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A BROADBAND HF ANTENNA FULLY INTEGRATED ON A NAVAL SHIP

The present invention relates fo a broadband high frequency
antenna, which is fully integrated on a naval ship. For example, the invention
is particularily applicable to navy shipbuilding in connection with antenna
integration.

A highly efficient broadband antenna is realised by intentional and
controled excitation of resonance currents in an enlarged state-ot-the-art
mast, a funnel or another large metal structure on the ship.

In principle, the broadband behaviour of the antenna enables the
simultaneaous transmission at an unlimited number of communication lines
using one single high-power ampilifier.

Existing shipboard High Frequency (HF) transmit antennas, I.e.
antennas transmitting waves between 1 and 30 MHz, cause major problems
for proper mechanical integration on the ship. These problems are mainly
due fo the large extension of the antennas, which result in mechanical
obstruction of on-board sensors and/or weapon systems. The height of these
antennas also increases the risk of lightning strike. These problems are also
related to high electromagnetic field strengths in the neighbourhood of the
antennas, thus increasing the risk of radiation hazards o people and
electromagnetic interferences (EMI) fo other equipments. Moreover, the
transmission efficiency is not optimal in a large part of the HF band due to a
too low or too high antenna impedance. In addition, these problems are also
related to high maintenance costs.

A conventional solution for providing a shipboard HF transmit
antenna, consists in using a whip antenna, which is the most common
example of a monopole antenna. Unfortunately, a whip antenna has many
disadvantages. First, a shipboard HF transmit whip antenna is long, typically
10 meters. Furthermore, for a given frequency channel in the bandg, a whip
antenna requires a tuning unit for proper impedance matching between the
antenna itself, the generator and to the coax feed cable. Consequently, only
one communication line can be used per whip antenna. When more
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communication lines are required, several 10 meters long whip antennas
have to be arranged on the ship. This considerably increases the risk of EMI
and radiation hazards. This also result in blocking of other equipment, which
often causes serious performance degradation of shipboard radars and other
sensors. In addition, the efficiency of such monopole antennas is low in a
large part of the HF band.

Another conventional solution for providing a shipboard HF
transmit antenna, consisis in using towel bar antennas. Towel bar antennas
are commonly used for so-called ‘Nearly Vertical Incident Skywave' (NVIS)
communication, which requires a high antenna gain at high elevation angles.
Unfortunately, towel bar antennas have many disadvantages. First, towel bar
antennas are not suitable for omnidirectional transmission at low elevation.
Just as for the whip antenna, a tuning unit is required for impedance

matching. Consequently, only one communication line can be used per towel
bar antenna. When more communication lines are required, several towel bar

antennas have to be arranged on the ship, thus increasing the risk of EMI
and radiation hazards. In addition, the efficiency is low in a large part of HF
band.

Yet another conventional solution for providing a shipboard HF
transmit antenna, consists in using fan wire antennas. Fan wire antennas are
commonly used for broadband transmissions. Even if the efficiency remains
low In a large part of HF band, it is generally better in the lower part of the HF
band than with whip or towel bar antennas. Unfortunately, fan wire antennas
have many disadvantages. First, a fan wire antenna has to be quite large to
optimise its efficiency in the lower part of the HF band. As a consequence, it
generally has an extension above a large part of the ship, hereby
dramatically biocking other equipments or leading to high risks of EMI.

In an attempt to overcome the aforementioned disadvantages,
non-conventional concepts for HF antennas have been described, namely
compact HF antennas and fractal antennas.

Compact HF antennas are antennas, of which length is less than a
quarter the wavelength. For example, the spiral antenna, the magnetic loop
antenna, the kExH antenna, the Crossed Field Antenna (CFA) or the Isotron
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antenna are compact HF antennas. Other examples are the helical whip
antenna, the doublet antenna, as well as any small dipole or loaded dipoie.
Also for radio broadcast in the LF and MF bands, compact or so called
‘shortened’ antennas are used in some cases. Unfortunately, a compact HF
antenna has also many disadvantages. In principle, the radiation efficiency of
a compact HF antenna is extremely low, except for a very narrow frequency
band. For this reason, compact HF antenna are often designed to be used in
a fixed and quite narrow frequency band, even when it is labelled as a
‘broadband’ antenna. When a compact antenna is used for broadband
transmission, it is accepted that the antenna efficiency is quite low.

Several types of compact antennas can be tuned, however the
tuning of a compact HF antenna is critical, due to the extremely narrow
bandwidth. The radiation efficiency remains still low, due to a bad matching
of the real part of the impedance. Consequently, when more communication
lines are required, several compact HF antennas have to be arranged on the
ship, thus increasing the risks of EMI and radiation hazards.

Fractal antennas are a relatively compact type of antenna.
Recently, it has been introduced a fractal antenna for naval HF
communications. Unfortunately, a fractal antenna has also many
disadvantages. Just as for the conventional and the compact HF antennas,
the efficiency of fractal antennas is low in a large part of HF band due fo a
too low or too high real part of the impedance. Furthermore, just as for the
monopole antenna, for a given frequency channel in the band, a tuning unit is
required for proper impedance matching between the antenna itself, the
generator and possibly to a coax feed cable. Consequently, only one
communication line can be used per anienna. When more communication
lines are required, several antennas have to be arranged on the ship, thus
increasing the risk of EMI, radiation hazards and blocking of other equipment.

In an attempt to provide an HF antenna allowing easy mechanical
integration on a naval ship, G. Marrocco and L. Mattioni recently described a
naval structural HF antenna in their paper titled ‘Naval Structural Antenna
Systems for Broadband HF Communications’ (IlEEE transactions on
antennas and propagation, vol 54, NO. 4, April 2006). The antenna described
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in this paper consists basically in a set of long vertical metal rods or wires,
the set being so called "subradiator”, connected to the top of kind of an
enlarged state-of-the-art mast or a large funnel. According to the authors, the
principle of the structural antenna they describe is that of a folded monopole,
where the subradiator is the radiating element and where the enlarged mast
or the funnel acts only as a thick return wire. That is the reason why the
subradiator must, in principle, be more than a quarter the wavelength 1o
achieve reasonable efficiency. The performances of the described structural
antenna are then optimised by forming an extra nested loop at the top of the
subradiator and by arranging a set of impedance loads along the rods or
wires. Unfortunatley, such an antenna still gives mediocre possibilities for
Integration. Indeed, a plurality of large subradiators are needed to achieve
reasonable performances, since the described subradiators are typically 12
meters long. The large extension of the subradiators results in blocking or
retlection of waves from and to other equipments, thus seriously degrading
performances at a system level. The large extension of the subradiators also
results in increasing the risk of EMI and radiation hazards. The use of
subradiators peaking more than 12 meters high also increases the risks of
lightning strike In the HF antenna. Moreover, even if the antenna offers the
possibility for simultaneous transmissions, the number of frequency channels
remains limited by the number of subradiators arranged around the enlarged
masi or the funnel of the ship. Furthermore, each subradiator has to be
connected to a separate power generator and funing unit, which increase the
amount of required equipment, the number of cables and thus also the

complexity of the system integration.

The present invention aims to provide a broadband HF antenna
with optimized integration possibilities on a naval ship. To this aim, the
invention proposes a naval structural antenna, of which the main radiating
element is a large structural element of the ship itself. Hereby, the antenna is
fully integrated on the ship. At its most general, the invention proposes an
antenna to transmit and/or receive radio-frequency waves from a naval ship.
The antenna comprises a radiating element and an exciting element
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connected to the radiating element, which excites the radiating element when
fed with current. The radiating element is a structural element ¢t the ship.

Advantageously, the radiating structural element may be a metal
structure raising above the deck of the ship. For example, the metal structure
may be an enlarged mast or a funnel or a deckhouse, so that the antenna
transmits and/or receives in the Medium Frequency (MF) band or in the High
Frequency (HF) band or in the Very High Frequency (VHF) band.

Advantageously, the exciting element may be a linear element
extending in a single dimension, so as to reduce the overall dimensions of
the antenna. For example, the exciting element may be a rod or a pipe or a
wire, which may be connected at one end to the radiating structural element
and at the other end to the deck of the ship.

In a preferred embodiment, the exciting element may comprise a
plurality of parallel linear elements defining parallel current paths. For
example, the parallel linear elements may be rods or pipes or wires.

Advantageously, the exciting element may also be connected at
one end 1o the radiating structural element and at the other end to another
structurai element of the ship, which may be of smaller dimensions than the
radiating structural element. All or a few of the parallel linear elements may
be connected to the radiating structural element and/ or to the other structurai
element of the ship via separate connection points.

Preferably, at least one impedance load may be arranged along
the exciting element. For example, the impedance load may comprise a
capacitor and/or a coil and/or a resistor.

Preferably, a current feed may be arranged along the exciting

element. The current feed may be adapted to be connected to a generator or
a coaxial cable.

The antenna may be adapted at the current feed to realise proper
impedance matching between the antenna, a generator and/or a coaxial
cable.

Thus, an advantage provided by the present invention in any of its
aspects Is that it provides optimal broadband performances in the used



10

15

20

25

30

39

WO 2011/009940

CA 02768800 2012-01-20
PCT/EP2010/060711

frequency band. Moreover, it allows simultaneous transmissions on multiple
channels. The number of communication lines is not limited by the antenna.
Furthermore, when the different communication signals are
combined at low power, only one high-power amplifier is required, which
reduces the costs, weight, volume and power consumption of of equipment.

Non-limiting examples of the invention are described below with
reference to the accompanying drawings in which ;

- figure 1 schematically illustrates an exemplary structural antenna
according to the invention,

- figure 2, schematically illusirates an exemplary arrangement for
combining lines at low power and for amplifying the combined
lines,

- tfigure 3, schematically illustrates another exemplary structural
antenna according to the invention;

- higure 4, schematically illustrates yet another exemplary structural
antenna according to the invention;

- figure 5, schematically illustrates yet another exemplary structural
broadband HF antenna according to the invention.

In the figures, like reference signs are assigned to like items.

Figure 1 schematically illustrates an exemplary structural
broadband HF antenna according to the invention. The exemplary antenna
comprises an exciiing element 1 connected to an enlarged state-of-the-art
mast 2. In the present applicafion, an "enlarged mast" is a naval ship mast, of
which dimensions allows for integration of lots of sensors and other bulky
equipments inside. In particular, "enlarged masts" in the sense of the present
application are not to be mistaken with old-fashioned mast, which are
constructions built-up of a network of narrow pipes. The exemplary enlarged
mast 2 stands on a deck 6 of a naval ship. However, any other large metal
structural element arranged on the deck 6 may be used instead of the
enlarged mast 2, such as a funnel or a deckhouse for example. In the
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present example, the enlarged mast 2 has a typical height of 8 meters and a
typical base cross-section of around 4 meters. Thus, the exciting element 1
has reduced dimensions compared to the enlarged mast 2. Hereby, to
prevent blocking of sensors arranged inside the enlarged mast 2, for example
phased array radars, the first connection point between the exciting element
1 and the enlarged mast 2 may be located at a relatively low height, i.e.
around 3 meters above the deck 6. In the present embodiment, the exciting
element 1 may also be connected to the deck 6 at a second connection point
located at a distance of around 3.5 meters from the enlarged mast 2. The
exciting element 1 has also reduced dimensions compared to the
wavelengths in the HF band. According to the invention, the enlarged mast 2

Is the main radiating element, while the element 1 is only an exciting element,
which excites the enlarged mast 2 when fed with current by virtue of a feed 3.

Furthermore, the use of an enlarged mast as radiating element improves the
omnidirectional radiation characteristics of the antenna. Preferably, the
exciting element 1 may be a metal rod. However, any other metal linear
element may be used instead of a rod, such as a wire or a pipe for example.

The setup of Figure 1 advantageously provides a compact broadband HF
antenna, which is particularly efficient from 5 MHz to 30 MHz. Moreover, |t

can be used for broadband transmissions, i.e. it can transmit simultaneously
on multiple frequency channels. To achieve such a broadband behaviour, the
real part of the antenna impedance may be kept within certain limits in the
used frequency band, while the imaginary part of the impedance may be be
minimised, the lower bound of the frequency band being determined by the
height of the enlarged mast 2. Advantageously, the control of the real part of

the antenna impedance may be achieved by application of one or more
impedance loads 5 arranged at proper positions along the exciting element 1.

Preferably, each of the impedance loads 5 may comprise a network of coils
and/or capacitors as well as resistors. Optionally, a transformer or a
transistor may be arranged at the feed 3 to adapt the real part of the antenna
impedance to the impedance of the generator and possibly also to a coax
cable that may be plugged in the feed 3. Preferably, the imaginary part of the
antenna impedance may be compensated by use of a so-called "matching
load" at the feed 3. For broadband applications, the matching load may then
comprise a network that approximately compensates the imaginary part of
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the antenna impedance over the used frequency band. Alternatively, the
antenna matching may also be achieved by arranging proper impedance
loads inside the exciting element 1.

Figure 2 scnematically illustrates an exemplary arrangement for
combining different communication input lines 1, 2, ..., n at low power and for
amplifying the combined lines. A combiner network 10 combines the lines 1,
2, ..., n at low power, I.e. before they are amplified. Next a broadband linear
amplitier 11 amplifies the combined signal and direcis the combined signal to
an antenna 13. For example, the antenna 13 may be the antenna according
to the Invention illustrated by Figure 1. The use of the low power combiner
network 10 results in a lower power consumption and a lower heat
dissipation. Hereby, it makes easier combining a larger number of lines. This
also allows to use a single front-end for a large number of lines. The
combiner network 10 may be a single combiner or a series of combiners.
Eventually a circulator may be arranged io protect the amplifier 11 against
reflected waves.

Figure 3 schematically illustrates another exemplary structural
broadband HF antenna according to the invention, comprising an exciting
element 21 with a feed 23. In the present embodiment, the exciting element
21 may be a rod connected at one end to an enlarged mast 22 and at the
other end to a deckhouse 26. However, any other metal structural element of
the ship, which may be of smaller dimensions than the enlarged mast 22,
such as a funnel for example, may be convenient instead of the deckhouse

20.

Figure 4 schematically illustrates yet another exemplary structural
broadband HF antenna according to the invention. An exciting element 30
may be connected at one end to an enlarged mast 42 of a ship and at the
other end to a deck 46 of the ship. However, the exciting element 30 may
also be connected at one end to the enlarged mast 42 and at the other end to
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any metal structural element of the ship, which may be of smaller dimensions
than the enlarged mast 42. The exciting element 30 may comprise, Iin its
middle part, a plurality of parallel rods 31, 32, 33, 34, 35. In an other
embodiement, all or a few of the parallel rods 31, 32, 33, 34, 35 may also be
connected directly to the enlarged mast 42 and/or to the deck 46 the ship, via
separate connection points. Impedance loads 36 may be arranged along the
rods 31, 32, 33, 34, 35. Advantageously, the parallel rods 31, 32, 33, 34, 35
may define a set of parallel current paths between the enlarged mast 42 and
the ship. The antenna performance may be even further optimised by use of
these paraliel guiding elements, as it may be possible to improve the
efficiency in a given frequency band or to extend the operational band of the
antenna. For example, in the lower part of the HF band, an improved antenna
performance may be realised so that in principle the whole HF band from 1 to
30 MHz may be covered. Any other metal linear elements may be used

instead of rods, such as wires or pipes for example. The exciting element 30
may also comprise a current feed 37.

Figure 5 schematically illustrates yet another exemplary structural
broadband HF antenna according to the invention. Non-parallel linear
elements 51, 52 and 53, for example rods, pipes ore wires, may also be
connected to an enlarged mast 55 and {o a deck 54 of a naval ship, via
separate connection points. Impedance loads 56 may be arranged along the
linear elements, as well as a current feed 57.

It is worth noting that, in principle, any antenna according to the
invention may also be used for receive. Onboard of a navy ship, it may also
be used as antenna for the so-called ‘tactical VHF' band (30MHz-88MHz), if
connected io an enlarged mast or a funnel or a pedestal with a height of
approximately 2.5 m. Onboard aircraft carriers, it may be used in LF, MF and
HF band, if connected to the mast or a large deckhouse. It may also be used
onboard a civil ship in the HF and VHF bands.
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For many reasons, an HF antenna according to the invention Is
easier to integrate on a naval ship than existing antennas. Basically, the
reduced dimensions of its exciting element make straightforward the
mechanical integration. In particular, blocking of other sensors can easily be
prevented. The regions with high local electromagnetic fields are limited due
to the less aerial extension of the exciting element. The risk of lightning strike
is reduced due to the compact size and shape of the exciting element. Also,
the isclation between phased array antennas does not suffer from the vicinity
of the exciting element.
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CLAIMS

1. An antenna to fransmit and/or receive radio-frequency waves from a
naval ship, the antenna comprising:
- aradiating element (2, 22), and;
- an exciting element (1, 21) connected to the radiating element,
5 which excites the radiating element when fed with current;
the antenna being characterized in that the radiating element is a
structural element of the ship.

2. An antenna as claimed in Claim 1, characterized in that the radiating
10 structural element is a metal structure raising above the deck (6) of the
ship.

3. An antenna as claimed in Claim 2, characterized in that the metal
structure I1s an enlarged mast (2, 22) or a funnel or a deckhouse, so that
15 the antenna transmits and/or receives in the Medium Frequency (MF)
band or in the High Frequency (HF) band or in the Very High Frequency

(VHF)} band.

4. An antenna as claimed in Claim 1, characterized in that the exciting
20 element (1, 21) is a linear element extending in a single dimension, so as
to reduce the overall dimensions of the antenna.

5. An antenna as claimed in Claim 4, characterized in that the exciting
elementis a rod (1, 21) or a pipe or a wire.
25
6. An antenna as claimed in Claim 4, characterized in that the exciting
element (1) is connected at one end to the radiating structural element (2)
and at the other end to the deck (8) of the ship.

30 /. An antenna as claimed in Claim 1, characterized in that the exciting
element (30) comprises a plurality of parallel linear elements (31, 32, 33,
34, 35), the parallel linear elements defining parallel current paths.
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8. An antenna as claimed in Claim 7, characternized in that the parallel linear
elements are rods (31, 32, 33, 34, 35) or pipes or wires.

9. An antenna as claimed in Claim 4 or 7, characterized in that the exciting
5 element (21) Is connected at one end to the radialing structural element
(22) and at the other end to another structural element of the ship (26),

which is of smaller dimensions than the radiating structural element.

10.An antenna as claimed in Claim 4 or 7, characterized in that at least one
10 impedance load (5, 36) is arranged along the exciting element (1, 30).

11.An antenna as claimed in Claim 10, characterized in that the impedance
load comprises a capacitor and/or a coil and/or a resistor.

15 12.An antenna as claimed in Claim 4 or 7, characterized in that a current
feed (3, 23, 37) is arranged along the exciting element (1, 21, 30).

13.An antenna as claimed in Claim 12, characterized in that it is adapted at
the current feed (3, 23, 37) fo realise proper impedance matching
20 between the antenna, a generator and/or a coaxial cable.

14.An antenna as claimed in Claim 9 and 7, characterized in that all or a few
of the paralle! linear elements (31, 32, 33, 34, 35) are connected to the
radiating structural element (22) and/ or to the other structural element

25 (20) of the ship via separate connection points.
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