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Description

FIELD OF THE DISCLOSURE

[0001] The systems, methods and apparatuses de-
scribed herein relate to harvesting power generated in a
footwear, in particular, power generated by a foot wearing
the footwear pressing on a surface (such as the ground).

BACKGROUND

[0002] Scientists estimate that as much as 67 watts of
power is available in the foot movement of an average
(68 kg) person walking at a brisk pace (two steps per
second with the foot moving 5 cm vertically). Although
there have been efforts to harvest this power, these ef-
forts have failed to meet the demand for: low weight, low
cost, relatively high power output and convenient power
delivery, reliability, or unobtrusive "parasitic" action.
Therefore, there is a need in the art for harvesting the
power generated in a footwear efficiently and with com-
fortable cushion.
[0003] WO 2009/048438 A1 relates to a hydro-me-
chanical shoe comprising at least one dynamo which
converts the rotational motion to electrical energy and
which comprises at least one heel hydraulic housing
which is location at the heel section of the shoe and which
is where the fluid is stored in the heel section of the shoe,
at least one check-valve 1 and check-valve 2 which en-
sure the one-way transfer of the fluid to the accumulators
when the heel section is pressed on, at least one hydrau-
lic accumulator 1 and hydraulic accumulator 2 which en-
sure that the pressurized fluid coming from the check-
valves are collected within a specific volume and that the
hydraulic circuit is fed from this fluid when required, at
least one front hydraulic housing located in the front sec-
tion of the shoe and which is where the fluid is stored in
the front section, at least one check-valve 3 and check-
valve 4 which provide the one-way transfer of the fluid
towards the accumulators when pressure is formed in
the front section of the shoe, at least one hydro-motor
which produces rotational motion with the pressurized
fluid coming from the accumulators, in other words, with
the hydraulic energy.
[0004] US 2007/145746 A1 discloses a linear electric
generator which is mounted to an article of human cloth-
ing that is subject to repetitive fore-and-aft motion when
worn by a human wearer during locomotion. The linear
axis of the generator is aligned generally parallel to the
direction of fore-and-aft motion of the wearer to utilize
the kinetic locomotion energy of the wearer for production
of electricity. A separable electric connector is coupled
to the output of the generator to facilitate electrical con-
nection to a battery for charging purposes.
[0005] US 5,495,682 A relates to a dynamoelectric
shoe which includes a shoe sole having a heel portion
formed with a compartment unit, a pressure-operated
electric generator unit provided inside the compartment

unit, and a rechargeable battery unit. The electric gen-
erator unit includes a hollow base, a pivot plate mounted
pivotally in the hollow base, a volute spring biasing the
pivot plate so as to position normally the latter in an up-
wardly inclining position, a driving gear secured to the
pivot plate, a unidirectional gear set meshing with the
driving gear, a speed increasing gear set driven rotatably
by the unidirectional gear set, a press plate having a rear
end mounted pivotally on an open top of the hollow base
and a front end provided with a push plate which extends
into the open top of the hollow base and which abuts
against the pivot plate, and an alternator unit which has
a rotor drive shaft that is driven by the speed increasing
gear set. The alternator unit produces a voltage signal
when the rotor drive shaft rotates due to repeated appli-
cation of pressure on the press plate during use. The
rechargeable battery unit is connected electrically to the
alternator unit and includes an electrical socket mounted
on the shoe sole. The rechargeable battery unit is
charged by the voltage signal from the alternator unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

Figure 1 is a block diagram of an exemplary hydraulic
system for a footwear according to the present dis-
closure.
Figure 2 is a block diagram of the exemplary hydrau-
lic system of Figure 1 during a heel strike stage ac-
cording to the present disclosure.
Figure 3 is a block diagram of the exemplary hydrau-
lic system of Figure 1 after a heel strike stage ac-
cording to the present disclosure.
Figure 4 is a block diagram of another exemplary
hydraulic system for a footwear according to the
present disclosure.
Figure 5 is a block diagram of the exemplary hydrau-
lic system of Figure 4 during a heel strike stage ac-
cording to the present disclosure.
Figure 6 is another block diagram of the exemplary
hydraulic system of Figure 4 after a heel strike stage
according to the present disclosure.
Figure 7 is a block diagram of another exemplary
hydraulic system according to the present disclo-
sure.
Figure 8 is another block diagram of the exemplary
hydraulic system of Figure 7 during a heel strike
stage according to the present disclosure.
Figure 9 is another block diagram of the exemplary
hydraulic system of Figure 7 during a flatfoot stage
according to the present disclosure.
Figure 10 is another block diagram of the exemplary
hydraulic system of Figure 7 during a heel rise and
toe off stage according to the present disclosure.
Figure 11 is another block diagram of the exemplary
hydraulic system of Figure 7 during a swing phase
according to the present disclosure.
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Figure 12A is a top (or bottom) view of an exemplary
hydraulic system for a footwear according to the
present disclosure.
Figure 12B is a cross sectional view of an exemplary
hydraulic system for a footwear according to the
present disclosure.
Figure 12C is another cross sectional view of an ex-
emplary hydraulic system for a footwear according
to the present disclosure.

DETAILED DESCRIPTION

[0007] Certain illustrative aspects of the systems, ap-
paratuses, and methods according to the present inven-
tion are described herein in connection with the following
description and the accompanying figures. These as-
pects are indicative, however, of but a few of the various
ways in which the principles of the invention may be em-
ployed and the present invention is intended to include
all such aspects and their equivalents. Other advantages
and novel features of the invention may become apparent
from the following detailed description when considered
in conjunction with the figures.
[0008] In the following detailed description, numerous
specific details are set forth in order to provide a thorough
understanding of the invention. In other instances, well
known structures, and processes have not been shown
in detail in order not to unnecessarily obscure the inven-
tion. However, it will be apparent to one of ordinary skill
in the art that those specific details disclosed herein need
not be used to practice the invention and do not represent
a limitation on the scope of the invention, which is defined
by the claims.
[0009] The present disclosure provides systems,
methods and apparatuses for harvesting power gener-
ated by pressing a foot on a surface and providing a cush-
ion for the impact. In certain aspects, a hydraulic system
for a footwear may comprise at least one chamber with
a first and second compartments separated by an elastic
membrane. The first compartment may be filled with gas
and the second compartment may be filled with liquid.
The elastic membrane may be pre-stressed to pressure
the gas and liquid. The gas may provide impact cushion
and transient energy storage, and the liquid may push a
generator to produce energy. The pressure may be gen-
erated by a foot pressing on a surface and/or the elastic
membrane of the chamber trying to restore its shape. In
one embodiment, the gas may be pre-pressurized to im-
prove cushioning.
[0010] In other aspects, a hydraulic system for foot-
wear may comprise a first chamber and a second cham-
ber, a turbine and a generator. The first chamber may
have an elastic cover that may deform under pressure.
The first and second chambers may each have an elastic
membrane dividing the respective chamber into two com-
partments. The two compartments may be filled with gas
and liquid respectively. The liquid-filled compartments
may be fluidly coupled by passages and valves, and flu-

idly coupled to the turbine.
[0011] In yet other aspects, a hydraulic system for a
footwear may comprise three chambers, a turbine and a
generator. A first and second chambers of the three
chambers may have elastic covers that may deform. A
third chamber of the three chambers may have an elastic
membrane that divides the third chamber into two com-
partments filled with gas and liquid, respectively. The liq-
uid-filled compartment of the third chamber may be fluidly
coupled to the first and second chambers and the turbine
via passages and valves.
[0012] Without being limiting, Figure 1 shows a hydrau-
lic system 1000 for a footwear according to an embodi-
ment of the present disclosure. The hydraulic system
1000 may comprise a first chamber 100 and a second
chamber 200, a turbine 310 and a generator 300. The
first chamber 100 may be a variable volume chamber
that has an elastic cover. The elastic cover may change
its shape under pressure and thus, change the volume
of the first chamber 100. The second chamber 200 may
be a constant volume chamber for energy storage and
may not change its volume even under pressure. The
first chamber 100 may include a flexible membrane 110
that divides the first chamber 100 into two compartments
120 and 130. The second chamber 200 may include a
flexible membrane 210 that divides the second chamber
200 into two compartments 220 and 230. Each of the
compartments 120 and 220 may be isolated and sealed,
and may be filled with any kind of gas (e.g., air, inert gas,
etc.), which may be the same or different. The compart-
ments 130 and 230 may be filled with a fluid (e.g., oil,
water, liquid gel, etc.). In some embodiments, the elastic
cover of the first chamber 100 may be an elastic convex
cover but that is not required for all embodiments. Turbine
310 may be implemented as any kind of device that con-
verts either kinetic energy of the fluid, or potential energy
of fluid (due to difference in fluid pressure), or any com-
bination of them, to mechanical rotational energy.
[0013] The hydraulic system 1000 may further com-
prise passages 150, 250, 330, 340, 3-way valves 160
and 260, and a T-connector 370. The chamber 100 may
have a port 140 coupled to the passage 150. The cham-
ber 200 may have a port 240 coupled to the passage
250. Each 3-way valves 160 and 260 may have three
ports, respectively. The T-connector 370 may also have
three ports: 370-1, 370-2 and 370-3. The three ports of
the 3-way valve 160 may be coupled to the passages
150, 330 and the port 370-1 of the T-connector 370, re-
spectively. The three ports of the 3-way valve 260 may
be coupled to the passage 250, 340 and the port 370-2
of the T-connector 370, respectively. The port 370-3 of
the T-connector 370 may be coupled to a port 360 of the
turbine 310. The passage 330 may have a first end cou-
pled to the 3-way valve 160 and a second end coupled
to the turbine 310 via a nozzle 320. The passage 340
may have a first end coupled to the 3-way valve 260 and
a second end coupled to the turbine 310 via a nozzle
350. The generator 300 may be mechanically coupled to
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the turbine 310 (e.g., via one or more gears, or a shaft).
[0014] When the hydraulic system 1000 is in equilibri-
um, the pressure P1 in the first chamber 100 may be
equal to the pressure P2 in the second chamber 200.
The 3-way valves 160 and 260 may be in neutral positions
and the fluid in the hydraulic compartments (e.g., 130,
230) may be motionless.
[0015] The hydraulic systems according to the present
disclosure may be placed in a footwear, such as the sole
of a shoe, to harvest power generated by a foot wearing
the footwear pressing on a surface during body move-
ment. For example, during walking, the foot may have a
stance phase, during which the foot may be on the
ground, and a swing phase, during which the foot may
be off the ground. The stance phase (foot on the ground)
may be divided into four stages (or sub-phases): Heel
Strike (HS), Flatfoot (FF), Heel Rise (HR), and Toe Off
(TO). The hydraulic systems according to the present
disclosure may harvest power generated by impacts,
e.g., during the heel strike, heel rise, and/or toe off stages.
[0016] The hydraulic systems according to the present
disclosure may combine gas-filled cushioning with har-
vesting electrical power generated by a turbine from the
energy of impact (e.g., the foot striking the ground). In
one embodiment, the variable volume chamber 100 may
be placed in the heel area of a footwear, and the constant
volume chamber 200 may be placed under the foot arch,
or in the ball of the foot area or toe area of the footwear.
In another embodiment, the chambers 100 and 200 may
be stacked together in the heel area of a footwear. In
either embodiment, the generator 300 and the turbine
310 may be placed under the foot arch in the shoe sole,
or in any other convenient place. The generator 300 may
be coin-shaped to fit in the small place under the foot
arch. Further, in both embodiments, because the cham-
ber 100 is in the heel area of the shoe sole, when the
heel of the shoe hits the ground (e.g., during the HS
stage), the elastic cover of the first chamber 100 may
begin to collapse under the force of the heel striking the
ground and the weight of the person, hence the pressure
of the fluid in the compartment 120 may increase and
push the fluid in the compartment 130 out of the chamber
100. Figure 2 is another block diagram of the exemplary
hydraulic system 1000 illustrating this situation.
[0017] As shown in Figure 2, the first chamber 100 may
be deformed by a force Ff. The force Ff may be, for ex-
ample, a force applied to the elastic cover of the first
chamber 100 when the heel strikes the ground. When
the first chamber 100 deforms, the pressure P1 in the
compartment 120 of the first chamber 100 may increase
and the fluid inside the compartment 130 may start to
flow out of the chamber 100 through the port 140. As
indicated by an arrow inside the passage 150, the fluid
from the compartment 130 may flow in a direction that
may push close the valve 160’s port to the T-connector
370 and leave open the valve 160’s port to the passage
330. Thus, as further indicated by an arrow inside the
passage 330, the nozzle 320 may cause the fluid to form

a collimated stream that flows onto the turbine 310 to
rotate the turbine 310. For example, the turbine 310 may
rotate counterclockwise as indicated by the arrow R and
thus, the generator 300 may be rotated to produce elec-
tricity.
[0018] After causing the turbine 310 to rotate, the fluid
may flow out of the turbine 310 through the port 360 as
indicated by an arrow through the port 360. Because the
valve 160’s port to the T-connector 370 is closed under
the pressure P1, the fluid may push the valve 260’s port
to the T-connector 370 open (from the left to right as
shown in Figure 2) and flow to the compartment 230 of
the second chamber 200. The flexible membrane 210
may deform under the pressure of inflowing fluid. Accord-
ingly, the pressure P2 in the compartment 220 may in-
crease. When the pressure in the chambers 100 and 200
equalize, the fluid may stop flowing.
[0019] In one embodiment, the cross-section of the
nozzle 320 (that define the flow rate through the nozzle)
and volume of fluid in the compartment 130 may be cho-
sen so that the time from the beginning of the HS stage
(from when the foot strikes the ground) to equilibrium
may not be longer than the time duration of the HS stage,
when walking at an average rate.
[0020] When the force Ff is released, for example, dur-
ing the swing phase of the foot, the elastic cover of the
chamber 100 may try to restore its shape, the pressure
P2 in the chamber 200 may become bigger than pressure
P1 in the chamber 100. Figure 3 is another block diagram
of the exemplary hydraulic system 1000 illustrating this
situation.
[0021] As shown in Figure 3, the elastic cover of the
chamber 100 may generate a force illustrated as Fe on
the elastic cover itself. The force Fe may act to restore
the shape of elastic cover of the chamber 100. At this
stage, the volume of the compartment 120 may increase
and the pressure P1 may drop, the pressure difference
P2-P1 may cause the fluid flow out of the compartment
230 and back to the compartment 130 as indicated by
arrows in the passages 150, 250, 340 and the T-connec-
tor 370. In this situation, the valve 160 may open the port
connecting to the port 370-1 of the T-connector 370 and
close the port to the passage 330. The valve 260 may
open the port connecting the passage 250 to the passage
340 and close the port connecting to the port 370-2 of
the T-connector 370. The fluid may be ejected out of the
nozzle 350 and push the turbine 310 to rotate in a clock-
wise direction (as indicated by the arrow R). The cross-
section of the nozzle 350 and volume of fluid in the com-
partment 230 may be chosen so that the time it takes for
the pressure in the chambers 100 and 200 to become
equal may not be longer than that of the swing phase,
when walking at an average rate.
[0022] As described earlier, in one embodiment, the
compartments 120 and 220 may be filled with gas and
the compartments 130 and 230 may be filled with liquid.
This may be advantageous over a hydraulic system using
only gas or only liquid. If only gas was used, because the
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density of gas is typically much smaller than liquid (for
example density of air is ρ=1.2 kg/m3 and density of water
is ρ=1000 kg/m3), gas may have to move in a much faster
speed than liquid to generate the equivalent amount of
kinetic energy that is converted into power by the turbine
310. That is, because the density of the liquid is usually
about 1000 times greater than gas, the flow speed of gas
may be dramatically faster than a slow moving liquid to
generate the same amount of kinetic energy. On the other
hand, gas may provide a better cushion than liquid and
provide a better absorption of the impact energy because
gas is a compressible media. Therefore, the hydraulic
systems according to the present disclosure (including
the hydraulic system 1000 described above and the hy-
draulic systems 2000 and 3000 described in detail below)
may use at least a two-compartment chamber that fills
the two compartments with gas and liquid respectively,
and may provide better power harvesting and cushioning
than using either gas or liquid alone.
[0023] Figure 4 is a block diagram of another exem-
plary hydraulic system 2000 for a footwear according to
the present disclosure. The hydraulic system 2000 may
differ from the hydraulic system 1000 by a different place-
ment of the nozzles 320 and 350, and a different config-
uration of the turbine 310. Other components of the hy-
draulic system 2000 that have the same reference nu-
merals as that of the hydraulic system 1000 may be the
same as that of the hydraulic system 1000.
[0024] In the hydraulic system 2000, the nozzles 320
and 350 may be placed at opposite sides of the turbine
310 and, the fluid from the nozzles 320 and 350 may
push the turbine 310 to rotate in the same direction. Other
than their placement, the nozzles 320 and 350 may be
the same as their counterparts in the hydraulic system
1000. In one embodiment, the turbine 310 of the hydraulic
system 2000 may have its turbine port 360 coupled to
the center of the turbine. For example, as shown in Figure
4, the port 360 may be coupled to a drain S at the center
of the turbine 310.
[0025] Figure 4 shows the hydraulic system 2000 in
equilibrium, corresponding to the hydraulic system 1000
in Figure 1. Other than the placement of the nozzles 320
and 350, and configuration of the turbine 310 as de-
scribed above with respect to Figure 4, the components
of Figure 4 are the same as their counterparts in Figure 1.
[0026] Figure 5 is another block diagram of the exem-
plary hydraulic system 2000 illustrating a heel strike
stage of the hydraulic system 2000. During the heel strike
stage, the chamber 100 may be pressured and the fluid
may flow from the compartment 130 of the chamber 100
to the compartment 230 of the chamber 200. In this
phase, the hydraulic system 2000 in Figure 5 may oper-
ate in a manner similar to the hydraulic system 1000
shown in Figure 2 and thus, the detailed description of
Figure 2 may be applicable to Figure 5.
[0027] Figure 6 is another block diagram of the exem-
plary hydraulic system 2000 illustrating a swing phase of
the hydraulic system 2000. During the swing phase, fluid

may flow from the compartment 230 of the chamber 200
to the compartment 130 of the chamber 100. In this
phase, the hydraulic system 2000 in Figure 6 may oper-
ate in a manner similar to the hydraulic system 1000
shown in Figure 3 and thus, the detailed description of
Figure 3 may be applicable to Figure 6 (except that the
rotation direction now has the same direction as during
a HS stage).
[0028] Figure 7 is a block diagram of yet another ex-
emplary hydraulic system 3000 according to the present
disclosure. The hydraulic system 3000 may be a three-
chamber hydraulic system. Two of the three chambers
may have elastic covers that may deform to change their
volume. The third chamber of the three chambers may
have an elastic membrane that divides the third chamber
into two compartments filled with gas and liquid, respec-
tively. The liquid-filled compartment of the third chamber
may be fluidly coupled to the first and second chambers
and to a turbine. Pressure change in any one of the cham-
bers may cause the liquid to flow and thus, cause a tur-
bine to rotate and a generator coupled to the turbine to
generate electricity.
[0029] As shown in Figure 7, the hydraulic system 3000
may comprise a first chamber 400, a second chamber
500, a third chamber 600, a turbine 310 and a generator
300. The first and second chambers 400 and 500 may
be variable volume chambers that each has a respective
elastic cover. The elastic covers may change their shape
respectively under pressure and thus, change the vol-
umes of the first and second chambers 400 and 500 re-
spectively. The third chamber 600 may be a constant
volume chamber for energy storage and will not change
its volume even under pressure. In addition, the third
chamber 600 may include a flexible membrane 610 that
divides the third chamber 600 into two compartments 620
and 630. The compartment 620 may be isolated and
sealed by the flexible membrane 610 and may be filled
with any kind of gas (e.g., air). The compartment 630 and
the first and second chambers 400 and 500 may be fluidly
coupled together via passages and valves as described
in detail below and may be filled with a fluid (e.g., oil,
water, liquid gel, etc.). The chamber 600 may form an
energy converter that stores impact energy and transfers
the impact energy to fluid flow. In some embodiments,
either or both elastic covers of the first and second cham-
bers 400 and 500 may be elastic convex covers but that
are not required for all embodiments.
[0030] The elastic chamber 400 may have an inlet 410
and an outlet 420. The elastic chamber 500 may have
an inlet 510 and an outlet 520. In one embodiment, the
elastic chamber 400 may be placed in the heel of the
shoe sole and the elastic chamber 500 may be placed
under ball of the foot in the shoe sole.
[0031] The turbine 310 and generator 300 of the hy-
draulic system 3000 may be similar to their counterparts
in the hydraulic system 2000. For example, the turbine
310 of the hydraulic system 3000 may have a central
liquid outlet S. The nozzles 320 and 350 of the hydraulic
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system 3000 may be placed such that they eject fluid
onto the turbine 310 to push the turbine 310 rotate in the
same direction. The fluid flow may drive the turbine 310
and the generator 300, and generate electrical power just
as the hydraulic systems 1000 and 2000. Passages 330
and 340 in the hydraulic system 3000 may couple the
nozzles 320 and 350 to outlets 640 and 650 of the com-
partment 630 of the chamber 600 respectively. The inlet
660 of the compartment 630 may be fluidly coupled
through a T-connector 670 to two check-valves 430 and
530. The outlet S of the turbine 310 may be fluidly coupled
through the passages 360 and 370 to two check-valves
440 and 540.
[0032] In an equilibrium state as shown in Figure 7, the
pressure P1 in the chamber 400 and the pressure P2 in
the chamber 500 may be equal to the pressure P3 in the
chamber 600,the check-valves 440, 450, 540 and 550
may be closed and the fluid may be motionless.
[0033] Figure 8 is another block diagram of the exem-
plary hydraulic system 3000 illustrating the hydraulic sys-
tem 3000 during a heel strike stage. As shown in Figure
8, when the heel strike the ground, the force Ff may be
applied on the elastic chamber 400 trying to reduce its
volume. The pressure P1 in the chamber 400 may in-
crease, causing the valve 430 to be pushed open by the
fluid in the chamber 400 and the fluid in the chamber 400
may quickly rush to the camber 600 through the T-con-
nector 670. Consequently, the pressure P3 in the cham-
ber 600 may increase, as well as pressure in the pas-
sages 330 and 340. The nozzles 320 and 350 may form
jets that rotate the turbine 310 in a counterclockwise di-
rection and thus, rotate the generator 300. The fluid from
turbine outlet S may drain to the chamber 500 through
the passage 370 and push open the valve 540. The fluid
flow direction may be indicated by arrows in the passages
as shown in Figure 8. Because the fluid may be flowing
into the chamber 500, the pressure P2 and the volume
of the chamber 500 may also increase.
[0034] When the force Ff starts to decrease (e.g., at
the end of the heel strike stage), the pressure P1 may
decrease, and when the pressure P1 becomes less than
the pressure P3 the valve 430 may be closed as shown
in Figure 9, which is another block diagram of the exem-
plary hydraulic system 3000 illustrating a flatfoot stage.
During the flatfoot stage, the force Ff applied to the cham-
ber 400 may be equal to a force Ft (e.g., a force generated
by pressing the toe to the ground) applied to the chamber
500, and the pressures P1 and P2 may be about the
same and lower than during the heel strike stage. Further,
during the flatfoot stage, the fluid may continue to flow
from the chamber 600 to the turbine 310 since the pres-
sure P3 may be greater than the pressures P1 and P2.
As shown in Figure 9, the fluid from the outlet S of the
turbine 310 may split in two parts: a first part may flow to
the chamber 400 through the passage 360 and valve
440, and a second part may flow to the chamber 500
through the passage 370 and valve 540. During the flat-
foot stage, the turbine 310 may continue to rotate the

generator 300. The fluid flow direction may be indicated
by arrows in the passages as shown in Figure 9.
[0035] Figure 10 is another block diagram of the ex-
emplary hydraulic system 3000 illustrating a heel rise and
toe off stage. At the heel rise and toe off stage, as shown
in Figure 10, only the force Ft may be applied to the cham-
ber 500. The pressure P2 in the chamber 500 may in-
crease and the pressure P1 in the chamber 400 may
decrease. The elastic force Fe of the chamber 400’s cov-
er may contribute to the pressure drop in the chamber
400. The pressure difference between the chambers 500
and 400 may cause the fluid in the chamber 500 to push
close the valve 540 and push open the valve 530. The
pressure in the T-connector 670 may push close the valve
430 in the direction to the chamber 400. The fluid may
quickly rush into the chamber 600 and the pressure P3
may increase. Consequently, the jet speed from the noz-
zles 320 and 350 may become greater, as well as rotation
speed of the turbine 310. Under the differential pressure
between the chambers, the fluid may flow from the outlet
S of the turbine 310 into the chamber 400 via the valve
440.
[0036] Figure 11 is yet another block diagram of the
exemplary hydraulic system 3000 illustrating a swing
phase. When the swing phase begins, the force Ft may
disappear and the pressure P2 in the chamber 500 may
decrease. The valve 530 may become closed and the
valve 540 may be opened. The fluid stored in the chamber
600 may continue to flow to the turbine 310 and rotates
it. The fluid may then flow from the turbine outlet S into
the chambers 400 and 500 until the pressures P3 and
P2 in the chambers 500 and 400 become equal.
[0037] In certain embodiments, the flexible volume
chambers may be made completely of elastic material
and placed between two surfaces, in which one or both
surfaces may be movable respective to the shoe body
and may squeeze the chambers during the HS and/or
HR and TO stages, respectively. The energy storing
chamber may be made completely of high stress elastic
material, which may change its volume slightly under
pressure, but the rigidity of which may be greater than
the rigidity of the flexible volume chambers.
[0038] The hydraulic systems 1000, 2000 and 3000
may combine gas-filled cushioning with harvesting elec-
trical power generated by a turbine from the energy of
impact (e.g., the foot striking the ground). As described
above, in certain embodiments, at least one elastic cham-
ber may be placed under the heel area (e.g., chamber
100, chamber 400). In the beginning of a heel strike
stage, the elastic chamber placed under the heel area
may be compressed fast and greatly reduce heel stress,
which usually has the greatest impact on the human
joints .
[0039] In one embodiment, if the displacement volume
may be 15cm3 in each chamber and a heel compression
of 4 mm is assumed, the top surface area required for
the chambers may be 37.5cm2, which may easily fit in
the heel of size 8 shoes. Moreover, if the fluid used to
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push the turbine is water and the efficiency of the turbine
is 0.5, then an energy output of about 1J at each step
may be achieved when the water speed on the turbine
is about 12m/s.
[0040] Figure 12A is a top (or bottom) view of the ex-
emplary hydraulic system 3000. Figure 12B is a cross
sectional view of the exemplary hydraulic system 3000
during a HS stage along the A-A line of Figure 12A. Figure
12C is another cross sectional view of the exemplary
hydraulic system 3000 during a HS stage along the B-B
line of Figure 12B. As described above, the chamber 400
may be placed in the heel area of a shoe sole, the cham-
ber 500 may be place in the ball of foot area of a shoe
sole. Further, the chamber 600, turbine 310 and gener-
ator 300 may be stacked together and placed under the
foot arch in the shoe sole. It should be noted that the
particular order of how the chamber 600, turbine 310 and
generator 300 are stacked may be different in different
embodiments. That is why Figure 12A may be a top view
for one embodiment and a bottom view for a different
embodiment depending on which of the chamber 600,
turbine 310 and generator 300 may be stacked at the top
or bottom. The generator 300 and turbine 310 may be
coin-shaped to fit in the small space under foot arch.
[0041] While specific embodiments and applications
of the present invention have been illustrated and de-
scribed, it is to be understood that the invention is not
limited to the precise configuration and components dis-
closed herein. The terms, descriptions and figures used
herein are set forth by way of illustration only and are not
meant as limitations. Various modifications, changes,
and variations which will be apparent to those skilled in
the art may be made in the arrangement, operation, and
details of the apparatuses, methods and systems of the
present invention disclosed herein without departing
from the scope of the claims. By way of non-limiting ex-
ample, it will be understood that the block diagrams in-
cluded herein are intended to show a selected subset of
the components of each apparatus and system, and each
pictured apparatus and system may include other com-
ponents which are not shown on the drawings.

Claims

1. A hydraulic system (1000; 2000) for a footwear, com-
prising:

a first variable volume chamber (100) having a
first elastic membrane (110) that divides the first
chamber (100) into a first and second compart-
ments (120, 130), wherein the first compartment
(120) is filled with gas and the second compart-
ment (130) is filled with liquid;
a generator (300) having a turbine (310); and
a first passage to fluidly couple the second com-
partment (130) to the turbine (310), wherein the
liquid of the second compartment flows to turn

the turbine when the first variable volume cham-
ber (100) is pressed.

2. The hydraulic system (1000; 2000) of claim 1, where-
in the gas in the first compartment (120) provides
impact cushion and transient energy storage when
pressured, and, optionally, wherein the gas in the
first compartment (120) is pre-pressurized to im-
prove cushioning.

3. The hydraulic system (1000; 2000) of claim 1, where-
in the first variable volume chamber (100) has an
elastic cover that deforms when pressed.

4. The hydraulic system (1000; 2000) of claim 3, where-
in the elastic cover can restore its shape when pres-
sure is removed.

5. The hydraulic system (1000; 2000) of claim 4, where-
in pressure to push the liquid within the second com-
partment (130) to flow out of the second compart-
ment and turn the turbine is generated by pressing
the elastic cover.

6. The hydraulic system (1000; 2000) of claim 1, where-
in the first chamber (100) is located at a heel section
of the footwear.

7. The hydraulic system (1000; 2000) of claim 1, further
comprising a second passage and a second cham-
ber (200), the second passage fluidly couples the
second chamber to the turbine and the second
chamber is configured to act as a reservoir for the
fluid, and, optionally, wherein the second chamber
(200) is located in a ball section of the footwear.

8. The hydraulic system (1000; 2000) of claim 1, further
comprising:

a second chamber (200) having a second elastic
membrane (210) dividing the second chamber
into a third and fourth compartments (220, 230),
wherein the third compartment (220) is filled with
gas and the fourth compartment (230) is filled
with liquid; and
a second passage to fluidly couple the fourth
compartment (230) to the turbine (310).

9. The hydraulic system (1000; 2000) of claim 8, where-
in the gas in the first and third compartment (120,
220) provides transient energy storage when pres-
sured.

10. The hydraulic system (1000; 2000) of claim 9, where-
in the gas in the first and/or third compartment (120,
220) is pre-pressurized.

11. The hydraulic system (1000; 2000) of claim 8, where-
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in pressure to push the liquid within the second com-
partment (130) to flow out of the second compart-
ment and turn the turbine is generated by pressing
an elastic cover of the first chamber (100).

12. The hydraulic system (1000; 2000) of claim 8, where-
in pressure to push the liquid within the fourth com-
partment (230) to flow out of the fourth compartment
and turn the turbine is generated by the first chamber
trying to restore its shape.

13. The hydraulic system (1000; 2000) of claim 8, where-
in the first chamber (100) is located at a heel section
of the footwear, and/or wherein the second chamber
(200) is located in a ball section of the footwear.

14. The hydraulic system (1000; 2000) of claim 8, where-
in the first passage has a first nozzle to eject the fluid
to the turbine (310) when an elastic cover of the first
chamber (100) is pressed, the second passage has
a second nozzle to eject the fluid to the turbine (310),
and the turbine (310) has a drain that drains the fluid
into a first opening on the second passage when the
fluid is flowing from the first chamber (100) to the
second chamber (200) and drains the fluid into a
second opening on the first passage when the fluid
is flowing from the second chamber to the first cham-
ber, the first and second openings each has a check
valve that blocks the first and second openings when
the fluid in the respective passage is flowing toward
the turbine.

15. The hydraulic system (1000; 2000) of claim 14,
wherein the first and second nozzles are configured
to eject the fluid to turn the turbine in one direction,
and/or wherein the first and second nozzles are con-
figured to eject the fluid to turn the turbine in different
directions.

Patentansprüche

1. Hydraulisches System (1000; 2000) für einen
Schuh, mit:

einer ersten Kammer (100) mit variablem Volu-
men, die eine erste elastische Membran (110)
enthält, die die erste Kammer (100) in einen ers-
ten und einen zweiten Raum (120, 130) unter-
teilt, wobei der erste Raum (120) mit einem Gas
gefüllt ist und der zweite Raum (130) mit einem
Fluid gefüllt ist;
einem Generator (300) mit einer Turbine (310);
und
einem ersten Durchgang, um den zweiten Raum
(130) fluidmäßig mit der Turbine (310) zu kop-
peln, wobei das Fluid des zweiten Raums
strömt, um die Turbine zu drehen, wenn die ers-

te Kammer (100) mit variablem Volumen ge-
drückt wird.

2. Hydraulisches System (1000; 2000) nach Anspruch
1, wobei das Gas in dem ersten Raum (120) eine
Stoßdämpfung und eine kurzzeitige Energiespei-
cherung bewirkt, wenn es mit Druck beaufschlagt
wird, und, optional, wobei das Gas in dem ersten
Raum (120) vorgeladen ist, um die Dämpfung zu ver-
bessern.

3. Hydraulisches System (1000; 2000) nach Anspruch
1, wobei die erste Kammer (100) mit variablem Vo-
lumen eine elastische Abdeckung aufweist, die sich
verformt, wenn sie gedrückt wird.

4. Hydraulisches System (1000; 2000) nach Anspruch
3, wobei die elastische Abdeckung ihre Form wieder
einnehmen kann, wenn der Druck entfernt wird.

5. Hydraulisches System (1000; 2000) nach Anspruch
4, wobei der Druck, um das Fluid in dem zweiten
Raum (130) mit Druck zu beaufschlagen, um aus
dem zweiten Raum zu strömen und um die Turbine
zu drehen, durch Drücken der elastischen Abde-
ckung erzeugt wird.

6. Hydraulisches System (1000; 2000) nach Anspruch
1, wobei sich die erste Kammer (100) an einem Fer-
senabschnitt des Schuhs befindet.

7. Hydraulisches System (1000; 2000) nach Anspruch
1, außerdem mit einem zweiten Durchgang und ei-
ner zweiten Kammer (200), wobei der zweite Durch-
gang die zweite Kammer fluidmäßig mit der Turbine
koppelt, und wobei die zweite Kammer ausgestaltet
ist, um als ein Reservoir für das Fluid zu dienen, und,
optional, wobei sich die zweite Kammer (200) in ei-
nem Ballenabschnitt des Schuhs befindet.

8. Hydraulisches System (1000; 2000) nach Anspruch
1, außerdem mit:

einer zweiten Kammer (200), die eine zweite
elastische Membran (210) enthält, die die zweite
Kammer in einen dritten und einen vierten Raum
(220, 230) unterteilt, wobei der dritte Raum (220)
mit einem Gas gefüllt ist und der vierte Raum
(230) mit einem Fluid gefüllt ist; und
einem zweiten Durchgang, um den vierten
Raum (230) fluidmäßig mit der Turbine (310) zu
koppeln.

9. Hydraulisches System (1000; 2000) nach Anspruch
8, wobei das Gas in dem ersten und dritten Raum
(120, 220) eine Stoßdämpfung und eine kurzzeitige
Energiespeicherung bewirkt, wenn es mit Druck be-
aufschlagt wird.
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10. Hydraulisches System (1000; 2000) nach Anspruch
9, wobei das Gas in dem ersten und/oder dritten
Raum (120, 220) vorgeladen ist.

11. Hydraulisches System (1000; 2000) nach Anspruch
8, wobei der Druck, um das Fluid in dem zweiten
Raum (130) mit Druck zu beaufschlagen, um aus
dem zweiten Raum zu strömen und um die Turbine
zu drehen, durch Drücken einer elastischen Abde-
ckung der ersten Kammer (100) erzeugt wird.

12. Hydraulisches System (1000; 2000) nach Anspruch
8, wobei der Druck, um das Fluid in dem vierten
Raum (230) mit Druck zu beaufschlagen, um aus
dem vierten Raum zu strömen und um die Turbine
zu drehen, durch die erste Kammer erzeugt wird, die
versucht, wieder ihre Form einzunehmen.

13. Hydraulisches System (1000; 2000) nach Anspruch
8, wobei sich die erste Kammer (100) an einem Fer-
senabschnitt des Schuhs befindet, und/oder wobei
sich die zweite Kammer (200) in einem Ballenab-
schnitt des Schuhs befindet.

14. Hydraulisches System (1000; 2000) nach Anspruch
8, wobei der erste Durchgang eine erste Düse hat,
um das Fluid zur Turbine (310) auszustoßen, wenn
eine elastische Abdeckung der ersten Kammer (100)
gedrückt wird, wobei der zweite Durchgang eine
zweite Düse hat, um das Fluid zur Turbine (310) aus-
zustoßen, und wobei die Turbine (310) einen Ablauf
aufweist, durch den das Fluid in eine erste Öffnung
des zweiten Durchgangs abläuft, wenn das Fluid von
der ersten Kammer (100) zur zweiten Kammer (200)
strömt, und durch den das Fluid in eine zweite Öff-
nung des ersten Durchgangs abläuft, wenn das Fluid
von der zweiten Kammer zur ersten Kammer strömt,
wobei die erste und die zweite Öffnung jeweils ein
Rückschlagventil aufweist, das die erste und die
zweite Öffnungen blockiert, wenn das Fluid in dem
jeweiligen Durchgang in Richtung auf die Turbine
fließt.

15. Hydraulisches System (1000; 2000) nach Anspruch
14, wobei die erste und die zweite Düse ausgestaltet
sind, um das Fluid ausstoßen, um die Turbine in eine
Richtung zu drehen, und/oder wobei die erste und
die zweite Düse ausgestaltet sind, um das Fluid aus-
stoßen, um die Turbine in andere Richtungen zu dre-
hen.

Revendications

1. Système hydraulique (1000; 2000) destiné à une
chaussure, comprenant:

une première chambre (100) à volume variable,

présentant une première membrane (110) élas-
tique qui divise la première chambre (100) en
un premier et un deuxième compartiment (120,
130), le premier compartiment (120) étant rempli
avec un gaz et le deuxième compartiment (130)
étant rempli avec un liquide;
un générateur (300) présentant une turbine
(310); et
un premier passage destiné à relier le deuxième
compartiment (130) à la turbine (310), en vue
d’une communication de fluide, le liquide du
deuxième compartiment s’écoulant pour faire
tourner la turbine lorsque la première chambre
à volume variable (100) est comprimée.

2. Système hydraulique (1000; 2000) selon la revendi-
cation 1, dans lequel le gaz dans le premier compar-
timent (120) fournit un coussin amortisseur d’impact
et un stockage d’énergie transitoire lorsqu’il est com-
primé et dans lequel, de manière facultative, le gaz
dans le premier compartiment (120) est préalable-
ment comprimé pour améliorer l’amortissement.

3. Système hydraulique (1000; 2000) selon la revendi-
cation 1, dans lequel la première chambre (100) à
volume variable présente un couvercle élastique qui
se déforme lorsqu’il est comprimé.

4. Système hydraulique (1000; 2000) selon la revendi-
cation 3, dans lequel le couvercle élastique peut re-
prendre sa forme lorsque la pression est relâchée.

5. Système hydraulique (1000; 2000) selon la revendi-
cation 4, dans lequel la pression destinée à pousser
le liquide dans le deuxième compartiment (130), afin
qu’il s’écoule hors du deuxième compartiment et fas-
se tourner la turbine, est générée en exerçant une
pression sur le couvercle élastique.

6. Système hydraulique (1000; 2000) selon la revendi-
cation 1, dans lequel la première chambre (100) est
située dans une partie formant talon de la chaussure.

7. Système hydraulique (1000; 2000) selon la revendi-
cation 1, comprenant en outre un deuxième passage
et une deuxième chambre (200), le deuxième pas-
sage reliant la deuxième chambre à la turbine, en
vue d’une communication de fluide, et la deuxième
chambre étant configurée pour agir comme un ré-
servoir pour le fluide et, de manière facultative, la
deuxième chambre (200) étant située dans une par-
tie d’avant-pied de la chaussure.

8. Système hydraulique (1000; 2000) selon la revendi-
cation 1, comprenant en outre:

une deuxième chambre (200) présentant une
deuxième membrane (210) élastique qui divise
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la deuxième chambre en un troisième et un qua-
trième compartiment (220, 230), le troisième
compartiment (220) étant rempli avec un gaz et
le quatrième compartiment (230) étant rempli
avec un liquide; et
un deuxième passage destiné à relier le quatriè-
me compartiment (230) à la turbine (310), en
vue d’une communication de fluide.

9. Système hydraulique (1000; 2000) selon la revendi-
cation 8, dans lequel le gaz dans les premier et troi-
sième compartiments (120, 220) fournit un stockage
d’énergie transitoire lorsqu’il est comprimé.

10. Système hydraulique (1000; 2000) selon la revendi-
cation 9, dans lequel le gaz dans le premier et/ou le
troisième compartiment (120, 220) est préalable-
ment comprimé.

11. Système hydraulique (1000; 2000) selon la revendi-
cation 8, dans lequel la pression destinée à pousser
le liquide dans le deuxième compartiment (130), afin
qu’il s’écoule hors du deuxième compartiment et fas-
se tourner la turbine, est générée en exerçant une
pression sur un couvercle élastique de la première
chambre (100).

12. Système hydraulique (1000; 2000) selon la revendi-
cation 8, dans lequel la pression destinée à pousser
le liquide dans le quatrième compartiment (230), afin
qu’il s’écoule hors du quatrième compartiment et fas-
se tourner la turbine, est générée par la première
chambre lorsque celle-ci tente de reprendre sa for-
me.

13. Système hydraulique (1000; 2000) selon la revendi-
cation 8, dans lequel la première chambre (100) est
située dans une partie formant talon de la chaussure,
et/ou dans lequel la deuxième chambre (200) est
située dans une partie d’avant-pied de la chaussure.

14. Système hydraulique (1000; 2000) selon la revendi-
cation 8, dans lequel le premier passage présente
une première buse destinée à éjecter le fluide vers
la turbine (310) lorsqu’une pression est exercée sur
un couvercle élastique de la première chambre
(100), le deuxième passage présente une deuxième
buse destinée à éjecter le fluide vers la turbine (310),
et la turbine (310) présente un tube d’évacuation qui
évacue le fluide dans une première ouverture sur le
deuxième passage, lorsque le fluide s’écoule de la
première chambre (100) à la deuxième chambre
(200), et évacue le fluide dans une deuxième ouver-
ture sur le premier passage, lorsque le fluide s’écou-
le de la deuxième chambre à la première chambre,
les première et deuxième ouvertures présentant
chacune un clapet de non-retour qui bloque les pre-
mière et deuxième ouvertures lorsque le fluide dans

le passage respectif s’écoule en direction de la tur-
bine.

15. Système hydraulique (1000; 2000) selon la revendi-
cation 14, dans lequel les première et deuxième bu-
ses sont configurées pour éjecter le fluide en vue de
faire tourner la turbine dans un sens, et/ou dans le-
quel les première et deuxième buses sont configu-
rées pour éjecter le fluide en vue de faire tourner la
turbine dans des sens différents.
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