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ELECTRICAL ENERGY GENERATOR

A device for harvesting mechanical energy generated by a moving mass and

converting the harvested mechanical energy into usable electrical energy is disclosed.

The device permits the harvest of mechanical energy imparted to the device from

movement, such as human gait activities, and the conversion of the harvested mechanical

energy into electrical energy.

Mechanical energy comprises a number of forms of energy including, but not

limited to kinetic energy. Mechanical energy is manifested in the bodies of humans and

animals as a result of their physical processes. Such physical processes include

voluntary body movements. Amongst voluntary body movements are gait processes.

Gait activities include stepping, walking, running, climbing, jumping, and similar

activities. Other voluntary body movements include grasping, reaching, shaking,

swinging, stretching, etc. All voluntary body movements are manifested as motion of

body members having mass so that all voluntary motor activities develop kinetic energy.

Further, voluntary motor activities may impart kinetic energy to peripheral masses

engaged with a moving body.

It is sometimes desirable to convert mechanical energy to electrical energy. An

example is the conversion of kinetic energy into electrical energy as the kinetic energy of

a mass moves a magnetic field relative to a conductive coil thereby converting the

kinetic energy of the mass to electrical energy by action of electromagnetic induction.

Devices to convert the kinetic energy manifested in the bodies and peripheral

masses engaged with the bodies of humans as a result of their physical processes into

electrical energy are not well-developed. Accordingly, it is desirable to provide a device

to harvest kinetic energy imparted by voluntary motor activities and convert the

harvested mechanical energy into electrical energy.

Embodiments of the subject matter are disclosed with reference to the

accompanying drawings and are for illustrative purposes only. The subject matter is not



limited in its application to the details of construction or the arrangement of the

components illustrated in the drawings.

FIG. 1 is a cross-section view of one illustrative embodiment of the electrical

energy generator.

FIG. 2 is a cross-section view of another illustrative embodiment of the electrical

energy generator.

FIG. 3 is a cross-section view of another illustrative embodiment of the electrical

energy generator.

FIG. 4 is a cross-section view of another illustrative embodiment of the electrical

energy generator.

FIG. 5A is a top plan view of an illustrative embodiment of the spring stop

portion of the support structure of the electrical energy generator.

FIG. 5B is a top plan view of another illustrative embodiment of the spring stop

portion of the support structure of the electrical energy generator.

FIG. 6 is an illustrative embodiment of the device having an additional housing.

Kinetic energy is manifested in the bodies of animals and humans, as a result of

different voluntary motor activities. Voluntary motor activities include, for example,

gait processes, leg movements, arm movements, head movements, torso movements,

and the like. Kinetic energy is also manifested in the objects or masses that are moved

by a human or animal in the course of transporting them. Some voluntary motor

activities, such as human walking gait, are rhythmic activities which have a predictable

frequency or periodicity. In the case of human walking gait, the predictable frequency is

approximately 2 Hz.



An electrical energy generator for harvesting kinetic energy and converting the

harvested kinetic energy developed or imparted by voluntary motor activities into

electrical energy is provided. The electrical energy generator generally comprises a

housing, an electrically conductive material, an electromagnetically active mass movable

in a reciprocating manner relative to the housing, and at least one spring positioned

within the housing. A benefit is realized by maximizing the mass of the

electromagnetically active mass. This may be achieved by integrating magnetic or non

magnetic components having mass into the electromagnetically active mass.

According to certain illustrative embodiments, the electrical energy generator

comprises a housing having a longitudinal axis and opposite ends, an electromagnetically

active mass positioned within the housing reciprocally movable along at least a portion

of the longitudinal axis, an electrically conductive material within the housing, at least

one spring stop engaged with the electromagnetically active mass, and at least one spring

positioned between an end of the housing and the at least one spring stop.

According to additional illustrative embodiments, the electrical energy generator

comprises a housing having a longitudinal axis and opposite ends, an electromagnetically

active mass positioned within the housing reciprocally movable along at least a portion

of the longitudinal axis, an electrically conductive material within the housing, at least

one spring stop engaged with the electromagnetically active mass, and at least one spring

positioned between the spring stop and the electrically conductive material.

According to further illustrative embodiments, the electrical energy generator

comprises a housing having a longitudinal axis and opposite ends, an electromagnetically

active mass positioned within the housing reciprocally movable along at least a portion

of the longitudinal axis, an electrically conductive material within the housing, at least

one spring stop engaged with the electromagnetically active mass, and at least one spring

positioned between the spring stop and the end of the housing and between the spring

stop and the electrically conductive material.



According to further illustrative embodiments, the electrical energy generator

comprises a housing having a longitudinal axis and opposite ends, an electromagnetically

active mass positioned within the housing reciprocally movable along at least a portion

of the longitudinal axis, an electrically conductive material within the housing, first and

second spring stops engaged with the electromagnetically active mass, and at least one

spring positioned between first end of the housing and the first spring stop and at least

one spring positioned between a second end of the housing and a second spring stop.

According to further illustrative embodiments, the electrical energy generator

comprises a housing having a longitudinal axis and opposite first and second ends, an

electromagnetically active mass positioned within the housing reciprocally movable

along at least a portion of the longitudinal axis, an electrically conductive material within

the housing, first and second spring stops engaged with the electromagnetically active

mass, at least one spring positioned between the first end of the housing and the first

spring stop, at least one spring positioned between the second end of the housing and a

second spring stop, at least one spring positioned between the first spring stop and the

electrically conductive material, and at least one spring positioned between the second

spring stop and the electrically conductive material.

According to certain illustrative embodiments, the electrical energy generator

generally comprises a housing having a longitudinal axis and opposite ends, an

electromagnetically active mass positioned within the housing reciprocally movable

along at least a portion of the longitudinal axis, an electrically conductive material within

the housing, a body engaged with the electromagnetically active mass, the body having a

shaft portion, at least one spring stop portion, and opposite ends, and at least one spring

positioned between at least one of an end of the housing and the body.

According to certain illustrative embodiments, the electrical energy generator

generally comprises a housing having a longitudinal axis and opposite ends, an

electromagnetically active mass positioned within the housing reciprocally movable

along at least a portion of the longitudinal axis, an electrically conductive material within

the housing and positioned about the electromagnetically active mass, a body engaged



with the electromagnetically active mass, the body having a shaft portion, at least one

spring stop portion, and opposite ends, and at least one spring positioned between the

body and the electrically conductive material.

According to certain illustrative embodiments, the electrical energy generator

generally comprises a housing having a longitudinal axis and opposite ends, an

electromagnetically active mass positioned within the housing reciprocally movable

along at least a portion of the longitudinal axis, an electrically conductive material within

the housing and positioned about the electromagnetically active mass, a body engaged

with the electromagnetically active mass, the body having a shaft portion, at least one

spring stop portion, and opposite ends, and at least one spring positioned between at

least one of an end of the housing and an end of the body and between an end of the

body and the electrically conductive material.

According to further illustrative embodiments, the electrical energy generator

comprises a housing having a longitudinal axis and opposite ends, an electromagnetically

active mass positioned within the housing reciprocally movable along at least a portion

of the longitudinal axis, an electrically conductive material within the housing, a body

engaged with the electromagnetically active mass, the body having a shaft portion, at

least one spring stop portion, and opposite ends, a first spring positioned between a first

end of the housing and first spring stop, a second spring positioned between the body

and the electrically conductive material, a third spring positioned between a second end

of the housing and a second spring stop, and a fourth spring positioned between the

second spring stop and the electrically conductive material. The springs that are

positioned between the ends of the housing and the spring stops may have a nonlinear

spring coefficient.

According to additional illustrative embodiments, the electrical energy generator

may include a combination of one or more means for constraining the non-reciprocating

movement of the electromagnetically active mass within the housing, and/or means for

mitigating motion retardation of the electromagnetically active mass within the housing,

and/or at least one spring deflection adjuster .



The device harvests mechanical energy and converts the harvested mechanical

energy into electrical energy. By harvesting mechanical energy from the reciprocating

mass and converting it into electrical energy, the device acts as an electrical generator.

The device thus harvests mechanical energy and outputs electrical energy. The electrical

energy may be used for sensing a vibration or shock (impulse), for recharging and

operating devices autonomously, or for utility scale electrical power.

The generated electrical energy may be used to power a wide variety of

electronic devices including, without limitation, locators, signaling equipment,

entertainment equipment, energy storage equipment, radio receivers, radio transmitters,

wireless telephones, cameras, global positioning system (GPS) equipment, and other like

electronic devices.

The electrical energy generated by the device may be low frequency AC power.

When low frequency AC power is generated by the device, rectification is utilized to

convert the AC power into usable DC power. An inductor or transformer may also be

used on the output prior to rectification.

An energy storage device may be used after rectification of the generated

electrical power. Any suitable energy storage device may be used in the device, such

as, without limitation, one or more capacitors or batteries. The energy storage device

may be used to store the energy converted by the circuit for storage or for transfer to

another device.

The device may further include a power conditioning circuit. Without limitation,

and only by way of illustration, suitable power conditioning units may include linear

regulators, AC-DC systems, AC-DC-AC systems, switch mode power supplies (SMPS),

and the like.

The housing of the device may comprise any suitable structure, capsule,

container, or vessel that is capable of enclosing the other components of the electrical



energy generator. Without limitation, according to certain embodiments, the housing

comprises an elongated cylinder or tube having an interior cavity or volume.

The housing may be constructed of any material that can support the engagement

of device components and that does not interfere with the harvest of mechanical energy

or conversion of the mechanical energy into electrical energy. Without limitation,

suitable material that may be used to construct the housing of the device comprises

metal, metal alloys, plastic, glass, composite materials, or combinations thereof.

The housing may be provided as an open container, such that the interior of the

housing is in communication with the external environment surrounding the housing.

According to embodiments in which the housing is open, the means of communication

with the environment surrounding the housing may include one or more apertures, holes,

vents, slots, perforations, or like structure located within the wall of the housing,

thereby providing communication between the interior cavity of the housing and the

external environment. In such open embodiments, the housing atmosphere is generally

substantially identical to the surrounding environmental atmosphere.

According to other embodiments, the housing comprises a closed structure such

that the interior of the housing is substantially isolated from the environment surrounding

the housing. According to embodiments including a closed housing, the housing

atmosphere need not be substantially identical to the surrounding external environmental

atmosphere. For example, without limitation, the housing atmosphere may comprise

air, nitrogen, a Nobel gas, mineral oil, vegetable oil, water, saline, partial vacuum,

substantial vacuum, a ferrofluid, or combinations thereof.

The device may be provided with an additional housing to minimize or prevent

contaminants from entering the system. The pressure of the atmosphere between the

first generator housing and the second generator housing may be positive, negative, or

equal to the atmosphere outside of the additional generator housing.



The electrical energy generator comprises an electromagnetically active mass.

As used herein, "electromagnetically active" refers to a mass that is capable of affecting

a magnetic field. Electromagnetically active components include, but are not limited to,

permanent magnets, electromagnets, inductors, and materials having magnetic

permeability. The electrical energy generator may comprise one or more

electromagnetically active components to affect a desired magnetic field.

An electromagnetically active mass may be any electromagnetically active

component which also has mass. An electromagnetically active mass is capable of

producing a magnetic field or bending the flux lines of a magnetic field.

Electromagnetically active masses capable of producing a magnetic field comprise

permanent magnets, electromagnets and the like. Electromagnetically active masses

capable of bending the flux lines of a magnetic field may also comprise materials having

magnetic permeability. In certain embodiments, the materials having magnetic

permeability are materials which have a high permeability. Without limitation,

materials which have a high permeability comprise iron, nickel, chromium, and like

materials. In certain embodiments, an electromagnetically active mass may comprise

metal, metal alloys, ceramics, and mixtures thereof.

The electromagnetically active mass is positioned within the housing. The

manner of positioning within the housing of the electromagnetically active mass allows

the electromagnetically active mass to move in a reciprocating manner with respect to

the housing. The electromagnetically active mass defines a volume which is swept out

by the electromagnetically active mass as it moves. The volume which is swept out by

the electromagnetically active mass as it moves is at least a portion of the volume of the

interior cavity of the housing.

The shape of the electromagnetically active mass can vary greatly, and there is

no particular shape to which the electromagnetically active mass must be limited. In

certain embodiments, the electromagnetically active mass comprises an axisymmetric

shape. In certain embodiments, the electromagnetically active mass comprises a



substantially cylindrical shape. When the housing has a cylindrical shape, the outer

circumference of the cylinder is less than the inner circumference of the housing.

In certain embodiments, the electromagnetically active mass comprises at least

one hole extending longitudinally from a first end surface through a second end surface

of the mass. In certain embodiments, the electromagnetically active mass comprises a

substantially cylindrical axisymmetric mass comprising a hole extending from a first end

through to a second end of the mass. The hole may be centrally located in the mass.

The device may include a guide means. A guide means comprises any

component that has a guidance surface for the electromagnetically active mass over at

least a portion of the path described by the mass as it moves. In certain embodiments,

the material of the guidance means comprises metal, plastic, glass, composite materials,

or combinations thereof. In certain embodiments the guidance surface of the guidance

means comprises a surface coating. The surface coating may comprise metal, plastic,

glass, composite materials, or combinations thereof. In certain embodiments the

guidance means, or the guidance surface of the guidance means, may comprise PTFE,

PEEK, or oil-impregnated bronze.

According to certain embodiments, the guidance means guides the mass by

providing restorative forces to the mass in directions substantially normal to the surface

of the means in response to contact between the mass and the means. These restorative

forces are referred to as "normal forces". By providing such restorative forces, the

guidance means impedes motion of the mass in directions normal to the means. In

certain embodiments, the mass may be engaged with the guidance means during all

portions of the motion of the mass. In certain embodiments, the mass is constrained by

the guidance means to minimize substantially all motion of the mass other than linear

reciprocation, such that motion of the mass is limited to substantially linear

reciprocation. There will exist a coefficient of friction determined by the material of the

guidance surface and the material of the electromagnetically active mass which contacts

the material of the guidance surface. The product of the coefficient of friction and the

normal forces defines the magnitude of friction forces between the mass and the means



which retard the motion of the mass. In certain embodiments, the coefficient of friction

is selected to be very low in order to minimize the magnitude of friction forces.

In certain embodiments, in which the electromagnetically active mass comprises

at least one hole communicating from a first end surface to a second end surface, the

guide means comprises an elongated shaft or rod passing through the at least one hole

and engaged with the spring stops or with ends of the housing, and along which the

electromagnetically active mass moves as it reciprocates.

The device includes an electrically conductive material within the housing. The

electrically conductive material may be engaged with the inner surface of the housing

such that the electromagnetically active mass may pass through the electrically

conductive material without coming into contact with it. Without limitation, the

electrically conductive material may be provided in the form of an induction coil. The

induction coil may include an armature, inductor, wire coil, or any other looped

electrically conductive material. A change in a local magnetic field produces a current

within and a potential across an induction coil. Because the induction coil is positioned

about the electromagnetically active mass, a change in position of the

electromagnetically active mass within a magnetic field of the induction coil produces a

current within and a potential across the induction coil. The electrically conductive

material may comprise one or more induction coils. When more than one induction coil

is used, the plurality of induction coils may be placed adjacent to one another along a

portion of the longitudinal axis of the generator housing or the plurality of induction

coils may be positioned on the inner surfaces of the generator housing in a spaced-apart

fashion along at least a portion of the longitudinal axis of the generator housing.

The electrical energy generator includes a body that is engaged with the

electromagnetically active mass. The body includes a shaft portion and a spring stop

portion. The shaft portion may be of any size and shape which is suitable to add

additional mass to the electromagnetically active mass and which is capable of engaging

the electromagnetically active mass to the spring stop portion of the body. The shaft

portion may connect the spring stop portion of the body to the electromagnetically active



mass. Without limitation, the connection of the shaft to the electromagnetically active

mass may be achieved by bonding methods such as adhesives, brazing, magnetic forces,

or welding, or by mechanical joining methods such as press fitting or threading.

Without limitation, the shaft portion my be substantially cylindrical, and may comprise a

through hole in order to engage guidance means. Without limitation, at least a portion

of the shaft portion of the body may comprise an electromagnetically active material as

described herein. Without limitation, the shaft portion may be integral with the

electromagnetically active mass and/or the spring stop portion of the body.

Alternatively, the shaft portion may be a separate piece that is joined to the spring stop

portion of the body.

The spring stop portion of the body may be of any size and shape suitable to

engage the electromagnetically active mass and body with the at least one spring.

Without limitation, the spring stop portion may be adapted to constrain the movement of

the electromagnetically active mass to minimize or substantially prevent non-

reciprocating motion of the electromagnetically active mass within the housing. Without

limitation, the spring stop portion may be adapted to minimize motion retardation during

movement of the electromagnetically active mass and body within the housing. The

spring stop portion of the body may be adapted to rotate relative to the body as the at

least one spring experiences compression or extension.

The spring stop portion also imparts additional mass to the electromagnetically

active mass. Without being bound to any particular theory, increasing the total mass of

the electromagnetically active mass and support structure increases the effectiveness of

the electrical energy generator due to the increased momentum provided by the increased

movable mass within the housing.

The device includes at least one spring positioned within the housing. As used

herein, a "spring" is any element which produces a restorative force in response to its

displacement. Certain springs produce restorative forces directly proportional to their

displacement. Springs which produce restorative forces directly proportional to their

displacement are springs which obey Hooke's Law. A spring accumulates mechanical



energy in the form of potential energy as work is done upon it and releases it as the

above-referenced restorative force. The relationship between the restorative force and

the displacement is the spring coefficient. In springs which obey Hooke's Law, the

spring coefficient is substantially constant.

Certain other springs produce restorative forces which are not directly

proportional to their displacement. These springs do not obey Hooke's law, and can be

utilized to provide differential forces with respect to displacement in order to provide

greater or lesser restorative forces.

According to certain illustrative embodiments, the electrical energy generator

includes at least one spring that obeys Hooke's Law. When the electrical energy

generator comprises at least two springs and the springs substantially obey Hooke's

Law, the spring/mass system is considered to be a harmonic oscillator and can provide a

natural frequency. In certain circumstances, however, it may be advantageous to utilize

springs that possess stiffening spring characteristics such that at the end of travel, there

would be no need to incorporate any rebound means with the device.

The springs that may be included in the device may include extension springs,

compression springs, torsion, Bellville springs, elastic material, or any combination of

these different types of springs. In certain embodiments, the spring(s) included in the

electrical energy generator comprise coil springs. A coil spring is a type of torsion

spring. A coil spring comprises an elastic material formed into a helix, or spiral, or

spiral helix having two opposite ends. The coil springs may comprise either

compression springs or extension springs.

A spring pre-load is a load that exists in the spring prior to deflection of the

spring from some initial state. As used herein, pre-load of a spring refers to the load in

the spring in the unexcited device in which the electromagnetically active mass is at rest.

The device may also include a suitable means for adjusting the deflection or spring pre

load on the coil springs. A means of adjusting spring pre-load comprises any component

which introduces or removes a load, tension or compression of an installed spring,



usually in the unexcited device. Introduction or removal of a load of an installed spring

may be done by adjusting the deflection of the spring. In certain embodiments the

means of adjusting spring pre-load and deflection comprises a movable member with

which the spring is engaged to have its pre-load and deflection adjusted. In such

embodiments, the region of engagement between the spring and the member is movable

with respect to the housing. In certain embodiments, the moveable member comprises a

threaded member. Threaded members may comprise screws, bolts, or threaded

bushings. In certain embodiments the threaded member is engaged with a counterpart

threaded receiver that is substantially fixed to or integral to the housing. One illustrative

method of moving the point of engagement between the spring and the threaded member

with respect to the housing is by advancement or retraction of the threaded member by

rotating the threaded member with respect to the threaded receiver. As the threaded

member is rotated, the threaded member and the region of engagement between the

spring and the member moves helically with respect to the threaded receiver, and

thereby moves helically with respect to the housing. The amount of movement will be

equal to the product of the thread pitch and the number of rotations made. The amount

of change in the load will be equal to the product of the amount of movement and the

spring coefficient.

In certain embodiments, the at least one spring may be pre-compressed, meaning

that the spring(s) will be positioned within the housing such that, when the housing is at

rest and the electromagnetically active mass is substantially still, the spring(s) will be in

a state of compression. This pre-compression will reduce losses in the forces associated

with the electromagnetically active mass when the mass is in motion.

The electrical energy generator may further comprise a means of mitigating

motion retardation of the electromagnetically active mass by the housing atmosphere.

The housing atmosphere may comprise a fluid, wherein such fluid may be a gas or a

liquid. Fluids are known to retard the motion of materials through them. In certain

circumstances, the housing atmosphere will retard the motion of the electromagnetically

active mass through the housing atmosphere. One type of retardation of the motion of

the electromagnetically active mass is by viscous effects. Viscous effects which retard



motion appear whenever a body moves through a fluid having a positive viscosity. One

means of mitigating motion retardation by viscous effects is by rarification or evacuation

of the housing atmosphere. In certain embodiments, the housing atmosphere comprises

a gas at sub-atmospheric pressure, such that the housing atmosphere is reduced, rarified,

or evacuated to the point that it comprises a partial or substantial vacuum.

Retardation of the motion of the electromagnetically active mass may occur by

pressure differentials. Pressure differentials may be created by motion of an object

within, and in close clearance to, a closed housing. In certain embodiments, the

electromagnetically active mass may be engaged in very close tolerance to an electrically

conductive material. One means of mitigating motion retardation by pressure

differentials is by the inclusion of apertures, flow-paths, flutes, or ducts to permit flow

from the region into which the mass is moving and to the region from which the mass is

moving. In certain embodiments, the interior surface of the electrically conductive

material or any guidance means which may be utilized may comprise longitudinal flutes

to permit flow of the fluid comprising the housing atmosphere from one region of the

interior cavity to another region of the interior cavity. In certain embodiments the

electromagnetically active mass may comprise one or more through-holes or flutes which

permit flow of the fluid comprising the housing atmosphere around, across, or through

the mass.

As the housing of the generator may include one or more holes to allow the

atmosphere inside the generator housing to communicate with the atmosphere outside the

generator housing, the spring stops may also include one or more holes to allow the

atmosphere from certain regions of the inside of the generator housing to flow into other

regions inside the generator housing with as little restriction as possible.

According to certain embodiments, the electrical energy generator may further

comprise an electromagnetically active shroud that is engaged with the housing and at

least partially covering the electrically conductive material. In certain embodiments, the

electrical energy generator comprises an electromagnetically active shroud that is

engaged with the housing which at least partially covers said housing. In certain



embodiments the electrical energy generator may comprise an electromagnetically active

shroud that is engaged with the housing which fully covers said housing. In certain

embodiments the electromagnetically active shroud may comprise a permanent magnet.

In certain embodiments, the electromagnetically active shroud comprises an

unmagnetized material having magnetic permeability. In embodiments in which the

electromagnetically active mass comprises an unmagnetized material having magnetic

permeability, the device will further comprise an electromagnetically active shroud

which comprises a permanent magnet. In certain embodiments in which the

electromagnetically active mass comprises a permanent magnet, the device comprises an

electromagnetically active shroud comprising an unmagnetized material having magnetic

permeability.

The electrical energy generator comprises an electromagnetically active mass

which reciprocates within the housing. Exciting forces acting on the housing excite the

mass causing it to move within the housing in a reciprocating manner which is

substantially harmonic. Further, the electrical energy generator comprises components

which remove mechanical energy from the mass when it is in motion, thereby

electromagnetically damping it. Because of these properties, certain embodiments of the

electrical energy generator may be described as a substantially harmonic damped

oscillator. It should be noted that the damping of the energy from the mass may

comprise critically damping, greater than critically damping or less than critically

damping. According to certain illustrative embodiments, the damping of the energy

from the mass comprises less than critical damping. According to yet further

embodiments, the damping of the energy of the mass may be variable.

When a driving force is acting on the electrical energy generator, according to

certain embodiments, the device behaves as a substantially harmonic driven, damped

oscillator. Harmonic oscillators have a fundamental or natural frequency which is a

function of oscillating mass and spring coefficient. Because the mass of the

electromagnetically active mass is determinable and because the spring coefficient of the

spring is determinable, the natural frequency of the device is also determinable. The

selection of the mass or spring coefficient or both to adjust the natural frequency of the



device is referred to herein as "tuning". That is, the natural frequency of the device

may be tuned by selection of the mass or the spring coefficient or both.

Because the mass, by definition, has inertia, an exciting force directed to the

device along a direction which is not perpendicular to the axis of reciprocation, causes

the housing to be displaced to a greater extent than the mass is caused to be displaced.

This difference in displacement causes some of the exciting kinetic energy imparted by

the action of the exciting force acting over said displacement to be absorbed by the

electromagnetically active mass, the spring(s) and the electrically conductive material.

Because the electrical energy generator includes an electromagnetically active

mass, a spring, and an electrically conductive material, when set into motion, the device

can behave as a damped vibrating system and will vibrate until it dissipates the exciting

energy. The natural frequency or frequencies of the harvester can be predetermined.

Without limitation, in certain embodiments, the electrical energy generator behaves as a

substantially harmonic oscillator having one natural frequency. The level of damping in

the device can be predetermined.

The certain illustrative embodiments of the device will be described in further

detail with respect to the Figures. The electrical energy generator should not be limited

to the illustrative embodiments depicted by the Figures.

As shown in FIG. 1, the device 10, shown at a state of rest, comprises a housing

28 which comprises an elongated circular cross-section tube having first and second

ends. The housing 28 comprises an internal cavity defined by the tube and is divided

into regions I, II, III, IV, and V. The device 10 further comprises an

electromagnetically active mass 14 which is engaged with a body having two shaft

portions 18 and two spring stop portions 20. Additional mass 16 may be magnetic or

non-magnetic material. The electromagnetically active mass 14, 16 and body form a

unitary mass which is moveable within said housing 28. The electromagnetically active

mass 14 moves in a reciprocating manner along a path through an induction coil 12, 26

which is positioned about the electromagnetically active mass 14. The device further



comprises a first spring 22 having a first end and a second end. Spring 22 comprises a

coil spring having the first end engaged with the first end portion of the housing 28 and

the second end engaged with the spring stop 20. The device further comprises a second

spring 24 having a first end and a second end. Spring 24 comprises a coil spring having

the first end engaged with to the first end portion of the housing 28 and the second end

engaged with the spring stop 20. Movement of electromagnetically active mass 14 and

body relative to the housing 28 causes motion of the spring-stop engaged second end of

each spring 22, 24 with respect to said housing-engaged first end of each spring 22, 24

such that the motion of the electromagnetically active mass 14 relative to the induction

coil 12, 26 results in deflection of the springs 22, 24.

As shown in FIG. 2, the device 30, shown at a state of rest, comprises a housing

49 which comprises an elongated circular cross-section tube having first and second

ends. The housing 49 comprises an internal cavity defined by the tube and is divided

into regions I, II, III, IV, and V. The device 30 further comprises an

electromagnetically active mass 34 which is engaged with a body having two shaft

portions 38 and two spring stop portions 40. Additional mass 36 may be magnetic or

non-magnetic material. The electromagnetically active mass 34 and body form a unitary

mass which is moveable within said housing 49. The electromagnetically active mass 34

moves in a reciprocating manner along a path through an induction coil 32, 33 which is

positioned about the electromagnetically active mass 34. The device further comprises a

first spring 42 having a first end and a second end. Spring 42 comprises a coil spring

having the first end engaged with the induction coil 32, 33 and the second end engaged

with the spring stop 40. The device further comprises a second spring 44 having a first

end and a second end. Spring 44 comprises a coil spring having the first end engaged

with induction coil 32, 33 and the second end engaged with the spring stop 40. The

device further comprises secondary springs 46, 48 having nonlinear spring coefficients,

which are engaged with the spring stops 40, positioned so that, when the device

experiences an excessive driving force, the secondary springs 46, 48 will periodically

come into contact with ends of the housing 49. Movement of electromagnetically active

mass 34 and body relative to the housing 49 causes motion of said spring-stop engaged

second end of each spring 42, 44 with respect to said induction coil-engaged first end of



each spring 42, 44 such that the motion of the electromagnetically active mass 34

relative to the induction coil 32, 33 results in deflection of the springs 42, 44.

As shown in FIG. 3, the device 50, shown at a state of rest, comprises a housing

69 which comprises an elongated circular cross-section tube having first and second

ends. The housing 69 comprises an internal cavity defined by the tube and is divided

into regions I, II, III, IV, and V. The device 50 further comprises an

electromagnetically active mass 54 which is engaged with a body having two shaft

portions 58 and two spring stop portions 60. Additional mass 56 may be magnetic or

non-magnetic material. The electromagnetically active mass 54 and body form a unitary

mass which is moveable within said housing 69. The electromagnetically active mass 54

moves in a reciprocating manner along a path through an induction coil 52, 53 which is

positioned about the electromagnetically active mass 54. The device further comprises a

first spring 62 having a first end and a second end. Spring 62 comprises a coil spring

having the first end engaged with the induction coil 52, 53 and the second end engaged

with the spring stop 60. The device further comprises a second spring 64 having a first

end and a second end. Spring 64 comprises a coil spring having the first end engaged

with induction coil 52, 53 and the second end engaged with the spring stop 60. The

device further comprises secondary springs 66, 68 having nonlinear spring coefficients,

which are engaged with the spring stops 60, positioned so that, when the device

experiences a driving force, the secondary springs 66, 68 will periodically come into

contact with the housing 69. The device further comprises a guide rod 67, which

extends along the longitudinal axis of housing 69 and passes through the spring stops 60,

shaft portions 58, springs 62, 64, 66, 68, and electromagnetically active mass 54.

Movement of electromagnetically active mass 54 and body relative to the housing 69

causes motion of said spring-stop engaged second end of each spring 62, 64 with respect

to said induction coil-engaged first end of each spring 62, 64 such that the motion of the

electromagnetically active mass 54 relative to the induction coil 52, 53 results in

deflection of the springs 62, 64.

As shown in FIG. 4, the device 70, shown at a state of rest, comprises a housing

89 which comprises an elongated circular cross-section tube having first and second



ends. The housing 89 comprises an internal cavity defined by the tube and is divided

into regions I, II, III, IV, and V. The device 70 further comprises an

electromagnetically active mass 74 which is engaged with a body having two shaft

portions 78 and two spring stop portions 80. Additional mass 76 may be magnetic or

non-magnetic material. The electromagnetically active mass 74 and body form a unitary

mass which is moveable within said housing 89. The electromagnetically active mass 74

moves in a reciprocating manner along a path through an induction coil 72, 73 which is

positioned about the electromagnetically active mass 74. The device further comprises a

first spring 82 having a first end and a second end. Spring 82 comprises a coil spring

having the first end engaged with the induction coil 72, 73 and the second end engaged

with the spring stop 80. The device further comprises a second spring 84 having a first

end and a second end. Spring 84 comprises a coil spring having the first end engaged

with induction coil 72, 73 and the second end engaged with the spring stop 80. The

device further comprises a third spring 86 having a first end and a second end. Spring

86 comprises a coil spring having the first end engaged with the induction coil 72, 73

and the second end engaged with the first end of the housing 89. The device further

comprises a fourth spring 88 having a first end and a second end. Spring 88 comprises a

coil spring having the first end engaged with the induction coil 72, 73 and the second

end engaged with the second end of the housing 89. Movement of electromagnetically

active mass 74 and body relative to the housing 89 causes motion of said springs 82, 84,

86, 88 such that the motion of the electromagnetically active mass 74 relative to the

induction coil 72, 73 results in deflection of the springs 82, 84, 86, 88.

An illustrative embodiment of the spring stop is shown in FIG. 5A. Spring stop

90 comprises a modified disc 92 containing voids 94 and an optional center hole 96 for

attaching the spring stop 90 onto the body. A further illustrative embodiment of the

spring stop is shown in FIG. 5B. Spring stop 100 comprises a modified disc 102

containing voids 104 positioned in a substantially concentric manner inwardly relative to

the outer circumference of spring stop 100. Spring stop 100 may also include a

substantially centrally positioned hole 106 to accommodate a guide rod or a shaft means

for engaging to a mass. Furthermore, spring stop 100 may include any number of holes

and such holes may be positioned in any manner. Spring stops 90, 100 constrain the



movement of the electromagnetically active mass and body to minimize non-

reciprocating motion of the entire mass within the housing, while minimizing motion

retardation during movement of the entire mass within the housing.

FIG. 6 shows an embodiment the device 110 having an additional housing.

Device 110 includes housing 112. Positioned within housing 112 is induction coil 114.

Also positioned within housing 112 is body 116 that is engaged with electromagnetically

active mass 118. Body 116 includes elongated shaft 120 and spring stop portions 122,

124. Springs 126, 128 are positioned between the electromagnetically active mass 118

and spring stops 122, 124. The housing 112 includes a plurality of holes 130

communicating from the interior of the housing 112 to the outside of housing 112.

Device 110 may also include an additional outer housing 140 that encloses housing 112.

In certain embodiments the mechanical energy harvester is engaged with a worn

item or a carried item. Worn items comprise clothing, such as a hat, belt, shirt, pants,

dress, skirt, sweater, sweatshirt, jacket and the like. Protective gear, includes without

limitation body armor, life vest, personal flotation devices and the like. Carrying items

include without limitation backpacks, waist-packs, field-packs, medical packs, bags,

tool-bags, book-bags, purses, briefcases, holsters, sheaths and the like.

In embodiments in which the electrical energy generator is engaged with a worn

item, the worn item is excited by exciting forces imparted from the wearer, and the

electrical energy generator is excited by exciting forces imparted from the worn item.

The engagement of the electrical energy generator with the worn item may be firm such

that the device is substantially immobile relative to the worn carrying device; flexible or

soft such that there is a great deal motion of the device relative to the worn item; or

somewhere in between.

Without limitation, an electrical energy generator may be designed for hand-held

usage such that the device harvester can be excited by shaking it by hand.

If there is a known frequency source the mass and spring system may be tuned to

resonate at this frequency, thereby increasing the amount of mechanical energy in the



system resulting in an increase in the output of electrical energy from the system. For

purposes of illustration and without limitation, a common excitation frequency for

walking is about 2 Hz. This information may be used to predetermine an appropriate

natural frequency of the electrical energy generator. Depending upon the embodiment

and desired operational characteristics, it may be desirable to have one or more of the

natural frequencies of the device similar to one or more of the operational frequencies of

the source of the excitation kinetic energy; or dissimilar to one or more of the expected

operational frequencies of the source of the excitation kinetic energy by some

predetermined amount. In certain embodiments, one natural frequency of the device is

predetermined to correspond to the steady state harmonic motion of the gait of the

human or animal by which it is carried or worn.



A first embodiment of the present subject matter includes an electrical energy

generator comprising: a housing having a longitudinal axis and opposite ends; an

electromagnetically active mass positioned within the housing reciprocally movable

along at least a portion of the longitudinal axis; an electrically conductive material

positioned within the housing; a body engaged with the electromagnetically active mass,

wherein the body comprises a shaft and spring stops at opposite ends; and at least one

spring positioned between at least one of an end of the housing and the spring stops of

the body, or between the spring stops of the body and the electrically conductive

material.

A second embodiment of the present subject matter includes the electrical energy

generator of the first embodiment, wherein the generator comprises a first spring

positioned between a first end of the housing and a first end of the body and a second

spring positioned between a second end of the housing and a second end of the body.

A third embodiment of the present subject matter includes the electrical energy

generator of the first embodiment, wherein the generator comprises a first spring

positioned between a first end of the body and the electrically conductive material and a

second spring positioned between a second end of the body and the electrically

conductive material. The electrical energy generator of the third embodiment may

further comprise at least one secondary spring positioned between an end of the body

and an end of the housing, wherein the secondary spring has a nonlinear spring

coefficient.

A fourth embodiment of the present subject matter includes the electrical energy

generator of the first embodiment, wherein the generator comprises: a first spring

positioned between a first end of the housing and a first end of the body; a second spring

positioned between a second end of the housing and a second end of the body; a third

spring positioned between the first end of the body and the electrically conductive

material; and a fourth spring positioned between the second end of the body and the

electrically conductive material. The electrical energy generator of the fourth



embodiment may further include that at least one of the first, second, third, or fourth

springs has a nonlinear spring coefficient.

The electrical energy generator of any of the embodiments described above may

further include that at least a portion of the shaft of the body comprises a permanent

magnet.

The electrical energy generator of any of the embodiments described above may

further include that the electrically conductive material comprises at least one induction

coil.

The electrical energy generator of any of the embodiments described above may

further include that the at least one spring comprises a coil spring.

The electrical energy generator of any of the embodiments described above may

further include that the electromagnetically active mass comprises at least one permanent

magnet.

The electrical energy generator of any of the embodiments described above may

further include that the spring stops of the body are adapted to: (a) constrain the

movement of the electromagnetically active mass to minimize or substantially prevent

non-reciprocating motion of the electromagnetically active mass within the housing; or

(b) minimize motion retardation during movement of the electromagnetically active mass

and body within the housing.

The electrical energy generator of any of the embodiments described above may

further include that the interior of the housing is in communication with the surrounding

environment by means of at least one of apertures, holes, vents, slots, or perforations

located within the housing.

The electrical energy generator of any of the embodiments described above may

further include that the housing comprises a closed structure and an atmosphere within



the housing comprises at least one of air, nitrogen, a Nobel gas, mineral oil, vegetable

oil, water, saline, partial vacuum, substantial vacuum, a ferrofluid, or combinations

thereof.

The electrical energy generator of any of the embodiments described above may

further include that any of the springs are pre-compressed or pre-extended within the

housing.

The electrical energy generator of any of the embodiments described above may

further include a guide to minimize or substantially prevent the non-reciprocating motion

of said electromagnetically active mass within said housing.

The electrical energy generator of any of the embodiments described above may

further include that the guide comprises a rod which passes through the center of the

electromagnetically active mass and is engaged with the ends of the housing.

The electrical energy generator of any of the embodiments described above may

further include at least one means for adjusting the deflection of the at least one spring.

While the electrical energy generator has been described in connection with

various illustrative embodiments, as shown in the Figures, it is to be understood that

other similar embodiments may be used or modifications and additions may be made to

the described embodiments for performing the same functions. Therefore, the electrical

energy generator should not be limited to any single embodiment, but rather construed in

breadth and scope in accordance with the recitation of the appended claims.



I CLAIM:

1. An electrical energy generator comprising:

a housing having a longitudinal axis and opposite ends;

an electromagnetically active mass positioned within the housing reciprocally

movable along at least a portion of the longitudinal axis;

an electrically conductive material positioned within the housing;

a body engaged with the electromagnetically active mass, wherein the body

comprises a shaft and spring stops at opposite ends; and

at least one spring positioned between at least one of an end of the housing and

the spring stops of the body, or between the spring stops of the body and the electrically

conductive material.

2. The electrical energy generator of claim 1, wherein the generator comprises a

first spring positioned between a first end of the housing and a first end of the body and

a second spring positioned between a second end of the housing and a second end of the

body.

3. The electrical energy generator of claim 1, wherein the generator comprises a

first spring positioned between a first end of the body and the electrically conductive

material and a second spring positioned between a second end of the body and the

electrically conductive material.

4. The electrical energy generator of claim 3, further comprising at least one

secondary spring positioned between an end of the body and an end of the housing,

wherein the secondary spring has a nonlinear spring coefficient.

5. The electrical energy generator of claim 1, wherein the generator comprises:

a first spring positioned between a first end of the housing and a first end of the

body;

a second spring positioned between a second end of the housing and a second end

of the body;

a third spring positioned between the first end of the body and the electrically

conductive material; and



a fourth spring positioned between the second end of the body and the electrically

conductive material.

6. The electrical energy generator of claim 5, wherein at least one of the first,

second, third, or fourth springs has a nonlinear spring coefficient.

7. The electrical energy generator of claim 1, wherein at least a portion of the shaft

of the body comprises a permanent magnet.

8. The electrical energy generator of claim 1, wherein the electrically conductive

material comprises at least one induction coil.

9. The electrical energy generator of claim 8, wherein said at least one spring

comprises a coil spring.

10. The electrical energy generator of claim 1, wherein the electromagnetically active

mass comprises at least one permanent magnet.

11. The electrical energy generator of claim 1, wherein the spring stops of the body

are adapted to: (a) constrain the movement of the electromagnetically active mass to

minimize or substantially prevent non-reciprocating motion of the electromagnetically

active mass within the housing; or (b) minimize motion retardation during movement of

the electromagnetically active mass and body within the housing.

12. The electrical energy generator of claim 1, wherein the interior of the housing is

in communication with the surrounding environment by means of at least one of

apertures, holes, vents, slots, or perforations located within the housing.

13. The electrical energy generator of claim 1, wherein the housing comprises a

closed structure and an atmosphere within the housing comprises at least one of air,

nitrogen, a Nobel gas, mineral oil, vegetable oil, water, saline, partial vacuum,

substantial vacuum, a ferrofluid, or combinations thereof.



14. The electrical energy generator of any of claims 2, 3 or 5, wherein any of the

springs are pre-compressed or pre-extended within the housing.

15. The electrical energy generator of claim 1, further comprising a guide to

minimize or substantially prevent the non-reciprocating motion of said

electromagnetically active mass within said housing.

16. The electrical energy generator of claim 15, wherein the guide comprises a rod

which passes through the center of the electromagnetically active mass and is engaged

with the ends of the housing.

17. The electrical energy generator of claim 1, further comprising at least one means

for adjusting the deflection of the at least one spring.
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