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(54) Title: WHEELCHAIR SYSTEM

FIGURE 1

(57) Abstract: A controllable submersible system, as shown in Figure 1 of
the specification, which, in one variant of the system, involves a modified
wheelchair which allows its occupant to descend into, and ascend out of, wa-
ter, and to travel in the water, at various depths, or on the surface of the wa-
ter. According to the present invention, a wheelchair is provided with means
for, i) propulsion in water, whilst at the surface of the water, and whilst at
various depths in the water, and ii) for controllable descent into, and control -
lable ascent out of, water, for various depths. The invention thus represents
an alternative way of using a wheelchair via the utilisation of propulsion
units which are normally found on conventional diving equipment and on
dive propulsion vehicles. One variant of the invention involves apparatus
comprising modifications to a basic National Health Service wheelchair in
order to allow the fitting of propulsion units and controls therein, and to al-
low flexible movement, up and down in the water, and in various directions
iin the water under full control of the occupant of the wheelchair. This allows
ithe performance of aquabatics, at the surface of, and under, water, in the
same way that an acrobat performs such movements on land, and an aerobat
performs in the air. The occupant of the submersible wheelchair is thus able
to perform dance like movements, and to make performances such as loop-
the-loop and barrel roles, etc. These performances are referred to as aquabat-
ics, in the same way that acrobatics are performed on land and aerobatics are
performed in the air. The invention also allows the equivalent of synchron-
ised swimming to be performed by wheelchair users.
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WHEELCHAIR SYSTEM

This invention relates to a controllable underwater system, wherein variants of the

system can either be self-controlled, or remotely controlled.

When applied to the adaptation of a conventional wheelchair, for use both on land and
in water, the invention represents the intention of the Inventor to draw attention to
methods of self-representation and to the power of self-narration, in challenging the
nexus of power and control that created the “disabled” as “other”. One of the aims
being to thus reconfigure the preéonceptions of some observers, by drawing attention
to the presences and absences created by some socio-cultural concepts that have been
created around disability, and to the semiotic content associated with the objecthood of
the wheelchair. The Inventor also wishes to make people aware of the fact that the

wheelchair can also be an object that facilitates fun and freedom.

Variants of the system involve the application of the principles of the invention to
apparatus other than a wheelchair, but any of the resulting products can be utilised by
both disabled, and, able bodied, persons.

Inter alia, it will be shown how the present invention provides means for a wheelchair
user to descend into, and ascend out of, water, and to travel in water, at various depths,
and on the surface of the water, either under their own control, or under the control of

at least one other person.

According to the present invention, methods, and apparatus, allow use of the system,
both on land and in water, for the carrying, and transportation, of at least one person,
wherein the apparatus can be propelled on land, and also on the surface of, and under
the surface of, water, wherein the method of control of the apparatus is by the
utilisation of parts of the said apparatus by at least one person, and wherein the said
method of control can be partially, or fully, implemented by at least one occupant of
the said apparatus, and wherein the said partial or full control, can, instead, be
implemented by at least one person who is remote from the said apparatus, under so
called, Attendant Control, Wherein, the method of providing movement of the
apparatus of the system and its at least, one occupant, on land and in water, is by
means of at least one means of propulsion, and wherein at Jeast one method of

altering the orientation of the said apparatus in water, is via the operation of at least
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one hydroplane, which is located symmetrically on the apparatus, wherein the said
hydroplane, can be partially, or fully, controlled by the said, at least one occupant, or

by the said, at least one person who is remote from the said apparatus.

One variant of the system involves a National Health Service wheelchair, which has
been modified and adapted according to, and for the for the purposes of applying, the
principles of the invention, whilst another variant of the system involves apparatus
which has been purpose-built according to, and for the purposes of applying, the

principles of the invention.

In both of these variants, the said apparatus has been constructed so that the, at least
one occupant, or the at least one person who is remote from the apparatus, can
operate, and cause to move, the said apparatus, and its said, at least one occupant, and
also control its descent into water, and ascent out of, water, and its motion in water, at
various depths, or on the surface of water, wherein the said apparatus is provided with
means for, i) propulsion in water, both whilst at the surface of the water, and whilst at
various depths in the water, and ii) for controllable descent into, and controllable
ascent out of, water, for various depths, wherein the apparatus utilises at least one
propulsion unit of a type which is normally found on conventional diving equipment
and on dive propulsion vehicles, and wherein the apparatus involves the fitting of two
of the said propulsion units and associated controls therein, and allows flexible
movement, in three dimensions in the water, under full or partial control of the at
least one occupant of the wheelchair, or under the full or partial control of the said at
least one person who is remote from the apparatus, so that acrobatics can be
performed at the surface of, and under, water, in the same way that an acrobat
performs such movements on land, and an aerobat performs in the air, wherein the
said, at least one occupant of the apparatus, is thus able to perform dance-like
movements, and to make performances such as loop-the-loop and barrel roles, and the
like, wherein the said performances can be referred to as aquabatics, in the same way

that acrobatics are performed on land and aerobatics are performed in the air.

Where the system involves modifications to a National Health Service wheelchair,
each one of two right, and left, hydroplanes, respectively, is attached to the underside
of each one of the two right and left, respectively, footrests of the said National

Health Service wheelchair, wherein the said footrests have been removed, modified,

[¥al



WO 2013/068710 PCT/GB2012/000812

10

15

20

25

30

35

3

and repositioned, so that the re-orientation of the foot pedal assemblies of the said
wheelchair results in the planes of the two parallel upper and lower surfaces of each
right and left foot pedal, and hence the planes of the two parallel upper and lower
surfaces of each right and left hydroplane, which are releasably and firmly attached to
them, being at an angle which is greater than zero, with respect to the horizontal, and
hence with respect to the local horizontal ground plane of the Earth, in the same way
that the wings of a fixed wing aeroplane, as viewed from the front, in level flight, are
symmetrically orientated at an angle, with respect to the said horizontal, which is
greater than zero, wherein this arrangement has been found to aid control of the
attached right and left hydroplanes, and hence of the underwater wheelchair, and
wherein a value of this angle which allows acceptable control of the underwater

wheelchair, has been found to be approximately ten degrees.

Where the system involves apparatus which has been purpose-built, each one of two
right, and left, hydroplanes, respectively, is attached to the underside of each one of
two right and left, respectively, footrests of the said apparatus, wherein the orientation
of the foot pedal assemblies of the apparatus, results in the planes of the two parallel
upper and lower surfaces of each right and left foot pedal, and hence the planes of the
two parallel upper and lower surfaces of each right and left hydroplane, which are
releasably and firmly attached to them, being at an angle which is greater than zero,
with respect to the horizontal, and hence to the local horizontal ground plane of the
Earth, in the same way that the wings of a fixed wing aeroplane, as viewed from the
front, in level flight, are symmetrically orientated at an angle, with respect to the said
horizontal, which is greater than zero, wherein this arrangement has been found to aid
control of the attached right and left hydroplanes, and hence of the apparatus, and
wherein a value of this angle which allows acceptable control of the apparatus, has

been found to be approximately ten degrees.

In the case of both the apparatus involving the modified National Health Service
wheelchair, and, the purpose-built apparatus, two of the conventional, battery
powered propulsion units, known as Pegasus Thrusters, which are normally used by
divers, have been adapted and fitted to the said apparatus, together with their
reépective batteries, by means of a specially designed framework, in order to provide
propulsion for the underwater wheelchair system, wherein each one of the two right

and left, specially shaped hydroplanes, respectively, is at least under the control of the
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right and left foot, respectively, of the said at least one, occupant, and wherein one
specially shaped hydroplane which is located symmetrically, at the rear of the
apparatus, is under the control of at least one hand of the, at least one occupant, at
least via at least one gear change mechanism and Bowden Cable link, which have

been adapted from use on a mountain bicycle to use on the said apparatus.

The electrical supply from each of the said batteries, and hence to each of the said
propulsion units, respectively, is independently controlled by means of each one, of a
pair of right, and left, spring-loaded push-button switches, respectively, which can
each be operated, independently, by pushing them into the on position, by means of
the movement of them, by the outside of each right, and left, thigh region,
respectively, of the, at least one occupant, whilst the occupant is seated in the
apparatus, wherein the said propulsion units are provided with electrical power from
the said batteries, by means of waterproof cabling.  These said switches can be in

any positions on the said apparatus, which allow control of it.

Where the apparatus is to be used by persons who are limbless, and/or lack the ability
to implement control by direct use of parts of their body, the said apparatus can be
adapted to incorporate mechanisms which drive the said hydroplanes via the use of
so-called sip-puff switches, which are operated by the mouth; alternatively, other
devices which can be operated by means of the tongue, or by means of the eyes, or by
means of any other part of the human body, can be utilised for controlling the
apparatus, wherein such devices can be used instead of, or in addition to, the said

push-button switches.

In a practical working example of the invention, which has been successfully
demonstrafed by the Inventor, the said hydroplanes have been constructed from
acrylic material, wherein the two hydroplanes which are operated by the feet of the, at
least one occupant, and the third, and rear, hydroplane, which is operated by the said
hand of the said occupant, are each specially designed, arranged, and orientated, for

aesthetic purposes, and so as to allow the occupant to perform aquabatics.

The at least one occupant of the apparatus is able to enter a swimming pool, or to
enter the sea, or any other region of water, whilst the wheels of the said apparatus are

used for support, and are under the control of the at least one occupant, or the at least
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one person who is remote from the apparatus, either by means of separate wheel
driving apparatus, or at least by means of one of the hands of the said, at least one
occupant, and wherein the said occupant is able to move on the floor of a swimming
pool, or the bed of the sea, or other region of water, if sufficiently flat, and to utilise
the apparatus of the invention to move in the water and at the surface of the water, at
Jeast under the control of the at least one occupant, or the at least one person who is

remote from the apparatus.

Other means of propulsion and control of the said apparatus can involve a water jet;
also known as a hydrojet or pump jet, in addition to, or in place of, the propulsion
units mentioned hereinbefore, wherein such systems can provide more flexible
control of the apparatus, and wherein either a ducted propeller having a nozzle which
can be adjusted so as to be orientated into any desired direction, is utilised, or a
centrifugal pump provided with a nozzle which is similarly adjustable, is utilised,
wherein such systems are commonly used in jet skis, pleasure boats, military water-
based vehicles, and ferries, wherein the range of flexibility of control which can be
available is then only limited by the number, and power, of such systems, and the

cost.

The said apparatus is constructed so as to be neutrally buoyant, so that it floats on its
own, for instance due to the use of buoyancy material such as expanded foam used in
swim floats, and spray foam, wherein such material can be incorporated into parts of
the apparatus; for instance, directly under the seat, and wherein, in addition, a
buoyancy bag normally used by divers, together with associated inflation controls and
equipment, are used on the apparatus, wherein, for instance, in the apparatus of the
said invention, a horseshoe shaped, Halcyon Dive Wing, has been used in conjunction
with other dive control equipment, so that, by use of this equipment, the said, at least
one occupant, can compensate for the effects of varying hydrostatic pressure, with
depth.

For reasons of safety, quick-release belts, and quick-release straps, respectively, hold
the, at least one occupant, and their feet, respectively, in the apparatus, wherein, there
can be at least two, such quick-release belts, and wherein waterproof lighting is used
on the apparatus for the purposes of aiding the said occupant, and of showing the
apparatus, and its path in the water, to others, wherein this is particularly useful for
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persons such as divers, and other safety personnel, who are assisting the said

occupant of the apparatus.

The method of control of the apparatus can be via means, wherein either, the at least
one occupant, or, the at least, one person who is remote from the apparatus, can make
use of a radio, or sonar, link, with two-way communication and control, between the
functional components of the said apparatus and the equipment which is operated by,
and under the Attendant Control of, a person experienced in the use of the apparatus,
when that person is on land, or in, or under, the water, wherein the said
communication and control can be implemented whether there is an occupant in the
wheelchair or not, wherein, in the latter case, the situation becomes robotic, and is
particularly useful for the purposes of training and demonstration, particularly for the
purpose of testing and safety, and wherein it will also encourage confidence in would
be, users of the apparatus, wherein an Attendant can, alternatively, guide the
apparatus by means of a source of radiation such as visible radiation from a torch, or
invisible radiation such as infra-red radiation, by utilisation, in the construction of the
apparatus, means for sensing such radiation, together with corresponding means for

controlling the apparatus.

In the apparatus of the invention, special arrangements are made for allowing the
apparatus to be used in water of different density, so that it will function in water
generally used for swimming; for example that used in swimming baths, and also in
sea water, wherein one aspect of this is that all materials utilised in the construction
and use of the apparatus are resistant to corrosion or degradation, so that they can
withstand chemicals which are naturally present in sea water and those which are
present in the water used in swimming baths, and elsewhere, and wherein the
apparatus can thus, for instance, be constructed from Stainless Steel, or from
Titanium, or any metal or alloy, or material, for instance, carbon fibre, or from
engineering plastics, which will be resistant to corrosion, with due regard for the need
to cater for the corresponding change in weight of the apparatus, wherein, Titanium
has a lower density than that of Stainless Steel, and wherein, in general, the use of

low density corrosion resistant alloys for construction, is suggested.

All parts of the system are waterproof, in order to ensure continual functionality, and

to maintain electrical safety, wherein resistance to corrosion is essential, and wherein
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this will be assisted by the use of waterproof paints; especially those intended for
underwater use, and in particular, those used for sea water applications, wherein
variants of the apparatus will ensure portability, and transportability, in order to allow
it to be utilised world-wide, wherein, with the application of appropriate design,

plastics having engineering properties are utilised in construction.

As an alternative to the said means of propulsion having a fixed orientation because
the occupant of the apparatus uses the said three hydroplanes to control the
orientation of the apparatus, it is also possible to have attitude control of the means of
propulsion, by mounting them in devices which are themselves mounted on the
apparatus, wherein the orientation of the means of propulsion can then be fully
adjusted by the said occupant of the apparatus, about three axes which are at right
angles with respect to one another, thereby providing greater flexibility in the
manoeuvrability of the apparatus, wherein this attitude control of the means of
propulsion is particularly relevant to use by limbless persons in those situations where
they are unable to operate the hydroplanes, wherein the technology involved in the
implementation of the said system herein referred to, can utilise the methods used in
the control the orientation of a satellite dish, or the like, wherein this method of
control of the apparatus lends itself to programmable control of the aquabatics to be
performed, and is particularly suited to training, and to Attendant Control.

The invention thus represents an alternative way of using a wheelchair, via the
utilisation of propulsion units, and other apparatus, which are normally found on
conventional diving equipment and on dive propulsion vehicles, and via the utilisation

of additional apparatus.

The invention also allows the equivalent of synchronised swimming to be performed
by wheelchair users, and allows them to take part in many other activities normally
only participated in by able-bodied persons. However; it is pointed out that the
principles of the invention, as herein applied to a wheelchair, can also be applied to
any form of seating arrangement, or arrangement which allows a person, or object, or
living thing, to be securely and releasably held within it, in order to allow the said
performances to be made in water. Thus, although a National Health Service
wheelchair has been adapted according to the principles of the invention, as herein

described, other designs of wheelchair can be adapted to function according to the
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principles of the invention, and purpose built wheelchairs can be constructed so that
the occupant is able to move on land, on the surface of, and under, water, as herein

described.

A foam based material has also been used to provide a backrest for the occupant of the
wheelchair, and removable plastic panels are located at the right and left sides of the
wheelchair, under the arm rests, AR1, and AR2, respectively (see the diagram in
Figure 1) but, for reasons of clarity in the diagrams, these panels are not shown. It is
also to be noted that, in order to reduce the complexity of the diagrams, some of the
nuts and bolts which are used to hold components of the invention together, have not

been shown.

In order to describe the invention in more detail, reference will now be made to the

accompanying diagrams in which:

Figure 1 shows a three-dimensional diagram of externally visible embodiments of the

invention, as viewed from the front.

Figure 2 shows a three-dimensional diagram of externally visible embodiments of the

invention, as viewed from above and from the rear.

Figure 3 shows a three-dimensional diagram of externally visible embodiments of the

invention, as viewed from underneath.

Figure 4 shows a three-dimensional diagram of the main functional components of the
invention, as viewed generally from the front, with some components removed, and
with some components enlarged, for the purposes of aiding interpretation of the

diagrams.

Figure 5 shows a three-dimensional diagram of the main functional components of the
invention, with some components enlarged, and with particular emphasis placed on

those components which involve locking the pedals to the wheelchair.

Figure 6 shows a three-dimensional diagram of the main functional components of the

invention, with some components enlarged, and with particular emphasis placed on
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some of the components which involve locking the pedals to the wheelchair, and those
components which provide power to, and control of, the propellers of the propulsion

units.

Figure 7 shows a three-dimensional diagram of the main functional components of the
invention, with some components enlarged, and with particular emphasis placed on
some of the components which involve fixing of the power supply, batteries, and

propulsion units, to the wheelchair.

Figure 8 shows a three-dimensional diagram of the assembly which carries the
batteries and propulsion units, and also shows how this assembly is fixed to the

wheelchair.

Figure 9 shows a three-dimensional diagram of the assembly which carries the
batteries and propulsion units, with some components removed to more clearly show

the method of fixing the to the wheelchair.

Figure 10 shows a three-dimensional diagram of those sub-components which allow

the batteries and propulsion units, to be fixed to the wheelchair.

Figure 11 shows a three-dimensional diagram of a particular orientation of the
batteries, and propulsion units, located on their mounting plates, but with the batteries
slid away from the propulsion units, so that the battery terminals, and the power supply

terminals of the propulsion units can be seen.

Figure 12 shows a three-dimensional diagram of a particular orientation of the
batteries, and propulsion units located on their mounting plates, but with the batteries
slid away from the propulsion units, so that the battery terminals, and the power supply

terminals of the propulsion units can be seen.

Figure 13 shows a three-dimensional diagram of a particular orientation of the
batteries, and propulsion units, with one of the battery and propulsion unit
combinations located on its mounting plate, and partially separated, and the other

battery and propulsion unit completely separated from the mounting plate, so that the
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power supply terminals of the propeller drives and the supply sockets of the batteries

can be seen.

Figure 14 shows a three-dimensional diagram of the main functional components of
the invention, with the left foot pedal assembly ready to be located on the frame of the
wheelchair, whilst the right foot pedal assembly is already locked in place on the

frame.

Figure 15 shows a three-dimensional diagram of the main functional components of
the invention, with the left foot pedal assembly ready to be located on the frame of the
wheelchair at two points, and ready to be rotated and locked in place, by means of the
locking arrangement which is shown in enlarged form, whilst the right foot pedal

assembly is locked in place on the frame.

Figure 16 shows a three-dimensional diagram of the main functional components of
the invention, with the left foot pedal assembly located on the frame of the wheelchair
at two points, and locked in place, by means of the locking arrangement which is
shown in enlarged form, whilst the right foot pedal assembly is locked in place on the

frame.

Figure 17 shows a three-dimensional diagram of the underwater wheelchair, as viewed
from the rear, with a Halcyon Dive Wing buoyancy device, and compressed gas
cylinder, attached to it.

It is pointed out, with reference to the following Figures, that some parts have been
omitted in order to make the diagrams clearer. Thus Figure 1 shows most of the parts
of the underwater wheelchair as viewed from the front, whilst successive Figures show

fewer components, but in greater clarity.

It is also pointed out, with reference to the following diagrams, that, in order to better
show the various component parts of the underwater wheelchair, the width of the
seating area is somewhat greater than is actually the case. Consequently, the
dimensions of some of the other components of the underwater wheelchair are also

correspondingly greater.
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With reference to Figure 1, which represents a three-dimensional view, an underwater
wheelchair system, 1, is provided with two electrically powered propulsion units, P1,
and P2, respectively (not clearly visible in this Figure but more easily seen in later

Figures) each supplied with a battery, B1, and B2, respectively.

The electrical supply to each battery, Bl and B2, respectively, and hence to each of the
propulsion units P1, and P2, respectively, is independently controlled by means of
each one, of a pair of  spring-loaded push-button switches, SW1, and SW2,
respectively, which can each be operated, independently, by pushing them into the
“on” position, by means of the outside of each right and left, thigh region, respectively,
of the occupant, whilst the occupant is seated in the underwater wheelchair. The
propulsion uhits, P1, and P2, respectively, are provided with electrical power by means

of cables, C1, and C2, respectively.

Front pedal mounting assemblies, FA1, and FA2, respectively, allow the hydroplane,
and foot pedal, assemblies, GP1, GP2, and FP1, FP2, respectively (each of the
identifiers, FA1, and FA?2, referring to both the upper, and the lower, parts of the front
pedal mounting assembly, in each case) to be mounted on the vertically orientated
front tubular members of the wheelchair. It is pointed out that the mounting
assemblies, FAI, and FA2, are described in more detail later, with reference to Figures
14,15, and 16. 1t is also pointed out that an earlier filing used the word Aquaplane for
GP1, and GP2, when the word hydroplane, should have been used.

However, it is pointed out that one meaning of the term aquaplane, refers to the surface
action of a board moving over water, and that this could well apply to the wheelchair if
it is moving such that the Perspex (acrylic) parts, GP1, and GP2, are skimming over
the surface of the water, so that the occupant is above the water. By definition, a

hydroplane is a fin like device enabling a submarine to rise and fall.

The underwater wheelchair system also has, hand holds, HI, and H2, and an upper |
backrest, UBR adjacent to a lower backrest, LBR, with arm rests AR1, and AR2. It is
to be noted that, whilst backrests, UBR, and LBR, appear to be rigid, as shown in the
diagram, they are actually flexible, and ideally, waterproof. An inflatable buoyancy
bag (not shown in any of the Figures, 1 to 16, inclusive, but shown in Figure 17, as

item HDW) is firmly, and removably, attached to the underwater wheelchair by means
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of straps. This buoyancy bag provides means for compensating for the increase in
hydrostatic pressure on the underwater wheelchair, and its occupant, with depth. The
buoyancy bag utilised for this purpose, is known as a Halcyon Dive Wing, and this is

used in association with other control equipment.

A schematic representation of the Halcyon Dive Wing and other components used on

the underwater wheelchair, is shown in Figure 17, to be described later.

Conventional, large wheel assemblies, CWAI, and CWA2, and small front wheel
assemblies, FW1, and FW2, allow for conventional use of the wheelchair on land, and
a support seat, SS, made from rigid material (in one variant, 5 ply, treated wood)
serves as a necessary source of rigidity in order to prevent the wheelchair from
collapsing, which would occur if there was no rigidity, because the buoyancy offered
by the occupant of the underwater wheelchair, which is a consequence of their
buoyancy equipment, together with the buoyancy bags and other materials, pulls the
wheelchair upwards, thereby balancing the weight of the wheelchair, and would thus
cause it to close, inwardly, in the absence of the said rigidity. A more recent variant of
the underwater wheelchair utilises an aluminium plate, having two protruding end lips
which are formed at right angles with respect to the plane of the plate, so that the plate
can be removably bolted to the two right and left, upper horizontal tubular structural

members of the underwater wheelchair.

The angle of descent into water, and the ascent out of water, of the wheelchair, and the
direction of movement in, and under, the water, is controlled by means of the two
hydroplanes, GP1l, and GPQ, and a third hydroplane, GP3, wherein all three
hydroplanes, GP1, GP2, and GP3, are made from Perspex (acrylic) or other suitable
material, and are independently operated. Thus each of the hydroplanes GP1, and
GP2, is attached to the underside of each one 6f the two original footrests of the
conventional wheelchair which have been removed and repositioned, as shown in the

diagram.

This re-orientation of the foot pedal assemblies of the conventional National Health
Service wheelchair, results in the planes of the two parallel upper and lower services of
each right and left foot pedal, and hence the planes of the two parailel upper and lower
surfaces of each right and left hydroplane, being at an angle which is greater than zero,
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with respect to the horizontal, and hence to the local horizontal ground plane of the
Earth, in the same way that the wings of a fixed wing aeroplane are symmetrically
orientated at an angle with respect to the horizontal which is greater than zero, as
viewed from the front. This has been found, by the Inventor, to aid control of the
attached right and left hydroplanes, and hence of the underwater wheelchair. A value
of this angle which allows acceptable control of the underwater wheelchair, has been

found to be approximately ten degrees.

The third hydroplane, GP3, is contrqlled by means of a third control, TC, which is
described with reference to Figure 2, and is based upon a hand-operated gear-change
assembly, which has been adapted from use on a mountain bicycle, so that it can be

used on the underwater wheelchair.

Foot pedals FP1, and FP2, respectively, each have foot straps, FS1, ad FS2,
respectively, which allow the feet to remain in place whilst operating the hydroplanes,
GP1, and GP2, respectively, but which also allow the occupant to remove the feet
safely, as necessary. One variant utilises Velcro or other suitable material, having a
graspable tag, which allows the occupant to quickly open the foot‘straps as necessary,
by grasping the tag. It is pointed out that it is extremely important to ensure that the
straps, FS1, and FS2, are firmly attached to the foot pedals, and that the feet remain
firmly within their confines, so that the occupant of the underwater wheelchair can

operate the hydroplanes, GP1, and GP2, properly.

It is pointed out, that although the seat backs are shown as separate pieces in the
accompanying diagrams, they are, in fact, formed as one piece of material that folds
when the handles of the conventional wheelchair fold down for ease of transportation

of the wheelchair.

The two propulsion units, P1, and P2, and their respective batteries, B1, and B2,
respectively, are mounted on the underside of the wheelchair, by means of a specially
constructed support system, to be described later, with reference to other diagrams.
This system allows the fixing plate normally used to mount a propulsion unit and
battery to a conventional diving kit, to be attached to the wheelchair, wherein, in the
apparatus of the invention, two such propulsion units, are mounted side by side, as

shown. This provides better control of the wheelchair by the occupant. Cables, Cl,
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and C2, respectively, allow the occupant of the wheelchair to control the delivery of
electrical power from the batteries, B1, and B2, respectively, to each of the propulsion
units, P1, and P2, respectively, via push-button switches, SW1, and SW2, respectively.

It is pointed out that other variants can have push-button switches in any positions
which facilitate control of the wheelchair, and that so-called sip-puff switches, which
are operated by mouth, can be utilised for controlling the underwater wheelchair.
This is particularly relevant for use of the underwater wheelchair by persons who are
limbless. In such cases, the apparatus is adapted to incorporate mechanisms which

drive the hydroplanes via sip puff switches, accordingly.

It is pointed out that the principles of the invention are not limited to only being
applicable to National Health Service wheelchairs, and that they can thus be applied to
any type of wheelchair, and to any type of seating device or to any type of body
holding device. =~ Moreover, specially designed dual-purpose apparatus can be
constructed so that it functions as described in the foregoing and following description,
and so that it also functions with further flexibility in construction, transportation,

assembly and disassembly, and in operation.

It is pointed out that means can be provided for allowing programmable control of the
movement of the underwater wheelchair so that the occupant can, if desired, utilise
pre-programmed routines which have either been developed and then recorded for such
use; or pre-designed. This is particularly useful for teaching purposes, and for
allowing those with a range of limited functionality, for example, those who have lost
limbs, to use the underwater wheelchair. This aspect of the invention can utilise
mMicroprocessor fechnology, which is particularly useful for allowing remote, manual
and automatic, valve control, for the purposes of properly controlling the supply of air
or any other gases, or fluids, required for the effective, and safe, control, and use, of
the underwater wheelchair, and for the control of any functional components which
involve the supply, and utilisation of, electricity, and for the control of any other

aspects of the invention.

It is also possible to have a radio, or sonar, link, with two-way communication and
control, between the functional components of the underwater wheelchair and the

equipment under the control of a person experienced in the use of the underwater
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wheelchair, when that person is on land, or in, or under, the water, remote from the
occupant. Such communication and control can be implemented whether there is an
occupant in the wheelchair or not. In the latter case, the situation becomes robotic, and
is particularly useful for training and demonstration; particularly for the purpose of
testing and safety. It will also encourage confidence in would be, users of the
underwater wheelchair. There will, of course, be a need to cater for the change in
weight of the underwater wheelchair if there is no occupant, and to carry out tests,
wherein either a dummy representing a person, or an object; where both are of
comparable weight and size, is used instead of a human occupant. This also applies
where other means and apparatus for maintaining buoyancy are utilised. The above
mentioned methods of control come under the general description of, Attendant

Control, which is applied in all cases of profound disability.

It is pointed out that whilst control of the Pegasus motors used for providing thrust, is
via push button switches, other forms of control based upon a feedback loop between
motor and controller, under the overall control of the occupant of the wheelchair, or, if
control is so-called Attendant Control, under overall control of the Attendant, can be
used. Here, smoother control of the thrust provided by the Pegasus motors is

possible.

It is pointed out that the hydroplanes themselves can be operated by means of motors

in a similar manner.

Such attitude control can be utilised with or without the movement of the three
hydroplanes, but it is pointed out that the use of the three hydroplanes, allows a
simpler and less costly route to aquabatics, and allows the occupant of the wheelchair a

more human level of contact with the apparatus when performing in the wheelchair.

With reference to Figure 2, which represents a three-dimensional view, one means of
control of the third hydroplane, GP3, by the occupant of the wheelchair, who, for the
sake of brevity, will be referred to as the occupant, is via a mechanism based upon the
use of a Bowden Cable link, BCL, between a conventional, seven-speed, gear lever
control, GLC, which is normally utilised on mountain bicycles for changing gear, and
the hydroplane, GP3. In the current application, the occupant “ratchets up” the

mechanism to any one of its seven positions, and this “ratcheting” pulls the third
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hydroplane, GP3, upwards, about two parallel hinges, HGS1, and HGS?2, against the
restraining force offered by a loop of elastic, or an extension spring, FL, which forms
a flexible link between the fixed bracket, FB, and an anchor point, AP, on the left side
of the underwater wheelchair, wherein the elastic, or spring, FL, is attached to a

convenient part, AP, of the frame of the wheelchair, as shown.

Then, by operating another lever on the gear lever control, GLC, which releases a pawl
within the ratchet méchanism, which, when in its standby position, prevents the ratchet
from moving, the occupant can cause the third hydroplane, GP3, to move downwards,
in a series of seven, separate steps, by utilising the restoring force inherent in the
spring, FL.

For brevity, other components are not described again, since they have already been

described with reference to Figure 1.

It is pointed out, that when the occupant is seated in, and strapped into, the wheelchair,
the air bottle and other components (none shown in the diagram) which form part of
the diving kit of the occupant, are positioned behind the occupant over the back of the
wheelchair, with due allowance for the correct location of the buoyancy bag, HDW,

which is described later, with reference to Figure 17.

With reference to Figure 3, which represents a three-dimensional view, this shows a
view of the underwater wheelchair system, 3, as seen from underneath. Other parts are
as already described with reference to earlier Figures and will therefore not be

described again.

With reference to Figure 4, which represents a three-dimensional view, this shows the
main functional components, 4, of the invention, with some components enlarged.
Thus, curved, tubular cross-brackets, CB1, and CB2, are both welded, at their ends, to
semi-circular cross-sectioned, end brackets, BR1, right, and BRﬁ, left, which are bolted
to the lower horizontal tubular structural elements of the wheelchair as shown. It is to
be noted that although the curved end brackets, BR1, and BR2, are shown bolted to the
lower horizontal tubular structural elements of the wheelchair, in the working
prototype, each is, in fact, attached by means of a threaded stud, which is welded to
each lower horizontal tubular structural element and locked in place by means of a nut.

Curved tubular, cross-brackets, CB1, and CB2, respectively, each have blocks, 5, and
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7, and 6, and 8, respectively, welded to them in the positions shown, and these blocks
are bolted to V shaped plates, V1, and V2, (bolts not shown in the diagram) into which
battery, and Apropulsion unit, mounting plates (described with reference to later
diagrams) can be mounted, and locked in place. It is pointed out that although parts, S,
6, 7, and 8, are shown as blocks, one working variant of the invention utilises sections

of right-angled iron, cut to the appropriate length, for each part.

With reference to Figure 5, which represents a three-dimensional view, this shows the
main functional components of the invention, with some components enlarged, and
serves to show how the hydroplane and pedal units are mounted on the frame of the

wheelchair.

Thus, with further reference to Figure 5, and with particular reference to the two
enlarged views to the left of the diagram, the front right, tubular section, 9A (using the
convention of right and left as viewed by the occupant seated in the wheelchair) which
carries the right foot pedal, FP1, and right hydroplane, GP1, has a welded extension,
10, having a part, 11, which is rotatable about a fulcrum bolt, 12, and which also has a
hole, 13, which allows part, 9A, with its extensions, to be mounted on pin, 14, formed
on a mounting part, 15, which is an extension formed on the front right vertical tubular
structural member of the wheelchair, wherein part, 15, extends in two opposite
directions, with its upper and lower surfaces having parallel planes which are at right
angles with respect to the axis of the front right, vertical tubular structural member of
the wheelchair, and thereby serves as the lower mounting platform of the two

mounting platforms for the right hand foot pedal.

With further reference to the enlarged views to the left of the diagram in Figure 5,
protrusion, 16, formed on part, 11, when gripped, and moved, allows part, 17, having
its own curved slot, to be pushed under the head of bolt, 18, whilst resting over a
curved slot (not shown in the diagram) formed in welded extension, 10, so that, whilst
part, 17, is held in place under, the head of bolt, 18, but over, the said curved slot, a nut
(not shown in the diagram) on the end of bolt, 18, can be tightened, thereby locking the
right, pedal assembly, FP1, and hydroplane, GP1, in place. It is pointed out that, in the
working prototype, bolt, 18, is actually a hexagonal headed, threaded, stud.
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With yet further reference to Figure 5, and with reference to the enlarged views on the
right of the diagram, these show how the extension, 19, formed at the upper end of
front left tubular section, 9B, is mounted on the upper mounting platform of the two
mounting platforms for the left hand foot pedal of the underwater wheelchair.
Extension, 19, has a hole, 20, through which mounting pin, 21, on platform, 22, passes,
wherein platform, 22, is formed on the left vertical tubular structural member of the
wheelchair, and extends outwards, horizontally, at right angles with the axis of this
front left vertical tubular structural member, and is vertically above a lower platform,
which is similar to platform, 15, described earlier, with reference to the mounting of
the right hand foot pedal assembly. It is pointed out that the upper mounting
platform formed on section 9B, is similar to the one formed on section 9A, and

therefore needs no further description.

With reference to Figure 6, which represents a three-dimensional view, the lower left
enlarged view, 23, shows the mounting assembly for the right, foot pedal, FP1, and
hydroplane, GP1. Two of the other enlarged views show the battery, B1, with its
associated plug, 24, and cabling, 25, and battery, B2, with its associated plug, 26, and
cabling, 27.  The remaining eplarged views, 28A, and 28B, respectively, show the
push-button switches, SW1, and SW2, respectively.  Other parts have already been

described with reference to earlier F igures, and so need not be described again.

With reference to Figure 7, which represents a three-dimensional view, this shows an
enlarged view of the components already described with reference to earlier Figures,

thereby adding clarity, and therefore needs no further description.

With reference to Figure 8, which represents a three-dimensional view, this shows an
enlarged view of the components already described with reference to earljer Figures.
It can be seen that Holed lugs, L1, and L2, which are welded, or otherwise formed, on
the right, and left, horizontal tubular members, respectively, of the wheelchair, as
shown, have cross-bracing members (not shown in the diagram) bolted to them, and

these are described later, with reference to Figure 16.

With reference to Figure 9, which represents a three-dimensional view, this shows the
batteries, B1, and B2, respectively, and the propulsion units, P1, and P2, respectively,

mounted on their respective mounting plates, 29, and 30, which are themselves locked
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into slots, such as slot, 36, shown for mounting plate, 29, by means of spring-loaded
locking pins (not shown in the diagram). These slots are formed on the undersides of
the V shaped plates, V1, and V2, respectively, which were previously described with

reference to Figure 4, and which are shown in Figure 8.

With further reference to Figure 9, it can be seen that this shows the V-shaped plate,
V1, in front elevation. It can thus be seen how mounting plate, 29, carrying its
associated battery, B1, and propulsion unit, P1, can be slid into plate, V1, whilst plate,
V1, is itself bolted to parts, 5, and 6 (shown in F igure 8) wherein it can then be locked

in place with spring-loaded pins (not shown in the diagram).

It is pointed out, with reference to Figure 9, that the smaller diagram at the top left of
the diagram, shows part, V1, having a curved, rather than V-shaped, upper surface, and
shows the lower part of part, 3, shown to the right of the of this diagram of V1, having
a curved, rather than V-shaped, lower surface. These alternative versions of part, V1,
and part, 5, represent the present versions of the parts utilised in a working prototype
of the invention, wherein the said curvature is a consequence of using a part, V1,
which was originally constructed so that it fits the contour of a compressed gas
cylinder which is used as part of standard diving equipment having a propulsion unit,
in this case a Pegasus Thruster, wherein the compressed gas cylinder is strapped on the
back of the diver. Part, S, is similar to parts, 6, 7, and 8, and all of these parts are
shown in Figure 8.  Other parts are as already described with reference to earlier

diagrams, and so will not be described again.

With reference to Figure 10, which represents a three-dimensional view, this is similar
to Figure 9, but with parts, V1, and V2, removed, to allow the uppermost parts of
mounting plates, 29, and 30, to be seen.  Other parts are as already described with

reference to earlier diagrams, and so will not be described again.

With reference to Figure 11, which represents a three-dimensional view, this is similar
to Figure 10, but shows batteries, B1, and B2, respectively, moved away from their
respective propulsion units, P1, and P2, respectively, thereby exposing the pairs of
positive and negative terminals of the plugs, 31P, and 32P, respectively, on P1, and P2,
respectively, and the sockets, 31S, and 328, respectively, on the batteries, B1, and B2,
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respectively. Other parts are as already described with reference to earlier diagrams,

and so will not be described again.

With reference to Figure 12, which represents a three-dimensional view, this is similar
to Figulre 11, and shows batteries, B1, and B2, moved away from the propulsion units,
P1, and P2, but is shown as viewed from a different direction, thereby showing more
clearly, sockets, 31S, and 32S.  Other parts are as already described with reference to

Figure 11, and so will not be described again.

With reference to Figure 13, which represents a three-dimensional view, this is similar
to Figure 12, and shows battery, B1, moved away from propulsion unit, P1, but with
battery unit, B2, and propulsion unit, P2, both moved away from mounting plate, 30,
thereby revealing the locking holes and the general shape, and configuration, of
mounting plate, 30.  Figure 13, also shows the slots, SB2, and SP2, respectively,
which are formed on the upper surfaces of battery unit, B2, and propulsion unit, P2,
respectively, so that these parts can be fixed to plate, 30. Other parts are as already

described with reference to earlier diagrams, and so will not be described again.

With reference to Figure 14, which represents a three-dimensional view, this shows the
underwater wheelchair as viewed from the front, and the enlarged view to the right of
the diagram shows the left foot pedal, FP2, with it associated tubular member, 9B,
ready to be dropped over the upper and lower pins of the left foot pedal support
system. It is to be noted that the left hydroplane, GP2, is missing from this diagram
for reasons of clarity, but it is, of course, already bolted to the underside of the left foot
pedal assembly, FP2, when being fitted, wherein the left conventional large wheel
assembly, CWA2, which utilises quick-release and assemble, technology, is not in
place until the foot pedal assembly has been fitted. This also applies to the fitting of
the right foot pedal assembly.  Other parts are as already described with reference to

carlier diagrams, and so will not be described again.

With reference to Figure 15, which represents a three-dimensional view, this shows the
underwater wheelchair as viewed from the front, and the ;:nlarge,d view to the right of
the diagram shows the left foot pedal assembly, FP2, with its associated tubular
member, 9B, dropped over the upper and lower pins of the left foot pedal support
system. It-is to be noted that the left hydroplane, GP2, is missing from this diagram
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for reasons of clarity, but it is, of course, already bolted to the underside of the left foot
pedal assembly, FP2, when being fitted, wherein the left conventional large wheel
assembly, CWA2, is not in place until the foot pedal assembly has been fitted. Other
parts are as already described with reference to earlier diagrams, and so will not be

described again.

With reference to Figure 16, which represents a three-dimensional view, this shows the
underwater wheelchair as viewed from the front, and the enlarged view to the right of
the diagram shows the left foot pedal assembly, FP2, with its associated tubular
member, 9B, dropped over the upper and lower pins of the left foot pedal support

system, and then rotated towards the centre of the wheelchair and locked in position by

means of the relevant nuts, and bolts, and other components. It is to be noted that the

left hydroplane, GP2, is now shown in the diagram.

It is, however, pointed out that the need to remove the conventional large wheel
assemblies, in order to fit the foot pedal assemblies, is only dictated by the size and
shape of the left and right hydroplanes, and that later variants of the design of these,
has allowed the foot pedal assemblies to be fitted without the removal of the
conventional large wheel assemblies. Moreover, designs of the said hydroplanes can
involve lockable hinging, and the utilisation of countersunk nut and bolt holes, in
order to ensure the smooth flow of water over the hydroplanes, or can involve other
non-water flow disturbing means, in order to ensure smooth flow of water over the
hinged regions, wherein such designs assist in the smooth motion of the said
hydroplanes, and allow them to be constructed in the form of more than one part, and
wherein the said hydroplanes can thus be more easily manufactured to any desired
specification, and can thus be more easily assembled and disassernbled, and

fransported.

It is pointed out that tubular member, 9B, has a slit in a section of its lower part, which
allows the vertical, right angled extension of the left foot pedal assembly, FP2, to be
inserted into it, so that the nut and bolt assembly, TB2, can be tightened, thereby
locking the foot pedal assembly, FP2, in the desired orientation. There is a similar
arrangement of nut and bolt assembly, TB1, which allows the right foot pedal
assembly, FP1, to be locked in place into tubular member, 9A.
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With further reference to Figure 16, it is pointed out that, for reasons of clarity in the
diagrams, the cross-bracing members, 33, and 34, with their lockable nut (not shown)
and bolt, 35, located a their Centre points, are only shown in Figure 16. Also, similar
cross-bracing members are fitted to the rear of the wheelchair but are not shown in any
of the diagrams. These cross-bracing members serve to allow the wheelchair to be
folded, when the rigid seat, part, SS, shown in Figure 1, has been removed, and when
all relevant focking nuts and bolts have been released.  These parts do, of course,
serve to maintain rigidity, and therefore to prevent the underwater wheelchair from
collapsing when used under water, wherein the buoyancy of the occupant tends to raise
the wheelchair and would otherwise cause it to fold inwards.  The retention of this
feature of collapsibility, forms the basis of other variants of the underwater wheelchair

which is portable, thereby making the wheelchair more easily transportable.

With reference to the three-dimensional, partially schematic, diagram shown in
Figure 17, this shows the underwater wheelchair as viewed from the rear, and is
intended to demonstrate the use of an inflatable buoyancy control device, HDW,
known as a Halycon Dive Wing, which is strapped to the wheelchair by means of
adjustable straps not shown in the diagram). A cylinder of breathing gas, GC, which is
also used for inflation purposes, is shown strapped to the Halcyon Dive Wing, HDW,
by means of strap, ST, and thus the Halcyon Dive Wing, HDW, together with control
equipment operated by the occupant of the underwater wheelchair, enables the
occupant to compensate for the effects of changing hydrostatic pressure on the

occupant, and on the underwater wheelchair, with depth in the water.

The occupant thus keeps the wheelchair buoyant, via the buoyancy of their diving suit,
and the aforementioned Halcyon Dive Wing, HDW, which, together, balance the
weight of the air bottle, batteries, motors, and other parts of the assembly, which are
utilised on the wheelchair, and the weight of the wheelchair itself. When diving, the
occupant adjusts the equipment in order to make themself neutrally buoyant at the
surface. During diving, air is forced into, and vented from, the diving suit of the
occupant, and the buoyancy control device, HDW, in order to allow for the varying
compression of the diving suit of the occupant of the underwater wheelchair, and to
allow for the other effects of changing hydrostatic pressure, with depth, as diving takes

place.
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It is pointed out that the invention can be adapted so that it can be used in the sport of
surface wheelchair racing, and for associated display performances, and that variants
of the invention can involve the assembly of parts which have been specially designed
and manufactured so that they can be. easily removed from storage, and transported,
and then assembled, to provide a safe configuration for the intended applications, and
so that they can be easily, and quickly, disassembled for subsequent transportation and

storage.

Also, whilst the invention herein described, refers mainly, to the modifications made to
a National Health Service wheelchair, the principles of the invention can be applied to
any device which has been constructed for supporting, carrying, or holding at least one
person, or object, so that the said device can be used for transportation on land, and for
the performance of diving, and aquabatics, in water. It is therefore not limited only to
use on wheelchairs.  Also, the invention is not limited to the use of hydroplanes
which are designed only’as described, herein, and other designs can involve specially
shaped hydroplanes, for example those which possess curvature, which can thus
improve the'manoeuvrability of the underwater wheelchair, the efficiency with which

it is operated, and its aesthetic qualities.
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CLAIMS

A system which involves methods, and apparatus, wherein the apparatus can be
used both on land and in water, and can carry at least one person, wherein the
apparatus can be propelled on land, and also on the surface of, and under the
surface of, water, wherein the method of control of the apparatus is by the
utilisation of parts of the said apparatus by at least one person, and wherein the
said method of control can be partially, or fully, implemented by at least one
occupant of the said apparatus, and wherein the said partial or full control, can,
instead, be implemented by at least one person who is remote from the said
apparatus, under so called, Attendant Control, wherein, the method of providing
movement of the apparatus of the system and its at least, one occupant, on land
and in water, is by means of at least one means of propulsion, and wherein at
least one method of altering the orientation of the said apparatus in water, is via
the operation of at least one hydroplane, which is located symmetrically on the
apparatus, wherein the said hydroplane, can, be partially, or fully, controlied by
the said at least one occupant, or by the said, at least one person who is remote

from the said apparatus.

A system as claimed in claim, 1, wherein the said apparatus is a National Health
Service wheelchair, which has been modified and adapted for the purposes of

applying the principles of the invention to the said system.

A system as claimed in claim, 1, wherein the said apparatus has been purpose
built for the purposes of applying the principles of the invention to the said

system.

A system as claimed in claim, 2, or claim 3, wherein the said apparatus has been
constructed so that the, at Jeast one occupant, or the at least one person who is
remote from the apparatus, can operate, and cause to move, the said apparatus,
and its said, at least one occupant, and also control its descent into water, and
ascent out of, water, and its motion in water, at various depths, or on the surface

of water, wherein the said apparatus is provided with means for, i) propulsion in
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water, both whilst at the surface of the water, and whilst at various depths in the
water, and ii) for controllable descent into, and controllable ascent out of, water,
for various depths, wherein the apparatus utilises at least one propulsion unit of a
type which is normally found on conventional diving equipment and on dive
propulsion vehicles, and wherein one variant of the said system involves the
fitting of two of the said propulsion units and associated controls therein, and
allows flexible movement, in three dimensions in the water, under full or partial
control of the at least one occupant of the wheelchair, or under the full or partial
control of the said at least one person who is remote from the apparatus, so that
acrobatics can be performed at the surface of, and under, water, in the same way
that an acrobat performs such movements on land, and an aerobat performs in
the air, wherein the said, at least one occupant of the appa‘ratus, is thus able to
perform dance-like movements, and to make_ performances such as loop-the-loop
and barrel roles, and the like, wherein the said performances can be referred to as
aquabatics, in the same way that acrobatics are performed on land and aerobatics

are performed in the air.

A system as claimed in claim, 2, and claim 4, wherein each one of two right, and
left, hydroplanes, respectively, is attached to the underside of each one of the two
right and left, respectively, footrests of the said National Health Service
wheelchair, wherein the said footrests have been removed, modified, and
repositioned, so that the re-orientation of the foot pedal assemblies of the said
wheelchair results in the planes of the two parallel upper and lower surfaces of
each right and left foot pedal, and hence the planes of the two parallel upper and
lower surfaces of each right and left hydroplane, which are releasably and firmly
attached to them, being at an angle which is greater than zero, with respect to the
horizontal, and hence with respect to the local horizontal ground plane of the
Earth, in the same way that the wings of a fixed wing aeroplane, as viewed from
the front, are symmetrically orientated at an angle with respect to the said
horizontal, which is greater than zero, wherein this arrangement has been found
to aid control of the attached right and left hydroplanes, and hence of the

underwater wheelchair, wherein a value of this angle which allows acceptable
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control of the underwater wheelchair, has been found to be approximately ten

degrees.

A system as claimed in claim, 3, and claim 4, wherein each one of two right, and
left, hydroplanes, respectively, is attached to the underside of each one of two
right and left, respectively, footrests of the said apparatus, wherein the
orientation of the foot pedal assemblies of the apparatus, results in the planes of
the two parallel upper and lower surfaces of each right and left foot pedal, and
hence the planes of the two parallel upper and lower surfaces of each right and
left hydroplane, which are releasably and firmly attached to them, being at an
angle which is greater than zero, with respect to the horizontal, and hence to the
local horizontal ground plane of the Earth, in the same way that the wiilgs of a
fixed wing aeroplane, as viewed from the front, are symmetrically orientated at
an angle with respect to the said horizontal, which is greater than zero, wherein
this arrangement has been found to aid control of the attached right and left
hydroplanes, and hence of the apparatus, wherein a value of this angle which
allows acceptable control of the apparatus, has been found to be approximately

ten degrees.

A system as claimed in claim 5, and claim 6, wherein, two of the conventional,
battery powered propulsion units, known as Pegasus Thrusters, which are
normally used by divers, have been adapted and fitted to the said apparatus,
together with their respective batteries, by means of a specially designed
framework, in order to provide propulsion for the underwater wheelchair system,
and wherein each one of the two right and left, specially shaped hydroplanes,
respectively, is at least under the control of the right and left foot, respectively,
of the said at ]east one, occupant, and wherein one specially shaped hydroplane
which is located symmetrically, at the rear of the apparatus, is under the control
of at least one hand of the, at least one occupant, at least via at least one gear
change mechanism and Bowden Cable link, which have been adapted from use

on a mountain bicycle to use on the said apparatus.
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A system as claimed in claim 7, wherein the electrical supply from each of the
said batteries, and hence to each of the said propulsion units, respectively, is
independently controlled by means of each one, of a pair of right, and left,
spring-loaded push-button switches, respectively, which can each be operated,
independently, by pushing them into the on position, by means of the movement
of them, by the outside of each right, and left, thigh region, respectively, of the,
at least one occupant, whilst the occupant is seated in the apparatus, wherein the
said propulsion units are provided with electrical power from the said batteries,

by means of waterproof cabling.

A system as claimed in claim 8, wherein the said switches can be in any

positions on the said apparatus, which allow control of it.

A system as claimed in claim 9, wherein so-called sip-puff switches, which are
operated by the mouth, or wherein other devices which can be operated by means
of the tongue, or by means of the eyes, or by means of any other part of the
human body, can be utilised for controlling the apparatus, wherein such devices
can be used instead of, or in addition to, the said push-button switches, wherein
this method of control is particularly relevant for use of the apparatus by persons
who are limbless, and/or lack the ability to implement control, by direct use of
parts of their body, and wherein the apparatus of the said system is adapted to
incorporate mechanisms which drive the said hydroplanes via the use of such

sip-puff switches, or via the use of the other said devices, accordingly.

A system as claimed in claim 10, wherein the said hydroplanes are constructed
from acrylic material, wherein the two hydroplanes which are operated by the
feet of the at least one occupant, and the third, and rear, hydroplane, which is
operated by the said hand of the said occupant, are each specially designed,
arranged, and orientated, for aesthetic purposes, and so as to allow the occupant

to perform aquabatics.

A system as claimed in claim 11, wherein the said at least one occupant of the

apparatus is able to enter a swimming pool, or to enter the sea, or any other
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region of water, whilst the wheels of the said apparatus are used for support, and
are under the control of the at least one occupant, or the at least one person who
is remote from the apparatus, either by means of separate wheel driving
apparatus, or at least by means of one of the hands of the said, at least one
occupant, and wherein the said occupant is able to move on the floor of a
swimming pool, or the bed of the sea, or other region of water, if sufficiently flat,
and to utilise the apparatus of the invention to move in the water and at the
surface of the water, at least under the control of the at least one occupant, or the

at least one person who is remote from the apparatus.

A system as claimed in any preceding claim, wherein, other means of propulsion
and control of the said apparatus can involve a water jet; also known as a
hydrojet or pump jet, in addition to, or in place of, a propulsion unit mentioned
therein, wherein such systems will provide more flexible control of the
apparatus, and wherein either a ducted propeller having a nozzle which can be
adjusted so as to be orientated into any desired direction, is utilised, or a
centrifugal pump provided with a nozzle which is similarly adjustable, is utilised,
wherein such systems are commonly used in jet skis, pleasure boats, military
water-based vehicles, and ferries, wherein the range of flexibility of control
which will be available is then only limited by the number, and power, of such

systems, and the cost.

A system as claimed in any preceding claim, wherein the said apparatus is
constructed so as to be neutrally buoyant, so that it floats on its own, for instance
due to the use of buoyancy material such as expanding foam used in swim floats,
and spray foam, wherein such material can be incorporated into parts of the
apparatus; for instance, directly undep the seat, and wherein, in addition, a
buoyancy bag normally used by divers, together with associated inflation
controls and equipment, are used on the apparatus, wherein, for instance, in the
working apparatus of the said invention, a horseshoe shaped, Halcyon Dive
Wing, has been used in conjunction with other dive control equipment, so that,
by use of this equipment, the said, at least one occupant, can compensate for the

effects of varying hydrostatic pressure, with depth.
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A system as claimed in any preceding claim, wherein for reasons of safety,
quick-release belts and quick-release straps, respectively, hold the at least one
occupant and their feet, respectively, in the apparatus, wherein, there can be at
least two, such quick-release belts, and wherein waterproof lighting is used on
the apparatus for the purposes of aiding the said occupant, and of showing the
apparatus, and its path in the water, to others, wherein this is particularly useful
for persons such as divers, and other safety personnel, who are assisting the said

occupant of the apparatus.

A system as claimed in any preceding claim, wherein the method of control of
the apparatus can be via means, wherein either, the at least one occupant, or, the
at least, one person who is remote from the apparatus, can make use of a radio,
or sonar, link, with two-way communication and control, between the functional
components of the said apparatus and the equipment which is operated. by, and
under the Attendant Control of, a person experienced in the use of the apparatus,
when that person is on land, or in, or under, the water, wherein the said
communication and control can be implemented whether there is an occupant in
the wheelchair or not, wherein, in the latter case, the situation becomes robotic,
and is particularly useful for the purposes of training and demonstration,
particularly for the purpose of testing and safety, and wherein it will also
encourage confidence in would be, users of the apparatus, wherein an Attendant
can guide the apparatus by means of a source of radiétion such as visible
radiation from a torch, or invisible radiation such as infra-red radiation, by
utilisation, in the construction of the apparatus, means for sensing such radiation,

together with corresponding means for controlling the apparatus.

A system as claimed in any preceding claim, wherein special arrangements are
made for allowing the apparatus to be used in water of different density, so that it
will function in water generally used for swimming; for example that used in
swimming baths, and also in sea water, wherein one aspect of this is that all
materials utilised in the construction and use of the apparatus are resistant to
corrosion or degradation, so that they can withstand chemicals which are

naturally present in sea water and those which are present in the water used in
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swimming baths, and elsewhere and wherein the apparatus can thus, for instance,
be constructed from Stainless Steel, or from Titanium, or any metal or alloy, or
material, for instance, carbon fibre, or from engineering plastics, which will be
resistant to corrosion, with due regard for the need to cater for the corresponding
change in weight of the apparatus, wherein, Titanium has a lower density than
that of Stainless Steel, and wherein, in general, the use of low density corrosion

resistant alloys for construction, is suggested.

A system as claimed in any preceding claim, wherein all parts of the system are
waterproof, in order to ensure continual functionality, and to maintain electrical
safety, wherein resistance to corrosion is essential, and wherein this will be
assisted by the use of waterproof paints; especially those intended for underwater
use, and in particular, those used for sea water applications, wherein variants of
the apparatus will ensure portability, and transportability, in order to allow it to
be utilised world-wide, wherein, with the application of appropriate design,

plastics having engineering properties are utilised in construction.

A system as claimed in any preceding claim, wherein, instead of the said means
of propulsion having a fixed orientation because the occupant of the apparatus
uses the said three hydroplanes to control the orientation of the apparatus, it is
also possible to have attitude control of the means of propulsion, by mounting
them in devices which are themselves mounted on the apparatus, wherein the
orientation of the means of propulsion can then be fully adjusted by the said
occupant of the apparatus, about three axes which are at right angles with respect
to one another, thereby providing greater flexibility in the manoeuvrability of the
épparatus, wherein this attitude control of the means of propulsion is particularly
relevant to use by limbless persons in those situations where they are unable to
operate the hydroplanes, wherein the technology involved in the implementation
of the said system herein referred to, can utilise the methods used in the control
and orientation of a satellite dish, or the like, wherein this method of control of
the apparatus lends itself to programmable control of the aquabatics to be
performed, and is particularly suited to training, and to Attendant Control.
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A system as claimed in any preceding claim, which involves the assembly of
parts which have been especially designed and manufactured so that they can be
easily removed from storage, and transported, and then assembled, to provide a
safe configuration for the intended applications, and so that they can be easily,

and quickly, disassembled for subsequent transportation and storage.

A system as claimed in any preceding claim, which involves a device which has
been constructed for supporting, carrying, or holding at least one person, or
object, so that the said device can be used for transportation of the said at least
one person or said object, on land, and for transportation in water, and to allow

the performance of diving, and aquabatics, in water.

A system as claimed in any preceding claim, which is not limited to the use of

can involve specially shaped hydroplanes, for example those which possess
curvature, which thus improve the manoeuvrability of the underwater

wheelchair, the efficiency with which it is operated, and its aesthetic qualities.

A system as claimed in any preceding claim, wherein the designs of the said
hydroplanes can involve lockable hinging, and the utilisation of countersunk nut
and bolt holes, in order to ensure the smooth flow of water over the hinged
regions of the hydroplanes, or can involve other non-water flow disturbing
means, in order to ensure smooth flow of water over the hinged regions, wherein
such designs assist in the smooth motion of the said hydroplanes, and allow them
to be constructed in the form of more than one part, wherein the said hydroplanes
can thus be more easily manufactured to any desired specification, and can thus

be more easily assembled and disassembled, and transported.

Methods and apparatus, arranged and constructed to operate substantially as
hereinbefore described with reference to any one of the embodiments illustrated

in Figures 1 to 17, of the accompanying drawings.
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AMENDED CLAIMS
received by the International Bureau on 12 March 2013 (12.03.2013)

A controllable underwater wheelchair (1) which can be used both on land and in
water, for the carrying, and transportation, of at least one person, wherein the
wheelchair can be propelled both on land, and also on the surface of, and under
the surface of, water, and wherein the method of control is by the utilisation of
parts of the wheelchair by at least one person, wherein the said method of control
can be partially, or fully, implemented by at least one occupant of the said
underwater wheelchair, and wherein the said partial or full control, can, instead,
be implemented by at least one person who is remote from the said underwater
wheelchair, under so called, Attendant Control, wherein, the method of
providing movement of the controllable underwater wheelchair (1) and its at
least, one occupant, on land, is by conventional means, for example, either by
means of separate wheel driving apparatus, or at least by means of one of the
hands of the said, at least one occupant, engaging with one of the conventional
large wheel assemblies (CWA1) or (CWA2) and wherein the said occupant is
thereby also able to move on the floor of a swimming pool, or on the bed of the
sea, or on the bed of another region of water, if sufficiently flat, and to utilise the
apparatus of the invention to move in the water and at the surface of the water, at
least under the control of the at least one occupant, or the at least one person who
is remote from the underwater wheelchair, wherein the method of providing
movement of the wheelchair and its at least, one occupant, in water, is by means
of at least one means of propulsion, wherein one means is by use of a
conventional thruster (P1 or P2) of the type used by divers, and wherein at least
one method of altering the orientation of the said apparatus in water, is via the
operation of at least one hydroplane, exemplified by hydroplanes (GP1, GP2,
and GP3) which is located symmetrically on the apparatus, wherein the said
hydroplane, can be partially, or fully, controlled by the said, at least one
occupant, or by the said, at least one person who is remote from the said
apparatus, wherein that remotely located person utilises any known means for

implementing remote control of the controllable underwater wheelchair (1).
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A controllable underwater wheelchair (1) as claimed in claim 1, wherein the said
at least one person who is remote from the wheelchair, can make use of a radio,
or sonar, link, with two-way communication and control, between the functional
components of the said underwater wheelchair and the equipment which is
operated by, and under the Attendant Control of, the said at least one person who
is experienced in the use of the wheelchair and the equipment, when that person
is on land, or in, or under, the water, wherein the said communication and
control can be implemented whether there is an occupant in the wheelchair or
not, wherein, in the latter case, the situation becomes robotic, and is particularly
useful for the purposes of training and demonstration, particularly for the
purpose of testing and safety, and wherein it will also encourage confidence in
would be, users of the underwater wheelchair, wherein an Attendant can,
alternatively, guide the wheelchair by means of a source of radiation such as
visible radiation from a torch, or invisible radiation such as infra-red radiation,
by utilisation, in the construction of the underwater wheelchair, means for
sensing such radiation, together with corresponding means for controlling the

underwater wheelchair (1).

A controllable underwater wheelchair (1) as claimed in claim 2, wherein the said
wheelchair is either a conventional wheelchair which has been modified and
adapted for the purposes of applying the principles of the invention, or is a
wheelchair which has been purpose built, so that, in either case, the, at least one
occupant, or the, at least one person who is remote from the wheelchair, can
operate, and cause to move, the said wheelchair, and its said, at least one
occupant, and also control its descent into water, and ascent out of, water, and its
motion in water, at various depths, or on the surface of water, wherein the said
wheelchair is provided with means for, i) propulsion in water, utilising thrusters,
(P1, and P2) both whilst at the surface of the water, and whilst at various depths
in the water, and ii) for controllable descent, by means of controlled hydroplanes
(GP1, GP2, and GP3) into, and controllable ascent out of, water, for various
depths, wherein the wheelchair utilises at least one propulsion unit (P1, or P2) of
a type which is normally found on conventional diving equipment and on dive

propulsion vehicles, and wherein one variant of the said controllable underwater
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wheelchair (1) involves the fitting of two of the said propulsion units (P1, and
P2) and associated controls (SW1, and SW2) therein, and allows flexible
movement, in three dimensions in the water, under full or partial control of the at
least one occupant of the controllable underwater wheelchair (1) or under the full
or partial control of the said at least one person who is remote from the
wheelchair, so that acrobatics can be performed at the surface of, and under,
water, in the same way that an acrobat performs such movements on land, and an
aerobat performs in the air, wherein the said, at least one occupant of the
controllable underwater wheelchair (1) is thus able to perform dance-like
movements, and to make performances such as loop-the-loop and barrel roles,
and the like, wherein the said performances can be referred to as aquabatics, in
the same way that acrobatics are performed on land and aerobatics are performed

in the air.

A controllable underwater wheelchair (1) as claimed in claim 3, wherein each
one of two right, and left, hydroplanes, (GP1, and GP2) respectively, is attached
to the underside of each one of the two right, and left, respectively, foot pedal
assemblies (FP1, and FP2) of the said controllable underwater wheelchair (1)
wherein the said foot pedal assemblies have been removed, modified, and
repositioned, so that the re-orientation of the foot pedal assemblies of the said
wheelchair, results in the planes of the two parallel upper and lower surfaces of
each right and left foot pedal, and hence the planes of the two parallel upper and
lower surfaces of each right and left hydroplane (GP1, and GP2) respectively,
which are releasably and firmly attached to them, being at an angle which is
greater than zero, with respect to the horizontal, and hence with respect to the
local horizontal ground plane of the Earth, in the same way that the wings of a
fixed wing aeroplane, as viewed from the front, are symmetrically orientated at
an angle with respect to the said horizontal, which is greater than zero, wherein
this arrangement has been found to aid control of the said attached right and left
hydroplanes (GP1, and GP2) and hence of the controllable underwater
wheelchair (1) wherein a value of this angle which allows acceptable control of
the controllable underwater wheelchair (1) has been found to be approximately

ten degrees.
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A controllable underwater wheelchair (1) as claimed in claim 4, wherein, two of
the conventional, battery powered propulsion units (P1, and P2) which are
normally used by divers, have been adapted and ﬁtted to the said wheelchair,
together with their respective batteries (B1, and B2) by means of a specially
designed framework, consisting of structural components (BR1, BR2, CB1, and
CB2) and supporting members (5, 6, 7, and 8) which are connected to
components (V1, and V2) and to components (29, and 30) in order to provide
propulsion for the controllable underwater wheelchair (1) and wherein each one
of the two right and left, specially shaped hydroplanes (GP1, and GP2)
respectively, is at least under the control of each right and left foot, respectively,
of the said at least one, occupant, and wherein one specially shaped hydroplane
(GP3) which is located symmetrically, at the rear of the apparatus, is under the
control of at least one hand of the, at least one occupant, at least via at least one
gear change mechanism (GLC) and Bowden Cable link (BCL) which have been
adapted from use on a mountain bicycle to use on the said controllable

underwater wheelchair (1).

A controllable underwater wheelchair (1) as claimed in claim 5, wherein the
electrical supply from each of the said batteries (B1, and B2) and hence to each
of the said propulsion units (P1, and P2), respectively, is independently
controlled by means of each one, of a pair of right, and left, spring-loaded push-
button switches (SW1, and SW2) respectively, which can each be operated,
independently, by pushing them into the on position, by means of the movement
of them, by the outside of each right, and left, thigh region, respectively, of the,
at least one occupant of the controllable underwater wheelchair (1) whilst the
occupant is seated in it, wherein the said propulsion units (P1, and P2) are
provided with electrical power from the said batteries (B1, and B2) by means of
waterproof cabling (C1, and C2).

A controllable underwater wheelchair (1) as claimed in claim 6, wherein the said

switches (SW1, and SW2) can be in any positions on the said controllable

underwater wheelchair (1) which allow control of it.
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A controllable underwater wheelchair (1) as claimed in claim 7, wherein so-
called sip-puff switches, which are operated by the mouth, or wherein other
devices which can be operated by means of the tongue, or by means of the eyes,
or by means of any other part of the human body, can be utilised for controiling
the controllable underwater wheelchair (1) wherein such devices can be used
instead of, or in addition to, the said push-button switches (SW1, and SW2)
wherein this method of control is particularly relevant for use of the wheelchair
by persons who are limbless, and/or lack the ability to implement control by
direct use of parts of their body, and wherein the said controllable underwater
wheelchair (1) is adapted to incorporate mechanisms which drive the said
hydroplanes (GP1, GP2, and GP3) via the use of such sip-puff switches, or via

the use of the other said devices, accordingly.

A controllable underwater wheelchair (1) as claimed in claim 8, wherein the said
hydroplanes (GP1, GP2, and GP3) are constructed from acrylic material, wherein
the two hydroplanes (GP1, and GP2) which are operated by the feet of the at
least one occupant, and the third, and rear, hydroplane (GP3) which is operated
by the said hand of the said occupant, via gear change mechanism (GLCO and
Bowden Cable link (BCL) are each specially designed, arranged, and orientated,

for aesthetic purposes, and so as to allow the occupant to perform aquabatics.

A controllable underwater wheelchair (1) as claimed in claim 9, wherein the said
at least one occupant of the controllable underwater wheelchair (1) is able to
enter a swimming pool, or to enter the sea, or any other region of water, whilst
the wheels (CWA1, and CWA?2) of the said controllable underwater wheelchair
(1) are used for support, and are under the control of the at least one occupant, or
the at least one person who is remote from the wheelchair, either by means of
separate wheel driving apparatus, or at least by means of one of the hands of the
said, at least one occupant, engaging with at least one of the said wheels (CWALI,
and CWA?2) and wherein the said occupant is able to move on the floor of a

swimming pool, or the bed of the sea, or other region of water, if sufficiently flat,

- and to utilise the thrusters (P1, and P2) of the controllable underwater wheelchair

(1) to move in the water and at the surface of the water, at least under the control

AMENDED SHEET (ARTICLE 19)



WO 2013/068710 PCT/GB2012/000812

10

15

20

25

30

11.

12.

13.

37

of the at least one occupant, or the at least one person who is remote from the

controllable underwater wheelchair (1).

A controllable underwater wheelchair (1) as claimed in any preceding claim,
wherein, other means of propulsion and control of the said controllable
underwater wheelchair (1) can involve a water jet; also known as a hydrojet or
pump jet, in addition to, or in place of, the propulsion units (P1, and P2)
mentioned therein, wherein this will provide more flexible control of the
controllable underwater wheelchair (1) and wherein either a ducted propeller
having a nozzle which can be adjusted so as to be orientated into any desired
direction, is utilised, or a centrifugal pump provided with a nozzle which is
similarly adjustable, is utilised, wherein such systems are commonly used in jet
skis, pleasure boats, military water-based vehicles, and in ferries, wherein the
range of flexibility of control which will be available is then only limited by the

number, and power, of such systems, and the cost.

A controllable underwater wheelchair (1) as claimed in any preceding claim,
wherein the said apparatus is constructed so as to be neutrally buoyant, so that it
floats on its own, for instance due to the use of buoyancy material such as
expanded foam used in swim floats, and spray foam, wherein such material can
be incorporated into parts of the wheelchair; for instance, directly under the seat
(SS) and wherein, in addition, a buoyancy bag, normally used by divers,
together with associated inflation controls and equipment, are used on the
wheelchair, wherein, for instance, in a working example of the controllable
underwater wheelchair (1) a horseshoe shaped, Dive Wing (HDW) has been used
in conjunction with other dive control equipment, so that, by use of this
equipment, the said, at least one occupant, can compensate for the effects of

varying hydrostatic pressure, with depth.

A controllable underwater wheelchair (1) as claimed in any preceding claim,
wherein for reasons of safety, quick-release belts (STU, and STL) and quick-
release foot straps (FS1, and FS2) respectively, hold the at least one occupant,

and their feet, respectively, in the controllable underwater wheelchair (1)
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wherein, there can be at least two, such quick-release belts, and wherein
waterproof lighting is used on the apparatus for the purposes of aiding the said
occupdnt, and of showing the controllable underwater wheelchair (1) and its path
in the water, to others, wherein this is particularly useful for persons such as
divers, and other safety personnel, who are assisting the said occupant of the

controllable underwater wheelchair (1).

A controllable underwater wheelchair (1) as claimed in any preceding claim,
wherein special arrangements are made for allowing it to be used in water of
different density, so that it will function in water generally used for swimming;
for example that used in swimming baths, and also in sea water, wherein one
aspect of this is that all materials utilised in the construction and use of the
controllable underwater wheelchair (1) are resistant to corrosion or degradation,
so that they can withstand chemicals which are naturally present in sea water and
those which are present in the water used in swimming baths, and elsewhere, and
wherein the controllable underwater wheelchair (1) can thus, for instance, be
constructed from Stainless Steel, or from Titanium, or any metal or alloy, or
material, for instance, carbon fibre, or from engineering plastics, which will be
resistant to corrosion, with due regard for the need to cater for the corresponding
change in weight of the wheelchair, wherein, Titanium has a lower density than
that of Stainless Steel, and wherein, in general, the use of low density corrosion

resistant alloys for construction, is suggested.

A controllable underwater wheelchair (1) as claimed in any preceding claim,
wherein all parts are waterproof, in order to ensure continual functionality, and to
maintain electrical safety, wherein resistance to corrosion is essential, and
wherein this will be assisted by the use of waterproof paints; especially those
intended for underwater use, and in particular, those used for sea water
applications, wherein variants of the controllable underwater wheelchair (1) will
ensure portability, and transportability, in order to allow it to be utilised world-
wide, wherein, with the application of appropriate design, plastics having

engineering properties are utilised in construction.
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A controllable underwater wheelchair (1) as claimed in any preceding claim,
wherein, instead of the said means of propulsion (P1, and P2) having a fixed
orientation because the occupant of the wheelchair uses the said three
hydroplanes (GP1, GP2, and GP3) to control the oriehtation of the controllable
underwater wheelchair (1) it is also possible to have attitude control of the means
of propulsion, by mounting the propulsion units (P1, and P2) in devices which
are themselves mounted on the controllable underwater wheelchair (1) wherein
the orientation of the means of propulsion can then be fully adjusted by the said
occupant of the controllable underwater wheelchair (1) or by the said at least
person who is remote from the wheelchair, about three axes which are at right
angles with respect to one another, thereby providing greater ﬂexibility in the

manoeuvrability of the controllable underwater wheelchair (1) wherein this

 attitude control of the means of propulsion is particularly relevant to use by

limbless persons in those situations where they are unable to operate the
hydroplanes, wherein the technology involved in the implementation of the said
controllable underwater wheelchair (1) herein referred to, can utilise the methods
used in the control and orientation of a satellite dish, or the like, wherein this
method of control of the wheelchair lends itself to programmable control of the
aquabatics to be performed, and is particularly suited to training, and to
Attendant Control.

A controllable underwater wheelchair (1) as claimed in any preceding.clajm,
which involves the assembly of parts which have been especially designed and
manufactured so that they can be easily removed from storage, and transported,
and then assembled, to provide a safe configuration for the intended applications,
and so that they can be easily, and quickly, disassembled for subsequent

transportation and storage.

A controllable underwater wheelchair (1) as claimed in any preceding claim,
which has been constructed for carrying an object, for example a dummy
representing a person, of comparable weight and size, which is used instead of a

human occupant, for the purposes of testing, on land, and in water, in order to
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simulate, and test, the performance of diving, and aquabatics, in water, wherein

this is particularly useful for Attendant control.

A controllable underwater wheelchair (1) as claimed in any preceding claim,
which is not limited to the use of hydroplanes (GP1, GP2, and GP3) which are
designed only as described, herein, wherein other designs can involve specially
shaped hydroplanes, for example those which possess curvature, and which thus
improve (i) the manoeuvrability of the controllable underwater wheelchair (1)

(ii) the efficiency with which it is operated, and (iii) its aesthetic qualities.

A controllable underwater wheelchair (1) as claimed in any preceding claim,
wherein the designs of the said hydroplanes (GP1, GP2, and GP3) can involve
lockable hinging, and the utilisation of countersunk nut and bolt holes, in order
to ensure the smooth flow of water over the hinged regions of the hydroplanes,
or can involve other non-water-flow disturbing means, in order to ensure smooth
flow of water over the hinged regions, wherein such designs assist in the smooth
motion of the said hydroplanes (GP1, GP2, and GP3) and allow them to be
constructed in the form of more than one part, wherein the said hydroplanes
(GP1, GP2, and GP3) can thus be more easily manufactured to any desired
specification, and can thus be more easily assembled and disassembled, and

transported.

AMENDED SHEET (ARTICLE 19)
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