7037004 A1 I 0O A0 O O

.

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization { f"
International Bureau

(43) International Publication Date
3 April 2008 (03.04.2008)

) IO O T O T R 0

(10) International Publication Number

WO 2008/037004 Al

(51) International Patent Classification:
HO02K 7/02 (2006.01) B60K 8/00 (2006.01)
F03G 3/08 (2006.01) F16D 43/06 (2006.01)

(21) International Application Number:
PCT/AU2007/001417

(22) International Filing Date:
25 September 2007 (25.09.2007)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

2006905283 25 September 2006 (25.09.2006) AU
(71) Applicant and
(72) Inventor: KWOK, James [ AU/AUJ; P O Box 1026, Run-

away Bay, QLD 4216 (AU).

(74) Agent: CULLEN & CO.; Level 26, 239 George Street,
Brisbane, QLD 4000 (AU).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report
with amended claims

(54) Title: AN ENERGY STORAGE DEVICE AND METHOD OF USE

10

24

51

33 |

30

~Ilol

1 .l

i
o 5

(57) Abstract: An energy storage device including at least one shaft member, at least a pair of flywheels including a first flywheel
and a second flywheel larger than the first flywheel, each flywheel associated with the at least one shaft member, a clutch assembly

aSSOCI.

ted with each of the flywheels, at least one low power input device, and a power take off means associated with the second

& flywheel, wherein the first flywheel is rotated using a low power input device and is accelerated to a predetermined rotational velocity
& whereupon the clutch assembly engages to connect the first and second flywheels allowing inertial and kinetic energy to transfer

WO 2

between the flywheels to accelerate the second flywheel.



WO 2008/037004 PCT/AU2007/001417

10

15

20

25

30

1

AN ENERGY STORAGE DEVICE AND METHOD OF USE
Field of the Invention.
The present invention relates to energy storage and discharge devices
and particularly to those of a type known as flywheel energy storage devices.
Background Art.
A report published in February 1997 by Sandia National Laboratories

entitled “Cost Analysis of Energy Storage Systems for Electric Utility Applications”

contains a summary of the developments and the potential that energy storage systems
of differing types have. Excerpts from that report are as follows:

“Energy Storage (ES) systems could potentially have widespread
applications within the electric utility industry. Three promising storage technologies
— Battery Energy Storage (BES), Superconducting Magnetic Energy Storage (SMES)
and Advanced Flywheel Energy Storage (FES) — each meet some of the performance
requirements of the 13 utility applications identified in the Battery Energy Storage for
Utility Applications: Phase I — Opportunities Analysis study conducted by Sandia
National Laboratories (SNL).”

“Both in terms of performance and cost, BES and SMES are well suited
for power quality applications. Fast acting advanced FES also has the potential to
serve this application and prototypes have been demonstrated. SMES and FES
systems are in the early stages of market entry and are expected to primarily serve the
customer-end power quality market.”

There are typically three key components of ES systems, namely:

> Storage Subsystems;
» Power Conversion Subsystems (PCS); and
» Balance of Plant (BOP).

From the above-identified report, it is known that the storage
subsystem of a FES consists of a flywheel that stores kinetic energy by spinning at
very high velocities (tens of thousands of revolutions per minute). The FES also
consists of the radial and thrust magnetic bearings, centre post, containment and other
components.

The power conversion subsystem for all three abovementioned
subsystems includes a combination of rectifier/inverter, transformer, DC and AC

switchgear, disconnects, breakers, switches and programmable high-speed controllers.
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A high speed motor/generator set is part of the power conversion system in the FES
system. High speed solid-state transfer switches are used in power quality
applications where high switching speeds are a requirement for the ES system.

The control system for ES systems has three main functions. The
management and control of storage subsystem monitors the charge level,
charge/discharge requirements, and related operations. The controls associated with
the PCS subsystems monitors utility power supply and switches the load between the
ES system and utility supply according to a predetermined algorithm. The facility
control system monitors the temperature, ventilation and lighting in the facility that
houses the hardware.

The balance of plant encompasses the facility to house the equipment,
heating, ventilation and air conditioning (HVAC), the interface between the ES
system and the customer/utility, the provision of services such as data
gathering/trending, project management, transportation permits, training, spares and
finance charges.

Prior art FES systems have been used mainly for automotive and space
applications and have yet to become accepted due to their complexity, low net power
output and fragility in operating conditions. For example, for automotive
applications, dynamic isolation problems are present. Though the concept of
flywheels is not new, low-loss flywheels that rotate at very high speeds are relatively
new and undeveloped.

A typical prior art centrifugal clutch consists of three parts:

e An outer drum that turns freely - this drum includes a sprocket that engages
the chain. When the drum turns, the chain turns.

e A centre shaft attached directly to the engine's crankshaft - if the engine is
turning, so is the shaft.

e A pair of cylindrical clutch weights attached to the centre shaft, along with a
spring that keeps them retracted against the shatft.

The centre shaft and weights spin as one. If they are spinning slowly
enough, the weights are held against the shaft by the spring. If the engine spins fast
enough, however, the centrifugal force on the weights overcomes the force being
applied by the spring, and the weights are slung outward. They come in contact with

the inside of the drum and the drum starts to spin. The drum, weights and centre shaft
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become a single spinning unit because of the friction between the weights and the
drum. Once the drum starts turning, so does the chain.

There are several advantages to a centrifugal clutch:

e It is automatic. (A centrifugal clutch does not use a clutch pedal for
engagement and disengagement.)

o It slips automatically to avoid stalling the engine. (In a car, the driver must slip
the clutch.)

e Once the engine is spinning fast enough, there is no slip in the clutch as the
faster the engine is travelling, the greater the force exerted on the engagement.

Centrifugal clutches are typically used in automotive applications. As
such, they are generally mounted horizontally. There are a variety of problems present
in adapting the conventional centrifugal clutch to use in flywheel energy storage
systems as will become apparent from the following discussion.

It will be clearly understood that, if a prior art publication is referred to
herein, this reference does not constitute an admission that the publication forms part
of the common general knowledge in the art in Australia or in any other country.

Summary of the Invention.

The present invention is directed to an energy storage device, which
may at least partially overcome at least one of the abovementioned disadvantages or
provide the consumer with a useful or commercial choice.

In one form, the invention resides in an energy storage device including

at least one shaft member;

b. at least a pair of flywheels including a first flywheel and a second flywheel
larger than the first flywheel, each flywheel associated with the at least one
shaft member;

a clutch assembly associated with each of the flywheels;
d. atleast one low power input device; and
e. apower take off means associated with the second flywheel;
wherein the first flywheel is rotated using a low power input device and is accelerated
to a predetermined rotational velocity whereupon the clutch assembly engages to
connect the first and second flywheels allowing inertial and kinetic energy to transfer

between the flywheels to accelerate the second flywheel.
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In a second form, the invention resides in an energy storage device
including

at least one shaft member;

»

b. a first flywheel;

c. at least one low power input device for rotating the first flywheel to a
predetermined rotational velocity;

d. asecond flywheel of greater dimension than the first flywheel;

e. aclutch assembly associated with the first and second flywheels for separating
the flywheels and engaging the first flywheel with the second flywheel upon
the first flywheel attaining the predetermined velocity; and

f. apower take off means associated with the second flywheel.

In a third form, the invention resides in a method of storing energy
input from a low power input device until a useable amount of power is stored and
releasing when required, the method including the steps of:

a. providing a flywheel energy storage system including a first and a second
larger flywheel mounted on a shaft and separated but connectable by a clutch
assembly;

b. accelerating the first flywheel to a predetermined rotational velocity using a
low power input device;

c. engaging the clutch assembly once the first flywheel has attained the
predetermined velocity to connect the first and second flywheels; and

d. providing a power take off means associated with the second flywheel to
utilise the rotation of the second flywheel to withdraw useable power from the
system.

According to the invention, the first flywheel will be accelerated using
a low power input device and when the predetermined speed is reached, the clutch
assembly will act to engage the first and second flywheel so that the inertia and kinetic
energy associated with the first flywheel can accelerate the second flywheel.

Obviously, the engagement of the second flywheel and the fact that the
second flywheel will be at a lower rotational velocity (it may even be stationary) than
the first flywheel will cause the first flywheel to slow. The low power input device
will preferably continue to add power to the first flywheel to decrease the amount of

slowing, but in time, the second flywheel will attain the rotational velocity of the first
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flywheel and be accelerated to the predetermined rotational velocity by the low power
input device. Preferably, once the initial inertia of the second flywheel is overcome
and it begins to rotate, the low power input device will have sufficient power to
accelerate both flywheels back to the predetermined speed. It is therefore important to
minimise the energy losses in the device to ensure that as much of the input power or
energy is directed towards accelerating (and thereby being stored in) the flywheel
system. Once the second flywheel is rotating at the predetermined velocity, the power
take off means may be engaged and disengaged as needed to withdraw energy stored
in the system.

The stored energy in a flywheel rotating at a given rate is proportional
to the flywheel’s moment of inertia multiplied by the square of its angular speed.
Therefore, high velocities are required to store large amounts of energy. Flywheels
with speeds of tens of thousands of revolutions per minute (RPM), up to 100,000
RPM, have been tested. The flywheel configuration is driven by the need to have the
maximum moment of inertia for a given weight. Light weight composite materials are
typically used to form the flywheels in order to withstand the stresses created during
the high-speed operation of the flywheel. The use of magnetic bearings and a vacuum
chamber can also help reduce losses.

The energy storage device of the present invention will typically store
low power inputs which are introduced into the system over a relatively long time
period to create a high power and/or prolonged release power source. The power
available may be output as a short “burst” release or as a steady current release over a
longer period. The rapid discharge systems are also called power ride-through
systems where the discharge time is typically measured in seconds and long-term
discharge types are usually used for power backup where discharge time is measured
in hours.

A ride-through system is typically designed for discharging a high level
of power for a short duration of time until an auxiliary energy generating means such
as a generator set can be brought online. Discharge times range from 10 seconds to
about 2 minutes with power levels of up to several hundred kilowatts. Applications
for ride-through flywheel uninterruptible power supplies include computer data

centres and also critical manufacturing operations such as semiconductor processing.
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Ride-through systems can also be used for rapid charging of batteries such as for use
in electric cars and the like.

In marketing, ride-through flywheel systems can demand high prices
because flywheel systems should have reliability and longevity advantages, and
electrochemical batteries are inherently unsuitable and perform very poorly with
repeated high power discharges.

The second category of flywheel systems, energy back-up, are used to
provide power to support the load for the duration of a power interruption, until the
utility power can be restored. Discharge times can be as much as 8 hours or more and
the power levels are typically only a few kilowatts or less. Energy storage capacity
though is large with multiple kilowatt-hours of storage. Promising applications for
these systems are in telecommunications, for maintaining service reliability for
telephone, cable TV, wireless and the Internet. Energy back-up flywheel
uninterruptible power supplies are marketed based on their energy storage capacity,
and because of the low power level, they compete with batteries primarily based on
the increased longevity, higher reliability, and lower maintenance requirements. The
more difficult cost targets for large energy back-up flywheel systems therefore make
minimizing the cost per stored energy extremely important. The potential market for
this application is enormous, so there has been considerable interest in developing
flywheel energy back-up systems that would satisfy the industry requirements, all to
no avail until now.

The system of the present invention will typically find application in
power smoothing applications for internal combustion engines and other power
equipment, uninterruptible power supplies, utility load levelling systems and electric
vehicles.

The device generally and the flywheel system in particular will
typically be enclosed by a housing both to protect the flywheel system from damage
and energy depleting effects from external forces and also to prevent damage to
surrounding objects should the flywheels rupture.

The preferred shape of housing is pyramidal with a base wall and
converging members extending from the base wall and converging at a tip or point.
The base wall may be rectangular or triangular. The converging members may be

triangular shaped sidewalls. There may be either three or four sidewalls depending
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upon the configuration of the housing. Provision of sidewalls allows the housing to
be substantially sealed with the flywheel system inside. This can be important
particularly where the housing defines the vacuum containment as discussed below.

Alternatively and less preferred, the converging members may be
elongate members extending from the corners of the base wall and converging at the
point or tip.

There are many different‘types of vacuum containment systems for
flywheel energy systems such as that described in United States Patent No. 7,053,589
and any of these may be used provided that they are suitable to maintaining the
vacuum without leaching energy from the flywheel system.

The device of the present invention will preferably include at least one
shaft member. There will typically be a single shaft member although it is possible to
use more than one provided that all of the shafts are coaxially mounted.

The shaft may be appropriately mounted for rotation and in this form
the shaft will be supported and/or oriented by one or more bearings. Alternatively, the
shaft may be fixed and the flywheels may be mounted for rotation about the fixed
shaft.

The shaft may be oriented horizontally or vertically, but a vertical
orientation is preferred. A horizontally oriented shaft member will require multiple
shaft support bearings which add to the friction in the system and effectively decreases
the amount of energy which is transmitted to the flywheel.

The shaft will typically be of circular cross-section but will normally
not be of constant dimension. The shaft will typically taper towards the smaller
flywheel. Alternatively, the shaft may include a plurality of stepped portions of
generally cylindrical shape and increasing in cross-sectional dimension as the flywheel
dimension increase.

The shaft may be manufactured of materials similar to the flywheels as
it will typically be subjected to the same forces albeit not to the same extent.
Therefore the material used may be metal for lower speed applications and composite
materials for higher speed applications.

The shaft will typically extend from adjacent the base wall of the

housing where it may be located by a bottom mount or bearing to a top mount or
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bearing adjacent the tip or point of the housing, depending upon whether the shaft is a
fixed or rotating shaft.

The device will also include at least two flywheels and more typically
more than two. The flywheels will usually be annular in configuration with an
opening to accept the shaft or the shaft with appropriate bearings, located in the centre
of the flywheel.

Each flywheel will preferably have a stepped cross-section with a
thinner outer annular portion surrounding or extending from a thicker central annular
portion. The flywheels may be of unitary construction or they may be split flywheels,
particularly the larger flywheels. The split-system flywheel is to allow the thrust/load
of the flywheel to be well distributed on the shaft both radially and longitudinally to
reduce the friction loss.

There will suitably be a number of flywheels in the flywheel system.
The flywheels are preferably staged along the length or height of the shaft member
with a clutch assembly located between each of the flywheels. The flywheels will
preferably increase in dimension toward one end of the shaft, the increase in
dimensfon having a related increase in inertia. Locating the smallest of the flywheels
at the top of a vertically oriented shaft is preferred for stability reasons but is not
absolutely required. Of course, if the shaft is horizontally located, then the small
flywheel may be at either end.

It is realised that the more flywheels in the flywheel system and the
closer in dimension to one another, the smaller the losses in speed will be when the
clutch is disengaged but the greater the capital cost and size of the device.

The staged flywheel system will preferably make optimum use of the
space within the pyramid shaped housing in order to have the housing as small as
possible.

Each flywheel, except the smallest flywheel will typically have one or
more clutch pads associated with the upper (or one side) in order to engage with the
clutch pad of the clutch assembly.

The material of construction of the flywheels is also particularly
important.

Commercial large steel flywheels currently operate with maximum tip

speeds of only about 200 to 250 metres per second. The stored energy is proportional
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to the square of the tip speed and thus energy storage per flywheel size and weight is
limited for flywheels with tip speed limited to 250 m/s. Strength and safety concerns
have been factors that cause manufacturers to limit the operational speeds to 250 m/s
or less. Small diameter steel flywheels can develop higher strengths due to the
fabrication attributes of the reduced size. For example, small diameter steel hubs for
use inside composite energy storage flywheels have been laboratory tested to higher
speeds. However to date, commercial operation of large diameter steel energy storage
flywheels has been limited to relatively low speeds.

For efficiently storing large amounts of energy, especially in cost
sensitive applications such as energy back-up, composite flywheels are commonly
considered necessary. Composite flywheels can store large amounts of energy per
weight due to the high strength capability of the constituent fibres such as glass and
carbon. They can also be made of large diameter size while still having the maximum
strength due to the strength being added by the already high strength fibres being
wound into the rim. Composite flywheels have been very expensive in the past,
however the price in recent years has been dramatically reduced due both to a drop in
the price of carbon fibre and also the development of new more economical
commercial processes.

Unfortunately, composite material flywheels can exhibit some
troublesome attributes that include poor temperature performance as well as creep and
stress rupture. Most polymer matrix composite flywheels have low temperature
capability, meaning that the epoxy matrix becomes soft at a relatively low
temperature. The matrix loses its ability to optimally translate load between fibres
with a relatively small increase in operating temperature. Because the radial strength
is much loWer than the hoop strength in filament wound flywheels, flywheels are
usually constructed of multiple rims to mitigate radial stresses.

One very common design approach to allow use of low cost thick
flywheel rims is to use a glass/epoxy ring, with its lower modulus and higher density,
inside a stiffer and lower density carbon fibre/epoxy ring. The glass ring grows with
the larger radius carbon ring during rotation and thus avoids development of excessive
radial tension. Unfortunately, over time and cyclic stress, the inner glass fibres creep
and lose stiffness thereby causing the outer carbon fibres to carry unanticipated extra

load. The outer carbon fibres also fatigue and lose strength with cycles. The end result
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is that a seemingly safe design, that would have had an initial benign radial crack
failure, can have a lower speed catastrophic burst failure. Unlike a metal flywheel,
where a failure results in pieces being projected radially outward during failure, a
composite flywheel can fail exerting energetic fragments vertically or alternatively the
fine radially directed fragments can be redirected vertically when they hit the
container wall.

A motor/generator set is typically associated with the flywheel system,
and most preferably the largest flywheel. The preferred vertical shaft rests on
bearings, and the entire assembly is preferably enclosed within a vacuum containment
vessel. The configuration allows for compactness and reduction of rotational losses.
The electrical leads to/from the motor/generator set are preferably brought out of the
vacuum containment and connected to the power conversion subsystem (PCS). The
controllers of the motor/generators, bearings, vacuum/cooling system, the PCS and its
controllers are all typically housed outside the containment allowing the containment
housing to be as small as possible.

It may be preferred that a power takeoff means is associated with the
largest of the flywheels in the assembly. Particularly preferred is that the power
flywheel (which may be any of the flywheels but normally the largest) has an
associated rotor and a separate stator is provided with the rotor and stator generating
electricity from the rotation of the flywheel system. This configuration may make the
system more compact and/ or reduce friction losses from the system.

A FES system can be optimized either for power or energy. Large
power ratings require large motor/generators, which themselves have theA ability to
store large amounts of kinetic energy because of their large mass and high rotational
speeds. Optimization for energy will require relatively larger flywheels to store
energy, since the smaller-sized motor/generator (smaller power rating) will not be able
to store large amounts of energy.

The motor/generator used in association with the flywheel system of
the present invention is typically a permanent magnet, brushless, DC drive
commutated electronically. If an AC output is required or desired, the DC voltage
output of the motor/generator set has to be conditioned by a typical power conversion

system to interface with the external load.
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Stress/strain cycles are created in the flywheel as the velocities change.
In order to maintain constant voltage as the speed varies and to reduce these
stress/strain cycles, the flywheel system will typically not be allowed to slow down
completely. It is similar in concept to electrochemical batteries where a high depth of
discharge reduces the life of the battery. The thrust bearings of FES systems will
typically also have to be periodically replaced.

The power converter typically includes a combination of
rectifier/inverter and a transformer where needed. When the storage subsystem is
being charged, the converter behaves like a rectifier, changing the AC voltage into
DC. When discharged, or when it is supplying power to the system, the converter
operates as an inverter. The power converter normally includes at least one thyristor. |

In the rectifier mode, the converter controls the voltage and the
charging current. The voltage and the resulting current are adjusted for the desired
charge rate. The conversion of AC voltage to DC is achieved by firing the thyristors
so that the voltage from the transformer windings cause the desired current to flow to
the storage subsystem. In the inverter mode, the converter essentially chops the DC
current into segments and builds a voltage wave that is an approximation of the
normal AC system sine wave.

Converters are normally given ratings in MVA, but this rating only
applies at rated voltage. Converters are, in reality, current-limited devices. A converter
can be used to provide active or reactive current or a combination within its current
handling capability. '

The power conversion control is generally divided into two loops. The
‘inner loop’ provides high-speed regulation of the energy storage subsystem. For
instance, if a battery is being controlled to a certain power level, the controller will
adjust the thyristor firing pulse so that power is maintained even when the bus voltage
varies. The controller will also go into a current control mode when a drop in voltage
requires converter current to rise above the converter rating to maintain power.

The inner loop may also include voltage control circuitry. This circuitry
adjusts firing pulses to the thyristors so that the converter will produce or absorb
reactive current as needed to regulate bus voltage. Again, the controller will go into a
current control mode if the thyristor current would have to exceed thyristor rating in

order to hold the desired bus voltage. The converter effectively synthesizes a
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waveform that is either larger or smaller in magnitude than the bus voltage, and either
leads or lags the bus voltage. The voltage and power level control circuitry operate
simultaneously to control the magnitude and phase of the waveform, respectively.

The ‘outer loop’ control is slower, and typically is a desired power
level signal received from the system control centre. It could be provided by the
automatic generation control system, and could be similar to the raise and lower
signals sent to generating plants. It may also be just a time clock that schedules charge
and discharge times so as to coincide with system peak load and low load periods,
respectively. The outer loop may also include a stabilizer to modulate power when
oscillations in line power or frequency occur.

In flywheel systems, the kinetic energy stored in a flywheel is
converted to electrical energy by the generator and is supplied to the loads connected
to the FES system. As the energy in the flywheel dissipates, the flywheel system slows
down, but the generator preferably may continue to supply constant power until a
specified lower speed threshold is reached. The energy may be output as a short period
“burst” or as a constant, longer term current. Energy may be replenished to the
flywheel when the low power input means is connected which typically accelerates the
flywheel system back to its maximum specified speed, at which point the external
power source is disconnected. Alternatively, the energy may be added on a
substantially constant basis to maintain as much as possible, the rotational speed of
the flywheel(s). Once the initial inertia of the flywheel system has been overcome,
very little additional power input should be required to maintain the optimum
rotational speed. Controllers are used to maintain the vacuum in the containment
vessel and the magnetic bearing.

The flywheel system along with its containment vessel may be placed
underground, except where portable of course, thus reducing the footprint of the
system aboveground. Since the containment may be housed below the surface, the
cost associated with erecting a building is also minimized. However, the power
conversion system, the bearing controller, the motor/generator controller, and the
vacuum/cooling systems, will all typically have to be housed separately above ground.

The device of the present invention will typically include one or more

centrifugal clutches that engages automatically when its rotational velocity exceeds a
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certain limit, typically by weights pushed against springs by centrifugal force
generated by the rotation.

Where a centrifugal clutch assembly is used to engage the first and
second flywheels, the centrifugal clutch may remain engaged despite the loss of
rotational velocity when the engagement first occurs. Preferably, once engaged, the
centrifugal clutch will require an outside actuation to disengage.

The device of the present invention includes at least one low power
input device usually associated with the smallest of the flywheels. The low power
input device is preferably a motor or similar to rotate the flywheel and is most
preferably powered by a renewable energy source such as solar or wind or the like.
Using a renewable energy source will effectively mean that the device of the present
invention functions as a storage device as well as a power harnessing device.

The external power for the low voltage power supply is typically
provided by either solar during the day and wind turbine at night, or both during the
day. The renewable power is generally continuously used and, in any case the
excess/surplus power will be harnessed to charge the batteries as back-up and stand-by
low voltage power supply.

There may be additional low power input devices located relative to
any or all of the flywheels. These may be applied to spin the flywheels up to a speed
or at least begin the rotation of the flywheels before the clutch engages that particular
flywheel. They may also (or alternatively) be used after the clutch has engaged that
flywheel to assist with the acceleration for at least a short time.

In a fourth form, the invention resides in a centrifugal clutch assembly
for selective connection of drive means with a flywheel, the assembly including:

a. a clutch plate associated with the drive means;

b. angle means located relative to the clutch plate, the height of the angle means
decreasing towards the centre of the clutch plate; and

¢. one or more bearing means mounted relative to the clutch plate énd the angle
means such that the centrifugal force created by rotation of the clutch plate
drives the one or more bearing means outwardly to engage with the angle
means to connect the drive means with the flywheel.

The clutch assembly will preferably include a number of parallel plates

at least one of which may be moveable in relation to each other towards and away
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from the flywheels but not radially. The plates will usually include at least a clutch
plate and a guide plate. There will also typically be at least one clutch pad associated
with the clutch plate for contacting the flywheel.

There is typically a mounting flange located at a first end of the clutch
assembly to mount to (or relative to) the smaller of the two flywheels between which
the clutch assembly is located. The flange will normally attach to the surface of the
smaller flywheel using appropriate fasteners or be cast or formed integrally with the
flywheel.

The flange will usually have a hollow tubular spacing portion
extending from the flange with a central bore therethrough for mounting on the shaft
of the flywheel system.

The guide plate is normally located at a lower end of the spacing
portion. The guide plate is typically the main plate of the clutch assembly and most, if
not all, of the components of the clutch assembly are preferably mounted to the guide
plate.

The guide plate will preferably be a substantially circular, solid plate
member with a central opening again for mounting the shaft of the flywheel system.
Located between the central opening and the outer edge of the guide plate is
preferably at least one and typically more than one, slot opening. The slot openings
will usually radiate from the central opening and be equally spaced about the guide
plate. The slot openings may have rebated edges so that the gyro weights can be at
least partially received within the slot openings.

The slot openings are guide openings for the travel of the gyro weights
upon which the operation of the centrifugal clutch of the present invention is based.
The gyro weights are mounted relative to the slot openings to be maintained in the slot
openings and to slide inwardly and outwardly in the slot openings. A portion of the
gyro weight will therefore typically abut the upper surface (the surface closest to the
smaller flywheel) of the guide plate. A portion of the gyro weight will also typically
abut the lower surface (the surface closest to the larger flywheel) of the guide plate.
There may be friction minimising means located between the abutting surfaces.

The upper and lower portions of the gyro weight will normally be

attached to each other and the separation distance between them may be adjustable.
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Typically screw fasteners are used and loosening or tightening the screw fasteners will
preferably adjust the separation distance.

Mounted relative to the lower extremity of each gyro weight will
normally be a bearing or similar. The bearing may be an annular, or spherical bearing.
Typically, the lower portion of the gyro weight will be provided with a bearing
engagement portion which will differ in configuration depending upon the type of
bearing. For example, an annular bearing will require that the bearing engagement
portion be a pair of spaced apart legs with a bearing axle. The annular bearing is
received between the legs and the axle extends through the bearing and engages with
the legs to fix the bearing in place. Typically the bearing will be positioned such that
the bearing rotates in a direction parallel to the direction of the slot opening in which
the gyro weight is located. A spherical bearing will likely require a hemispherical
“cup” portion to hold the spherical bearing but still allow rotation about any axis.

The location and length of the slot openings in the guide plate will
preferably be such that travel of the gyro weights will be prevented beyond a
particular point regardless of how much faster the guide plate rotates. The weight of
the gyro weights will be optimised to determine at what rotational velocity the gyro
weights are forced outwardly.

The clutch plate is normally an annular plate that is mounted to rotate
about the shaft of the flywheel system. Typically a central opening is provided. The
clutch plate will preferably have an upper surface (the surface closest to the smaller
flywheel) and a lower surface (the surface closest to the larger flywheel). As stated
previously, the clutch plate will normally be provided with at least one and typically
more than one clutch pad for contacting the flywheel when the clutch assembly is
engaged and normally the clutch pad(s) will be provided on or adjacent the lower
surface of the clutch plate.
| The clutch plate is typically mounted on the shaft of the flywheel
system as well. Preferably, the clutch plate is mounted for movement towards and
away from the flywheel and therefore is usually provided with a neck portion located
about the shaft. The neck portion may also engage with the .spacing portion of the
clutch assembly and normally will be telescopically engaged allowing guided
movement. There may be a locking arrangement provided between the neck portion

and the spacing portion to prevent the clutch plate from moving to disengage with the
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flywheel once engaged due to the centrifugal force. Alternatively, there may be a
mechanism to periodically engage and disengage the clutch plate from the flywheel to
minimise the loss of too much speed of the drive means during the acceleration of the
flywheel. The mechanism may disengage the clutch plate once the speed of the drive
means drops below a predetermined speed to allow the drive means to accelerate
before re-engagement.

Angle means will be provided on or adjacent the upper surface of the
clutch plate. Preferably, the angle means will be provided in an annular band area
towards the outer edge of the clutch plate. The angle means may be provided as a
single annular angle means or as a plurality of spaced apart discrete angle means.

The angle means may be provided with locking means to prevent
disengagement of the clutch plate from the flywheel once the engagement has been
made. Alternatively, there may be a mechanism to periodically engage and disengage
the clutch plate from the flywheel to minimise the loss of too much speed of the drive
means during the acceleration of the flywheel. The mechanism may disengage the
clutch plate once the speed of the drive means drops below a predetermined speed to
allow the drive means to accelerate before re-engagement.

The clutch plate will normally be biased towards the guide plate by
appropriate resilient means. Normally a plurality of rod or bolt members can be used
extending through the guide plate and engaging (normally extending through) the
clutch plate and associated with resilient means to bias the plates together. The
resilience of the resilient means can determine or assist with determination of the
predetermined speed at which the clutch will engage as well. Normally, the resilient
means may be a spring or similar mounted about the rod and located between the
guide plate and a head of the rod or bolt members.

The centrifugal clutch assembly of the invention will preferably engage
and disengage automatically at a specified rotational speed through activation of
centrifugal forces on the elements to overcome biasing means.

In a fifth form, the invention resides in a guide system for a rotating
body, the system including a centrally mounted rotation body having at least one outer
edge, and at least two guide members mounted immediately adjacent to the at least
one outer edge of the rotating body, such that the rupture of the rotating body at high

speeds due to material failure is reduced.
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The guide members may be physical guide members such as bearing or
labyrinth members located at high tolerance separation relative to the radial edges of
the flywheel or they may be in other forms such as magnetically repulsive guide
members. A plurality of guide members will typically be provided and are preferably
spaced equidistantly about the flywheel. Typically three guide members will be
provided at approximately 60° separations.

In order to minimise the energy losses of the system, each flywheel will
be mounted about the central shaft with a bearing assembly to minimise friction.
There will normally also be bearings provided at the ends of the shaft to minimise
friction at those locations. The bearings may be of any type and the bearing types may
be different depending upon location in the device. For example, magnetic bearings
may be used to support the shaft at either end and roller or ball bearings may be used
to support the flywheels on the shaft. Preferably, the configuration of roller or ball
bearings used may differ for the larger flywheels to account for the increased
dimension of the larger flywheels. Angular faced bearings may be used to absorb both
axial and radial loads.

The expense of refrigeration led to the early dismissal of low
temperature superconductors for use in magnetic bearings. High-temperature
superconductor (HTSC) bearings however may be economic and could possibly
extend the time energy could be stored economically. Hybrid bearing systems are
most likely to see use first. HTSC bearings have historically had problems providing
the lifting forces necessary for the larger designs, but can easily provide a stabilizing
force. Therefore, in hybrid bearings, permanent magnets support the load and HTSC
are used to stabilize it. The reason superconductors can work well stabilizing the load
is because they are good diamagnets. In hybrid-bearing systems, a conventional
magnet levitates the shaft and/or flywheel system, but the high temperature
superconductor keeps it stable. If the flywheel system tries to drift off centre, a
restoring force due to flux pinning restores it. This is known as the magnetic stiffness
of the bearing. Rotational axis vibration can occur due to low stiffness and damping,
which are inherent problems of superconducting magnets, preventing the use of
completely superconducting magnetic bearings for flywheel applications.

Since flux pinning is the important factor for providing the stabilizing

and lifting force, the HTSC can be made much easier for FES than for other uses.
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HTSC powders can be formed into arbitrary shapes so long as flux pinning is strong.
An ongoing challenge that has to be overcome before superconductors can provide the
full lifting force for a FES system, is finding a way to suppress the decrease of
levitation force and the gradual fall of rotor during operation caused by the flux creep
of SC material.

Parasitic losses such as friction, hysteresis and eddy current losses of
both magnetic and conventional bearings in addition to refrigerant costs can limit the
economical energy storage time for flywheels. However, further improvements in
superconductors may help eliminate eddy current losses in existing magnetic bearing
designs as well as raise overall operating temperatures. Even without such
improvements, however, modemn flywheels can have a zero-load rundown time
measurable in years.

To operate at the required high speeds, the flywheel may be supported
using magnetic bearings at each end of the flywheel, preferably passive radial
magnetic bearings as disclosed in international patent application no.
PCT/US01/13951 filed on May 1, 2001 by Gabrys et al. and entitled "Full Levitation
Bearing System with Improved Passive Radial Magnetic Bearings". The passive
bearings, which can be of several configurations, reduce the amount of electronic
control compared with full five active axes magnetic bearings and are simple, reliable
and low cost. In one embodiment, the passive radial magnetic bearings are formed
integrally in the axial faces of the flywheels or the central shaft to simplify
construction while reducing costs.

The device of the present invention may also be configured to have
multiple “satellite” flywheel systems “charging” a single main “planetary” flywheel
associated with the power take off means. The transfer of energy from the satellite
flywheel systems could be applied simultaneously to the planetary flywheel or in a
sequential order. '

Brief Description of the Drawings.

Various embodiments of the invention will be described with reference
to the following drawings, in which:

Figure 1 is a sectional schematic view of a flywheel energy system
according to a preferred embodiment of the present invention.

Figure 2 is a view from above of a flywheel energy system according to
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a preferred embodiment of the present invention.

Figure 3 is a sectional side view of a bearing for supporting a smaller
flywheel according to a preferred embodiment of the present invention.

Figure 4 is a sectional side view of a bearing for supporting a larger
flywheel according to a preferred embodiment of the present invention.

Figure 5 is a sectional side view of an input flywheel according to a
preferred embodiment of the present invention.

Figure 6 is a sectional side view of a larger flywheel according to a
preferred embodiment of the present invention.

Figure 7 is a sectional side view of a centrifugal clutch according to a
preferred embodiment of the present invention.

Figure 8 is a schematic view from above of a multiple input flywheel
energy system according to a preferred embodiment of the present invention.

Figure 9 is a graphical representation of the staged inputs from the
multiple input flywheel energy system illustrated in Figure 8.

Figure 10 is a sectional view from above an alternative embodiment of
a multiple input flywheel energy system.

Figure 11 is a sectional side view of the multiple input flywheel energy
system illustrated in Figure 10.

Detailed Description of the Preferred Embodiment.

According to a particularly preferred embodiment, an energy storage
device is provided.

The energy storage device 10 of the embodiment illustrated in Figures
1 and 2 in particular includes a shaft member (not shown in Figure 1) with a
multistage flywheel system. According to the embodiment in Figure 1, there are three
flywheels including a first flywheel 11, a second flywheel 12 larger than the first
flywheel 11, and a third flywheel 13 larger than the second flywheel 12. Each
flywheel is mounted for rotation about the shaft member.

There is a clutch assembly 14 located between each of the flywheels
and a low power input motor 15 and a power take-off wheel 16 associated with the
third flywheel 13.

The first flywheel 11 is rotated using the low power input motor 15 and

is accelerated to a predetermined rotational velocity whereupon the clutch assembly
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14 engages to connect the first 11 and second 12 flywheels allowing inertial and
kinetic energy to transfer between the flywheels to accelerate the second flywheel 12.
A similar process is followed between the second 12 and third 13 flywheels to
accelerate the third flywheel 13. Once the third flywheel 13 is rotating at the
predetermined velocity, the power take off wheel 16 can be engaged and disengaged
as needed to withdraw energy stored in the system.

The device 10 generally and the flywheel system in particular is
enclosed by a housing both to protect the flywheel system from damage and energy
depleting effects from external forces and also to prevent damage to surrounding
objects should the flywheels rupture.

The preferred shape of housing is pyramidal with a base wall 18 and
converging members extending from the base wall and converging at a tip or point.
The converging members are triangular shaped sidewalls with support structure
members 17 located extending from each corner. There is also a top support plate 26
for attaching the support structure members. There may be either three or four
sidewalls depending upon the configuration of the housing. Provision of sidewalls
allows the housing to be substantially sealed with the flywheel system inside to define
the vacuum containment area.

There are many different types of vacuum containment systems for
flywheel energy systems such as that described in United States Patent No. 7,053,589
and any of these may be used provided that they are suitable to maintaining the
vacuum without leaching energy from the flywheel system.

There is a single shaft member 19 provided according to the illustrated
embodiment. The shaft 19 of the illustrated embodiment is mounted for rotation of
the flywheels about a vertical axis and the shaft is fixed in place. The shaft 19 extends
from adjacent the base wall 18 of the housing where it is located by a bottom mount
20 to a top mount 21 adjacent the point of the housing.

The shaft 19 has a circular cross-section and includes a plurality of
stepped portions of generally cylindrical shape and increasing in cross-sectional
dimension as the flywheel dimension increase as illustrated in Figures 3 and 4.

The shaft 19 is manufactured of metal for lower speed applications and

composite materials for higher speed applications.
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As the shaft is a fixed shaft, the flywheels are supported on the shaft
using appropriate bearings 29 and as illustrated particularly in Figures 3 and 4. The
bearing of Figure 3 is used for a smaller flywheel and includes a sleeve 30 fixed to the
shaft 19 and an upper 31 and lower 32 bearing module. There is also a top plate 33
fixed to the flywheel by fasteners to secure the bearing in place.

The bearing of Figure 4 is used for a larger flywheel which is of the
split flywheel configuration. There is therefore an upper flywheel section 34 and a
lower flywheel section 35 connected by bolts 36 in the position indicated. The
bearing 29 includes a sleeve 30 fixed to the shaft 19 and an upper 31 and lower 32
bearing module located relative to the lower flywheel section 35. There is a third
bearing module 37 located relative to the upper flywheel section 35. Again, a top
plate 33 fixed to the upper flywheel secﬁon 34 by fasteners secures the bearing 29 in
place. |

The flywheels 11, 12, 13 are annular in configuration with an opening
to accept the shaft or the shaft with appropriate bearings, located in the centre of the
flywheel.

As illustrated in Figures 5 and 6, each flywheel has a stepped cross-
section with a thinner outer annular portion 22 surrounding or extending from a
thicker central annular portion 23. The flywheels will be of unitary construction when
smaller and generally split flywheels when larger.

The flywheels are staged along the height of the shaft 19 with a clutch
assembly 14 located between each of the flywheels. The flywheels increase in
dimension toward one end of the shaft 19, the increase in dimension having a related
increase in inertia.

Each flywheel except the first flywheel 11 has one or more clutch pads
24 associated with the upper side in order to engage with the clutch pad 24 of the
clutch assembly 14.

For efficiently storing large amounts of energy, especially in cost
sensitive applications such as energy back-up, composite flywheels are commonly
considered necessary.

A motor/generator set 25 is associated with the flywheel system, and in
the illustrated embodiment, with the third flywheel 13. The electrical leads to/from

the motor/generator set 25 may be brought out of the vacuum containment and
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connected to the power conversion subsystem (PCS), or mounted onto an electrical
socket assembly 27 on the outside of the housing.

The motor/generator set 25 used in association with the flywheel
system of the present invention is typically a permanent magnet, brushless, DC drive
commutated electronically. If an AC output is required or desired, the DC voltage
output of the motor/generator set 25 has to be conditioned by a typical power
conversion system to interface with the external load.

The device of the present invention includes a low power input motor
15 associated with the smallest of the flywheels. The low power input motor 15 is
powered by a renewable energy source such as solar cell 28 located at the point of the
housing or over a substantial portion of one or more of the side walls of the housing.

In flywheel systems, the kinetic energy stored in a flywheel is
converted to electrical energy by the generator and is supplied to the loads connected
to the FES system. As the energy in the flywheel dissipates, the flywheel system slows
down, but the generator preferably may continue to supply constant power until a
specified lower speed threshold is reached. The energy may be output as a short period
“burst” or as a constant, longer term current. Energy may be replenished to the
flywheel when the low power input means is connected which typically accelerates the
flywheel system back to its maximum specified speed, at which point the external
power source is disconnected. Alternatively, the energy may be added on a
substantially constant basis to maintain as much as possible, the rotational speed of
the flywheel(s). Once the initial inertia ‘of the flywheel system has been overcome,
very little additional power input should be required to maintain the optimum
rotational speed. Controllers are used to maintain the vacuum in the containment
vessel and the magnetic bearing.

The device of the present invention includes centrifugal clutches 14
that engage automatically when its rotational velocity exceeds a certain limit.

Where a centrifugal clutch assembly is used to engage the first and
second flywheels, the centrifugal clutch may remain engaged despite the loss of
rotational velocity when the engagement first occurs. Preferably, once engaged, the
centrifugal clutch will require an outside actuation to disengage.

The embodiment of a centrifugal clutch assembly 14 for selective

connection of the flywheels illustrated in Figure 7 includes a clutch plate 38
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associated with the upper flywheel, angle means 39 located relative to the clutch plate
38, the height of the angle means 39 decreasing towards the centre of the clutch plate
38, and bearing means 40 mounted relative to the clutch plate 38 and the angle means
39 such that the centrifugal force created by rotation of the clutch plate 38 drives the
bearing means 40 outwardly to engage with the angle means 39 to connect the upper
flywheel with the lower flywheel.

The clutch assembly 14 includes a clutch plate 38 and a guide plate 42.
There is a mounting flange 41 located at a first end of the clutch assembly 14 to mount
to the smaller of the two flywheels between which the clutch assembly 14 is located.
The flange 41 attaches to the surface of the smaller flywheel using appropriate
fasteners.

The flange 41 has a hollow tubular spacing portion 43 extending from
the flange 41 with a central bore therethrough for mounting on the shaft 19 of the
-flywheel system.

The guide plate 42 is located at a lower end of the spacing portion 43.
The guide plate 42 is the main plate of the clutch assembly 14 and most, if not all, of
the components of the clutch assembly 14 are mounted to the guide plate 42.

The guide plate 42 is a substantially circular, solid plate member with a
central opening again for mounting the shaft 19 of the flywheel system. Located
between the central opening and the outer edge of the guide plate 42 are a number of
slot openings 44. The slot openings 44 radiate from the central opening and are
equally spaced about the guide plate 42. The slot openings 44 have rebated edges so
that gyro weights 45 can be partially received within the slot openings 44.

The slot openings 44 are guide openings for the travel of the gyro
weights 45 upon which the operation of the centrifugal clutch is based. The gyro
weights 45 are mounted relative to the slot openings 44 to be maintained in the slot
openings 44 and to slide inwardly and outwardly in the slot openings 44. A portion of
the gyro weight will therefore be placed relative to the upper surface (the surface
closest to the smaller flywheel) of the guide plate 42. A portion of the gyro weight 45
will also typically be placed relative to the lower surface (the surface closest to the
larger flywheel) of the guide plate 42. There may be friction minimising means

located between the abutting surfaces.
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The upper and lower portions of the gyro weight are attached to each
other and the separation distance between them may be adjustable. Typically screw
fasteners are used and loosening or tightening the screw fasteners will adjust the
separation distance.

Mounted relative to the lower extremity of each gyro weight 45 is the
bearing 40. The bearing 40 illustrated is an annular bearing. The annular bearing
requires that a bearing engagement portion be a pair of spaced apart legs with a
bearing axle. The annular bearing is received between the legs and the axle extends
through the bearing and engages with the legs to fix the bearing in place. The bearing
is positioned such that the bearing rotates in a direction parallel to the direction of the
slot opening in which the gyro weight is located.

The location and length of the slot openings 44 in the guide plate is
such that travel of the gyro weights 45 is prevented beyond a particular point
regardless of how much faster the guide plate 42 rotates. The weight of the gyro
weights 45 is optimised to determine at what rotational velocity the gyro weights 45
are forced outwardly.

The clutch plate 38 is an annular plate that is mounted to rotate about
the shaft 19 of the flywheel system with the flywheel. Typically a central opening is
provided. The clutch plate 38 has an upper surface (the surface closest to the smaller
flywheel) and a lower surface (the surface closest to the larger flywheel). The clutch
plate 38 has one or more clutch pads 46 for contacting the flywheel when the clutch
assembly 14 is engaged and the clutch pad(s) are provided on or adjacent the lower
surface of the clutch plate 38.

The clutch plate 38 is mounted for rotation about the shaft 19 of the
flywheel system as well. The clutch plate 38 is mounted for movement towards and
away from the flywheel and therefore is usually provided with a neck portion 47
located about the shaft 19. The neck portion 47 also engages with the spacing portion
43 of the clutch assembly 14 and normally will be telescopically engaged allowing
guided movement.

Angle means 39 are provided on or adjacent the upper surface of the
clutch plate 38. The angle means 39 are provided in an annular band area towards the

outer edge of the clutch plate 38.
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The clutch plate 38 is biased towards the guide plate 42 by appropriate
resilient means. Normally a plurality of rod or bolt members 48 are used extending
through the guide plate 42 and extending through the clutch plate 38 and associated
with resilient means to bias the plates together. The resilient means of the illustrated
embodiment is a spring 49 mounted about the rod 48 and located between the guide
plate 42 and a head 50 of the rod 48.

There is a further labyrinth guide provided for each rotating flywheel.
Each labyrinth guide member 51 is mounted immediately adjacent to the outer edge of
the flywheel, such that the rupture of the rotating body at high speeds due to material
failure is reduced.

The labyrinth guide members 51 illustrated are physical guide members
in the form of fixed or rotating bearing members located at high tolerance separation
relative to the radial edges of the flywheel. According to the illustrated embodiment,
three labyrinth guide members 51 are provided at approximately 60° separations about
each flywheel.

A preferred embodiment of the system of the present invention has
been tested and the statistics and results relating to that embodiment and the testing is
summarised in Tables 1 and 2 below.

As illustrated in Figure 8, the device of the present invention can also
be configured to have multiple “satellite” flywheel systems (A), (B) and (C)
“charging” a single main “planetary” flywheel 52 associated with the power take off
means. The transfer of energy from the satellite flywheel systems could be applied
simultaneously to the planetary flywheel or in a sequential order. The timing of the

application of the power to the main flywheel is illustrated in Figure 9 and discussed

below.
Legend for Figure 9:
- Satellite System (A): t(A); T(A); AP(A)
- Satellite System (B): t(B); T(B); AP(B)
- Satellite System (C): t(C); T(C); AP(C)
t(A)= timé required for the inertia wheel to build-up the required Torque
Kinetic Energy in the final flywheel in satellite system unit (A).
t(B)= time required for the inertia wheel to build-up the required Torque

Kinetic Energy in the final flywheel in satellite system unit (B).
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time required for the inertia wheel to build-up the required Torque
Kinetic Energy in the final flywheel in satellite system unit (C).

Time for the transfer of Torque Kinetic Energy from satellite system
unit (A) onto the MFW.

Time for the transfer of Torque Kinetic Energy from satellite system
unit (B) onto the MFW

Time for the transfer of Torque Kinetic Energy from satellite system
unit (C) onto the MFW

Total Torque Kinetic Energy in satellite system unit (A)

Total Torque Kinetic Energy in satellite system unit (B)

Total Torque Kinetic Energy in satellite system unit (C)

The amount of Power/Torque that is transferred onto MFW by satellite
system unit (A) final flywheel — that will sustain rotation (W) and fast
build-up to the required Torque Kinetic Energy in satellite system unit
A).

The amount of Power/Torque that is transferred onto MFW by satellite
system unit (B) final flywheel — that will sustain rotation (W) and fast
build-up to the required Torque Kinetic Energy in satellite system unit
(B).

The amount of Power/Torque that is transferred onto MFW by satellite
system unit (C) final flywheel — that will sustain rotation (W) and fast
build-up to the required Torque Kinetic Energy in satellite system unit
©).

According to the illustrated embodiment, there are three (3) satellite

flywheel system units (A), (B), and (C), each transferring Torque Kinetic Energy
(TKE); being TKE;, TKE, and TKE; respectively, onto the Main Fly Wheel (MFW)

in sequence mode. This embodiment having satellite flywheel system units and a

main flywheel can also be housed in a pyramidal housing, thus preserving its

compactness, robust structure, effective, and simplicity for erection, which ultimately

will have potential for the unit cost to be reduced significantly.

MFW Torque Kinetic Energy is transferred to an alternator to produce

constant DC electrical power.
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According to the multiple input flywheel energy system illustrated in
figures 10 and 11, there are a number of satellite flywheel systems surrounding a main
planetary wheel which is powered by the satellite systems. According to the preferred
embodiment illustrated, the multiple input flywheel energy system is provided in a
pyramidal configuration, and preferably a square-based pyramid with four triangular
sides meeting at a tip

The main planetary flywheel is located along an approximately central
axis extending downwardly from the point of the pyramid to the centroid of the base.
A plurality of satellite systems is provided, and the satellite systems are typically
provided one in each corner of the pyramid adjacent the base. One or more satellite
systems may be provided above the base but in communication with the main
planetary wheel assembly.

The sidewalls of the pyramid construction will typically include and
more preferably will be solar collector arrays. The angle a of the triangular sidewalls
relative to the basewall of the pyramid assembly is preferably chosen to optimise is
the collection of solar energy in terms of the length of time per day that the sun strikes
a least one of the sidewalls.

The pyramid will typically enclose to be the main planetary wheel and
the satellite systems. Given that the system will normally be located in the sun in
order to utilise the solar panels, a fan or similar heat extraction or control means may
be provided, preferably in an upper level of the pyramid in order to remove heat from
within the pyramid enclosure.

During operation, the main planetary wheel is preferably powered via
the satellite systems at short intervals of approximately 5-6 seconds and the satellite
systems may stagger their transfer of momentum is such that the main planetary wheel
is being powered more or less continuously.

In the present specification and claims (if any), the word "comprising"
and its derivatives including "comprises" and "comprise" include each of the stated
integers but does not exclude the inclusion of one or more further integers.

Reference throughout this specification to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characteristic described in

connection with the embodiment is included in at least one embodiment of the present
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invention. Thus, the appearance of the phrases “in one embodiment” or “in an
embodiment” in various places throughout this specification are not necessarily all
referring to the same embodiment. Furthermore, the particular features, structures, or

characteristics may be combined in any suitable manner in one or more combinations.
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Claims:

1.

An energy storage device including at least one shaft member, at least a pair of
flywheels including a first flywheel and a second flywheel larger than the first
flywheel, each flywheel associated with the at least one shaft member, a clutch
assembly associated with each of the flywheels, at least one low power input
device, and a power take off means associated with the second flywheel, wherein
the first flywheel is rotated using a low power input device and is accelerated to a
predetermined rotational velocity whereupon the clutch assembly engages to
connect the first and second flywheels allowing inertial and kinetic energy to
transfer between the flywheels to accelerate the second flywheel.

An energy storage device including at least one shaft member, a first flywheel, at
least one low power input device for rotating the first flywheel to a predetermined
rotational velocity, a second flywheel of greater dimension than the first flywheel,
a clutch assembly associated with the first and second flywheels for separating the
flywheels and engaging the first flywheel with the second flywheel upon the first
flywheel attaining the predetermined velocity, and a power take off means
associated with the second flywheel.

A device according to either claim 1 or claim 2 wherein the flywheels are
enclosed by a housing.

A device according to claim 3 wherein the housing is pyramidal with a base wall
and converging members extending from the base wall and converging at a tip or
point.

A device according to any one of the preceding claims including a single shaft
member with the flywheels mounted relative thereto.

A device according to any one of the preceding claims wherein the at least one
shaft is oriented substantially vertically.

A device according to any one of the preceding claims wherein the shaft has a
circular cross-section and tapers in thickness towards the first flywheel.

A device according to any one of claims 1 -7 wherein the shaft has a circular
cross-section and includes a plurality of stepped portions of cylindrical shape and

increasing in cross-sectional dimension as the flywheel dimension increase.
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15.

16.

17.

18.

19.
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A device according to any one of the preceding claims wherein the flywheels
have an annular configuration with an opening to accept the shaft located in the
centre of the flywheel.

A device according to any one of the preceding claims wherein each flywheel has
a stepped cross-section with a thinner outer annular portion surrounding a thicker
central annular portion.

A device according to any one of the preceding claims wherein at least one of eth
flywheels is a split flywheel to allow the thrust/load of the flywheel to be
distributed on the shaft both radially and longitudinally to reduce the friction loss.

A device according to any one of the preceding claims including a plurality of
flywheels staged along the shaft with a clutch assembly located between each of
the flywheels.

A device according to any claim12 wherein the flywheels increase in dimension
toward one end of the shaft, the increase in dimension having a related increase in
inertia.

A device according to claim 12 wherein each flywheel, except the smallest
flywheel in the device has one or more clutch pads associated with in order to
engage with a clutch pad of an adjacent clutch assembly.

A device according to any one of the preceding claims including a power
converter including a motor/generator set associated with a flywheel.

A device according to claim 15 wherein the motor/generator used in association is
a permanent magnet, brushless, DC drive commutated electronically.

A device according to either one of claims 15 and 16 wherein the power converter
includes a combination rectifier/inverter and a transformer.

A device according to any one of claims 15 to 17 including a power conversion
control including high-speed regulation of an energy storage subsystem, and
voltage control circuitry.

A device according to any one of the preceding claims including at least on
centrifugal clutch that engages automatically when the rotational velocity exceeds
a predetermined value determined according to the size of the flywheels.

A device according to any one of the preceding claims including at least one low
power input device associated with the smallest of the flywheels to rotate the

flywheel
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A device according to claim 20 wherein the at least one low power input device is
powered by a renewable energy source.

A centrifugal clutch assembly for selective connection of drive means with a
flywheel, the assembly including a clutch plate associated with the drive means,
angle means located relative to the clutch plate, the height of the angle means
decreasing towards the centre of the clutch plate, and one or more bearing means
mounted relative to the clutch plate and the angle means such that the centrifugal
force created by rotation of the clutch plate drives the one or more bearing means
outwardly to engage with the angle means to connect the drive means with the
flywheel. |
A centrifugal clutch assembly according to claim 22 including a pair of parallel
plates being a clutch plate and a guide plate, the guide plate associated with the
drive means and the clutch plate moveable towards and away from the flywheel
but not radially.

A centrifugal clutch assembly according to claim 22 or claim 23 wherein the
guide plate is a substantially circular, solid plate member with a central opening
,Jocated between the central opening and the outer edge of the guide plate is a
plurality of slot openings radiating from the central opening and spaced about the
guide plate, the slot openings each adapted to at least partially receive a gyro
weight.

A centrifugal clutch assembly according to claim 24 wherein the slot openings are
guide openings for the travel of the gyro weights which are mounted relative to
the slot openings to be maintained in the slot openings and to slide inwardly and
outwardly in the slot openings.

A centrifugal clutch assembly according to claim 25 wherein an upper portion of
the gyro weight abuts an upper surface of the guide plate, and a lower portion of
the gyro weight abut the lower surface of the guide plate with the upper and lower
portions of the gyro weight attached to each other such that the separation
distance between them is adjustable.

A centrifugal clutch assembly according to any one of claims 24 to 26 wherein
the weight of the gyro weights is optimised to determine at what rotational

velocity the gyro weights are forced outwardly.
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A centrifugal clutch assembly according to any one of claims 24 to 27 wherein
angle means is provided relative to an upper surface of the clutch plate.

A centrifugal clutch assembly according to any one of claims 23 to 28 wherein
the clutch plate is biased towards the guide plate by resilient means defining the
predetermined speed at which the clutch engages.

A guide system for a rotating body, the system including a centrally mounted
rotation body having at least one outer edge, and at least two guide members
mounted immediately adjacent to the at least one outer edge of the rotating body,
such that the rupture of the rotating body at high speeds due to material failure is
reduced.

A guide system for a rotating body according to claim 30 wherein the guide
members are physical guide members located at high tolerance separation relative
to the radial edges of the flywheel

A guide system for a rotating body according to claim 30 wherein the guide
members are magnetically repulsive guide members.

A device according to any one claims 1 -21 having multiple “satellite” flywheel
systems charging a single main planetary flywheel associated with a power take
off means.

A method of storing energy input from a low power input device until a useable
amount of power is stored and releasing when required, the method including the
steps of providing a flywheel energy storage system including a first and a second
larger flywheel mounted on a shaft and separated but connectable by a clutch
assembly, accelerating the first flywheel to a predetermined rotational velocity
using a low power input device, engaging the clutch assembly once the first
flywheel has attained the predetermined velocity to connect the first and second
flywheels, and providing a power take off means associated with the second
flywheel to utilise the rotation of the second flywheel to withdraw useable power

from the system.
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AMENDED CLAIMS
received by the International Bureau on 05 February 2008
(05.02.08); claims 1 and 2 amended, remaining claims unchanged.

An energy storage device including at least one non-rotating shaft member, at
least a pair of flywheels including a first flywheel and a second flywheel larger
than the first flywheel, each flywheel associated with the at least one shaft
member, a centrifugal clutch assembly associated with each of the flywheels, at
least one low power input device, and a power take off means associated with the
second flywheel, wherein the first flywheel is rotated using the low power input
device and is accelerated to a predetermined rotational velocity whereupon the
clutch assembly engages to connect the first and second flywheels allowing
inertjal and kinetic energy to transfer between the flywheels to accelerate the
second flywheel.

An energy storage device including at least one non-rotating shaft member, a first
flywheel, at least one low power input device for rotating the first flywheel to a
predetermined rotational velocity, a second flywheel of greater dimension than
the first flywheel, a centrifugal clutch assembly associated with the first and
second flywheels for separating the flywheels and engaging the first flywheel with
the second flywheel upon the first flywheel attaining the predetermined velocity,
and a power take off means associated with the second flywheel.

A device according to either claim 1 or claim 2 wherein the flywheels are
enclosed by a housing.

A device according to claim 3 wherein the housing is pyramidal with a base wall
and converging members extending from the base wall and converging at a tip or
point.

A device according to any one of the preceding claims including a single shaft
member with the flywheels mounted relative thereto.

A device according to any one of the preceding claims wherein the at least one
shaft is oriented substantially vertically.

A device according to any one of the preceding claims wherein the shaft has a
circular cross-section and tapers in thickness towards the first flywheel.

A device according to any one of claims 1 -7 wherein the shait has a circular
cross-section and includes a plurality of stepped portions of cylindrical shape and

increasing in cross-sectional dimension as the flywheel dimension increase.

AMENDED SHEET (ARTICLE 19)
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