EP 2 584 650 B1

(19)

(12)

(45)

(21)

(22)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(11) EP 2 584 650 B1

EUROPEAN PATENT SPECIFICATION

Date of publication and mention
of the grant of the patent:
24.05.2017 Bulletin 2017/21
Application number: 12188658.4

Date of filing: 16.10.2012

(51)

Int Cl.:
H01Q 3/08 (2006.01) H01Q 3/16 (2006.01)
H01Q 3/20 (2006.07) HO01Q 19/19 (2006.0)

(54)

Wide scan steerable antenna with no key-hole

Steuerbare Breitenscan-Antenne ohne Schliisselloch

Antenne orientable a balayage important sans trou de clé

(84)

(30)

(43)

(73)

(72)

Designated Contracting States:
AL AT BE BG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR

Priority: 17.10.2011 US 201161627710 P

Date of publication of application:
24.04.2013 Bulletin 2013/17

Proprietor: MacDonald, Dettwiler and Associates
Corporation
Ste-Anne-de-Bellevue, QC H9X 3R2 (CA)

Inventors:

Choiniére, Eric
Ottawa, Ontario K1W 1J3 (CA)

(74)

(56)

Liang, Aiping

Dollard-Des-Ormeaux, Québec H9B 3J8 (CA)
Horth, Richard

Kirkland, Québec H9J 3W6 (CA)

Loiselle, Philippe

Montreal, Québec H2S 2P4 (CA)

Representative: Patentanwaltskanzlei
Matschnig & Forsthuber OG
BiberstraBe 22

Postfach 36

1010 Wien (AT)

References cited:

US-A1-2010 238 082 US-B1- 6 285 338

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 584 650 B1 2

Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to the field of an-
tenna systems, and is more particularly concerned with
steerable antennas for transmitting and/or receiving elec-
tromagnetic signals.

BACKGROUND OF THE INVENTION

[0002] It is well known in the art to use steerable (or
tracking) antennas to communicate with a relatively mov-
ing target over a wide scan angle. Especially in the aer-
ospace industry, such steerable antennas preferably
need to have high gain, low mass, and high reliability.
The antennas used in these wide scan applications typ-
ically include two rotation axes requiring two rotary joints,
cable cassettes or other means of propagating the signal
over each of the rotation axis. The elimination or the re-
duction of the number of RF (radio-frequency) rotary
joints is highly desirable from a cost, signal loss and re-
liability perspective. Some solutions have been devel-
oped to eliminate rotary joints in wide angle (essentially
greater than 90 degrees) steerable antennas but they
are affected by the presence of a singularity which affects
the ability to track a target when the beam becomes sub-
stantially aligned with one of the rotation axes. This sin-
gularity is referred to as the key-hole effect, because of
the time required for the rotation around the axis present-
ing a singularity to catch up with the target rate of motion.
Generally for satellite based systems, this singularity is
associated with the use of an azimuth rotation axis that
points to the earth (sub-satellite point or nadir). For cer-
tain missions, this singularity has little impact on the over-
all system performance or complexity but in many cases,
especially when a high gain is required, it can lead to
very high actuator speed in order to maintain an adequate
link as the targets gets aligned with a rotation axis. For
a steerable antenna equipped with a nadir pointing azi-
muth rotation axis, this happens when the sub-satellite
track makes a pass very near the intended target. This
can become a driver in the choice of the actuator and
increase the complexity of the drive electronics system.
Larger rotary actuators with more complex and costly
drive electronics are then required. A solution having no
rotary joints is illustrated in Figure 1 (ref US Patent No.
6,747,604). This configuration has a key-hole or singu-
larity at nadir (pointing towards the Earth center for an
antenna mounted on an Earth facing panel of an orbiting
spacecraft) since one of the rotation axis is pointing to-
wards nadir. A different configuration using an elevation
over azimuth gimbal is shown in Figure 2. This approach
has only one rotary joint but also suffers from the key-
hole effect at nadir. Similarly, the approach taught in US
Patent Application Publication No. 2010/028082 A1, with
three rotary joints, also has a keyhole (singularity). US
Patent No. 6 285 338 describes a method and apparatus
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for eliminating the key-hole problem of an azimuth-ele-
vation gimbal antenna. Accordingly, there is a need for
an improved steerable antenna configuration.

SUMMARY OF THE INVENTION

[0003] It is therefore a general object of the present
invention to provide an improved steerable antenna ar-
chitecture, or configuration, that solves the above-men-
tioned problems for optimal steering of transmitting
and/or receiving beam over wide scan angles, essentially
greater than 90 degrees.

[0004] An advantage of the present invention is that
the architecture is capable of steering the beam on almost
a full hemisphere (2- steradians).

[0005] Another advantage of the present invention is
that there are no singularities or key-holes within the cov-
erage area, therefore avoiding the need for high speed
actuation of the rotary actuators and the associated com-
plexity and cost.

[0006] A further advantage of the present invention is
thatantenna architecture requires only a single RF signal
rotary mechanism such as RF rotary joint or flex
waveguide or flexible RF cable, therefore improving the
reliability of the antenna system.

[0007] Still another advantage of the present invention
is that the geometry of the antenna can be optimized to
minimize the mass and size of the antenna moving parts.
[0008] Still another advantage of the present invention
is that the stowed and dynamic envelope of the antenna
can be optimized.

[0009] Yetanother advantage of the present invention
is that the shape of the reflectors, their relative position
as well as their orientation can be optimized to provide
the best mass, moving mass, stowed volume and swept
volume. The beam generated by the main reflector does
not have to be orthogonal to the axis defined by the feed
source phase center and the center of the sub-reflector
(feed axis). The angle of the beam with the feed axis
should however be at least half of the angular width of
the coverage area taken along the direction of its nar-
rowest dimension.

[0010] According to an aspect of the present invention
there is provided a transmitting and/or receiving steera-
ble antenna configuration for optimal beam steering of
an electromagnetic signal over wide scan angles within
a pre-determined coverage area of the antenna, said an-
tenna configuration comprising:

- asub-reflector and main reflector assembly defining
an antennafocal point located substantially adjacent
to a reflecting surface of a main reflector;

- atransmitting and/or receiving signal feed chain hav-
ing a signal source located adjacent to the antenna
focal point and defining a feed axis substantially
pointing towards a sub-reflector intersection point,
the main reflector generating a signal beam having
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abeam axis defining a beam angle with the feed axis;
wherein

- a first rotation member rotating the feed chain and
the sub-reflector and main reflector assembly about
a first rotation axis generally perpendicular to the
feed axis and not intersecting with the coverage ar-
ea; and

- a second rotation member rotating one of the main
reflector and the sub-reflector and main reflector as-
sembly relative to the signal feed chain about a sec-
ond rotation axis substantially aligned with the feed
axis, the second rotation member being rotated by
the first rotation member.

[0011] Conveniently, the beam angle is at least half of
an angular width of a narrowest dimension of the pre-
determined coverage area defining a narrowest angular
width of the coverage area.

[0012] In one embodiment, the sub-reflector intersec-
tion point is located adjacent a geometrical center of a
sub-reflector of the assembly.

[0013] Conveniently, the main reflector surface and a
surface of a sub-reflector of the assembly are corre-
sponding sections of respective conical function surfac-
es.

[0014] Typically, at least one of the main reflector sur-
face and the sub-reflector surface is shaped so as to
achieve a signal gain pattern of the antenna assembly
for substantially matching a predetermined signal gain
pattern.

[0015] Other objects and advantages of the present
invention will become apparent from a careful reading of
the detailed description provided herein, within appropri-
ate reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] In the annexed drawings, like reference char-
acters indicate like elements throughout.

Figure 1 is a top perspective view of a prior art steer-
able antenna with no rotary joint and a key-hole sin-
gularity;

Figure 2 are top plan, front elevation, side elevation
and bottom plan views of a prior art steerable anten-
na with one rotary joint and a key-hole singularity;

Figures 3 and 3a are a top perspective view and a
side elevation view, respectively, of a steerable an-
tenna in accordance with an embodiment of the
present invention, with no key-hole singularity;

Figure 4 is schematic view, showing the geometry
of a steerable antenna in accordance with the em-
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bodiment of Figure 3, with no key-hole singularity,
and using a flat sub-reflector and a parabolic main
reflector to generate the antenna signal beam;

Figure 5 is schematic view, showing the geometry
of a steerable antenna in accordance with another
embodiment of the present invention, with no key-
hole singularity, and using a hyperbolic sub-reflector
and a parabolic main reflector to generate the an-
tenna signal beam;

Figure 6 is schematic view, showing the geometry
of a steerable antenna in accordance with another
embodiment of the present invention, with no key-
hole singularity, and using a flat sub-reflector and a
parabolic main reflector substantially offset from the
feed axis to generate the antenna signal beam; and

Figure 7 is a schematic view of a typical coverage
area for the embodiment of Figure 3 mounted on a
spacecraft, showing the narrowest and widest angu-
lar widths thereof.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0017] Withreference to the annexed drawingsthe pre-
ferred embodiments of the presentinvention will be here-
in described for indicative purpose and by no means as
of limitation.

[0018] Referring to Figures 3 and 3a, there is shown a
steerable antenna 10 for allowing transmission and/or
reception of an electromagnetic signal within an antenna
coverage region 14, as shown by the shaded area in
Figure 7, over a predetermined surface, such as the sur-
face of the Earth. The electromagnetic signal travels
through a feed chain and between a feed source 18 and
a target. The target moves within the antenna coverage
region 14 in which the antenna signal beam 12 is to be
steered.

[0019] Although the antenna 10 described hereinafter
is mounted on the earth facing panel 24 or deck of a
satellite pointing at the Earth surface (not shown) with
the target being a specific location thereon, it should be
understood that any other configuration of a similar an-
tenna such as a ground antenna facing at orbiting satel-
lites could be considered without departing from the
scope of the present invention.

[0020] The antenna 10includes a dualreflector system
or assembly 26. The latter defines a sub-reflector surface
27 and a main reflector surface 28 for reflecting the elec-
tromagnetic signal between the feed source 18 and the
target, and therefore generates the antenna signal beam
12 defining a beam axis 13. The sub-reflector surface 27
and main reflector surface 28 define a focal point 30 of
the system 26. The feed source aperture center point is
substantially located close or adjacent to the focal point
30 of the system 26. The feed source 18 is pointing sub-
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stantially at the sub-reflector intersection point 32 such
that the feed source axis 40 intersects with the focal point
30 and the sub-reflector intersection point 32. The portion
of the electromagnetic signal reaching the main reflector
surface 28 is reflected with a beam axis 13 at angle a
from the feed axis 40. The angle o is at least as large as
half of the angular width or direction of the narrowest
dimension 15 of the coverage area 14 (see Figure 7),
thus defining a narrowest angular width of the coverage
area 14.

[0021] A first rotating member, preferably a rotary ac-
tuator 42 or the like, rotates the dual reflector system 26
and feed source 18 about a first rotation axis RA1, ex-
tending generally perpendicularly to the feed axis 40 and
not intersecting with the coverage area, and provides
nominal signal gain steering along one direction over the
coverage region 14. Preferably, the actuator 42 rotates
the dual reflector system 26 and feed source 18 such
that the beam 12 scans about the angular width 16 or
direction of the widest dimension 16 of the coverage area
14 (see Figure 7) thus defining a widest angular width,
or along the main track of the target, between a first limit
position 8, a second limit position 8,, such as over a
range of about 180 degrees.

[0022] Typically, the nominal sub-reflector surface 27
and the main reflector surface 28 are each a section of
a conical function surface, preferably a parabolic surface
(as in the sub-reflector 27 of the embodiment 10’ in Figure
5 and in the main reflector 28 of embodiments 10, 10" in
Figures 3 to 4 and 6), hyperbolic surface, ellipsoid or a
flat surface (as in the sub-reflector 27 of the embodiments
10, 10" in Figures 3 to 4 and 6 and in the main reflector
28 of the embodiment 10’ in Figure 5). At least one of the
nominal sub-reflector surface 27 and the main reflector
surface 28 can be respectively shaped so as to achieve
a signal gain pattern of the antenna assembly for sub-
stantially matching a predetermined signal gain pattern.
[0023] The antenna 10 further includes a second ro-
tating member, preferably a rotary actuator 46 or the like,
that rotates the dual reflector system 26 about a second
rotation axis RA2, substantially aligned or collinear with
the feed axis 40, between a first position ¢, and a second
position ¢,; whereby the beam 12 is scanned along an
arc-shaped line over the coverage region 14. Typically,
the rotary actuator 46 rotates over a range of at most
about 180 degrees so as to remain away from any sin-
gularity, although it could physically span over 360 de-
grees. Preferably, the rotary actuator 46 rotates the dual
reflector system 26 such that the beam 12 scans sub-
stantially about the narrowest angular width 15 of the
coverage area. When the sub-reflector 27 is substantially
axi-symmetrical around the feed axis 40, the rotary ac-
tuator 46 generally rotates only the main reflector 28, as
it could have been done with an antenna configuration
of Figure 4.

[0024] The dual reflector system 26 and feed source
18, and typically the second rotary actuator 46, are ro-
tated about a rotation axis RA1 extending generally per-
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pendicularly to the feed axis 40 (RA2) and notintersecting
with the coverage area, so that the antenna 10 provides
a predetermined signal gain over the coverage region
14, with no singularity.

[0025] Although not described hereinabove, encoders
or the like are preferably used for providing feedback on
the angular positions 0, ¢ of both RA1 and RA2 actuators
42, 46, respectively.

Claims

1. A transmitting and/or receiving steerable antenna
configuration (10) for optimal beam steering of an
electromagnetic signal over wide scan angles within
a pre-determined coverage area (14) of the antenna,
said antenna configuration (10) comprising:

- a sub-reflector and main reflector assembly
(26) defining an antenna focal point (30) located
substantially adjacentto a reflecting surface (28)
of a main reflector;

- a transmitting and/or receiving signal feed
chain having a signal source (18) located adja-
cent to the antenna focal point (30) and defining
a feed axis (40) substantially pointing towards a
sub-reflector intersection point (32), the main re-
flector (28) generating a signal beam (12) having
a beam axis (13) defining a beam angle (o) with
the feed axis (40);

being characterized by

- a first rotation member (42) rotating the feed
chain (18) and the sub-reflector and main reflec-
tor assembly (26) about a first rotation axis
(RA1) generally perpendicular to the feed axis
(40) and not intersecting with the coverage area
(14); and

- a second rotation member (46) rotating one of
the main reflector (28) and the sub-reflector and
main reflector assembly (26) relative to the sig-
nal feed chain (18) about a second rotation axis
(RA2) substantially aligned with the feed axis
(40), the second rotation member (46) being ro-
tated by the first rotation member (42).

2. Anantennaconfiguration as definedin claim 1, char-
acterized in that the beam angle (o) is at least half
of an angular width of a narrowest dimension (15) of
the pre-determined coverage area (14) defining a
narrowest angular width of the coverage area (14).

3. An antenna configuration as defined in any one of
claims 1 and 2, characterized in that the sub-re-
flector intersection point (32) is located adjacent a
geometrical center of a sub-reflector (27) of the as-
sembly (26).
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An antenna configuration as defined in any one of
claims 1 to 3, characterized in that the main reflec-
tor surface (28) and a surface (27) of a sub-reflector
of the assembly (26) are corresponding sections of
respective conical function surfaces.

An antenna configuration as defined in claim 4, char-
acterized in that at least one of the main reflector
surface (28) and the sub-reflector surface (27) is
shaped so as to achieve a signal gain pattern of the
antenna assembly (26) for substantially matching a
predetermined signal gain pattern.

Patentanspriiche

1.

Sendende und/oder empfangende steuerbare An-
tennenkonfiguration (10) zur optimalen Strahlsteue-
rung eines elektromagnetischen Signals tber weite
Scanwinkel innerhalb eines vorbestimmten Versor-
gungsgebiets (14) der Antenne, wobei die steuerba-
re Antennenkonfiguration (10) umfasst:

- eine Subreflektor- und Hauptreflektor-Anord-
nung (26), durch die ein Brennpunkt (30) der
Antenne definiert ist, der sich im Wesentlichen
benachbart zu einer reflektierende Oberflache
(28) eines Hauptreflektors befindet;

- eine sendende und/oder empfangende Signal-
zufuhrkette, die eine zu dem Brennpunkt (30)
der Antenne benachbarte Signalquelle (18) hat
und eine Zufuhrachse (40) definiert, die im We-
sentlichen auf einen Subreflektor-Schnittpunkt
(32) zeigt, wobei der Hauptreflektor (28) einen
Signalstrahl (12) mit einer Strahlachse (13) er-
zeugt, die einen Strahlwinkel (o)) gegentber der
Zufuhrachse (40) bildet;

gekennzeichnet durch

- ein erstes Drehelement (42), das die Zufuhr-
kette (18) und die Subreflektor- und Hauptre-
flektor-Anordnung (26) um eine erste Drehach-
se (RA1) dreht, die im Allgemeinen senkrecht
zu der Zufuhrachse (40) ohne Uberschneidung
mit dem Versorgungsgebiet (14) liegt; und

- ein zweites Drehelement (46), das den Haupt-
reflektor (28) oder die Subreflektor- und Haupt-
reflektor-Anordnung (26) relativ zu der Signal-
zufuhrkette (18) um eine zweite Drehachse
(RA2) dreht, die im Wesentlichen an der Zu-
fuhrachse (40) ausgerichtet ist, wobei das zwei-
te Drehelement (46) durch das erste Drehele-
ment (42) gedreht wird.

2. Antennenkonfiguration gemaR Anspruch 1, da-

durch gekennzeichnet, dass der Strahlwinkel (o)
zumindest eine Halfte einer Winkelweite eines Min-
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destmales (15) des vorbestimmten Versorgungs-
gebiets (14), durch das eine Mindest-Winkelweite
des Versorgungsgebiets (14) definiert ist, ausmacht

Antennenkonfiguration gemafl einem der Anspri-
che 1 und 2, dadurch gekennzeichnet, dass der
Subreflektor-Schnittpunkt (32) sich benachbart zu
einem geometrischen Mittelpunkt eines Subreflek-
tors (27) der Anordnung (26) befindet.

Antennenkonfiguration gemafl einem der Anspri-
che 1 bis 3, dadurch gekennzeichnet, dass die
Hauptreflektor-Oberflache (28) und eine Oberflache
(27) eines Subreflektors der Anordnung (26) korre-
spondierende Abschnitte von jeweiligen konischen
Funktionsflachen sind.

Antennenkonfiguration gemaf Anspruch 4, da-
durch gekennzeichnet, dass die Hauptreflektor-
Oberflache (28) und/oder die Subreflektor-Oberfla-
che (27) so geformt sind, dass sie ein Signalverstar-
kungsmuster der Antennenanordnung (26) erzielt,
um einem vorbestimmten Signalverstarkungsmus-
ter im Wesentlichen zu entsprechen.

Revendications

Configuration d’antenne orientable d’émission et/ou
de réception (10) pour I'orientation optimale du fais-
ceau d’un signal électromagnétique sur de grands
angles de balayage a I'intérieur d’une zone de cou-
verture prédéterminée (14) de I'antenne, ladite con-
figuration d’antenne (10) comprenant :

- un ensemble sous-réflecteur et réflecteur prin-
cipal (26) définissant un point focal d’antenne
(30) situé de fagon sensiblement adjacente a
une surface réfléchissante (28) d’un réflecteur
principal ;

- une chaine d’alimentation de signal d’émission
et/ou de réception ayant une source de signal
(18) située de fagon adjacente au point focal
d’antenne (30) et définissant un axe d’alimenta-
tion (40) pointant sensiblement vers un point
d’intersection de sous-réflecteur (32), le réflec-
teur principal (28) générant un faisceau de si-
gnal (12) ayant un axe de faisceau (13) définis-
sant un angle de faisceau (o) avec I'axe d’ali-
mentation (40) ;

caractérisée par :

- un premier élément de rotation (42) faisant
tourner la chaine d’alimentation (18) etI'ensem-
ble sous-réflecteur et réflecteur principal (26)
autour d’un premier axe de rotation (RA1) gé-
néralement perpendiculaire a I'axe d’alimenta-



9 EP 2 584 650 B1

tion (40) et ne croisant pas lazone de couverture
(14) ; et

-unsecond élément de rotation (46) faisant tour-
ner 'un du réflecteur principal (28) et de I'en-
semble sous-réflecteur et réflecteur principal
(26) par rapport a la chaine d’alimentation de
signal (18) autour d’un second axe de rotation
(RA2) sensiblement aligné avec I'axe d’alimen-
tation (40), le second élément de rotation (46)
étant mis en rotation par le premier élément de
rotation (42).

Configuration d’antenne selon la revendication 1,
caractérisée par le fait que I'angle de faisceau (o)
est d’au moins la moitié d’une largeur angulaire de
la dimension la plus étroite (15) de la zone de cou-
verture prédéterminée (14) définissant la largeur an-
gulaire la plus étroite de la zone de couverture (14).

Configuration d’antenne selon I'une quelconque des
revendications 1 et 2, caractérisée par le fait que
le point d’intersection de sous-réflecteur (32) est si-
tué de fagon adjacente a un centre géométrique d’'un
sous--réflecteur (27) de I'ensemble (26).

Configuration d’antenne selon I'une quelconque des
revendications 1 a 3, caractérisée par le fait que
la surface de réflecteur principal (28) et une surface
(27) d’un sous-réflecteur de I'ensemble (26) sontdes
sections correspondantes de surfaces fonctionnel-
les coniques respectives.

Configuration d’antenne selon la revendication 4,
caractérisée par le fait qu’au moins I'une de la sur-
face de réflecteur principal (28) et de la surface de
sous-réflecteur (27) est formée de fagon a obtenir
un motif de gain de signal de 'ensemble d’antenne
(26) pour correspondre sensiblement a un motif de
gain de signal prédéterminé.
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