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We, HOVERCRAFT DEVELOPMENT LIMITED,
a British Corporation, cstablished by Statute,
of 7, Tiluey Street, London, W.1, do hercby
declare the invention for which we pray that
a patent may be granted to us, and the method
by which it is to be performed to be particu-
larly described in and by the following state-
ment: —

This invention relates to vehicles of the type
which are supported, partly or wholly, above
the surface over which they are hovering or
travelling by onc or more cushions of pressur-
ised fluid, generally air, beneath the vehicle.

The cushion or cushions of fluid may be
formed and maintained beneath the vehicle by
any suitable means.  Onc such means is
deseribed and claimed in the specification of
Letters Patent No. 854,211, and comprises
onc or more curtains of fluid which travel
across the gap that in operation exists between
the surface over which the vehicle is operating
and the structure of the wehiclee  Other
cushion forming and containing nicans may
also be used but for convenience in the des-
criptions of various embodiments of the in-
vention below, it will be assumed that the
cushion forming and containing mecans com-
priscs one or mere curtains of {luid around at
Jeast part of ihe periphery of the bottom of the
vehicle.  The curtains may be of a simple
form as described in the specifization of the
aforementioned  Patent  Specification No.
854211, or of a morc complex form in which,
for cxample, at Icast part of the curtain-form-
ing fluid is recovered ard re-used, such as is
described and claimed in the specifications of
Letters  Patent  Nos. 919350, 935823,
935824 and 935826.

The invention is also applicable to mobile
platforms as described and claimed in the
specification of Letters Patent No. 893715
and the term vehicle as used herein is to be

[Price 4s. 6d.)

understoad, where the context permits, as in-
cluding a mobile platform.

The present invention is concerned with
micans for providing various forces on the
vehicle and means for controlling such forces
such that the dircction of movement of the
vchicle can be controlled and the vehicle can
be held stationary if desired.  One of the
characteristics of a vehicle of the type des-
cribed is its lack of resistance to sideways
movenient or drift.  On the other hand, the
vehicle has substantially the degree of safety
of a surface vehicle in that it can return to
the surface over which it is operating rapidly
and casily without danger, and can be muadc
to be safe when resting on the surface without
impairing its operating effciency. - It is an
object of the invention to provide a system of
directional stability and control, the operation
of which gives the vehicle the familar charac-
teristics of a surface vehicle.

According to the invention, there is pro-
vided a vehicle for travelling over a surface
and which is supported above the surface, at
lcast in part, by a cushion of pressurised air
formed and contained beneath the wehicle,
comprising mcans for producing a propulsive
thrust aperable to move szid vehicle, means
for cxertng about a vertical axis a turning
moment upon said vehicle, means for varying
the direction of the propulsive thrust, and
mcans for controlling said turning moment
whereby the direction of movement of the
vchicle can be controlled and the direction
of the forc and aft axis of the vehicle con-
trolled in rclation to the direction of move-
meat.

Preferaoly there is also provided means for
controlling or modifying at will the turning
moment about a vertical axis exerted on the
vehicle.

The forces and moments acting upon the

Pries 45 ‘¢-

Tt @, IQQ—?

45

55

65

70

bR

80

)

A RO TR WA R YT Ry e 4




959,025

10

15

35

40

55

vehicle are capable of holding the vehicle sta-
tionary against the action of cxtrancous forces.

The invention will be more readily under-
stood by the following descriptions of various
features oi the invention in conjunction with
the accompanying drawings in which:—

Figure 1 tllustrates diagrammatically vari-
ous forces which can be caused to act on a
vehicle,

Figure 2 illustrates diagrammatically fur-
ther examples of forces which can be caused to
act on a vehicle, )

Figure 3 illustrates diagrammatically vari-
ous methods of producing forces upon 2
vehicle,

Figure 4 is a vertical scction on the line
A—A of Figure § illustrating onc of the ex-
amples in Figure 3 in more detail,

Figure 5 is a plan view of the wvchicle
illustrated in Figure 4,

Figure 6 is an inverted plan view of a
vehicle according to the invention showing
ene of the methods of Figure 3 in more detail,

Figure 7 is a diagrammatic horizontal cross-
sectional nlan view of another form of vehicle
according to the invention showing a further
one of the methods of Figure 3 in more detatl,

Figure 8 is a similar plan view to Figure 7
but with operating parts in diflerent positions,
and

Figure 9 is a similar plan view to Figures
7 and 8, illustrating one mcans of providing
directional stability.

In order to propel, slow down, stop, turn
and manocuvre a vehicle certain forces must
be producced to act upon a vchicle.  Figure
1 is a scries of diagrammatic plan views of a
vehicle 1 showing various forces which it is
required o produce and act upon a vchicle.
In Figure 1(a) a rcarward acting force 2 is
shown which propels the wehicle 1 forward.
In Figure I(b) a forward acting force 3 is
shown which is required for slowing and stop-
ping the vehicle, or propelling it backwards.
Figures 1(c) and (d) show respectively side-
ways acting forces 4 and 5.  These forces
can be used to move the vehicle sideways or
to hold it stationary against an extrancous side
force such as the wind.  Figures 1{c) and
1(f} show turning moments 6 and 7 respec-

“tively which can be used to rotate the vehicle

about a wertical axis.  The strengths of the
various forces can be varied and also used
individually or in conjunction with one another
to move the wvehicle in any particular direc-
tion, or to hold the vehicle stationary and to
align the forc and aft axis of the vehicle in
any direction.  The various forces can be
generated by any suitable means such as by
jets of flid, propellers or other thrust pro-
ducing means. Where a fluid is ejected
through ports in the bottom of the wehicle,
for example for producing a curtain or cur-
tains of fluid, thrust may also be produced

by tilting the vehicle.  Two or morc means
may be used in combination.

Howcver, although the forces can be pro-
duced ind :pendently and combined to produce
the required resultant force this docs not pro-
duce the thrust in the most efficient manner.
This is illustrated diagrammatically in Figure
2. In Figure 2(a) the vehicle 1 has acting upon
it two forces 10 and 11 at right angles. Force
10 propels the vehicle forward and force 11
adds a sideways component of motion.  Thus
the final direction of movement is as indi-
cated by the arrow 12. In Figure 2(b) a
single force 13 acts upon the vehicle exactly
in line with the desired direction of movement
shown by the arrow 14.  This provides a
thrust to propel the vehicle in the direction
required in the most efficient manner.

Figure 3 illustrates diagrammatically vari-
ous methods, by way of example, of producing
varicus forces and moments on a vehicle.
Figure 3(a} is an inverted plan view of a
vehicle 20 showing an annular supply port 21,
adjacent to and parallel 1o the periphery of
the bottom of the vehicle, through which issues
air to form 2 continuous curtain which forms
and maintains the aferesaid cushion or cushions
of pressurised air.  Vanes 22
the port 21 and by suitably inclining the vanes,
for example along each side of the vchicle,
rearward .components of thrust 23 are de-
veloped by the curtain-forming air which pro-
pels the wvehicle forward.  Alternatively, as
shown in Figure 3(b) which is a plan view,
propulsicn may be by a scparate propulsion
comprising a propeller 24 which produces a
force 25. The mctheds shown in Figure
3(a) and 3(b) may also be combined. Figurc
3(c) is a plan view of a further vehicle, in
which air is drawn in through a central air
inlet 27 and is expelled into ducts 28 and 29,
adjacent to the periphery of the vehicle. Ports
30 and 31 are provided at the front and rear
respectively of the vehicle and further ports
32 and 33 arc provided one on each side of
the vehicle.  Suitable control means is pro-
vided to control the flow of air from any or
all of the ports as required, as described below
with reference to Figure 9. Figure 3(d) is
a plan view of a vehicle in which instead of
the ports being .positioned onc at cach end
and onc on each side as in Figure 3(c), it has
ports 34 provided on each side of the vehicle,
onc on cach side towards the front and one
on cach side towards the rear.  Movable vanes
35 in the ports 34 can be rotated about vertical
axes to vary the direction of flow of air from
the ports and thus vary the resultant thrust
direction at each port.  Figure 3(e) is a
plan view of a vchicle which is propelled by
a series of propellers 36.  Behind the pro-
pellers are mounted vancs 37 each capable of
rotation about a vertical axis. By rotating
the vancs 37 about these vertical axes the di-
rection of thrust can be varied. It will be
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- ent as shown by the arrows 54.

.appreciated that a combination of two or more
of the examples illustrated in Figures 3 can
«. used, end that other examples, not shown,
can zlso be used.

Wherc, as shown in Figure 3(a} for example,
the controf thrusts are produced by varying the
direction of sxpulsion of the curtain forming
air, then a simple method of obtaining the
thrusts, as stated above, is by providing mov-
able vanes in the supply port, or ports, where
a simple curtain system is used, or in either
the supply or rccovery ports where a more
complex curtain system, with curtain air re-
covery, is used. In the latter system, vanes
may also be provided in both supply and re-
covery ports.  Figure 4 is a vertical section
through a vchicle, on the linc A—A of Figure
5, showing the provision of vanes in the sup-
ply port of a vehicle having a single annular
simple curtain system.  Figure 5 is a plan
view of the vchicle with part of the top sur-
face removed to show the positioning of the
vanes in a port.  The methed of mounting
and operatng the vanes is not  materially
altered for any other curtain  materially
The vehicle has a body 40 with an air intake
41.  Siwated in the intake is a single stage
air compressor 42, in the form of an airscrew,
driven by a motor 43.  In operation air flows
from the compressor 42 into a chamber 44
extending over the whole area of the vehicle.
An annular supply port 45 is formed in the
bottom of the vehicle adjacent and parallel 1o
the periphery thereof, and air flows from the
chamber 44 via a duct 46 to the supply port
from which it issues to form a curtain of air
47.  Vanes 48, pivotally mounted at their
top cdges 49, are provided in the supply port
and are rotated about a horizontal axis through
the pivots by an actuating rod 50 and an actu-
ator 51.  For convenience in operation and
to cnable local variation of the vanes, they are
connected together, and operated, in small
-groups.  Air issucs from the supply port in
an inward and dowaward direction and is
then deflected round and outward, as shown, in
contact with the surface over which the vehicle
is operating, by the pressure of the cushion of
air formed in the space 52.  If the vanes 48
are vertical, as shown on the left of Figures 4
and 5, then the air issues from the supply
port in an inward dircction substantiaf normal
to the periphery of the bortom of the vchicle,
as shown by the arrows 53.  If the vanes are
given a rearward inclination as shown on the
right of Figures 4 and 5, then the air issucs
from the supply port with a rearward compon-
If this is
donc on both sides of the vehicle then 2 rear-
ward thrust is produced which propels the ve-
hicle forward, Inclination of the wanes in
the reverse direction will produce a braking
or backward propelling thrust, while inclina-
tion of the vanes at the front and rear of the
vehicle will produce a sideways thrust on the

vehicle. A wurning moment can be preduced
by inclining the vanes on one side, and/or at
one end, in one direction and the vanes on the
other side, and/or other end, in the opposite
direction. -

In Figurc 6 arc shown various diagram-
matic plan views illustrating the obtaining of
resultant  thrusts for various purposes by
means of vanes as described above in rela-
tion to Figures 4 and 5. In Figure 6(a) the
vanes are inoperative, that is they are in a
vertical orientation, and the curtain forming
air issucs from the supply port conventionally
having a combincd thrust towards the centre
of the vehicle as shown by the arrows. In
this example there would be no resultant thrust
tending to move the vehicle.  In Figure 6(b),
the vancs in that part of the supply port which
forms the side curiains, portions 56 and 57,
are given an inclination which produces a
rcarwards resultant thrust as shown by the
arrows.  This wili cause the vehicle to move
forwards. In Figure 67¢) the vanes in the
portions 58 and 59 of the supply port are
given an inclnation which preduces thrust as
shown, resulting in a movement of the vehicle
at an angle to uts longitudinal axis. A turn-
ing moment is obtained by producing an asym-
metrical rhrust on the vehicle.  This can be
obtained as shown in Figurc 6 by inclining
a number of the vanes in a lozal portion 60
of the supply port.  Vanes can be suitably
tnclined at more than one local portion of
the supply pert, and the magnitude of the
turning moment can be varied both by the
degree of inciination of the vanes and by the
number fuclined, which may vary from a mini-
mum of one to a maximum of the total num-
ber provided.

It will thus be scen that by inclining the
correct vancs, a resultant thrust in any direc-
tion can be obtained, and it is possible to
combine rwo or more of the various examples
of guide vane inclination.  Where the in-
clining of guide vancs is only carricd out over
part, or parts, of the whole periphery, the
angle of inclination may be “tapered off” at
cach cnd of that part of the periphery in order
to prevent a too drastic alteration in curtain
configuration.

Where the control thrusts are produced by
the propulsion air, the propulsion air being
scparate from the curtain forming air, various
methods of preducing the control thrusts may
be used.  Figures 7 and 8, which are dia-
grammatic plan views of a vehicle similar in
many ways to thag shown in Figures 4 and 5,
llustrate onc particular method.  The pro-
pulsion air is fed from an air intake 62 having
a compressor 63 mounted therein, as in
Figures 4 and 5, to two ducts 64 and 65 ex-
tending the length of the vehicle, one ene each
side.  Air is also fed from the compressor
63 to an annular supply port in the bottom of
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the vehicle, as in Figures 4 and S, for the
formation of the air curtain. The ends of
the ducts open into ports 66 and 67 at the
front and rcar of the vehicle respectively. A
port 68 is formed at the centre position of
duct 64 facing outwards and a similar port 69
is formed in the duct 65.

Mounted in the ducts 64 and 65 at the
mid position are slide members 70 and 71
provided with scparately slidable vanes 72,
73, 74 and 75, onc slide member being in each
duct and positioned so as to control the flow
of air from the air inlet 62 into the ducts. The
slide members operate as follows.  With the
slide mewnbers situated centrally with respect
to the flow irom the air inlet 62 and both
vanes in each slide member in 2 closed posi-
tion as shown in Figure 7, air from the inlet
is divided equally to front and back along
the ducts 64 and 65. This will, of course,
produce no resultant thrust.  If now, by
suitable linkage 76, the slide mcembers are
moved to a pesition shown by the dotted lines
77, then a greater proportion of the air s
deflected by the vanes towards port 67.  As
this port is at the rear of the vehicle there will
be a resultant thrust tending to drive the
vehicle forward.  Similarly movement of the
slide members in the reverse direction will
cause a resultant thrust in the other direction.

For sideways movement the separately slid-
able vanes 72, 73, 74 and 75 are moved by
suitable linkage 78 from wheel 79 so as to
allow air to issue through the ports 68 and
69. If vances 72 and 73 arc slid apart in the
sliding member 70, as shown in Figure 8, then
air will be expelled through port 68, causing
a resultant thrust tending to move the vehicle
sideways in a dircction opposite to that of the
air being expelled  Similarly, if vanes 74
and 75 are opened and vares 72 and 73 closed
a resultant thrust in the other direction will
occur.

It will be scen that combined movement of
the slidable members 70 and 71 and of onc of
the sets of vanes 72 and 73 or 74 and 75 can
be made which will provide a resultant thrust
at an angle to the longitudinal axis of the
vehicle.

The linkage 76 for operating the slide mem-
bers 70 and 71 and the linkage 78 for operat-
ing the slidable vanes 72, 73, 74 and 75 are
shown separately in Figures 7 and 8 for clarity,
but both linkages are, of course, provided: in
the one vehicle,

Where, in the cxamples described above,
only directional thrusts az¢ produced, without

- turning momeats, then directional stability over

water can be obtained by means of keels, in-
dicated by dotted lines 80 in Figures 7 and 8,
which are immersed in the water.

Thus -when the direction of travel of the
vehicle is to be altered, a thrust having a side-
ways component is exerted in the vehicle.
This produces a tendency for the vehicle to

-ports as in Figures 7 and 8.

move gidzways, which tendency is resisted by
the keel or keels. The result is that the
vehicle turns until finally the longitudinal axis
of the vehicle is in the direction required. The
componcent of sideways thrust is either progres.
sively reduced to zero as the vehicle wurns, or
may be more rapidly reduced to zero, or such
other value as may be required, just before or
at the time the longitudinal axis assumes the
required direction, in the normal manner of
steering a vehicle.

Instead of or in addition to any kecls, di-
rectional sitability may be provided by mcans
controlled by a device whose orientation rela-
tive to the zir through which or the water
ever which the wchicle is travelling, is con-
stant. A simple device is a vane which is
pivoted at one end to a point on the vehicle,
the other end of the vane having pivoted to it
a link which is connected by a series of paral-
lel linkages, or by some other suitable means
which may be hydraulic, clectric or pneumatic,
to cither vanes in the ports 66, 67, 68 and 69
in Figures 7 and &, or to the vancs 48 in the

-supply port 45 in Figures 4 and 5.

A construction having vanes in the ports
66, 67, 68 and 69 of the vehicle shown in
Figures 7 and 8 is illustrated diagrammatically
in Figure 9. A vanc 85 is pivotally mounted
at 86 on the vehicle and is operated upon by
either the air through which the wvehicle is
travelling or by the water over which the ve-
hicle is travelling.  Movement of the vane
85 is transmitted by suitable linkage 87 to
vancs 88, 89, 90 and 91 located in the ports
66, 67, 68 and 69, these ports being the same
It will be scen
that assuming that air is being cxpelled through
nozzle 67 to drive the vehicle forwards, if for
some reason there is a relative rotation of the
vehicle clockwise about its central vertical axis,
the vane 85 will be rotated anticlockwisc rela-
tive to the vehicle by cither the air or the
water as indicated by the dotted line 92. This
will cause clockwisc rotation of vancs 88, 89,
90 and 91 to positions indicated by dotted lines
93, air being expelled from the port 67 acting
on vanes 88, 89, 90 and 91 to providc an in-
creased anticlockwise turning moment on the
vehicle.  Similarly any air which is expelled
from any of the other ports 66, 68 or 69 will
act on the particular vane or vanes positioncd
in the port or ports through which the air is
expelled.

For directional stability in a vehicle as
shown in Figures 4 and 5 a vane mounted
similarly to the vane 85 in Figure 9, can be
used to control the variation of the inclination
of the vanes 48 in the supply port 45. This
variation is additional to any variation applicd
for propulsion. '

When means are provided for controlling
and modifying at will the turning moment
exerted on the vehicle, such means alone can
be used to change the direction of the vehicle
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If

ie turning moment is not applied too rapidly
little or no “side-slip™ or “crabbing” of the
vehicle will occur. At higher speeds how-
ever, unless the turning moment is applied ex-
wremely slowly, which will make the turning
circle of the vehicle unacceptably large, some
sideways thrust or resistance is required. In
a vehicle with a keel or keels, these will pro-
vide a degrec of sideways resistance which may
be sufficient. In vehicles without keels, or
in which the keels do not provide sufficient
sideways resistance, a component of sideways
thrust must be provided to prevent “sideslip”.
The twrning moment can be applied manu-
ally, and in the case of a vehicle as illustrated
in Figure 9, preferably by an override.

The manual override may be a means for
disconnccting the vance 85 from its linkage, the
linkage then being operated directly by hand,
or for example, the vancs 88, 89, 90 and 91
in Figure 9 may be individually or collectively
disconnected and operated independently.

A bias may be imposed, to allow for a rela-
tive crossflow of the air or water, through
which or over which the vehicle is travelling
for example by providing means for varying
the length of the link 94 in Figure 9 as indi-
cated at 95 by dotted lines.

It will be understood that where more than
one curtain is provided or where the air from
a curtain is recirculated or otherwise re-
covered, the control vanes may be introduced
at any point in the air flow such that a net
resultant thrust is effective on the vehicle. An
advantageous arrangement is onme in which
the air which forms the curtain is recovered
through a port in the bottom of the vehicle
inboard of that through which the curtain-
forming jet issues, and this recovered air is
deflected by control vanes which are movable
in the manner described above.  This enables
air from any location in the vehicle to produce
thrust in any direction.

A combination of the systems illustrated in
the various figures can also be used.  For
example, the vehicle may be driven by separ-
ate propulsion ports, as ports 66 and 67 in
Figures 7 and 8, while directional stability
etc. is obtained by varying the angle of inclin-
ation of vanes in the air stream forming the
curtain.  Conversely, propulsion may be ob-
tained by vanes of fixed inclination in the air
stream forming the curtain while scparately
fed ports. as ports 66, 67, 63 and 69 in
Figures 7 and 8 are provided for directional
stability and stecring, and for stopping the
vehicle. :

In order to minimise sideways drift, while
manoeuvring at slow speed, or while traversing
narrow channels etc, a fixed or retractable
keel or fin may be provided  Alternately
fixed or retractable disc keels may be provided,
the keels being free to rotate to minimise skin
resistance. These keels may be used to

orovided it is travelling at a slow speed.

resist the component of sideways thrust duc to
centrifugal force on the vehicle when on a
curved course.  The action of the keels may
be such that the forces acting pass through, or
nearly through the centre of gravity of the
vehicle, to minimisc the resultant rolling
motion.

Braking members may also be provided to
slow down the vehicle, arranged to be sus-
pended from below the vehicle so as to make
contact with the surface over which the vehicle
is travelling. When in use over water, the
brake member or members may make use of
wave-forming characteristics to provide a re-
tarding force.  _

WHAT WE CLAIM IS:—

1. A vehicle for travelling over a surface
and which is supported above the surface, at
least in vart, by a cushion of pressurised air
formed and contained beneath the vehicle,
comprising means for producing a propulsive
thrust operable to move said vehicle, means
for exerting about a vertical axis a turning
moment upon said vehicle, means for varying
the direction of the propulsive thrust, and
means for controlling said turning moment
whereby the direction of movement of the
vehicle can be controlled and the direction of
the fore and aft axis of the vehicle controlled
in relation to the direction of movement.

2. A vchicle as claimed in claim 1 includ-
ing at least one port through which fluid is
expelled for producing a propulsive thrust
substantially parallel to the fore and aft axis
of the vehicle, at least one port through which
fluid is cxpelled for producing a sideways
thrust having a component normal to-the fore
and aft axis in one direction, at least one port
through which fluid is expelled for producing
a sideways thrust having a component normal
to the fore and aft axis in the opposite djrec-
tion, means for supplying fluid to each of said
ports, and means for varying the relative mass
flows of the fluid through said ports for con-
trolling the direction of operation of the re-
sultant thrust. :

3. A vehicle as claimed in claim 2 including
at least one vane in each of said ports, and
means for turning said vancs to deflect a con-
trolled part of the thrust produced by the
fluid issving from said ports and thercby
exert a turning moment.

4. A vehicle as claimed in claim 3 in which
said vane turning means comprises a member
exposed to the air through which the vehicle
is travelling so as to be moved thercby relative
to the vehicle and urged towards a’ constant
orientation relative to the air, and means actu-
ated by said member for controlling the move-
ment of said vanes. :

5. A vehicle as claimed in claim 3 in which
said vane turning means comprises a member
exposed to water over which the vehicle is
travelling so as to be moved thereby relative
to the vehicle and urged towards a constant
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orovided it is travelling at a slow speed. If
...}t turning moment is not applied too rapidly
little or no “side-slip” or *“crabbing” of the
vehicle will occur. At higher speeds how-
ever, unless the turning moment is applied ex-
tremely slowly, which will make the turning
circle of the vehicle unacceptably large, some
sideways thrust or resistance is required. In
a vehicle with a keel or keels, these will pro-
vide a degrec of sideways resistance which may
be sufficient, In vehicles without keels, or
in which the keels do not provide sufficient
sideways resistance, a component of sideways
thrust must be provided to prevent “sideslip”.
The turning moment can be applied manu-
ally, and in the case of a vehicle as illustrated
in Figure 9, preferably by an override.

The manual override may be a means for
disconnecting the vane 85 from its linkage, the
linkage then being operated directly by hand,
or for example, the vanes 88, 89, 90 and 91
in Figurc 9 may be individually or collectively
disconnected and operated independently.

A bias may be imposed, to allow for a rela-
tive crossflow of the air or water, through
which or over which the vehicle is travelling
for example by providing means for varying
the length of the link 94 in Figure 9 as indi-
cated at 95 by dotted lincs.

It will be understood that where more than
one curtain is provided or where the air from
a curtain is recirculated or otherwise re-
covered, the control vanes may be introduced
at any point in the air flow such that 2 net
resultant thrust is effective on the vehicle. An
advantageous arrangememt is one in which
the air which forms the curtain is recovered
through a port in the bottom of the vehicle
inboard of that through which the curtain-
forming jet issues, and this recovered air is
deflected by control vanes which are movable
in the manner described above.  This enables
air from any location in the vehicle 1o produce
thrust in any direction.

A combination of the systems illustrated in
the various figures can also be used. For
example, the vehicle may be driven by separ-
ate propulsion ports, as ports 66 and 67 in
Figures 7 and 8, while directienal stability
etc. is obtained by varying the angle of inclin-
ation of vanes in the air stream forming the
curtain.  Conversely, propulsion may be ob-
tained by vanes of fixed inclination in the air
stream forming the curtain while separately
fed ports. as ports 66, 67, 68 and 69 in
Figures 7 and 8-are provided for directional
stability and steering, and for stopping the
vehicle. :

In order to minimise sideways drift, while
manoeuvring at slow speed, or while traversing
narrow channels etc., a fixed or retractable
keel or fin may be provided.  Alternately
fixed or retractable disc kecls may be provided,
the keals being frec to rotate to minimise skin
resistance. These kecls may be used to

resist the component of sideways thrust due to
centrifugal force on the vchicle when on a
curved course.  The action of the keels may
be such that the forces acting pass through, or
nearly through the centre of gravity of the
vchicle, to minimise the resultant rolling
motion.

Braking members may also be provided to
slow down the vehicle, arranged to be sus-
pended from below the vehicle so as to make
contact with the surface over which the vehicle
is travelling. When in use over water, the
brake member or members may make use of
wave-forming characteristics to provide a re-
tarding force.

WHAT WE CLAIM IS:—

1. A vehicle for travelling over a surface
and which is supported above the surface, at
least in part, by a cushion of pressurised air
formed ind contained beneath the vehicle,
comprising means for producing a propulsive
thrust operable to move said vehicle, means
for exerting about a wvertical axis a turning
moment upon said vehicle, means for varying
the dircction of the propulsive thrust, and
means for controlling said turning moment
whercby the direction of movement of the
vehicle can be controlled and the direction of
the fore and aft axis of the vehicle controtled
in relation to the direction of movement.

2. A vchicle as claimed in claim 1 includ-
ing at least one port through which fluid is
expelled for producing a propulsive thrust
substantially parallel to the fore and afr axis
of the vehicle, at least one port through which
fluid is cxpelled for producing a sideways
thrust having a component normal to-the fore
and aft axis in onc direction, at least one port
through which fluid is expelled for producing
a sideways thrust having a component normal
to the fore and aft axis in the opposite dircc-
tion, means for supplying fluid to each of said
ports, and means for varying the relative mass
flows of the fluid through said perts for con-
trolling the direction of operation of the re-
sultant thrust. .

3. A vehicle as claimed in claim 2 including
at least onc vane in each of said ports, and
means for turning said vanes to defiect a con-
trolled part of the thrust produced by the
fluid issving from said ports and thercby
exert a turning moment.

4. A vehicle as claimed in claim 3 in which
said vanc turning mcans comprises a member
exposed to the air through which the vehicle
is travelling so as to be moved thereby relative
to the vehicle and urged towards a constant
orientation relative to the air, and means actu-
ated by said member for controlling the move-
ment of said vanes. "

5. A vehicle as claimed in claim 3 in which
said vane turning means comprises 3 member
exposed to water over which the wehicle is
travelling so as to be moved thereby relative

70

75

80

85

$0

95

100

105

110

115

120

125

to the vehicle and urged towards a constant 130




10

15

20

35

50

55

Leamington Spa: Printed for Her Majest
Published at The Patent Officg, 25, South

~and

" 959,025

orientation relative to the water, and means
actuated by said member for controlling the
movement of said vanes. .

6. A vehicle as claimed in claim 1 compris-
ing means for deflecting at lcast a part of said
propulsive thrust to provide said turning
moment.

7. A vehicle as claimed in claim 6 in which
the means for producing a propulsive thrust
comprises at least onc propeller.

8. A vehicle as claimed in claim 7 wherein
said propeller is an air propeller and the
means for controlling the direction of opera-
tion of said thrust upon the vehicle comprises
at lcast one movable vanc rotatable about a
vertical axis and mounted in the air stream
from said propeller. '

9. A wehicle for travelling over a surface
and which is supported above the surface, at
least in part, by a cushion of pressurised air
formed and contained bencath the vehicle,
said cushion being at least in part contained
by a curtain of moving fluid which issucs
from the bottom of the vehicle towards the
surface over which the vehicle is travelling,
comprising at least one supply port formed in
the bottom of the vehicle adjacent the peri-
phery thereof from which said fuid issues,
hinged vancs mounted in.said supply porr,
and means for deflecting said vanes differenti-
ally in groups distributed around the periphery
to deflect said fluid and produce thereby a
propulsive thrust which varies in magnitude
and direction from point to point around the
periphery whereby. there may be applied to
said vehicle a resultant propulsive thrust in a
desired direction and a turning moment about
a vertical axis, and means for controlling said

deflection of said vanes whereby the direction

of movement of the vehicle can be controlled
and the direction of the fore and aft axis of
the vehicle controlled in relation to the direc-
tion of movement.

10. A vehicle for travelling over surface and
which is supported above that surface, at least
in part, by a cushion of pressurised air formed
contained beneath  the wvehicle, said
cushion being at least in part contained by a
curtain of moving fluid which issues from the
bottom of the vehicle towards the surface
over which the vehicle is travelling, compris-
ing at least one supply port formed in the
bottom of the vehicle adjacent the periphery
thereof from which said fluid issues, at least
one recovery port formed in the bottom of

the vehicle adjacent said supply port through
which at least part of the curtain forming
fluid is recovered, means for expelling fluid
through said supply port to producc a pro-
pulsive thrust operable to move said vehicle,
hinged vancs mounted in said recovery port,
means for deflecting said vanes differentially
in groups distributed around the periphery to
deflect said Auid as it flows through the re-
covery port to produce thercby a propulsive
thrust which varies in magnitude and direc-
tion from point to point around the periphery
whereby there may be applied to said vehicke
a resultant propulsive thrust in a desired di-
rection and a turning mioment about a verti-
cal axis, and means for controlling said de-
flection of said vanes whereby the direction of
movement of the vehicle can be controlled and
the direction of the forc and aft axis of the
vehicle controlled in relation to the direction
of movement.

11. A wvehicle as claimed in claim 2 com-
prising four nutwardly facing ports, one at the
front, one at the rear, and one on cach side of
the vehicle, a vane mounted for rotation about
a vertical axis positioned in cach of said ports,
a member mounted on the vehicle and capable
of rotation about a vertical axis, and linkage
connecting said member and said vanes, move-
ment of the member resulting from a variation
of the oricntation of the vehicle relative to
the medium in which or over which the vehicle
is operating, such as the air, as a result of a
discrepency between the direction of move-
mient of the vehicle and the fore and aft axis
of the vehicle, and causing a rotation of said
vanes to provide a turning moment on the
vehicle tending to rectify said variation in
orientation.

12. A vehicle as claimed in any onc of the
preceding claims wherein there are provided a
series of freely rotatable keel members in the
form of discs.

13. A vchicle as claimed in claim 12 where-
in said keel members are retractable.

14. A wvchicle substantially as described
herein with reference to Figure 3¢ or 36 or
3¢ or 3d or 3¢ of the accompanying drawings.

15. A vehicle substantially as described
herein and as illustrated in Figures 4 and 5
or Figures 7 and 8 or Figure 9 of the accom-
panying drawings.

_ H W. GRACE, %
Chartered Patent Agent,
Agent for the Applicants.
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