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(57) Abrégée/Abstract:

The present invention relates to an improved amphibious craft

or vehicle and, in particular, but not exclusively, to a craft or vehicle

that may be used for commercial and rescue tasks in a great variety of weather conditions. To achieve this, an amphibious vehicle

comprises a fixed geometry planing hull (2) and a skirt system (
allows the craft or vehicle to operate in high waves, strong win

4). This has as an advantage that the fixed geometry planing hull (2)
ds or other adverse conditions too severe for known hovercraft of a

similar size, while the skirt system (4) contains a cushion of air providing the craft or vehicle with a full amphibious capabillity so that

the craft can operate as a conventional hovercraft in good conditions or enter and leave water in any condit
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ABSTRACT

Improvements in and relating t¢ an amphibious craft

The present invention relates to an improved amphibious craft or vehicle and, in
particular, but not exclusively, to a craft or vehicle thai may be used for
commercial and rescue tasks in a great variety of weather cohditions. To achieve
this, an amphibious vehicle comprises a fixed geometry planing hull (2) and a
skirt system (4). Thie has as an advantage that the fixed geometry planing

hull (2) allows the craft or vehicle o oper‘ate in high waves, strong winds or other
adverse conditions too severe for known hovercraft of a similar size, while the
skirt system (4) contains a cushion of air providing the craft or vehicle with a full
armphibious capability so that the craft can operate as a conventional hovercraft
in good conditions or enter and leave water in any conditions.

To be accompanied when published by Figure 1
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improvements in and reiating to an amphibious craft

The sresent invention relates to an improved amphibious craft or vehicle and, in
narticular, but not exclusively, to a craft or vehicle that may be used for
commercial and rescue tasks in a great variety of weather conditions. An
amphibious craft or vehicie for the purposes of the present invention is one that 1s

designed for operation on or from both water and land.

Planing boats are widely operated in a variety of water and weather conditions.
A planing hull is a huli designed to climb toward the surface of the water as power
is supplied, thus reducing the friction or drag and therefore increasing hull speed.
In other words a planing hull can rise bodily in the water and ride over the wave
created by its progress through the water. The weight ol a olaning hull is
supported by hydrodynamic lift and it does not displace an equal weight of water.

Planing boats with rigid "deep V" hulls and inflatable coliars provide a robust and
potentially fast craft. A “deep V" hull is able to plane at speed, while slicing
through waves, minimising slamming at the bow. However, a slipway or hard
surface is required for launching such a craft. Also, it is very difficult and
potentially dangerous to launch such a craft in high waves or strong winds. Such
craft are unable {0 cross exposed sand or mud banks, may be impeded in fouled
water, or may strike submerged objects in flood water. In addiion, conventional
marine engines rely on water cooling. The water intakes of such conventional
marine engines commaonly become blocked in fouled or flood water, reducing
engine reliability and wmpmmismg speed of response and safety of the craft to
which they are fitted.

Known small hovercraft can be fully amphibious and are be able to cmss
exposed sand or mud banks. They are immune 10 the problems in fouled
water,or flood water noted above. Conventional hovercraft engines rely on air
cooling (for example, engines may be direct air cooled, or liquid-cocled with an

air radiator) and are not compromised in fouled or flood water. Small hovercraft
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have hulis designed to ride'over a surface on an air cushion. However, it the
height of waves or obstructions is similar or greater than the height of the air
cushion, such hovercrait cease {0 operate correctly and instead become
displacement craft. A displacement craft is one having a hull that plows through
the water, displacing a weight of water equal to its own weight even when more
power is added. As a displacement craft moves through water, the water is

parted at the bow and closes in again at the stern.

The hull shapes of known novercraft are not suited for use by a displacement
craft. While such hull shapes do work, the hovercraft bounce and slam
dangerously in waves. Similarly, thrust from air expelled at the back of the craft is
not suited for use as a means for propelling a displacement craft. Again, such
thrust works but provides poor acceleration and/or control. This means that such
novercraft can only operate in good Weather conditions. Also, small hdvercraft
are also vulnerable to strong winds, or gusts, because they have very little friction
with the surface, and so may be blown off course quite readily. Craft that do not
alter the direction that the thrust air is expelled can have poor maneuverability,
because controls in the air stream provide a turning moment on the body of the
craft, but the course of the craft alters only as the craft ioses momentum in an
original direction through friction with the surface.

Moreover, hovercraft that are smail enough to be transported by road without
dismantling either have small rigid hulls, which limit their load-carrying capacity,
or have a “loop and segment” skirt system which extends the lift cushion to a
greater width around the huil. However, conventional “loop and segment” skirt
systems have a large bag (loop) that collapses when lift air is turned off. The
collapsed bag then impedes rapid loading on to a trailer. Some hovercraft have

thrust reversers which provide a braking force. However, it can be extremely
difficult to steer the craft while operating the reverse thrust.

It has previously been proposed (US 3 389 672) to provide a displacement hulied
vessel capable of operating as a gaseous cushion borne craft. However, such a
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vehicle would suffer in use from the slamming at the bow noted above or from

limited speed associated with the displacement hull.

US 4 535 712 shows a vessel having a variable geometry hull capable also of
operating on the air cushion principle. This presents the problerm that the
geometry of the hull must be altered before the vehicle can change its mode of

operation.

It is an advantage of the present invention that it eliminates or at least
substantially reduces the problems noted above, while maintaining the benefits of
the different craft considerad.

According to a first aspect of the present invention, an amphibims vehicle

compris!es a fixed geomeiry planing hull and a skirt system.

This has as an advantage that the fixed geomeiry planing hull aliows the craft or
vehicle o operate in high waves, strong winds or other adverse conditions 1co
severe for known hovercraft of a similar size, while the skirt system contains a
cushion of air providing the craft or vehicie with a full amphibious capability so
that the craft can operate as a conventional hovercrafi in good conditions or enter
and leave water in any conditions. A full amphibious capability should be
understood to mean that the craft or vehicle is able to support all of its weight by

cushion pressure in order o travel as far as is required in this manner.

Additionally no manual cenversion is required as between the modes of operation
to alter the mode of operation of the vehicle. This should be understood to
aistinguish the present invention from those craft where the sides are physically

assembled and bolted on after being transported in separate pieces.

Freferably, the skirt system is retractable.
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Preferably, the skirt system comprises a plurality of side wings each pivolally
connected at a first end to the hull of the craft, at least one collar connected to a
sacond end of each of the side wings, a plurality of skm segments supported
from the at least one collar and a lift duct.

More preferably, the lift duct comprises a flexibie membrane extending between

the at least one collar and the huill.
Preferably, the at least one collar is inflatable.

Preferably, the vehicle comprises at least one fan duct adapted to contain 'a
rudder or thrust reverser. Alternatively, the vehicle comprises at least one rudder

adapted to operate as a thrust reverser.

Preferably, the or each fan duct comprises a propelling nozzle at an outlet and
further comprises a plurality of apertures in side walls of the or each fan duct and

vertical turning vanes associated with the pluraiity of apertures.

More preferably, the or ezch rudder comprises a pluraiity of vertical control
surfaces located between fan means and the or an outlet of a fan duct.

More preferably, the or each rudder is arranged to direct air into or to block the
apertures and associated vanes, |

This has as an advantage that the or each rudder may be used to block the
aperiures and associated vanes {0 provide steering ai the same time as reverse
thrust.

Preferably, a single throttie lever controls a or the thrust reverser, an engine
throttle and a gear box.
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The invention will now be described, by way of example only, with reference to

and as illustrated in the accompanying drawings, in which:-

Figure 1 illustrates in side section a side view a craft in accordance with the
present invention;

Figure 2 illustrates a plan view of ihe air propulsion system;

Figure 3 illustrates in part section the hull and associated skirt system; andg
Figure 4 illustrates in a plan view the craft of Figure 1 showing to one side a side

wing extended and (o the other the side wing retracted.

Referring first to Figure 1, an amphibicus craft in accordance with the present
invention is provided with a fixe¢ geometry planing hull 2 and a skirt system 4.
The fixed geometry planing hull 2 allows the craft to operate in high waves,
strong winds, or other conditions oo severe for a conventional hovercraft of a
similar size. The skirt systam 4 contains a cushion of air, providing the craft with
a full amphibious capability, so that the craft can operate as a conventional
hovercraft in good conditions, or to enter and leave the water in any conditions.

No manual conversion is required for the craft to alter its mode of operation.

Thrust may be provided by any air or water propulsion system, or systems.
These include air propeliers, fans, air jets, water propeilers and waier jets. In the
llustrated embodiment, thrust is provided by one or more fan ducts 5 each having

at an exit a nozzle 6 formed by a reduction in cross-sectional area (to accelerate

the expelled air), the nozzle 6 being fed with air by one or more air fans 8. Thrust
may additionally be supplied by one or more water propeilers or water jets 10.
Only one fan duct 5 is shown in Figure 4 for clarity. In practice, the craft has a
pair ot tan ducts arranged side by side at the rear of the craft.

Lift may be provided by any means of supplying air or another gas to 3
containment device. In the iliustrated embodiment, lift is provided by drawing a
proportion of the air flow from ducted fans into a lift duct 12, from where the air
flow is fed through the huill 2 to the skirt system 4. Splitter plates 14 are

controlled to provide adeguate lift air and may close to divert all of the air through
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the fan duct 5 to the thrust nozzle 6, while the craft is supported by the fixed
geometry planing null 2. The skirt system 4 may be rigid or flexible. In the
llustrated embodiment, the skirt system consisis of segmenis comprising open-
ended flexible pags with a pockel sewn into each bag. The skirt segments may

bhe formed from any suitable material.

The planing hull may be a "deep V" design. In the illustrated embodiment, the
hull 1s a "deep V' design, with a bow 16 cesigned 1o slice through waves and
push floating debris or ice 10 each side. The hull geometry is suitable to support
the lower edges of the skirt segments and at least one inflatable coliar 18, so that
the upper edges of the skirt segments are supported from the inflatable

collar(s) 18. A "tunnel” 20 in the hull botiom is formed behind the bow 16. A
water propelier 10 is shown housed in the tunnel 20, so that the propeller 10 is
above the bottom of the keel, or keels. Ir the illustrated embodiment, ihe bow 16
deflects floating debris or ce, so that clear water is fed to the propeller 10 in the
tunnel 20, while the tunne: 20 protems the propeller 10 from damage when the

craft dries outl or is used over solid surfaces or submerged debris or obstructions.

The hull width is suitable for transport on a road trailer, or in a shipping coniainer.
Adequate width for the cushion of air is provided by side “wings” 22. The side
skirt segments are aftached 1o the inflatable collar(s) 18 on the side wings 22.
The inflatable collar(s) 18 may be separate or a single entity. In the illusirated
embodiment, separate inflatable collars 18 are attached to the wings 22 and {o
the rigid part of the hull 2 arcund the bow 18, joined by envelopes 24 having
sufficient flexibility for the side wings 22 to move through their full travel. In
Figure 3 a wing 22 may be seen in a folded up position A and also a folded down
position B. The connection between the wing 22 and the hull 2 is articulated.
The wings 22 may be foided down 1o give maximum width for the cushion. The
wings 22 may be folded up to give minimum width for iransport out of the water.
The skirt segments may be pulled up out of the water by the action of the folding
wings 22. In this way, nydrodynamic drag from the skirt segments dragging in

the waler may be reduced. by lifting the skirt segments clear of the water while
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the craft operates in its planing mode. Folding the wings up also raises the
inflatable collars at the sides of the craft to their maximum height, which
increases the freeboard and improves safety in poor weather conditions. In the
iliustrated embodiment, operation of the folding wings 22 s by an automatic
control, allowing a rapid transition from planing to cushion operation without
manual conversion. This aliows the craft to enter high waves from a beach, mud
flat or any other surface and then enter the planing mode of operation 0 proceed
away safely. Similarly, the craft may leave disturbed water or high waves by'
driving at speed on to a beach, mud flaf or any other surface and then enter the

cushion mode of operation to proceed away safely.

The lift ducts 12 at the side of the craft may be collapsible, so that they occupy
minimum space when the side wings 22 are folded up. in the llustrated
embodiment, the lift ducts 12 are formed between the wings 22 and the sides of
the hull 2, with a flexible membrane 26 to contain the air. When the wings 22 are
in the folded up position, the membrane 26 is contained and does hot impede
rapid loading on 1o a trailer. Rapid deployment from a trailer is possible by
folding down the wings 22 and using the air cushion to drive the craft directly off
the trailler. In the illustrated embodiment, the skirt segments have slits in their
side walls 28, The slits allow the segments to be pulled clear of the water without
tearing as the wings 22 fold up. When lift air flows into the skirt segments, the
side walls 28 of the skiri segments seal against each other 1o prevent loss of air.
There is no difference in air pressure between adjacent skirt segments, so there
1s no ftow of air out of the slits in the side walls 28. In the illustrated embodiment,
the top of each segment is attached to the hull 2 or the inflatable collar 18 by a lip
provided with a hook and loop fasiening sysiem. This aliows damaged segments
to be changed rapidiy.

A set of drag flaps 38 at the stern of the craft are long enough to drag underneath
the aft skirt segments. The drag flaps 38 are bouyant, so that when the craft is

floating or planing the drag flaps 38 lift the aft skirt segments clear of the water, to

provide minimum drag.
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The craft may conveniently be provided with one or more thrust reversers. The

thrust reversers may be formed integrai with the air rudders or separately. In the
Hustrated embodiment, a thrust reverser comprises a compound air rudder
mounted in between the air fan 8 and the nozzle 6 of the fan duct 5. The
compound rudder consists of two vertical control surfaces 30 mounted on a
jockey bar. The control surfaces 30 are normally fixed parallel o each other and
the jockey bar is rotated about a vertical axis to provide a turning moment at the
rear of the craft. A separate control moves the conircl surfaces 30 relative 10
each other about vertical axes from the jockey bar, until their leading edges meet
on a vertical line, so that ihé control surfaces 30 form a V in plan view (Figure 2).
This blocks the duct and deflects the air flow from the fan 8 outwards fowards
side walls 32 of the fan duct 5. An aperture in each side wall 32 has a numoer of
vertical turning vanes 34, which deﬂe-c:t ihe air flow forwards. The reaction from
the deflected air provides reverse thrust.

With the craft’s steering in a neutral (straight-ahead) positicn, the reverse air flow
is equal on both sides of the fan duct S and there i1s no tuming moment on the
rear of the craft. Moving the steering away from the neutral position rotates the
rudder jockey bar, whether the control surfaces 30 have been locked parallel
(Figure 4} or moved to farm a thrust reverser (Figure 2). If the control surfaces
30 have been moved to form a thrust reverser, the outer edges of the V move
across the side aperfures, so that the open (un-blocked) area on one side is
increased, while the open area on the other is decreased. The turning vanes 34
are at different angles, so that air emerging towards the back of the aperture exits
al a greater angle to the craft axis than air emerging towards the front of the
aperture. Thus, more air flow emerges on one side of the fan duct & than the
other and the side with the greater flow also has more air directed sideways, so
that the lateral reaction farces are unbalanced. This provides a turning moment
at the rear of the craft, so that the craft can be sieered whiie reverse thrust is
operaiing.
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Reverse thrust may be used to slow and stop the craft, or to reverse it. Effective
steering while reversing allows the craft to be maneuvered easily. There is
nothing to block the reverse flow apertures or vanes 34, either when the mhtmi o
surfaces 30 are locked parallel, or in a V. When the control surfaces 30 are
locked parallel and steering is neutral, litle or no air escapes out of the apertures
because the air has sufficient momentum to get past the apertures. At forward
speed, air from outside the fan duct 5 provides an additional Sealing pressuré.
When the steering is moved away from neutrai, some air is deflected by a vertical
contro! surface 30 and out of one side of the fan duct 5. The reaction to this flow
provides a powerful turning moment at the rear of the craft which, added to the
reaction on the compound 'rudden improves the maneuverability while the craft is
stationary or fraveling forwards, compared with conventional craft.

The craft is also fitted with a pair of water rudders 36, which operate In a

conventional manner.

Conventional boats may have a throtile box with a foward/ reverse movement.

Forward engages the gearbox forward gear before advancing the throttle cable.
Reverse engages the gearbox reverse gear before advancing the throttle cable
and the propelier turns in the opposite direction to pull the boat back or slow it
down. This makes maneuvering the boat simple and quick.

Conventional hovercraft may have separate controls for throttle and thrust
reverser(s), vectored thrust, elevons or skirt shifting mechanisms. These are
effective but require a trained operator.

The amphibious craft of the present invention may have a single throttle lever that
controls the thrust reverser, enginé throttie and a gearbox. As the lever is moved
forward from its neuiral position, the verical control surfaces SO.may be rotated
until they are parallel to one another, forming a rudder assembly. The same
movement of the lever advances the engine throttie once the vertical control
surtaces 30 have moved. As the lever is moved backwards from its neutral
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nosition, the vertical conirol surfaces 30 may be rotated untll they form a thrust
reverser. The same movement o the tever advances the @ngine throttle once the
control surfaces 30 have moved. The effect is that the cralt can be moved
forward, backward or slowed using the same control movement as a conventional
boat throttle box. Operators of craft ;::onstruc{ed in accordance with this aspect of
the present invention will accordingly require litlle further training to use the

system.

The amphibious craft of the present invention may have a water thrust system.
This may be engaged or disengaged using the same control boxX. The box may
have a separate lever, button or other control to do this, or it may have a
separate movement of the single controi lever. The control box may allow the
lever to move in an H pattern in plan view. From the neutral position, the lever
can be moved sideways 10 change from one side of the H {o the other. The
sideways movement may engage or disengage the water thrust system, so that
forward/ reverse movement on one side of the H has the water system engaged
and on the other has the waler system disengaged. The stops on the travel of
the lever may be at different positions around the H, allowing the maximum
engine power 1o be Iimited for different configurations. This system allows the
operator 1o control the craft rapidly and easily, without using different controls for
the various systems on the crafi.

The steering system controis the compound air rudders and the water rudders

simuitaneously, so that steering 15 provided by a single control however the craft
is operating. |

- - LYW L -
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CLAIMS

1 An amphibious vehicle with a fixed geometry planing hull and a skirt

system.

2 A vehicle according to claim 1, in which the skirt system is retractable.

3 A vehicle according to claim 1 or claim 2, in which the skirt systemn
comprises a plurality of side wings each pivetally connected at a first end to the
fixed geometry planning hull of the craft, at least one m?iar connected toa
second end of each of the side Wﬁg% a plurality of skirt segments supported

from the at least one collar and a lift duct.
4 A vehicle according to claim 3, in which the Iift duct comprises a flexible
membrane extending between the at least one collar and the Tixed geometry

planing hull.

5 A vehicle according to either claim 3 or claim 4 in which the at least one

collar is inflatable.

& A vehicle according to any previous claim, in which the vehicle comprises
at least one fan duct adapted to contain a compound ruader or thrust reverser.

7 A vehicie according o any of claims 1 10 5, in which the vehicle comprises
at least one rudder adapted to operate as a thrust reverser.

8 A vehicle according to claim 6, in which the or each fan duct comprises a

propelling nozzle at an outlet and further compnses a plurality of aperiures in side

walls of the or each fan duct and verical tuming vanes associated with the

plurality of apertures.
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9 A vehicle according to any of claims 6 to 8, in which the or each rudder
comprises a plurality of vertical control surfaces located between fan means and

the or an outlet of the fan duct.

10 A vehicle according to claim 9, in which the or each rudder is arranged to

direct air into or to block the aperiures and associated vanes to provide steering.

11 A vehicie accorging to any previous claémﬁ in which a single throttle lever
controls a or the thrust reverser, an engine throttle and a gear box.

12 An amphibious vehicle substantially as described herein with reference 1o

and as illustrated in the accompanying drawings.
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Figure 2
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