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(54)  Steerable antenna
(67) A steerable antenna (1) is described, compris-
ing:

- an orientable payload (4,5);

- an electromechanical movement and support system
(6-10) operatively connected to the payload (4, 5) and
adapted to orient the payload in a controlled manner,
said electromechanical system comprising a base (6), a
first motor (7) attached to the base (6), a driven pulley
(8) operatively connected to the first motor (7) for being
rotated around a first rotation axis, a second motor (9)
operatively connected to the driven pulley (8) and oper-

3

atively connected to the payload (4, 5) for rotating the
payload around a second rotation axis.

The steerable antenna (1) further comprises an elec-
tromechanical movement and support system (6-10) fur-
ther comprises a support bracket (10) stably fixed to the
base (6) to which the second motor (9) is pivotably hinged
and wherein the driven pulley (8) is operatively connected
to the second motor (9) for rotating the second motor (9)
in relation to the base (6) and in relation to the support
bracket (10).
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Description

[0001] The present description refers to the technical
sector of steerable antennas.

[0002] Steerable antennas have been known of for a
long time comprising an orientable receiver and/or trans-
mitter device of electromagnetic radiation, the pointing
direction of which can be controlled by means of an elec-
tromechanical movement and support system which
makes it possible to orient the orientable reception and/or
transmission device in space, for example to widen the
scanning angle of the antenna. The orientable receiver
and/or transmitter device of electromagnetic radiation is
also referred to in general as payload.

[0003] Insome cases, such as for example in the case
of the steerable antennas of a missile seeker, the elec-
tromechanical movement and support system used is
comparable to an altazimuth system and can be elec-
tronically controlled to enable the orientable reception
and/or transmission device to rotate around two axes or-
thogonal to each other and to define a conical angle of
aperture of the antenna beam.

[0004] Theoretically and in first approximation, the
electromechanical movement and support system, or
steering system, must guarantee highly accurate point-
ing, must be able to impart relatively high accelerations
to the orientable receiver and/or transmitter device of
electromagnetic radiation and must ensure a conical an-
gle of aperture of the antenna beam that is as wide as
possible.

[0005] The electronic control system of the electrome-
chanical movement and support system is generally de-
veloped on the basis of a theoretical mechanical behav-
iour ofthe electromechanical movement and support sys-
tem and various sensors on board the steerable antenna,
for example position, and/or speed and/or gyroscopic
sensors associated with the electromechanical move-
ment and support system are used to create a closed-
loop control. The result of the sensor reading is what is
happening locally; it is therefore important that down-
stream of this reading there are no deformations or be-
haviours undetectable by the sensors which could lead
to anincorrect command of the electromechanical move-
ment and support system. These deviations from the
standard are generally commonly referred to by the term
aberrations. In theory the sensors should be placed as
close as possible to the orientable receiver and/or trans-
mitter device of electromagnetic radiation so that the con-
trol system always knows precisely its real location. A
position distant therefrom, with a series of mechanical
intermediate controls will introduce mechanical aberra-
tions due to the imprecision of the pairings, elastic defor-
mations of the system due to external stresses and im-
precision in the machining of mechanical parts.

[0006] The ideal solution would be that of being able
to couple the sensors directly under the orientable re-
ceiver and/or transmitter device of electromagnetic radi-
ation coupled to the latter with rigid connections, without
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intermediate mechanical controls. This solution however
tends to limit the cone angle; and this all the more so the
bigger the sensors (and motors) are. In this configuration,
wishing to favour the performance in terms of angular
acceleration (larger motors) will penalise the perform-
ance in terms of amplitude of the cone angle; vice versa
wishing to favour the latter will penalise the performance
in terms of angular accelerations inasmuch as making it
more appropriate to use smaller motors.

[0007] A possible compromise between the perform-
ance in terms of angular acceleration and amplitude of
the cone angle could be achieved by spacing the motors
away from the payload, still rigidly connected to the ori-
entable receiver and/or transmitter device of electromag-
netic radiation; this would determine however an in-
crease in the radius of the footprint sphere of the steer-
able antenna, which is problematic since the space avail-
able in the radome is limited. In addition the above solu-
tion, in the case of microwave antennas, requires a signal
connection with shielded cable to the receiver and/or
transmitter device of electromagnetic radiation, which af-
fects the radio frequency performance and reduces the
maximum power conveyable.

[0008] A different approach, relatively more wide-
spread than that described above, is to position the mo-
tors and sensors away from the orientable receiver
and/or transmitter device of electromagnetic radiation
and to rely on intermediate mechanical controls, often
rigid cardanic shafts and connecting rods, to move it. This
makes it possible to use relatively bigger motors with a
high torque and then rely on the quality of the mechanical
construction and assembly to limit possible aberrations.
In this configuration, there is a division between the ro-
tation axes of the orientable receiver and/or transmitter
device and the axes of the motors. This approach permits
broader conical angles and high performance in terms
of angular acceleration. However, the steerable anten-
nas of the prior art made according to this approach have
high costs, are structurally complex and require delicate
adjustments during assembly.

[0009] The priorartalso comprises steerable antennas
in which the electromechanical system for moving and
supporting the payload comprises a base, a first motor
(or external motor) attached to the base, a driven pulley,
abelttransmission connecting the firstmotor to the driven
pulley so that it can be rotated around a first rotation axis
(or external axis), a second motor (or internal motor) at-
tached to the driven pulley and supported by it and adapt-
ed to rotate the payload around a second rotation axis
(orinternal axis). The two axes are uncoupled from each
other: the movement of one does not affect the other;
something hard to achieve with a system of connecting
rods which are generally attached to the same drag ele-
ment (antenna) despite being moved by two different ac-
tuators. This type of antennas of the prior arthave various
drawbacks, such as poor transversal rigidity, essentially
but not exclusively due to the presence of the driven pul-
ley which has a supporting function for the payload and
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for the second motor.

[0010] A general purpose of the present description is
to make available a steerable antenna which does not
have the drawbacks mentioned above with reference to
the prior art.

[0011] Thisandotherpurposes are achieved by means
of a steerable antenna as defined in the first claim in its
most general form, and in the dependent claims in some
of its particular embodiments.

[0012] The invention will be clearer to understand from
the following detailed description of its embodiments,
made by way of a non-limiting example with reference to
the appended drawings, wherein:

- Figure 1 shows a perspective and partial cross-sec-
tion of a portion of a missile, comprising a radome
and a steerable antenna;

- Figure 2 shows a perspective view of the steerable
antenna in figure 2;

- Figure 3 shows a first view in lateral cross-section
of the steerable antenna in figure 1;

- Figure 4 shows a perspective view of an embodiment
of a support bracket of the steerable antenna in Fig-
ure 1;

- Figure 5 shows asecond view in lateral cross-section
of the steerable antenna in figure 1, in which the
cross-section plane is perpendicular to the cross-
section plane of the view in figure 3; and

- figure 6 shows a perspective view of an enlarged
detail of the steerable antenna in figure 1.

[0013] Inthe appended drawings, elements which are
the same or similar will be indicated using the same ref-
erence numerals.

[0014] Figure 1 shows a portion of an embodiment of
a missile 1 comprising a radome 2 and a steerable an-
tenna 3 mounted inside the radome 2. In the particular
example shown and without thereby introducing any lim-
itation, the steerable antenna 1 is the antenna of a radar
and more in particular the antenna of a missile seeker.
It should be noted, however, that the teachings of the
present description are applicable without restriction to
the particular type of steerable antenna in that the steer-
able antenna which the present description relates to
could be any antenna utilisable for example in the tele-
communications, terrestrial or satellite and scientific
measurement instrument industries.

[0015] The steerable antenna 1 comprises an orient-
able payload 4, 5. For example, the orientable payload
4, 5 comprises at least one receiver and/or transmitter
device of electromagnetic radiation 4. For example, the
receiver and/or transmitter device of electromagnetic ra-
diation 4 comprises a planar array antenna, for example
a microwave and disc antenna comprising a plurality of
antenna elements, such as patch antenna elements or
slit antenna elements. Preferably, and without thereby
introducing any limitation, the receiver and/or transmitter
device of electromagnetic radiation 4 is both a receiver
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and transmitter device.

[0016] According to one embodiment, the payload 4,
5 further comprises a processing circuit section 5 of the
signals transmitted and/or received by the receiver
and/or transmitter device of electromagnetic radiation 4.
[0017] The steerable antenna 1 further comprises an
electromechanical movement and support system 6-10
operatively connected to the payload 4, 5 and adapted
to orient the payload 4, 5 in a controlled manner.
[0018] The electromechanical movement and support
system 6-10 comprises a base 6, a first motor 7 attached
to the base 6 (or external motor 6), a driven pulley 8
operatively connected to the first motor 7 for being rotated
around a first rotation axis (or external rotation axis), a
second motor 9 (or internal motor) operatively connected
to the driven pulley 8 and operatively connected to the
payload 4, 5 for rotating the payload 4,5 around a second
rotation axis (or internal rotation axis). The first and the
second axes of rotation are perpendicular to each other.
[0019] The electromechanical movement and support
system 6-10 further comprises a support bracket 10, for
example as shown in figure 3, stably fixed to the base 6
to which the second motor 9 is pivotably hinged.

[0020] The driven pulley 8 is operatively connected to
the second motor 9 for rotating the second motor 9 in
relationto the base 6 and in relation to the support bracket
10.

[0021] Accordingtoanembodimentconsistentwith the
example shown in the figures, the first motor 7 is posi-
tioned below the driven pulley 8 and the support bracket
10 on the opposite side to the payload 4, 5. Among other
advantages this makes it possible, despite the presence
of a powerful first motor and therefore significant dimen-
sions, to avoid obstructing the movement of the payload
4, 5 and for example to make optimal use of the space
in which the payload can be moved inside a radome.
[0022] Preferably, the first 7 and the second motor 9
are servomotors.

[0023] According to one embodiment, the base 6 is a
cylindrical or substantially cylindrical container provided
with an upper aperture 12 and a lower aperture 13. Pref-
erably, the base 6 comprises a housing 14 inside which
the first motor 7 is housed and attached. Preferably, the
steerable antenna 1 comprises an electronic control cir-
cuit 15 of the first motor 7 also housed at least partially
in the housing 14.

[0024] According to one embodiment, the base 6 com-
prises one or more attachment elements 16 adapted to
permit the attachment of the base 6 inside the radome
2. For example, said attachment elements 16 comprise
a plurality of recesses defined on the outer side walls of
the base 6.

[0025] According to one embodiment, the upper aper-
ture 12 of the base 6 allows the passage of at least one
transmission element of the motion from the first motor
7 to the driven pulley 8.

[0026] With reference tofigure 4, according to one em-
bodiment, the support bracket 10 comprises a first end
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portion 20, 21 firmly attached to the base 6 and a second
opposite end portion 22, 23 to which the second motor
9 is pivotably hinged. For example, the first end portion
20, 21 is attached to the base by means of screws which
cross through apertures provided in the first end portion
20, 21 to fit into corresponding apertures or internally
threaded holes provided in the upper wall of the base 6.
[0027] Preferably, the support bracket 10 is fork-
shaped, and the said second end portion 22, 23 compris-
es two end portions between which said second motor 9
is pivotably hinged.

[0028] More preferably, the aforesaid first end portion
20, 21 of the support bracket 10 comprises at least one
attachment foot to the base 6 provided with a through
aperture 26 crossed by the driven pulley 8 and non-in-
terfering with the rotation of the driven pulley 8. In the
example in figure 3, the aforesaid attachment foot 20, 21
comprises two attachment feet 20, 21 which are spaced
apart and between which the aforesaid through aperture
26 crossed by the driven pulley 8 is defined.

[0029] According to a further embodiment, the support
bracket 10 comprises two fork arms 24, 25 attached to
the attachment foot 20, 21 of the support bracket 10 and
the aforesaid second end portions 22, 23 are free end
portions of said fork arms 24, 25. Preferably each of the
aforesaid second end portions 22, 23 of the support
bracket 10 comprises a respective through aperture 28,
29 having a circular, transversal cross-section. These
through-apertures 28, 29 define a hinge axis and permit
the pivotable hinging of the second motor 9 to the support
bracket 10.

[0030] According to one embodiment 8, the support
bracket 10 comprises a waveguide 30 integrated inside
the bracket 10.

[0031] Preferably, the waveguide 30 is a channel de-
fined in the thickness of the support bracket 10 and said
bracket 10 is made of a metal material, for example steel.
[0032] With reference to figure 4, according to an ad-
vantageous embodiment, the support bracket 10 com-
prises two half-portions 26, 27 made in two separate piec-
es and juxtaposed and coupled to each other, for exam-
ple by screws. This way, the realisation of the waveguide
30integrated inthe supportbracket 10 is particularly easy
since the waveguide 30 can be made by providing a first
recess on a wall of one of the two half-portions 26, 27
intended to face an opposite wall of the other of the two
half-portions. Clearly a second recess may also be pro-
vided on said opposite wall which is facing and aligned
with the first recess when the two half-portions 26, 27 are
coupled together.

[0033] In the case in which the support bracket 10 is
fork-shaped with two fork arms 24, 25, the aforesaid
channel preferably has a portion that extends inside one
of said fork arms 24, 25. Preferably the aforesaid channel
extends between two openings of the channel from the
first end portion 20, 21 of the support bracket 10 to the
second end portion 22, 23 of the support bracket 10 so
as to define a waveguide 30 which extends from the base

10

15

20

25

30

35

40

45

50

55

6 of the steerable antenna 1 to the payload 4, 5. A
waveguide connector may be provided on the base 6
arranged at the respective aperture of the channel.
[0034] With reference tofigure 3, according to one em-
bodiment, the steerable antenna 1 comprises a first ro-
tary joint in the waveguide 31 having a portion of joint
attached to the support bracket 10, at the second end
portion 22, 23 which is operatively coupled to the inte-
grated waveguide 30 and is in operational communica-
tion therewith and a second portion of joint operatively
coupled to the payload 4, 5. Preferably, the second motor
9 is fixed to the second portion of the rotary joint in the
waveguide, in the example shown, onthe outside thereof.
With joint reference to figures 3 and 5, in the particular
example represented the first rotary joint in the
waveguide 31 is attached to the arm 25 of the support
bracket 10 and in particular engaged in the through ap-
erture 29 and thus allows the second motor 9 to be piv-
otally hinged to the arm 25 of the support bracket 10. On
the other side of the support bracket 10, a hinge pin 32
is preferably provided which includes a portion with a
smooth surface engaged in the second motor 9 and a
threaded portion screwed inside the through aperture 28
of the arm 24 of the support bracket 10.

[0035] According to one embodiment, the second mo-
tor 9 comprises a container body 39, a stator 33 housed
inside the container body 39, a rotor 34 and a drive shaft
35 attached or coupled to the rotor 33. The container
body 39 is fixed to the driven pulley 8 and is pivotably
hinged to the support bracket 10 to rotate around the first
rotation axis. The drive shaft 35 of the second motor 9 is
directly orindirectly coupled to the payload 4, 5 by means
of a first coupling flange 36. In the example shown in the
figures a torque reducer is not provided, so that the cou-
pling flange 36 is directly coupled to the drive shaft 35,
for example keyed onto the drive shaft 35, and is directly
coupled to the payload 4, 5. In an alternative embodiment
the aforesaid coupling may be achieved by interposing
a torque reducer.

[0036] According to one embodiment, a speed and/or
position transducer 45 integral with the drive shaft 35 in
its rotation around the second rotation axis is coupled to
the drive shaft 35 of the second motor 9.

[0037] According to one embodiment, the payload 4,
5 is coupled to the external container 39 of the second
motor 9 by means of a second coupling flange 37 and a
second rotary joint 41, shown in figure 5. Preferably, the
second rotary joint 41 and the coupling flange 37 are
waveguide devices and make it possible to realise a
waveguide connection by means of a link waveguide 38,
operatively interconnected between the first waveguide
joint 31 and the second waveguide joint 41 and integral
in rotation with the second motor 9.

[0038] With reference tofigure 5, according to one em-
bodiment, the driven pulley 8 has an arch-shaped central
portion 50 and two side arms 41, 42 attached to the con-
tainer body 39 of the second motor 9. The rotation of the
driven pulley 8 thus determines a rotation of the container
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body 39 of the second motor 9 around the first rotation
axis.

[0039] According to one embodiment, the first motor 7
comprises a container body 70, a stator 71 housed inside
the container body 70, a rotor 72 and a drive shaft 73
attached or coupled to the rotor 72. The container body
70 is attached to the base 6. According to one embodi-
ment, a speed and/or position transducer 74 is coupled
to the drive shaft 73 of the first motor 7.

[0040] The drive shaft 73 of the first motor 7 is prefer-
ably coupled directly, i.e. without a torque reducer, to the
driven pulley 8.

[0041] According to a preferred embodiment, the elec-
tromechanical support and movement system 6-10 com-
prises a belt transmission system, 18, 19, 48, 49 adapted
to operatively couple the first motor 7 to the driven pulley
8 comprising two belts 18, 19 crossing each other having
afirst end portion attached to the driven pulley 8, wherein
saidtransmission system 18, 19, 48,49 comprises adrive
pulley 48, 49 coupled to the first motor 7, and in particular
to its drive shaft 73. The aforementioned belts 18, 19
each have a second end portion attached to the drive
pulley 8. Preferably the second end portions of the belts
18, 19 are attached to opposite end portions 53, 54 of
the rounded central portion 53, 58 of the driven pulley 8.
[0042] According to one embodiment, the aforemen-
tioned belts 18, 19 are made of a metal alloy, for example
of an austenitic structure, nickel-chromium based, super
alloy. Preferably, such belts have a reduced thickness,
for example of the order of tenths of a millimetre, for ex-
ample equal to a tenth of a millimetre.

[0043] According to one embodiment, the drive pulley
48, 49 comprises two parallel pulleys 48, 49, attached to
each other by means of a coupling system which makes
it possible to adjust the mutual orientation of said pulleys
48, 49to ensure correct pre-tensioning of the belts 18, 19.
[0044] From the above description it is evident how a
steerable antenna 1 of the type described above makes
it possible to achieve the aforementioned purposes with
reference to the state of the prior art.

[0045] The steerable antenna described above has in
fact a very compact structure and a high transversal ri-
gidity. The entire system, in fact, develops around a rigid
central body consisting of the support bracket 10 and the
base 6. The embodiment in which a waveguide integrat-
ed in the support bracket 10 is provided also appears to
be particularly advantageous as it is possible to avoid
providing a radio frequency cable which is moved during
the manoeuvres of the steerable antenna.

[0046] Without prejudice to the principle of the inven-
tion, the embodiments and construction details may be
varied widely with respect to what has been described
and illustrated purely by way of a non-limiting example,
without thereby departing from the scope of the invention
as defined in the appended claims.
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Claims

1.

Steerable antenna (1) comprising:

- an orientable payload (4,5);

- an electromechanical movement and support
system (6-10) operatively connected to the pay-
load (4, 5) and adapted to orient the payload in
a controlled manner, said electromechanical
system comprising a base (6), a first motor (7)
attached to the base (6), a driven pulley (8) op-
eratively connected to the first motor (7) for be-
ing rotated around a first rotation axis, a second
motor (9) operatively connected to the driven
pulley (8) and operatively connected to the pay-
load (4, 5) for rotating the payload around a sec-
ond rotation axis;

characterised in that

the electromechanical movement and support sys-
tem (6-10) further comprises a support bracket (10)
integral with the base (6) to which the second motor
(9) is pivotably hinged and the driven pulley (8) is
operatively connected to the second motor (9) for
rotating the second motor (9) in relation to the base
(6) and in relation to the support bracket (10).

Steerable antenna (1) according to claim 1, wherein
said support bracket (10) comprises a first end por-
tion (20, 21) attached to the base (6) and a second
end portion (22, 23) to which the second motor (9)
is pivotably hinged.

Steerable antenna (1) according to claim 2, wherein
said support bracket (10) is fork-shaped, and where-
in said second end portion (22, 23) comprises two
end portions between which said second motor (9)
is pivotably hinged.

Steerable antenna (1) according to claim 3, wherein
said first end portion (20, 21) of the support bracket
(10) comprises an attachment foot to the base (6)
provided with a through aperture (26) crossed by the
driven pulley (8).

Steerable antenna (1) according to claim 4, wherein
said attachment foot (20, 21) comprises two spaced-
out attachment feet between which said through ap-
erture (26) is defined.

Steerable antenna (1) according to claims 4 or 5,
comprising two fork arms (24, 25) attached to the
attachment foot (20, 21) and wherein said two end
portions (22, 23) are free end portions of said fork
arms (24, 25).

Steerable antenna (1) according to any of the previ-
ous claims, wherein the payload (4, 5) comprises a
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transmission and/or reception device of electromag-
netic radiation (4).

Steerable antenna according to claim 1, wherein the
first motor (7) is positioned below the driven pulley
(8) and the support bracket (10) on the opposite side
to the payload (4, 5).

Steerable antenna (1) according to claim 1, wherein
the support bracket (10) comprises an integrated
waveguide (30).

Steerable antenna (1) according to claim 9, wherein
said integrated waveguide (30) is a channel defined
in the thickness of the support bracket (10) and
wherein said channel has a portion which extends
inside one of said fork arms (24, 25).

Steerable antenna (1) according to any of the previ-
ous claims, wherein the second motor (9) comprises
a container body (39), a stator (33) housed inside
said container body (39), a rotor (34) and a drive
shaft (35) attached or coupled to the rotor (34), and
wherein the container body (39) is attached to the
driven pulley (8)and is pivotably hinged to the sup-
port bracket (10) to be able to rotate around said first
rotation axis.

Steerable antenna (1) according to claim 11, wherein
the driven pulley (8) has an arch-shaped central por-
tion (50) and two lateral arms (51, 52) attached to
the container body (39) of the second motor (9).

Steerable antenna (1) according to any of the previ-
ous claims, comprising a belt transmission system
(18, 19, 48, 49) adapted to operatively couple the
first motor (7) to the driven pulley (8) comprising two
crossed belts (18, 9) having a first end portion at-
tached to said driven pulley (8), wherein said trans-
mission system comprises a drive pulley (48, 49)
coupled to the first motor (7), wherein said belts (18,
19) each have a second end portion attached to said
drive pulley (48, 49).

Steerable antenna (1) according to claim 13, wherein
the drive pulley (48, 49) comprises two parallel pul-
leys (48, 49), attached to each other by means of a
coupling system which permits adjustment of the re-
ciprocal orientation of said parallel pulleys (48, 49).

Seeker comprising a steerable antenna (1) accord-
ing to any of the previous claims.
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