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(57) Abstract: A power generating leg, configurable to be coupled to a person's lower limb, comprising a thigh link, a shank link,
a knee mechanism, a torque generator, and a power unit. The knee mechanism is connected to said thigh link and said shank link,
and configured to allow flexion and extension movements of said thigh link and said shank link relative to each other. The torque
generator is configured to generate torque between said shank link and said thigh link. The power unit is coupled to said torque
generator, and configured to cause said torque generator to generate torque. When said power unit is in a power regeneration mode,
said power unit causes said torque generator to generate a torque that opposes the angular velocity of said thigh link and said shank
link relative to each other and said power unit converts a portion of the power associated with the product of said torque and said
angular velocity of said shank link and thigh link relative to each other into electrical power to be stored in a storage device.



POWER GENERATING LEG

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority to U.S.. Provisional Application

Ser. No. 60/78 1,569, titled POWER GENERATING LEGS filed on March 9, 2006,

which is incorporated herein by reference in its entirety for all purposes.

BACKGROUND
1. Field

|0002) The present application relates generally to the field of power generating

legs.

2. Related Art

[0003] A human walks in a cyclic motion. Opportunities exist, therefore, to

provide a device that converts walking mechanical power into electrical power. In

particular this application describes a power generating leg that is configured to be

coupled to a person's lower limb and generate power as the person walks. The power

generating leg described here can be an orthotic leg or a prosthetic leg. In some

embodiments, the power generating leg is a leg of a robotic exoskeleton.

SUMMARY

[0004] In one exemplary embodiment, a power generating leg, configured to be

coupled to a person's lower limb, comprising a thigh link, a shank link, a knee

mechanism, a torque generator, and a power unit. The knee mechanism is connected

to said thigh link and said shank link, and configured to allow flexion and extension

movements of said thigh link and said shank link relative to each other. The torque

generator is configured to generate torque between said shank link and said thigh link.

The power unit is coupled to said torque generator, and configured to cause said

torque generator to generate torque. When said power unit is in a power regeneration

mode, said power unit causes said torque generator to generate a torque that opposes

the angular velocity of said thigh link and said shank link relative to each other, and

said power unit converts a portion of the power associated with the product of said

torque and said angular velocity of said shank link and thigh link relative to each

other into electrical power to be stored in a storage device.

DRAWINGS

[0005] These and other features, aspects, and advantages of the present invention

will become better understood when the following detailed description is read with



reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:

[0006] Fig. 1 is a side view of an exemplary embodiment of a power generating

leg.

[0007] Fig. 2 is a side view of an exemplary embodiment of a power generating

leg coupled to a person's lower limb.

[0008] Fig. 3 is a side view of an exemplary embodiment of a power generating

leg coupled to a person's lower limb.

[0009] Fig. 4 is a perspective view of an exemplary embodiment of a power

generating leg.

[0010] Fig. 5 is a side view of an exemplary embodiment of a power generating

leg coupled to a person's lower limb that acts as a prosthetic leg.

[0011] Fig. 6 is a side view of an exemplary embodiment of a power generating

leg coupled to a person's lower limb.

[0012] Fig. 7 is a side view of an exemplary embodiment of a power generating

leg coupled to a person's lower limb.

[0013] Fig. 8 is a side view of an exemplary embodiment of a power generating

leg coupled to a person's lower limb.

[0014] Fig. 9 is a side view of a portion of an exemplary embodiment of a power

generating leg.

[0015] Fig. 10 is a block diagram of an exemplary embodiment of a power unit.

[0016] Fig. 11 is a block diagram of an exemplary embodiment of a power unit.

[0017] Fig. 12 is a block diagram of an exemplary embodiment of a power unit.

[0018] Fig. 13 is a block diagram of an exemplary embodiment of a power unit.

[0019] Fig. 14 is a graph depicting the knee power and the knee angle where a

human is descending steps.

[0020] Fig. 15 is a graph depicting the knee torque and the knee angle where a

human is walking on a level ground.

[0021 ] Fig. 16 shows the knee power and the knee angle where a human is

ascending steps.

J0022J Fig. 17 is a block diagram of an exemplary embodiment of a power unit.

[0023] Fig. 18 is a block diagram of an exemplary embodiment of a power unit.



DETAILED DESCRIPTION

[0024] In accordance with an embodiment, Fig. 1 is a drawing illustrating a power

generating leg 100. Power generating leg 100 is configured to be coupled to a

person's lower limb. Power generating leg 100 comprises a thigh link 103 and a

shank link 105. A knee mechanism 107 is connected to thigh link 103 and shank link

105. Knee mechanism 107 is configured to allow flexion movements (in the direction

of arrows 240) and extension movements (in the direction of arrows 241) between

thigh link 103 and shank link 105. A torque generator 213 is configured to impose a

torque that affects the movements of thigh link 103 and shank link 105 relative to

each other. A power unit 215 is coupled to torque generator 213, and is configured to

cause torque generator 213 to generate torque.

[0025] When power unit 215 operates in a power regeneration mode, power unit

215 is configured to cause torque generator 213 to generate a torque that opposes the

angular velocity of thigh link 103 and shank link 105 relative to each other. In this

power regeneration mode, power unit 215 further converts a portion of the power

associated with the product of the generated torque and the angular velocity of shank

link 105 and thigh link 103 relative to each other into electrical power to be stored in

a storage device. In some embodiments, the storage device is located within power

unit 215. In some embodiments, the storage device is external. In some embodiments,

the converted electrical power is stored in a set of batteries. In some embodiments,

the converted electrical power is stored in a set of capacitors.

[0026] In some embodiments, power unit 215 further operates in a power

utilization mode. During this mode, power unit 215, using stored power, is

configured to cause torque generator 213 to generate a torque. In some embodiments,

a portion of the power used in the power utilization mode is the electrical power

generated in the power regeneration mode.

[0027] In some embodiments, power unit 215 further operates in a power

dissipation mode. During this mode, power unit 215 is configured to cause torque

generator 213 to generate a torque that opposes the angular velocity of thigh link 103

and shank link 105 relative to each other. Power unit 215 also dissipates the power

associated with the product of the torque and the angular velocity of thigh link 103

and shank link 105 relative to each other.



[0028] In some embodiments, as shown in Fig. 2, knee mechanism 107 comprises

at least one rotary joint. The rotary joint is configured to allow for rotary flexion and

extension movements of thigh link 103 and shank link 105 relative to each other.

[0029] In some embodiments, as shown in Fig. 2, thigh link 103 is in contact with

a person's thigh 242 so it can be moved by the person's thigh. In some embodiments,

thigh link 103 is connectable to a person's thigh. Fig. 3 shows an embodiment where

power generating leg 100 comprises a thigh strap 243 connectable to a person's thigh

242 and causes thigh link 103 to move when the person's thigh moves. Torque

generator 213 is not shown in Fig. 3 for clarity.

[0030] In some embodiments, thigh strap 243, among other components,

comprises compliant materials wrapped around the person's thigh. Compliant

materials comprise an element or combination of elements selected from a group

consisting of fabric, textile, elastomer, rubber and velcro materials. In some

embodiments, as shown in Fig. 4, thigh strap 243 comprises a bracket formed to

partially embrace the person thigh.

[0031] In some embodiments, as shown in Fig. 5, power generating leg 100 acts

as a prosthetic leg for above-knee amputees. In this case, thigh link 103 comprises a

socket 254 attachable to an amputee's remaining thigh. Therefore, power generating

leg 100 functions as an above knee prosthetic device. In some embodiments, power

generating leg 100 includes an artificial foot 256.

[0032] According to an embodiment shown in Fig. 6, shank link 105 is configured

to be in contact with a person's shank so it can be moved by the person's shank. In

some embodiments, shank link 103 is configured to be connected to a person's shank.

Fig. 7 shows an embodiment where power generating leg 100 comprises a shank strap

244 configured to be connected to a person's shank 245 and causes shank link 105 to

move when the person's shank moves. Torque generator 213 is partially shown in

Fig. 7 for clarity.

[0033] In some embodiments, shank strap 244, among other components,

comprises compliant materials wrapped around the person's shank 245. Compliant

materials comprise an element or combination of elements selected from a group

consisting of fabric, textile, elastomer, rubber and velcro materials. In some

embodiments, as shown in Fig. 8, shank strap 244 comprises a bracket formed to

partially embrace the person's shank 245.



[0034] In summary, power generating leg 100 can be an orthotic leg or a

prosthetic leg. In some embodiments, power generating leg 100 is a leg of an

exoskeleton as shown in Fig. 4.

[0035J In some embodiments, as shown in Fig. 1, torque generator 213 comprises

a hydraulic torque generator where a pressurized hydraulic fluid, by pushing against

moving surfaces, generates torque. Examples of hydraulic torque generators 213

include, without limitation, linear hydraulic piston-cylinders and rotary hydraulic

actuators where pressurized hydraulic fluid, by pushing against moving surfaces,

generate force or torque. An illustration of a power generating leg 100 utilizing linear

hydraulic piston-cylinder torque generator 213 is shown in Fig. 1, where piston 249

slides relative to cylinder 250. An illustration of a power generating device 100

utilizing a rotary hydraulic actuator is shown in Fig. 9. In some embodiments, as

shown in Fig. 9, torque generator 213 is integrated into the construction of knee

mechanism 107.

[0036J Fig. 10 shows an embodiment of power unit 215. Power unit 215

comprises a hydraulic motor 217 where its two hydraulic ports are connected to

torque generator 213 and a fluid reservoir 195. Hydraulic reservoir 195 may be a

separate reservoir as shown, or it may be the other cavity of the torque generating

device 213. Hydraulic motor 217 is a device that converts hydraulic fluid flow into

mechanical rotation of a rotating shaft 251.

[0037J An electric generator 218, capable of producing electric voltage on its

terminals 248, is rotatably coupled to rotating shaft 251 of hydraulic motor 217.

When power unit 215 is in power regeneration mode, electric generator 218 generates

electric voltage on its terminals 248 when the hydraulic fluid flow between torque

generator 213 and fluid reservoir 195 causes the rotor of hydraulic motor 217 to turn.

The generated voltage on terminals 248 is a function of the angular velocity of thigh

link 103 and shank link 105 relative to each other. When an electric current is

allowed to pass through terminals 248 such that the product of current and the

generated voltage indicates that electric power is generated, hydraulic motor 217

resists the fluid flow that is induced by the motion of thigh link 103 and shank link

105 relative to each other. This resistance to fluid flow causes torque generator 213 to

impose a torque, which resists the motion of thigh link 103 and shank link 105

relative to each other. This torque is a function of the electric current that is flowing

through terminals 248 of electric generator 218. By controlling the electric current



that is flowing through terminals 248, one can control the torque generated by

hydraulic torque generator 213.

[0038] When power unit 215 is in power regeneration mode, power unit 215

converts only a portion of the mechanical power associated with the product of the

generated torque and the relative speed of thigh link 103 and shank link 105 into

electric power. The rest of this power is converted into heat in such things as the

motor winding and hydraulic fluid. In some embodiments, power unit 215 further

comprises a battery charging unit 246 that charges at least one battery 239. In some

embodiments, battery 239 is located outside power unit 215.

[0039J When power unit 215 is operating in power utilization mode, hydraulic

motor 217 acts like a hydraulic pump and electric generator 218 acts like an electric

motor. In operation, when power unit 215 is in power utilization mode, hydraulic

motor 217 causes torque generator 213 to generate torque when an electric current

passes through terminals 248 of electric generator 218. The generated torque in

torque generator 213 is a function of the electric current passing through terminals

248. By controlling the electric current that is passing through terminals 248, one can

control the torque generated by hydraulic torque generator 213. When hydraulic fluid

flows between fluid reservoir 195 and torque generator 213, a portion of stored

electrical power is converted into the mechanical power associated with the product of

the generated torque and the relative speed of thigh link 103 and shank link 105 into

electric power.

[0040] Examples of electric generator 218 include, without limitation, AC

(alternating current) generators, brush-type DC (direct current) generators, brushless

DC generators, electronically commutated motors (ECMs), and combinations thereof.

Examples of hydraulic motor 217 include, without limitation, hydraulic gear motors,

axial piston pumps, rotary piston pumps, vane type hydraulic motors and

combinations thereof.

[0041] Fig. 11 shows another embodiment of power unit 215. This embodiment

is similar to embodiment shown in Fig. 10 but a motor isolating valve 216 is located

in scries with hydraulic motor 217. The operation of this embodiment, when motor

isolating valve 216 is in an open position, is similar to the operation of the

embodiment of Fig. 10. When the motor isolating valve is in a closed position, no

hydraulic flow is permitted and therefore thigh link 103 and shank link 105 cannot

move relative to each other. This characteristic can be used during stance. Motor



isolating valve 216 comprises any valve or combination of valves capable of

performing the indicated functions. Examples of motor isolating valve 216 include,

without limitation, flow control valve, pressure control valve, actuated needle valves,

solenoid valves and on-off valve.

[0042] In some embodiments, as shown in Fig. 12, power unit 215 further

comprises an actuated flow restricting valve 200 with adjustable orifice coupled to

torque generator 213 and fluid reservoir 195 creating a second hydraulic path between

torque generator 213 and fluid reservoir 195. When motor isolating valve 216 is in a

closed position, actuated flow restricting valve 200 can be adjusted to allow proper

resistance for the fluid flow between torque generator 213 and fluid reservoir 195.

The amount of this resistance to fluid flow causes torque generator 213 to impose a

resistive torque which resists the motion of thigh link 103 and shank link 105 relative

to each other. This characteristic is used in power dissipation mode and can be used

to damp the knee motion. Actuated flow restricting valve 200 comprises any valve or

combination of valves capable of performing the indicated functions. Examples of

actuated flow restricting valve 200 include, without limitation, flow control valve,

pressure control valve, actuated needle valves, solenoid valves and on-off valve.

[0043] In some embodiments, as shown in Fig. 13, power unit 215 further

comprises a check valve (one-way valve) 199 coupled to torque generator 213 and

fluid reservoir 195 creating another hydraulic path between torque generator 213 and

fluid reservoir 195. Check valve 199 allows for minimum resistance hydraulic flow

from fluid reservoir 195 to torque generator 213 during extension movement of thigh

link 103 and shank link 105 relative to each other at all times.

[0044] In operation, there are opportunities where power unit 215 moves into

power regeneration mode and therefore power unit 215 converts a portion of the

power associated with the product of the generated torque and the angular velocity of

shank link 105 and thigh link 103 relative to each other into electrical power. Fig. 14

shows the knee angle and the knee power when a human is descending steps.

Negative values for power identify the regions that have potential for power

regeneration. A power regeneration region is identified where power regenerating leg

100 is in a stance phase and flexing. Stance phase is defined as a configuration where

power regenerating leg 100 or the human leg it is connected to is on the ground. In

some embodiments, power unit 215 is configured to operate in a power regeneration

mode when power generating leg 100 is in a stance phase and is descending slopes



and stairs. In some embodiments, power unit 215 is configured to operate in a power

regeneration mode when said power generating leg 100 is in a stance phase and is

flexing. In some embodiments, power unit 215 is configured to operate in a power

regeneration mode when said power generating leg 100 is in a stance phase.

[0045] Fig. 15 shows the knee angle and the knee power when a human is

walking on level grounds. Negative values for power identify the regions that have

potential for power regeneration. In some embodiments, power unit 215 is configured

to operate in power regeneration mode when power generating leg 100 is in a stance

phase and is walking on level grounds. In some embodiments, power generating leg

100 is configured to operate in a power regeneration mode when power generating leg

100 is in a swing phase.

[0046] In operation, there are opportunities where power unit 215 moves into

power utilization mode. Fig. 16 shows the knee torque and the knee angle when a

human is ascending steps. Positive values for power identify the regions that have

potential for power utilization. In some embodiments, power unit 215 is configured to

operate in power utilization mode when power generating leg 100 is in a stance phase

and is ascending slopes and stairs. In some embodiments, power unit 215 is

configured to operate in power utilization mode when power generating leg 100 is in a

stance phase and is extending.

[0047] In some embodiments, power unit 215, as shown in Fig. 17, comprises two

electric generators and hydraulic motors. Power unit 215 is coupled to hydraulic

torque generator 213, and among other components, comprises a first hydraulic path

between torque generator 213 and fluid reservoir 195 comprising a first hydraulic

motor 217. Power unit 215 further comprises a second hydraulic path between torque

generator 213 and fluid reservoir 195 comprising a second hydraulic motor 252. A

first electric generator 218 is rotatably coupled to first hydraulic motor 217. A second

electric generator 253 is rotatably coupled to second hydraulic motor 252. In

operation, when power unit 215 is in a power regeneration mode, at least one of

electric generators 218 and 253 generates an electric voltage when the hydraulic fluid

flows from torque generator 213 to said reservoir 195. Motor isolating valves 216

and 255 are configured to select either hydraulic motor 217 or 252 for operation.

These two isolating valves 216 and 255 can be replaced by a three way selector valve

selecting between hydraulic motor 217 or 252. Power unit 215 further comprises a

battery charging unit 246 that charges at least one battery 239.



[0048] In some embodiments, first electric generator 218 is used in a power

regeneration mode when power generating leg 100 is in a stance phase and

descending a stair or a slope. In this case, motor isolating valve 255 is closed and

stops the fluid flow to second hydraulic motor 252 while motor isolating valve 216 is

open and allows for the fluid flow to first hydraulic motor 217. In such embodiments,

first electric generator 218 is used as an electric motor in a power utilization mode

when power generating leg 100 is in a stance and ascending a stair or a slope.

10049] In some embodiments, second electric generator 253 is used in a power

regeneration mode when power generating leg 100 is in a stance phase and walking

on level ground. In this case, motor isolating valve 216 is closed and stops the fluid

flow to first hydraulic motor 217, while motor isolating valve 255 is open and allows

for the fluid flow to second hydraulic motor 252. In such embodiments, second

electric generator 253 may be used as an electric motor in a power utilization mode

when power generating leg 100 is in a swing phase.

[0050] In some embodiments, power unit 215 further comprises a third hydraulic

path including a flow restricting valve 200. In operation, flow restricting valve 200 is

used to create controllable resistance to fluid flow. This characteristic is used in

power dissipation mode and can be used to damp the knee motion.

[0051] In some embodiments, power unit 215 further comprises a forth hydraulic

path including a one way valve 199. In operation, one way valve 199 allows for

minimum resistance flow from said reservoir 195 to torque generator 213 at all times.

[0052] In some embodiments, as shown in Fig. 18, if torque generator 213 is a

rotary hydraulic actuator or a double acting, double rodded hydraulic cylinder, then

hydraulic reservoir 195 may be the other cavity of torque generator 213.

[0053] In some embodiments, power generating leg 100, among other sensors,

comprises at least one stance sensor. Stance sensor produces a stance signal 157.

Stance signal 157 identifies if power generating leg 100 is in a stance phase or in a

swing phase. In some embodiments, stance signal 157 represents the magnitude of

the ground reaction force to power generating leg 100. During swing phase, stance

signal 157 will detect a small or zero magnitude for ground reaction force. Stance

sensor comprises an element or combination of elements selected from a group

consisting of force sensor, pressure sensor, and switches capable of performing the

indicated functions.



[0054] In some embodiments, power generating leg 100, among other sensor,

comprises at least one knee angle sensor. Knee angle sensor produces a knee angle

signal 158. Knee angle signal 158 identifies the angle between shank link 105 and

thigh link 103. Knee angle sensor comprises an element or combination of elements

selected from a group consisting of encoder; revolver, potentiometer; LVDT, and

inclinometer capable of performing the indicated functions.

[0055J In some embodiments, as shown in Fig. 18, power unit 215 further

comprises a signal processor 159 is configured to generate command signals for

various components of power unit 215 to control power unit 215. In some

embodiments, signal processor 159 receives stance signal 157. In some embodiments,

signal processor 159 receives knee angle signal 158. Signal processor 159 comprises

an element or combination of elements selected from a group consisting of analog

devices; analog computation modules; digital devices including, without limitation,

small-, medium-, and large-scale integrated circuits, application specific integrated

circuits, programmable gate arrays, and programmable logic arrays; and digital

computation modules including, without limitation, microcomputers,

microprocessors, microcontrollers, and programmable logic controllers. In some

embodiments, signal processor 159 comprises an element or combination of elements

selected from a group consisting of electromechanical relays or MOSFET switches.

Signal processor 159 may be located inside or outside of power unit 215.

[0056] There are many control algorithms by which signal processor 159 could

control power unit 215. In some embodiments, when power generating leg 100 is

descending a slope or stairs and is in a stance phase, signal processor 159 generates

command signals so power unit 215 goes into power regeneration mode. A knee angle

near 180° at the beginning of stance and a smaller angle at the end of stance may

represent the situation where power generating leg 100 is descending a slope or stairs.

See, U.S. Patent Application Ser. No. 10/976,652, titled LOWER EXTREMITY

ENHANCER, filed on October 29, 2004; U.S. Patent Application Ser. No.

11/335,392, titled LOWER EXTREMITY EXOSKELETON, filed on January 18,

2006; and U.S. Patent Application Ser. No. 11/404,719, titled SEMI-POWERED

LOWER EXTREMITY EXOSKELETON, filed on April 13, 2006; all of which are

incorporated herein by reference in their entireties for all purposes.

[0057] In some embodiments, when power generating leg 100 is ascending a

slope or stairs and is in a stance phase, signal processor 159 generates command



signals so power unit 215 operates in the power utilization mode. This mode aids the

wearer in climbing slopes and stairs. A small knee angle at the beginning of stance

phase may represent the situation where power generating leg 100 is ascending a

slope or stairs.

[0058] In some embodiments, when power generating leg 100 is walking on level

ground and is in stance phase, signal processor generates command signals so power

unit 215 operates in the power dissipation mode or power regeneration mode

depending on operator preference. A large knee angle close to 180° degrees at the

beginning of stance phase which docs not change for a long period of stance may

represent the situation where power generating leg 100 is walking on level ground.

[0059] In some embodiments, when power generating leg 100 is in a swing phase,

signal processor 159 generates command signals so power unit 215 goes into power

dissipation mode or power utilization mode to assist the swinging depending on

operator preference.

[0060] Although the foregoing invention has been described in some detail for

purposes of clarity of understanding, it will be apparent that certain changes and

modifications may be practiced within the scope of the appended claims. Therefore,

the described embodiments should be taken as illustrative and not restrictive, and the

invention should not be limited to the details given herein but should be defined by

the following claims and their full scope of equivalents.



CLAIMS

We claim:

1. A power generating leg, configured to be coupled to a person's lower limb,

comprising:

a thigh link;

a shank link;

a knee mechanism connected to said thigh link and said shank link, and

configured to allow flexion and extension movements of said thigh link and said

shank link relative to each other;

a torque generator configured to generate torque between said shank link and

said thigh link; and

a power unit coupled to said torque generator, and configured to cause said

torque generator to generate torque,

wherein when said power unit is in a power regeneration mode, said power

unit causes said torque generator to generate a torque that opposes the angular

velocity of said thigh link and said shank link relative to each other and said power

unit converts a portion of the power associated with the product of said torque and

said angular velocity of said shank link and thigh link relative to each other into

electrical power to be stored in a storage device.

2. The power generating leg of claim 1 wherein said storage device is one or

more batteries.

3. The power generating leg of claim 1 wherein said storage device is one or

more capacitors.

4. The power generating leg of claim 1 wherein when said power unit is in a

power utilization mode, said power unit, using stored electrical power, causes said

torque generator to generate a torque.

5. The power generating leg of claim 4 wherein said stored electrical power is

said converted electrical power.

6. The power generating leg of claim 1 wherein when said power unit is in a

power dissipation mode, said power unit causes said torque generator to generate a

torque that opposes the angular velocity of said thigh link and said shank link relative

to each other and said power unit dissipates the power associated with the product of

said torque and said angular velocity of said shank link and thigh link relative to each

other.



7. The power generating leg of claim 1 wherein said knee mechanism comprises

at least one rotary joint and allows for rotary flexion and extension movements of said

thigh link and said shank link relative to each other.

8. The power generating leg of claim 1 wherein said thigh link is configurable to

be in contact with a person's thigh so it can be moved by said person's thigh.

9. The power generating leg of claim 1 wherein said thigh link is configurable to

be connected to a person's thigh.

10. The power generating leg of claim 1 wherein said power generating leg

comprises a thigh strap configurable to be connected to a person's thigh and causes

said thigh link to move when said person's thigh moves.

11. The power generating leg of claim 10 wherein said thigh strap comprises

compliant materials wrapped around said person's thigh.

12. The power generating leg of claim 10 wherein said thigh strap comprises a

bracket formed to partially embrace said person's thigh.

13. The power generating leg of claim 1 wherein said shank link is configurable to

be in contact with said person's shank so it can be moved by said person's shank.

14. The power generating leg of claim 1 wherein said shank link is configurable to

be connected to a person's shank.

15. The power generating leg of claim 1 wherein said power generating leg

comprises a shank strap configurable to be connected to a person's shank and causes

said shank link to move when said person's shank moves.

16. The power generating leg of claim 15 wherein said shank strap comprises

compliant materials wrapped around said person's shank.

17. The power generating leg of claim 15 wherein said shank strap comprises a

bracket formed to partially embrace said person's shank.

18. The power generating leg of claim 1 wherein said thigh link comprises a

socket configurable to be attached to an amputee's remaining thigh and therefore said

power generating leg functions as an above knee prosthetic device.

19. The power generating leg of claim 18 wherein said shank link further

comprises an artificial foot.

20. The power generating leg of claim 1 wherein said torque generator comprises

a hydraulic torque generator, wherein the pressure of a hydraulic fluid against moving

surfaces generates torque between said shank link and said thigh link.



2 1. The power generating leg of claim 20 wherein said hydraulic torque generator

is a hydraulic piston and cylinder, wherein said piston slides relative to said cylinder.

22. The power generating leg of claim 20 wherein said hydraulic torque generator

is a rotary hydraulic actuator.

23. The power generating leg of claim 20 wherein said power unit comprises:

a hydraulic motor having two hydraulic ports, one hydraulic port connectable

to a fluid reservoir, and another hydraulic port connectable to a hydraulic torque

generator; and

an electric generator rotatably coupled to said hydraulic motor, the electric

generator having terminals,

wherein when said power unit is in said power regeneration mode, said

hydraulic motor resists the hydraulic flow induced by the motion of said hydraulic

torque generator and an electric current passes through the terminals of said electric

generator indicating electric power is generated by said electric generator.

24. The power generating leg of claim 23 wherein when said power unit is in said

power regeneration mode, said hydraulic torque generator generates a torque that

opposes the velocity of said torque generator and an electric current passes through

the terminals of said electric generator indicating electric power is generated by said

electric generator.

25. The power generating leg of claim 23 wherein when said power unit is in a

power utilization mode, an electric current passes through the terminals of said

electric generator (now electric motor) indicating a stored electric power is utilized

and said torque generator generates a torque.

26. The power generating leg of claim 23 wherein said electric generator

comprises an element or combination of elements selected from a group consisting of

AC (alternating current) generators, brush-type DC (direct current) generators,

brushless DC generators, electronically commutated motors (ECMs), and

combinations thereof.

27. The power generating leg of claim 23 wherein said fluid reservoir comprises a

cavity on the opposite side of a piston or vane of said hydraulic torque generator.

28. The power generating leg of claim 23 further comprising a motor isolating

valve, connected in series with said hydraulic motor, wherein when said motor

isolating valve is in an open position and when said power unit is in said power

regeneration mode, said hydraulic motor resists the hydraulic flow induced by the



motion of said hydraulic torque generator and an electric current passes through the

terminals of said electric generator indicating electric power is generated by said

electric generator.

29. The power generating leg of claim 28 wherein when said motor isolating valve

is in an open position and said power unit is in said power regeneration mode, said

torque generator generates a torque that opposes the velocity of said torque generator

and an electric current passes through the terminals of said electric generator

indicating electric power is generated by said electric generator.

30. The power generating leg of claim 28 wherein when said motor isolating valve

is in an open position and said power unit is in a power utilization mode, an electric

current passes through the terminals of said electric generator (now motor) indicating

stored electric power is utilized and said torque generator generates a torque.

31. The power generating leg of claim 23 where said power unit further comprises

an actuated flow restricting valve coupled to said torque generator and said fluid

reservoir creating a hydraulic path between said torque generator and said fluid

reservoir, wherein said actuated flow restricting valve can be adjusted to control

resistance for motion of said torque generator.

32. The power generating leg of claim 23 where said power unit further comprises

a one-way valve coupled to said torque generator and said fluid reservoir creating a

hydraulic path between said torque generator and said fluid reservoir allowing for

minimum resistance hydraulic flow from said fluid reservoir to said torque generator.

33. The power generating leg of claim 1 wherein when said power unit is

configured to operate into a power regeneration mode when said power generating leg

is in a stance phase.

34. The power generating leg of claim 1 wherein when said power unit is

configured to operate in a power regeneration mode when said power generating leg

is in a stance phase and is flexing.

35. The power generating leg of claim 1 wherein when said power unit is

configured to operate in a power regeneration mode when said power generating leg

is in a stance phase and is descending slopes and stairs.

36. The power generating leg of claim 1 wherein when said power unit is

configured to operate in a power regeneration mode when said power generating leg

is in a stance phase and is walking on level grounds.



37. The power generating leg of claim 1 wherein when said power unit is

configured to operate in a power regeneration mode when said power generating leg

is in a swing phase.

38. The power generating leg of claim 4 wherein when said power unit is

configured to operate in a power utilization mode when said power generating leg is

in a stance phase and is extending.

39. The power generating leg of claim 4 wherein when said power unit is

configured to operate in a power utilization mode when said power generating leg is

in a stance phase and is ascending slopes and stairs.

40. The power generating leg of claim 20, wherein said power unit comprises:

a first hydraulic path between said torque generator and a reservoir, said first

hydraulic path comprising a first hydraulic motor connected in series with a motor

isolating valve

a second hydraulic path between said torque generator and said reservoir, said

second hydraulic path comprising a second hydraulic motor;

a first electric generator rotatably coupled to said first hydraulic motor;

a second electric generator rotatably coupled to said second hydraulic motor;

wherein when said power unit is in said power regeneration mode, at least one

of said first or second hydraulic motor resists the hydraulic flow induced by the

motion of said hydraulic torque generator and an electric current passes through the

terminals of corresponding said first or second electric generator indicating electric

power is generated by said first or second electric generator.

4 1. The power generating leg of claim 40 wherein said second hydraulic path

further comprises a motor isolating valve located in series with said second hydraulic

motor.

42. The power generating leg of claim 40 wherein said power unit further

comprises a third hydraulic path between said torque generator and said reservoir,

said third hydraulic path comprising a flow restricting valve, wherein said flow

restricting valve is configured to control resistance for motion of said torque

generator.

43. The power generating leg of claim 40 wherein said power unit further

comprises a fourth hydraulic path between said torque generator and said reservoir,

said fourth hydraulic path comprising a one way valve allowing for minimum

resistance flow from said reservoir to said torque generator at all times.



44. The power generating leg of claim 40 wherein said torque generator is coupled

to another knee mechanism of another power generating leg.

45. The power generating leg of claim 40 wherein said reservoir comprises a

cavity on the opposite side of a piston or vane of said hydraulic torque generator.

46. The power generating leg of claim 40 wherein said torque generator is coupled

to the knee mechanism of a robotic exoskeleton.

47. The power generating leg of claim 46 wherein said torque generator is a

hydraulic cylinder.

48. The power generating leg of claim 46 wherein said first electric generator is

used in a power regeneration mode when said power generating leg is in stance phase

and descending a stair or slope.

49. The power generating leg of claim 46 wherein said second electric generator is

used in a power regeneration mode when said power generating leg is walking on

level ground.

50. The power generating leg of claim 46 wherein said first electric generator is

used as an electric motor in a power utilization mode when said power generating leg

is in stance and ascending a stair or slope.

51. The power generating leg of claim 46 wherein:

said first electric generator is used in a power regeneration mode when said

power generating leg is in stance and descending a stair or slope and is used as an

electric motor in a power utilization mode when said power generating leg is in stance

and ascending a stair or slope; and

said second electric generator is used in a power regeneration mode when said

power generating leg is walking on level ground.

52. The power generating leg of claim 1 wherein said power unit comprises a

signal processor.

53. The power generating leg of claim 52 wherein said power generating leg

comprises at least one knee angle sensor, wherein said knee angle sensor produces a

knee angle signal representing the angle between said shank link and said thigh link.

54. The power generating leg of claim 53 wherein said signal processor generates

command signals for components of said power unit from said knee angle signal.

55. The power generating leg of claim 52 wherein said power generating leg

comprises at least a stance sensor, wherein said stance sensor produces a stance signal

identifying if said power generating leg is in a stance phase or in a swing phase.



56. The power generating leg of claim 55 wherein said signal processor generates

command signals for components of said power unit from said stance signal.

57. The power generating leg of claim 52 wherein said signal processor comprises

an element or combination of elements selected from a group consisting of analog

devices; analog computation modules; digital devices including, without limitation,

small-, medium-, and large-scale integrated circuits, application specific integrated

circuits, programmable gate arrays, and programmable logic arrays; and digital

computation modules including, without limitation, microcomputers,

microprocessors, microcontrollers, and programmable logic controllers.

58. The power generating leg of claim 52 wherein said signal processor comprises

an element or combination of elements selected from a group consisting of

electromechanical relays or metal oxide semiconductor field effect transistors

(MOSFET) switches.

59. A power generating prosthetic leg, comprising:

a thigh link configured to be coupled to an above-knee amputee's remaining

limb;

a shank link;

a knee mechanism connected to said thigh link and said shank link, and

configured to allow flexion and extension movements of said thigh link and said

shank link relative to each other;

a torque generator configured to generate torque between said shank link and

said thigh link; and

a power unit coupled to said torque generator, and configured to cause said

torque generator to generate torque,

wherein when said power unit is in a power regeneration mode, said power

unit causes said torque generator Io generate a torque that opposes the angular

velocity of said thigh link and said shank link relative to each other and said power

unit converts a portion of the power associated with the product of said torque and

said angular velocity of said shank link and thigh link relative to each other into

electrical power to be stored in a storage device.

60. A method of using an artificial leg comprising:

coupling a power generating leg to a person's lower limb, said power

generating leg comprising:

a thigh link;



a shank link;

a knee mechanism connected to said thigh link and said shank link, and

configured to allow flexion and extension movements of said thigh link and said

shank link relative to each other;

a torque generator configured to generate torque between said shank

link and said thigh link; and

a power unit coupled to said torque generator, and configured to cause

said torque generator to generate torque,

operating said power unit in a power regeneration mode, wherein when said

power unit is in said power regeneration mode, said power unit causes said torque

generator to generate a torque that opposes the angular velocity of said thigh link and

said shank link relative to each other and said power unit converts a portion of the

power associated with the product of said torque and said angular velocity of said

shank link and thigh link relative to each other into electrical power to be stored in a

storage device.
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