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ENERGY HARVESTING SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benetit of priority to U.S. Prov. App. 61/163,344

filed March 25, 2009, which 1s incorporated herein by reference i its entirety.

FIELD OF THE INVENTION
[0002] The present invention relates to systems and methods for harvesting energy
from any vehicle, particularly automobiles and any other vibrating industrial and household
appliance. More particularly, the present imvention relates to systems and methods for

harvesting energy from the suspension or shock absorbing system of the vehicle.

BACKGROUND OF THE INVENTION
[0003] Vehicle suspension systems give passengers a comfortable ride typically by
supporting the vehicle and responding to road bumps, road irregularities by moving up and
down. But these motions induce undue oscillations or vibrations and a damper or shock
absorber is used to dampen ouf the vibrations. Typical shock absorbers function by
dissipating or absorbing the unwanted energy.
[0004] There are several types of shock absorbers. Some work on hydraulics while
others work on pneumatic or eddy current types of damping. Pneumatic shock absorbers
convert kinetic energy from road bumps or vibrations into heat by heating the surrounding
air while hydraulic type shock absorbers function similarly by converting the kinetic
energy into heat for absorption by a fluid, such as oil.
[0005] Vehicle efficiency can be increased if this wasted energy can be harvested
and converted into useful energy. With the advent of gas-electric hybrids and electric
vehicles any regenerative energy which can be harvested from a car can extend the range of
the car for a given battery charge. Some literature indicates that about 13 % of energy
generated by a vehicle 1s wasted due to damping.
[0006] Dampers are also used m vehicles in other locations such as m the engine
mounts and/or seat mounts. In electric vehicles and hybnd vehicles dampers are also used
m battery mounts. All these different types of dampers convert vibrational energy into heat

or other kinds of wasted energy.
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[0007] As a vehicle travels, energy in the form of bumps or shocks 1s typically
generated as the suspension system absorbs such energy from the interface against the
road; however, such energy is usually dissipated quickly. Harnessing this wasted energy
by converting it into useful electrical energy 1s a way to improve the efficiency of the
vehicles. Power generation from dampers has not been significantly developed or
explored. Conventional devices typically suffer from practical limitations. For example,
11.S. Pats. 4,50(0,827; 5.578.877: and 5,347,186 all describe different embodiments of
electromagnetic linear generators which convert road vibration energy into electrical
energy by using the principle of electromagnetism. Another example 1s described 1n ULS.
Pat. 6,952,060 which discloses an electromagnetic linear generator which converts the road
vibrational energy into electrical energy from the relative motion of an assembly of coil
windings array and magnet array. ULS. Pat. 6,920,951 describes a power screw type of
regenerative damper which uses a rotor and a stator. Yet another example is shown in U.S.
Pat. App. 2009/0260935 Al which discloses a regenerative shock absorber which
compresses a hydraulic fluid in a cyvlinder by a piston which moves corresponding to the
road vibration. The fluid then passes through a hydraulic motor which converts rotary
motion of the shaft into electrical energy. This device also uses electric generators such as
permanent magnet systems for converting the rotary motion into useful electrical energy.
[0008] However, conventional devices usually add to the weight of the vehicle and
may negatively influence any gains in energy efficiency and may also potentially increase
the cost of the vehicle. Dielectric elastomer materials are transducers which can be used
both actuation mode and energy generation mode. In U.S. Pat. App. 2007/0257491 Al,
marine devices which can convert the mechanical energy present in waves into electrical
energy are described. Dielectric elastomer generators are used. In U.S. Pat. 6,768,246,
designs and methods for converting energy generated from biologically-derived activities
such as walking, running, ete. into electrical energy using dielectric elastomer generators
are described. However, application of dielectric elastomer based devices for energy
generation from automotive sources and other industrial and household sources has not
been explored significantly. All patents and patent applications described herein are

mcorporated herein by reference in their entirety.
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SUMMARY OF THE INVENTION
[6009] Energy generating dampers are described which may be used in apphications
where vibrational energy is present, such as vehicles or i other household and industrial
appliances. These dampers are configured to convert mechanical vibrations such as those
generated in response to road bumps, surface irregularities, engine vibrations, or any other
similar kind of vibrations inte useful electrical energy.
[6010] Generally, an energy generating damper may be configured as a support
member comprising, e.g., a first chamber, a second chamber operatively movable relative
to the first chamber, one or more layers of a dielectric elastomer positioned within the
second chamber, and, a compression member attached to the first chamber and in
communication with the one or more layers n the second chamber, where movement
between the first chamber and second chamber urges the compression member to change a
pressure imparted upon or against the one or more layers such that the one or mwore lavers
generate an electric discharge in response to the change i pressure.
{0011} In one example, the energy generating damper may be configured as a shock
absorber for use in vehicles. This shock absorber may comprise at least two chambers
which move relative to each other. One of the chambers may enclose one or more stacks of
dielectric elastomer type generators. These individual dielectric elastomer units can be in
different shapes such as disc, rolls, tubes, etc. A first end of this shock absorber may be
connected to the frame of the vehicle while the other end 1s connected to the vibrating
element such as the axle. As the vehicle travels, the translational movement {e.g., up and
down motion) generated by the vehicle may causes a plunger connected to one of the
chambers to move against or upon the stacked dielectric elastomer generators which may
cause stretching and contracting/relaxing of the dielectric elastomer which n turn causes
electrical energy to be generated.
[0012] Another example of the shock absorber may comprise at least twwo chambers
which move relative to each other such that a piston attached to one of the chambers may
translate (e.g., move up and down) in the second chamber. A fixed volume of viscous fluid
such as oil or water may be disposed in the second chamber. The walls of the chamber
may be lined by lavers of the electroactive polymer material, e.g., dielectric elastomer,
hence creating a comphant housing. This shock absorber may be connected in the vehicle
such that when the vehicle is moving the mechanical vibrations generated in response to
bumps, road surface irregularities, and other projections cause the piston to move up and

down. This oscillatory and linear movement of the piston may pressurize and de-pressurize
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the fixed volume of the viscous fluid present in the chamber such that the oscillatory
change in the pressure causes the compliant housing to expand and contract/relax cyclically
which in turn causes the electroactive pelymer material to stretch and contract/relax
cyclically and generate useful electrical energy for harvesting and/or storing.

[0013] In another example, a shock absorber having at least two chambers which
may move relative to each other may utilize a piston attached to one of the chambers which
may move {e.g., up and down) in the second chamber. The piston may be comprised of a
fixed non-compressible rod which is connected to a first generator element. The first
generator element may in-furn be connected to a second generator element with a biasing
element, such as a compression spring. Each following generator element may be
connected to the adjacent previous one with a biasing element such as a comypression
spring. The numbers of generator elements can range {from one or more depending on the
size of the generators and also the energy requirements. As the vehicle moves, the
generated vibrations causes the piston to move, e.g., up and down, such that the biasing
elements may compress and expand. The biasing elements may amplify some of the
vibration signals which in turn causes each generator element to stretch and compress in a
controlled manner and controlled stretching and compression of the generator element
causes the generation of useful electrical energy.

[0014] In another example, a supplementary energy generation module can he
incorporated into a conventional shock absorber. The module may be cylindrical n shape
and may be placed between the connection and one of chambers of the shock absorber or it
can be placed on the outside of an existing shock absorber between the two chambers or
members which move relative to each other. Moreover, the module may incorporate the
dielectric elastomer generators in various shapes, e.g., discs, rolls, etc. Because of the
relative motion of the shock absorber, the dielectric energy generators undergoing
stretching and compression leads to the generation of useful electrical energy.

[0015] In another example, the above-mentioned energy generating shock absorber
designs can be scaled up or down 1in size and configured to be used in household appliances
and other industrial applications. For example, in a typical household washer and drver
based on the washing and drying load the rotating drom can rotate off-axis. This kind of
motion of the drum introduces unwanted mechanical vibrations m the system. The above
mentioned shock absorbers can be used in the washing and drying machines by connecting
them between the rotating drum and the stationary body and converting the mechanical

energy nto useful electrical energy.
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[0016] In another example, the dielectric elastomer generators may be used as an
energy generating engine mount which has a housing assembly containing layers of
dielectric elastomer material. This material may be stacked one above the other in a first
chamber and with the remaining chamber filled with a viscous {lnid, such as oil or water,
under pressure. An impermeable elastic membrane may separate the layers of electroactive
polymers from the fluid region. A cover with a central opening may be placed on top of
the housing with a piston of a phunger passed through the opening and sealed against the
opening with seals such that the piston is able to move up and down relative to the housing
assembly. The piston may have a disc type distal end with the diameter of the disc equal to
or slightly less than the internal diameter of the housing. The proximal end of the piston or
plunger may have a connector which couples the engine mount o the vibrating engine.

The housing assembly may have a connector which also couples the housing to the vehicle.
Under operation of the vehicle, as the engine starts vibrating the vibrations are converted
mto linear oscillatory vertical motions which are transmitted to the plunger assembly. This
forces the plunger to moves up and down causing the fluid to be pressurized and de
pressurized. This change in the fluid pressure may effectively cause the electroactive
polymer material to stretch and compress leading to the generation of useful electrical
energy.

[0017] In another example, an engine mount may utilize a housing containing a
damping fluid such as oil. A flexible cap comprised of] e.g., alternating layers of rubber
and electroactive polymers, may be used to enclose the housing while remaining flexible.
This cap may also have a centrally mounted plunger or connector which is tightly fitted
through the flexible cap. The connector may be coupled to the engine while the housing is
coupled to the car body such that as the car moves, the engine vibrations cause the flexible
cap to move up and down causing the electroactive polymer elements to stretch and relax
leading to the generation of useful electrical energy. These and other types of mounts may
be utitized for battery mounting, e.g., in electric, plug-in hybrid and hybrid vehicles.
Additionally and/or alternatively, these mounts may be utilized in other places in an
automobile such as under the seats, etc.

[0018] In wse, a vehicle may be mounted with several of these generators. For
example, a car can have four energy-generating shock absorbers and three or more engine
mounts. The electrical energy generated from each of the generators may be transferred to

a centrally located unit, such as a step-down transformer, which may step the voltage to a
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level suitable for a battery voltage such that the harvested energy may be stored for future

use. A cenftralized electronic control unit may control the entire system.

BRIEF DESCRIPTION OF THE DRAWINGS
[6019] Figs. I A and 1B show partial cross-sectional side and cross-sectional end
views, respectively, of one example of an active damping and energy harvesting shock
absorber system.
[0020] Fip. 1C shows a perspective view of shock absorber placement within a
vehicle for energy harvesting.
[0021] Fig. 2 shows a partial cross-sectional side view of another example of an
active damping and energy harvesting shock absorber system using an incompressible
thud.
[0022] Fip. 3 shows a partial cross-sectional side view of another example of active
damping and energy harvesting shock absorber system using one or more connected
biasing elements.
[0023] Fig. 4 shows a partial cross-sectional side view of another example of a
conventional shock absorber mcorporating an energy generating mount attached.
[0024] Fig. 5 shows a partial cross-sectional side view of another example of an
energy generating engine mounting device.
[0025] Fig. 6 shows a partial cross-sectional side view of another example of an
energy generating engine mounting device.
[0026] Figs. 7A and 7B show partial cross-sectional side views of examples of
energy generating battery mounting devices.
[0027] Fig. 8 show a schematic example of a composite generator system which
may be incorporated in a vehicle.
[0028] Fig. 9 shows a schematic illustration of one example of how one or more
supports may capture the vibrational energy from the appliance and convert it into

electrical energy for storage and/or recyching.

DETAILED DESCRIPTION OF THE INVENTION
[0029] Improving vehicle energy efficiency 1s desirable with hybrid and electrical
vehicle technology more commeonplace. With road surfaces uneven and full of bumps, one

method for improving vehicle efficiency 1s by capturing energy which is normally lost
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through heat, noise, vibrations, etc., as vehicles travel over these roads. The average bump
height along an average road can vary from 2 mm to 6 nun while the frequency of the
bumgps can vary from 1710 to 1/100 em™.

[6030] Dielectric elastomers, which are a type of electroactive polymers, may be
used to capture and convert these vibrations from, e.g., the wheels, engine, seats, etc., for
energy generation as the vehicle 1s in use. The types of engines may vary from internal
combustion to electric engines or any other type of engine which may be used by any type
of vehicle. Generally, dielectric elastomer generators comprise soft stretchable polymer
materials such as acrylic, silicone rubber, polyurethane, etc., which may be placed between
two compliant electrodes and operate on the principle of variable capacitance. Typically, a
bias voltage ranging from hundreds of volts to 5 kV to 10 kV may be applied to a dielectric
elastomer film. Under the bias voltage when the elastomer is stretched, electrical charges
are introduced onto the compliant electrodes. When the film is allowed to relax, these
mtroduced charges converge while the distance between opposite charges is increased due
to the thickness of the film increasing. This causes an effective increase in the electrical
voltage of the charge and the increased electrical energy can be hamessed as useful
clectrical energy. (See, e.g., “Dielectric elastomers: Generator mode fundamentals and
applications”, Smart Structures and Materials 2001: EPAD, Proceedings of SPIE Vol
4329.) These dielectric elastomer generators can be configured into several ways such as
square films, discs, rolls, tubes, stacks, ete.

[0031] The use of one or more dielectric elastomer generators in a vehicle may
produce energy by harvesting the vibrational motion mmparted by the road, engine, and/or
other components to the vehicle sufficient to use and/or storage. For example, a typical
vehicle which weighs approximately 1135 kg (2500 pounds) may have a vehicle weight
distribution per shock absorber of, e.g.. 283.5 kg per shock absorber. Assuming an average
speed of a car to be 45 miles/hr and the bump spatial frequency to be 1/100 cm, the bump
occurrence frequency can be caleulated at 20 Hz. (For calculation purposes we assume the
average bump height to be 2 mm.) Dielectric elastomeric generators, depending on their
construction, base polyvmeric material, and electrode geometry can have varying energy
densities. In this example, a dielectric elastomer may have an energy density of 0.4 J/gram
which 1s estimated at 100% strain. However, a dielectric elastomer having a reasonably
high fatigue hife of, e.g., 10% strain, may be utilized. To achieve a 2 mm displacement at
10% strain, the length of the dielectric material is around 20 mm. If a total of 4 kg of

dielectric material can be used to create the energy generating shock absorbers, at 50%
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efficiency (assuming 30 % of the energy 1s used for damping purposes while 20% 1s lost)
80 Joules of energy can be generated for every bump and at a 20 Hz bump frequency, a
total of 1.6 kWhr of power may be produced. This example 1s intended to be illustrative
and not limiting. The total amount of energy generated by the devices described herein
may be varied, of course, depending upon the various parameters noted.

[0032] Turning now to Figs. 1A and 1B, which show partial cross-sectional side
and cross-sectional end views, respectively, of one embodiment. As shown, a shock
absorber having a first chamber 1 and second chamber 2 which are translatably moveable
relative to one other, e.g., in an up and down motion, may comprise a stack 3 of one or
more dielectric elastomer type generators contained within second chamber 2. Each of the
one or more individual dielectric elastomer units 4 can be configured in a number of
different shapes such as a diaphragm, disc, rolls, square shapes, etc. In this particular
embodiment, diaphragm-type generator elements are shown. As seen in Fig. 1B, each of
the diaphragm-type dielectric elastomeric generator elements 4 may be supported by a
frame § which secures the element position within chamber 2 and relative to each element
4.

[0033] A proximal end of the shock absorber enclosing chamber 1 may be coupled
to, e.g., the frame of the vehicle, with the connecting element 6 while the distal end may be
coupled to, the axle of the vehicle, with the connecting element 7. A plunger 8 which is
connected to the chamber 1 and passes throngh chamber 1 and into chamber 2 can vibrate
and/or move up and down, as shown by arrow 9, as the axle and wheels move relative to
the vehicle frame in response to bumps and projections along the road. Wires or
conductors 10 and 11 are connected electrically to the dielectrnic elastomer generator stack
3 and may be used for transmission of any electrical energy conducted to and/or generated
from the shock absorbers. A bias voltage of, e.g., 0.1 kV to 10 kV, may be applied to the
generator stack 3 through the wires 10 and 11.

[0034] A distal end of the plunger 8 which passes through chamber 1 may rest in
contact with or against the generator stack 3 such that the vibrational metion imparted to
the shock absorber causes the chambers 1, 2 to move relative to one another and the
plunger 8 to move agamst or compress the stacked dielectric elastomer generators 3. This
constant oscillatory motion may cause the alternative stretching and contracting/relaxing of
the dielectric generator elements 4. During the contracting/relaxing stage, the mechanical
strain is converted into electrical energy by increase in voltage of the applied charge.

Additionally and/or altemnatively, while the function of a shock absorber 1s to dampen the



16

15

-
Lh

WO 2010/111376 PCT/US2010/028484

vibrations in order to provide a smooth ride to the passengers, the dielectric generators 4
may be used in an actuator mode during alternating cycles to also achieve active
dampening of the vibrations by modulating the amplitude of electrical input to the
dielectric generators 4 using, e.g., a controller in electrical communication with the
generator stack 3.

[0035] Fig. 1C shows a perspective view of a typical vehicle 100 and the relative
positioning of the one or more shock absorbers 101 incorporating the dielectric elastomer
generators. As illustrated, the shock absorbers 101 may be coupled to a frame 102 of the
vehicle 101 as well as to the wheels 103 or axle 104 {or receiving the vibrations. Also
shown are examples of at least three engine mounts 1085 which may be used for mounting a
mass such as the engine {not shown for clarity) to the vehicle. The engine mounts 105 may
be used with internal combustion engines, electric motors, rotary or linear vibrating
actuators, or any other engine or component which generates vibrations or which transmits
movement or vibrations in response fo road conditions. Such mounts may also be used for
mounting other masses within or upon the vehicle, such as the battery which may vibrate
and move 1n response to the vehicle movement. Engine mounts and/or battery mounts
mcorporating dielectric elastomers are described i further detail herein.

[0036] Fig. 2 shows a different embodiment of the shock absorber having a first
chamber 12 and a second chamber 13 which can move relative to each other. A piston 14
1s attached to chamber 12 1s translatable within the second chamber 13, as shown by the
arrow 15, as the two chambers move relative to one another. A fixed volume of viscous
fluid 16 (e.g., oil, water, etc.) may be contained within the second chamber 13 in a fluid-
tight manner. The interior walls 17 of the second chamber 13 may be lined by one or more
lavers of the dielectric elastomer material 18 creating a compliant housing. In an
alternative variation, a gap may be present between the wall 17 and one or more layers of
dielectric elastomer material 18. The proximal end of first chamber 12 may be coupled to
the frame of the vehicle by a connector 19 while the distal end of chamber 13 may be
coupled to the axle of the vehicle by a connector 20. Wires or conductors 21 and 22 may
provide electrical connections between the dielectric elastomer generators 18 and the
vehicle. A bias voltage of, e g, 0.1 kV to 10 kV, may be applied by the wires 21 and 22 to
the dielectric elastomer generators 18.

[0037] When the vehicle 1s moving the mechanical vibrations are generated due to
bumps, road surface irregularities, etc., the two chambers 12 and 13 may move relative to

each other causing piston 14 to vibrate or move within the fluid 14 contained within second
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chamber 13. This oscillatory and linear movement of the piston 14 may alternately
pressurize and de-pressurize the viscous fluid 16 present in the chamber 13 and
subsequently cause the dielectric elastomer material 18 to stretch and contfract/relax
cyclically which in turn leads to generation of useful electrical energy, which may be
transmitted through wires 21, 22. The movement of the piston 14 mn the viscous thud 16
may also provides the damping energy to reduce or mitigate the vibrations.

[6038] Fig. 3 shows vet another example in the partial cross-sectional view of a
shock absorber having a first chamber 23 and a second chamber 24 which may move
relative to each other. A piston 25 attached to first chamber 23 may move accordingly
within the second chamber 24 and may comprise a fixed non-compressible rod which 1s
connected to a first generator 26 within second chamber 24 via a connector 27. The first
generator element 26 is in turn electrically connected to a second generator element 26’
with a biasing element, such as a compression spring 28. Fach generator element may
comprise two or more elements, e.g., top generator element 29 and bottom generator
element 30, where each generator element defines an opening therethrough to allow for the
passage of spring 28 to an adjacent generator element.

[0039] Each of the generators 26 may connected to an adjacent previous one with a
compression spring 28. For instance, first generator element 26 may be coupled to second
generator element 26” via first spring 28, second zenerator element 26° may be coupled to a
third generator element 26” via second spring 28 and so on. The numbers of generators
can vary depending on the size of the generators and also the energy requirements. Wires
or conductors 31 and 32 may provide electrical connections to the dielectric elastomeric
generators. In this embodiment when the vehicle is moving, the road vibrations and
irregularities causes the piston 25 to move up and down thus causing each of the springs 28
to compress and expand in response. These springs may help in amplifying some of the
vibration signal which in turn may cause each generator fo stretch and compress in a
controlled manner. This controlled stretching and compression of the generator may cause
the generation of useful electrical energy. Moreover, the dielectric generators may also be
used in an actator mode during alternating cycles by modulating the electrical input to the
generators to achieve damping forces to help in achieving active damping of the vibrations,
[0040] Fig. 4 shows yet another embodiment where a dielectric generator module
33 may be incorporated as a supplementary device to a conventional shock absorber 34,
e.g., an oil-type shock absorber where damping is provided by the viscous drag provided

by the oil. Module 33 can be cylindrical in shape and 1t can be placed between the
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connection 36 of the chamber 35 or it can be placed on the exterior of shock absorber 34
such that a first end of the generator module 33 is coupled to chamber 38 while a second
end 1s coupled to chamber 37 of shock absorber 34. The generator module 33 can have the
dielectric elastomer material incorporated in any of the configurations described herein,
e.g., stack, roll, tube, disc configuration, ete. Likewise, wires or conductors 38 and 39 may
provide electrical connections to the dielectric generator module 33. A bias voltage of,
e.g., 0.1 kV to 10 kV, may also be applied to the dielectric elastomer generator 33 through
the wires 38 and 39. As the vehicle moves, the vibrations generated in response to road
bumps and irregularities may cause the two chambers 35 and 37 of the shock absorber 34
to move relative to each other thereby causing the dielectric elastomer generator 33 to
stretch and/or contract/relax and produce electrical energy while the damping function is
provided by the shock absorber 34.

[0041] In addition to the vibration generated in response to road surface
wregularities, engine vibrations are another source of vibrational energy fypically
dissipated as lost energy. Auto engines typically vibrate at a frequencies ranging from,
e.g., | Hz to 500 Hz, and the amplitude of engine vibrations can vary from, e.g., 0.05 mm
to 3 mun. Typically a car has three engine mounts where the average diameter of an engine
mount is about 3 inches and the average height is about 4.5 inches with the average load
rating of an engine mount varying from, e.g., 200 to 400 pounds. An example for using
dielectric elastomer generators in generating energy {rom vibrations imparted to engine
mounts may assiine an average amplitude of engine vibration to be, e.g., about I mm at a
frequency of 100 Hz. The energy density of a typical dielectric elastomer 1s 0.4 ¥/g at
100% strain. For a relatively high fatigue hife application such as for an engine mount, a
value of 10 % strain may be assumed for operation of the dielectric elastomers. Due to the
linear relationship between strain and energy density, a 10% strain corresponds to 0.04
Feram energy density. Assuming a 50% efficiency, 3 J of energy generated per movement
per mount may potentially generate about 300 Watts of power per engine mount. As an
average car has three engine mounts, the total energy which can be harnessed from engine
vibrations can amount to about 900 Watts. This example 1s intended to be illustrative and
not imiting. The total amount of energy generated by the devices described herein may be
varied, of course, depending upon the various parameters noted.

[0042] Fig. 5 shows a design of an example of an energy generating engine mount
in the cross-sectional view. The engime mount may comprise a housing 40 having one or

more layers of dielectric elastomer generators 41 placed within the housing 40. These
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dielectric elastomer generators 41 may be stacked one above the other in this example,
although the dielectric elastomer generator 41 can be configured into any of the other
shapes or configurations described herein. The number of dielectric elastomer layers can
also vary and may depends on the energy generation requirement.

[0043] The remaining section of the housing 40 may be filled with a viscous thud
42 such as oil, water, etc., and an impermeable compliant membrane 43 may separate the
dielectric elastomer material 41 from the flmid 42. A cover 44 having a central port 45 may
be placed on top of the housing 40 and a piston or a plunger 46 can be slidingly positioned
through the port 45 and sealed against the port 45. The piston 46 may be translated relative
to the housing 40 as shown by the arrow 47. The piston 46 may have a disc-type distal end
48 which 1s closely aligned within the internal diameter of the housing 40. The proximal or
the top end 49 of the piston 46 may have a proximal connector 50 for couphng the engine
mount to the vibrating engine and a distal connector 51 tor coupling the housing 40 to the
frame of the vehicle.

[0044] Under operation of the vehicle when the engine starts operation, the engine
vibrations are converted into linear oscillatory vertical motions. These motions are
transmitted to the engine mount through the connection S0 which couples the engine to the
piston 46. Due to the vibrations, the piston 46 may vibrate up and down causing the
viscous fluid 42 to be pressurized and de-pressurized. This change in the fluid pressure
may ellectively cause the dielectric elastomer material 41 to stretch and contract/relax. As
the dielectric material 41 stretches, electrical charges are introduced on the material 41 via
the wires 52, 53 and during the contraction/relaxation of the dielectric material 41, these
charges may lead to the generation of electrical energy which is also transmitted via the
wires 52 and §3. The viscous tluid 42 may provide the damping energy for damping the
engine vibrations.

[0045] Yet another variation is shown in the cross-sectional side view of Fig. 6
which illustrates another design of an energy generating engine mount. This engine mount
may comprise a housing 54 containing a damping fluid 55 (e.z., viscous o1, water, etc) and
a flexible cover 56 comprised of alternating layers of a tlexible material (e.g., rubber) and
dielectric elastomer material to enclose the housing 54. Flexible cover 56 may function as
a flexing element and may also define a centrally mounted connector §7. The cover 56 can
also extend at least partially into the housing §4 encompassing the viscous flwud 55 for
additional damping. As above, the engine may be connected to the engine mount via the

connector 57 such that the connector 56 is connected to the engine while the housing 54 1s
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connected to the frame of the vehicle. A bias voltage ranging from, e.g., 0.1 kV to 10 kV
or greater, may be apphied to the dielectric elastomer through the wires or conductors 58
and §9. In this and other examples, the bias voltage range is exemplary and the bias
voltage apphed may actually range from the tens of volis to the kilovolt range 1n other
examples depending upon various parameters such as the material configuration and
design, available voltage, and/or the desired energy output, etc. During the normal
operation of the car, as the engine starts vibrating the vibrations may induce an oscillatory
motion on the engine mount which are transnmtted through the connector §7 to cause the
flexible element 56 to flex which may lead to the stretching and/or contraction/relaxation
of the dielectric elastomer material. This cyclic stretching and/or contraction/relaxation of
the dielectric elastomer material may cause the generation of useful electrical energy which
may then be transmitted through wires or conductors 58 and §9.

[6046] Use of dielectric elastomer energy generators is, of course, not restricted to
shock absorbers or engine mounts but may also be mtegrated into mounts for other devices
which are subjected to vibrational energy, such as bafteries, seats, etc. Fig. 7A shows a
cross-sectional side view of one example of a dielectric elastomer generator which may be
utilized as a battery mount. The generator may comprise a housing 60 which is connected
to the frame of the vehicle through any connector arrangement present at the base 61. The
housing 60 may be stacked with one or more layers of dielectric elastomers 62 which can
be m any number of configurations as described herein, e.g., disc, diaphragm form, ete.
The top or proximal end of the housing 60 may have a connector 63 which connects the
battery mount to the battery and wires or conductors 64, 65 which connect the dielectric
elastomer generators to the electrical system. A bias voltage of about, e.g.. 0.1 kV to 10
kV or greater, may be applied to the elastomers 62 through the wires or conductors 64, 65.
In this and other examples, the bias voltage range is exemplary and the bias voltage applied
may actually range from the tens of volts to the kilovolt range in other examples depending
upon various parameters such as the matenial configuration, available voltage, and/or the
desired energy output, etc. When the vibrations are generated due to the operation of the
vehicle, vibrational motion of the battery may be transmitted to the dielectric elastomers 62
to cause the stretching and/or contracting/relaxing of the dielectric elastomer 62 and thus
leading to the generation of electrical energy. Fig. 7B shows another embodument of the
battery mount. This variation may function similarly to the previous embodiment but may

have the dielectric elastomer generators 66 in a rolled form or configuration.
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[0047] As previously mentioned, a single vehicle can utilize each of the various
different energy generating systems in combination to maximize the energy generation.
For example, a vehicle can utilize at least four energy generating shock absorbers (for each
wheel) and at least three energy generating engine mounts. Of course. other combinations
may be utilized as well as the number of devices used i other examples. To effectively
mtegrate these devices with the vehicle’s electrical system for hamnessing the harvested
energy from these devices, an energy generation system may be integrated with the vehicle,
as shown schematically in Fig. 8. In this example, individual shock absorbers may each
mcorporate a dielectric elastomer generator 67, 68, 69 and 70 and each engine mount may
also incorporate a dielectric elastomer generator 71, 72, and 73.

[0048] Each dielectric elastomer generator may bhe electrically connected to a
central wiring network 74. A step-up transformer 75 may be electrically connected to the
central wiring network 74 for recetving the harvested energy and may also provide the
biasing voltage for operating the dielectric elastomer generators. A central electronic
confrol unit 78 {e.2., a processor) in communication with the step-up transformer 75 may
control and regulate the power generated by each of the different generators as well as the
biasing voltage for operating the different generators. The electronic control unit 78 has
circuifry and may be programmed for monitoring the power and also for checking for any
faults in the system. A step-down transformer 76 may also be in communication with the
electronic control unit 78 and/or step-up transformer 75 and may also be connected to the
vehicle battery 77 or to an alternate battery separate from the vehicle battery. The step-
down transformer 76 may he used to convert the voltage generated by the different energy
generators into a battery voltage level.

[0049] By using a generation system described above with multiple energy
generating shock absorbers and engine mounts, a significant amount of energy can be
generated and harvested. The harvested energy may be stored and/or used for any number
of applications for which the vehicle draws power, e.g., powering the vehicle itself]
accessories within the vehicle, etc. In one example, the entire energy generation system
may increase the weight ot a car by approxumately 6 kg which corresponds to a 0.5 %
merease in the weight of a standard car. By way of example, an electric vehicle such as the
Chevrolet Volt® (General Motors LLC, Detroit, MI) is estimated to travel 50 miles on a
single charge of its battery. A battery normally rated at 12 kWhr for such a vehicle,

approximmately 1.6 kW of energy can be generated utilizing the devices and methods
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described herein. This increase in captured energy corresponds to approximately 13 %
mcrease in battery life which is a significant increase in the energy efficiency of the car.
[0050] Use of shock absorbers and vibration damping mounts is not restricted to
vehicles but they also can be used 1in household appliances and other industrial
applications. Household appliances such as washers, dryers and dishwashers generate
mechanical vibrations during operation. This vibrational energy is dissipated as heat and
noise and is wasted. Typical washers and dryers are either tront loading or top loading.
The rotation of the laundry mass i the rotating drum causes unbalance leading to off-axis
movement of the rotating drom and leads to the generation of mechanical vibrations. With
the rotational speed of the drum ranging from 400 rpm to 1400 rpm and the typical spin
cycles lasting 8 minutes long, the average power consumed during that time s
approxmmately 1 kW. This 1s estimated to result in about 8.54 Joules of energy being
dissipated per machine. For a typical spin cycle this should amount to about 200 Watts of
dissipated energy. To harvest this lost energy, existing dampers can be replaced by the
dampers described herein. Also, the washing machine can be mounted on mounts sinular
to the battery mounts and engine mounts described above. At an energy density 0{ 0.02
e, only 500 grams of dielectric elastomer material may be utilized to harness about 200
Watts of peak power.

[0051] An example 1s shown in the schematic illustration of Fig. 9 in washing
machme appliance 80. As shown, the housing 82 may have a drum 84 supported by
springs 89 and supports 86 and which rotates during use and vibrational movement of the
drum 84 may compress the one or more supports 86 to a maximum stroke length of, e.g.,
about 60 mm, for a given support 86 having a diameter of, e.g., about 30 mm. Each of the
supports 86 may be configured to incorporate any of the dielectric elastomer generators as
described herein. Moreover, each support may be coupled at mounts 87 to the appliance
frame or housing 82 as well as to mounts 88 attached to the support holding the drum 84.
For a drum 84 having a radius of, e.g., 25 cm, with an average estimated laundry load of,
e.g., 11 kg, the estimated rotational energy generated 1s abowt, e.g., 100 W at 1200 rpm. At
a displacement of about 60 mm for each support 86, the amount of energy for damping the
vibrations 1s about, e.g., 70 N. For an appliance 80, the amount of energy dissipated per
support 86 resulls to about, e.g., 4.27 J, and the energy dissipated per appliance 80 ({or two
supports) is about, e.g., 8.54 J. Thus, the total amount of energy dissipated per apphiance
80 for a complete spin cycle, e.g., frequency of 23.33 Hz at 1400 rpm, is about 200 W

which may be harvested from appliance 89 just from the vibrational motion generated. As
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mentioned previously, these values are merely illustrative and may vary depending upon
the number and type of supports as well as the type of appliance and length of use.

[0052] Additionally and/or alternatively, one or more mounts 90 may be placed
under the apphiance 80 for capturing the vibration energy from the entire appliance 80. The
one or more mounts 9 may be configured as any of the dielectric elastomer generator
mounts described herem. As appliance 80 converts the mechanical vibrations into
electrical energy, this energy may be used to provide power to the appliance 80 resulting in
a more efficient device or the energy may be supplied for use to another device or
appliance. Alternatively, the energy may be harvested and stored, e.g., in an energy storage
unit 91, e.g., battery, capacitor, etc., in electrical communication with the one or more
supports 86 and/or mounts 90 in appliance 80 via one or more cables 92.

[0053] Although shown as incorporated into a household appliance such as a
washing machine, other appliances such as dryers or dishwashing machines, etc., are
readily utilized. Moreover, commercial appliances may be utihzed as well such as
commercial washers, dryers, machining equipment, or other commercial devices may be
utilized and are intended to be within the scope of this disclosure.

[0054] The applications of the devices and methods discussed above are not limited
to the vehicles and appliances but may include any number of further applications.
Modification of the above-described device and methods for carrying out the invention,
and variations of aspects of the invention that are obvious to those of skill in the art are

mtended to be within the scope of the claims.
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CLAIMS

What is claimed is:

1. An energy generating support member, comprising:

a first chamber;

a second chamber operatively movable relative to the first chamber;

one or more layers of a dielectric elastomer positioned within the second chamber:
and,

a compression member attached to the first chamber and in communication with the
one or more layers in the second chamber,

wherein movement between the first chamber and second chamber urges the
compression member to change a pressure imparted upon or against the one or more layers
such that the one or more layers generate an electric discharge in response to the change in

pressure,

2. The member of claim 1 wherem the support member comprises a shock

absorber.

3. The member of claim 1 wherein the first chamber comprises an atitachment for

coupling to a frame.

4. The member of claim 3 wherein the support member comprises a module sized

for posttioning between the attachment and the frame.

5. The member of claim 1 wherein the second chamber comprises an attachment

for coupling to an axle.

6. The member of claim 1 wherem the one or more layers of dielectric elastomers

are layered 1n a stacked arrangement within the second chamber.

7. The member of claim | wherein the one or more layers of dielectric elastomers

are layered about an inner wall of the second chamber.

17
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8. The member of claim 1 further comprising a viscous fluid contained within the
second chamber in communication with the one or more layers such that movement by the
compression member imparts the change in pressure imparted upon or agamst the one or

more layers by altering the pressure withm the fluid.

9. The member of claim | further comprising one or more hiasing elements

positioned within the second chamber and coupled to the compression member.

10. The member of claim 1 comprising one or more wires electrically coupled to

the one or more layers.

11. The member of claim 1 further comprising a step-up transformer in electrical

communication with the support member.

12. The member of claim | further comprising a controller in conununication with

the support member.

13. The member of claim 1 further comprising a battery in communication with the

support member.

14, The member of claim 1 further comprising a vehicle coupled to the support

member.

15. The member of claim 14 wherein an engine of the vehicle 1s coupled to the

support member.

16. The member of claim 1 further comprising an appliance coupled to the support

member.

17. The member of claim 16 wherein the support member is coupled to a motor or

frame of the apphance.

18. A method of generating energy, comprising:

receiving one or more vibrations in a vehicle;

18
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imparfing a movement between a first chamber and a second chamber operatively
movable relative to the first chamber in response to the one or more vibrations;

urging a compression member attached to the first chamber to change a pressure
mmparted upon or against one or more layers of a dielectric elastomer positioned within the
second chamber; and,

generating an electric discharge from the one or more layers in response to the

change in pressure.

19. The method of claim 18 wherein receiving comprises receiving the one or more

vibrations in response to moving the vehicle upon a road surface.

20. The method of claim 18 wherein receiving comprises receiving the one or more

vibrations in response to vibrations received from an engine coupled to the vehicle.

21. The method of claim 18 wherein receiving comprises recetving the one or more

vibrations in response to vibrations received from a frame of the vehicle.

22. The method of claim 18 wherein urging a compression member comprises

urging a plunger upon or against the one or more layers.

23. The method of claim 18 wherein urging a compression member comprises
urging a plunger within a volume of tluid contained within the second chamber such that
movement of the plunger imparts the change in pressure in the fluid upon or against the one

Of NoOre laye I's.

24. The method of claim 18 further comprising conducting the electric discharge

from the one or more layers to a battery.

25. The method of claim 24 further comprising controlling the one or more layers

via a controller.

26. The method of claim 18 further comprising applying a bias voltage of 0.1 kV to

10 kV to the one or more layers prior to generating an electric discharge.
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27. An energy generating support mount, comprising:

a housing having a first surface coupled to a vibrating mass; and,

one or more layers of a dielectric elastomer positioned within the housing,

wherem vibrational movement of the mass against the {irst surface changes a
pressure imparted upon or against the one or more layers such that the one or more layers

generate an electric discharge in response to the change in pressure.

28. The mount of claim 27 wherein the first surface comprises an attachment for

coupling to the mass.

29. The mount of claim 27 wherein the housing comprises a flexible covering

mcorporating the one ot more layers.

30. The mount of claim 27 further comprising a viscous fluid contained within the
housing in conununication with the one or more lavers such that movement of the mass
imparts the change in pressure imparted upon or agamst the one or more layers by altering

the pressure within the fluid.

31. The mount of claim 27 wherein the support mount comprises a module sized

for posttioning between the attachment and the frame.

32. The mount of claim 27 wherein the one or more layers of dielectric elastomer

are layered in a stacked arrangement within the second chamber.

33. The mount of claim 27 comprising one or more wires electrically coupled fo

the one or more layers.

34. The mount of claim 27 further comprising a step-up transformer in electrical

communication with the support mount.

35. The mount of claim 27 further comprising a controller in communication with

the support mount.
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36. The mount of claim 27 further comprising a batery in communication with the

suppott mount.

37. The mount of claim 27 further comprising a vehicle coupled to the support

mount.

38. The mount of claim 27 further comprising an appliance coupled to the support

mount.

39. The member of claim 38 wherem the support mount is coupled to a motor or

frame of the appliance.

40. A method of generating energy. comprising:

securing a mass o one or more support mounts within a vehicle;

imparting a movement fo the mass in response to one or more vibrations such that
the mass imparts a change in pressure upon or agamnst a first surface of each of the one or
more support mounts; and,

generating an electric discharge from one or more layers of a dielectric elastomer
positioned within each of the one or more support mounts in response to the change in

pressure.

41. The method of claim 40 wherein securing a mass COMPrises seCUring an engine

to the one or more support mounts against a frame of the vehicle.

42, The method of claim 41 wherein imparting comprises imparting the movement

from the one or more vibrations in response to engine operation.

43. The method of claim 40 wherein securing a mass comprises securing a battery

to the one or more support mounts within the vehicle.

44. The method of claim 40 wherein securing a mass comprises securing a shock

absorber to a frame of the vehicle such that the mounts are positioned therebetween.
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45. The method of claim 40 wherein imparting comprises imparting the movement

from the one or more vibrations 1n response to moving the vehicle upon a road surface.

46. The method of claim 40 further comprising conducting the electric discharge

from the one or more layers to a battery.

47. The method of claim 40 further comprising controtling the one or more layers

via a controller.

48. The method of claim 40 further comprising applying a bias voltage of 0.1 kV to

10 kV to the one or more layers prior to generating an electric discharge.

49. A method of generating energy. comprising:

securing a mass o one or more support mounts within an apphance;

imparting a movement fo the mass in response to one or more vibrations such that
the mass imparts a change in pressure upon or agamnst a first surface of each of the one or
more support mounts; and,

generating an electric discharge from one or more layers of a dielectric elastomer
positioned within each of the one or more support mounts in response to the change in

pressure.

50. The method of claim 49 wherein securing a mass comprises securing a

rotatable drum to the one or more support mounts.

51. The method of claim 50 wherein imparting comprises imparting the movement

from the one or more vibrations in response to rotating the drum within the appliance.

52, The method of claim 51 wherein securing a mass comprises securing a motor

or frame to the one or more support mouonts.

53. The method of claim 49 further comprising conducting the electric discharge

from the one or more layers to a battery.
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54. The method of claim 49 further comprising controlling the one or more layers

via a comntroller.

55. The method of claim 49 further comprising applying a bias voltage of 0.1 kV {o

5  10kV to the one or more layers prior to generating an electric discharge.
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