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POWERED HYDROFOIL SYSTEM

TECHNICAL FIELD

[0001] The present invention generally relates to an underwater propulsion system,
particularly but not exclusively an integrated electric motor and hydrofoil system used to

power a board.

PRIOR APPLICATIONS

[0002] The present application claims priority from Australian Patent Number
2017268537 and Australian Patent Application Number 2018222940, the contents of

which are hereby included in their entirety.

BACKGROUND

[0003] A recent development in watercraft technology 1s the attachment of a hydrofoil
and a motor to a surtboard. These systems include an electric motor and a hydrofoil 1n
combination. The hydrofoil elevates the board clear of the water when under power from

the motor, reducing drag and providing high speed travel over the water.

[0004] The hydrofoil and motor are positioned towards a lower end of a mast, while
an upper end of the mast 1s bolted to an underside of the board. One method of developing
such a system has been to take an existing hydrofoil surtboard and insert a motor to part of

the mast.

[0005] Many components required for operation of the motor may be housed 1n the
board, such as batteries and/or control circuitry. These components must then be connected

to the motor at the lower end of the mast by wires that are routed internally down the mast.

[0000] The combination of water and electricity, together with large changes in
temperature, means that adequate sealing 1s difficult but very important. Adding to this
complexity, the craft needs to be easily disassembled regularly for transport or for

maintenance, but to still have adequate sealing every time it 1s assembled again for use.
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[0007] The reference 1n this specification to any prior publication (or information
derived from it), or to any matter which 1s known, 1s not, and should not be taken as, an
acknowledgement or admission or any form of suggestion that prior publication (or
information derived from 1t) or known matter forms part of the common general

knowledge 1n the field of endeavour to which this specification relates.

SUMMARY

[0008] According to one example aspect of the invention, there 1s provided a hydrofoil
system, including a fuselage having an elongate shape with a longitudinal axis, wherein a
propeller 1s mounted to one end of the fuselage and a wing extends laterally from the

fuselage.

[0009] In one form, the fuselage 1s configured for removable attachment to a mast, so
that the mast when attached extends from the fuselage in a direction substantially

orthogonal to the longitudinal axis and also substantially orthogonal to the wing.

[0010] In another form, the wing extends from the fuselage at an end of the fuselage
opposite to the end to which the propeller 1s mounted. Preferably, the hydrofoil system has
a direction of travel such that the end of the fuselage to which the wing 1s attached 1s a

forward end and the end to which the propeller 1s mounted 1s a rear end.

[0011] In other particular, but non-limiting, example forms: a tail wing 1s connected to
the fuselage by a tail strut; and the tail wing 1s positioned beyond the end of the fuselage to
which the propeller 1s attached.

[0012] According to another example aspect of the invention, there 1s provided a
hydrofoil system, including a fuselage having an elongate shape with a longitudinal axis,
the fuselage having a propeller mounted at one end that 1s driven by a motor situated 1nside
the fuselage, the hydrofoil system also including a first wing extending laterally from the
fuselage at the opposite end to the propeller, and a tail wing that 1s connected to the

fuselage by a tail strut.



WO 2019/104378 PCT/AU2018/051265

[0013] In one form, the tail wing 1s positioned beyond the end of the fuselage to which
the propeller 1s attached.

[0014] In another form, the fuselage 1s configured for attachment to a mast, so that the
mast extends from the fuselage in a direction substantially orthogonal to the longitudinal
axis and also substantially orthogonal to the first wing. In one example form, the mast 1s
configured to attach to the opposite side of the fuselage to a location where the tail strut
joins the fuselage. Such a form 1s advantageous due to the protection offered to the
propeller by the tail strut in the event that the hydrofoil system strikes the bottom of a
water body.

[0015] In another example form, the motor and fuselage include a key arrangement,

whereby the motor 1s prevented from rotating within the fuselage.

[0016] In accordance with another optional embodiment, provided by way of example
only, the propeller 1s driven by a shaft that 1s dnven by the motor, the shaft being
substantially aligned with the longitudinal axis of the fuselage. Preferably, the motor

includes a gearbox that 1s connected to the shaft.

[0017] In another form, the motor has a cable connected thereto, the cable extending
outside the fuselage, wherein a removable sealing system inhibits water ingress to the
motor at the location where the cable 1s connected when the sealing system 1s installed in

the fuselage.

[0018] In another particular, but non-limiting, example form, the sealing system
includes: an end cap that seals against an inside surface of the fuselage, the end cap
including a hole through which the cable passes, a deformable gland seal that 1s fitted
about the cable and within the hole; and a seal cap that clamps the gland seal within the
hole, thereby compressing the gland seal and causing the gland seal to press against the
cable and the inside of the hole. In one form, a plurality of cables pass through a
corresponding plurality of holes in the end cap, the gland seal and seal cap each being a

single 1item configured to accommodate the plurality of cables.
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[0019] According to another example aspect, there 1s provided a sealing system for
inhibiting water ingress to a motor, the motor being housed inside a fuselage that 1s
configured for use underwater, the sealing system including: an end cap that seals against
an 1nside surface of the fuselage, the end cap including a hole through which a cable
passes; a deformable gland seal that 1s fitted about the cable and within the hole; and a seal
cap that clamps the gland seal within the hole, thereby compressing the gland seal and

causing the gland seal to press against the cable and the 1nside of the hole.

[0020] In another form, a plurality of cables pass through a corresponding plurality of
holes 1n the end cap, the gland seal and seal cap each being a single item configured to
accommodate the plurality of cables. In yet another form, a fastener connects the seal cap
to the end cap, wherein tightening of the fastener increases the compression on the gland

seal .

[0021] According to yet another optional aspect, there 1s provided a powered
watercraft, including a main body connected to a hydrofoil system by a mast, the hydrofoil
system being substantially as defined herein. In one form, the watercraft 1s a hydrofoil

surtboard.

BRIEF DESCRIPTION OF FIGURES

[0022] Example embodiments should become apparent from the following
description, which 1s given by way of example only, of at least one preferred but non-

limiting embodiment, described 1n connection with the accompanying figures, wherein:

[0023] Figure 1 1llustrates an 1sometric view of a hydrofoil system according to an

embodiment of the invention;

[0024] Figure 2 1llustrates a plan view of the hydrofoil system of Figure 1;
[0025] Figure 3 illustrates a front view of the hydrofoil system of Figure 1;
[0026] Figure 4 1llustrates a side view of the hydrofoil system of Figure 1;

[0027] Figure 5 1llustrates an exploded view of the hydrofoil system of Figure 1;
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[0028] Figure 6 illustrates a cross sectional side view of the hydrofoil system of Figure
L;
[0029] Figure 7 illustrates a cross sectional plan view of the hydrofoil system of
Figure 1; and
[0030] Figure 8 illustrates an 1sometric view of a disassembled end cap, gland seal and
seal cap.
DETAILED DESCRIPTION
[0031] The following modes, given by way of example only, are described 1in order to

provide a more precise understanding of the subject matter of a preferred embodiment or

embodiments.

[0032] In the Figures, incorporated to 1llustrate features of an example embodiment,

like reference numerals are used to 1dentity like parts throughout the Figures.

[0033] A preferred embodiment of a hydrofoil system according to the invention will
first be described with reference to Figures 1 to 4. The hydrofoil system 10 includes a
fuselage 11 having an elongate shape with a longitudinal axis. The fuselage 11 has a

propeller 12 mounted at one end that 1s driven by a motor situated inside the fuselage 11.

[0034] The hydrofoil system 10 has a first wing 14 extending laterally from the
fuselage 11 at the opposite end to the propeller 12. A tail wing 22 1s connected to the
fuselage 11 by a fin 24 and extension 25. Together the fin 24 and extension 25 form a tail
strut that holds the tail wing 22 1n position.

[0035] The hydrofoil system 10 1s advantageous because 1t integrates the motor
housing and wings into a single, compact unit. That 1s, rather than have a fuselage with
motor mounted above a separate hydrofoil system, as 1s the case in some prior art systems,

the current system integrates these into a single setup.
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[0036] The present hydrofoil system thereby results in fewer components and
decreased surface area of the system. As such, this reduces the drag of the system in the

water during use and thereby increases the performance and/or power requirement.

[0037] Additionally, the present system allows the propeller to be positioned lower, or
closer to the wings. Otherwise stated, this system enables a greater distance to be provided
between the propeller and a board that 1s located at the top of a strut that 1s connected to
the hydrofoil system. This also has benefits during use, because it enables the board to be
elevated further above the water and the wings to be closer to the surface, without the
propeller breaking the surface and thereby losing power. As such, this may be considered a

safer system to some of the prior art systems, or at least provide a benefit of performance.

[0038] A number of other example features will now be described, which are included
1n the embodiment shown 1n the Figures, but may not be provided in some alternative
embodiments or may be provided 1n a different form 1n various other alternative

embodiments.

[0039] Referring to Figure 1, an embodiment of a hydrofoil system 10 1s shown. The
hydrofoil system 10 includes a fuselage 11 having an elongate shape with a longitudinal
axis. A propeller 12 and a shroud 13 are mounted at one end of the fuselage 11, and a wing

14 1s mounted at the other end.

[0040] Referring to Figure 2, the shroud 13 1s connected by vanes 15 to a rear end 17
of the fuselage 11, while the wing 14 extends laterally from a front end 18 of the fuselage

11. For clarity, the intended direction of travel 1s shown by arrow 19.

[0041] The fuselage 11 1s configured for removable attachment to a mast. The mast
connects at an opening 20 located on the top of the fuselage 11. The mast when attached
extends from the fuselage 11 1n a direction substantially orthogonal to the longitudinal axis
and also substantially orthogonal to the wing 14. That 1s, the mast extends vertically when
viewed as 1n Figure 3, for example. The other end of the mast 1s configured for attachment
to a surtboard or other stmilar watercraft. It will be appreciated, however, that in some

alternative embodiments the mast may not be readily removable.
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[0042] Referring to Figure 4, a tail wing 22 1s connected to the fuselage 11 by a tail
strut 23. The tail strut 23 1s made up of a fin 24 that 1s substantially vertical and connects to
the fuselage 11, and a rearward extension 25. The extension 25 allows the tail wing 22 to

be positioned beyond the rear end 17 of the fuselage 11 where the propeller 12 1s attached.

[0043] The mast 1s configured to be attached to the opposite side of the fuselage 11 to
where the tail strut 23 joins the fuselage 11. This 1s advantageous because during use the
fin 24 1s situated 1n front and/or below the propeller 12 and the rearward extension 25
extends underneath the propeller 12. Therefore, 1n the event that the water 1s too shallow
and the hydrofoil system 10 strikes a bottom of the water body, the tail strut 23 will protect
the propeller 12 from being damaged. This 1s preferred, because the propeller 12 1s much
more fragile that the tail strut 23, as well as the propeller 12 having the potential to cause

damage to other items that 1t may contact.

[0044] Additionally, the tail strut 23 incorporating a vertical fin may be advantageous
for performance characteristics of the system, depending on the precise shape and design
of this fin. Further, the tail strut 23 allows the distance between the first wing 14 and the
taill wing 22 to be increased, which has very significant performance benefits. This length
may be adjustable by replacing the extension 25, and the distance between the wings 1s

essentially only limited by the strength of the rearward extension 25.

[0045] Referring to Figures 5 to 7, an electric motor 28 1s housed 1nside the fuselage
11 when assembled. The motor 28 1s connected to the propeller 12 by a shaft 29 that
extends from a gearbox 30, allowing the motor 28 to drive the propeller 12. It can be seen
1n the figures that the shaft 29 1s substantially aligned with the longitudinal axis of the
fuselage 11.

[0046] Use of the gearbox 30 1s advantageous because 1t allows a motor 28 with
smaller diameter to be used. That 1s, a motor configured to operate at higher speed but with
reduced torque can be used. Such a motor may be capable of producing equivalent power
to another motor operating at lower speed but higher torque, but will be able to do so1n a
configuration that has a smaller size. This 1in turn allows a smaller diameter fuselage 11 to

be used, which 1n turn 1s advantageous for reducing drag in the water.
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[0047] Of course, however, 1t will be appreciated that some alternative embodiments

of the invention may not use a gearbox or may use alternative forms of motor and/or

gearbox systems.

[0048] The motor 28 has cables 32 connected thereto. The figures show the cables 32
1n a shortened form for clarity, but in practice the cables 32 would extend outside the
fuselage 11. The cables 32 may be attached to sockets or connectors of some form in the
opening 20 where the mast attaches, or they may simply be long enough to extend through
the opening 20 and up into the mast. In other alternative embodiments, however, the cables

32 may connect to other components housed within the fuselage 11.

[0049] A sealing system 35 1s provided at a front end of the motor 28 to inhibit water
ingress to the motor 28. The sealing system 35 1s configured to be close to the location
where the cable 32 1s connected to the motor 28 when the sealing system 35 1s installed 1n
the fuselage 11. That 1s, the sealing system 35 prevents water ingress to the motor 28 while

still allowing the cables 32 to extend through, so that power and communication to the

motor 28 1s still possible.

[0050] The sealing system 35 includes an end cap 37 that seals against an inside
surface of the fuselage 11. The end cap 37 has a number of o-rings 38 that sit in grooves 39

(see Figure 8) to help with this sealing the end cap 37 with the fuselage 11.

[0051] The end cap 37 has three holes 40 through which the cables 32 pass. These
holes 40 are located at the bottom of a recess 42 1n which a gland seal 43 1s fitted. The
oland seal 43 1s deformable and has three holes 44 that correspond to the holes 40 of the

end cap 37.

[0052] A seal cap 46 acts as a compressing member that fits over and clamps the gland
seal 43 1n the recess 42. The seal cap 46 has cable holes 47 that correspond to the holes 44
of the seal 43 and the holes 40 of the end cap 37. The seal cap 46 also has a mounting hole
48 that corresponds to a mounting hole 49 in the end cap 37. A bolt 50 or other suitable
fastener passes through the aligned mounting holes 49, 50, securing the seal cap 46 to the

end cap 37 over the gland seal 43.
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[0053] This compressing of the gland seal 43 causes the seal 43 to press against the
cables 32 when they are situated through the inside of the holes 44. Tightening of the bolt

50 allows this compression to be increased as necessary.

[0054] This sealing system 35 therefore provides a watertight barrier between the front
section of the fuselage 11 and the rear section of the fuselage 11 where the motor 28 1s
located, but still allowing the cables 32 to pass through, where they can then continue up
the mast. This sealing system 335 allows a watertight seal to be maintained at all times
during use, which 1s traditionally a significant challenge due to the temperature changes

experienced and the pressure of the water when the motor 1s situated almost a metre below

the surface.

[0055] The end cap 37, gland seal 43 and seal cap 46 are each a single item configured
to accommodate the plurality of cables 32. In the embodiment shown, there are three
cables 32, with the holes arranged 1n a V shape. While this requires a specially developed
and manufactured gland seal 43 of the appropriate shape, for example, 1t 1s advantageous

as 1t provides very good packaging of the cables in the limited space available.

[0056] It will be appreciated, however, that different numbers of cables, or even just a
single cable, may be used 1n alternative embodiments, and this will require a different
configuration of the sealing system 35. Alternatively, 1f a lower number of cables are used,

plugs could be used 1n some of the holes of the present embodiment to avoid redesigning

the sealing system 35.

[0057] The performance of the sealing system 35 1n the preferred embodiment 1s also
assisted by the design of the fuselage 11 itself. That 1s, as shown 1n Figure 5, a large
portion of the fuselage 11 and the fin 24 are formed as a single piece. Preferably, this 1s
milled from a single piece of material such as aluminium, however i1t will be appreciated

that many alternative manufacturing techniques may be used 1n alternative embodiments.

[0058] By forming the fuselage tube as a single piece, the motor 28 and sealing system

35 can be slid 1inside during assembly and simply seal against an inside wall of the fuselage
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11. There 1s no requirement for any seams of the fuselage 11 to be sealed close to the

motor, and therefore no danger of the fuselage 11 body close to the motor 28 from leaking.

[0059] There motor 28 assembly and the fuselage 11 also fit together with a key
arrangement, whereby the motor 28 1s prevented from rotating within the fuselage 11. That
15, the motor 28 1s slid into the single piece fuselage component and the front end of the
motor assembly, or the end cap 37, mates with the inside of fuselage piece that 1s shaped

accordingly.

[0060] At the rear end of the motor 28, a bearing cap 52 holds the bearing 53 for the
motor shaft 29. The bearing cap also has a channel 55 for an o-ring 56 to seal the motor 28
in the fuselage 11. This similarly seals the rear end of the motor 28 with the fuselage 11 so

that water also cannot enter from this end.

[0061] The hydrofoil system 10 1s advantageous because 1t integrates the motor into
the fuselage, rather than having a propulsion system somewhat separate from the
hydrofoils. There are a number of challenges that this particular design seeks to address,
including providing a strong, compact and rigid fuselage structure that connects a mast to
the wings while also housing the motor. However, the integrated hydrofoil system that has
been developed 1s advantageous over the prior art by combining the motor and hydrofoils

1nto a single, compact unit.

[0062] The preferred embodiment has the main body of the fuselage constructed from
one piece of aluminium, which 1s advantageous for strength, rigidity, motor cooling
efficiency and sealing under pressure and varying temperature. Of course, a person skilled

1n the art will appreciate that other materials may be used in alternative embodiments.

[0063] The motor system 1s advantageous because the gland system seals the motor
while simultaneously locking 1t in place. The system has been designed for easy assembly,
maintenance and durability. Materials have been considered carefully to reduce weight and

also corrosion concerns, as the system 1s designed for use 1n water, which may be salt or

fresh.
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[0064] The system can accommodate different wings, which are easily
interchangeable, for different rider weights and riding styles. It also packs down for easy

transport, which 1s important for a watercraft of this size and style.

[0065] The system described incorporates a large propeller, rather than a jet that some
may use, for maximum efficiency of the electric motor. Of course, alternative propulsion
means may be used in alternative embodiments, as will be appreciated by those skilled 1n

the art.

[0066] In the foregoing description of preferred embodiments, specific terminology
has been resorted to for the sake of clarity. However, the invention 1s not intended to be
limited to the specific terms so selected, and 1t 1s to be understood that each specific term
includes all technical equivalents which operate in a stmilar manner to accomplish a

similar technical purpose. Terms such as "front" and "rear", "inner" and "outer", "above"
and "below" and the like are used as words of convenience to provide reference points and

are not to be construed as limiting terms.

[0067] Whilst the present invention has been described with reference to particular
embodiments, 1t will be understood that many modifications will be apparent to those
skilled 1n the art. All such variations and modifications should be considered to fall within

the scope of the invention as broadly described and as claimed below.

[0068] Throughout this specification and the claims which follow, unless the context
requires otherwise, the word "comprise"”, and variations such as "comprises" or
"comprising”, will be understood to imply the inclusion of a stated integer or step or group
of 1ntegers or steps but not the exclusion of any other integer or step or group of integers or

steps.



WO 2019/104378

[0069]

10
11
12
13
14
177
13
19
20
22
23
24
235
238
29
32
35

List of parts:

Hydrofoil system
Fuselage

Propeller

Shroud
Wing
Rear end
Front end
Direction of travel
Opening
Tail wing
Strut

Fin
Extension
Motor
Shaft
Cables

Sealing system
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37
38
39
40
42
43
44
46
47
48
49
50
52
53
55
56
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End cap

O-ring

Groove

Hole (end cap)

Recess

Gland seal

Hole (gland seal)

Seal cap

Hole (seal cap)
Mounting hole (seal cap)
Mounting hole (end cap)
Fastener

Bearing cap

Bearing

Channel
O-ring
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Claims:

1. A hydrofoil system, comprising a fuselage having an elongate shape with a
longitudinal axis, the fuselage having a propeller mounted at one end that is driven by a
motor situated inside the fuselage, the hydrofoil system also comprising a first wing
extending laterally from the fuselage at the opposite end to the propeller, and a tail wing
that is connected to the fuselage by a tail strut, wherein the motor and fuselage comprise a
key arrangement, whereby the motor is prevented from rotating within the fuselage.

2. The hydrofoil system according to claim 1, wherein the tail wing is positioned

beyond the end of the fuselage to which the propeller is attached.

3. The hydrofoil system according to any one of claims 1 or 2, wherein the fuselage is
configured for attachment to a mast, so that the mast extends from the fuselage in a
direction substantially orthogonal to the longitudinal axis and also substantially orthogonal

to the first wing.

4. The hydrofoil system according to claim 3, wherein the mast is configured to attach

to the opposite side of the fuselage to a location where the tail strut joins the fuselage.

5. The hydrofoil system according to any one of the preceding claims, wherein the
hydrofoil system has a direction of travel such that the end of the fuselage to which the
first wing is attached is a forward end and the end to which the propeller is mounted is a

rear end.

6. The hydrofoil system according to any one of the preceding claims, wherein the
propeller is driven by a shaft that is driven by the motor, the shaft being substantially

aligned with the longitudinal axis of the fuselage.

7. The hydrofoil system according to claim 6, wherein the motor includes a gearbox
that is connected to the shaft.

8. The hydrofoil system according to any one of the preceding claims, wherein the
motor has a cable connected thereto, the cable extending outside the fuselage, wherein a
removable sealing system inhibits water ingress to the motor at the location where the

cable is connected when the sealing system is installed in the fuselage.

9. The hydrofoil system according to claim 8, wherein the sealing system comprises:



14

an end cap that seals against an inside surface of the fuselage, the end cap
comprising a hole through which the cable passes;

a deformable gland seal that is fitted about the cable and within the hole; and

a seal cap that clamps the gland seal within the hole, thereby compressing the gland

seal and causing the gland seal to press against the cable and the inside of the hole.

10.  The hydrofoil system according to claim 9, wherein a plurality of cables pass
through a corresponding plurality of holes in the end cap, the gland seal and seal cap each

being a single item configured to accommodate the plurality of cables.

11.  The hydrofoil system of any one of claims 9 or 10, wherein a fastener connects the
seal cap to the end cap, wherein tightening of the fastener increases the compression on the
gland seal.

12. A powered watercraft, comprising a main body connected to a hydrofoil system by

a mast, the hydrofoil system being defined according to any one of claims 1 to 11.





