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(57) ABSTRACT

Gravity powered electrical energy generators, particulatly for
producing lighting is disclosed. The apparatus has a support
frame (1, 30) in which a series of gears and a gear-driven
generator (20) are mounted. The power to drive the most
upstream gear (2) is provided by a weight suspended from a
point to one side of the axis of rotation of gear (2). The drive
gear of the furthest downstream gear has no teeth so that the
final contact between the drive gear and the shaft of the
generator (20) 1s frictional. The gear ratio of the final down-
stream gear is at least 25. When used for lighting, the appa-
ratus may include one or more high brightness LEDs (40)
mounted on the housing (30). By suitable choice of gear
ratios, the device may produce thirty minutes of illumination
while allowing a 10 kilogram weight to fall through a distance
of 1.8 metres.
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GRAVITY-POWERED ELECTRICAL ENERGY
GENERATORS

[0001] This invention relates to gravity-powered electrical
energy generators and, in particular, to apparatus adapted for
providing light without the necessity of using electrical stor-
age devices.

[0002] Since the dawn of civilisation, people have desired
light during the hours of darkness. For the majority of prehis-
toric and historic times, this has been provided by combustion
of an appropriate fuel, originally a fire using whatever com-
bustible material was to hand and later using a combustible
hydrocarbon fuel, for example wax in the case of candles and
tapers or, more recently, various oils. The modern develop-
ment of the oil and gas industry has led to the development of
lamps fuelled by kerosene or paraffin, or by a cylinder of
compressed gas, usually, though not exclusively, butane.
Such lighting consumes fossil fuels and is accordingly envi-
ronmentally damaging and ultimately unsustainable.

[0003] Thedevelopment of the electric light bulb during the
19th century enabled a vast increase in the amount of night
time lighting to be achieved, albeit at the substantial capital
cost of installing the necessary grid infrastructure to distrib-
ute electricity, as well as the investment needed in electrical
generation plant, whether by burning fossil fuel or latterly by
hydroelectric power. While electrical lighting became ubiq-
unitous in the industrially developed countries, it has never
been a solution to the problem of providing light at night in
rural areas and in developing countries.

[0004] During the 20th century, major advances were made
in terms of the efficiency of light generation from electrical
devices, as well as in the development of electrical storage
systems, albeit that the latter generally involve the construc-
tion of electrical storage cells using expensive materials
which are often

[0005] toxic and which in turn gives rise to disposal prob-
lems, particularly in the case of non-rechargeable storage
devices.

[0006] The 20th century also saw the development of
devices and materials able to convert sunlight direct to elec-
tricity, so enabling a ‘solar panel’ to collect light and produce
electricity during the day and feed it to a storage device,
whence the stored electrical power could be tapped during the
night to operate a light. Again, the investment required to
manufacture solar panels is substantial, and they are prone to
damage unless substantial steps are taken to preserve them.
They also have a limited service life and, despite recent
increases in efficiency, simply do not produce that much
power.

[0007] Attempts have been made in the past to provide
apparatus for converting the power of gravity acting on a
weight to electrical power. U.S. Pat. No. 5,905,312 describes
a gravity-powered electrical generation system which is pow-
ered by water which is fed from a tank above the apparatus
into a series of small tanks which are mounted on a vertical
loop of material. The weight of water in the tanks causes the
loop to turn and its slow rotation is converted via a system of
gearing into fast rotation of the power input shaft of an elec-
trical generator. Such a device is complex to build and main-
tain and unsuited for generating small quantities of electricity
to produce light in rural areas.

[0008] A columnar light powered by gravity was
announced in February 2008. It was said to be the idea of Clay
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Moulton and disclosed generating electricity by the slow fall
of a mass which spins a rotor. The energy thereby released
was said to power ten high output LEDs which emitted light
into an acrylic lens to create a diffuse light. The device was
described as requiring the turning over of an hourglass-like
mechanism to move a movable weight from a lower position
toa

[0009] higher position, whereafter it would glide gently
downwards while lighting the lamps.

[0010] We have now found that, by careful design, it is
possible to produce lighting apparatus based on a gravity-
powered electrical energy generator which may be of simple
construction and which is well-adapted for mass production
so as to produce lighting apparatus which is easily deployable
in the field and which provides useful quantities of lighting
while being very easy to maintain and resistant to adverse
conditions.

[0011] Accordingtothe present invention, there is provided
a gravity-driven electrical energy generator apparatus com-
prising a support frame, at least two high step-up ratio gears
mounted in series in the support frame, wherein the power
input to the most upstream gear is provided by a weight
suspended from a point to one side of the axis of rotation of
the gear, and wherein the power output from the most down-
stream gear is the shaft of a generator, the output of the
generator being sufficient to power at least one high bright-
ness LED. The apparatus is characterised in that the gear ratio
of the final high ratio gear is at least 25 and the contact
between the drive gear and the generator shaft is frictional.
[0012] Preferably there are two or three step-up gears and
the gear ratio of each is greater than 25, preferably greater
than 30. The most upstream gear is preferably of sun-and-
planet gear construction.

[0013] Preferably the most upstream gear has a hub around
which is looped a suspension cord for a weight. A free-wheel
mechanism may be provided between the hub and the most
upstream drive gear, allowing rewinding of the cord around
the hub while raising the weight. A preferred mechanism
consists of two spring pawls mounted inside the hub and
designed to engage on a circular ratchet on the most upstream
gear. Alternatively the cord may be looped two to four times
around the hub and a counterweight provided (for example
one twentieth of the weight of the drive weight) on the cord so
as to hold the cord taut around the hub and enable the hub to
be driven by the drive weight. This mechanical arrangement is
analogous to that of a capstan used to drive arope on a ship or
quayside, though, in that particular case, the capstan is driven
and the rope intermittently engaged e.g. to weigh anchor or to
assist in mooring the ship. In such apparatus according to the
present invention, the most upstream gear is driven save when
the weight is lifted briefly to reset the apparatus for a fresh
bout of electrical energy generation.

[0014] If the most upstream gear is provided with a self
rewind mechanism, the user only has to lift the weight to reset
the apparatus for a further bout of electrical energy genera-
tion. For example, the cord may be fixed at one end to the most
upstream geat, looped round it several times, and then have
means at its free end for attaching the weight. By building in
a rewind mechanism, for example consisting of a pawl and
ratchet and a coil spring, for example analogous to the con-
stant force spring used in a windup tape measure, the most
upstream gear may be rewound against the ratchet when the
main weight is lifted. In place of the spring, the rewind may be
generated by a small counterweight with the centre of the cord
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between the hook for the main drive weight and the counter-
weight being fixed to the gear. In yet a further embodiment,
the suspension card has a stop piece fixed on it which, as the
weight approaches its lowermost position, approaches the
side of a housing contacting the gearing. When the stop con-
tacts the housing, the gears can no longer turn. By pulling the
stop down, the mechanism is reset for a further bout of elec-
trical energy generation.

[0015] To assist rewinding the apparatus in the dark, when
it has been used for generating light, the apparatus may carry
a patch of luminous material, which will be charged when the
light is working and which will continue, for a short period of
time, to give out enough light when the weight has dropped to
the ground or floor, or the stop has reached the housing, to
enable the user to locate the apparatus easily and lift the
weight up (or pull the stop down).

[0016] The support frame is, in use, hung from a suitable
member, such as a roof beam or a tree branch a satisfactory
distance above the floor or ground to provide a reasonable
time period during which a weight attached to the cord will
slowly descend.

[0017] The generator used in apparatus according to the
present invention may be a purpose-built and designed gen-
erator, but we have found that commercially widely available
small low voltage electric motors can easily be used as gen-
erators, giving good results when used using standard high
brightness LEDs. The voltage rating of the LED should, of
course, be matched to the voltage output of the generator.
[0018] Preferably the diameter of the drive shaft of the
generator is as small as possible to give the greatest final gear
ratio possible. It is preferable to mount, adjacent the shaft and
opposed to the gear which drives it, one or two ‘pinch’ wheel
(s) which assist in maintaining the frictional contact, to
reduce any tendency to slipping, while also reducing the
lateral force on the input shaft of the generator. The drive shaft
to the generator may be a simple constant diameter shaft, but
it is also possible to make the shaft tapered, so that by moving
the generator in the direction of the axis of the drive shaft gear
ratio between the drive shaft and the disc driving it frictionally
changes. Such movement of the generator may be achieved
by having a ‘tuning’ knob e.g. mounted on the outside of a
housing of the apparatus so that the user can adjust the knob
till the light output is brightest for a particular weight. It may
also be possible to effect such an adjustment automatically
from a spring balance mechanism associated with the hang-
ing hook, so that the amount of weight self-adjusts the gear
ratio.

[0019] The exterior periphery of the drive gear of the final
step-up gear, i.e. of the smooth gear wheel which engages
frictionally with the exterior of the drive shaft of the genera-
tor, is preferably rounded or domed when seen in radial sec-
tion.

[0020] The apparatus according to the present invention,
when used for illumination, may have a single LED con-
nected thereto, or a plurality of LEDs may be connected in
parallel to provide extended lighting areas as required. One or
more of the LEDs may be mounted on a casing forming part
of the apparatus to provide lighting in the area where the
device 1s located. Alternatively or additionally, the apparatus
may have a pair of terminals connected to a length of electri-
cal flex, at the other end of which is mounted an LED. This is
of particular value, for example, if the user of the apparatus
needs a light source located nearer the ground or floor than the
apparatus itself, for example to use for reading a book.
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[0021] The detailed design and construction of the appara-
tus may vary, but is preferably kept simple and straightfor-
ward to ensure high reliability in practice. In particular, the
apparatus may be configured as an energy-generating module
with means for hanging the apparatus e.g. on a beam or tree
branch and with a cord having a hook on to which a weight
may be attached, for example in the form of a bag filled with
watet, or a rock.

[0022] Ifdesired, the apparatus may include a latch mecha-
nism which prevents the gears from turning until released.
This is of particular value if it is desired to produce energy
continuously for a longer period of time than a single passage
of the weight from the location of the apparatus to the floor or
ground will allow. By using a set of adjacently mounted such
apparatus, and by triggering the latch to be released on a
second such apparatus when the weight of the first
approaches the ground, the second such apparatus may be
brought into use as the first ceases to operate (until, of course,
it is rewound by lifting the weight).

[0023] We have found that using a simple design, it is
possible to produce sufficient energy to provide 30 minutes of
illumination from a weight of 10 kilograms falling through a
distance of 1.8 metres. This distance was chosen because it
corresponds to raising a weight from the floor to just above
head level, i.e. to just below a ceiling beam from which the
device may be suspended.

[0024] While, as noted above, the apparatus of the present
invention is particularly adapted for generating power to run
one or a few high brightness LEDs for an extended period of
time, e.g. up to 30 or more minutes, it may also include means
for reducing the step-up gear ratio of the final gear substan-
tially, for example, from at least 25 to e.g. 2 to 5. While such
reduction materially reduces the period of time taken for the
weight to fall through a given distance, it substantially
increases the electrical power available for that period which
enables the apparatus to be used to recharge electrical devices
which are driven by stored charge, for example mobile tele-
phone handsets, rechargeable torches or flashlights, and UV
water purification pens. The charge in the final gear ratio may
be achieved by any suitable practical mechanism, for example
mounting a toothed ring on the final drive gear of the high-
ratio step-up gear, mounting a cogon the generator input shaft
and fixed rotationally thereto, and providing the cog for the
temporary engagement of ring and cog to substitute the not-
so-high step-up gear ratio of the final step-up gearis 2to 5. We
have found that using a gear ratio of 2.5 in apparatus other-
wise as described above, we can charge a mobile phone
handset with two 1.8 m drops of the 10 kg weight taking just
over six minutes, sufficiently to provide three minutes of talk
time or three hours in standby mode. Likewise, two 1.8 m
drops can provide sufficient power to sterilise 290 ml of water
using a low power UV sterilisation unit.

[0025] The invention is illustrated by way of example with
reference to the accompanying drawings in which:

[0026] FIG. 1 shows a simple exploded view of apparatus
according to the invention, with certain components omitted
for clarity and certain others shown sectioned.

[0027] FIG. 2 is a vertical section through the assembled
apparatus according to the present invention shown in FIG. 1.
[0028] Referring to the drawings, the apparatus consists of
a housing formed of two halves 1, 30 in which the main
component of the apparatus are located. As shown in FIG. 1,
the housing half 1 is shown on the left. A stub axle 31 (shown
in FIG. 2) is mounted on the housing half 1 on which a drive
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drum 2 is rotatably mounted. The hub of drum 2 which
surrounds axle 31 is denoted 3. The exterior of drive drum 2
has a spiral groove 5 moulded into it around which is wound
several turns of a cord 4, a depending portion 6 of which
carries in use a heavy weight, for example 10 kilograms.
[0029] The exterior of hub 3 carries an annular member 7
with an external ratchet ring 8 which cooperates with two
spring pawls 9 mounted within drum 2. This allows the drum
to be rewound when the weight has dropped to the floor.
[0030] Attached to end of stub axle 31 remote from the
housing half 1 is a mount plate 50. Mount plate 50 is so
attached to stub axle 31 so that it can not move relative to the
stub axle 31 or housing half 1. Mounted on mount plate 50 via
axles 52 are three planet gears 13 forming part of' a compound
sun and planet gear arrangement with a sun wheel 12. Sun
wheel 12 has a toothed hub 14 meshing with the toothed
periphery of planet gears 13. The outer periphery of sun wheel
12 is toothed and meshes with a toothed hub 15 of an inter-
mediate gear wheel 16 which has a smooth circular periphery.
[0031] The smooth exterior of gear wheel 16 is in contact
with a conical driven member 18 mounted on a shaft 19 of a
small electric motor 20 and which is biased against the rim of
disc 16.

[0032] Shaft 19 is the output shaft of motor 20 when the
motor is used as a motor.

[0033] Inthisapparatus, shaft 19 is driven so the motor acts
as a generator. Its normal input terminals are accordingly
output terminals for a generator and these output terminals
are connected via suitable wiring to a high brightness LED 40
mounted in housing portion 30, and to an output socket 41 to
which further LEDs may be connected by an electrical lead.
[0034] Moulded into the top of housing halves 1 and 30 are
aninterengaging pillar 43 and socket 44 which form a shaft on
which is mounted a swivellable hook 45 enabling the device
to be hung up when needed for use.

[0035] The device may be supplied fully assembled and
sealed simply requiring hanging from a suitable structure and
the addition of a weight to cord 6 to operate it. For example,
the user may first hang the device on a suitable roof beam or
the like and then fix a weight to cord 6. The weight causes
drum 2 to turn, very slowly, with pawl 9 causing member 7 to
turn with it. That rotation then causes the step-up gears to
rotate and accordingly to drive shaft 19 and the motor/gen-
erator 20 then produces electricity causing the LED 40 to
light.

[0036] When the weight reaches the ground, the device
may be reset by rotating drum 2 anti-clockwise as shown in
the drawing, with pawl 9 passing over the teeth of ratchet ring
8. Anti-clockwise rotation can occur by means of a spring in
drum 2 (not shown) or by pulling on a cord (not shown)
wound on to groove 5 as the weight drops.

1-17. (canceled)
18. A gravity-driven electrical energy-generating appara-
tus comprising:

a support frame; and

at least two high step-up ratio gears mounted in series in the
support frame,

wherein a most upstream gear is configured to receive
power from a weight suspended from a point to one side
of an axis of rotation of the most upstream gear;

wherein a power output from a most downstream gear is
provided to a drive shaft of a generator, and

wherein contact between the most downstream gear and
the generator drive shaft is frictional.
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19. The apparatus according to claim 18, wherein the appa-
ratus comprises two or three step-up gears of gear ratio
greater than 25.

20. The apparatus according to claim 18, wherein the most
upstream gear is of sun-and-planet gear construction.

21. The apparatus according to claim 18, wherein the most
upstream gear has a hub around which is looped a suspension
cord for a weight.

22. The apparatus according to claim 21 further comprising
a free-wheel mechanism between the hub and the most
upstream gear.

23. The apparatus according to claim 22, wherein the free-
wheel mechanism comprises two spring pawls mounted
inside the hub and designed to engage on a circular ratchet on
the most upstream gear.

24. The apparatus according to claim 22, wherein the most
upstream gear comprises a self rewind mechanism.

25. The apparatus according to claim 18 further comprising
a patch of rechargeable luminous material on an exterior of
the support frame,

wherein the luminous material is configured to charge

when exposed to light, and

wherein, after ceasing to be exposed to light, the luminous

material is configured to emit enough light to facilitate
location of the apparatus in the dark.

26. The apparatus according to claim 18, wherein the gen-
erator is a small low voltage electric motor.

27. The apparatus according to claim 18 further comprising
at least one pinch wheel mounted adjacent to the generator
drive shaft, and opposed to the most downstream gear,

wherein each pinch wheel is configured to assist in main-

taining the frictional contact between the most down-
stream gear and the generator drive shaft to reduce a
lateral force on the generator drive shaft.

28. The apparatus according to claim 18, wherein the gen-
erator drive shaft is tapered.

29. The apparatus according to claim 18, wherein an exte-
rior periphery of the most downstream gear is rounded or
domed when seen in radial section.

30. The apparatus according to claim 18 further comprising
a latch mechanism configured to prevent the gears from turn-
ing until the latch mechanism is released.

31. The apparatus according to claim 18 further comprising
a means for temporarily reducing the step-up ratio of the final
step-up gear to 5 or less.

32. A lighting apparatus comprising:

an electrical energy-generating apparatus according to

claim 18; and

at least one high brightness LED converted to the output of

the generator.

33. The lighting apparatus according to claim 32, wherein
the lighting apparatus includes one or more LEDs mounted
on a casing of the electrical energy-generating apparatus, and
wherein the one or more LEDs are configured to provide
lighting in an area where the electrical energy-generating
apparatus is located.

34. The lighting apparatus according to claim 32 further
comprising;
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a pair of output terminals on the electrical energy-generat- more LEDs connected to electrical conductors in the
ing apparatus; and flex.

alength of electrical flex, one end of which is connected to
the terminals, and the other end of which carries one or kowok o E %
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