a heel portion of footwear 3010.

[0171] In addition, footwear 3010 may include various
additional components disposed in sole structure 3150.
For example, in some embodiments, footwear 3010 may
include a cushioning element 3080 in a heel portion of
sole structure 3150. Cushioning element 3080 may be
incorporated into midsole 3151. In some embodiments,
cushioning element 3080 may include a chamber con-
taining a pressurized fluid. In some embodiments, cush-
ioning element 3080 may include a foam cushioning ma-
terial.

[0172] In some embodiments, footwear 3010 may in-
clude a removable electronics device 3065 in the heel
portion of sole structure 3150. Electronics device 3065
may be removably inserted into a recess 3060 in midsole
3151 beneathinsole 3054, as indicated by an arrow 3070.
Electronics device 3065 may include a data acquisition
component 3075 configured to collect performance data.
In some embodiments, footwear 3010 may include both
cushioning element 3080 and electronics device 3065.
For example, as shown in FIG. 46, cushioning element
3080 may be located in the heel region of midsole 3151
and electronics device 3060 may be located in the mid-
foot region of midsole 3151.

[0173] Because the forefoot region of midsole 3151
may have a height that is relatively minimal, the place-
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ment of cushioning element 3080 and electronics pack-
age 3060 in midsole 3151 may leave little room for ad-
ditional componentry in sole structure 3150. Accordingly,
the attachability of housing 3025 of tensioning system
3020 to an outer heel portion of upper 3155 may enable
use of motorized tightening in footwear that includes
componentry incorporated into midsole 3151.

[0174] In some embodiments, the motorized tension-
ing system may incorporate a different arrangement of
components. For example, as shown in FIG. 47, a mo-
torized tensioning system 4125 may be removably at-
tachable to an article of footwear 4010. The components
and operation of tensioning system 4125 may be similar
to other tensioning systems discussed above. For exam-
ple, tensioning system 4125 may include a housing 4126
that is removably attachable to a heel portion of footwear
4010. In addition, housing 4126 may house a motorized
tightening device 4200, a power source 4205 and a con-
trolunit4210. However, in some embodiments, as shown
in FIG. 47, tightening device 4200 may be disposed on
amedial or lateral side of footwear 4010 when tensioning
system 4125 is installed on footwear 4010. In addition,
in some embodiments, as shown in FIG. 47, power
source 4205 may be disposed in a rear-most portion of
the heel portion of footwear 4010 when tensioning sys-
tem4125is installed on footwear 4010. This arrangement
may be advantageous in some cases, for example, when
tightening device 4200 has a lower profile than power
source 4205. It may be desirable to maintain a minimal
width of tensioning system 4125, and thus, it may be
preferred to house alarger sized battery on the rear-most
portion of the heel portion.

[0175] This arrangement may also be advantageous
to operate alternative lacing arrangements. For example,
as shown in FIG. 48, in some embodiments, an article of
footwear 5010 may include a lacing region 5175 that is
located on a medial or lateral side of footwear 5010. Such
a lacing arrangement may provide improved fit, and may
enable snug tightening without placing undue pressure
on various portions of the foot, such as the instep region.
In addition, locating lacing region 5175 away from the
instep region may enable a relatively smooth surface of
footwear 5010 to be presented in the instep region. This
smooth surface may be desirable for soccer, to improve
kicking accuracy and preventimpact of uneven materials
with the foot.

[0176] A motorized tensioning system 5125 may be
removably attachable to footwear 5010, and may include
similar components to the tensioning systems discussed
above. For example, tensioning system 5125 may in-
clude a motorized tightening device, a power source, and
a control unit housed within a housing 5126. Tensioning
system 5125 may also include a tensile member. The
tensile member may include multiple portions connecti-
ble with manual couplings, such as connector 5035. For
example, the tensile member may include a first tensile
member portion 5130 associated with housing 5126. In
addition, the tensile member may include a second ten-
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sile member portion 5135 and a third tensile member
portion 5136, which may be laced through lacing region
5175. Because both ends of first tensile member portion
5130 may enter housing 5126 on the same side of foot-
wear 5010, it may be desirable to locate the tightening
device on the side of footwear 5010 nearest the entry
point of first tensile member portion 5130.

[0177] Motorized tensioning systems that are heel-
mounted may enable other lacing configurations to be
used. For example, because the lace tension in a heel-
mounted tensioning systemis being applied from the heel
region, and because the tensioning is automated, the
lacing region need not be exposed. Accordingly, con-
cealed lacing systems may be used. For example, in
some embodiments, a lacing system is envisaged in
which the lacing region is underfoot in the sole structure
of the shoe.

[0178] FIG. 49 shows an article of footwear6010. Foot-
wear 6010 may include a sole structure 6150 and an
upper 6155 secured to sole structure 6150. In addition,
FIG. 49 shows a motorized tensioning system 6125. Ten-
sioning system 6125 may be removably attachable to
footwear 6010, and may include similar components to
the tensioning systems discussed above. For example,
tensioning system 6125 may include a motorized tight-
ening device, a power source, and a control unit housed
within a housing 6126. Tensioning system 6125 may also
include a tensile member. The tensile member may in-
clude multiple portions connectible with manual cou-
plings. For example, the tensile member may include a
first tensile member portion 6130 associated with hous-
ing 6126. In addition, the tensile member may include a
second tensile member portion 6136 which may be laced
into alacing region 6175. Second tensile member portion
6136 may be removably attached to first tensile member
portion 6130 by manual couplings 6140. Accordingly,
housing 6126 and its contents, as well as first tensile
member portion may be replaced due to the removability
of housing 6126 from upper 6155 and manual couplings
6140.

[0179] As shown in FIG. 49, lacing region 6175 may
be located internally, for example, in a footbed 6005 of
sole structure 6150. Second tensile member portion 6136
may enter sole structure 6150 proximate afirst peripheral
edge 6025 and a second peripheral edge 6030 of footbed
6005. Further, second tensile member portion 6136 may
be disposed in a groove 6020 in footbed 6005. Second
tensile member portion 6136 may extend between an-
chor members that are located proximate first peripheral
edge 6025 and second peripheral edge 6030 of footbed
6005. For example, a first anchor member 6011, a sec-
ond anchor member 6012, and a third anchor member
6013 may be located proximate first peripheral edge
6025. In addition, a fourth anchor member 6014, a fifth
anchor member 6015, and a third anchor member 6016
may be located proximate second peripheral edge 6030.
These anchor members may be secured to upper 6155.
When tensioning system 6125 applies tension to the ten-
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sile member, second tensile member portion 6136 may
draw the anchor members closer to one another, thus
tightening upper 6155 around the foot. Additional details
of exemplary footbed lacing systems are provided in Bak-
er et al.,, U.S. Patent No. 8,387,282, issued March 5,
2013, and entitled "Cable Tightening System for an Ar-
ticle of Footwear," the entire disclosure of which is incor-
porated herein by reference.

[0180] While various embodiments of the invention
have been described, the description is intended to be
exemplary, rather than limiting and it will be apparent to
those of ordinary skill in the art that many more embod-
iments and implementations are possible that are within
the scope of the embodiments. Accordingly, the embod-
iments are not to be restricted except in light of the at-
tached claims and their equivalents. Also, various mod-
ifications and changes may be made within the scope of
the attached claims. The invention further contains the
following items:

Item 1. An article of footwear including a motorized
tensioning system, comprising:

a tensile member;

a motorized tightening device configured to ap-
ply tension in the tensile member to adjust the
size of an internal void defined by the article of
footwear; and

a power source configured to supply power to
the motorized tightening device;

wherein the tensile member, the motorized tight-
ening device, and the power source are config-
ured to be removably attached to the article of
footwear.

Item 2. The article of footwear of item 1, wherein the
motorized tensioning system further includes a con-
trol unitand a housing configured to house the tensile
member, the motorized tightening device, the power
source and the control unit, and wherein the housing
is configured to be removably attached to the article
of footwear.

Item 3. The article of footwear of item 2, wherein the
housing is configured to be removably attached to a
heel portion of the article of footwear.

Item 4. The article of footwear of item 3, wherein,
when the housing is attached to the heel portion of
the article of footwear, the motorized tightening de-
vice is disposed in a rearmost portion of the article
of footwear.

Item 5. The article of footwear of item 3, wherein the
housing is configured to wrap atleast partially around
a medial side and a lateral side of the heel portion
of the article of footwear.
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Item 6. The article of footwear of item 3, wherein,
when the housing is attached to the heel portion of
the article of footwear, the motorized tightening de-
vice is disposed in the medial side or lateral side of
the heel portion of the article of footwear.

Item 7. The article of footwear of item 1, wherein the
tensile member includes a manual release mecha-
nism for manually decoupling a first portion of the
tensile member from a second portion of the tensile
member, thereby enabling removal of the tensile
member from the article of footwear.

Item 8. The article of footwear of item 7, wherein,
when the tensile member is laced into the article of
footwear, the manual release mechanism is dis-
posed in an instep region of the article of footwear.

Item 9. The article of footwear of item 1, wherein the
tensile member is configured to be laced into the
article of footwear in a lacing region in an instep re-
gion of the article of footwear.

Item 10. The article of footwear of item 1, wherein
the tensile member includes a first tensile member
portion associated with the motorized tightening de-
vice, and a second tensile member portion laced into
the article of footwear in a sole structure of the article
of footwear.

Item 11. The article of footwear of item 1, wherein
the motorized tightening device is configured to be
controlled using a remote device.

Item 12. The article of footwear of item 1, further
including at least one of a cushioning element and
an electronics device in a heel region of a sole struc-
ture of the article of footwear.

Item 13. The article of footwear of item 12, wherein
the article of footwear includes a cushioning element
in a heel region of a sole structure of the article of
footwear and an electronics device in a midfoot re-
gion of the sole structure of the article of footwear.

Iltem 14. A method of changing a lacing system of
an article of footwear, comprising;

providing an article of footwear including a motorized
tensioning system attached to the article of footwear,
the motorized tensioning system including a tensile
member laced through eye stays in a lacing region
of the article of footwear, a motorized tightening de-
vice configured to apply tension in the tensile mem-
ber to adjust the size of an internal void defined by
the article of footwear, and a power source config-
ured to supply power to the motorized tightening de-
vice;

removing tensile member, the motorized tightening
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device, and the power source from the article of foot-
wear; and
lacing a manual lace into the article of footwear.

Item 15. The method of item 14, wherein lacing a
manual lace into the article of footwear includes lac-
ing the manual lace into the eye stays from which
the tensile member was removed.

Item 16. The method of item 14, wherein removing
the motorized tightening device includes detaching
a housing containing the motorized tightening device
from an upper of the article of footwear.

Iltem 17. The method of item 14, wherein removing
the tensile member from the article of footwear in-
cludes disconnecting a manual release mechanism
of the tensile member to disconnect a first portion of
the tensile member from a second portion of the ten-
sile member.

Item 18. A motorized footwear lacing system, com-
prising:

an article of footwear;

a manual lace;

a motorized tensioning system, including a ten-
sile member and a motorized tightening device
configured to apply tension in the tensile mem-
ber to adjust the size of an internal void defined
by the article of footwear; and

a container configured to contain the article of
footwear, the manual lace, the tensile member,
and the motorized tightening device;

wherein the tensile member and the motorized
tightening device are configured to be remova-
bly attached to the article of footwear and re-
placed with the manual lace.

Item 19. The system of item 18, wherein the tensile
member includes a manual release mechanism for
manually decoupling a first portion of the tensile
member from a second portion of the tensile mem-
ber, thereby enabling removal of the tensile member
from the article of footwear.

Item 20. The system of item 18, further including a
remote device configured to control the motorized
tightening device.

Claims

A tensioning system (160) for an article of footwear,
comprising:

a spool (240) configured to rotate about a central
axis, the spool (240) comprising a shaft (254)
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and at least one dividing portion (249) on the
shaft (254);

wherein the at least one dividing portion (249)
includes a lace receiving channel (247) extend-
ing through the dividing portion (249) and includ-
ing an aperture positioned radially away from
the shaft (254);

wherein the lace receiving channel (247) is con-
figured to receive a lace; and

wherein the spool (240) is configured to tighten
the tensioning system (160) by winding the lace
around portions of the shaft (254) disposed on
both sides of the at least one dividing portion
(249).

The tensioning system (160) according to claim 1,
wherein the spool (240) rotates about the central axis
in afirst rotational direction to wind the lace to tighten
the tensioning system (160).

The tensioning system (160) according to claim 2,
wherein the spool (240) rotates about the central axis
in a second rotational direction that is opposite the
first rotational direction to unwind the lace to loosen
the tensioning system (160).

The tensioning system (160) according to claim 3,
wherein rotation in at least one of the first rotational
direction and the second rotational direction is per-
formed using a motor (220) associated with the ten-
sioning system (160), or

wherein rotation in the second rotational direction is
performed by applying tension to the lace while the
tensioning system (160) is in a loosened condition.

The tensioning system (160) according to claim 1,
wherein the dividing portion (249) extends radially
outward from the shaft (254); and

wherein the lace receiving channel (247) is spaced
apart from the shaft (254).

The tensioning system (160) according to claim 1,
wherein the lace receiving channel (247)_is located
adjacent to a perimeter edge of the dividing portion
(249).

A tensioning system for an article of footwear, com-
prising:

a motor;

a spool in communication with the motor, the
spool comprising a shaft and at least three di-
viding portions disposed along the shaft; and

a lace, wherein a portion of the lace extends
through a lace receiving_channel in a center di-
viding portion to interconnect the lace with the
spool, the lace receiving channel including an
aperture positioned radially away from the shaft;
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and

wherein the lace is configured to be wound
around portions of the shaft disposed on oppo-
site sides of the center dividing portion when the
tensioning system is in a tightened condition.

The tensioning system according to claim 7,
wherein equal portions of the lace are disposed on
opposite sides of the center dividing portion when
the tensioning systemisin the tightened condition, or
wherein equal portions of lace are unwound from
opposite sides of the center dividing portion when
the tensioning system is placed in a loosened con-
dition from the tightened condition, or

wherein the lace receiving channel (247)_is cham-
fered around a circumference of the lace receiving
channel.

The tensioning system according to claim 7, wherein
the lace is configured to slide through the lace re-
ceiving channel to adjust tension in different portions
of the tensioning system,

particularly, wherein tension of the tensioning sys-
tem in at least one of a midfoot region and a forefoot
region of an article of footwear is adjusted by chang-
ing an amount of a first portion of the lace that is
associated with the midfoot region and changing an
amount of a second portion of the lace that is asso-
ciated with the forefoot region.

The tensioning system according to claim 7, wherein
the at least three dividing portions include a first end
flange, the center dividing portion, and a second end
flange; and

wherein the center dividing portion is located on the
shaft between the first end flange and the second
end flange,

particularly, wherein a first portion of lace is wound
on a first shaft section disposed between the first
end flange and the center dividing portion when the
tensioning system is in the tightened condition; and
wherein a second portion of lace is wound on a sec-
ond shaft section disposed between the second end
flange and the center dividing portion when the ten-
sioning system is in the tightened condition.

A spool (240) for a tensioning system of an article of
footwear, the spool (240) comprising:

a shaft (254); and

at least one dividing portion (249) extending ra-
dially outward from the shaft (254);

wherein the at least one dividing portion (249)
includes an lace receiving channel
(247)_extending through the dividing portion
(249), the lace receiving portion including an ap-
erture positioned radially away from the shaft
(254).
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The spool according to claim 11, further comprising
at least three dividing portions; and

wherein a center dividing portion includes the lace
receiving channel.

The spool (240) according to claim 11, further com-
prising a first end and a second end disposed at op-
posite ends along a central axis of the spool (240);
and

wherein the spool (240) includes a screw disposed
at the second end.

The spool (240) according to claim 13, wherein the
screw is configured to receive a gear in communica-
tion with a motor (220) of a tensioning system to ro-
tate the spool (240) about the central axis.

The spool (240) according to claim 13, wherein the
spool (240) is configured to receive a lace through
the lace receiving channel (247); and

wherein rotation of the spool (240) about the central
axis in afirst rotational direction is configured to wind
portions of the lace on opposite sides of the at least
one dividing portion (249).

10

15

20

25

30

35

40

45

50

55

27

52



EP 3 593 662 A1

28



EP 3 593 662 A1

Geol 4}
/.., >

¢ Old

29



EP 3 593 662 A1

1182

(e

o (Lo

agone [ Ly

o S
. -

1152

1151

FIG. 3

1181~

1150

11{?__\¥

30



EP 3 593 662 A1

Geh

0L}

N 0

g¢Ll

gk

~GCH

— Gzl

ekl

31



EP 3 593 662 A1

0 q )
5 § §
NS \/ \
592} 061} ek

Gzl



FIG. 6






EP 3 593 662 A1




EP 3 593 662 A1

36









EP 3 593 662 A1

¢tk Old

39









EP 3 593 662 A1

91 Old

o1z 029~ 909
A T \\_ T1] \P/
g~ [IE
! _— A
1l L O
U H | . s f[lj.
[AAY b i | /lw\ | - 0z9
mwm _../ \\ .\“ wq—\m NMN
S A T
ovz 009

0S¢

42



EP 3 593 662 A1

85 T\,

Li Ol4

¢L9

w_\wﬂ

E_Q

L h\,\\

m

L

_ -

7777 %,iﬁ\\\t Y \\E&m\_? LTI,

=

43



EP 3 593 662 A1

8L Oid

oz mof
._Q\\mmﬁ%\ T T o T \.
W — 4] = [IEE >
- £ 002
|
O |
B \_/ |
Zr9 L o vz
[ \. o oo 1£2
009 pig
o9 8e ov2 o 20l

- 06

44



EP 3 593 662 A1

85¢

6} Old

ﬁ%\ 5\: L \_Nmm

e g

91¢
ﬁ.\&m m\\ M ,w\m\ m\w,m.m%m it

e 0z9

Nt | ¢z 90
804 \ /

f o9 | s

009
0ve
TAMA

45



EP 3 593 662 A1

FIG. 21

FIG. 20



EP 3 593 662 A1

¢¢ Oid

t1%4 06/
{\\\ x\\m w?t 7] Ky\\ﬁ\\\h i
] | =
\\\\ O
f o 129} s j— 1€7
N 049 LI
Ove

0se

47






EP 3 593 662 A1

9¢ Old

86e \/h

@FFN/ 799
m@m;h imhémﬂﬁﬁmkmhiﬁifﬁﬁﬁﬁm\.ﬁﬁ%ﬂf
o Fl P | =
— : | 4°14
I w.:@ | ; O ﬂn\)
ssz~IN 1 L ~ Zhl
| - oL

el o \b

0¥9 879

: 0S¢

49



EP 3 593 662 A1

50









EP 3 593 662 A1

170

(6 6o N

LACING CONTROL

180
192

182
_~193

INCREMENTAL TIGHTEN 4 p-
INCREMENTAL LOOSEN <194

oPEN (O~ 195

STORE CURRENT TENSION /196

RETURN TO STORED TENSION |~ T~-197

N Y,

FIG. 32

53



EP 3 593 662 A1

/OOEZZ'-'”—':::

N\

LACING CONTROL

INCREMENTALLOOSEN {}
OPEN O

INCREMENTAL TIGHTEN >

STORE CURRENT TENSION

RETURN TO STORED TENSION

FIG. 33

170
Ny
0
\y ) 12 100
- »
e

FIG. 34

54

. ©

/

/00:::

\

LACING CONTROL

INCREMENTAL TIGHTEN >
INCREMENTAL LOOSEN

OPEN O

} STORE CURRENT TENSION

\_

l RETURN TO STORED TENSIONV

J




EP 3 593 662 A1

170

(o0 0 e \J

LACING CONTROL

INCREMENTAL TIGHTEN 4
INCREMENTAL LOOSEN

OPEN O

STORE CURRENT TENSION ]
RETURN TO STORED TENSION l

N Y,
FIG. 35

—<

LACING CONTROL

INCRENENTAL TIGHTEN €3 _L-
NCREMENTAL LOOSEN &

OPEN O

STORE CURRENT TENSION
[ RETURN TO STORED TENSION

160 \ @ /

55



EP 3 593 662 A1

170
/O O e ‘QJ
LACING CONTROL
INCREMENTAL TIGHTEN 4}
195
INCREMENTAL LOOSEN O | |
oPEN &
STORE CURRENT TENSION J
RETURN TO STORED TENSION j

. ©

FIG. 37

56






EP 3 593 662 A1

502

WAIT

HAS USER FINISHED
TIGHTENING ARTICLE?

504
MONITOR TENSION FOR ~/
PREDETERMINED INTERVAL
TO DETERMINE INITIAL TENSION
506
HAS TENSION
WAIT \ DECREASED?
508

INCREASE TENSION AUTOMATICALLY
UNITL INITIAL TENSION IS ACHIEVED.

FIG. 39

58



EP 3 593 662 A1

510

RECEIVE USER SELECTED MODE

512

USER FINISHED'
WAIT TIGHTENING? /
NORMAL ——L—  GAME
WHICH MODE?
516 518
N I : -~
POWER DOWN ACTIVELY MONITOR
MOTOR AND WAIT TENSION AND ADJUST
FOR FURTHER FOR MAXIMUM
INSTRUCTIONS PERFORMANCE

FIG. 40

59




EP 3 593 662 A1

60

FIG. 42

FIG. 41



912

FIG. 43



vy Old




~044

FIG. 45



EP 3 593 662 A1

0208 0cie

/

y

080¢

PR
oo L 100 0 e,

0 3 e s o s 505 T

1

%

1GHE

s e 6 2 1 i,
P g 3
e v—
e e,
- g
> -,
. o,
o -
- "
™’ ~
s s,
e o
w,
.,
e S —— %,
s e S, Y
e laf e Rl
= 1 o,
-’ -
. ..
,
®
7
&
-’
@ &
s g i 08 #
\
&
o
-
=
\.Ililli\

o 8 o 0 0

010€

GGle

64



EP 3 593 662 A1

FIG. 47

65



<>
g
o>
LY

5125

5126

EP 3 593 662 A1

66

FIG. 48



EP 3 593 662 A1

0ty s e oo
M
%

% nm
AY
kl

67 Ol

67



10

15

20

25

30

35

40

45

50

55

EP 3 593 662 A1

Européisches
o>) Patent ofice PARTIAL EUROPEAN SEARCH REPORT Application Number
rfice européen under Rule 62a and/or 63 of the European Patent Convention.  EP 19 17 5382

[

EPO FORM 1503 03.82 (PO4E07)

This report shall be considered, for the purposes of

subsequent proceedings, as the European search report

DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X,P |WO 2014/036374 Al (NIKE INTERNATIONAL LTD;|[1-6 INV.
BEERS TIFFANY [US]; OWINGS ANDREW A [US]; A43B3/00
HEND) 6 March 2014 (2014-03-06) A43B11/00
* paragraph [0137] - paragraph [0140] * A43C11/16
* figures 27-29 *
X WO 20097071652 Al (CTC [FR]; DARRAGON 1-4
JEROME [FR]; CUMIN CHRISTOPHE [FR])
11 June 2009 (2009-06-11)
Y * figure 1 * 5,6
* page 4, line 23 - page 5, line 2 *
Y WO 01715559 Al (BOA TECHNOLOGY INC [US]) |[5.6
8 March 2001 (2001-03-08)
A * page 11, lines 11-21 * 1
* figures 3, 8 *
* page 12, line 5 - 1ine 9 *
TECHNICAL FIELDS
SEARCHED (IPC)
A43B
A43C
INCOMPLETE SEARCH
The Search Division considers that the present application, or one or more of its claims, does/do
not comply with the EPC so that only a partial search (R.62a, 63) has been carried out.
Claims searched completely :
Claims searched incompletely :
Claims not searched :
Reason for the limitation of the search:
see sheet C
Place of search Date of completion of the search Examiner
The Hague 4 December 2019 Ariza De Miguel, Jon

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O:non
P:inte

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

after the filing date
D : document cited in the application
L : document cited for other reasons

-written disclosure & : member of the same patent family, corresponding

rmediate document document

68




10

15

20

25

30

35

40

45

50

55

EP 3 593 662 A1

Eutrop;a'isc{l:s
European -
0)» T INCOMPLETE SEARCH Application Number

des brevets SHEETC EP 19 ]_7 5382

Claim(s) completely searchable:
1-6

Claim(s) not searched:
7-15

Reason for the Timitation of the search:

The present application contains 15 claims, of which 3 are independent.
There is no clear distinction between the independent claims because of
overlapping scope. There are so many claims and they are drafted in such
a way that the claims as a whole do not comply with the provisions of
clarity and conciseness in Article 84 EPC, as it is particularly
burdensome for a skilled person to establish the subject-matter for which
protection is sought. Non-compliance with the substantive provisions is
such that a meaningful search of the whole claimed subject-matter can not
be carried out (Rule 63 EPC and Guidelines B-VIII, 3).

Thus, the search report has been drawn up on the basis of the
subject-matter searched (Rule 63(2) EPC), which is what as far as can be
understood, could reasonably be expected to be claimed later in the
procedure, and the corresponding claims, namely claims 1 to 6.

69



EP 3 593 662 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 19 17 5382

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

04-12-2019
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2014036374 Al 06-03-2014  CN 104822284 A 05-08-2015
CN 106820446 A 13-06-2017
EP 2871994 Al 20-05-2015
US 2014070042 Al 13-03-2014
US 2014082963 Al 27-03-2014
US 2016272458 Al 22-09-2016
US 2017295889 Al 19-10-2017
US 2018317609 Al 08-11-2018
WO 2014036374 Al 06-03-2014
WO 2009071652 Al 11-06-2009  FR 2924577 Al 12-06-2009
WO 2009071652 Al 11-06-2009
WO 0115559 Al 08-03-2001 AT 407583 T 15-069-2008
AU 6105600 A 26-03-2001
CA 2382349 Al 08-03-2001
EP 1213981 Al 19-06-2002
ES 2313899 T3 16-03-2009
JP 4514383 B2 28-07-2010
JP 5048096 B2 17-10-2012
JP 2003508097 A 04-03-2003
JP 2010148927 A 08-07-2010
Us 6289558 Bl 18-09-2001
WO 0115559 Al 08-03-2001

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

70




EP 3 593 662 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

 US 01455513 A [0001] e US 20110266384 A, Goodman [0116]
e US 61695953 A, Beers [0001] e US 20110225843 A [0116]

e US 48113212 A[0109] * US 20100139057 A [0160]

* US 20120000091 A, Cotterman [0116] * US 8387282 B, Baker [0179]

71



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

