Office de la Proprieté Canadian CA 2451724 C 2008/04/29

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 451 724
Findustie Canada Industry Ganada 1R BREVET GANALIEN
CANADIAN PATENT
13) G
(86) Date de depot PCT/PCT Filing Date: 2003/02/13 (51) Cl.Int./Int.Cl. HO07Q 7/08 (2006.01),
S e . HO1Q 1/286 (2006.01), HO1Q 19/77(2006.01),
(87) Date publication PCT/PCT Publication Date: 2003/09/12 B64G 1/56 (2006.01)
(45) Date de délivrance/lssue Date: 2008/04/29 _
(72) Inventeurs/Inventors:
(85) Entree phase nationale/National Entry: 2003/12/19 LEE. JAR J.. US:
(86) N° demande PCT/PCT Application No.: US 2003/004558 DERBES, WILLIAM, US;
o o GORDON, JONATHAN D., US
(87) N publication PCT/PCT Publication No.: 2003/075397 o
L (73) Proprietaire/Owner:
(30) Priorité/Priority: 2002/02/28 (US10/086,211) RAYTHEON COMPANY, US

(74) Agent: SIM & MCBURNEY

(54) Titre : ANTENNE A REFLECTEUR GONFLABLE POUR RADARS DEPLOYES DANS L'ESPACE
(54) Title: INFLATABLE REFLECTOR ANTENNA FOR SPACE BASED RADARS

(57) Abréegée/Abstract:

A space deployable antenna that includes an inflatable envelope, a cylindrical reflector formed on a wall of the envelope, a catenary
support frame for maintaining the cylindrical shape of the cylindrical reflector, and a feed array support structure connected to the
catenary support frame.

SoaoRRE f /[
TR - e St
R S N « w_® .-y
I ALY ""
[N

I*I ) . Pen, B N o
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 48 & 7%% 110

- SRR RO S 2 A\-‘
OPIC - CIPO 191 s




WO 03/075397 Al

CA 02451724 2003-12-19

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

12 September 2003 (12.09.2003)

H01Q 1/08,

(51) International Patent Classification”:
1/28, 19/17

PCT/US03/04558

(21) International Application Number:
(22) International Filing Date: 13 February 2003 (13.02.2003)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

10/086,211 28 February 2002 (28.02.2002) US

(71) Applicant: RAYTHEON COMPANY [US/US];
Raytheon Company, 2000 E. El Segundo Boulevard,
P.O. Box 902 (E1/E150), El Segundo, CA 90245-0902
(US).

PCT

(10) International Publication Number

WO 03/073397 Al

(72) Inventors: LEE, Jar J.; Raytheon Company, 2000 E.
El Segundo Boulevard, P.O. Box 902 (E1/E150), El
Segundo, CA 90245-0902 (US). DERBES, William; c/o
RAYTHEON COMPANY, P.O. Box 902 (E1/E50), El
Segundo, CA 90245-0902 (US). GORDON, Jonathan D.;
c/o RAYTHEON COMPANY, P.O. Box 902 (E1/E150), El
Segundo, CA 90245-0902 (US).

(74) Agent: ALKOYV, Leonard A.; c/o RAYTHEON COM-

PANY, P.O. Box 902 (E1/E150), El Segundo, CA 90245-

0902 (US).

(81) Designated States (national): CA, JP.

(84) Designated States (regional): European patent (AT, BE,
BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU,
IE, IT, LU, MC, NL, PT, SE, SI, SK, TR).

Published:
with international search report

[Continued on next page]

(54) Title: INFLATABLE REFLECTOR ANTENNA FOR SPACE BASED RADARS

(§7) Abstract: A space deployable antenna that in-
cludes an inflatable envelope, a cylindrical reflector
formed on a wall of the envelope, a catenary support
frame for maintaining the cylindrical shape of the
cylindrical reflector, and a feed array support struc-
ture connected to the catenary support frame.



CA 02451724 2003-12-19

woO 037075397 A1 NGO AOFR 100 RO O A

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.



10

15

20

25

30

CA 02451724 2007-05-07

INFLATABLE REFLECTOR ANTENNA FOR SPACE BASED RADARS

TECHNICAL FIELD OF THE DISCLOSURE

The disclosed invention relates generally to antenna
systems, and more particularly to an inflated reflector antenna

stCructure.

BACKGROUND OF THE DISCLOSURE

Space deployable antenna structures include metal mesh
designs that are heavy, bulky, difficult to package and deploy,
and generally expensive to construct. Further, such mesh
antennas would be difficult to implement as large antennas.

Other gspace deployable antenna structures include
inflatable antennas wherein an inflatable structure forms a
reflective surface. Known inflatable antenna structures have an
antenna profile that tends to change, which impairs the
properties of the antenna.

SUMMARY OF THE DISCLOSURE

Accordingly, in one aspect of the present invention there
1s provided an antenna comprising:

an inflatable flexible enclosed envelope having a
cylindrically curved wall transparent to RF, said curved wall
ending at first and second opposing edges;

an RF reflective coating disposed on said curved wall;

a reflector catenary support frame for supporting said
first and second edges and for maintaining said curved wall in a
predetermined shape when said envelope is inflated; and

a feed array support structure including a catenary feed
support frame for supporting a feed array at a reflector focal
location for illuminating said RF reflective coating with RF

energqgy.
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According to another aspect of the present invention there
is provided an antenna comprising:

an inflatable flexible enclosed envelope having a
cylindrical wall transparent to RF, said cylindrical wall ending
at first and second opposing edges;

an RF reflective coating disposed on said cylindrical
wall;

a catenary reflector support frame for supporting saild
first and second edges and for maintaining said cylindrical wall
in a cylindrical shape when said envelope 1is inflated; and

a catenary feed array support structure connected to said
catenary reflector support frame for supporting a feed array at

a reflector focal location for illuminating said RF reflective

coating with RF energy.

According to yet another aspect of the present 1nvention
there is provided a deployable antenna comprising:

an inflatable flexible enclosed envelope having a
cylindrical wall transparent to RF, said cylindrical wall ending
at first and second opposing edges;

an RF reflective coating disposed on said cylindrical
wall;

a deployable catenary reflector support frame that when
deployed supports said first and second edges and maintains said
cylindrical wall in a cylindrical shape when said envelope 1is
inflated; and

a deployable feed array support structure connected to
salid catenary support frame for supporting a deployable feed
array for illuminating said RF reflective coating with RF

enerqgy.
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BRIEF DESCRIPTION OF THE DRAWING

These and other features and advantages of the present
invention will become more apparent from the following detailed
description of an exemplary embodiment thereof, as illustrated
in the accompanying drawings, in which:

FIG. 1 1s a schematic perspective view of an antenna
structure in accordance with the invention.

FIG. 2 is a schematic elevational cross-sectional view
depicting the coatings on walls of an inflatable envelope of the
antenna structure of FIG. 1.

FIG. 3 1is a schematic elevational view of the feed array
support structure of the antenna structure of FIG. 1.

FIG. 4 1s a schematic elevational view illustrating the
operation of the antenna structure of FIG. 1.

FIG. 5 1s a schematic view 1llustrating a stage in the
deployment of the antenna structure of FIG. 1.

FIG. 6 1s a schematic view 1llustrating a further stage in
the deployment of the antenna structure of FIG. 1.
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FIG. 7 1s a schematic view illustrating another stage

p—

in the deployment of the antenna structure of FIG. 1.

L]

DISCLOSURE

DETALLED DESCRIPTION OF THI

FIG. 1 i1llustrates an exemplary embodiment of an

inflatable antenna structure in accordance with aspects

g

of the invention. FIG. 1 is a schematic perspective view

of an inflatable antenna structure that generally

1]

10 1ncludes a pillow shaped inflatable envelope 20 formed of

a thin flexible RF transparent plastic membrane, such as

.3 mil thick Kapton (TM), and having a rear curved wall

11 and a front curved wall 13 (FIG. 2). The shape of

the inflatable envelope is maintained by inflating gas

15 and a catenary and strut frame as described further

herein. An X-band and L-band feed array 30 and a bus 40

are supported 1n front of the front curved wall 13.

Referring now to FIG. 2, an RF transparent, high

20 emissivity black coating 16, such as an ink coating, is

disposed on the inside of the rear and front walls 11, 13

to lower thermal gradients over the reflector enough such

that wall thermal expansion variations are low enough for

acceptable reflector surface accuracy and therefore

25 acceptable RF performance. An RF reflecting coating 17

1s disposed on the outside of .the rear curved wall 11,

while an RF transparent solar energy reflective coating

19 can be disposed on the front curved wall 13. The RF

i 1)

reflecting coating 17 can be for example a plurality o:

30 metallized layers for RF reflection.

In this exemplary embodiment, the front and rear

curved walls are cylindrical and have parallel cylinder

axes. The front and rear curved walls therefore

35 1ntersect and are joined along substantially parallel
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opposing edges 15 which for reference can be considered

as being horizontal and along an X-axis of an XYZ

coordinate system as shown in FIG. 1. The interface

between the RF reflecting coating and the rear wall 11

5 thus forms a reflector having a circular cross section in
the elevation plane (EL) which is parallel to the YZ

plane.

The cylindrical contour in the elevation plane is

10 malintained by gas pressure, and Y-axis reflector struts

21, each located between opposing ends of the edges 15,

absorb cylindrical flattening forces. The Y-axis

reflector struts are parallel to the Y-axis and can more

particularly be inflatable, non-conductive, rigidizable

15 tubes.

The reflector surface is flattened off-cylindrical

by catenary hanger structures along the horizontal or X-

axis. Each catenary hanger structure includes, for

20 example, a catenary wire 23 and a catenary mesh web or

membrane 25 that are connected between an edge 15 and

e

ends of an X-axis strut or longeron 27 that absorbs an X-

axls force created by the catenary hanger structure.

Fach catenary wire 23 1s more particularly connected

25 along 1its length to a contoured edge of the membrane 25

that maintains an accurate shape in the wire. The
opposing edge of the membrane 25 is linear, and connects
to the junction of the curved walls 11, 13. The wire 23

and the membrane 25 are preferably made of low

gr—
il

30 coefficient of thermal expansion materials to maintain an

accurate shape 1n the wire at expected temperatures.

A micrometeriod shield 28 (FIG. 2) is disposed in

the envelope 20 and extends between the opposing edges

35 15, and can also assist in maintaining linearity of the
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edges 15. The shield 28 comprises a membrane such as
0.25 mil thick Mylar (TM) to absorb or slow down the

fragmented pieces of a micrometeor that penetrates one of

the curved walls, mitigating damage and the resulting

inflatant leak rate that would otherwise occur as the

fragments impact one of the curved walls on the way out

of the envelope.

Referring now to FIG. 3, the feed array 30 1is

supported along the horizontal and vertical axes by a
feed array support structure 31 comprising a catenary
frame 34 that includes X-axis or horizontal feed

longerons 32 on opposite sides of the feed array 30 and

plurality of vertical cross-bars 33 that span between the

longerons 32. Catenary hanger structures comprising
catenary wires 37 and catenary mesh web or membrane 35

are disposed between an edge of the feed array 30 and the

catenary frame 34. The catenary wires 37 are suspended

at the interconnections of the X-axis feed longerons 32

and the cross-bars 33, and each is connected along 1its

length to a contoured edge of an associated catenary

membrane 35 that has an opposing linear edge attached to

an edge of the feed array. The catenary wires 37 and the

catenary membranes 35 can be made of low coefficient of

thermal expansion fibers to maintain a near accurate

shape at expected operating temperatures.

The feed array 30 in an exemplary embodiment 1s a Z-

folded structure, fabricated on a flexible dielectric

substrate such ags a flexible circulit board structure to

F
—
—

radiating

permit the folding. Rows and columns o:

elements are fabricated on the substrate, and can

comprise RF patch elements. Each column is aligned in

the Y-axis, with the rows aligned in the X-axis.

PCT/US03/043538
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The feed array assembly comprising the feed array 30

and the catenary supporting frame 34 is connected to the

reflector supporting frame by a pair of W-trusses, each

comprising outer struts 41 (FIG. 1) connected between the

gy

5 ends of the feed array longerons 32 and the ends of the

reflector longerons 27 and diagonal struts 43 connected

between the centers of the feed array longerons 32 and

the ends of the reflector longerons 27. Support wires 45

are connected between ends of the feed array longerons 32

10 and corresponding ends of the reflector longeron 27 that

are further away vertically. These wires provide for

stiffening against shearing.

The longerons, struts, and cross-bars of the antenna

15 structure preferably comprise rigidizable collapsed ele-
ments that are extended and rigidized when the antenna

structure is deployed in space, for example by jettison

from a launch vehicle such as. an Atlas II rocket, using

an expanded payload fairing. For example, the reflector

20 longerons 27 can comprise inflatable, rigidizable

members. The reflector Y-axis struts 21 and the diagonal
struts 43 comprise inflatable, rigidizable, Z-folded
members. The feed X-axis longerons 31 and the outer
struts 41 can comprise inflatable, rigildizable members.

25 The feed cross-bars 33 can comprise inflatable,

rigidizable, Z-folded members.

Referring now to FIG. 4, the rear curved surface 11

of the inflated envelope 20 and the RF reflective coating

30 17 thereon form a cylindrical reflector 200 of circular

cross section having for example a radius R of about 55

meters. The reflector 200 can be oversized to support

elevation (EL) and azimuth (AZ) scans. For example, the
reflector i1is about 65 meters in height H (FIG. 4) in the
35 elevation plane which is parallel to the YZ plane and 60
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meters in length L (FIG. 1) in the azimuth plane which is
parallel to the XZ plane. The following are examples of

parameters for one exemplary antenna system that employs

such a reflector.

5
Frequency 1 GHz
Bandwidth 5%
AZ Beam width 0.3 Deg
EL, Beam width 0.3 Deg
10 Scan Volume +/- 6 Deg AZ, +/- 6 Deg EL
Power-Aperture 30,000 KW m?
Prime Power 32 KW
Satellite Altitude Medium Earth Orbit
Volume To Fit in Atlas IT
15 Mass < 1100 Kg

For this exemplary embodiment, the active feed array

30 1s about 50 meters in length FL and about 1 meter in

height FH, and for reasons discussed further herein is

20 more particularly located about half way between the

vertex of the reflector 200 and the center of the

circular antenna. Ideally, the feed array 30 is

supported on a radial arc equal in radius to that of the

reflector 200, but for many applications, a planar feed

25 array can be employed. To produce the specified azimuth

beam width of 0.3 degree at L-band, an aperture length AL

(FIG. 1) of about 50 meters in the azimuth plane is

employed. For the elevation plane, however, a slightly

greater aperture height AH (FIG. 4) of about 55 meters

30 can be selected to offset the broadening effect caused by

the blockage of the feed array. An aperture taper of 10

[S-—

dB is imposed in both the elevation and azimuth planes to

control the sgside lobes.
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Beam gcan in the elevation plane is accomplished by

"rocking" (rotating) the beam with respect to the center

of the circular reflector. This is done by selectively

turning on/off some of the radiating elements at the top
and bottom of the feed array in the Y-axis. The number

of radiating elements in the Y-axis needed for operation

at a given pointing direction is fewer that the number of

elements forming each column. By electronically

selecting the particular elements used for a particular
beam in the Y-axis, e.g., by use of a commutation switch

network, the beam can be rotated or scanned over a

limited beamwidth. As the beam scans off axis +6 degree

in the elevation plane relative to the on-axis beam, the

illumination pattern of the array feed will move up and

down by about 5 meters, and a reflector height H (FIG. 4)

of about 65 meters is selected to capture all the scanned
beams.

This exemplary embodiment provides the following
features. Circular symmetry provides uniform scan

performance in the EL scan. Linear geometry in the AZ

plane minimizes the packaging, deployment, and feed

design. Cylindrical instead of spherical geometry

reduces power density of the transmit modules. Sym-
metrical and cylindrical configuration greatly simplifies
inflatable design and fabrication, and hence

substantially reducing overall cost.

Ray optics shows that the focal length F of a

circular reflector is about one half of its radius.

Thus, a first step in the design of the exemplary

embodiment is to select a proper radius for a given

aperture size, which is constrained by the specified EL

beam width. A long focal length F reduces aberration,

(phase errors) and the focal spot size, which also re-
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sults in a better-behaved (smooth) phase front in the
focal region. A more uniform phase distribution is

easier to match, and a small, but not toco small, focal

spot is desired because it requires fewer rows of

radiating elements to receive the focused beam.

On the other hand, a long focal length F will offset

the focal spot far away from the axis for the EL scan,

which increases the feed size and the number of radiating

elements required to populate the feed array. This will

e

complicate the design of the commutation switch, which is

used to shift the power to the active region of a moving

focal spot. Moreover, it also increases aperture

blockage, causing gain drop and side lobe degradation due

to the scattering of the feed array.

The optimum focal point for this exemplary

embodiment is chosen to balance the spot size, power

g

density of the focal region, the feed height, and the

maximum aperture blockage allowed. The design guldeline

for this embodiment is to keep the feed less than 8 m 1in

height, and a focal spot size around ~1.5 m using a -10

dB truncation point. It was found that an optimum focal

length F for this design is about 26 meters from the

vertex of the reflector 200.

Referring now to FIGS. 5-7, the packaged antenna

structure is deployed as follows, for example after
jettisoning of a container that contained the collapsed
antenna structure. The outer W-struts 41 are
telescopically deployed via inflation to separate the

feed array and the feed support structure from the

inflatable envelope 20, as depicted in FIG. 5. Pursuant

to such deployment, the double Z-folded envelope 20

unfolds in the Y-axis, the Z-folded enclosed struts 21
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deploy freely, and the Z-folded diagonal W-struts 32

deploy freely.

The X-axis feed longerons 32 and the reflector
longerons 21 are then deployed via inflation, as depicted
in FIG. 6. Pursuant to this deployment, the envelope 20
unfolds along the X-axis, and the bi-folded, Z-folded
feed array 30 1is deployed.

The feed crossbars are inflated to tension the feed

array 30, and the enclosed Y-axis reflector struts 21 and

the diagonal struts 3 are inflated to complete deployment
ot

envelope is then inflated, which will provide shear

—che tubular longerons, struts, and cross bars. The

strength and maintain needed tolerances, and the tubular

longerons, struts and cross bars are allowed to rigidize.

The tubes are then evacuated through null jets. Solar

panels 48 are also deployed to provide electrical power.

While this invention has been described in the

pr—

context of an exemplary embodiment with exemplary

frequency and size parameters, 1t is to be understood

that the invention is not limited to the particular

parameters set out above, and can be employed for other

gu—

applications and frequency regimes. The antenna can for

example be employed in multi-band, co-aperture
applications, at various orbit locations, and can provide

service 1in such applications as synthetic aperture radar,

space-based radars and the like.

It 1s understood that the above-described

embodiments are merely illustrative of the possible

specific embodiments which may represent principles of
the present invention. Other arrangements may readily be

devised in accordance with these principles by those
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skilled in the art without departing from the scope and

spirit of the invention.
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What is claimed is:

1. An antenna comprising:

an inflatable flexible enclosed envelope having a
cylindrically curved wall transparent to RF, said curved wall
ending at first and second opposing edges;

an RF reflective coating disposed on said curved wall;

a reflector catenary support frame for supporting said
first and second edges and for maintaining said curved wall in a
predetermined shape when said envelope is inflated; and

a feed array support structure including a catenary feed
support frame for supporting a feed array at a reflector focal
location for illuminating said RF reflective coating with RF
enerqgy.

2. The antenna of claim 1 wherein said reflector support
frame includes rigidizable components.

3. The antenna of claim 1 or 2 wherein said feed support
frame 1ncludes rigidizable components.

4. The antenna of any one of claims 1 to 3, wherein said feed
array support structure further includes a truss structure
connected between said feed support structure and said reflector
catenary support frame for supporting the feed support frame at
sald reflector focal location.

5. The antenna of claim 4 wherein said truss structure
includes rigidizable components.

6. The antenna of any one of claims 1 to 5 wherein said
curved wall 1s configured to support an aperture that is about
55 meters in height and about 50 meters in length.
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7. The antenna of any one of claims 1 to 6 wherein said
cylindrical wall has a radius of about 55 meters.

8. An antenna comprising:

an inflatable flexible enclosed envelope having a
cylindrical wall transparent to RF, said cylindrical wall ending
at first and second opposing edges;

an RF reflective coating disposed on said cylindrical
wall;

a catenary reflector support frame for supporting said
first and second edges and for maintaining said cylindrical wall
in a cylindrical shape when said envelope is inflated; and

a catenary feed array support structure connected to said
catenary reflector support frame for supporting a feed array at
a reflector focal location for illuminating said RF reflective
coating with RF energy.

9. The antenna of claim 8 wherein said catenary reflector
support frame includes catenary supports.

10. The antenna of claim 8 or 9 wherein said catenary
reflector support frame includes rigidizable components.

11. The antenna of any one of claims 8 to 10 wherein said
catenary feed array support structure is foldable.

12. The antenna of claim 11 wherein said feed array support
structure 1ncludes a catenary feed support frame and a truss
structure connected between said catenary feed support frame and
said catenary reflector support frame.

13. The antenna of claim 12 wherein said catenary feed support
structure includes rigidizable components.
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14. The antenna of any one of claims 8 to 13 wherein said
cylindrical wall and said feed array are configured to have an
aperture that is about 55 meters in height and about 50 meters
in length.

15. The antenna of any one of claims 8 to 13 wherein said feed
array 1is located about 26 meters from a vertex of said
cylindrical wall.

16. A deployable antenna comprising:

an inflatable flexible enclosed envelope having a
cylindrical wall transparent to RF, said cylindrical wall ending
at first and second opposing edges;

an RF reflective coating disposed on said cylindrical
wall;

a deployable catenary reflector support frame that when
deployed supports said first and second edges and maintains said
cylindrical wall in a cylindrical shape when said envelope 1is
inflated; and

a deployable feed array support structure connected to
said catenary support frame for supporting a deployable feed
array for illuminating said RF reflective coating with RF
enerqgy.

17. The antenna of c¢laim 16 wherein said catenary reflector
support frame includes catenary supports.

18. The antenna of claim 16 or 17 wherein said catenary
reflector support frame includes extendable, rigidizable

components.

19. The antenna of any one of claims 16 to 18 wherein said
feed array support structure includes a catenary feed array
support frame for supporting said feed array.
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20. The antenna of claim 19 wherein said catenary feed support
frame includes extendable, rigidizable components.

21. The antenna of any one of claims 16 to 20 wherein said
cylindrical wall and said feed array support structure are
configured for an aperture that is about 55 meters in height and
about 50 meters in length when deployed.

22. The antenna of any one of claims 16 to 21 wherein said
cylindrical wall has a radius of about 55 meters when deployed,
and said feed array is located about 26 meters from a vertex of
sald cylindrical wall when deployed.

23. The antenna of any one of claims 16 to 22 wherein said
antenna 1is deployable in space.

24. The antenna of claim 23, further comprising a micrometeor
shield disposed within said envelope.

25. The antenna of any one of claims 16 to 24, wherein said
feed array support structure further includes a deployable truss
structure connected between said feed support structure and said
reflector catenary support frame for supporting the feed support
frame at said focal location.



CA 02451724 2003-12-19

WO 03/075397 PCT/US03/043538
1/3




32

35

37

WO 03/075397

/34
K3

FH

v

'_‘-"'__..1‘
-
L
| —

N[/

o

L
| I \
'_!

]

]
| — |
N[/

e
(- =

]
|\
\_____ T/

I
'—‘
|
N I¥
'

.
X\
|>\—

|
l!i—.——..——_ﬂ
2 &

CA 02451724 2003-12-19

2/3

>’
N
oy
/)
o
-
=
QL
W
<

On -Axis Beam
~55x50 m
~1GHz

Circular\
Cross "
Section

~ 32

AH

FL

Fig. 3

33

PCT/US03/043538




CA 02451724 2003-12-19

PCT/US03/043538

WO 03/075397

3/3







	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - abstract drawing

