
We, N.V. HOLLANDSE SIGNAALAPPARATEN, the target was measured. In the event
of      of 40 Zuidelijke Havenweg, Hengelo (Over-  heavy roll and pitch and
of a great height of 45      iisel), The Netherlands, a company organ-  the
target, the error involved is frequently      ized and existing under the
laws of The  greater than half the angular aperture of   5 Netherlands, do
hereby declare the inven-  the beam emitted by the tracking aerial.
tion, for which we pray that a patent may  Without taking further steps it
will not be      be granted to us, and the method by  possible then to
direct the tracking aerial  50      which it is to be performed, to be par-
to the target.      ticularly described in and by the following   This
problem may be solved by stabiliz-  10 statement: -
ing the search aerial and the tracking aerial.        The invention relates
to a shipborne radar  However stabilization of an aerial is not a
system comprising a (first) radar apparatus  simple matter, since the
required apparatus 55      having at least one aerial continuously rotat-
is costly and this measure causes the over-      able about an azimuth axis
for searching  all radar system to be considerably heavier  15  targets,
and at least one second radar ap-  and more complicated. Moreover, a rela-
paratus having an aerial adapted to rotate  tive error in the   servo
systems used      about an azimuth axis and an elevation axis  for the two
aerials is practically unavoid- 60      for tracking a target detected by
said first  able.      radar apparatus.
According to the present invention, there- 20   In such a radar system the
tracking aerial  fore, we provide a shipborne radar system      of the
second radar apparatus is directed  comprising a first radar apparatus
having at      to a target to be tracked by slewing the  least one aerial
continuously  rotatable 65      comparatively sharp beam of the tracking
about an azimuth axis for searching tar-      aerial into the azimuth
direction of the tar- gets and at least one second radar appara- 25 get
supplied by the first radar apparatus, and tus having an aerial adapted to
rotate about      by elevating it subsequently until target  an azimuth
axis and an elevation axis for      echoes are received.
tracking a target detected by the first radar 70        A  difficulty
arises from  the fact that  apparatus, characterized in that the tracking
during the time the tracking aerial is  aerial is mounted on the upper
portion and 30  slewed in azimuth, the roll and pitch of  the search aerial
on the lower portion of     the ship causes the ship's deck to change a
support which is common to both said     its position with respect to the
position  aerials and which is stabilized about two  75     held at the
moment when the azimuth of  co-planar, orthogonal axes by two concen-
the target was measured by the first radar,  tric gimbal frames and a
gryoscopically con- 35  i.e. search radar.  Though the scanning  trolled
servo system, the outermost gimbal    motion in elevation of the beam
emitted by  frame being rigidly supported parallel to    the tracking
aerial is then still performed in  the deck by the inner wall of a substan-
80    the substantially correct azimuth direction,  tially spherical radome
enclosing the two    the scanning plane, owing to the said varia-  aerials.
40  tion in position of the ship's deck, will be    The invention has for
its object to pro- 



at a correspondingly varying angle to the  vide a radar system of the kind
set forth,     plane of the beam emitted by the search  in which both the
tracking aerial and the  85     aerial at the instant when the azimuth of
search aerial are stabilized and in which,         [Price 4s. 6d.]       2
1,076,242     whilst the free view of these aerials essen- gyroscope, which
supplies  synchro-data     tially required for a satisfactory operation
used inter alia for calculating corrections re- 65     is maintained, the
combination of the fol-  quired in view of deviations in azimuth     lowing
advantages is obtained in the pre-  owing to yawing of the ship. Since the
5  ferred embodiment to be described in de- gyroscope 12 does not play a
direct part     tail hereinafter:                          in the
stabilization of the body 1, it will
be left out of consideration here.     70     a relative stabilization
errors cannot occur;    The stabilization gyroscope 13 has a spin     b.
the stabilization of the search aerial and  axis which by means of the
conventional         of the tracking aerial is obtained in a  gyroscopic
control-means is held in an ac- 10      particularly effective and
inexpensive  curately vertical position. This gyroscope,         way;
which is termed vertical gyroscope, sup-  75     c. the stabilization of
the search aerial is plies at its two outputs 16 and 17, formed
obtained without the system becoming  by synchros, two error voltages as
soon as       appreciably  more  complicated  or  the gyroscope housing 15
is moved, out 15      heavier;                               of the zero
position determined by the ver-     d. the stabilization is effected by
means of  tical spin axis of the vertical gyroscope. 80         low motor
power.                       These error voltages are applied through
the respective servo amplifiers 18 and 19       The preferred embodiment of
the inven-  to the servo motors 6 and 7 respectively,     tion will now be
described more fully with  which tilt the body to be stabilized so that 20
reference to the accompanying drawings in  these error voltages are reduced
to zero  85     which:                                     value.
Fig.1 shows a basic diagram of a known    In the following an embodiment of
the     stabilization system.                      ship's radar system
according to the inven-       Fig. 2 shows partly a cross-sectional view
tion will be described in further detail, refer- 25  of an embodiment of
the aerial system em-  ence being made to Fig. 2 or Fig. 3 and, 90
ployed in the radar system  according to  as far as possible, to both these
Figures     the invention, in which the stabilization sys-  simultaneously.
Referring to Fig. 2. refer-     tem of Fig. 1 is used; and
ence numerals 20 and 21 designate two       Fig. 3 is a-perspective view of
this aerial  waveguides to each of which a separate 30  system.
radar apparatus (not shown) is connected. 95      In these figures
corresponding parts are  The first of these two radar apparatus is
designated by the same reference numerals.  continuously operative and is
connected to      Referring to Fig. l, reference numeral 1  a search aerial
22. In the embodiment      designates a body or platform to be stabil-
shown this search aerial is of the type that 35  ized. This body is
suspended by. means of  scans space along a helical pattern.  It 100
two concentric gimbal frames 2 and 3 and  consists of the combination of a
radiator     two co-planar, orthogonal shafts 4 and 5.  23 and a reflector
24 and driven by the             I     If the body to be stabilized is
aboard a  motor 26 it is continuously rotated about     ship, the shaft 5,
rigidly secured to the  the azimuth shaft 25. At the same time, 40  inner
gimbal frame 2, is as usual, in line  through a transmission  261, the
driving 105     with the "dead ahead" direction of the  motor 26 moves the
lever -27 comparatively     ship and rotatably mounted in the gimbal
slowly up and down. The reflector 24 is     frame 3, which is rigidly
secured to the  coupled through the rod 28 with the lever     ship. The
inner gimbal frame 2 is pro-                    27 and is therefore during
the rotation about 45  vided with two servo motors 6 and 7. By  the azimuth
shaft 25, slowly tilted, around 110     means of the gear
wheel-transmissions 8, 9  the shaft 29 so that said helical scanning
and 10, 11 these servo motors, when prop-  pattern is obtained.     erly
energized, are capable of tilting the   The second of the two radar
apparatus     body l to be stabilized about the shafts 4  is connected to a
tracking aerial 30. This 50  and 5 so that with respect to a stable refer-
aerial is of the type that consists of a 115     ence this body is held in
a given fixed posi-  reflector 31 with two pairs of radiators (not 



tion. The stable reference is provied by   shown) which are fed through a
monopulse     gyroscopes 12 and 13, the respective hous-  cluster 32. In
the receiver of the second     ings 14 and 15 of which, as will be seen
radar apparatus each pair of simultaneously. 55 from the Figure, are
secured to the extrem-  received echo signals is in known manner 120
ities of the shaft 4 connected with the body  compared in amplitude or
phase, which re-     to be stabilized, said extremities projecting   sults
in two control voltages which as long     from  the gimbal  frame 2. The
two gyro-   as the target to be tracked  is illuminated     scopes have two
degrees of freedom.  The  by the tracking aerial, form a measure for 60
gyroscope 12 has  a spin axis in the hori-  the deviation of this target
from  the axis 125     zontal plane and is orientated in a given  33 of the
aerial.  These control voltages     direction (for example North); it is
there-  (see Fig. 3) are applied  to the motors 34     fore termed the
azimuth  or directional  and 35 respectively, which by rotation about
1,076,242                                       3                 the
azimuth shaft 251 and the elevation axis  gimbal frame 3 is that supporting
columns                 36 control the tracking aerial 30 so that  or the
like, which periodically would inter-        this aerial is kept on the
target to be tracked.  rupt the free view of the search aerial 22 The radar
system so far described is in-  upon  rotation  thereof, are  completely
5  tended for use aboard ships and for this  avoided. It will be obvious
that the rigidity  70                 purpose it is desirable for the
search aerial  inherent to the spherical shape of the rad-
22 and the tracking aerial 30 to be stabil-  ome provides a structurally
very firm sup-                 ized with respect to a stable reference.
port for the arms 38, 39 and thus for the                   A favourable
and particularly advantage-  outermost gimbal frame 3.             10  ous
shipborne radar system  of the kind    At the bottom the radome 40 is
closed  75                described is obtained in that the tracking  by a
plate 44, through which the waveguides                aerial 30 is mounted
to the upper and the  20 and 21 are fed. The radome is borne
search aerial 22 to the bottom end portion  by a delta-shaped supporting
structure 45,                of a support 37, which is common to both
which is anchored to the ship with the aid             15  aerials and
which, in the known manner  of three pairs of legs such as 46, 46[err].
Since 80                 described with reference to Fig. 1, by means  the
radome protects the aerial structure                 inter alia of two
concentric gimbal frames  against the influence of the weather, the
2 and 3 and a gyroscopically controlled  power of the motors employed in
the system                 servo system 6 to 19 is stabilized about two
may be comparatively smaller because these             20  co-planar,
orthogonal axes 4 and 5, and in  motors need not overcome any torques pro-
85                 that the outermost gimbal frame 3 of said  duced by
wind.                 frames is fixedly supported parallel to the    In the
radar system according to the in-                 deck by the inner wall of
a substantially  vention as described above use is made of
spherical radome 40, enclosing the two  a stabilizing system of the type
shown dia-             25  aerials and being anchored to the ship.
grammatically in Fig. 1, in which the gyro- 90                   By using
only a single stabilization sys-  scope housings are directly connected
with                 tem for the stabilization of the two aerials, the body
to be stabilized. This construc-                 a considerable economy is
obtained, while,  tion has the advantage that the ship's own
moreover, the over-all weight of the sys-  varying deformations caused by
the rolling             30  tem is materially reduced and relative sta-
and pitching cannot affect the stabilization. 95                 bilization
errors cannot occur.            If the inaccuracy produced by said ship's
In the embodiment shown in the Figures  deformations is of minor importance
or if                 the gimbal shafts 4 and 5 are hollow and  this
inaccuracy is corrected in some other                 the support 37 is
formed by a hollow col-  way, it is possible to arrange the gyroscopes
35  umn. The waveguides 20, 21 are passed  at a distance remote from the
body to be 100     through said hollow column and said hol-  stabilized,
for example in the meta-centre of                 low shafts, and by means
of the necessary  the ship.                 rotatable waveguide joints
establish the    A further modification of the embodi-
connection of each of said radar apparatus  ment described above may be
obtained by            40  with its associated aerial.
applying an outermost gimbal frame 3 of 105                   Dead weight
in the form  of counter-  such dimensions that it may directly be sup-
weights frequently present with stabilized  ported by the inner wall of the
radome, the                 aerials is practically avoided in the con-
arms 38 and 39 being omitted.                 struction shown in Fig. 2 and
3, since the   It should furthermore be noted that the            45  place
and the weight of the search aerial  search aerial 22 and the tracking
aerial 30 110 



22 ensure that the point of gravity of the  may be replaced by other types
of aerials;                 construction is located approximately at the
the search aerial 22 may, for example, have                 centre of the
gimbal system. If desired the  such a structure that a beam emitted by
said point of gravity can be made to be  said aerial is wide in elevation,
for example            50  situated exactly in the centre of the gimbal
fan-shaped or cosecant[err]-shaped, whereas the 115                 system
by using a small counterweight 41  tracking aerial 30 may be of such a
struc-                 shown in Fig. 2.                           ture that
a beam  emitted by said aerial                   The radome 40 is made of
reinforced syn-  moves along a circle of small diameter so
thetic resin and, as is shown in Fig. 2, it  that a conical scan is
obtained. It should            55  comprises two hemispheres. With a view
finally be noted that the transmitters of the 120                to
increasing the rigidity the lower hemi-  first and of the second radar
apparatus may                sphere of the radome is preferably of a  be
combined as a single transmitter, the                double walled sandwich
construction.  It  power of which is distributed among the
is moreover provided with two consoles 42  two aerials by a power divider.
60  and 43 also made of reinforced synthetic                resin, on which
two arms 38 and 39 respec-   WHAT WE CLAIM  IS: -                    125
tively rest, thereby fixedly supporting the    1. A  shipborne radar system
compris-                outermost gimbal frame 3 in parallel to the  ing a
first radar apparatus having at least                deck. A particularly
important advantage  one aerial continuously rotatable about an
65  of this way of supporting the outermost  azimuth axis for searching
targets and at
1,076,242                                       3             the azimuth
shaft 251 and the elevation axis  gimbal frame 3 is that supporting columns
36 control the tracking aerial 30 so that  or the like, which periodically
would inter-             this aerial is kept on the target to be tracked.
rupt the free view of the search aerial 22             The radar system so
far described is in-  upon  rotation  thereof, are  completely          5
tended for use aboard ships and for this avoided. It will be obvious that
the rigidity  70             purpose it is desirable for the search aerial
inherent to the spherical shape of the rad-             22 and the tracking
aerial 30  to be stabil-  ome provides a structurally very firm sup-
ized with respect to a stable reference.  port for the arms 38, 39 and thus
for the               A favourable and particularly advantage-  outermost
gimbal frame 3.         10 ous shipborne radar system  of the kind    At
the bottom the radome 40 is closed  75             described is obtained in
that the tracking  by a plate 44, through which the waveguides
aerial 30 is mounted to the upper and the  20 and 21 are fed. The radome is
borne             search aerial 22 to the bottom end portion  by a
delta-shaped supporting structure 45,             Of a support 37, which is
common to both  which is anchored to the ship with the aid         15
aerials and which, in the known manner  of three pairs of legs such as. 46,
461. Since 80             described with reference to Fig. 1, by means  the
radome protects the aerial structure inter alia of two concentric gimbal
frames  against the influence of the weather, the             2 and 3 and a
gyroscopically controlled  power of the motors employed in the system
servo system 6 to 19 is stabilized about two may be comparatively smaller
because these 20  co-planar, orthogonal axes 4 and 5, and in  motors need
not overcome any torques pro- 85           that the outermost gimbal frame
3 of said  duced by wind.             frames is fixedly supported parallel
to the    In the radar system according to the in-             deck by the
inner wall of a substantially  vention as described above use is made of
spherical radome 40, enclosing the two  a stabilizing system of the type
shown dia-         25  aerials and being anchored to the ship.
grammatically in Fig. 1, in which the gyro- 90               By using only
a single stabilization sys-  scope housings are directly connected with
tem for the stabilization of the two aerials,  the body to be stabilized.
This construc-             a considerable economy is obtained, while.  tion
has the advantage that the ship's own             moreover, the over-all
weight of the sys-  varying deformations caused by the rolling         30
tem is materially reduced and relative sta-  and pitching cannot affect the
stabilization. 95             bilization errors cannot occur.         If
the inaccuracy produced by said ship's               In the embodiment
shown in the Figures  deformations is of minor importance or if the gimbal
shafts 4 and 5 are hollow and  this inaccuracy is corrected in some other
the support 37 is formed by a hollow col-  way, it is possible to arrange
the gyroscopes         35  umn. The waveguides 20, 21 are passed  at a
distance remote from the body to be 100             through said hollow
column and said hol-  stabilized, for example in the meta-centre of 



low shafts, and by means of the necessary  the ship.             rotatable
waveguide joints establish the   A further modification of the embodi-
connection of each of said radar apparatus  ment described above may be
obtained by 40 with its associated aerial.                 applying an
outermost gimbal frame 3 of 105               Dead weight in the form  of
counter-  such dimensions that it may directly be sup-             weights
frequently present with stabilized  ported by the inner wall of the radome,
the             aerials is practically avoided in the con-  arms 38 and 39
being omitted.             struction shown in Fig. 2 and 3, since the   It
should furthermore be noted that the         45 place and the weight of the
search aerial  search aerial 22 and the tracking aerial 30 110
22 ensure that the point of gravity of the  may be replaced by other types
of aerials;             construction is located approximately at the  the
search aerial 22 may, for example, have             centre of the gimbal
system. If desired the  such a structure that a beam emitted by
said point of gravity can be made to be  said aerial is wide in elevation,
for example        50  situated exactly in the centre of the gimbal
fan-shaped or cosecant[err]-shaped, whereas the 115             system by
using a small counterweight 41  tracking aerial 30 may be of such a struc-
shown in Fig. 2.                           ture that a beam emitted by said
aerial               The radome 40 is made of reinforced syn-  moves along
a circle of small diameter so             thetic resin and, as is shown in
Fig. 2, it  that a conical scan is obtained. It should        55  comprises
two hemispheres. With a view  finally be noted that the transmitters of the
120             to increasing the rigidity the lower hemi-  first and of
the second radar apparatus may    sphere of the radome is preferably of a
be combined as a single transmitter, the             double walled sandwich
construction.  It  power of which is distributed among the             is
moreover provided with two consoles 42  two aerials by a power divider.
60 and 43 also made of reinforced synthetic             resin, on which two
arms 38 and 39 respec-   WHAT WE CLAIM IS:-                125
tively rest, thereby fixedly supporting the    1. A shipborne radar system
compris-             outermost gimbal frame 3 in parallel to the  ing a
first radar apparatus having at least             deck. A particularly
important advantage  one aerial continuously rotatable about an        65
of this way of supporting the outermost  azimuth axis for searching targets
and at        4                                          1,076,242
least one second radar apparatus having an  in Claim 1 characterized in
that the:outer-     aerial adapted to rotate about an azimuth  most gimbal
frame is provided with a num-     axis and an elevation axis for tracking a
ber of arms situated in its own plane and     target detected by the  first
radar apparatus.  serving for rigidly supporting said frame  20  5
characterized in that the tracking aerial is  parallel to the deck.
mounted on the upper portion and the    3.   A   shipborne  radar  system
con-     search aerial on the lower portion of a  structed, arranged and
adapted  to operate     support which is common to both said  substantially
as described hereinbefore with     aerials and which  is stabilized about
two  reference to the accompanying drawings.   25 10  co-planar,
orthogonal axes by two concen-     tric gimbal frames and a  gyroscopically
con-   TREGEAR, THIEMANN & BLEACH,     trolled servo system, the outermost
gimbal           Chartered Patent Agents,     frame being rigidly supported
parallel to               Melbourne House.     the deck by the inner wall
of a substantially     Aldwych, London, W.C2. 15  spherical radome
enclosing the. two aerials.         Agents for the Applicants.       2. A
shipborne radar system as claimed        Abingdon: Printed for Her
Majesty's Stationery Office, by Burgess & Son (Abingdon), Ltd.-1967.
Published at The Patent Office, 25 Southampton Buildings, London, W.C.2,
from  which copies may be obtained.    


