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€9 Radarreflector.

&) A radar reflector for use, for example, on small craft
or buoys or for other marine purposes comprises a humber
of groups (A, B) of cup-shaped reflector elements (1a—1d)
having an electrically conductive surface, the elements of
each group being mounted in a circular arrangement with
their openings facing radially outwards from an axis of
symmetry (10) for the group. The groups are, in use, pre-
ferably mounted with their axes of symmetry vertical or
substantially so with the groups one above the other. Each
Y= reflector element (1a-1d) has a substantially hemispheri-
cal shape with an opening the diameter of which is signi-
ficantly larger than the wave length of the radar wave which
v is to be reflected. The reflector elements may be mounted
within a protective housing of plastics material. The groups
O of elements are compact and provide an all round refiective
Q response.
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RADAR REFLECTOR

It is common to take various steps to
facilitate the location of objects by means of radar
installations. Amongst other things, the obJjects
may be fitted with radar reflectors and radar reflectors
are also used, for example, in communication systems
and for navigational purposes. In this connection,
radar reflectors are known which comprise a number of
reflecting elements made of an electrically conductive
material or at least having a reflective surface of
electrically conductive material.

Existing radar reflectors, however, have
not been completely satisfactory in meeting the
requirements of the fishing industry and other shipping
requirements as well. For example, in bad weather
and poor visibility fishermen often have difficulty
in locating stationary fishing gear by means of
radar. Also for navigational purposes, other vessels
and in particular larger ships need to be able to use
radar for the exact location of buoys and other
navigational marks which indicate channels and
approaches to harbours amongst other things. Further,
near harbours and in other congested waters there
may be many small vessels which are not easily
detected by means of radar. This may be due, amongst
other factors, to the fact that such vessels often
have hulls of plastics materials or of timber.

One form of radar reflector for use, for
example, for marine purposes, ccoprises a plurality
of hollow reflector elements each having an opening
and an electrically conductive surface, the elements
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being arranged in a circular group with their openings
facing radially outwards from an axis of symmetry.

of the group. The reflector is generally mounted

in use, with its axis of symmetry vertical or nearly
so. A radar reflector of this form is disclosed in
United States Specification No. 3,117,318, In this
reflector the hollow elements have a tetrahedral or
pyramid-like shape.

The main object of the present invention
is to provide an effective and reliable radar
reflector of the form Just described for mounting for
example on buoys, beacons, stationary fishing gear; booms,
or on small vessels. The radar reflector may also
however, be used with advantage on land or in
connection with aviation, for example, on objects which
are, to some extent at least, movable in a manner
corresponding to the uses at sea which are
described above. :

An important problem which the present
invention aims to overcome is caused by the fact that
the objects to which the reflector is fitted are
often subjected to movement, for example because of
wind and waves, so that the reflection conditions
vary continuously.

According to the present invention, a
radar reflector of the form described, is characterized
in that each of the reflector elements has a
substantially hemispherical shape with an opening of
a diameter significantly larger than the wave length
of a radar wave to be reflected.

The statement that the opening of each
reflector element has a diameter significantly larger
than the wave length of the radar wave which is to be
reflected, means that preferably the diameter must
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be at least twice as large as the wave length. For
common coastal navigation radar having a wave length
of 3 cm, it is thus found practical to use a reflector
element diameter of 7 cm. If the reflector is to
be used in connection with radar having a wave length
of for example 10 cm., the elements must be made
correspondingly larger, for example with a diameter of
25 cm. A reflector having a larger diameter in
relation to the wave length will give an improved
radar echo.

What is essential regarding the shape of
the reflector elements is that at least one of these
irrespective of the origentation of the group relative
to the radar wave will have an area of its conductive
reflecting surface which provides the desired reflection
of the incident radar waves. When each element has
the shape substantially of a hemisphere, the element
will cover a maximum angular range both in a
horizontal plane, that is a plane normal to the axis
of symmetry of the group, and in a vertical plane so
that the reflection effect will be asmuch as possible
independent of the orientation of the reflector at
any moment and of movements to which it is subjected.

An additional substantial advantage of the
radar refliector in accordance with the invention is that
it may be constructed with comparatively small dimensions
and small weight, which is of importance when the
reflector is to be mounted on spar buoys or the like,
or on small craft.

An example of a radar reflector in accordance
with the invention is illustrated in the accompanying
drawings in which:-

Figure 1 is a plan view of the reflector;

Figure 2 is a side elevation of the
reflector; and
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Figure 3 is a partly sectional side view
of a housing in which the reflector may be fitted.

The radar reflector comprises a central
mounting tube 3 which carries four groups A, B, C and
D of reflector elements one above the other. The
uppermost group A which is shown fully in plan in
Figure 1 comprises four reflector elements la, 1b, lc
and 1d each having the shape of a hollow hemisphere.
Each of these elements is attached to a supporting
ring 2 by means of a central rivet 4 which is best
shown in Figure 2. The elements 1a to 1d in group
A thus form a circular arrangeﬁent in which the openirg
of each element is directed radially outwards with
respect to an axis of symmetry 10 of the group. The
lower groups B, C and D are all similar to group A.

With the arrangement shown,each group of
elements is made as compact as is practicable and
is also inexpensive and strong. At the same time a
very good reflection effect for radar waves 1is
obtained.

As far as the geometrical shape of each
reflector element is concerned, this need not necessarily
be an exact hemisphere; Larger or smaller variations
with respect to a mathematical hemispherical surface
are possible. The advantageous effect is achieved
by the substantially hemispherical double curvature
concave-surfaced cup shape of the elements. Moreover,
although in this example the reflector elements are
made of'aluminium sheet material, i.e. an electrically
conductive material, each concave aip -shaped element
may be made of an electrically non-conductive material
which is provided with a thin electrically conductive
reflective coating on its concave inner surface.

The coating may also be on the outer surface of the
element if the element is transparent to radar waves.
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Although under some conditions it may be
sufficient for the reflector to consist of a single group
of elements, it is much preferred to provide a number
of groups one above the other as already described and
as best illustrated in Figure 2. With the four groups
A, B, C and D as shown, there is an angular
displacement of 45° as seen in plan between
neighbouring groups so that groups A and C have the
same orientation, and groups B and D have the same
orientation. The'angular relationship between groﬁp
A and group B is also clearly shown in Figure 1.

The mounting tube 3 is preferably made
of glass fibre reinforced plastics material, for example
a polyamide having a content of 20% glass fibres.
However, other materials, including elecfrically
conductive materials such as aluminium, may be used.
Each group of reflector elements is fixed on the tube 3
by means of a screw or like fastener through the
supporting ring 2 of the group.

With the construction described above it
is easy to adjust the arrangement of the groups on
the mounting tube 3 according to varying conditions
and requirements. The number of groups used depends
upon the range from a radar installation at which the -
reflector is required to be detectable. The larger
the number of groups of reflecting elements that
the reflector contains, the greater the range at
which a reflection can be detected. As mentioned above,
it is very important that the reflector should still
provide reflection even though it assumes different
orientations in relation to the radar installation.

It is directly evident from Figure 2 that at least six
of the reflector elements shown therein will present
effective reflection surfaces or areas with respect

to any given radar beam direction in a plane
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substantially normal to theaxis 10. In practice

the radar scanning will in the overwhelming number

of cases take place in a horizontal plane or very
close to a horizontal plane. This means that the
mounting tube 3 will generally be mounted in a vertical
posifion on the object, the radar location of which

is desired. '

When the reflector is used in connection
with fisheries or other shipping it is usually
desirable to protect the reflector elements against
sea water, wind and weather. A housing 30 for
this purpose is shown in Figure 3. The housing 30
has a substantially cylindrical shape with end walls
provided with central holes 33 and 34 respectively,
corresponding to the diameter of the mounting tube 3.
Further smaller holes 31 and 32 are provided jin the
end walls to equalize the_pressurés inside and outside
the housing should the radar reflector get immersed
in water. This can easily happen in rough weather
if the reflector is mounted on a buoy or the like.

It is best to have two holes 31, 32 one at each end
so that the water can easily enter and can easily
be drained out of the housing if it gets immersed.
The material of which the container is made must of
course be of such a kind that it does not give

any significant attenuation of radar waves.

The reflector described with reference to
the drawings may be subject to modifications other
than those mentioned above.  Thus each group of
elements may consist of a smaller number or preferably
a higher number of elements than the four elements
shown here, which is however the preferred number.

In any case the arrangement of elements results in good
flexibility which makes possible the adaption and
adjustment of the radar reflector in a simple and
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inexpensive way according to requirements and
conditions.
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CLATMS

1. A radar reflector for use, for example,

for marine purposes, comprising a plurality of hollow
reflector elements each having an opening and an
electrically conductive surface, the elements being
arranged in a circular group with their openings facing
radially outwards from an axis of symmetry (10) of the
group, characterized in that each of the reflector
elements (la - 1d) has a substantially hemispherical
shape with an opening of a diameter significantly larger
than the wave length of a radar wave to be reflected.

2. A radar reflector according to Claim 1,
characterized in that the elements (la - 1d) in the
group (A-D) are fixed at their centres to a supporting
ring (2). ' |

3. A radar reflector according to Claim 1 or
Claim 2, characterized in that there are a plurality

of groups (A-D) of elements arranged one above the

other on a common mounting tube (3), the axis of which
extends along the axis of symmetry (10) of the groups,
the mounting tube (3) consisting of glass fibre
reinforced plastics material.

4, - A radar reflector according to Claim 3, in
which the elements in one group are angularly offset
from those in adjacent groups . ,

5. - A radar reflector according to any one of the
precediﬁg Claims in which there are at least four
elements in each group. '

6. A radar reflector according to any one of
the préceding Claims, characterized in that the elements
(1a - 1d) are surrounded by a housing (30) of a material
giving a minimum of attenuation of radar waves, the
housing (30) having at least one and preferably two
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holes (31, 32) for pressure equalization inside and
outside the housing.
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