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(57) ABSTRACT 
A variable footwear support system includes at least one 
rheological body within a sole of an article of footwear, 
control electronics within the article of footwear, and at least 
one E/M ?eld generator coupled to the control electronics 
and arranged operably proximate to at least one rheological 
body. The sole is formed of a resilient material and the 
rheological body contains a Theological ?uid having a 
viscosity that is variable in the presence of an energy ?eld. 
The control electronics is adapted to generate at least one 
control signal. The at least one E/M ?eld generator is 
adapted to generate an energy ?eld corresponding to a 
control signal generated by the control electronics upon the 
rheological body. 
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VARIABLE SUPPORT FOOTWEAR USING 
ELECTRORHEOLOGICAL OR 

MAGNETORHEOLOGICAL FLUIDS 

[0001] This application also claims the bene?t of Us. 
Provisional Application No. 60/678,548 ?led May 6, 2005, 
Which is incorporated in its entirety herein by reference. 

BACKGROUND 

[0002] 1. Field of Invention 

[0003] Embodiments disclosed herein generally relate to 
articles of footWear having electronically controllable cush 
ioning systems that are loW poWer, loW cost, and fast 
responding. 

[0004] 2. Discussion of the Related Art 

[0005] Modern running and Walking footWear are a com 
bination of many elements each having a speci?c function 
Which aids in the overall ability of the footWear to Withstand 
many miles of running or Walking, While providing cush 
ioning and support for the foot and leg. Articles of athletic 
footWear are divided into tWo general parts, an upper and a 
sole. The upper is designed to snugly and comfortably 
enclose the foot, While the sole must provide traction, 
protection and a durable Wear surface. It is often desirable to 
provide the footWear With a midsole having a layer of 
resilient, cushioning materials for enhanced protection and 
shock absorption When the heel strikes the ground during the 
stride of the Wearer. This is particularly true for training or 
jogging footWear designed to be used over long distances or 
over a long period of time. These cushioning materials must 
be soft enough to absorb the shock created by the foot strike 
and ?rm enough not to “bottom out” before the impact of the 
heel strike is totally absorbed. 

[0006] The typical running stride involves the runner 
landing on the lateral, posterior edge of the footWear in the 
heel region folloWed by pronation toWard the medial side as 
the foot continues through its stride. As footstrike continues, 
the foot stops pronating and begins to supinate as the foot 
rocks forWard so that the foot reaches a neutral position at 
midstance. From midstance, the foot rocks forWard to the 
forefoot region Where toe-olf occurs at the ball and front of 
the foot. Toe-olf typically involves the toes on the medial 
side of the foot pushing off the running surface as the foot 
leaves the ground to begin a neW cycle. 

[0007] Pronation involves the rolling of the foot from its 
lateral, posterior side to its inner, medial side. Although 
pronation is normal and necessary to achieve proper foot 
positioning, it can be a source of foot and leg injuries for 
runners Who over-pronate. The typical runner Who over 
pronates lands on the outer lateral side of the heel in a 
supinated position and then rolls medially across the heel 
toWard the inner side of the footWear beyond a point Which 
may be considered normal. While some amount of pronation 
is helpful in decreasing pressure and stress experienced by 
the leg, excessive pronation can cause stress on various 
joints, bones and soft tissue. Supinating, Which involves 
rolling of the foot from the medial to the lateral side, While 
not as common as over pronating, can also cause foot and leg 
injuries if it is excessive. 

[0008] Conventional running and Walking footWear are 
designed to provide the user With the maximum amount of 

Nov. 9, 2006 

available cushioning tend to sacri?ce footWear stability by 
using a midsole cushioning system that is too soft and has 
too much lateral ?exibility for a person Who over-pronates 
or requires some form of motion control. The lateral ?ex 
ibility and deformation of traditional cushioning materials 
contribute to the instability of the subtalar joint of the ankle 
and increase the runner’s tendency to over pronate. This 
instability has been cited as one of the causes of “runner’s 
knee” and other such athletic injuries. As a result, over 
pronators generally do not use contemporary shoes speci? 
cally designed for maximum cushioning, but instead use 
heavier, ?rmer footWear, or footWear having motion control 
devices speci?cally designed to correct physical problems 
such as excessive pronation. Motion control devices limit 
the amount and/or rate of subtalar joint pronation immedi 
ately folloWing foot strike. 

[0009] Various Ways of resisting excessive pronation or 
instability of the subtalar joint have been proposed and 
incorporated into running footWear as motion control 
devices. In general, these devices have been fashioned by 
modifying conventional footWear components, such as the 
heel counter, and/or the midsole cushioning materials. Con 
ventional solutions provide a constant stiffness and ?xed 
level of support that presses against the medial side of the 
foot, limiting internal rotation of the ankle. Examples of 
such devices include: U.S. Pat. No. 5,046,267, to Kilgore et 
al.; U.S. Pat. No. 5,155,927, to Bates et al.; and U.S. Pat. No. 
5,367,791, to Gross et al. 

[0010] Footwear systems have been designed that employ 
?uid bladder systems for providing desirable resilience 
characteristics. For example, U.S. Pat. App. Pub. No. 2002/ 
0053146, entitled “Article of footWear With a motion control 
device,” Which is hereby incorporated by reference, dis 
closes a bladder system for footWear in Which ?uid ?oW 
from one chamber to another chamber Within the shoe is 
used to de?ne the stiffness characteristic of the shoe. This 
system is superior to typical shoes in that it provides sti?fness 
that varies based upon hoW pressure is applied by the user. 
On the other hand, this system has the signi?cant draWback 
of being ?xed by its physical design, not alloWing variation 
in hoW the stiffness varies based upon differences in the 
physical activity being performed by the user. Users of 
athletic shoes often engage in a number of physical activities 
including Walking, running, jumping, and landing. Due to its 
physical design, hoWever, the aforementioned ?uid bladder 
system accommodates all of these diverse physical activities 
With the same physical response. In this Way it provides a 
?xed sti?fness characteristic for the Wearer in much the same 
Way that a typical shoe does. 

[0011] Other attempts have been made to provide support 
and comfort in an article footWear by incorporating bladders 
in ?uid communication With each other Within a sole. 
Examples of such devices are found in Us. Pat. App. Pub. 
No. 2002/0053146 as Well as in Us. Pat. No. 4,183,156 to 
Rudy, Which is incorporated herein by reference; U.S. Pat. 
No. 4,446,634 to Johnson et al.; U.S. Pat. No. 4,999,932 to 
Grim; Austrian Patent No. 200,963 to SchutZ et al.; and 
HYDROFLOW, by BROOKS Sports, Inc. As With Us. Pat. 
App. No. 2002/0053146, these prior art systems do not alloW 
for variation in hoW the stiffness varies based upon differ 
ences in the physical activity being performed by the user. 
In this Way these devices provide a ?xed sti?fness charac 
teristic for the Wearer in much the same Way that a typical 
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shoe does. Moreover, While such prior art systems, act to 
moderate the amount of motion control, they do so using 
heavy, bulky footwear, Which is Weighted doWn by support 
features, and designed for the severe over-pronator. 

SUMMARY 

[0012] Several embodiments disclosed herein address the 
needs above as Well as other needs by providing a variable 
support footWear using electrorheological (ER) or magne 
torheological (MR) ?uids. 

[0013] One embodiment exemplarily disclosed herein pro 
vides a variable footWear support system that includes at 
least one rheological body Within a sole of an article of 
footWear, control electronics Within the article of footWear, 
and at least one E/M ?eld generator coupled to the control 
electronics and arranged operably proximate to at least one 
rheological body. The sole is formed of a resilient material 
and the rheological body contains a rheological ?uid having 
a viscosity that is variable in the presence of an energy ?eld. 
The control electronics is adapted to generate at least one 
control signal. The at least one E/M ?eld generator is 
adapted to generate an energy ?eld corresponding to a 
control signal generated by the control electronics upon the 
rheological body. 
[0014] Another embodiment exemplarily disclosed herein 
provides a variable footWear support method that includes 
steps of receiving sensor data from at least one sensor, 
generating at least one control signal based on the received 
sensor data, and energizing at least one E/M ?eld generator 
based on the at least one generated control signal. The sensor 
data describes at least one of an intensity and a frequency of 
foot-falls of a Wearer of an article of footWear. Each ener 

gized E/ M ?eld generator is adapted to generate an energy 
?eld upon at least one rheological body arranged Within a 
sole of an article of footWear. The sole is formed of a 
resilient material and Wherein the at least one rheological 
body contains a rheological ?uid having a viscosity that is 
variable in the presence of the generated energy ?eld. 

[0015] Yet another embodiment exemplarily disclosed 
herein provides a variable footWear support method that 
includes steps of receiving user input from a user interface, 
generating at least one control signal based on the received 
user input, and energizing at least one E/M ?eld generator 
based on the at least one generated control signal. Each 
energized E/M ?eld generator is adapted to generate an 
energy ?eld upon at least one rheological body arranged 
Within a sole of an article of footWear. The sole is formed of 
a resilient material and Wherein the at least one rheological 
body contains a rheological ?uid having a viscosity that is 
variable in the presence of the generated energy ?eld. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The above and other aspects, features and advan 
tages of several embodiments disclosed herein Will be more 
apparent from the folloWing more particular description 
thereof, presented in conjunction With the folloWing draW 
mgs. 

[0017] FIG. 1 illustrates an exploded vieW of an article of 
footWear incorporating a bladder system according to one 
embodiment; 
[0018] FIG. 2 illustrates a top vieW of one embodiment of 
a bladder system; and 
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[0019] FIG. 3 illustrates a top vieW of one embodiment of 
a cushioning system. 

[0020] Corresponding reference characters indicate corre 
sponding components throughout the several vieWs of the 
draWings. Skilled artisans Will appreciate that elements in 
the ?gures are illustrated for simplicity and clarity and have 
not necessarily been draWn to scale. For example, the 
dimensions of some of the elements in the ?gures may be 
exaggerated relative to other elements to help to improve 
understanding of various embodiments exemplarily dis 
closed herein. Also, common but Well-understood elements 
that are useful or necessary in a commercially feasible 
embodiment are often not depicted in order to facilitate a 
less obstructed vieW of these various embodiments exem 
plarily disclosed herein. 

DETAILED DESCRIPTION 

[0021] The folloWing description is not to be taken in a 
limiting sense, but is made merely for the purpose of 
describing the general principles of exemplary embodi 
ments. The scope of the invention should be determined With 
reference to the claims. 

[0022] FIG. 1 illustrates an exploded vieW of an article of 
footWear incorporating a bladder system ?lled With MR or 
ER ?uid, according to one embodiment. FIG. 2 illustrates a 
top vieW of the bladder system shoWn in FIG. 1, in accor 
dance With one embodiment. 

[0023] Referring to FIG. 1, an article of athletic footwear 
80 is comprised of an upper 75 for covering a Wearer’s foot 
and a sole assembly 85. The upper 75 can include a sock 
liner 70 can be placed therein. The sole assembly 85 includes 
the bladder system 10, a midsole layer 60, and an outsole 
layer 65. 

[0024] The outsole layer 65 is adapted to engage the 
ground and is secured to at least a portion of midsole layer 
60. Depending upon the material forming the midsole layer 
60 and upon the performance demands of the shoe 80, 
midsole layer 60 can also form part or all of the ground 
engaging surface so that part or all of outsole layer 65 can 
be omitted. The bladder system 10 is located in the heel 
region 81 of footWear 80 and is incorporated into the 
midsole layer 60 by any conventional technique such as 
foam encapsulation or placement in a cut-out portion of a 
foam midsole. A suitable foam encapsulation technique is 
disclosed in US. Pat. No. 4,219,945 to Rudy, hereby incor 
porated by reference. 

[0025] As illustrated in FIGS. 1 and 2, the bladder system 
10 includes a lateral bladder chamber 12, a medial bladder 
chamber 14, and a central bladder chamber 16. The central 
bladder chamber 16 is positioned betWeen, and is in ?uid 
communication With lateral and medial bladder chambers 
12, 14, respectively, via conduits 27. According to various 
embodiments, a rheological ?uid (e.g., an electrorheological 
(ER) ?uid that exhibits a change in its ability to ?oW or shear 
in the presence of an electric ?eld or a magnetorheological 
(MR) ?uid that exhibits a change in its ability to ?oW or 
shear in the presence of a magnetic ?eld, respectively) is 
contained Within the bladder chambers and conduits of the 
bladder system 10. Accordingly, a bladder chamber contain 
ing rheological ?uid, or a conduit through Which the rheo 
logical ?uid ?oWs, may be referred to as a “rheological 
body.” 
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[0026] As disclosed in U.S. Pat. No. 6,852,251, Which is 
incorporated in its entirety herein by reference, ER ?uids are 
colloidal suspensions Whose rheological properties can be 
varied through the application of an external electric ?eld, 
enabling variable viscosity under electronic control. Under 
the application of a ?eld of the order of 1-2 kV/mm, an ER 
?uid can exhibit a solid-like behavior, such as the ability to 
transmit sheer stress. This transformation from liquid-like to 
solid-like behavior can be very fast, on the order of 1 to 10 
ms, and is reversible When the electric ?eld is removed. U.S. 
Pat. No. 5,271,858 relates to an ER ?uid that includes esters 
and amides of an acid of phosphorus and is also incorporated 
in its entirety herein by reference. 

[0027] As disclosed in U.S. Pat. No. 5,906,767, Which is 
incorporated in its entirety herein by reference, MR ?uids 
undergo a change in viscosity in the presence of a magnetic 
?eld. MR ?uids typically include magnetic-responsive par 
ticles dispersed or suspended in a carrier ?uid. In the 
presence of a magnetic ?eld, the magnetic-responsive par 
ticles become polarized and are thereby organiZed into 
chains of particles or particle ?brils Within the carrier ?uid. 
The chains of particles act to increase the apparent viscosity 
or ?oW resistance of the overall materials resulting in the 
development of a solid mass having a yield stress that must 
be exceeded to induce onset of ?oW of the MR ?uid. The 
force required to exceed the yield stress is referred to as the 
“yield strength”. In the absence of a magnetic ?eld, the 
particles return to an unorganiZed or free state and the 
apparent viscosity or ?oW resistance of the overall materials 
is correspondingly reduced. Such absence of a magnetic 
?eld is referred to herein as the “off-state”. MR ?uids are 
also described in U.S. Pat. Nos. 5,382,373, 5,578,238, 
5,599,474 and 5,645,752, each of Which are incorporated in 
their entirety herein by reference. These patents mention that 
phosphate esters, in general, can be used as surfactants in 
MR ?uids. U.S. Pat. No. 5,645,752 describes an exemplary 
MR ?uid that includes a polyoxyalkylated alkylaryl phos 
phate ester. 

[0028] Referring next to FIG. 2, the bladder system 10 
includes one or more electro/magnetic (E/M) ?eld genera 
tors disposed operably proximate to respective ones of the 
conduits 27 that, When energiZed, generate electronically 
controllable electric or magnetic ?elds upon ?uid ?oWing 
Within respective conduits 27. Exemplary regions in Which 
E/M ?eld generators can be disposed operably proximate to 
conduits 27 are identi?ed at cross-hatched areas 28. When 
ER ?uid is contained Within the bladder system 10, each 
E/M ?eld generator may be provided as a single electrode or 
multiple electrodes (e.g., disposed in a ring arrangement 
around a corresponding conduit 27 or in any other physical 
arrangement). In one embodiment, an electrode-based E/M 
?eld generator may be provided as described in U.S. Pat. No. 
6,378,558, Which is incorporated in its entirety herein by 
reference, Wherein an E/M ?eld generator includes a coaxial 
cylinder of electrodes or arrangement of parallel plates 
betWeen Which ER ?uid ?oWs. Due to an electric voltage 
applied to the electrodes, the viscosity of the ER ?uid 
located betWeen the electrodes and thereWith the through 
?oW resistance through the valve gap is controllable, thereby 
modulating the rate of ?uid ?oW. Similarly, When MR ?uid 
is contained Within the bladder system 10, each E/M ?eld 
generator may be provided as a single electromagnet or 
multiple electromagnets (e.g., disposed in a ring arrange 
ment around a corresponding conduit 27 or in any other 
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physical arrangement). In one embodiment, the ?oW of MR 
?uid can be controlled as described in U.S. Pat. No. 5,452, 
745, Which is incorporated in its entirety herein by reference, 
Wherein the ?oW of MR ?uid is controlled by energiZing 
electromagnets located near or around a valve or ori?ce such 
that a magnetic ?eld is applied to the MR ?uid as it ?oWs 
past. The interaction betWeen ferromagnetic particles in the 
MR ?uid increases the effective viscosity of the MR ?uid. 
This change in viscosity causes the resistance to the ?uid 
?oWing through the valve or ori?ce to increase, and causes 
a proportional change in the inlet pressure to the valve, 
thereby sloWing or stopping the ?uid ?oW. 

[0029] As used herein, an “ER valve” or an “MR valve” 
(generically referred to as an “E/M valve”) refers to the 
combination of a conduit 27 ?lled With ER ?uid or MR ?uid, 
respectively, and a corresponding E/M ?eld generator oper 
ably proximate to the conduit 27 (e.g., Within a respective 
cross-hatched area 28). Accordingly, depending on the 
degree to Which an E/ M ?eld generator is energiZed, an E/ M 
valve can be fully “opened” (e.g., as When an E/M ?eld 
generator is not energized), fully “closed” (e.g., as When an 
E/M ?eld generator is fully energiZed), or partially opened/ 
closed (i.e., modulated). 

[0030] Bladder chambers 12, 14, 16 and conduits 27 may 
be formed of a thermoplastic elastomeric barrier ?lm such as 
polyester polyurethane, polyether polyurethane, a cast or 
extruded ester based polyurethane ?lm having a shore “A” 
hardness of 80-95, e.g., Tetra Plastics TPW-250. Other 
suitable materials can be used such as those disclosed in the 
’156 patent to Rudy. Speci?c examples of thermoplastic 
urethanes that may be used to form the bladder chambers 12, 
14, 16 and conduits 27 include urethanes such as Pelle 
thaneTM, (a trademarked product of the DoW Chemical 
Company of Midland, Mich.), Elastollani® (a registered 
trademark of the BASF Corporation) and ESTANE® (a 
registered trademark of the BE. Goodrich Co.), all of Which 
are either ester or ether based and have proven to be 
particularly useful. Thermoplastic urethanes based on poly 
esters, polyethers, polycaprolactone and polycarbonate mac 
rogels can also be employed. Further suitable materials also 
include thermoplastic ?lms containing crystalline material, 
such as disclosed in U.S. Pat. Nos. 4,936,029 and 5,042,176 
to Rudy, Which are incorporated by reference; polyurethane 
including a polyester polyol, such as disclosed in U.S. Pat. 
No. 6,013,340 to Bonk et al., Which is incorporated by 
reference; or a multi-layer ?lm formed of at least one 
elastomeric thermoplastic material layer and a barrier mate 
rial layer formed of a copolymer of ethylene and vinyl 
alcohol, such as disclosed in U.S. Pat. No. 5,952,065 to 
Mitchell et al., Which is incorporated by reference. In one 
embodiment, bladder chambers 12, 14, 16 and conduits 27 
are integrally formed of ?rst and second sheets of elasto 
meric barrier ?lm. In another embodiment, bladders 12, 14, 
16 are formed from generally transparent or translucent 
elastomeric ?lm to enable visibility through the bladders of 
the ER or MR ?uid Within. 

[0031] U.S. Pat. No. 4,183,156 (’156) and U.S. Pat. No. 
4,219,945 (’945) to Marion F. Rudy, the contents of Which 
are hereby expressly incorporated by reference, describe 
conventional Welding techniques Which can be used to form 
the shapes of the bladder chambers 12, 14, 16 and conduits. 
As disclosed in the ’156 and ’945 patents, sheet 40 and 45 
can be Welded to one another to de?ne the side Walls of 
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bladder chambers 12, 14, 16 and conduits, as well as interior 
welds (not shown in the drawings) within the bladder 
chambers to maintain the bladder chambers in a generally 
?at con?guration. In another embodiment, bladder chambers 
12, 14, 16 and conduits are formed using conventional 
blow-molding techniques. 

[0032] Bladder chambers 12, 14, 16 can be sealed to hold 
MR or ER ?uid. The ?uid can be placed in the bladder 
through an in?ation tube (not shown) in a conventional 
manner by means of a needle or hollow welding tool. After 
being ?lled with ?uid, the bladder can be sealed at the 
juncture of the bladder and in?ation tube, or by the hollow 
welding tool around the in?ation point on the in?ation tube. 

[0033] In one embodiment, one or more additional con 
duits (i.e., valves) with ?xed ?ow characteristics can be used 
in combination with the aforementioned E/M valves. For 
example, a one-way valve with ?xed ?ow characteristics 
may be used in serial combination with an E/M valve to 
prevent back?ow through any passages that are intended to 
only allow ?ow in one direction. These one-way valves may 
be set to open when the differential pressure between two 
bladders reaches a predetermined level. 

[0034] In one embodiment, pressure sensors (not shown) 
may be provided within one or more bladder chambers to 
detect pressure levels, pressure changes within and/or pres 
sure di?ferentials between bladder chambers of the bladder 
system 10 and generate corresponding sensor data. In one 
embodiment, the pressure sensors may be electronically 
connected to control electronics (not shown) on board the 
shoe 80 (e.g., incorporated within the midsole layer 60. In 
one embodiment, the control electronics of each shoe may 
include a local microprocessor that is electrically connected 
to each pressure sensor and is adapted to receive the sensor 
data. Software running upon the microprocessor can process 
the received sensor data to perform conditional logic based 
upon the magnitudes of and/or changes in magnitude of the 
sensor data. In one embodiment, each E/M ?eld generator is 
energiZed to generate an electric or magnetic ?eld based 
upon electric current output by power electronics. In one 
embodiment, the power electronics is connected to the 
control electronics, wherein the control electronics controls 
the level of electric current output by the power electronics. 
In one embodiment, the control electronics controls the 
power electronics in accordance with the received sensor 
data. Having generally described an active suspension shoe 
in accordance with numerous embodiments of the present 
invention above, an exemplary process by which E/M ?eld 
generators are selectively energiZed will now be described. 

[0035] Prior to the heel of a user touching down, a nominal 
pressure in the bladder chambers is detected by one or more 
pressure sensors provided within central bladder chamber 
16. Information within the sensor data generated by such a 
pressure sensor is transmitted to the microprocessor and 
saved by software running on the microprocessor as a 
nominal pressure variable (e. g., P_NOMINAL). Initial strik 
ing of the heel increases the pressure within the central 
bladder chamber 16. The increase in pressure is detected by 
one or more pressure sensors within one or more bladder 

chambers in the heel as a result of chamber deformation. In 
one embodiment, the total amount of information within the 
sensor data generated by each pressure sensor is transmitted 
to the microprocessor and saved by software running on the 
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microprocessor as a single pressure variable (e.g., 
P_STRIKE), regardless of how many pressure sensors gen 
erate the pressure data. In another embodiment, information 
within the sensor data generated by each pressure sensor is 
transmitted to the microprocessor and is saved by software 
running on the microprocessor as multiple pressure vari 
ables, one for each bladder chamber within which a pressure 
sensor is provided (e.g., P_STRIKE_LEFT, P_STRIKE_ 
CENTER, and P_STRIKE_RIGHT). Based upon the abso 
lute and/or relative pressure levels within the one or more 
chambers as detected by the one or more pressure sensors, 
the microprocessor controls the power electronics to modify 
the level of current output to one or more of the E/M ?eld 
generators. The magnitude of current output to each E/M 
?eld generator affects the magnitude of the electric or 
magnetic ?eld that is generated within the conduit 27. The 
magnitude of the electric or magnetic ?eld that is generated 
within the conduit 27 affects the ?ow rate of ER or MR ?uid 
through the conduit 27 between bladder chambers. Accord 
ingly, by controlling the level of current that is output by the 
power electronics, the ?ow rate of ER or MR ?uid through 
the conduit 27 between bladder chambers can be controlla 
bly adjusted. 

[0036] By controllably adjusting the ?ow rate of ER or 
MR ?uid into and/or out of certain bladder chambers, 
varying degrees of cushioning and support within the sole 
assembly 85 can be achieved. For example, by allowing 
faster ?uid ?ow from the central bladder chamber 16 to the 
medial bladder chamber 14 than is allowed from the central 
bladder chamber 16 to the lateral bladder chamber 12, 
greater support is provided to the wearer on the medial side 
of the shoe 80 and greater cushioning is provided to the 
wearer on the lateral side of the shoe 80. Alternately, by 
allowing faster ?uid ?ow from the central bladder chamber 
16 to the lateral bladder chamber 12 than is allowed from the 
central bladder chamber 16 to the medial bladder chamber 
14, greater support is provided to the wearer on the lateral 
side of the shoe 80 and greater cushioning is provided to the 
wearer on the medial side of the shoe 80. Similar control 
methods can be provided between chambers in the heel and 
chambers in the forefoot of the shoe. For example, allowing 
faster ?uid ?ow from a medial bladder chamber in the heel 
of the shoe 80 to a medial bladder chamber in the forefoot 
of the shoe 80 than ?uid ?ow from a lateral bladder chamber 
in the heel of the shoe 80 to a lateral bladder chamber in the 
forefoot of the shoe 80 will result in greater cushioning at the 
medial heel and greater support at the lateral heel. Alter 
nately, allowing faster ?uid ?ow from a lateral bladder 
chamber in the heel of the shoe 80 to a lateral bladder 
chamber in the forefoot of the shoe 80 than ?uid ?ow from 
a medial bladder chamber in the heel of the shoe 80 to a 
medial bladder chamber in the forefoot of the shoe 80 will 
result in greater cushioning at the lateral heel and greater 
support at the medial heel. 

[0037] In addition to varying the ratio of ?ow rates among 
the chambers on the lateral side with ?ow rates among 
chambers on the medial side, the total rate between ?ow 
from multiple heel chambers to multiple forefoot chambers 
may be controlled to control the overall cushioning on the 
heel of the wearer. Thus, both the total cushioning level as 
well as the relative cushioning ratio between lateral and 
medial sides can be varied by the microprocessor controlling 
the current to the E/M ?eld generators. 
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[0038] In one embodiment, a user may engage a user 
interface to manually enter user input, the user input adapted 
to adjust stiffness/cushioning characteristics of the sole 
assembly 85 and/or modify the function by Which the 
control electronics opens, closes, or otherWise modulates the 
E/M valves. In one embodiment, the user interface may be 
incorporated Within the shoe 80 and be electrically con 
nected to the control electronics. In another embodiment, the 
user interface may be incorporated Within a handheld com 
puting device (e.g., a personal digital assistant (PDA), a 
handheld Wireless telephone, a handheld portable gaming 
system, a handheld portable music player, or the like) 
adapted to communicate With the control electronics (e.g., 
via a Wireless connection betWeen the shoe 80 and the 
handheld computing device). In one embodiment, each shoe 
80 includes Wireless transceiver connected to the control 
electronics, Wherein the Wireless transceiver is adapted to 
enable bidirectional communication With a remote processor 
aboard the handheld computing device. Accordingly, each 
Wireless transceiver may be enabled using a Bluetooth 
protocol and support interaction With any Bluetooth-enabled 
remote processor. Moreover, the remote processor can be 
provided With Bluetooth support and local softWare con?g 
ured to interface With, control, and con?gure the control 
electronics of each shoe 80. 

[0039] In one embodiment, the control electronics of each 
shoe opens, closes, or otherWise modulates each E/M valve 
in accordance With one or more control algorithms. Accord 
ingly, the user interface may be engaged by the user and 
receive user input that identi?es one or more control algo 
rithms, selected by the user, to be implemented by the 
control electronics. For example, if the user is going jogging, 
the user can engage the user interface (e.g., via a menu 
system supported by the user interface) to select one or more 
control algorithms optimiZed for jogging. The control elec 
tronics of each shoe may then open, close, or otherWise 
modulate one or more E/M valves of a respective shoe in 
accordance With the one or more selected control algorithms 
optimiZed for jogging. In the example above, if the user 
Wanted to Walk after jogging, the user can engage With the 
user interface to select one or more different control algo 

rithms (e. g., algorithms optimiZed for Walking as opposed to 
jogging). The control electronics of each shoe may then 
open, close, or otherWise modulate one or more E/M valves 
of a respective shoe in accordance With the one or more 
selected control algorithms optimiZed for Walking. 

[0040] In one embodiment, the handheld computing 
device includes local memory for storing a plurality of 
selectable control algorithms. Once selected by the user via 
the user interface, the control algorithms can be uploaded to 
the control electronics of each shoe (e.g., via the Wireless 
transceiver). In such an embodiment, the control electronics 
of each shoe may include a local microprocessor that is 
adapted to receive the one or more uploaded control algo 
rithms, store the one or more received control algorithms in 
a local memory, and output control signals to the poWer 
electronics, Wherein the output control signals are adapted to 
open, close, or otherWise modulate the predetermined E/M 
valves based on the one or more selected control algorithms. 

[0041] In another embodiment, the control electronics of 
each shoe includes a local memory adapted to store a 
plurality of selectable control algorithms. Accordingly, once 
user input is received from a user engaging the user inter 
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face, the handheld computing device outputs a correspond 
ing control command to the control electronics of each shoe 
(e.g., via the Wireless transceiver), Wherein the control 
command identi?es one or more control algorithms stored 
Within the local memory. In such an embodiment, the control 
electronics of each shoe may include a local microprocessor 
that is adapted to receive the control command and output 
control signals to the poWer electronics, Wherein the output 
control signals are adapted to open, close, or otherWise 
modulate the predetermined E/M valves based on the one or 
more control algorithms identi?ed by the control command. 

[0042] In yet another embodiment, the control electronics 
of each shoe may include a local microprocessor that is 
adapted to receive sensor data and/or timing data and output 
control signals to the poWer electronics, Wherein the output 
control signals are adapted to open, close, or otherWise 
modulate the predetermined E/M valves based on physical 
activities the user is currently engaged in and/or based on 
particular gait characteristics of the user. 

[0043] A plurality of different control algorithms can be 
stored either Within the handheld computing device or 
Within the local memory of the control electronics aboard 
the shoe itself. In one embodiment, control algorithms can 
be optimiZed With respect to different activities such as 
Walking, jogging, running, basketball, tennis, hiking, climb 
ing stairs, and the like, and combinations thereof. In addi 
tion, control algorithms can be optimiZed With respect to 
certain aspects of a physical activity (e.g., optimiZed With 
respect to running for speed, running for distance, jumping 
for height, pivoting dexterity, and the like). Moreover, 
control algorithms can be optimiZed With respect to certain 
ground surfaces (e.g., optimiZed With respect to jogging on 
asphalt, running on grass, Walking on sideWalks, hiking on 
trails, and the like). Further, control algorithms can be 
optimiZed With respect to the gait styles of individual users. 
For example, a particular user might have one control 
algorithm optimiZed With respect to hiking on trails, a 
different control algorithm optimiZed With respect to running 
on asphalt, a different control algorithm optimiZed With 
respect to playing tennis, and a different control algorithm 
optimiZed With respect to Walking on city sideWalks. 

[0044] A user Who does not over-pronate generally Will 
put less initial pressure on the lateral side of the footWear 
and Will force less ?uid, if any, into bladder chambers 16 and 
14 during a typical stride as compared to an over-pronator 
having the same striking force. For such a user, a control 
algorithm implemented Within a shoe may, for example, 
send less current to the valve on the lateral side of the 
footWear than to the valves on the medial side of the 
footWear, alloWing more ?uid ?oW from the chamber on the 
lateral side because extra support is not needed to counter 
over pronation. For such a user, more support is thereby 
provided on the medial side. After the landing phase of 
running is over, equilibrium or initial pressure betWeen the 
bladders is re-established before the next heel strike, either 
by opening the valves fully (by dropping and/ or eliminating 
the current to the electrodes or electromagnets) or through 
the use of passive one-Way valves that alloWs ?uid to pass 
back into the central and lateral bladder chambers. In one 
embodiment, the recovery time may be approximately 1 
second. The recovery time can be controlled by the control 
electronics based upon hoW much current is sent to the E/ M 
valves during the recovery period. 
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[0045] A user Who does over-pronate generally Will put 
more initial pressure on the lateral side of the footwear and 
Will force more ?uid into bladder chambers 16 and 14 during 
a typical stride as compared to a non-over-pronator having 
the same striking force. For such a user, the control algo 
rithm implemented Within the shoe may, for example, send 
more current to the valve on the lateral side of the footWear 
than to the valves on the medial side of the footWear, 
alloWing less ?uid ?oW from the chamber on the lateral side 
because extra support is needed to counter over-pronation. 
For such a user, more support is thereby provided on the 
lateral side. After the landing phase of running is over, 
equilibrium or initial pressure betWeen the bladders is re 
established before the next heel strike, either by opening the 
valves fully (by dropping and/or eliminating the current to 
the electrodes or electromagnets) or through the use of 
passive one-Way valves that alloWs ?uid to pass back into 
the central and lateral bladder chambers. The recovery time 
can be controlled by the control electronics based upon hoW 
much current is sent to the E/M valves during the recovery 
period. 

[0046] FIG. 3 illustrates a top vieW of one embodiment of 
a cushioning system. 

[0047] Referring to FIG.3, a cushioning system 100 can 
extend along the length of footWear 80 (e.g., With one or 
more bladder chambers in the heel region and one or more 
bladder chambers in the forefoot region). Cushioning system 
100 includes a bladder system 110. Bladder system 110 is 
constructed the same as bladder system 10, With similar 
components labeled With like numbers as bladder system 10, 
but in the 100 series of numbers. Accordingly, bladder 
chambers 112, 114 and 116 function in the same Way as 
bladder chambers 12, 14 and 16, respectively. 

[0048] Cushioning system 100 also includes chambers 
152 and 156 in the forefoot region 150 to provide lateral 
stability and increased performance When running or jump 
ing. Bladder chambers 152 and 156 extend along the fore 
foot region of footWear 80 and are formed of the same 
material as bladder chambers 12, 14 and 16. In one embodi 
ment, bladder chambers 152 and 156 may be in ?uid 
communication With each other by one or more conduits 127 
With one or more E/M ?eld generators operably proximate 
to one or more respective conduits 127 (e. g., disposed Within 
cross-hatched areas 158) to selectively stiffen one side of the 
forefoot of footWear 80 during a foot stride. Bladder cham 
bers 152 and 156 may also be in ?uid communication With 
one or more heel chambers by one or more conduits 127 

With one or more E/M ?eld generators operably proximate 
to one or more respective conduits 127 (e. g., disposed Within 
cross-hatched areas 158) to selectively stiffen one of the 
forefoot or heel region of the shoe. 

[0049] In one embodiment, the E/M valves can be effec 
tively controlled When the one or more control algorithms 
are implemented in conjunction With sensed pressure dif 
ferentials betWeen chambers in the determination of When 
and hoW strongly to energiZe the valves. Based upon the 
pressure differential betWeen lateral and medial chambers 
and/ or the pressure differential betWeen a forefoot and heel 
chambers, ?uid ?oW rates can be controlled using the E/M 
?eld generators to selectively stiffen various regions of the 
shoe including the lateral heel, the medial heel, the lateral 
forefoot, and/or the medial forefoot. 
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[0050] It Will be appreciated that a bladder system can be 
constructed With more or less chambers than shoWn in 
FIGS. 2 and 3 depending upon the degree of control 
desired. For example, a bladder system may include a single 
heel chamber and a single forefoot chamber, both ?lled With 
MR or ER ?uid, a single conduit in ?uid communication 
With the single heel and forefoot chambers to alloW ?uid to 
?oW betWeen the chambers When pressure is applied, one or 
more E/M ?eld generators arranged operably proximate to 
the conduit to in?uence the viscosity of the MR or ER ?uid 
that ?oWs past. 

[0051] In such a tWo-bladder chamber embodiment, When 
pressure is applied to the sole such that the heel chamber 
experiences greater pressure than that forefoot chamber, 
?uid Will ?oW from the heel to the forefoot and the rate of 
the ?oW can be electronically controlled by energiZing the 
one or more E/M ?eld generators. If the rate is sloW as a 
result of a high viscosity being induced in the MR or ER 
?uid, the heel Will be stilf. If the rate is fast as a result of loW 
viscosity being induced in the MR or ER ?uid, the heel Will 
be compliant. If the rate is controlled to be someWhere 
betWeen sloW and fast, the heel Will have an intermediate 
level of compliance. The E/M ?eld generators can be 
energiZed at varying levels during a single stride based upon 
sensor readings for highly controllable sti?fness pro?les. For 
example, a pressure sensor Within the heel can sense pres 
sure levels Within the heel chamber and generate sensor data. 
The output sensor data is used by a local microprocessor of 
the control electronics to output a control signal, Wherein the 
control signal is adapted to modulate poWer applied to the 
one or more E/M magnets based upon the sensed pressure 
levels. In this Way, the stiffness of the heel can be varied 
independently of the stiffness of the forefoot during a single 
stride based upon one or more pressure sensor readings 
during the execution of the stride. 

[0052] In the tWo-bladder chamber embodiment described 
above, When pressure is applied to the sole such that the 
forefoot chamber experiences greater pres sure than that heel 
chamber, ?uid Will ?oW from the forefoot to the heel, the 
rate of the ?oW being electronically controllable by ener 
giZing the electrodes or electromagnets. If the rate is sloW as 
a result of a high viscosity being induced in the MR or ER 
?uid, the forefoot Will be stilf. If the rate is fast as a result 
of loW viscosity being induced in the MR or ER ?uid, the 
forefoot Will be compliant. If the rate is controlled to be 
someWhere betWeen sloW and fast, the forefoot Will have an 
intermediate level of compliance. The E/M ?eld generators 
can be energiZed at varying levels during a single stride 
based upon sensor readings for highly controllable sti?fness 
pro?les. For example, a pressure sensor Within the forefoot 
can sense pressure levels Within the forefoot chamber and 
generate sensor data. The output sensor data is used by the 
local microprocessor to output a control signal, Wherein the 
control signal is adapted to modulate poWer applied to the 
one or more E/M magnets based upon the sensed pressure 
levels. In this Way, the stiffness of the forefoot can be varied 
independently of the stiffness of the heel during a single 
stride based upon one or more pressure sensor readings 
during the execution of the stride. 

[0053] In an exemplary implementation, a control algo 
rithm optimiZed for a Walking activity can be set such that 
one or more E/M ?eld generators are energiZed at a high 
level When the pressure in the heel is greater than the 
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pressure in the forefoot, thereby providing a stiff heel. 
Further, the control algorithm optimized for the Walking 
activity can be set such that one or more E/M ?eld genera 
tors are energized at a loW level When the pressure in the 
forefoot is greater than the pressure in the heel, thereby 
providing a compliant forefoot. In another exemplary imple 
mentation, a control algorithm optimiZed for a jumping 
activity can be set such that one or more E/M ?eld genera 
tors are energiZed at a loW level When the pressure in the heel 
is greater than the pressure in the forefoot, thereby providing 
a compliant heel for soft landings. Further, the control 
algorithm optimiZed for the jumping activity can be set such 
that one or more E/ M ?eld generators are energiZed at a high 
level When the pressure in the forefoot is greater than the 
pressure in the heel, thereby providing a stiff forefoot for 
?rm takeolfs. 

[0054] In one embodiment, the user can engage a user 
interface (e.g., by accessing a button or dial) to alter the 
current ?oWing to one or more E/M ?eld generators during 
some portion of a stride. For example, When the user is out 
for a sloW Walk, he or she may desire a ?rm heel and thus 
adjust the control algorithms to provide a stiff heel. Later, 
that same user may decide to jog and may Want additional 
cushioning in the heel and thus press a button or turn a knob 
to alter the control algorithm to provide a more compliant 
heel. As described above, the user interface may be mounted 
on the shoe itself or may be incorporated Within a handheld 
computing device that Wirelessly communications With the 
shoes. In one embodiment, the user interface can be engaged 
to adjust both shoes (i.e., left and right) simultaneously 
because, in most instances, the user Will Want both shoes to 
be provided With the same cushioning characteristics. In 
another embodiment, the user interface can be engaged to 
each shoe individually. 

[0055] In one embodiment, the current ?oWing to one or 
more E/M ?eld generators may be altered automatically, 
Without the need for user to engage a user interface. In such 
an embodiment, each shoe includes one or more sensors 
adapted to detect the intensity and frequency of foot-falls 
and generate corresponding sensor data and a local micro 
processor adapted to receive usage data from the one or 
more sensors, to determine a present usage mode based on 
the received sensor data, and to adjust the stiffness/cushion 
ing characteristics in real time to optimiZe performance With 
respect to the determined present usage mode. 

[0056] In one embodiment, one or more sensors may be 
provided as an accelerometer (e.g., a solid state accelerom 
eter from Analog Devices). In another embodiment, one or 
more sensors may be provided as a pressure sensor (e.g., 
provided Within the midsole layer 60 of a shoe). In another 
embodiment, one or more sensors may be provided as a 
contact sWitch or pressure sWitch that can be closed With 
each footfall (note, contract/pressure sWitches Would give 
frequency, but not strength, of each footfall). 

[0057] Using the sensor data from sensors incorporated 
Within each shoe, the local microprocessor controls current 
applied to the E/M ?eld generators to adjust the stiffness of 
the resilient underside to achieve improved performance 
and/or comfort in the present athletic task. To achieve this, 
the local microprocessor performs real-time analysis on the 
usage data to determine the present usage mode of the user 
(e.g., to determine Whether the user is Walking, jogging, 
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running, etc.). In one embodiment, the local microprocessor 
performs real-time analysis on the usage data to determine 
particular stages of a determined usage mode (e.g., to 
determine Whether the user is about to jump, Whether the 
user is currently jumping and is in the air, etc.). The local 
microprocessor can then adjust the stiffness/cushioning 
characteristics in real time to optimiZe performance With 
respect to the identi?ed present usage mode. For example, 
upon determining that a user is about to jump (based upon 
usage data), the local processor can stiffen the shoe’s resil 
ient underside. Then, When the shoe is airborne, the local 
microprocessor can predict that a landing is imminent and 
un-stiifen the shoes resilient underside. 

[0058] The local microprocessor can differentiate betWeen 
usage modes such as Walking, jogging, and running based on 
sensor data indicating, for example, a time delay betWeen 
foot falls and/ or the strength of foot falls, as generated by the 
sensors such as those described above. The more rapid the 
sequence of foot falls, the faster the user is moving. The 
stronger the pressure (or acceleration) signals at each foot 
fall, the more intense the physical activity. Based upon the 
sensor data, the local microprocessor can adjust the stiffness 
of the resilient underside. The shoe can have a number of 
pre-programmed mappings (as described previously) that 
the user can select betWeen so that the modulation for a 
given physical activity is What the particular user desires. 

[0059] In many sports (e.g., basketball, volleyball, etc.) 
players are continually jumping and landing. They may Want 
to achieve maximum height and be optimally cushioned 
upon return. When an athlete jumps, the muscles in his leg, 
ankle, and foot stiffen to provide maximum thrust. When an 
athlete lands from a jump, the muscles in his leg, ankle, and 
foot relax to provide optimiZed cushioning. Similarly, the 
bladder system described above can be actively controlled to 
adjust the stiffness of the resilient underside by energiZing 
one or more E/M ?eld generators at the moment of jumping, 
to stiffen the resilient underside When the user’s muscles 
stiffen, and then relax the resilient underside When the user 
lands, to provide a highly cushioned landing. An exemplary 
process by Which such stiffening and cushioning can be 
achieved Will noW be described in greater detail beloW. The 
local microprocessor may continually poll the sensors in a 
given shoe. When the microprocessor detects a sensor 
reading that has exceeded a particular threshold value of 
doWnWard pressure on the shoe, the microprocessor can 
infer that a jump is in progress and can energiZe one or more 
appropriate E/M ?eld generators (e.g., in one or more 
portions of the shoe) to a high level of current to provide for 
maximum thrust during the launching stage of the jump. 
When the microprocessor detects a sensor reading that 
indicates the pressure has suddenly dropped to near-Zero, the 
microprocessor can infer that the shoe is noW airborne and 
that the next impact seen by the shoe Will be a landing. The 
microprocessor can then drop the current applied to one or 
more E/M ?eld generators (e.g., in one or more portions of 
the shoe) to optimally cushion the impending landing. In this 
Way, the user can have real-time modi?cation of the stiffness 
of the resilient underside of his/her shoe, accommodating 
differently for the liftoff and landing phases of a jump. 

[0060] Each stride of a running athlete can be treated as a 
jump (e.g., liftoff, airborne, then landing) by the local 
microprocessor. In this Way, the jumping method described 
in the paragraph above could be used not just for vigorous 
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jumps in a basketball game but also during every stride of 
general running. In such a mode the degree of change in 
stiffness is likely varied at a lesser level than in vigorous 
jumping, but the basic method is the same. 

[0061] In one embodiment, each shoe has its oWn local 
microprocessor and can be independently adjusted. In 
another embodiment, the tWo microprocessors have a Wire 
less link betWeen them, to alloWing the shoes to coordinate 
in real time. For example, sensor data and/or timing data 
and/or status data of one shoe can be exchanged With the 
other shoe to coordinate jumping, landing, and other stride 
based changes to the resilience of the other shoe. 

[0062] As discussed above, each shoe may include one or 
more sensors and a microprocessor. In another embodiment, 
each shoe may include a Wireless link enabling Wireless 
communication of data betWeen shoes and/or Wireless com 
munication of data With a user interface incorporated Within 
a handheld computing device. In another embodiment, usage 
mode algorithms may be implemented in conjunction With 
the local microprocessor to determine current usage modes 
of the user. 

[0063] In one embodiment, the local microprocessor, 
using the sensors as described above, can log data describing 
the physical activity of the user. The logged data may 
include information describing the number of foot falls, the 
time betWeen foot falls, the rate of foot falls, the intensity at 
the launch point of a stride or jump, the intensity upon 
landing from a launch or jump, and/or the airtime betWeen 
launching and landing a jump. The logged data can then be 
used by a user to better understand his performance and 
possibly Work to improve. For example, an athlete may use 
logged data to Work to minimiZe the intensity of force upon 
landing from jumps by better cushioning With his/her knees. 
In another example, an athlete may use the logged data to 
Work to lengthen his or her stride for more e?icient running. 
In another example, an athlete may use the logged data (e. g., 
describing pressure di?ferentials betWeen lateral and medial 
sides of a foot) to determine and document over-pronating or 
under-pronating events. In one embodiment, data logged by 
the local microprocessor of a shoe can be output to a host 
computer (e.g., a personal computer, a handheld computer 
such as a PDA, etc.) by a temporary Wire connection or 
Wireless link. 

[0064] In one embodiment, the logged data can be output 
to a computer at the end of a session (e.g., after a user has 
?nished Walking, jogging, running, jumping, etc.). In 
another embodiment, the logged data can be output to a 
computer in real time as the sensors generate the sensor data. 
For example, and in one exemplary implementation, a user 
may be doing an aerobics Workout and sensor data describ 
ing their footfall can be output to a host computer running 
an aerobics Workout softWare package. The aerobics Work 
out softWare package may be adapted to moderate the 
Workout of the user in real-time based upon the generated 
sensor data. Accordingly, aerobics Workout softWare pack 
age may quantify the user’s performance and ask the user to 
increase their rate, increase their force, or make any other 
modi?cations to tune the aerobic Workout. The aerobics 
Workout softWare package might also identify poor gate 
posture (e.g., over-pronation) by displaying a Warning 
graphic or emitting a Warning sound through user interface 
of the host computer. In another exemplary implementation, 
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a user may be engaged With an entertainment softWare 
package (e. g., a video game) and sensor data describing their 
footfall can be output to a host computer running an enter 
tainment softWare package. Accordingly, the sensor data 
may be used as an interfacing means of controlling charac 
ters (i.e., Avatars) Within an environment supported by the 
entertainment softWare package. 

[0065] According to numerous embodiments exemplarily 
described above, the stiffness/cushioning characteristics of 
the resilient underside portion of a shoe can be electrically 
modi?ed based upon the physical activity of the Wearer so 
as to further enhance user performance. In one embodiment, 
an athletic shoe can be designed in Which the stiffness of the 
sole assembly can be adjusted, under electronic control, 
based upon the type and intensity of the physical activity 
being performed by the Wearer. In another embodiment, the 
stiffness of the sole assembly can be adjusted using one or 
more loW-poWer E/M ?eld generators having a fast response 
period enabling a Wide range of stiffness values to be 
commanded With rapid response using loW poWer electron 
ics. In another embodiment, each shoe may include one or 
more sensors and control electronics coupled to the one or 
more sensors, the control electronics adapted to automati 
cally adjust the stiffness of the sole assembly appropriately 
during periods of activity and thereby enhance comfort 
and/or performance of the Wearer during the period of 
activity. 
[0066] In one embodiment, the ?uid is present Within 
holloW chambers Within the resilient material, ?owing 
through speci?ed ori?ces When pressure is applied by the 
user to the heel or forefoot. For example, pressure applied on 
the heel Will force the ?uid to ?oW forWard in the shoe, 
toWards the forefoot. Pressure on the forefoot Will force the 
?uid to ?oW backWards in the shoe, toWards the heel. The 
same method could be employed for side to side motion, 
?uid ?oWing left and right accordingly. One, more, or all, of 
these ?oW directions can be incorporated together. Accord 
ingly, the viscosity of the ?uid can be altered under elec 
tronic control. This alloWs the rate of ?uid ?oW betWeen 
chambers to be modulated by an electric current or magnetic 
?eld selectively applied to the ?uid. The degree of the 
electric and/or magnetic ?eld Will impact the degree of 
viscosity and thus the stiffness level in the shoe. This 
provides electronic control of the compliance felt by the 
Wearer of the shoe during physical activity. The current 
and/or magnetic ?eld can be applied to the entire mass of 
?uid, or in preferred embodiments, only to the area of an 
ori?ce (or ori?ces) through Which the ?uid must ?oW. In 
such embodiments, the resilience of the shoe undersurface 
Would be controllable as folloWs: When the viscosity is high, 
the ?uid ?oWing from a chamber to Which pressure has been 
applied Will be sloWed, and the material Will therefore be 
less resilient (more sti?). When the viscosity is loW, the ?uid 
Will ?oW more freely from a chamber to Which pressure has 
been applied and the material Will be more resilient (less 
sti?). A plurality of individually controllable E/M ?eld 
generators can be used for independent control of various 
portions of the shoe underside. For example the heel stilf 
ness and forefoot sti?fness could be independently con 
trolled. The control of the viscosity of electro-rheological 
and magneto-rheological ?uids may be accomplished While 
consuming a loW amount of poWer relative to the amount of 
stiffness modulation achieved, therefore consuming very 
little energy during normal operation. In another embodi 
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ment, the aforementioned bladder system 10 (or 110) can be 
replaced by, or supplemented With, ER or MR ?uid impreg 
nated in a foam matrix (e.g., using technology obtained from 
Lord Corporation). Accordingly, a foam matrix impregnated 
With a rheological ?uid may be collectively referred to as a 
“rheological body.” Therefore, the stiffness of the impreg 
nated foam matrix can be modulated using one or more of 
the aforementioned E/ M ?eld generators operably proximate 
to the impregnated foam matrix. 

[0067] A cushioning system disclosed herein provides 
varying amounts cushioning to the Wearer as Well as varying 
amounts of resistance to front-back motion and side-to-side 
motion depending on the severity of such motion While 
Walking, running, or participating in other athletic activities. 
Accordingly, the present invention introduces electronically 
controllable cushioning and electronically controllable side 
to-side and front-to-back resilience using electrorheological 
or magnetorheological ?uids Within the sole of the shoe, the 
?uids changing their viscosity under the control of an 
electronic circuit based upon the changing activities and/or 
desires or the user. This system can therefore be controlled 
to provide optimum cushioning for a given activity, While 
simultaneously providing the needed amount of side-to-side 
or front-to-back motion control by stiffening a portion of the 
footWear in response to the individual behavior. In one 
embodiment, a bladder system ?lled With ER or MR ?uid is 
used, the bladder system being constructed With narroW 
passageWays surrounded by embedded electrodes and/or 
electromagnets. The narroW passageways act as electroni 
cally controllable ?oW valves under the control of an elec 
tronic circuit, the ?oW valves regulating the ?oW of the ?uid 
from one chamber of the bladder system to another. By 
modulating the current ?oWing to the electrodes and/or 
electromagnets, the cushioning and/or side-to-side motion 
control of the shoe can be adjusted in real time to meet the 
changing needs of the Wearer. The system provides elec 
tronically controllable comfort and control in a light Weight, 
loW poWer, fast responding, and very compact construction 
that has no moving electromechanical components such as 
motors that can Wear out, make noise, draW too much poWer, 
and/or respond too sloWly. One embodiment of the present 
invention utiliZes lightWeight bladders ?lled With ER or MR 
?uid for the dual purposes of cushioning and motion control. 

[0068] An article of footWear designed accordance With 
one embodiment of the present invention comprises a blad 
der system positioned Within the sole of the footWear, the 
bladder system housing ER ?uid or MR ?uid. The system 
includes at least ?rst and second bladder chambers in ?uid 
communication With each other. A ?rst valve is positioned 
betWeen the ?rst bladder chamber and the second bladder 
chamber, the valve being comprised of a ?uid passageWay 
With one or more electrodes or electromagnets positioned 
operably proximate to (e.g., near or around) the passageWay 
such that When the electrodes or electromagnets are ener 
giZed by control electronics they impart an electric ?eld or 
magnetic ?eld respectively upon the ?uid ?oWing through 
the passageWay. When the ?uid used in the footWear design 
is an ER ?uid, the valve is designed using one or more 
electrodes that impart an electric ?eld on the ?uid moving 
through the passageWay. When the ?uid used in the footWear 
design is an MR ?uid the valve is designed using one or 
more electromagnets that impart a magnetic ?eld upon the 
?uid moving through the passageWay. In this Way the valve 
under electronic control of control electronics can vary the 
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?oW rate of the ER or MR ?uid ?oWing through the 
passageWay betWeen the ?rst and second bladder chamber 
and thereby modulate the shock cushioning and/or side-to 
side support provided by footWear. In one embodiment, the 
control electronics include a microprocessor that runs ?rm 
Ware code, the ?rmWare code controlling the current ?oWing 
to the valve to modulate the shock cushioning and/or side 
to-side support provided by the sole of the shoe. In another 
embodiment, the footWear also includes one or more sensors 
connected to the microprocessor such that the activity of the 
Wearer can be monitored during use and the cushioning 
and/or side-to-side support provided by the ER or MR ?uid 
can be modulated based upon the monitored activity. In 
another embodiment, the microprocessor collects data from 
the one or more sensors and then adjusts the current to the 
valves in accordance With the data collected from the 
sensors. In another embodiment, the microprocessor is also 
connected to a timer or clock and uses data from the timer 
or clock to adjust the current to the valves. Based upon the 
level at Which the ?rst valve is energiZed, ?uid Will ?oW at 
a certain rate from the ?rst bladder chamber to the second 
bladder chamber When pressure is applied by the Wearer. 
This ?oW rate Will de?ne the effective cushioning of the sole 
and/or the effective side-to-side support provided by the sole 
to the Wearer. In some embodiments, the same ?rst valve can 
be used to control ?oW in both directions (in a ?rst direction 
from the ?rst bladder chamber to the second bladder cham 
ber and in a second direction from the second bladder 
chamber to the ?rst bladder chamber). In other embodiments 
a second valve can be used to control the ?oW in the second 
direction. The second valve can be a passive valve that is not 
electronically controlled or the second valve can be an active 
valve that is electronically controlled. In some embodi 
ments, the valves are one-Way valves that only alloW ?oW in 
one direction. In some embodiments, more than tWo valves 
can be used, a plurality of the valves With electronic control 
of electrodes or electromagnets, the plurality of valves 
increasing the controllability of the cushioning and/or side 
to-side support provided by the footWear. 

[0069] In one embodiment, the bladder system housing 
MR or ER ?uid is positioned is Within a heel region of the 
sole and the ?rst bladder chamber is disposed adjacent one 
side of the heel region, a third bladder chamber is disposed 
adjacent the other side of the heel region and the second 
bladder chamber is disposed betWeen the ?rst and third 
bladder chambers in ?uid communication thereWith. A ?rst 
valve under electronic control is placed betWeen the ?rst 
bladder chamber and the second bladder chamber and a 
second valve under electronic control is positioned betWeen 
the third bladder chamber and the second bladder chamber. 
The valves are modulated by control electronics such that 
?uid ?oWs more easily from the second chamber to one of 
the ?rst chamber or the third chamber. When ?uid ?oWs 
more easily to the ?rst chamber, more support is shifted to 
that side of the heel. When ?uid ?oWs more easily to the 
third chamber, more support is shifted to that side of the 
heel. The rate of ?uid ?oW, Which can be modulated inde 
pendently of the ratio betWeen the ?uid ?oWs, controls the 
affects overall cushioning feel of the central heel region. 

[0070] Embodiments disclosed herein also describe one or 
more bladder chambers in the heel region of the sole as Well 
as one or more bladder chambers Within the forefoot regions 
of the sole, the sole and forefoot chambers being in ?uid 
communication With each other through electronically con 
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trollable valves as described previously. When pressure is 
applied to the heel region that is greater than the pressure 
applied to the forefoot region, ?uid is forced from one or 
more chambers in the heel into one or more chambers in the 
forefoot, the rate of the ?oW being modulated by one or more 
electronically controlled valves betWeen the heel region and 
the forefoot region. In this Way, the stiffness of the heel can 
be modulated by the electronics that control the valves and 
thereby affect that cushioning and support on the heel of the 
Wearer. When pressure is applied to the forefoot region that 
is greater than the pressure applied to the heel region, ?uid 
is forced from one or more chambers in the forefoot into one 
or more chambers in the heel, the rate of the ?oW being 
modulated by one or more electronically controlled valves 
betWeen the forefoot region and the heel region. In this Way 
the stiffness of the forefoot region can be modulated by the 
electronics that control the valves and thereby affect the 
cushioning and support on the forefoot of the Wearer. 

[0071] In some embodiments, multiple chambers are used 
in the forefoot and/or heel, the multiple regions including, 
for example, a left region, central region, and right region, 
multiple electronically controllable valves used to indepen 
dently vary the ?oW into and out of the regions thereby 
alloWing independent control of the cushioning and support 
and in the regions. In this Way the left, central, or right side 
of the heel can be made more or less stilf independently of 
the other regions. Similarly the left, central, or right side of 
the forefoot can be made more or less stilf independently of 
the other regions. In one embodiment, the electronic valves 
and chambers are positioned such that a ?rst valve modu 
lates ?oW betWeen a left heel chamber and a left forefoot 
chamber, a second valve modulates ?oW betWeen a central 
forefoot chamber and a central heel chamber, and a third 
valve modulates ?oW betWeen a right heel chamber and a 
right forefoot chamber. In this embodiment, control elec 
tronics regulate the relative ?oW rates Within all three valves 
to vary the forWard-back and left-right cushioning and 
support on the foot based upon the activity of the Wearer. 

[0072] While embodiments have been disclosed herein by 
means of speci?c examples and applications thereof, numer 
ous modi?cations and variations could be made thereto by 
those skilled in the art Without departing from the scope of 
the invention set forth in the claims. 

What is claimed is: 
1. A variable footWear support system, comprising: 

at least one rheological body Within a sole of an article of 
footWear, Wherein the sole is formed of a resilient 
material and Wherein the rheological body contains a 
rheological ?uid having a viscosity that is variable in 
the presence of an energy ?eld; 

control electronics adapted to generate at least one control 
signal; and 

at least one E/M ?eld generator coupled to the control 
electronics and arranged operably proximate to at least 
one rheological body, Wherein the at least one E/ M ?eld 
generator is adapted to generate an energy ?eld corre 
sponding to a control signal generated by the control 
electronics upon the rheological body. 

2. The variable footWear support system of claim 1, 
Wherein at least one rheological body is Within at least one 
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of a heel region, a forefoot region, a medial region, and a 
lateral region of the sole of the article of footWear. 

3. The variable footWear support system of claim 1, 
Wherein at least one rheological body comprises a bladder 
chamber de?ning a cavity adapted to contain the rheological 
?uid. 

4. The variable footWear support system of claim 1, 
Wherein at least one rheological body comprises: 

a plurality of bladder chambers each de?ning a cavity 
adapted to contain the rheological ?uid; and 

at least one conduit coupled to at least tWo of the plurality 
of bladder chambers such that a cavity of one of the 
plurality of bladder chambers is in ?uid communication 
With a cavity of at least one other of the plurality of 
bladder chambers, Wherein 

at least one E/M ?eld generator is operably proximate to 
at least one conduit. 

5. The variable footWear support system of claim 1, 
Wherein at least one rheological body includes a foam matrix 
impregnated With the rheological ?uid. 

6. The variable footWear support system of claim 1, 
Wherein the rheological ?uid comprises electrorheological 
?uid and the E/M ?eld generator comprises at least one 
electrode adapted to generate an electric ?eld upon the 
electrorheological ?uid contained Within the rheological 
body. 

7. The variable footWear support system of claim 1, 
Wherein the rheological ?uid comprises magnetorheological 
?uid and the E/M ?eld generator comprises at least one 
electromagnet adapted to generate a magnetic ?eld upon 
magnetorheological ?uid contained Within the rheological 
body. 

8. The variable footWear support system of claim 1, 
further comprising at least one sensor adapted to detect at 
least one of an intensity and a frequency of foot-falls of the 
Wearer of the article of footWear and generate sensor data 
based upon the detecting, Wherein 

the control electronics is adapted to receive the generated 
sensor data and generate at least one control signal 
corresponding to the received sensor data. 

9. The variable footWear support system of claim 8, 
Wherein the at least one sensor and the control electronics 
are Within the same article of footWear. 

10. The variable footWear support system of claim 8, 
Wherein the at least one sensor and the control electronics 
are Within different articles of footWear. 

11. The variable footWear support system of claim 8, 
Wherein the at least one sensor includes at least one of a 

pressure sensor, an accelerometer, and a contact sWitch. 

12. The variable footWear support system of claim 8, 
Wherein the control electronics is further adapted to store the 
received sensor data. 

13. The variable footWear support system of claim 8, 
Wherein the control electronics is further adapted to output 
the received sensor data to a host computer. 

14. The variable footWear support system of claim 1, 
further comprising a user interface coupled to the control 
electronics, Wherein 

the user interface is adapted to be engaged by a Wearer of 
the article of footWear to receive user input; and 



US 2006/0248750 Al 

the control electronics is adapted to receive the user input 
and generate at least one control signal corresponding 
to the received user input. 

15. The variable footWear support system of claim 14, 
Wherein the user interface is integrated Within the article of 
footWear. 

16. The variable footWear support system of claim 14, 
further comprising a handheld computing device, Wherein 
the user interface is integrated Within the handheld comput 
ing device. 

17. The variable footWear support system of claim 14, 
Wherein the handheld computing device is coupled to the 
control electronics via at least one of a Wired connection and 
a Wireless connection. 

18. The variable footWear support system of claim 1, 
Wherein the control electronics is adapted to generate at least 
one control signal corresponding to one or more of a 
plurality of different physical activities of a Wearer of the 
article of footwear, the plurality of different physical activi 
ties including at least tWo of Walking, jogging, running, 
hiking, climbing stairs, playing basketball, and playing 
tennis. 

19. The variable footWear support system of claim 1, 
Wherein the at least one control signal is generated at least 
in part upon a detected physical characteristic of the gait of 
a Wearer of the article of footWear. 

20. The variable footWear support system of claim 19, 
Wherein the detected physical characteristic includes at least 
one of a rate, a magnitude of the gait of the Wearer of the 
article of footWear. 

21. A variable footWear support method, comprising: 

receiving sensor data from at least one sensor, the sensor 
data describing at least one of an intensity and a 
frequency of footfalls of a Wearer of an article of 

footWear; 
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generating at least one control signal based on the 
received sensor data; and 

energiZing at least one E/M ?eld generator based on the 
at least one generated control signal, Wherein each 
energiZed E/M ?eld generator generates an energy ?eld 
upon at least one rheological body arranged Within a 
sole of an article of footWear, Wherein the sole is 
formed of a resilient material and Wherein the at least 
one rheological body contains a rheological ?uid hav 
ing a viscosity that is variable in the presence of the 
generated energy ?eld. 

22. The variable footWear support method of claim 21, 
Wherein the at least one sensor and the at least one rheo 
logical body are Within the same article of footWear. 

23. The variable footWear support method of claim 21, 
Wherein the at least one sensor and the at least one rheo 
logical body are Within different articles of footWear. 

24. A variable footWear support method, comprising: 

receiving user input from a user interface; 

generating at least one control signal based on the 
received user input; and 

energiZing at least one E/M ?eld generator based on the 
at least one generated control signal, Wherein each 
energiZed E/M ?eld generator generates an energy ?eld 
upon at least one rheological body arranged Within a 
sole of an article of footWear, Wherein the sole is 
formed of a resilient material and Wherein the at least 
one rheological body contains a rheological ?uid hav 
ing a viscosity that is variable in the presence of the 
generated energy ?eld. 


