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(54)  Structure

(57)  Astructure, and a method for modifying the de-
sign of a structure, are provided such that the structure
comprises features designed to minimise the radar cross-
section of the structure at one or more predetermined
frequencies. A structure is provided having an inclined
surface, wherein the angle of inclination of the surface is
selected in order to minimise the radar cross-section of
the structure. In the particular case of a wind turbine tow-
er, the radar cross-section of the tower may be minimised
by careful selection of the angle of inclination of a conical
portion of the tower. Ideally, the tower is constructed en-
tirely in the form of a truncated cone.
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Description

[0001] This invention relates to structures which con-
ventionally have large radar signatures and in particular,
but not exclusively, to improved structures having struc-
tural features that serve to reduce their radar cross-sec-
tion (RCS).

[0002] Currently, approximately 47% of planning ap-
plications for wind farms in the United Kingdom are ob-
jected to on the basis of their potential to cause interfer-
ence to radar signals. Consequently, a number of gov-
ernment-sponsored projects have focussed either on
mitigating these effects by improved radar signal
processing or through the development of wind turbines
with reduced radar signatures.

[0003] The magnitude with which a particular object
scatters radar energy is characterised in terms of its radar
cross section (RCS). The RCS of an object is dependent
on the size and shape of the object and on the material
from which it is made. In respect of a particular radar
installation, the RCS of an object is also dependent on
the relative positions of the transmitting and receiving
antenna apertures of the installation, and on the angle
of polarisation of the electromagnetic (EM) wave incident
on the object.

[0004] From a first aspect, the present invention re-
sides in a structure, at least a portion of which comprises
an inclined surface, wherein the angle of inclination of
the inclined surface is selected to minimise the radar
cross section of the structure at one or more predeter-
mined frequencies.

[0005] Theinventorsin the present case have realised
that the RCS of a structure can be significantly reduced,
in particular for a structure comprising a tower, by arrang-
ing for at least a portion of the outer surface of the tower
to be inclined relative to the vertical, to some extent. The
angle of inclination is calculated to minimise the RCS of
the tower over one or more selected frequency bands.
[0006] Preferably, the angle of inclination is selected
to correspond to an angle for which a minima occurs in
the sidelobes formed in a scattering pattern of incident
electromagnetic radiation of said one or more predeter-
mined frequencies. This refinement is often able to pro-
vide a further reduction in RCS over that provided by
merely inclining the surface by some arbitrary angle.
[0007] Ideally, atowerinthe shape of a truncated cone
can be provided with an angle of slope for the sides of
the cone designed to minimise the RCS. However, a very
tall conical structure may in practise require a very wide
base. Preferably, in a compromise arrangement, the
structure comprises a conical section supported on a cy-
lindrical section.

[0008] Whereas itis known to provide structures in the
form of towers made using at least one conical section,
such structures are designed primarily for their aerody-
namic and load-bearing properties, not in order to mini-
mise their RCS. According to the present invention, with
careful selection of the shape of a structure, in particular
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of the angle of inclination of the surface of the structure,
the RCS of that structure may be minimised.

[0009] A structure such as a tower comprising cylin-
drical and/or conical sections, and hence having a circu-
lar cross-section, is likely to have a substantially uniform
RCS over a range of azimuthal angles, that is, the RCS
will not have been minimised in respect of any one direc-
tion. However, if it is known that the RCS of the structure
needs to be minimised in only one direction, for example
because the structure is likely to be in the field of view of
a single radar installation at a single known location,
cross-sections other than circular may be used, subject
to aerodynamic and other considerations, to further re-
duce the RCS of the structure in that one direction.
[0010] From a second aspect, the present invention
resides in a wind turbine having a tower that comprises
a substantially conical section, wherein the angle of in-
clination of the surface of the conical section is selected
to minimise the radar cross section of the tower at one
or more predetermined frequencies.

[0011] Typical shaping angles vary according to the
height of the tower and the relative geometries of the
cone and cylinder portions (if required). Substantial re-
ductions in monostatic RCS, preferably in the range of
10-20dBsm, are achievable using cone slope angles of
less than 2° for most tower geometries at the frequencies
of interest. Preferably, an angle is selected which gives
good reductions in more than one frequency band in or-
der to minimise the impact of the structure on the most
widely deployed radar installations.

[0012] From a third aspect, the present invention re-
sidesinatower, inthe shape of atruncated cone, wherein
the angle of inclination of the surface of the tower is se-
lected to minimise the radar cross-section of the tower
at one or more predetermined frequencies.

[0013] Preferred embodiments of the present inven-
tion will now be described in more detail, by way of ex-
ample only, with reference to the accompanying draw-
ings of which:

Figure 1 is a representation of the structure of a
known wind turbine tower;

Figure 2 illustrates the principles of backscattering
of incident radar radiation by a cylindrical structure;

Figure 3 is a graph showing a typical sidelobe pattern
in backscattered radiation by an electrically large cyl-
inder at varying angles of inclination;

Figure 4 shows how the RCS (at 3GHz) of a conven-
tional wind turbine tower may be varied through
changes to the shape of a conical portion of the tower
according to preferred embodiments of the present
invention;

Figure 5 shows how the RCS (at 10GHz) of a con-
ventional wind turbine tower may be varied through
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changes to the shape of a conical portion of the tower
according to preferred embodiments of the present
invention;

Figure 6 is a 2D plot showing how the RCS of the
conical portion of a tower varies with both angle of
inclination and frequency;

Figure 7 shows plots of the RCS of a conical portion
of atower at two different frequencies for the purpose
of finding an optimum base diameter and hence
slope angle according to preferred embodiments of
the present invention; and

Figure 8 shows a preferred structure for a tower, in
particular a wind turbine tower, devised according to
preferred embodiments of the present invention.

[0014] A preferred embodiment of the present inven-
tion will now be described in the context of a wind turbine.
Wind turbines are often deployed in open and exposed
locations such as coastal or mountainous areas, and in
large numbers forming so-called wind farms. Such loca-
tions are often likely to be within the field of coverage of
coastal radar or air traffic control radar installations.
[0015] A wind turbine, for example one manufactured
by Vestas Technology™, is a large structure comprising
a tower, a nacelle to house a generator, and a two or
three-blade rotor. The tower itself is approximately 80
metres tall. The inventors in the present case have mod-
elled the electromagnetic properties of one of the wind
turbines of Vestas Technology™, the V82 turbine, using
a BAE SYSTEMS pic proprietary physical optics compu-
ter program called "MITRE". The MITRE software was
used to evaluate the monostatic (i.e. the transmit and
receive antennas are collocated) radar cross-section
(RCS) of the V82 turbine at 3GHz in order to predict the
magnitude of backscatter from the object. Acommercially
available hybrid computer program product called "FE-
KO" was used to perform the same evaluation of the V82
turbine at 10GHz. These frequencies were selected to
correspond to those of the radars of the major UK oper-
ators which may be broken down into two distinct bands:
2.7-3.1GHz, covering air defence, civil and military air
traffic control primary surveillance radars, and marine
Vessel Traffic Services (VTS); and 9.1-9.41 GHz cover-
ing marine navigation radars, both shore-based and
aboard civil/military small/large craft. In practise, a ma-
jority of the objections to proposed wind farm installations
are raised by the operators of these radar types and it is
highly probable that the same frequencies will be critical
in other non-UK wind farm construction projects.

[0016] The results of the evaluations show that, from
an RCS perspective, wind turbines can be considered to
consist of four scattering component types: the blades
(of which there are three on the V82 turbine); the nacelle,
that houses the generator; the nosecone; and the tower.
The predictions of backscatter generated by MITRE and
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FEKO for each of these componenttypes were compared
against those calculated using simple geometric optics-
derived formulae for these components represented as
simple shapes.

[0017] For the V82 turbine the RCS was found to be
of the order of 57dBsm at 3GHz, increasing to 62dBsm
as the object ‘appears’ electrically larger at 10GHz (ap-
proximating the 9.1-9.41GHz band). This is an enormous
radar signature; greater than, for example, typical RCS
values for naval ships at most orientation angles. The
greater proportion of the RCS, around 75% in the case
of the V82, is a result of backscatter of radar energy from
the tower. The structure of a V82 tower is represented in
Figure 1.

[0018] Referringto Figure 1, the known tower structure
100 comprises a cylindrical portion 105, typically of rolled
steel construction, 3.65m in diameter and 54m in length,
supporting a truncated conical section 110, also of rolled
steel construction, 24m in length. The overall height of
the tower is typically 78m.

[0019] Since the greater part of the monostatic RCS
of a wind turbine is derived from the tower, reduction in
the RCS of the tower is considered critical to the devel-
opment of a reduced radar signature wind turbine.
[0020] There are a number of known methods for eval-
uating RCS for simple structures such as that of a wind
turbine tower. In particular, the text book "Radar Cross
Section", by E. F. Knott, J. F. Shaeffer, M. T. Tuley, Sec-
ond Edition, Artech House, 1993, describes a general
method for predicting RCS. Features of the "MITRE" soft-
ware referred to above are described in a paper by AM
Woods, C D Sillence and K D Carmody, entitled "Efficient
Radar Cross Section Calculations on Airframe Ge-
ometries at High Frequencies", Proc. Second Test and
Evaluation International Aerospace Forum, AIAA, Lon-
don, 1996. However, irrespective of the technique used
for evaluating RCS of a structure, the inventors in the
present case have found that by adjusting the angle of
inclination of a surface of a structure, for example a wind
turbine tower that comprises a section that is conical in
shape, the RCS of the structure may be minimised. The
principles of RCS evaluation that demonstrate the ben-
eficial effects of the present invention will now be de-
scribed in outline with reference to Figure 2.

[0021] Referringto Figure 2, if the structure is assumed
to be a simple upright cylinder 205, and an illuminating
radar signal 210 is incident on the cylinder 205 from a
horizontal direction, the microwave energy of the radar
signal 210 will arrive and be scattered in phase along an
infinitely thin "line" 215 running all the way along the
length of the cylinder. In practise, coherent scattering, as
modelled using evaluation techniques based upon phys-
ical optics, is assumed to result from plane wave illumi-
nation of a surface where the curvature of the surface is
such that the total phase variation (over that surface) in
a reflected wave 220 is less than one eighth of a wave-
length - the so termed "Stationary Phase Zone". This
zone forms a band 225 whose extent around the cylinder
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205 either side of the "line" 215 varies as a function of
frequency, being wider at low frequencies. The width of
this band may be determined by conventional tech-
niques, such as those referenced above, at each of the
frequency bands of interest. However, the inventors in
the present case have found that if the angle of the inci-
dent radar wave is changed slightly so that the incident
radiation is no longer normally incident but is elevated or
depressed, then specular scattering from the cylinder
205 nolongerreaches the receiving aperture of the radar.
The scattering is then governed by returns from the
sidelobes in the scattered radiation. Within an overall
sidelobe envelope, the sidelobes are periodic with in-
creasing angle from normal incidence and hence at some
angles the RCS may be significantly lower than at other
angles that differ by only a fraction of a degree. The pe-
riodicity of the sidelobes is governed by discontinuities
in the currents induced on the surface of the cylinder 205,
in this example caused by the ends 230 of the cylinder.
Hence, long cylinders yield very narrow sidelobes with
high periodicity with increasing angle, while short cylin-
ders yield wide sidelobes with low periodicity. A typical
sidelobe envelope and periodic sidelobe pattern for a cyl-
inder is shown in Figure 3.

[0022] Referring to Figure 3, it can be seen from the
steeply sloping section 300 of the sidelobe envelope that
even a small angle of inclination from normal incidence,
of only one or two degrees, results in a significant reduc-
tion in RCS. However, as will be emphasised below and
as can be seen from Figure 3, within the overall sidelobe
envelope the periodic sidelobe pattern varies significant-
ly with very small variations in angle of inclination, pro-
viding an opportunity, in a preferred embodiment of the
present invention, for fine tuning of RCS through careful
choice of angle. These effects occur similarly if, instead
of tilting the angle of illuminating radiation of a cylinder
205 by a small angle away from normal incidence, the
illumination remains horizontal but the sides of the cylin-
der are sloped to form a cone. In this case the RCS differs
somewhat as the radius varies linearly along the length
of the cone in addition to the effect on the RCS of a trans-
verse electromagnetic wave being off-normal.

[0023] The inventors in the present case have devel-
oped a simple mathematical routine, based to some ex-
tent on principles described in the published references
cited above, to predict the RCS of a wind turbine tower
as a function of frequency and angle, i.e. for a tower com-
prising a truncated cone portion supported on top of a
cylindrical portion. By careful selection of the cone and
cylinder heights and the cone angle, the present inven-
tors have demonstrated that it is possible to ensure that
the radar cross section of the tower, from the perspective
of a particular radar receiving aperture, is minimised for
the two preferred frequency bands mentioned above.
This is achieved by ensuring that illumination of the cone
portion from the horizontal direction at both those fre-
quency bands results in scattered radiation at or near
respective minima in the sidelobe pattern within the
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sidelobe envelope. This gives rise to a greater reduction
in RCS than would be achieved by simply altering the
geometry of a tower from a simple cylinder to a cone of
arbitrary slope angle. In that instance, the arbitrarily cho-
sen slope angle may correspond to a sidelobe maxima
being detected at the radar receiving aperture rather than
a minima in the sidelobe pattern.

[0024] In summary, the reductions in radar cross sec-
tion achievable according to preferred embodiments of
the present invention, relative to the RCS of a simple
cylinder, are of two types. Firstly, conversion of the simple
cylinder into a truncated cone of an arbitrary cone angle,
typically of 1 or 2 degrees, results in a significant reduc-
tion in the radar cross section consistent with the overall
sidelobe envelope. Secondly, the sidelobe radiation pat-
tern within that sidelobe envelope consists of a series of
maxima and minima as described previously and hence
the RCS can be further reduced, from the perspective of
a particular radar receiving aperture, if a cone angle is
chosen so that radiation scattered from the cone and
detected by theradaris ator nearaminimainthe sidelobe
pattern atthe frequency bands of interest. This is possible
because the variation in periodicity of the sidelobes with
cone angle is frequency dependent. This variation in pe-
riodicity and other aspects will now be demonstrated and
described with reference to figures 4, 5 and 6. These
figures are provided in the context of an existing design
of wind turbine tower having a cylindrical portion and a
conical portion in the proportion (54m to 24m respective-
ly) as described above with reference to Figure 1.
[0025] Referring firstly to Figure 4, assuming illumina-
tion by radiation of a frequency of 3GHz - the lower of
the two radar bands of interest - three graphs 400, 405
and 410 of RCS are provided. The graph 400 shows how
the RCS (sidelobe pattern) of the smaller conical portion
of the tower would vary if its slope angle were to be varied
between 0° and 1°. The graph 405 shows the RCS of the
cylindrical portion as being fixed at approximately
56dBsm; the cylinder surface being of fixed slope. The
graph 410 shows how the total RCS for the tower would
vary if the slope angle of the conical portion were varied
between 0° and 1°, taking account of the contributions
from the cylindrical portion and the conical portion. It can
be seen that for a wind turbine tower according to an
existing design, where the cylindrical portion is signifi-
cantly longer than the conical portion, the total RCS of
the tower reduces only slightly as the slope of the conical
portion is increased from 0° to 0.2° but negligibly there-
after. However, Figure 4 does emphasise that if the tower
can be designed so as to comprise as great a proportion
as possible in the form of a cone, the RCS of the tower
would reduce much more considerably with increasing
slope angle of the cone, in the limit corresponding to a
plot similar to that shown in the graph 400 if the tower
were to comprise only a conical portion.

[0026] Referring to Figure 5, a similar set of graphs
500, 505 and 510 are provided to those of Figure 4 in
respect of the same tower design, on the basis of illumi-
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nation by radiation of frequency 10GHz - approximating
the higher of the two radar bands of interest. It can be
seen, in particular, by comparing the periodicity in the
sidelobe pattern 400 of Figure 4 with the pattern 500 of
Figure 5, that the periodicity in the sidelobe pattern re-
lating to the conical portion increases with increasing fre-
quency of illuminating radiation. This provides an oppor-
tunity for finding an optimal slope angle corresponding
to sidelobe minima at two different frequencies.

[0027] Referring to Figure 6, a 2D plot is provided
showing how RCS varies with slope angle of the conical
portion of a tower and with frequency, showing in partic-
ular the increase in periodicity of the sidelobe pattern of
scattered radiation with increasing illumination frequen-
cy.

[0028] In practise, a preferred process for designing a
tower or other similar structure having minimal overall
RCS at one or more frequencies, according to preferred
embodiments of the present invention, would use RCS
graphs similar to those generated in Figure 4, 5 or 6
through modelling of the structure with known RCS eval-
uation techniques as described and referenced above.
However, taking account of practical constraints in the
configuration of a tower, in particular, the graphs 400 and
500 in Figure 4 and 5 respectively may be converted to
show the variation of RCS for a conical portion in terms
of the base diameter of the cone, rather than in terms of
the angle of slope, for each frequency of interest. The
converted graphs may then be shown on the same plot
in order to identify an optimal base diameter (slope angle)
for the cone, as shown for example in Figure 7.

[0029] Referring to Figure 7, a graph 700 of RCS for
a cone for 3GHz radar and a graph 705 of RCS for a
cone for 10GHz radar are shown. It is a relatively simple
exercise to identify an optimal base diameter 710 for the
cone, in this example at approximately 4.15m, corre-
sponding to a slope angle of approximately 0.6°, if nec-
essary within a practically convenientrange of diameters,
that results in a minimal overall RCS. Figure 7 demon-
strates that it is possible to construct a tower, in particular
a wind turbine tower, comprised only of a truncated cone
that with slope angle chosen according the method de-
scribed above minimises radar cross-section at both the
main radar frequency bands in the UK. A preferred tower
structure resulting from this method is shown in Figure 8.
[0030] Referring to Figure 8, a tower 800 is shown to
comprise a truncated cone (a frustum) having a surface
805 whose angle of inclination is selected according to
preferred embodiments of the present invention to min-
imise the radar cross-section of the tower at two radar
frequency bands.

[0031] Preferably, an automated process may be im-
plemented to identify the optimal base diameter/slope
angle by the solution of simultaneous equations, one for
each frequency, or by means of an iterative technique.
[0032] It can be seen from the above that, in the ideal
case, a tower is comprised solely of a simple truncated
cone, but in practise some cylindrical part may be re-
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quired to ensure that the diameter of the tower base does
not exceed the maximum permitted diameter for trans-
port by road, for example. As a further practical con-
straint, the upper diameter of the truncated cone for use
in a wind turbine tower is typically set at around 2.4m for
the purposes of interfacing with the nacelle. However,
according to the present invention, such constraints may
be taken into accountin providing effective means of RCS
reduction for a wind turbine tower, and for similar struc-
tures, by shaping. Conveniently, parameters defining the
design of a minimal-RCS structure, a tower for example,
may be calculated and listed in tables so that the process
of tower design may be reduced to one of looking up
slope angles or other parameters defining the structure
according to the frequency or combination of frequencies
for which RCS is to be minimised.

[0033] Whereas there may be scope for reducing the
RCS of an existing structure by making a slight modifi-
cation to a part of the structure, for example by altering
the angle of slope of a conical section of the structure,
or replacing that section, it may be that the dominant
contribution to RCS arises from a part of the structure
that cannot be economically changed. For example, if
the cylindrical portion of an existing wind turbine tower
is the dominant contributor to overall RCS, then subtle
changes in the slope of a conical section supported by
the cylinder may make little difference to the overall RCS
of the tower. This was demonstrated above with refer-
ence to Figure 4 and Figure 5. However, although an
expensive solution in practice, cladding of the cylindrical
portion to create a more conical overall shape, atanangle
of slope selected according to the present invention, may
have a beneficial effect in reducing the overall RCS of
the structure. Preferably the shaping of a structure ac-
cording to the present invention may be combined with
the use of radar absorbent materials, in particular when
applied at least to that part of the structure making the
largest contribution to the overall RCS of the structure,
for example to the cylindrical portion of a wind turbine
tower, to further reduce the radar signature of the struc-
ture beyond that achievable through shaping alone.
[0034] The present invention may be applied, poten-
tially, to any structure in which shaping has the potential
to yield significant RCS reduction.

Claims

1. Astructure, at least a portion of which comprises an
inclined surface, wherein the angle of inclination of
the inclined surface is selected to minimise the radar
cross section of the structure at one or more prede-
termined frequencies.

2. Astructure according to Claim 1, wherein the angle
of inclination is selected to correspond to an angle
for which a minima occurs in the sidelobes formed
in a scattering pattern of incident electromagnetic
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radiation of said one or more predetermined frequen-
cies.

A structure according to Claim 1 or Claim 2, com-
prising a substantially conical section.

A structure according to Claim 3, in the form of a
tower comprising a substantially cylindrical section
supporting said substantially conical section.

A wind turbine having a tower that comprises a sub-
stantially conical section, wherein the angle of incli-
nation of the surface of the conical section is selected
to minimise the radar cross section of the tower at
one or more predetermined frequencies.

A wind turbine according to Claim 5, wherein the
angle of inclination is selected to correspond to an
angle for which a minima occurs in the sidelobes
formed in a scattering pattern of incident electromag-
netic radiation of said one or more predetermined
frequencies.

A wind turbine according to Claim 5 or Claim 6,
wherein the tower further comprises a substantially
cylindrical section.

A tower, in the shape of a truncated cone, wherein
the angle of inclination of the surface of the tower is
selected to minimise the radar cross-section of the
tower at one or more predetermined frequencies.

10

15

20

25

30

35

40

45

50

55

10



loo

o ot e od

EP 1903 635 A1

J 10

JoS

Pnj se |




EP 1903 635 A1




Mono RCS (dBsm)

Mono RCS (dBsm)

EP 1903 635 A1

40
3oo
20 //’
0

REREL ([iTan
A E

~60
0 10 20 30 40 50 60 70 80 90
Slope Angle (deg)
E j wlie 3
Mono RCS of Tower at lowest
60
4 lo |
\ 4gos

50 —
40 -
30 -
» | &_Q_A _

0 0.2 0.4 0.6 0.8

Slope Angle (deg)

+++ Cone

""" Cylinder

— - Total



Mono RCS (dBsm)

EP 1903 635 A1

Mono RCS of Tower at highest f

65

310
60 ( s o]
- sos
55 -
50
45 % =
40 $00
/S
3 ji: /
30 4 A
WL o %
20 ) 7¥_ _:_ . ‘ —]
15 L s gﬁﬂu_‘___
0 0.2 04 0.6 0.8
Slope Angle (deg)
t+++ Cone
""" Cylinder
— - Total

ok O
B

10



EP 1903 635 A1

70 -

T T T L T T
=] o) =] = o o
© Lo <t (2] ™~ -—

(wsgp) $2¥ sneisouoy

11

2.0

Base Diameter (m)

gure T

C



EP 1903 635 A1

300

20S J

Floure
9 &

12



w

EPO FORM 1503 03.82 (P04C01)

EP 1903 635 A1

a’) f)‘f'f’i‘c’zea“ Patent EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 06 27 0086

Categor Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (IPC)
X R.GASCH: "windkraftanlagen" 1-7 INV.
1996, B.G. TEUBNER , STUTTGART , H01Q19/02
XP002410693
* page 88 - page 89 *
X US 5 099 244 A (LARSON CLAYTON J [US]) 1-4,8
24 March 1992 (1992-03-24)
* the whole document *
X US 5 977 918 A (SIRMALIS JOHN E [US]) 1-4,8
2 November 1999 (1999-11-02)
* the whole document *
X US 2003/052833 Al (CHANG YUEH-CHI [US] ET ([1-4
AL) 20 March 2003 (2003-03-20)
* the whole document *
X US 5 028 928 A (VIDMAR ROBERT J [US] ET 1,8
AL) 2 July 1991 (1991-07-02)
* the whole document *
_____ TECHNICAL FIELDS
X KISHK A A ET AL: "Wideband enhancement of|1,4 SEARCHED _ (1PO)
coated metallic hard struts by using HO1Q
magnetic materials"
DIGEST OF THE ANTENNAS AND PROPAGATION
SOCIETY INTERNATIONAL SYMPOSIUM. SEATTLE,
WA., JUNE 19 - 24, 1994, NEW YORK, IEEE,
us,
vol. VOL. 3, 20 June 1994 (1994-06-20),
pages 1488-1491, XP010142498
ISBN: 0-7803-2009-3
* the whole document *
X FR 2 736 160 Al (THOMSON CSF RADANT [FR]) |1
3 January 1997 (1997-01-03)
* the whole document *
- / -
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
The Hague 11 January 2007 Wattiaux, Véronique

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document document

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

13




w

EPO FORM 1503 03.82 (P04C01)

EP 1903 635 A1

o, E‘f‘f’i‘::"a" Patent  EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 06 27 0086

Citation of document with indication, where appropriate, Relevant

Category of relevant passages to claim

CLASSIFICATION OF THE
APPLICATION (IPC)

X WO 2004/068630 A2 (BAE SYSTEMS INFORMATION|1
[US]; MARSAN LYNN A [US]; URBANIK EDWARD A
[US) 12 August 2004 (2004-08-12)

* the whole document *

The present search report has been drawn up for all claims

TECHNICAL FIELDS
SEARCHED (IPC)

Place of search Date of completion of the search

Examiner

The Hague 11 January 2007 Wattiaux, Véronique

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

after the filing date

P : intermediate document document

: document cited in the application
: document cited for other reasons

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
D

L

O : non-written disclosure & : member of the same patent family, corresponding

14




EPO FORM P0459

EP 1903 635 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 06 27 0086

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

11-01-2007
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5099244 A 24-03-1992  NONE
US 5977918 A 02-11-1999  NONE
US 2003052833 Al 20-03-2003 CA 2460200 Al 27-03-2003
EP 1425821 Al 09-06-2004
NO 20041079 A 14-05-2004
WO 03026066 Al 27-03-2003
US 5028928 A 02-07-1991  NONE
FR 2736160 Al 03-01-1997 DE 4037701 Al 27-02-1997
WO 2004068630 A2 12-08-2004 GB 2413015 A 12-10-2005

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

15




EP 1903 635 A1

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Non-patent literature cited in the description

e E.F.KNOTT;J.F. SHAEFFER ; M. T. TULEY. Ra- e Efficient Radar Cross Section Calculations on Air-

dar Cross Section. Artech House, 1993 [0020] frame Geometries at High Frequencies. A M
WOODS ; C D SILLENCE ; K D CARMODY. Proc.

Second Test and Evaluation International Aerospace
Forum. AIAA, 1996 [0020]

16



	bibliography
	description
	claims
	drawings
	search report

