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(57) Abstract: A mechanical energy storage device is provided. The device comprises an expandable and contractable, sealed primary
chamber (6) with a sealed variable internal volume containing an expandable/compressible primary fluid. An external medium or a
secondary chamber (7) that resists expansion of the primary chamber (6) surrounds the primary chamber (6). An input mechanism
(3, 4) that is actuated by an external force, manipulates formers (4) to transform the primary chamber shell (1) such that the sealed
primary chamber (6) increases in volume and the expanding fluid contained within reduces in pressure causing a partial vacuum pressure
differential between the fluid and the surrounding medium, or secondary chamber (7), allowing energy to be stored. When the external
force is removed, the pressure differential works to decrease the volume of the sealed primary chamber (1) driving the output mechanism.
A locking mechanism (90) allows for the device to store energy, for it to be decoupled and transported, and for the energy to be extracted
later for various applications. [n one embodiment, valves (8, 9) connected to the low pressure primary chamber (6) and the high pressure
secondary chamber (7) can be used directly for additional applications.
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Description

Title of Invention: Energy Storage Device with a Variable Volume

[0001]

[0002]

[0003]

[0004]

Chamber
Technical Field

The present invention relates to energy storage. In particular, the present invention
relates to a manner of storing energy by employing a sealed variable volume chamber.
Background of the Invention

The following references to and descriptions of prior proposals or products are not
intended to be and are not to be construed as, statements or admissions of common
general knowledge in the art. In particular, the following prior art discussion does not
relate to what is commonly or well known by the person skilled in the art, but assists in
the understanding of the inventive step of the present invention of which the identi-
fication of pertinent prior art proposals is but one part.

Forms of energy storage are required for a number of applications, from providing
power for cordless consumer goods to enabling grid power to be stored during times of
low demand for later use in peak periods. Modern trends towards renewable energy
sources have resulted in intermittent energy generation technologies that have an
output largely dependent on the weather (i.e., Solar and wind). For this reason, among
others, periods of maximum energy production do not always coincide with peak
electricity demand, necessitating energy storage.

There have been many innovations which aim to solve the energy storage problem;
electrochemical batteries, gravity batteries, pumped hydro, compressed air energy
storage, springs, and flywheels, each with their own advantages and limitations. Elec-
trochemical batteries can have a high energy density and efficiency but have relatively
short lifetimes and environmental considerations. Gravity batteries store potential
energy by lifting solid matter to higher elevations with low energy density and ef-
ficiency. Pumped hydro has a long life, but requires complex infrastructure and a very
specific topographic location to be a viable solution. Compressed air energy storage is
less dependent on geographic location but is relatively inefficient due to energy lost in
pumping systems. Such systems require either i) a compressor to pressurise fluid into a
fixed volume chamber, ii) heating elements to increase the temperature and pressure of
a fluid in a fixed volume chamber, or iii) hydraulic compression of the chamber itself
to increase the pressure of the fluid contained. Springs are usually employed in
suspension or small-scale energy storage applications. Flywheels are efficient me-
chanical energy storage devices with inherently large inertia storing kinetic energy, but

can provide instantaneous energy over short periods.
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Further innovation in energy storage is desirable to improve the energy storage

options and increase capacity to encourage renewable energy generation.
The present invention seeks to provide an energy storage system which may

ameliorate the foregoing shortcomings and disadvantages or which will at least provide
a useful alternative.
Summary of Invention

The invention can be generally described as a mechanical Energy Storage (ES)
device that stores potential energy in the form of a pressure differential between two
separated fluids, or a vacuum. The stored energy can be converted to kinetic energy on
demand.

According to one aspect of the invention, there is provided a device, comprising an
expandable and contractable, sealed primary chamber with a sealed variable internal
volume containing an expandable/compressible primary fluid. A medium that resists
expansion of the primary chamber surrounds the primary chamber. An input
mechanism increases the volume of the sealed primary chamber when energy is put
into the device. An output mechanism is driven by the primary chamber when it
decreases in volume, due to a pressure differential, which allows energy to be extracted
from the device. When the input mechanism is actuated by an external force, the sealed
primary chamber increases in volume and the expanding fluid contained within
reduces in pressure causing a partial vacuum pressure differential between the fluid
and the surrounding medium. When the external force is removed, the pressure dif-
ferential works to decrease the volume of the sealed primary chamber driving the
output mechanism.

In exemplary embodiments, the primary chamber is enclosed by a rigid sealed
secondary chamber, containing a compressible fluid.

According to preferred embodiments, the device is able to reduce mechanical vi-
brations by operating as a spring-damper.

In another preferred embodiment, the device further comprises a locking mechanism
for selectively preventing expansion or contraction of the primary chamber to maintain
a steady volume of the primary chamber. The locking mechanism may be a ratchet and
pawl mechanism which, when engaged, mechanically prevents the primary chamber
from decreasing in volume thereby allowing energy to be stored and transported, and,
when disengaged, allows stored energy to be discharged.

A preferred design characteristic is that the primary chamber is able to expand and
contract whilst maintaining a pressure seal via an innovative flexible and transformable
geometry shell. The shell employs an elastomer material, rigid sliding or hinging

surfaces (formers) or a combination thereof, that provides a rigid support whilst
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maintaining a pressure seal for the transforming shape when it is expanding or con-

tracting and subjected to a pressure differential.
An energy convertor such as a mechanical-electrical motor/generator can be

connected to the input/output mechanism.

According to preferred embodiments, the primary chamber has a fluid intake valve
exposed to the surrounding medium; wherein, opening the intake valve of said device
causes an exchange with the surrounding medium such that the pressures equalise. In
embodiments having a secondary chamber, the secondary chamber has a fluid outlet
valve exposed to the surrounding medium; wherein, opening the outlet valve of said
device causes an exchange with the surrounding medium such that the pressures
equalise. A system of multiple devices can be provided whereby the valves of different
devices can be coupled via manifolds.

Exemplary embodiments of the Energy Storage (ES) device described herein, stores
energy as an expanded fluid inside a variable volume chamber providing an alternative
energy storage solution, with its own unique advantages and for a multitude of ap-
plications. The system energy density is increased when the surrounding medium
pressure increases such as for when a secondary chamber is employed. A few benefits
of the invention include scalability, modularity, transportability, light-weight, it can be
designed to accommodate various input and output forms of energy and would provide
a viable alternative to the aforementioned technologies. The ES device would also be
able to be incorporated in new hydraulic or pneumatic applications, by using the
available vacuum or pressurised chamber fluids directly. Furthermore, the device can

be used for thrust and energy storage applications in space.

Brief Description of Drawings

The invention may be better understood from the following non-limiting description
of preferred embodiments, in which:
Fig.1

[Fig.1] is a cross-sectioned illustration of a spherical embodiment of the energy
storage device with an internal mechanism, primary chamber, and outer secondary
chamber.
Fig.2

[Fig.2] is a cross-section illustration of the device of [Fig.1] with an external
mechanism.
Fig.3

[Fig.3] is a 3D cross-section design drawing of the spherical device in [Fig.2].
Fig4.

[Fig.4] is a side view drawing showing an octagonal hinged disk embodiment of the



WO 2023/183961 PCT/AU2023/050156

[0021]

[0022]

[0023]

[0024]

[0025]

[0026]

[0027]

[0028]

device with an external mechanism that only requires tension in one direction to

expand the device.

Fig.5

[Fig.5] is a top view drawing of the octagonal hinged disk embodiment shown in

[Fig.4].

Fig.6

[Fig.6] is isometric view drawings of the octagonal hinged disk embodiment shown
in [Fig.4].

Fig.7

[Fig.7] is a 3D cross-section drawing of an octagonal hinge disk embodiment.

Fig.8

[Fig.8] is a 3D cross-section drawing of the octagonal device in [Fig.7] in the
expanded state.

Fig.9

[Fig.9] is an example of a locking mechanism, a ratchet and pawl, that can incre-
mentally lock the energy in the device as it charges, so that it can be transported and
released later.

Fig.10

[Fig.10] presents a graph showing the expected energy capacities for a continuous
range of expanding sphere device sizes, with a discrete range initial pressure in the
secondary chamber.

Detailed Description

A detailed description of one or more of the embodiments of the present invention
are presented herein by way of exemplification and not limitation with reference to the

Figures.

The device is comprised of:

. An expandable and contractable, transformable geometry, sealed primary
chamber with variable volume. The flexible or transformable geometry
chamber shell makes use of an elastomer material, rigid sliding or hinging
surfaces (formers) or a combination thereof, that provides rigid support whilst
maintaining a pressure seal. The primary chamber may be evacuated or
contain a fluid (including liquid, gas or a phase changing fluid).

. An external medium that resists the expansion of the primary chamber or an
optional rigid sealed secondary chamber. The secondary chamber contains a
fluid.

. An input mechanism which can increase the volume of the primary chamber

when energy is put into the device, and an output mechanism driven by a
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pressure differential working to collapse the primary chamber volume, which
can transfer the stored energy to do useful work.

. The device has a locking mechanism which can hold the primary chamber
volume at its set position to store energy. An ideal locking mechanism is a
ratchet and pawl mechanism 90, see [Fig.9].

. An energy convertor connected to the input/output mechanism

. Valves connected to the primary and secondary chambers that allow for
drawing and/or expelling the contained fluid for certain applications.

The device is charged when an external force or kinetic energy is delivered to the
input mechanism. The input could be rotational or linear kinetic energy transferred
through pulleys or gearing such as a rack and pinion, or a combination thereof. It can
be geared to provide the appropriate torque, speed and displacement for the charging
process. The input mechanism drives the transformable geometry shell of the primary
chamber apart therefore expanding the volume of the primary chamber, causing the
fluid inside the primary chamber to expand and decrease in pressure resulting in a
partial vacuum pressure differential between the primary chamber and the surrounding
medium. When the primary chamber expands the fluid inside the secondary chamber,
if present, compresses and increases in pressure. This amplifies the pressure dif-
ferential between the primary and secondary chambers. Note that embodiments of the
invention may omit the secondary chamber, in which case the pressure differential is
between the primary chamber and the pressure of the medium surrounding the primary
chamber, such as air or a hydrostatic water head. The benefit of the secondary chamber
is that it can be pre-pressurised increasing the energy density of the device by creating
a larger pressure differential for a given volume increase in the primary chamber. To
optimise the energy density of the storage device, the secondary chamber should be
designed so that the internal surface area has similar geometry to the primary chamber
when fully expanded. Other embodiments allow for the secondary chamber to be open
to a vacuum to assist expansion of the primary chamber.

As the device charges and the primary chamber expands, a force caused by the
pressure differential acts to collapse the primary chamber such that when the external
force is removed, the pressure differential works to decrease the volume of the primary
chamber, recompressing the fluid, driving the output mechanism.

A locking mechanism, when activated, provides a reaction to this force, preventing
the primary chamber from contracting. It enables the energy to be stored and or
transported for later use.

To discharge the device, the lock can be disengaged which allows the primary
chamber to collapse as the pressures inside the primary and secondary chamber (or

external medium) equalise. The contracting primary chamber drives the output
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mechanism which can be used to do useful work. The output mechanism could be ro-
tational or linear kinetic energy transferred through pulleys or gearing such as a rack
and pinion, or a combination thereof. It can be geared to provide the appropriate
torque, speed and displacement for the application, connected to an electric generator
or the chambers can be used directly for drawing in or expelling fluid and can be used
to drive a turbine-generator. Another potential application is a spring-damper to reduce
vibrations.

An embodiment of the invention is shown in [Fig.1] with an internal mechanism 3
and [Fig.2] with an external mechanism 5 for transferring the energy into the energy
storage device. These embodiments resemble a sphere, although they could be any
conceivable three-dimensional shape. The section-view in [Fig.3] shows the primary
variable-volume chamber 6 enclosed by the primary chamber shell 1 that is sealed and
can vary in size by employing a flexible elastic polymer material and/or a trans-
formable geometry. The secondary chamber volume 7 is enclosed by the fixed
secondary chamber shell 2 and the expandable primary chamber shell 1 and could be
replaced by installing the primary chamber in any external medium. The primary
chamber shell 1 is supported by rigid formers 4 that are actuated by an internal 3 or
external 5 mechanism housed within or external to the variable volume chamber. The
mechanism 3 or 5 transfers the input energy to kinetic energy, through a sealed
interface/s. The mechanism 3 or 5 drives the formers 4 outward, expanding the primary
chamber in three dimensions. The primary chamber shell 1 is allowed to expand,
reducing the pressure of the primary chamber 6, up to the boundary of the sealed, rigid
secondary chamber shell 2, if present. The secondary chamber 7 volume decreases,
thereby increasing in pressure. The increasing pressure differential realised between
the primary 6 and secondary chamber 7 is the potential energy stored. Note that if a
flexible elastic polymer is employed as a seal for the primary chamber 6, it would
provide additional energy storage as it elastically stretches to an increased surface area.
A locking mechanism connected to 3 or 5 prevents the system from contracting when
the input energy is removed from 3 or 5 and enables the energy to be stored for later
use. The process is reversed when the device is used to provide energy at a later stage.
A number of output devices (not shown) can be connected to 3 or 5 to provide, for
example, reciprocating, rotating, translating motion, or a generator for electricity.
Valved outlets 8 and 9 are connected directly to the primary 6 and secondary chambers
7, respectively. This enables low pressure vacuum 8 and high pressure outlet ports 9 to
be utilised for other applications such as the drawing in or expelling of fluid.

[Fig.3] shows a three-dimensional cut-away view of a spherical primary chamber
design that makes use of an external mechanism 5 with an internal spherical piston-

in-cylinder arrangement 10 that can be designed with different fill densities to ma-



WO 2023/183961 PCT/AU2023/050156

[0035]

[0036]

nipulate the starting volume of the primary chamber 6, with linear bearings 11 that
improve alignment. The transformable geometry comprises disconnected rigid
spherical surfaces (formers) 4 enveloped by an elastic membrane 1.

[Fig.4], [Fig.5] and [Fig.6] are illustrations of a hinged disk prism embodiment.
[Fig.6] shows the device in the collapsed and expanded states to illustrate the
expansion of the primary chamber 106. Similarly, [Fig.7] and [Fig.8] is the side and
top view illustrations of this process. This example makes use of octagonal plates that
are connected with hinges along the edges, but any polygonal shape could be
employed. As the device is expanded, it gets taller and narrower and increases in
volume. The primary variable- volume chamber 106 is enclosed by the primary
chamber shell 101 that is sealed and can vary in size by employing a flexible elastic
polymer material and/or transformable geometry. The secondary chamber volume 107
is enclosed by the fixed secondary chamber shell 102 and the expandable primary
chamber shell 101 and could be replaced by installing the primary chamber 106 in any
external medium. The elastic primary chamber shell 101 is supported by the rigid
hinged disk structure (formers) 104 that is driven apart by an internal or external
mechanism 105 housed within or external to the variable volume chamber 106. The
mechanism 105 transfers the input energy to kinetic energy through a sealed interface/
s. This drives the polygonal plates apart expanding the primary chamber volume 106.
The primary chamber shell 101 is allowed to expand reducing the pressure within the
primary chamber 106, up to the boundary of the sealed, rigid secondary chamber shell
102, if present. The secondary chamber 107 volume decreases, thereby increasing the
pressure within the secondary chamber 107. The increasing pressure differential
realized between the primary 106 and secondary chamber 107 is the potential energy
stored. Note that if a flexible elastic polymer is employed as a seal for the primary
chamber 106, it would provide additional energy storage as it elastically stretches to an
increased surface area. A locking mechanism connected to input/output 105 prevents
the system from contracting when the input energy is removed from the input/output
105 and enables the energy to be stored for later use. The process is reversed when the
device is used to provide energy at a later stage. A number of output devices can be
connected to the input/output 105 to provide, for example, reciprocating, rotating,
translating motion, or a generator for electricity. Valved outlets 108 and 109 are
connected directly to the primary and secondary chambers respectively. This enables
low pressure vacuum 108 and high pressure outlet ports 109 to be utilised for other ap-
plications such as the drawing in or expelling of fluid.

Another embodiment of the invention can comprise a secondary chamber containing
a plurality of expandable and contractable, sealed primary chambers, to benefit from

modularity and scalability.
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The invention can be scaled to any size, nominally for mechanical or tailored for
electrical outputs, for powering personal devices, for large industrial applications or
grid energy storage and it can be modular and made from a range of different materials
to suit the application.

A potential application is for the device to drive an electrical generator which can be
scaled to power portable electronics or to supply energy to a power grid. Surplus
energy from a power grid can be stored and used later during peak times. During off-
peak times, the surplus power can be used to run motors to drive the input mechanism,
expanding the primary chamber until the device is fully charged. During peak times,
the locking mechanism can be released to collapse the primary chamber, driving the
output mechanism which can be coupled to a generator to deliver power back to the
grid. This type of system could be modularised and scaled to include many primary
chambers which could be charged and discharged either sequentially or in parallel.

The invention is well suited to energy storage for renewable energy power sources,
such as solar, wind and tidal energy, where power is generated intermittently and
during off-peak intervals. The energy can be stored in the ES device and provide an
on-demand, controlled output to a power grid or off grid systems.

It can provide increased capacity for pumped-hydro power plants. It can be installed
at the dam floor taking advantage of the hydrostatic pressure head, or it could be
located elsewhere near the dam taking advantage of the grid connection infrastructure
already available at the site. In areas where pumped hydro is not possible, the invention
could be installed together with motor and generator infrastructure to provide the
energy storage required. This means that the ES device can be located potentially
anywhere reducing transmission losses and cost.

The invention can be installed at existing gas- or coal-fired power stations to provide
increased capacity for peak power consumption periods and recharging it during off-
peak times.

It could be used to develop an incentivised ‘reward for effort’ based biomechanical
energy generator. Incentivise people or animals to provide the input kinetic or potential
energy to the device.

Another application of the invention is to store power for portable devices. Such a
device could be charged with a suitably geared electric motor, mechanical mechanism
or other biomechanical input such as exercise. The device could then be operated by
releasing the locking mechanism. The output mechanism would provide mechanical
power through attachments to power useful mechanical drivers. Low powered
electronics can be incorporated to better control the output of such devices. Types of
useful drivers could be a rotational output, impact output, extension output or clasping

output. Example applications of such drivers could be for mechanical equipment such
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as workshop tools, household cleaning and food processors and new applications such
as friction heaters or self defence mechanisms.

It can be used as an energy storage and power unit to assist or enhance natural body
movements, mobility or physical attributes such as strength, speed or reach. Such
devices could be integrated into artificial limbs, exoskeletons or wearables.

Another application of the invention is in mechanical or motor drive systems in
which the output mechanism is coupled to a drive shaft in order to provide additional
torque when required, for example to replace the conventional battery and starter
motor or improve efficiency during acceleration. When coupled with an electric motor
or combustion engine, this could create a type of hybrid engine which may be more
economical and light weight than current systems. The system could be trickle-
charged during operation by the primary engine or otherwise plugged into an electric
outlet for charging. For an electric vehicle, it has the added benefit of providing a light-
weight energy storage unit that doubles as a propulsion unit when being discharged.
This application could also extend to regenerative braking in vehicles by coupling the
input/output mechanism to the drive system when the brake is actuated. The
mechanism could be coupled in a way so that mechanical power from the drive system
is used to expand the primary chamber, taking kinetic energy from the drive system,
and slowing down the vehicle. The energy could then be locked into the primary
chamber. When the vehicle accelerates, the locking mechanism can be released to
discharge the primary chamber and supply power to the drive system and accelerate
the vehicle. The regenerative process is purely mechanical and does not require energy
to be converted to/from chemical or electrical energy.

Another application would be to use the system as an intermittent energy storge
device to momentarily absorb energy when it is loaded and release the energy when it
is unloaded. This would enable the system to be used as a spring-damper to reduce vi-
brations in a system, for example in vehicles. In such an application the geometry can
be optimised for linear or non-linear spring coefficients, and it could be pre-
pressurised to support the load at different rest states, or ride height for a vehicle.

Another application includes designing the device in the form of modular building
blocks that can be stacked or interlocked in order to construct furniture or other
structures. The structures themselves would provide energy storage. Furthermore, such
structures may include output mechanisms to power mechanical devices. For example,
the structure could have driven wheels enabling it to be moved, or rotating connection
points to drive appliances or tools.

Another application would be to utilise the vacuum or high pressure available in the
primary and secondary chambers, respectively, directly. Valves connected to the

primary and secondary chambers allow for drawing in air or expelling air or a com-
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bination of drawing in and expelling air. For example, this would be well suited to
operating musical wind instruments. This also allows the device to be used for
vacuum-grabbing and holding applications. It can also be utilised for hermetically
drawing in matter (solids, liquids or gases) and/or expelling matter. For example, it can
be used to remove air and replace it with an inert gas in an oxidising environment.
Both the vacuum and high pressure fluid flows can be used with a turbine-generator to
produce electrical power.

Another application would be to use the valve port on the primary chamber to draw
air out of containers, for the purpose of size reduction, food preservation, protection
from elements and cleanliness purposes.

Another application includes thrust and energy storage in space environments. In
space, the primary chamber intake valve or secondary chamber outlet valve can be
open to a vacuum environment, to assist with the charging of the device and/or
providing thrust.

For example, during normal operation, opening the intake valve of the primary
chamber whilst or after the device is charged causes an ingress of the surrounding
medium until the pressures equalise and the device is discharged. Alternatively, in a
space application, the intake valve of the primary chamber can be open to a sur-
rounding medium whilst being physically expanded and then be opened to a vacuum
environment, through a nozzle, expelling the fluid, depressurising the chamber, simul-
taneously providing thrust and recharging the device. The recharged device can then be
used to provide work.

Similarly, during normal operation, opening the outlet valve of the secondary
chamber whilst the device is charging/charged, expels the fluid contained in the
secondary chamber until the pressures equalise. Alternatively, in a space application,
whilst or after physically expanding the device, the secondary chamber valve is open to
a vacuum environment, through a nozzle, thereby providing thrust and assisting further
expansion of the primary chamber, that is open to a surrounding medium, with an
ingress of the surrounding medium fluid. The locking mechanism is engaged and then
the secondary chamber valve is opened to a surrounding medium, filing it with the sur-
rounding medium fluid. The primary chamber inlet valve is then open to a vacuum en-
vironment, through a nozzle, expelling the fluid, depressurising the chamber, simul-
taneously providing thrust and recharging the devise.

To design the invention for a given application, trade-offs are made to optimise for
size and energy capacity. The chart in [Fig.10] shows the theoretical energy storage
capacity of an expanding sphere embodiment of the invention for a range of device
sizes (in terms of device volume). To produce the chart in [Fig.10], it is assumed that

the spherical secondary chamber radius is double the size of the primary chamber
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radius, and the primary chamber radius can expand up to 99% of the secondary
chamber radius. The expected energy capacity increases if the designed device size is
increased. The energy capacity of a given device size can also be increased by pre-
pressurising the secondary chamber prior to expanding the primary chamber. Increased
initial secondary chamber pressure results in increased energy storage capacity.

A critical consideration is the maximum pressure inside the secondary chamber, as
this drives the required strength and thickness of the secondary chamber materials. The
pressure inside the secondary chamber increases as the primary chamber expands up to
its maximum size.

The term “comprise” and variants of that term such as “comprises” or “comprising”
are used herein to denote the inclusion of a stated integer or integers but not to exclude
any other integer or integers, unless in the context or usage an exclusive interpretation
of the term is required.

Those skilled in the art will appreciate that the invention described herein is sus-
ceptible to variations and modifications other than those specifically described. All
such variations and modifications are to be considered within the scope and spirit of
the present invention the nature of which is to be determined from the foregoing de-

scription.
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Claims
[Claim 1] A device, comprising:
. an expandable and contractable, sealed primary chamber with

a sealed variable internal volume containing an expandable/
compressible primary fluid; a medium that resists expansion
of the primary chamber surrounds said primary chamber;

. an input mechanism that increases the volume of said sealed
primary chamber when energy is put into the device; and

. an output mechanism that is driven by the primary chamber
when it decreases in volume, due to a pressure differential,

which allows energy to be extracted from the device;

wherein when the input mechanism is actuated by an external force, the
sealed primary chamber increases in volume and the expanding fluid
contained within reduces in pressure causing a partial vacuum pressure
differential between the fluid and the surrounding medium; wherein
when the external force is removed, the pressure differential works to
decrease the volume of the sealed primary chamber driving the output
mechanism.

[Claim 2] The device of claim 1, wherein the sealed primary chamber volume is
initially zero or a void, wherein when the input mechanism is actuated
by the external force, the sealed primary chamber increases in volume
maintaining a constant pressure differential between the void and the
surrounding medium; wherein when the external force is removed, the
constant pressure differential works to decrease the volume of the
primary chamber driving the output mechanism.

[Claim 3] The device of claim 1 or 2, wherein the primary chamber is enclosed by
a rigid sealed secondary chamber containing the medium in the form of
a compressible secondary fluid.

[Claim 4] The device of claim 3, wherein the secondary chamber contains the
compressible secondary fluid which increases in pressure as it takes the
shape of the contracting secondary chamber internal volume, due to the
expanding primary chamber, storing energy in an increasing pressure
differential; wherein energy is released when the pressure differential
works to collapse the primary chamber, thereby expanding the
secondary fluid back to its original volume.

[Claim 5] The device of any one of the preceding claims, wherein said device acts
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[Claim 7]

[Claim 8]

[Claim 9]

[Claim 10]

[Claim 11]

[Claim 12]

[Claim 13]

[Claim 14]

[Claim 15]
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as a spring-damper for damping mechanical vibrations.

The device of any one of claims 1 to 4, further comprising a locking
mechanism for selectively preventing expansion or contraction of said
primary chamber to maintain a steady volume of said primary chamber,
thereby enabling the storage of energy.

The device of claim 6, wherein the locking mechanism is a ratchet and
pawl mechanism which, when engaged, mechanically prevents said
primary chamber from decreasing in volume thereby allowing energy
to be stored.

The device of claim 6 or 7, wherein said primary chamber can be
decoupled from the input and/or output mechanism, transported, and re-
connected to a different input and/or output mechanism.

The device of any one of claims 6 to 8, wherein disengaging said
locking mechanism allows stored energy to be discharged.

The device of any one of the preceding claims, wherein said primary
chamber is comprised of a flexible or transformable geometry shell; the
flexible or transformable geometry shell makes use of an elastomer
material, rigid sliding or hinging formers or a combination thereof, that
provides rigid support whilst maintaining a pressure seal for the
primary chamber when expanding or contracting and subjected to a
pressure differential wherein said formers are actuated by, or drive, said
input and/or output mechanism, wherein when the formers are actuated
to expand the transformable shell, the fluid contained in the primary
chamber expands and decreases in pressure with a partial vacuum;
whereby a pressure differential is created between the primary chamber
and the external medium; whereby energy is released when the pressure
differential works to collapse the primary chamber, thereby recom-
pressing the primary fluid and driving the output mechanism.

The device of claim 10, wherein said primary chamber shell is
spherical or spherical polyhedron in shape.

The device of claim 10, wherein said primary chamber shell is
prismatic in shape.

The device of claim 10, wherein said primary chamber shell is a
bellows.

The device of any one of the preceding claims wherein an energy
convertor is connected to the input and/or output mechanism.

The device of claim 14, wherein said energy converter is an electrical

generator.
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[Claim 17]

[Claim 18]

[Claim 19]

[Claim 20]

[Claim 21]
[Claim 22]

[Claim 23]
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The device of any one of the preceding claims, wherein the primary
fluid is air.

The device of any one of claims 1 to 15, wherein the primary fluid is a
phase change material.

The device of any one of the preceding claims, wherein the medium is
air.

The device of any one of claims 1 to 17, wherein the medium is a phase
change material.

The device of claim 17 or 19, wherein said phase change material is a
two-phase refrigerant.

The device of any one of claims 1 to 17 wherein said medium is water.
The device of any one of the preceding claims, wherein said primary

chamber has a fluid intake valve; wherein

. opening intake valve unseals said primary chamber and
causes an exchange with said surrounding medium such that
the pressures equalise;

. opening said intake valve of a charging/charged primary
chamber to a surrounding medium, unseals said chamber and
results in an ingress of surrounding medium until the
pressures equalise, thereby discharging the device.

. opening said intake valve, of a physically expanded primary
chamber, to a vacuum environment, unseals the primary
chamber and results in primary fluid being expelled, thereby
depressurizing the chamber to a partial vacuum, simul-
taneously providing thrust, and recharging the device,

whereby the valve is then closed to store the energy.

The device of claim 3 or any one of claims 4 to 22, when read as
appended to claim 3, wherein said secondary chamber has a fluid outlet

valve; wherein,

. opening said outlet valve causes an exchange with a medium
external to said secondary chamber such that the pressures
equalise.

. opening said outlet valve while the device is charging/
charged, to a medium external to said secondary chamber,
expels the pressurised secondary fluid contained in the
secondary chamber, until the pressures equalise.

. opening said outlet valve to a vacuum environment, after
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[Claim 24]

[Claim 25]
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physically expanding the device, results in secondary fluid
being expelled whilst the secondary chamber depressurizes to
an internal partial vacuum, thereby assisting the expansion of
the primary chamber, whereby, once the primary chamber is
charged, the secondary chamber outlet valve can be opened to
a medium external to said secondary chamber to repressurise
it and increase the pressure differential between the primary

and secondary chambers.

A system comprising a plurality of devices according to claim 23,
wherein the intake valve of each device is coupled via a manifold.
A system comprising a plurality of devices according to claim 24,

wherein the outlet valve of each device is coupled via a manifold.



1/6

WO 2023/183961 PCT/AU2023/050156

[Fig. 1]
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