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(57) Abstract: Status indicators for use with a water-
craft propulsion system are described. An example indi-
cator includes a light operatively coupled to a propulsion
system of a watercraft, wherein an operation of the light
indicates a status of a thruster system of the propulsion
system.
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STATUS INDICATORS FOR USE WITH A WATERCRAFT PROPULSION SYSTEM

RELATED APPLICATION
[0001] This application claims priority from U.S. patent application Serial No. 11/835,530, filed
on August 8, 2007, entitled “Status Indicators for use with a Watercraft Propulsion System,”
which is hereby incorporated by reference in its entirety.
FIELD OF THE DISCLOSURE
[0002] The present disclosure relates to indicators and, more particularly, to status indicators for
use with a watercraft propulsion system.
BACKGROUND
[0003] Vehicle or vessel propulsion systems often include various sensors, gauges, and detectors
to monitor the many components of such systems. Information regarding the components can
also be communicated to a user of the vehicle or vessel. Typically, the information is displayed
near the controls (e.g., a steering mechanism) where the driver is likely to be present. For
example, marine vessels have a limited power supply (e.g., fuel) that may be monitored to
inform the driver of the vessel about the status of the power supply via a display (e.g., via a fuel
gauge).
[0004] Additionally, marine vessels often include propulsion components supplemental to, for
example, a main engine to enhance maneuverability. For example, a steering system of a vessel
such as a boat or other watercraft may employ one or more thrusters to improve a driver’s ability
to control the vessel. Thrusters typically function by drawing water through a channel or inlet
and propelling the water in a direction determined by a thruster controller (e.g., a joystick
operable by a driver), thereby pushing the boat in a direction opposite to the output of the
thruster. Such controls are especially helpful during docking maneuvers due to the ability of the
thrusters to laterally direct the vessel. However, thrusters cannot be operated without limitation.
As with other propulsion components, factors such as battery capacity restrict the duration for

which a thruster may be used.



WO 2009/020742 PCT/US2008/070090

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] FIG. 1 is a schematic block diagram depicting an example control system for an example
watercraft.
[0006] FIG. 2 illustrates an example keypad to operate a plurality of thrusters.
[0007] FIG. 3 is a flowchart representing an example process that may be performed by an
example thruster system status indicator.
[0008] FIG. 4 is an example implementation of the example controller of FIG. 1.

DETAILED DESCRIPTION

[0009] FIG. 1 is a schematic block diagram of the main components of an example control
system 100 of an example watercraft 102. Specifically, the control system 100 includes a bow
thruster 104, a stern thruster 106, a controller 108, helm modules 110, engine modules 112, a
thruster battery bank 114, temperature sensors 116, and a user interface 118. While additional
elements may be included in such a control system, FIG. 1 and its description are for illustrative
purposes and, thus, are limited to the main components of the control system 100.
[0010] As shown in FIG. 1, the controller 108 is operatively coupled to the main components of
the control system 100. The controller 108 receives information from the components (e.g., the
temperature sensors 116, the thruster battery bank 114, the helm modules 110, etc.), processes
the information and, in response, manipulates the control system 100 and its components (e.g.,
activates the bow thruster 104). The controller 108 may be implemented, for example, by a
processing unit or system as described in connection with FIG. 4. Further, as indicated in FIG. 1,
the control system 100 may include more than one controller. For example, the bow thruster 104
and the stern thruster 106 may each be associated with a separate controller. The number of
controllers used may depend on processing or input/output capabilities or other design concerns.
[0011] The engine modules 112 and the associated engine components (not shown) are the main
sources of propulsion for the watercraft 102 and may be operatively coupled to the controller 108
and the helm modules 110. The engine modules 112 may propel the watercraft 102 primarily in
a forward or reverse direction (i.e., longitudinally along the watercraft 102). While FIG. 1 shows
two engine modules 112, other examples may include an alternative number of engine modules

positioned in varying locations and/or configurations on the watercraft 102.
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[0012] The helm modules 110 may collectively or separately act as an interface between the
controller 108 and a driver of the watercraft 102. FIG. 1 shows a user interface 118 coupled to
the helm modules 110. The user interface 118 may include one or more mechanisms to allow a
user to communicate with or otherwise manipulate the control system 100. The user interface
118 may include, for example, a joystick to interact with the engine modules and/or a keypad
(e.g., the example keypad 200 of FIG. 2) to interact with the bow or stern thrusters 104 and 106.
The user interface 118 may also include one or more dash modules (not shown) to convey
information regarding the control system 100. Such dash modules may include a plurality of
displays to convey messages to the driver regarding a plurality of readings, settings, options,
and/or conditions. For example, the user interface 118 (e.g., via a dash module) may include a
speedometer, a fuel gauge, or one or more indicators of a status of an element (e.g., a thruster) of
a propulsion system, as described below in connection with FIGS. 2 and 3.

[0013] As noted above, the bow and stern thrusters 104 and 106 may be included to provide an
added degree of maneuverability. More specifically, the thrusters 104 and 106 can generate
lateral forces that propel the watercraft 102 sideways, thereby providing greater command or
control over the movement of the watercraft 102. For example, the bow and/or stern thrusters
104 and 106 may be activated while docking to avoid contact with a bulkhead or another
watercraft, which may lead to significant damage to all vessels involved in such a collision. The
thrusters 104 and 106 may be used in concert or separately to direct the watercraft 102 in
confined spaces or to maintain a position of the watercraft in open water (i.e., to anchor the
watercraft 102 in a fixed position without the use of an anchor). The thrusters 104 and 106 may
further include an interface system (e.g., a joystick or keypad coupled to a processor or
controller) to convert general directional inputs from a driver into a calculated and precise
combination of thruster operations. For example, the interface system may power each thruster
separately and with different settings to produce a lateral force in a precise direction. Other
example watercraft may include an alternative number or configuration of bow and/or stern
thrusters to augment the steering system or to simplify the interaction between a driver and a
control system of a watercraft.

[0014] The control system 100 may also include temperature sensors 116 coupled to the

controller 108 and/or additional components (e.g., the thrusters 104 and 106) of the watercraft
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102. The temperature sensors 116 may detect or monitor multiple components to avoid any
damage that may be caused by an increased or decreased temperature. For example, the thrusters
104 and 106 may become damaged from overheating if they are continuously active for extended
periods of time. In other words, certain components (e.g., the thrusters 104 and 106) have an
intrinsic thermal capacity and may employ cooling mechanisms or techniques to monitor the
capacity. Thus, the temperature sensors 116 may be used to closely monitor the status of each
component susceptible to overheating.

[0015] Further, as shown in FIG. 1, the thrusters 104 and 106 may be powered by an
independent thruster battery bank 114, which may be coupled to the controller 108. While FIG.
1 illustrates an independent thruster battery bank 114, other example control systems may allow
thrusters to draw power from other sources (e.g., a main battery bank). As the watercraft 102
may rely on all of the battery banks that may be onboard, the controller 108 may be operatively
coupled to each battery to monitor its status (e.g., a remaining voltage or capacity).

[0016] As noted above, a watercraft may include a variety of input mechanisms or devices to
operate or control different propulsion components. FIG. 2 illustrates an example keypad 200
configured to operate a plurality of thrusters (e.g., the thrusters 104 and 106 of FIG. 1). The
example keypad 200 includes a plurality of buttons 202 corresponding to each thruster and a
direction of propulsion for the same. For example, a driver may engage button 202a to activate a
bow thruster in a port direction; button 202b to activate a stern thruster in a port direction; button
202c¢ to activate a bow thruster in a starboard direction; and/or button 202d to activate a stern
thruster in a starboard direction. Further, the keypad 200 may include a power button 204 to
activate or deactivate the thruster system. The power button 204 may include a light 206 that
may be illuminated or changed to a different color upon activation or deactivation of the thruster
system. The keypad 200 may also include a fault light 208 to indicate that a system fault (e.g., a
power failure) has occurred and, for example, that an element of a control system (e.g., the
control system 100 of FIG. 1) has to be shut down.

[0017] Further, the example keypad 200 includes a thruster system status light 210. As noted
above, thrusters (e.g., the thrusters 104 and 106 of FIG. 1) may be susceptible to overheating
and, where the thrusters are battery powered, they cannot operate continuously for extended

durations of time. In other words, thrusters have a capacity of operation that, if exceeded, may
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require the thrusters to be disabled. Thus, to indicate the status (e.g., amount of remaining
thruster capacity) of one or more thrusters to a driver, the keypad 200 includes the thruster
system status light 210. Alternatively, the thruster system status light 210 may be positioned
elsewhere on a helm or in another suitable location of the watercraft.

[0018] The thruster system status light 210 is affected by, for example, readings taken from
temperature sensors (e.g., the temperature sensors 116 of FIG. 1) and/or the voltage of a battery
bank that powers the thrusters (e.g., the thruster battery bank 114 of FIG. 1). In operation, the
thruster system status light 210 may flash and/or illuminate to alert the driver of a limited or low
thruster capacity or condition. For example, where the temperature of a thruster is at a high
value and/or the battery voltage is at a low value, the controller may determine that the thruster is
in a state that requires the thruster to be disabled. Additionally or alternatively, a warning
capacity level may correspond to a state in which the thruster is approaching a potentially
inoperative state. For example, the temperature sensors may detect a temperature at which the
thruster may properly operate but is also nearing a temperature at which the thruster will be
inoperative or disabled. In another example, a warning capacity level may exist where the
thruster battery voltage is currently sufficient but nearing a low capacity level.

[0019] FIG. 3 is a flowchart representing an example process 300 that may be performed by an
example thruster system status indicator (e.g., the thruster system status light 210 of FIG. 2).
During the activation of the thruster system (block 302), readings may be obtained from sensors
(e.g., temperature sensors or battery voltage detectors) (block 304). The readings may be
communicated to a controller (e.g., the controller 108 of FIG. 1) to determine a remaining
thruster system capacity (not shown). In another example, the readings may be obtained before
or after the activation of the system.

[0020] If the process 300 determines that a low temperature capacity level is detected (block
306), the thruster system status indicator may be illuminated (i.e., continuously on) and the
thruster system may be deactivated (block 308). Sensor readings may then be taken (block 310)
until a temperature warning capacity (e.g., a threshold capacity defined as an acceptable level at
which the thruster system may be effectively activated) is exceeded (block 312), at which point
the thruster system status indicator may be turned off (block 314).



WO 2009/020742 PCT/US2008/070090

[0021] The process 300 also detects an unsatisfactory voltage capacity. If the thruster system is
not currently actuating a thruster (i.e., the thruster system is not activating a thruster or
effectuating a propulsion via a thruster) (block 316), the process 300 determines if a low off-state
voltage capacity is present (block 318). When the thruster system is actuating a thruster (block
316), the process 300 determines if a low on-state voltage capacity is present or detected (block
320). In other words, the system may include separate threshold voltage capacities to compare
with the sensor readings depending on the state (e.g., actuating or not actuating a thruster) of the
thruster system. In the example process 300, where either a low on-state or off-state voltage
capacity is detected, the thruster system status indicator may be illuminated (i.e., continuously
on) and the thruster system may be deactivated (block 322). Sensor readings may be taken
(block 324) until a voltage minimum unlock capacity (e.g., a threshold capacity defined as an
acceptable level at which the thruster system may be effectively activated) is exceeded (block
326), at which point the thruster system status indicator may be turned off (block 314).

[0022] When neither a low temperature capacity nor a low voltage capacity is detected, the
process 300 may then determine whether a warning voltage capacity (e.g., a threshold voltage
level that is approaching a low voltage capacity) (block 328) or a warning temperature capacity
(e.g., a threshold temperature capacity that is approaching a low temperature capacity) (block
330) is present. Where either warning capacity is detected, the process 300 may cause the
thruster system status indicator to begin flashing (block 332). The process 300 may then return
to obtaining sensor readings (block 304) to determine the status of the thruster system (e.g.,
whether the warning capacity level has entered a low capacity level, whereby the thruster system
needs to be deactivated).

[0023] Generally, a thruster system status indicator (e.g., the thruster system status light 210 of
FIG. 2) may be flashed and/or illuminated continuously to inform a driver that the associated
thruster(s) may soon be disabled or inoperative or has been disabled or rendered inoperative. As
discussed above, propulsion components, including thrusters, may be automatically shutdown
(i.e., disabled or rendered inoperative) after being active for a duration of time to protect or
preserve the thruster (i.e., to maintain the working condition of the thruster). In particular,
thrusters are often used for difficult docking maneuvers, during which a watercraft may be

exposed to potentially hazardous conditions. For example, a dock or pier may have a significant
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amount of other watercraft simultaneously maneuvering through close quarters. Further, a
docking slip may not include significant room for error, as the watercraft may experience
damaging impact with its surroundings without proper steering. Such damage is difficult to
repair and the costs are considerable.

[0024] Additionally, where a driver of a watercraft is inexperienced or has come to rely on a
thruster system to maneuver the watercraft, the driver may have a limited ability to properly
operate the watercraft without the thruster system. Thus, the example thruster system status
indicators described herein provide the driver with sufficient warning before any maneuver is
attempted. For example, where a driver is aware that the thrusters will likely be needed or active
for a significant time, the driver may utilize the thruster system status indicator to ensure that a
low or warning thruster capacity level is not present. Further, the driver may realize, via the
thruster system status indicator, that current docking maneuvers must soon be completed because
thruster capacity is nearly depleted.

[0025] FIG. 4 is an example implementation of an example controller 400 (e.g., the controller
108 of FIG. 1). To process and analyze the information generated by the components (e.g., the
temperature sensors 116 or thruster battery bank 114 of FIG. 1) of a control system of a
watercraft, an example processing unit 400 includes a general purpose programmable processor
402. The example processor 402 executes coded instructions 404 present in a main memory
(e.g., within a random access memory (RAM) 406 as illustrated and/or within a read only
memory (ROM) 408). The example processor 402 may be any type of processing unit, such as a
microprocessor from the AMD®, Sun® and/or Intel® families of microprocessors. The example
processor 402 may execute, among other things, machine accessible instructions to perform the
example process of FIG. 4 and/or the other processes described herein.

[0026] The example processor 402 is in communication with the example main memory
(including the ROM 408 and the RAM 406) via a bus 410. The example RAM 406 may be
implemented by dynamic random access memory (DRAM), Synchronous DRAM (SDRAM),
and/or any other type of RAM device, and the example ROM 408 may be implemented by flash
memory and/or any other desired type of memory device. Access to the example memories 408

and 406 may be controlled by a memory controller (not shown) in a conventional manner.
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[0027] To receive or send control system inputs and outputs 411, the example processing unit
400 includes any variety of conventional interface circuitry such as, for example, an external bus
interface 412. For example, the external bus interface 412 may provide one input signal path
(e.g., a semiconductor package pin) for each component output. Additionally or alternatively,
the external bus interface 412 may implement any variety of time multiplexed interface to
receive output signals from the components via fewer input signals. Further, the bus interface
412 may provide a plurality of output signal paths for component inputs (i.e., signals to instruct
the control system components).

[0028] To allow the example processing unit 400 to generate sounds, the example processing
unit 400 may be operatively coupled to any variety of speaker 420. Although an example
processing unit 400 has been illustrated in FIG. 4, processor and display units may be
implemented using any of a variety of other and/or additional devices, components, circuits,
modules, etc. Further, the devices, components, circuits, modules, elements, etc. illustrated in
FIG. 4 may be combined, re-arranged, eliminated and/or implemented in any of a variety of
ways.

[0029] Although certain example methods and apparatus have been described herein, the scope
of coverage of this patent is not limited thereto. On the contrary, this patent covers all methods
and apparatus fairly falling within the scope of the appended claims either literally or under the

doctrine of equivalents.
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What is claimed is:

1. An indicator for use with a watercraft propulsion system comprising:
a light operatively coupled to a propulsion system of a watercraft, wherein an operation

of the light indicates a status of a thruster system of the propulsion system.

2. An indicator as defined in claim 1, wherein the light is disposed on a thruster

system control mechanism.

3. An indicator as defined in claim 1, wherein the status includes a capacity level of

the thruster system.

4. An indicator as defined in claim 1, wherein the status is based on a temperature of
a thruster.
5. An indicator as defined in claim 4, wherein the status is based on the temperature

of the thruster and a voltage level of a battery operatively coupled to the thruster.

6. An indicator as defined in claim 1, wherein the status is based on a voltage level

of a battery operatively coupled to a thruster.

7. An indicator as defined in claim 6, wherein the status is based on the voltage level

of the battery and an operational status of the thruster.

8. An indicator as defined in claim 1, wherein the light flashes to warn a user of a

decreased capacity of the thruster system.

0. An indicator as defined in claim 1, wherein the light illuminates to indicate a

condition that requires the thruster system to be disabled.
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10. An indicator as defined in claim 9, wherein the light remains illuminated until the

condition is no longer present.

11. An indicator as defined in claim 9, wherein the condition includes a low capacity

of the thruster system.

12. An indicator as defined in claim 9, wherein the thruster system is disabled in

response to a low capacity level.

13. A method of for use with a watercraft comprising:
operatively coupling a light to a thruster system of a propulsion system;
detecting a status of the thruster system; and

operating the light to indicate the status of the thruster system .

14. A method as defined in claim 13, wherein the light is disposed on a thruster

system control mechanism.

15. A method as defined in claim 13, wherein detecting the status of the thruster

system includes detecting a voltage level of a battery operatively coupled to a thruster.

16. A method as defined in claim 15, wherein detecting the status of the thruster
system includes detecting the voltage level of a battery operatively coupled to the thruster and

detecting an operational status of the thruster.

17. A method as defined in claim 13, wherein detecting the status of the thruster

system includes detecting a temperature of a thruster.

18. A method as defined in claim 17, wherein detecting the status of the thruster
system includes detecting the temperature of the thruster and detecting a voltage level of a

battery operatively coupled to the thruster.

-10 -
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19. A method as defined in claim 13, further comprising flashing the light in response

to a detection of a decreased capacity level of the thruster system.

20. A method as defined in claim 13, further comprising illuminating the light in

response to a detection of a condition that requires the thruster system to be disabled.

21. A method as defined in claim 20, wherein the light remains illuminated until the

condition is no longer present.

22. A method as defined in claim 20, wherein the condition includes a low capacity

level of the thruster system.

23. A watercraft comprising:

a propulsion system including a thruster;

a first sensor to detect a temperature of the thruster;

a second sensor to detect a voltage level of a battery operatively coupled to the thruster;

a light operatively coupled to the thruster; and

a means for determining a capacity level of the thruster based on the voltage level of the
battery or the temperature of the thruster, wherein the light operates to indicate the capacity level

to a user.
24. A watercraft as defined in claim 23, wherein the light flashes to indicate a

warning level of thruster capacity and illuminates to indicate a condition that requires the thruster

to be disabled.

-11 -



WO 2009/020742

1/4

———

104

- -

BOW
THRUSTER

CONTROLLER(S)

[ 108

]

I

HELM
MODULE

HELM
MODULE

I

110

v

110

USER
f INTERFACE

118

ENGINE
MODULE

ENGINE

MODULE

-

112 — 112

I

!

STERN
THRUSTER

106

THRUSTER
BATTERY BANK

TEMPERATURE

SENSORS

i

116

T~ -
—-— -

PCT/US2008/070090



WO 2009/020742 PCT/US2008/070090
2/4

200 \

~

- &
-
/\

202b

: |0

O
D

= /
N

FIG. 2



WO 2009/020742 PCT/US2008/070090
3/4

302
_\( ACTIVATION OF SYSTEM )

304 N
OBTAIN SENSOR READINGS

306
——YES <« LOW TEMPERATURE CAPACITY LEVEL DETECTED? >/

NO

316
X THRUSTER PRESENTLY ACTUATING? >-=5
NO

318 N\
LOW OFF STATE VOLTAGE CAPACITY DETECTED? }NO

YES

J—

320
YES \ i
‘< LOW ON STATE VOLTAGE CAPACITY DETECTED? >

328 N\ NO

YES, WARN VOLTAGE CAPACITY DETECTED? >
NO

330

YES WARN TEMPERATURE
CAPACITY LEVEL DETECTED?

NO 314
CAPACITY LIGHT OFF
332 t -
B CAPACITY LIGHT ON FLASH

322 N
CAPACITY LIGHT ON
CONTINUOUSLY & DEACTIVATE
THRUSTER

308 —
CAPACITY LIGHT ON
CONTINUOUSLY &
DEACTIVATE THRUSTER

324 N\
/~ 310
OBTAIN SENSOR READINGS OBTAIN SENSOR READINGS

Y 326 —
TEMPERATURE WARN VOLTAGE MINIMUM

CAPACITY YES NO UNLOCK CAPACITY
EXCEEDED? EXCEEDED?

312 —/

NO YES

FIG. 3



WO 2009/020742 PCT/US2008/070090
4/4

400 —,
RANDOM
ACCESS
MEMORY EXTERNAL le———CONTROL SYSTEM
406 BUS <€ INPUTS AND
1< \NTERFACE L OUTPUTS
CODED 411
412 > 411
INSTRUCTIONS
404
< q SPE:;(})(ER
READ ONLY e
MEMORY [
408
410 —
PROCESSOR
402 y g

FIG. 4



INTERNATIONAL SEARCH REPORT

International apb!icatlon No

PCT/US2008/070090

CLASSIFICATION O

NV

SUBJECT MATTER

‘B63B49/00 G07C5/08

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

B. FIELDS SEARCHED

B63B GO7C

Minimum documentation searched (classificalion system followed by classitication symbols)

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

EPO-Internal, WPI Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Gitation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5 043 727 A (ITO SABURO [JP]) 1-24
27 August 1991 (1991-08-27) .
column 3, lines 16-58; figures 1,2
X US 2006/040570 Al (TSUMIYAMA YOSHINORI 1-7,9,
‘ [JP]) 23 February 2006 (2006-02-23) 11-20
' 23,24
paragraphs [0048], [0049]; figure 8
X US 2003/092328 Al (FUNAYOSE YUSUKE [JP] ET 1-7,9,
AL) 15 May 2003 (2003 -05-15) 11-20,
23,24
paragraph [0049]; figure 5
X US 4 809 199 A (BURGESS JAMES P [US] ET . 1-7,9,
AL) 28 February 1989 (1989-02-28) 11-20,
23,24
column 4, lines 52-64; figures 1,4,5

D Further documents are listed in the continuation of Box C

E See patent family annex.

* Spedial categories of cited documents :

*A* document defining ihe 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)’

,*O" document referring 1o an oral disclosure, use, exhibition or
other means

document published prior 10 the international filing date but
later than the priority date clai

e

e

P

*T* later document p'ubllshed after the international flllng‘date,
or priority date and nol in conflict with the application but
cited to understand the principie or theory underlying the
. invention

x* documem of particular relevance; the claimed invention
cannot be considered novei or cannot be considered to
involve an inventive step when the document is taken alone

‘Y* 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%r\lts ﬁuch combination being obvious to a person skilled
in the al

'&" document member of the same patent family

Date of the actual completion of the international search

2 October 2008

Date of mailing of the intemational search report

14/10/2008

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswilk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

‘Brumer, Alexandre

Form PCT/ISA/210 (saecand sheat) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent famlly members

International application No

. PCT/US2008/070090

Publication

Patent family

US 4809199

Patent document Publication
cited in search report date member(s) date
Us 5043727 A 27-08-1991 . NONE
US 2006040570 Al 23-02-2006 JP 2006056336 A 02-03-2006
US 2003092328 Al  15-05-2003 CA 2403472 Al 18-03-2003
JP 4005324 B2 07-11-2007
4 JP 2003089392 A 25-03-2003
A 28-02-1989  NONE

Form PCTASA/210 {patent family annex) (April 2008)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - claims
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - wo-search-report
	Page 18 - wo-search-report

