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(57) Abstract: Amphibious vehicle (10, fig. 1) power train comprises prime mover (26) driving marine propulsion unit (36) and a
road transmission comprising speed change transmission (32), which may be a continuously variable transmission; and is mounted
with both input and output shafts aligned perpendicular to both longitudinal and lateral axes of the vehicle. The power train may
also comprise a transfer case (28, fig. 2) and a bevel gear box (30). The prime mover may be located longitudinally or transversely
in the vehicle. At least one road wheel may be retractable above the water line for use on water, particularly where the vehicle is
configured for planing. The transmission shafts may be vertical. Motor (110) drives a reverse gear for road use. Differential (34)

may be provided where at least two road wheels are driven. The vehicle is suitable for a user (12, fig. 1) in a sit-astride position.
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AMPHIBIOUS VEHICLE SPEED CHANGE TRANSMISSION ARRANGEMENT

The present invention relates to an amphibious vehicle capable of powered travel
on land and water. The present invention relates in particular, but not
exclusively, to an amphibious vehicle in which a user sits astride the vehicle in

the manner of a motorcycle, jet ski, quad bike, or the like.

Amphibious vehicles capable of powered travel on both land and water are
known. In a typical arrangement, a prime mover (such as an engine or electric
motor) is arranged to provide drive to a marine propulsion unit to propel the
vehicle on water and to provide drive to one or more road wheels for travel on

land.

Because of the need to drive a marine propuision unit and at least one road
wheel, the power train of an amphibious vehicle is often more complex than that
of a conventional road going vehicle or marine only craft. This can give rise to
difficulties in designing a power train to be accommodated in the limited available
space, whilst also ensuring that the weight distribution is satisfactory for both land
and n%arine usage. This problem is particularly acute for smaller “sit-astride” type
amphibious vehicles that are similar in form to motorcycles, jet skis, or quad
bikes. Such vehicles tend to have narrower, taller bodywork that makes it difficult

to accommodate a conventional amphibious vehicle power frain.

There is a need, therefore, for an amphibious vehicle having an improved or
alternative power train layout that can be more easily accommodated in a smaller

or narrower space, particularly for a sit-astride type amphibious vehicle.

According to a first aspect of the present invention, there is provided an

amphibious vehicle having the features defined in claim 1.
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It is a particular advantage of the present invention that the transmission can be
positioned either above or below the axis of the prime mover output shatft, this
enables the overall length of the power train to be reduced without unduly
increasing the overall width of the power train. The invention is particularly
applicable for sit-astride type amphibious vehicles in which the engine
compartment is generally thinner and taller than in other types of amphibious

vehicles.

According to a second aspect of the invention, there is provided an amphibious

vehicle have the features set out in claim 24.

Other features of the invention will be readily apparent from the claims dependent

on claim 1 and from the following description of the invention.

The invention will now be described, by way of example only, with reference to

the accompanying drawings, in which :

Figure 1 is a schematic, partly sectioned, rear view of a “sit-astride” amphibious

vehicle in accordance with the invention;

Figure 2 is a schematic side elevation of a power train for use in the vehicle of

Figure 1;
Figure 3 is a schematic plan view of the power train of Figure 2;

Figures 4A to 4E are cross sectional views through a transfer gearbox of the

power train of Figures 2 and 3, taken on line A-A of Figure 3;

Figure 5 is a partial, schematic view from the rear of the power train of Figures 2

and 3, showing a modification to the drive ling;
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Figure 6 is a view similar to that of Figure 2, showing a further embodiment of a
power train for use in an amphibious vehicle in accordance with the invention;

and

Figure 7 is a view similar to that of Figures 2 and 6, showirig a still further
embodiment of a power train for use in an amphibious vehicle in accordance with

the invention.

With reference to Figure 1, there is shown an amphibious vehicle 10. The vehicle
10 is a “sit-astride” type of vehicle in which a user 12 sits astride a saddle 14, in a

manner similar to that of a motorcycle, jet ski, quad bike or the like.

The vehicle 10 has two driven road wheels 16 at the rear. The road wheels 16
are mounted such that they can be moved between a retracted position in which
they are elevated for use of the vehicle in water (as shown in Figure 1) and a
protracted position in which the wheels are aligned generally vertically, such that
the main body 18 of the vehicle can be supported clear of the ground on the
wheels. Any suitable wheel retraction apparatus can be used to mount the rear
wheels 16. For example, the rear wheels 16 may be mounted in accordance with
the arrangement disclosed in International patent application No.
PCT/NZ95/0013 published as WO 95/23074, the contents of which are hereby
incorporated. Such a retractable wheel arrangement is particularly helpful where

the vehicle is configured to plane over water.

For the avoidance of doubt, references to “vertical” or “vertically” throughout this
specification, including the claims, should be understood as relating to a direction
from top to bottom (or vice versa) of the vehicle when it is supported by its wheels
or by its hull in an orientation conventional for locomotion; rather than a direction
that is necessarily orthogonal to the horizontal. The terms height, width and

length of the vehicle, should be construed accordingly.
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The vehicle has longitudinal and transverse axes. The longitudinal axis extends
substantially perpendicular to the vertical, through a point substantially at the
centre of the width and height of the vehicle, from front to back and vice versa.
The transverse axis extends substantially perpendicular to the vertical, through a
point substantially at the centre of the length and height of the vehicle, from left to

right and vice versa.

The vehicle 10 may also be provided with a further road wheel or wheels (not
shown) towards the front of the vehicle. The front wheel or wheels may also be
capable of being moved between retracted and protracted positions and will be
adapted to steer the vehicle on land in a manner well known intheart. Ina

preferred embodiment, the vehicle 10 has two front wheels (not shown).

The main body 18 of the vehicle has bodywork 20 forming a compartment 22 for
housing at least part of a power frain (indicated generally at 24 in Figure 2) for the
vehicle 10. As can be seen from Figure 1, the compartment 22 tends to be rather

narrow and tall in order that the users legs can be accommodated on either side.

A first embodiment of a power train 24 for use with the vehicle 10 shown in Figure
1 can be seen In Figures 2 and 3. The power train 24 includes a prime mover 26,
a transfer box 28, a bevel gear box 30, a speed change transmission 32, a rear

differential 34 and a marine propulsion unit 36.

The prime mover 26 will typically be an internal combustion engine but could be
any suitable type of prime mover, such as an electric motor or a hybrid engine

and motor combination, for example.

As will be described in more detail below, the prime mover 26 provides drive to
both the rear wheels 16 of the vehicle and the marine propulsion unit 36.

The prime mover 26 is located towards the front of the vehicle and has an output

shaft 38 that faces the rear of the vehicle for connection with the transfer box 28.
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Where the prime mover 26 is an engine, the output shaft may be the crankshaft
of the engine. It will be noted that the axis of rotation of the prime mover output
shaft 38 extends in a longitudinal direction of the vehicle. In the present
embodiment, the axis of rotation of the prime mover output shaft is inline with, or
at least parallel to, the longitudinal axis of the vehicle, as indicated at X in Fig. 3.
However, it will be appreciated that this need not be the case. The prime mover
could be mounted so that the axis of rotation of its output shaft is inclined to the
longitudinal axis of vehicle. Indeed, the prime mover 26 could be mounted
transversely so that the axis of rotation of the prime mover output shaft 38

extends in a lateral direction of the vehicle, as indicated at Z in Fig. 3.

A main drive shaft 40 is connected between the output shaft 38 of the prime
mover and an input or primary shaft 42 of the transfer box. Where the prime
mover is an engine, the main drive shaft 40 may be attached to a flywheel (not
shown) mounted to the prime mover output shaft 38 in a manner well known in
the art.

The transfer box 28 has two output shafts, a first land drive output shaft 44 is
connected to an input shaft 46 of the bevel gear box30 by a further drive shaft 48.
A second output shaft 50 of the transfer box comprises a marine propulsion
output shaft and is connected to the marine propulsion unit 36 by a yet further
drive shaft 52.

The transfer box 28 is arranged to selectively couple drive from the prime mover
26 to the road wheels 16 and/or the marine propulsion unit 36. The transfer box
28 also includes a reverse gear mechanism to enable the direction of drive to the

road wheels 16 to be reversed.

The detailed construction of the transfer box 28 can be seen in Figs 4A to 4E. As
already described, the output shaft 38 of the prime mover is connected to the
primary or input shaft 42 of the transfer box 28. An input gear 54 is mounted to
and rotates with the primary shaft 42. One end of the primary shaft is supported
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for rotation in the casing 56 of the transfer box 28 whilst the other end is in
rotational engagement with the land drive output shaft 44. A first dog clutch 58
enables the primary shaft 42 and the land drive output shaft 44 to be coupled
together as shown in Figs 4B and 4D to transfer drive to the bevel gear box 30,

which is also shown schematically in Fig 4A.

An intermediate gear 60 is mounted to a secondary shaft 62, which is itself
mounted for rotation in the casing 56 of transfer box 28 at either end. The
intermediate gear 60 is in constant mesh with the input gear 54 and is mounted
for rotation with, or may be formed on, the secondary shaft 62. A reverse input
gear 64 is also mounted for rotation with, or may be formed on, the secondary
shaft 62. A reverse idler gear 66 is in constant mesh with the reverse input gear
64 and is rotatably supported on an idler shaft 68. A reverse land drive output
gear 70 is associated with a movable selector portion of the first dog clutch 58.
The moveable selector portion of the first dog clutch 58 is slidably engaged with
the land drive output shaft 44 by means of splines 45. As shown in Fig. 4C, the
selector portion of the first dog clutch 58 can be moved to bring the reverse land
drive output gear 70 into mesh with the reverse idler gear 66 to enable drive to be
transferred from the output shaft 38 of the prime maver to the bevel gear box 30

but in a reverse direction.

A marine propulsion input gear 72 is mounted to a marine propulsion input shaft
74 that is rotationally supported at one end in the transfer box casing 56. The
other end of the marine propulsion input shaft 74 rotationally engages with the
marine propulsion output shaft 50. A second dog clutch 78 is provided to enable
the marine propulsion input shaft 74 and the marine propulsion output shaft 50 to
be rotationally coupled. With the second dog clutch 78 engaged, as shown in
Figs. 4D & 4E, drive is transferred from the prime mover output shaft 38 via the
input gear 54, the intermediate gear 60, the marine propulsion input gear 72 and

the second dog clutch 78 to the marine propulsion output shaft 50.
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By appropriate engagement of the first and second dog clutches 58,78, and the
reverse land drive output gear 70 it is possible to independently and selectively
transfer drive from the prime mover 26 to the marine propulsion unit 36 and/or to
the road wheels 16 and to reverse the direction of drive to the road wheels. Fig.
4A shows the transfer box in neutral with both the first and second dog clutches
58, 78 disengaged and no reverse gear selected. Fig. 4B, shows the transfer box
with forward drive to the road wheels only (as indicated by arrow A) selected. In
this case, the first dog clutch 58 is engaged and the second dog clutch 78
disengaged. Fig. 4C shows the moveable selector portion of the first dog clutch
58 moved such that the reverse land drive output gear 70 is engaged with the
reverse idler gear 66 and with the second dog clutch 78 disengaged. This
arrangement provides reverse drive to the road wheels 16 only. Fig. 4D shows
both dog clutches 58, 78 engaged to provide drive to both the road wheels 16
and the marine propulsion unit 36. Finally, Fig. 4E shows the second dog clutch
78 engaged but the first dog clutch 58 disengaged and no reverse gear selected.
Thus this arrangement would provide drive to the marine propulsion unit 36 only.
It will be understood that the transfer box 28 may also include a reduction
gearbox type arrangement, having a ratio of 2:1 for example, in communication

with the marine propuision unit 36.

As already described, the land drive output shaft 44 of the transfer box 28 is
connected to an input shaft 46 of the bevel gear box 30 by a drive shaft 48. The
bevel gear box 30 comprises at least a pair of bevel gears 80, 82 arranged to turn
the direction of the drive output from the transfer box through 90 degrees. To this
end, a first bevel gear 80 is rotationally fast with the bevel gear box input shaft 46
whilst the second bevel gear 82 is rotationally fast with an output shaft 84 of the
bevel gearbox. The output shaft 84 of the bevel gear box projects upwardly and
has an axis of rotation Y that extends generally in a vertical direction of the

vehicle.

The speed change transmission 32 is positioned above the bevel gear box 30

and has an input shaft 86 and an output shaft 88 both of which extend in a
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downward direction of the véhicle. In the present embodiment, the input shaft 86
of the speed change transmission is positioned in line with and is connected
directly to the output shaft 84 of the bevel gear box.

It should be noted that the axes of rotation of the input and output shafts 86, 88 of
the speed change transmission are orthogonal to a plane that exiends both in a
longitudinal and a lateral direction of the vehicle. In the present embodiment, the
prime mover 28 is positioned such that the axis of rotation of its output shaft 38 is
aligned generally horizontally and the axes of rotation of the input and output
shafts 86, 88 of the speed change transmission are orthogonal to a plane that
includes the axis of rotation of the prime mover output shaft 38. However, it
should be understood that the axes of rotation of the speed change transmission
input and output shafts 86; 88 need not be orthogonal to a plane that includes the

axis of rotation of the prime mover output shaft.

Although the invention has been described with reference to the axis of rotation
of the speed change transmission input shaft 86 being angled generally
orthogonal, i.e. at 90 degrees, to a longitudinal and transverse (or lateral) plane
of the vehicle, the axis of rotation of the input shaft 86 can also be arranged at
other angles, such as might be required by the internal configuration of the
vehicle. For example, the axis of rotation can be arranged at an angle of
between 45 and 90 degrees to the transverse and longitudinal plane of the
vehicle, such as at 60 degrees to said plane. In any such case, the output shaft
88 of the speed transmission 32 can be arranged parallel to the input shaft 86 or
at any other required angle.

In the present embodiment, the speed change transmission 32 is a continuously
variable transmission (CVT). The detailed construction of the CVT transmission
does not form part of the present invention and will be known to those skilled in
the art. However, in brief the CVT comprises a primary pulley 90 associated with
the input shaft 86, a secondary pulley 92 associated with the output shaft 88, and
a drive belt 94 extending between the two pulleys.
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Whilst it is preferred that the speed change transmission is a CVT, the
transmission can be of any suitable type. For example, the speed change
transmission can be a manual, sequential manual or automated manual gearbox,

it may also be an automatic or semi-automatic gearbox.

The output shaft 88 of the CVT is connected to the differential 34 which drives the
two rear wheels 16 by means of drive shafts 96, 98. In the present embodiment
the input to the differential is positioned in line with the output shaft 88 of the
transmission 32 enabling the output shaft of the transmission 88 to be connected,
either directly or by means of one or more intermediate shafts, to an input shaft of
the differential. However, in some embodiments it may be necessary to offset the
differential relative to the output shaft 88 of the transmission 32. In this case,
drive between the transmission output shaft 88 and the differential can be
interconnected using any suitable means. Figure 5 shows schematically an
arrangement which allows the differential 34 to be offset relative to the output
shaft 88 of the transmission. In this modification, a first drive sprocket 100 is
mounted to the output shaft 88 of the transmission and a second drive
sprocket102 is mounted to an input shaft 104 of the differential and a drive chain
106 drivingly interconnects the first and second drive sprockets. This
arrangement allows the input to the differential to be geared up or down if

required. A drive belt and pulleys may be used instead of a chain and sprockets.

As has already been described, the marine propulsion unit 36 is connected to the
marine propulsion output shaft 50 of the transfer box by means of drive shaft 52
which may be an extension of, or be connected to, an input shaft of the marine
propulsion unit 36. Preferably the marine propulsion unit is a water jet but it could
be of any suitable type, such as a marine propeller. In certain embodiments,
more than one marine propulsion unit 36 can be provided, in which case drive
from the transfer box 28 can be split between the marine propulsion units 36 in

any suitable manner as will be readily understood by those skilled in the art.
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Figure 6 shows an alternative embodiment of a power train 24' for use in an
amphibious vehicle, such as that shown in Figure 1. The same reference
numerals are used to designate similar components to those described above

with reference to the power train 24 shown in Figures 2 and 3.

The power train 24' is similar to the power train 24, except that the transfer box
28 is omitted and the marine propulsion unit 36 is driven through the bevel gear
box 30. This arrangement permits the maximum possible power to be provided
at the marine propulsion unit 36. At least one additional bevel gear (not shown)
may be provided in the bevel gear box 30 to enable the drive for the marine
propulsion 36 unit to be taken straight through. Alternatively, input shaft 40 may
be made integral with output shaft 52.

Due to the omission of the transfer box, there is no provision in the drive line of a
reverse gear for reversing the direction of drive from the prime mover 26 to the
road wheels 16. Where reverse drive of the road wheels is required, this can be
provided by means of a secondary power unit 110, such as an electric motor or
engine, that is arranged to provide a reverse direction drive to the input of the
differential 34. Advantageously, the secondary power unit 110 is an electric
motor. A vehicle starter motor having a retractable Bendix drive is particularly

suitable.

It should be noted that the secondary power unit 110 is shown schematically in

Figure 6 and its position can be varied as required.

Although not shown in Figure 6, a clutch or other means for disconnecting drive

from the prime mover 26 to the driven wheels 16 may also be provided.

Figure 7 shows a still further alternative embodiment of a power train 24" for use
in an amphibious vehicle, such as that shown in Figure 1. The same reference
numerals are used to designate similar components to those described above

with reference to the power train 10 shown in Figures 2 and 3 and 6.
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In this embodiment, the transfer box 28 is arranged on the output side of a bevel
gear box 30, in communication with the marine propulsion unit 36. The transfer
box 28 incorporates a reduction gearbox type arrangement (not illustrated) for

selectively controlling the drive to the marine propulsion unit 36.

Although not shown in Figure 7, a clutch or other means for disconnecting drive
from the prime mover 26 to the driven wheels 16 may also be provided.

It can be seen that the present invention provides a compact and versatile power
train layout for an amphibious vehicle. By unusually positioning the speed
change transmission such that its input shaft extends generally in a vertical
direction of the vehicle, the speed change transmission can be positioned above
or below the axis of the output shaft of the prime mover. This enables the overall
length of the power train to be reduced and makes the power train particularly
suitable for use in sit-astride type amphibious vehicles. Positioning the speed
change transmission above the axis of the output shaft of the prime mover has
the further advantage of raising the level of the transmission reducing the risk of it

getting wet during use of the vehicle on water.

Whereas the invention has been described in relation to what are presently

. considered to be the most practical and preferred embodiments, it is to be

understood that the invention is not limited to the disclosed arrangements but
rather is intended to cover various modifications and equivalent constructions
included within the scope of the invention. For example, whilst the bevel gear
box 30 and the transfer box 28 are shown as separate components, it will be
understood that the functions of the transfer box and the bevel gear box can be
integrated into a single unit. Furthermore, it will be appreciated that where the
speed change transmission is not a CVT, a clutch or fluid flywheel may be
included in the power train to enable a smooth take up of drive from the prime

mover 26. Furthermore, where four wheels are provided, they may all be driven.
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A reverse gear may be provided for the marine propulsion unit, particularly to
assist in removal of weed or other foreign matter. Also the marine propulsion unit
may be permanently driven whenever the prime mover is operative; this may
obviate the need for a flywheel.

Please note that as a further alternative arrangement (not illustrated), the transfer
box 28 may be positioned upstream of bevel gear 30.
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Claims

1. An amphibious vehicle for a user in a sit-astride position, the vehicle
comprising a power train, the power train including a prime mover having an
output shaft, a speed-change transmission having an input shaft, and a marine
propulsion unit, the prime mover being arranged for driving the marine propulsion
unit, and for driving at least one road wheel of the vehicle through the speed
change transmission, in which the speed change transmission is mounted such
that the axis of rotation of its input shaft is angled relative to a plane extending

parallel to both transverse and longitudinal axes of the vehicle.

2. An amphibious vehicle as claimed in claim 1, in which the axis of rotation of
the speed change transmission input shaft is arranged generally orthogonal to

the transverse and longitudinal plane of the vehicle.

3. An amphibious vehicle as claimed in claim 1, in which the axis of rotation of
the speed change transmission input shaft is arranged at an of angle between 45

and 90 degrees to the transverse and longitudinal plane of the vehicle.

4.  An amphibious vehicle as claimed in claim 1 or 3, in which the axis of
rotation of the speed change transmission input shaft is arranged at an of angle

60 degrees to the transverse and longitudinal plane of the vehicle.

5. An amphibious vehicle as claimed in any of claims 1 to 4, in which the axis
of rotation of the input shaft of the speed change transmission extends generally

in a vertical direction of the vehicle.

6. An amphibious vehicle as claimed in any of claims 1 to 5, in which the
speed change transmission is positioned such that its input shaft extends

generally in a downward direction of the vehicle.
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7. An amphibious vehicle as claimed in any previous claim, in which said plane

includes the axis of rotation of the prime mover output shaft.

8.  An amphibious vehicle as claimed in claim 7, in which the axis of rotation of

the prime mover output shaft extends generally horizontally.

9.  An amphibious vehicle as claimed in any previous claim, in which the axis of
rotation of the prime mover output shaft extends in a longitudinal direction of the

vehicle.

10. An amphibious vehicle as claimed in any previous claim, in which the
marine propulsion unit has an input shaft and the marine propulsion unit is
positioned such that an axis of rotation of the marine propulsion unit input shaft

extends in a longitudinal direction of the vehicle.

11.  An amphibious vehicle as claimed in any previous claim, in which the speed

change transmission is a continuously variable transmission.

12.  An amphibious vehicle as claimed in any previous claim, in which the speed

change transmission also includes an output shaft.

13. An amphibious vehicle as claimed in claim 12, in which the axis of rotation
of the speed change transmission output shaft is substantially parallel to the axis

of rotation of the speed change transmission input shaft.

14. An amphibious vehicle as claimed in claim 12 or claim 13, in which the
speed change transmission output shaft extends in a generally downward

direction of the vehicle.

15. An amphibious vehicle as claimed in any one of claims 12 to 14, in which
the power train further comprises a differential through which at least two road

wheels of the vehicle are driven, the differential having an input shaft driven from
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the output shaft of the speed change transmission, in which the axis of rotation of

the input shaft of the differential is generally orthogonal to said plane.

16. An amphibious vehicle as claimed in claim 15, in which drive is transferred
from the output shaft of the speed change transmission to the input shaft of the

differential through a drive chain or belt.

17. An amphibious vehicle as claimed in any previous claim, in which the power
train further includes a transfer box for selectively coupling drive from the prime

mover to the marine propulsion means and/or the speed change transmission.

18. An amphibious vehicle as claimed in claim 17, in which the transfer box
includes means for reversing the direction of rotation of drive to the speed

change transmission.

19. An amphibious vehicle as claimed in any previous claim, further ihcluding a
pair of bevel gears in the drive line between the prime mover and the speed

change transmission for transmitting the drive through 90 degrees.

20. An amphibious vehicle as claimed in claim 19, in which the bevel gears are
contained in a bevel gear box, the bevel gear box having an input shaft, a first
output shaft for connection to an input shaft of the speed change transmission,
the first output shaft having an axis of rotation orthogonal to the axis of rotation of
the input shaft of the bevel gear box, the bevel gear box having a second output
shaft fof driving the marine propulsion unit, the axis of rotation of the second
output shaft being in line with the axis of rotation of the input shaft of the bevel

gear box.

21. An amphibious vehicle as claimed in any previous claim, in which drive from

the prime mover to the marine propulsion unit is permanently coupled.
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22. An amphibious vehicle as claimed in any previous claim, in which a
secondary power unit is provided to drive the at least one road wheel in a reverse

direction of the vehicle.

23. An amphibious vehicle comprising a power train, the power train including a
prime mover having an output shaft, a speed-change transmission having an
input shaft, and a marine propulsion unit, the prime mover being arranged to
drive the marine propulsion unit and at least one road wheel of the vehicle
through the speed change transmission, in which the speed change transmission
is mounted in the vehicle such that its input shaft extends in a generally
downward direction of the vehicle for connection with the drive line from the prime

mover output shaft.

24. An amphibious vehicle substantially as hereinbefore described with

reference to and as illustrated in the accompanying drawings.



00000000000000000000000000000

Fig.5

SUBSTITUTE SHEET (RULE 26)



PCT/GB2005/003944

WO 2006/040563

¢biy *
26 v v
gg— " g sm N \x
%—"|| ¥6 8¢
06 s 0z
91— |
M bE
A 08
oY
7614 \ o\ m\_N /N e
~
wmv 27 0s—TL
88— 99—1| tv w88 ,
\
re le\) N \/:m mmm
\ ﬂm J
%

SUBSTITUTE SHEET (RULE 26)



WO 2006/040563 PCT/GB2005/003944

3/5
i
0 44
" |
42 \ || )f 7
- .\ .
54'\§<§ l—\
=N | 80
56—N B N 30
= % | |
GU—\: S
74 5:' L 50 Pa
12 28 T~
Fig.4A
58 45 "
4 ~ TR
%_% A %} é \
4 EE N L c ﬁ|§|l g
66-—NE8 =N || % '
N 8
: g\”'\sz
N 64
| }
28~
§73
Fig.4B Fig.4C

SUBSTITUTE SHEET (RULE 26)



WO 2006/040563

4/5
=g [
oAl
=
[ E ghi
= N —28
74\'\ =___h. .
50
\
Fig.4D
51— \[]
O = n //44
?\ % =
60— § 2 -
[ = ; ]
= 28
n-NE \@
_‘gﬂf: § —
N s

{

18

Fig.4E

SUBSTITUTE SHEET (RULE 26)

PCT/GB2005/003944



WO 2006/040563 PCT/GB2005/003944

5/5
90~ 192

267

Vel
\_/';\g

| —
A
=
~—1
 —
Q
()
i

Fig.6
32
90 i) 92
26 ™ | T 24
\7 30 |86 88 “
30 L~
\ / ,
40\ 46 ol
50
34
Fig.7

SUBSTITUTE SHEET (RULE 26)




INTERNATIONAL SEARCH REPORT

Inteﬁ

PC., «B2005/003944

nal Application No

A. CLASSIFICATION OF/SUBJECT MATTER
B60F3/00

According to International Patent Classification (JPC) or to both national classification and IPC

B. FIELDS SEARCHED

B60F B60K

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, PAJ

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Gategory ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5 690 046 A (GRZECH, JR. ET AL) 1,9,10,
25 November 1997 (1997-11-25) 12,17,
19,20
Y column 5, line 25 - column 7, line 65; 2,3,5-8,
figures 1,2,5,6 13,14,23
X LU 84 437 A1l (MICHEL BAREZ) 1,9,10,
10 May 1984 (1984-05-10) 12,13,17
Y page 4, paragraph 3; figure 5 2,3,5-8,
11,23
X US 5 562 066 A (GERE ET AL) 1,9-15,
8 October 1996 (1996-10~08) 17
Y column 6, 1ine 66 - column 8, Tine 27; 2,3,5-8,
figures 5,6 14,23
Sy

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

"A* document defining the general state of the art which is not
considered to be of particular relevance

earlier document but published on or after the international
filing date

document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

document referring to an oral disclosure, use, exhibition or
other means

'P* document published prior fo the international filing date but
later than the priority date claimed

=y

|

g

*T" later document published after the international filing date
or priority date and not in conflict with the application but
cited t;) understand the principle or theory underlying the
invention

document of particular relevance; the claimed invention
cannol be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
_m?lr:ts, :‘.tuch combination being obvious to a person skilled
in the art.

document member of the same patent family

s

ys

g

Date of the actual completion of the international search

21 December 2005

Date of mailing of the international search report

03/01/2006

Name and mailing address of the ISA
European Patent Cffice, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Untermann, N

Fomm PCT/SA/210 {second sheet) (January 2004)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Inte ynal Application No

PC.,4B2005/003944

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication, where appropriate, of the refevant passages

Relevant to claim No.

US 6 755 269 B1 (DAVIS RICHARD A ET AL)
29 June 2004 (2004~06-29)

column 4, Tine 38 ~ line 61; figures 13,14
US 6 182 784 Bl (PESTOTNIK KEITH EDWARD)
6 February 2001 (2001-02-06)

column 6, Tine 19 - column 9, Tine 30;
figures

PATENT ABSTRACTS OF JAPAN

vol. 014, no. 355 (M-1004),

31 July 1990 (1990-07-31)

-& JP 02 124306 A (SUZUKI MOTOR CO LTD),
11 May 1990 (1990-05-11)

abstract; figures

US 2003/060095 Al (GONG SHAO-WEI)

27 March 2003 (2003-03-27)

abstract; figures 1-7

WO 95/23074 A (ROYCROFT, TERENCE, JAMES;
ROYCROFT, MARIE, ANNE)

31 August 1995 (1995-08-31)

cited in the application

abstract; figures

2,3,5-8,
11,13,
14,23

2,3,5-8,
11,13,
14,23

1,23

1,23

Form PCT/ISA/210 (continuation of second sheet) (January 2004)

page 2 of 2




INTERNATIONAL SEARCH REPORT

rmation on patent family members

Intery

1al Application No

PC1, wB2005/003944

Patent document

Publication

Patent family

Publication

cited in search report date member(s) date

US 5690046 A 25-11-1997  NONE

LU 84437 Al 10-05-1984  NONE

US 5562066 A 08-10-1996 US 5590617 A 07-01-1997

US 6755269 Bl 29-06-2004 US 2004206568 Al 21-10-2004

US 6182784 B1 06-02-2001  NONE

JP 02124306 A 11-05-1990  NONE

US 2003060095 Al 27-03-2003  NONE

WO 9523074 A 31-08-1995 AT 218452 T 15-06-2002
AU 683330 B2 06-11-1997
AU 1162995 A 07-09-1995
DE 69526925 D1 11-07-2002
DE 69526925 T2 09-01-2003
EP 0742761 Al 20-11-1996
ES 2176316 T3 01-12-2002
NZ 250979 A 26-03-1996
us 5631179 A 02-07-1996

Form PCT/ISA/210 (patent family annex) {January 2004)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

