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Description

[0001] The present invention relates to the general field
of undersea mechanics and that of towed linear bodies
which are towed in a vertical position and which, at rest,
are designed to be stored on the drum of a winch.
[0002] More particularly it relates to the transmitting
acoustic antennas used in dependent towing with receiv-
ing linear acoustic antennas, the receiving antenna being
towed by the transmitting antenna in order to form sonar
transmit/receive assemblies, and to the problems asso-
ciated with storing such assemblies on a winch.
[0003] The use, from a ship, of an active sonar system,
involves placing in the sea and towing a transmitting an-
tenna associated with a receiving antenna, the assembly
being supplied and towed at a given distance behind the
ship by a towing cable, commonly called an electrotowing
cable.
[0004] The receiving antenna is usually an elongated
antenna of great length with neutral buoyancy, consisting
of hydrophones installed in a regular manner in a tubular
structure. This type of antenna is commonly called a lin-
ear antenna or "streamer". In addition to its acoustic qual-
ities, a linear antenna has the advantage of being able
to be handled simply by means of a winch.
[0005] Therefore, during the phase of deploying the
sonar, such an antenna is placed in the sea simply by
unwinding the winch and allowing the antenna to pay out
into the water.
[0006] Conversely, during the phase of shutting down
the system, the linear antenna is recovered and stored
simply by rewinding the antenna onto the winch.
[0007] The transmitting antenna, for its part, usually
consists of a volume acoustic antenna mounted on a sub-
mersible towed body or "fish". Since such an antenna
cannot by its nature be stored on a winch, it must be
stored independently.
[0008] Consequently, the deployment of the complete
sonar system is normally carried out by first launching
the receiving linear antenna, then connecting the trans-
mitting fish to the as yet unsubmerged end of the linear
antenna and to the free end of the electrotowing cable
and then unwinding the electrotowing cable so as to allow
the towed body to be launched, using for example a der-
rick or else by having it slide along an inclined plane sit-
uated at the stern of the ship.
[0009] Conversely, the recovery and storage of the as-
sembly are carried out by rewinding the electrotowing
cable onto the storage winch, bringing the fish back on
board, uncoupling the fish from the electrotowing cable
and from the receiving linear antenna, then coupling the
end of the electrotowing cable to the emerged end of the
receiving linear antenna. The electrotowing cable and
receiving linear antenna assembly is finally stored wound
onto the storage winch, while the fish is stored separately
on the deck of the ship.
[0010] As can be ascertained from its structural heter-
ogeneity, such a system is not very easy to deploy, re-

cover and store. It also requires the intervention of human
operators, notably for the various operations of coupling
and uncoupling the fish, so that deployment in heavy
weather of such an assembly is not only difficult but also
potentially dangerous for the physical integrity of the op-
erators.
[0011] A known solution for preventing the problems
associated with the deployment and recovery of the var-
ious elements forming the submerged portion of the so-
nar consists in developing means making it possible to
semiautomatically attach (the mechanical locking re-
maining manual) the fish to the receiving linear antenna
and to the electrotowing cable, and to detach it also sem-
iautomatically. A solution of this type is notably described
in French patent application 0608998 filed on 16/10/2006
by the applicant, which proposes a specific means allow-
ing the semiautomatic attachment of the fish to the elec-
trotowing cable and its semiautomatic connection to the
electric lines carrying the signals and the power supplies.
[0012] Such a solution has the advantage of making it
possible to deploy and recover the submerged elements
easily in fine weather and acceptably in bad weather be-
cause it minimizes the use of human intervention. Con-
versely, this solution assumes the placement on the ship,
close to the location from which the equipment is placed
in the sea, of a complex and costly apparatus fairly spe-
cifically adapted to a given type of towed body, and a
large-dimension opening on the stern plate of the ship.
In addition, the reliability of such a semiautomatic elec-
tromechanical connection is a technological problem that
is awkward to solve.
[0013] Another alternative with a towed transmitting
body and a receiving linear antenna is of course to tow
the two independently, each with its independent towing
cable and its independent winch. However, this alterna-
tive is much more bulky and costly and is not compatible
with small platforms.
[0014] Another known solution consists in transmitting
the sonar signal with the aid of a linear antenna. This
therefore gives a totally linear system consisting of the
electrotowing cable, of a transmitting linear antenna and
of a receiving linear antenna, still secured to one another,
this assembly advantageously being able to be deployed
and recovered by means of a single winch onto which
the various elements at rest are wound. However, the
use of a transmitting linear antenna poses a certain
number of problems in terms of characteristics of the
acoustic wave transmitted, in particular in terms of direc-
tivity. Specifically, in operation, the transmitting linear an-
tenna is towed substantially horizontally, like the receiv-
ing antenna. In this orientation, the transmitting linear
antenna comprising hydrophones distributed over the
whole of its length has, in a known manner, a natural
directivity that is favorable to transmission in a vertical
plane which is not naturally suited to the transmission
requirement in a horizontal plane.
[0015] Consequently, to obtain a correct transmission,
the user is forced to install supplementary means.
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[0016] A first method consists in modifying the trans-
mission diagram of the sound wave, by acting on each
hydrophone separately or on determined groups of hy-
drophones, in order to obtain an omnidirectional and
therefore spherical transmission, because it is of revolu-
tion about the axis of the antenna. An application of this
solution is notably described in French patent application
0603729 filed on 26/04/2006 by the applicant. Such a
method however assumes that the user has the neces-
sary number of distinct excitation signals and a large
enough number of relatively close transducers.
[0017] Another method consists in making arrange-
ments such that, under the effect of the traction exerted
by the ship in particular, the transmitting linear antenna
is held in a nose-up attitude, as close as possible to the
vertical. An application of this solution is notably de-
scribed in French patent application 9415784 filed on
28/12/1994 by the applicant. Such a solution allows the
transmitting antenna to rear up sufficiently close to the
vertical only at fairly slow and even very slow towing
speeds. Above that speed, the transmitting antenna be-
comes too tilted with a discoid directivity in a plane or-
thogonal to the antenna.
[0018] Therefore, whichever of the two known techni-
cal solutions is adopted to solve the handling problem, it
causes resultant problems of which the solution is neither
simple nor evident, since these two solutions do not nat-
urally favor the desired directivity for a favored transmis-
sion in the horizontal plane.
[0019] US7209408 discloses a towed active acoustic
system, which includes a plurality of soft-bodied, towable,
active acoustic modules. The plurality of active acoustic
modules are suspended at various depths within the wa-
ter column, and allow each active acoustic module to be
much smaller than known soft-bodied systems and to
operate at a much lower source level while still ensuring
that the entire water column is ensonified. Each active
acoustic module may include different numbers of trans-
ducers depending on the intended location of the active
acoustic module relative to the water column. The tow
cable preferably includes a faired body designed to min-
imize hydrodynamic drag and turbulence. The system
can be deployed and recovered through shipboard un-
dersurface deployment tubes.
[0020] One object of the invention is to propose a so-
lution for producing a transmitting acoustic antenna that
remains vertical when being towed, that is to say in a
position that is naturally favorable to an omnidirectional
transmission in a horizontal plane and making it possible
to have a transmitting acoustic antenna/receiving acous-
tic antenna assembly that can be easily deployed in the
sea and, after use, easily recovered and stored automat-
ically, that is to say without operator intervention. Another
object of the invention is for the proposed omnidirectional
transmitting acoustic antenna to be able to be stored
wound onto the drum of a winch, the same winch as that
used to store the electrotowing cable and the receiving
antenna, so that the storage of the assembly does not

require uncoupling the transmitting acoustic antenna
from the receiving acoustic antenna or from the elec-
trotowing cable.
[0021] Accordingly, the subject of the invention is a de-
vice for producing a towed linear submersible body, ca-
pable of adopting a rectilinear configuration in a vertical
position when it is towed at a total immersion depth and
of adopting a curved configuration at rest, having a radius
of curvature allowing it to be wound onto the drum of a
winch, characterized in that it comprises a set of juxta-
posed rigid segments, articulated relative to one another,
arranged so that each segment can pivot relative to the
adjacent segments between a position for which its axis
is colinear with the axis of the considered adjacent seg-
ment in a position in which its axis forms a given angle
β with the axis of the considered adjacent segment.
[0022] According to a preferred embodiment, the de-
vice according to the invention comprises two particular
segments comprising coupling means configured to al-
low respectively the coupling of a towing cable extending
toward the front of the device and a trailing cable extend-
ing toward the rear of the device, the anchoring means
defining axes about which the body may pivot in a vertical
plane passing through the axes of these cables, the two
segments being arranged so that, when the body is towed
in total submersion, it adopts a vertical rectilinear config-
uration under the joint action of the traction F exerted by
the towing cable, of the traction force exerted by the trail-
ing cable and of the hydrodynamic drag applied by the
weight of the water in which it is submerged, and so that,
when the body is towed in a totally emerged position, it
adopts a rectilinear configuration colinear with the axis
of the towing cable.
[0023] In this embodiment, the segment connected to
the towing cable is associated with a first fastening ele-
ment comprising a head for fastening the cable, two flat
belts and two fastening pins, the fastening head itself
comprising a central sleeve onto which the towing cable
and two flat and horizontal lateral extensions are insert-
ed. A flat belt is fastened by one of its ends to each of
the extensions, the other end of the belt being configured
so as to form a loop designed to be threaded onto the
corresponding pin of the segment; the pins also being
arranged on the body of the segment so as to form co-
linear axes, advantageously allowing the belts, in oper-
ation, to make a pivoting movement about an axis per-
pendicular to the vertical plane defined by the device
when the latter is towed in submersion.
[0024] According to this embodiment, the length of the
belts is defined so as to allow the portion of the device
situated above the axis of rotation to pass to the inside
of the arch formed by the extensions and the belts.
[0025] According to this embodiment, the segment
connected to the trailing cable is associated with a sec-
ond fastening element comprising a central sleeve onto
which the trailing cable and two flat and vertical lateral
extensions are inserted whose ends are mounted so as
to be able to rotate on the segment so as to allow, in
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operation, the second fastening element to pivot about
an axis parallel to the axis of rotation of the belts of the
first fastening element.
[0026] According to this embodiment, the length of the
extensions is defined so as to form an opening with a
length that is substantially equal to that of the portion of
the device situated beneath the axis of rotation.
[0027] Additionally, the device according to the inven-
tion comprises a top end segment incorporating a stabi-
lizing aileron and a bottom end segment incorporating a
ballast in the form of a keel, these two elements having
the function of ensuring the lateral vertical stability of the
device in operation.
[0028] According to a variant embodiment, the first
coupling element comprises an intermediate rod con-
necting the two lateral extensions, the top end segment
comprises at the zone of contact with the intermediate
rod a locking system which traps the rod when the latter
makes contact, so that the top portion of the device is
then completely secured to the first coupling element.
[0029] According to this variant, the lock is released
by applying a front-to-back pressure on the stabilizing
aileron of the top end segment.
[0030] A further object of the invention is the applica-
tion of the device described above to the production of a
transmitting acoustic linear antenna incorporated into a
system in which the towing cable is an electrotowing ca-
ble and the trailing cable is a cable for towing a receiving
linear acoustic antenna, each of the segments compris-
ing a housing containing a hydrophone and its control
electronics, the housings being arranged so as to create
minimum drag in the direction of movement.
[0031] Advantageously, the device according to the in-
vention may be deployed and towed in a vertical position
irrespective of the depth at which it is submerged and
the inclination of the towing cable and of the trailing cable
relative to the vertical, and irrespective of the towing
speed.
[0032] The features and advantages of the invention
will be better appreciated thanks to the following descrip-
tion, a description which explains the invention through
a particular example of application of the invention to the
production of a vertical-axis transmitting antenna, a non-
limiting example. Furthermore, the following description
is based on the appended figures which represent:

- figure 1, a schematic representation of the device
according to the invention applied to the production
of a transmitting acoustic antenna;

- figures 2 and 3, illustrations showing a structural and
functional feature of the device according to the in-
vention,

- figures 4 to 6, schematic illustrations of the mechan-
ical principle of the device according to the invention;

- figure 7, an illustration of the mechanism for aligning
the device according to the invention during the
phase for recovering said device;

- figure 8, an illustration showing the device according

to the invention when it is wound onto the drum of a
winch.

[0033] The following description sets out the features
of the device according to the invention in its application
to the production of a transmitting acoustic antenna. This
particular application makes it possible to bring out the
advantageous character of the invention in general. The
advantageous character of the device arises mainly from
the fact that it is capable, in the phase of operational use,
of travelling in towed submersion while remaining in a
vertical position, while also being capable in the storage
phase of adopting, without damage, a curvature which
allows it to be wound onto the drum of a winch.
[0034] The features explained here are in no way spe-
cific to this particular application and form an integral part
of the invention irrespective of the application in question.
Consequently, the device according to the invention finds
its application in the production of various submerged
bodies, for which a constraint of vertical positioning in
towed submersion is necessary and for which the prob-
lem of simple storage with no manhandling arises.
[0035] Reference is made first of all to figures 1 and 2
which provide a general presentation of the device ac-
cording to the invention.
[0036] Considering first figure 1, which shows the de-
vice according to the invention in a vertical position, note
that the latter comprises a thin and hydrodynamic elon-
gated body 11, formed of rigid segments, adjacent central
segments 13, extended upward by a first terminal seg-
ment 12 and downward by a second terminal segment
14. According to the invention, amongst the central seg-
ments, two segments 15 and 16 situated in the bottom
portion of the body of the device and close to one another,
or even touching, are furnished with fastening elements.
The segment 15, closest to the midportion of the device,
is configured so as to allow the fastening of a towing
cable 17 to the device, by means of a first fastening el-
ement, a fastening articulated in rotation about a hori-
zontal axis 18 that is substantially perpendicular to the
axis of the cable 17. The segment 16 situated beneath
the segment 15 is configured so as to allow the fastening
of a trailing cable 19 to the device, a fastening articulated
in rotation about a horizontal axis 111 parallel to the axis
18.
[0037] In operation, when the device is submerged and
it sustains a determined traction force by means of the
towing cable and a resistant force by means of the trailing
cable 19, the latter adopts a vertical posture similar to
that of figure 1, the first and the second fastening element
being, for their part, in a substantially horizontal position,
respectively in the extension of the towing cable 17 and
the trailing cable 19, a cable which may also be used to
tow another object behind the device.
[0038] According to the invention, the form, the struc-
ture and the materials constituting the device are defined
so as to satisfy the following criteria:
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have dimensions, an overall volume, making it pos-
sible to house the elements that are to be incorpo-
rated into the device,
have a structure naturally helping, in submersion,
retention in the vertical position,

- having a neutral buoyancy, so that maintaining
at a given depth requires no force,

- having the smallest possible drag, taking ac-
count of the dimensions to be observed, so as
not to compromise the stability of the vertical
position. Accordingly, the device according to
the invention adopts a hydrodynamic profile.

[0039] In the context of the exemplary application cho-
sen as a support for the present description, the illustra-
tion of figure 1 shows the device according to the inven-
tion applied to the production of a transmitting acoustic
antenna. The latter, according to the criteria specified
above, is an element in which each of the central seg-
ments 13 and of the end segments 12 and 14 has a hy-
drodynamic profile in the shape of a fin, of the NACA type
for example, and comprises a housing 116 containing a
hydrophone and its control electronics. According to the
invention, these housings 116 are arranged so as to cre-
ate minimum drag in the direction of movement. In addi-
tion, in this exemplary embodiment, the top segment 12
incorporates an aileron 119, while the bottom segment
14 comprises a ballast in the shape of a keel. The incor-
poration of these additional elements, and the hydrody-
namic characteristics conferred by design on the hous-
ings 116, notably have the effect of preventing phenom-
ena of roll, of pitch or else of vortical flow and therefore
of enhancing the stability of the device relative to the
vertical. Furthermore, with the same concern for stability,
the antenna is designed based on a device according to
the invention having an antero-posterior cambering, con-
ferring thereon a slightly bowed profile. This gives a slen-
der antenna, consisting of juxtaposed hydrophones,
whose acoustic centers are vertically aligned and of
which the operation is similar to that of a transmitting
vertical linear antenna. Consequently, through its ability
to adopt a vertical orientation in operation, the antenna
produced by the application of the device according to
the invention advantageously makes it possible to gen-
erate an omnidirectional transmission in a simple man-
ner.
[0040] In this application, the cable 17 is an electrotow-
ing cable whose role as a towing cable is supplemented
by the role of electrical supply and signal-transfer cable.
In addition, the trailing cable 19 is in this instance used
to tow a receiving linear antenna.
[0041] Consideration is now given to figures 2 and 3,
which illustrate schematically how the various segments
constituting the device according to the invention are ar-
ranged and articulated relative to one another, and the
morphological features that allow such an arrangement.
[0042] As can be ascertained from figures 2 and 3, the

segments constituting the device, both the central seg-
ments 13, 15 and 16 and the terminal segments 12 and
14, are articulated relative to one another by means of
axial articulations 21, arranged to allow a rotation of each
element in the vertical plane, a rotation symbolized by
the arrows 22 in the figure. The amplitude of rotation
about the axes of articulation 21 is in this instance limited
so that the axis 23 of a segment cannot make, with the
axis 24 of an adjacent segment, an angle greater than a
given angle β. The rotation also takes place between a
position, illustrated by figure 2, which, when it is adopted
by all the segments, makes it possible to obtain a straight
alignment of the assembly, and a position, illustrated by
figure 3, which affects the assembly with a curvature
whose radius is for example adapted to the radius of the
drum 31 onto which it is desired to position the device in
the storage phase. The device according to the invention
may therefore advantageously adopt a rectilinear config-
uration in the operational deployment phase and a curved
configuration in the storage phase.
[0043] To limit the amplitude of possible rotation, it is
possible to use various known means of articulation.
However, an advantageous solution consists in produc-
ing a set of contiguous segments and in producing each
segment so that each of the top and bottom faces of each
segment, faces in contact with the corresponding faces
of the adjacent segments, is presented not as a flat sur-
face but on the contrary as a surface formed by the joining
of two half-surfaces inclined relative to one another, in
the vertical plane, at an angle β/2; the intersection of
these two half-surfaces forming a ridge parallel to the
axis of rotation of the articulation. Consequently, with
such an arrangement, the top and bottom faces of two
contiguous segments are never in contact with one an-
other other than by a half-surface, and this occurs irre-
spective of the relative positions of the segments consid-
ered.
[0044] Consideration is again given to figure 1, in order
to pay attention to the fastening segments 15 and 16,
and to the associated fastening means, means that form
an integral part of the device according to the invention.
[0045] As has been said above, the device according
to the invention is arranged so as to be able to be placed
in a vertical position when it is deployed, as illustrated by
figure 1. Accordingly, the segments 15 and 16 are fitted
with fasteners allowing the coupling of the towing cable
17 and of the trailing cable 19 to the device.
[0046] The towing cable 17 is coupled to the segment
15 by means of an element comprising a head for fas-
tening the cable, two flat belts 114 and two fastening pins
115. The fastening head illustrated by the enlarged partial
view 1-a of figure 1 itself comprises a central sleeve 113
onto which the towing cable 17 and two flat and horizontal
lateral extensions 112 are inserted. One end of one of
the flat belts 114 is fastened to each of the extensions
112, the other end of the belt being configured so as to
form a loop designed to be threaded onto the correspond-
ing pin 115, as illustrated in the enlarged partial view 1-
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b of figure 1. The pins 115 are also arranged on the body
of the segment 15 so as to form colinear axes, advanta-
geously allowing the belts 114, in operation, to make a
pivoting movement about an axis 18 perpendicular to the
vertical plane defined by the device 11 when the latter is
towed in submersion. This movement makes it possible
to prevent the application of too great a torsional stress
on the attachment of the towing cable.
[0047] According to the invention, the length of the
belts 114 is defined so that the arch formed by the ex-
tensions 112 and the belts 114 has a length that is sub-
stantially equal to that of the portion of the device situated
above the axis 18 (or in other words so as to allow the
portion of the device situated above the axis 18 to pass
to the inside of the arch formed by the extensions 112
and the belts 114).
[0048] Similarly, the coupling of the trailing cable 19 to
the segment 16 is achieved by means of an element 117
comprising a central sleeve onto which the trailing cable
19 and two flat and vertical lateral extensions 118 are
inserted whose ends are mounted so as to be able to
rotate on the segment 16, so as to allow, in operation,
the element 117 advantageously to pivot about an axis
111 parallel to the axis 18 and to prevent the application
of too great a torsional stress to the attachment of the
trailing cable.
[0049] According to the invention, the length of the ex-
tensions 118 is defined so as to form an opening with a
length that is substantially equal to that of the portion of
the device situated beneath the axis 111.
[0050] It should be noted that in the particular case of
application of the device according to the invention to the
production of a transmitting acoustic antenna, because
the electrotowing cable 17 does not culminate immedi-
ately beside the antenna, it is necessary to provide a
means for routing the power supplies and electric signals
to the transmitting antenna and optionally to the receiving
linear antenna situated behind the latter and towed by
the trailing cable 19. Accordingly, it is possible, for ex-
ample, as illustrated in figure 1, to use electric cables 121
and 122, exerting no traction force, which travel from the
electrotowing cable 17 to the transmitting antenna 11 and
the receiving antenna, while being attached to the belts
114.
[0051] Consideration is then given to figures 4 to 6
which make it possible to describe the operating principle
of the device according to the invention through three
characteristic dynamic situations, in complete submer-
sion and in the course of being raised back on board
while it is still partially submerged, and then when it is
completely out of the water.
[0052] Figure 4 illustrates the dynamic behavior of the
device 11 according to the invention when it is sub-
merged, towed by a ship. F and T3 are the traction forces
exerted respectively by the towing cable 17 at the attach-
ment point 41 and by the trailing cable 19 at the attach-
ment point 42. Similarly, T1 and T2 are the forces intended
to schematically represent the pressure exerted by the

seawater, because of the movement of the device on the
two sections of the device situated on either side of the
point 41.
[0053] According to the invention, as has already been
said above, the attachment points of the cables 17 and
19 are positioned on segments 15 and 16 located in the
bottom portion of the structure 11. They are also arranged
so that the distance between the axis 18 forming the zone
of attachment of the cable 17 to the device and the axis
111 forming the zone of attachment of the cable 19 is
such that, when the device is completely submerged, the
pressing forces exerted by the medium hold the various
segments in a rectilinear position, the contiguous seg-
ments being in contact via the rear half-surfaces of their
upper and lower faces, and so that the resultant moment
of the pressing forces exerted by the marine medium on
the device balances the resultant moment of the traction
force exerted by the trailing cable and the force exerted
by the towing cable. Consequently, the device being in
dynamic balance, it positions itself on a vertical axis under
the action of its weight. In other words, the distance be-
tween the attachment zones of the cables 17 and 19 and
the positioning of these zones over the length of the de-
vice is defined so that, when it is towed in submersion,
the device according to the invention adopts a position
of equilibrium that is substantially vertical. These posi-
tioning parameters influence the absolute and relative
arrangement of the segments 15 and 16 in the device,
these segments being able, for example, to represent
the penultimate two segments of the chain, placed just
above the segment 14 supporting the fin.
[0054] Figure 5 illustrates the dynamic behavior of the
device 11 according to the invention when it is semisub-
merged, still towed by a ship. This situation corresponds
to the situation of the device during the phase for recov-
ering the equipment after use. In this phase, the device
according to the invention moves from the submerged
state to the emerged state. It is noted then that, because
of the reduced intensity of the pressing forces T1 exerted
by the aquatic medium on the device, the device 11 ac-
cording to the invention adopts a position of equilibrium
that is inclined at an angle α relative to the vertical, the
value of the angle α increasing the more the device is
out of the water. The device according to the invention
therefore moves progressively from a vertical position to
an inclined position for which the main axis 123 (see fig-
ure 1) of the device is in line with the axis of the towing
cable 17. In parallel, the segments 12, 13, 14, 15 and 16
forming the device according to the invention are held
more loosely in a rectilinear alignment.
[0055] Finally, figure 6 shows the device according to
the invention in the completely emerged position while it
is pulled by the winch of the ship in order to be brought
on board. In this situation, which follows that of partial
submersion, the trailing cable and the object that may be
towed, a receiving linear acoustic antenna for example,
are still submerged and still exert traction on the device.
Consequently, now being subjected only to the traction
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forces F and T3, the main axis 122 of the device according
to the invention aligns itself with the axes of the cables
17 and 19 until it is stored on the drum of the winch. No
longer does any force then hold the various segments
12, 13, 14, 15 and 16 forming the device according to
the invention in an aligned position. The ballast which
hangs down confers a stable position preventing gyration
about the axis of the cable in this airborne phase.
[0056] Consideration is then given to figure 7, which
shows the device according to the invention in the attitude
that it occupies when it is pulled out of the water in the
position illustrated by figure 6 for example.
[0057] When the device according to the invention
emerges completely from the water, it is subjected to two
opposing forces the action of which results in a rotation
of its upper portion, situated above the axis 18, which
brings the top end segment 12 into contact with the in-
termediate rod 124 which connects the two extensions
112 of the coupling element of the towing cable 17. The
segment 12 comprises, at the zone of contact, a locking
system 71 which traps the rod 124 when it comes into
contact, so that the upper portion of the device is com-
pletely secured to the coupling element of the towing ca-
ble 17. According to an advantageous feature of the de-
vice according to the invention, the lock 71 is released
by applying a front-to-back pressure on the stabilizing
aileron 119. The lower portion of the device, for its part,
in particular the segments 16 and 14, takes an orientation
complying with gravity and with the traction exerted by
the trailing cable 19.
[0058] Attention is now given to figure 8 which illus-
trates how, thanks to the features explained above, the
device according to the invention may advantageously
be wound onto the drum of a winch following the towing
cable. Note that, in the wound position, the various seg-
ments of the antenna developed from the device accord-
ing to the invention are positioned on the winch so that
the profile of the antenna follows the curvature of the
drum of the winch. The elements 118 and 117 rest on
the segment 14 comprising the ballast (i.e. the keel) while
keeping it pressed onto the cable drum while it rotates.
[0059] With reference to the application of the device
according to the invention to the production of a trans-
mitting acoustic antenna, the antenna being followed by
a receiving linear antenna, the winch 61 is designed in
order to allow the storage of all the elements placed in
the sea, namely the electrotowing cable 17, the transmit-
ting antenna 11 according to the invention, the trailing
cable 19 and the receiving linear antenna. It is therefore
possible advantageously to deploy and store both anten-
nas of the system without carrying out any coupling and
uncoupling operation.
[0060] With reference to the sea launch and deploy-
ment of the device according to the invention, this oper-
ation, carried out by unwinding the winch 61, naturally
comprises the following phases:

- a first phase during which the device is in the com-

pletely emerged position and maintains a position
identical to that shown in figure 6 relative to the ca-
bles 17 and 19;

- a second phase during which the device enters the
water, a phase during which it is partially submerged
and held in the axis of the cables by the locking de-
vice 71, despite the creation of pressing forces as-
sociated with the movement in the water of the sub-
merged portion of the device. The device according
to the invention therefore enters the water in the
alignment of the towing cable 17 and trailing cable
19.

- a final phase which begins with the complete sub-
mersion of the device and the release of the locking
device 71 by the application, by the weight of the
water, of a pressing force on the stabilizing aileron
119, a pressing force which has the effect of tilting
the aileron into a horizontal position, a movement
which releases the lock 71. The device then freed
tilts into a vertical position.

Claims

1. A device for producing a towed linear submersible
body, comprising a set of juxtaposed rigid segments
(12, 13, 14), articulated relative to one another,
characterized in that
each segment can pivot relative to the adjacent seg-
ments between a position for which its axis (23) is
colinear with the axis (24) of the considered adjacent
segment in a position in which its axis forms a given
angle β with the axis of the considered adjacent seg-
ment;
the device for producing a towed linear submersible
body comprises two particular segments (15, 16)
comprising coupling means configured to allow re-
spectively the coupling of a towing cable (17) extend-
ing toward the front of the device and a trailing cable
(19) extending toward the rear of the device, the an-
choring means defining axes (18, 111) about which
the body may pivot in a vertical plane passing
through the axes of these cables (17, 19), the two
segments (15, 16) being arranged
so that, when the body is towed in total submersion,
it adopts a vertical rectilinear configuration under the
joint action of the traction F exerted by the towing
cable (17), of the traction force T3 exerted by the
trailing cable (19) and of the hydrodynamic drag ap-
plied by the weight of the water in which it is sub-
merged, and
so that, when the body is towed in a totally emerged
position, it adopts a rectilinear configuration colinear
with the axis of the towing cable (17); and the device
for producing a towed linear submersible body is ca-
pable of adopting a curved configuration at rest, hav-
ing a radius of curvature allowing it to be wound onto
the drum of a winch (31).
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2. The device as claimed in claim 1, characterized in
that the segment (15) connected to the towing cable
is associated with a first fastening element compris-
ing a head for fastening the cable, two flat belts (114)
and two fastening pins (115), the fastening head it-
self comprising a central sleeve (113) onto which the
towing cable (17) and two flat and horizontal lateral
extensions (112) are inserted, one flat belt (114) be-
ing fastened by one of its ends to each of the exten-
sions (112), the other end of the belt being configured
so as to form a loop designed to be threaded onto
the corresponding pin (115) of the segment; the pins
(115) also being arranged on the body of the seg-
ment 15 so as to form colinear axes, advantageously
allowing the belts (114), in operation, to make a piv-
oting movement about an axis (18) perpendicular to
the vertical plane defined by the device (11) when
the latter is towed in submersion.

3. The device as claimed in claim 2, characterized in
that the length of the belts (114) is defined so as to
allow the portion of the device situated above the
axis of rotation (18) to pass to the inside of the arch
formed by the extensions (112) and the belts (114).

4. The device as claimed in one of claims 1 to 3, char-
acterized in that the segment (16) connected to the
trailing cable is associated with a second fastening
element comprising a central sleeve (117) onto
which the trailing cable (19) and two flat and vertical
lateral extensions (118) are inserted whose ends are
mounted so as to be able to rotate on the segment
(16) so as to allow, in operation, the second fastening
element to pivot about an axis (111) parallel to the
axis (18) of rotation of the belts of the first fastening
element.

5. The device as claimed in claim 4, characterized in
that the length of the extensions (118) is defined so
as to form an opening with a length that is substan-
tially equal to that of the portion of the device situated
beneath the axis of rotation (111).

6. The device as claimed in any one of the preceding
claims, characterized in that it comprises a top end
segment (12) incorporating a stabilizing aileron (119)
and a bottom end segment (14) incorporating a bal-
last in the form of a keel, these two elements having
the function of ensuring the lateral vertical stability
of the device in operation.

7. The device as claimed in any one of the preceding
claims, characterized in that, with the first coupling
element comprising an intermediate rod (124) con-
necting the two lateral extensions (112), the top end
segment (12) comprises at the zone of contact with
the intermediate rod (124) a locking system (71)
which traps the rod (124) when the latter makes con-

tact, so that the top portion of the device is then com-
pletely secured to the first coupling element (17).

8. The device as claimed in claim 7, characterized in
that the lock (71) is released by applying a front-to-
back pressure on the stabilizing aileron (119) of the
top end segment (12).

9. The application of the device as claimed in any one
of the preceding claims to the production of a trans-
mitting acoustic linear antenna incorporated into a
system in which the towing cable is an electrotowing
cable and the trailing cable is a cable for towing a
receiving linear acoustic antenna, each of the seg-
ments (12, 13, 15, 16) comprising a housing 116
containing a hydrophone and its control electronics,
the housings 116 being arranged so as to create
minimum drag in the direction of movement.

Patentansprüche

1. Vorrichtung zum Herstellen eines geschleppten li-
nearen Tauchkörpers, umfassend einen Satz von
nebeneinander liegenden steifen Segmenten
(12,13,14), welche relativ zueinander gelenkig ver-
bunden sind,
dadurch gekennzeichnet, dass
jedes Segment relativ zu angrenzenden Segmenten
schwenkbar ist, zwischen einer Position, in der seine
Achse (23) mit der Achse (24) des entsprechenden
angrenzenden Segments kolinear ist, und einer Po-
sition, in welcher seine Achse einen gegebenen Win-
kel β mit der Achse des betrachteten angrenzenden
Segments bildet;
die Vorrichtung zum Herstellen eines geschleppten
linearen Tauchkörpers zwei bestimmte Segmente
(15, 16) umfasst, welche Kupplungsmittel umfassen,
welche konfiguriert sind, um zu ermöglichen, dass
die Kupplung eines Schleppkabels (17) sich zur Vor-
derseite der Vorrichtung hin erstreckt und ein Nach-
laufkabel (19), welches sich zur hinteren Seite der
Vorrichtung erstreckt, wobei die Verankerungsmittel
Achsen (18, 111) definieren, um welche der Körper
in einer vertikalen Ebene schwenkbar ist, welche
durch die Achsen dieser Kabeln (17, 19) geht, wobei
die zwei Segmente (15, 16) so angeordnet sind,
dass, wenn der Körper in der gänzlich eingetauchten
Position geschleppt wird, dieser eine vertikale gera-
de Konfiguration aufnimmt, unter der gemeinsamen
Aktion des Zugs F, welches vom Schleppkabel (17)
ausgeübt wird, der Ziehkraft T3, welche vom Nach-
laufkabel (19) ausgeübt wird, und des hydrodynami-
schen Widerstands, welches vom Gewicht des Was-
sers ausgeübt wird, in welchem dieser eingetaucht
ist, und
so, dass wenn der Körper in einer gänzlich aufge-
tauchten Position ist, dieser eine gerade Konfigura-
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tion aufnimmt, welche mit der Achse des Schlepp-
kabels (17) kolinear ist; und
die Vorrichtung zum Herstellen eines geschleppten
linearen Tauchkörpers eine gekrümmte Konfigurati-
on im Ruhezustand aufnehmen kann, in welcher der
Krümmungsradius seine Aufwicklung auf die Trom-
mel einer Winde (31) ermöglicht.

2. Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass das Segment (15), welches mit dem
Schleppkabel verbunden ist, einem ersten Befesti-
gungselement zugeordnet ist, welches einen Kopf
zum Befestigen des Kabels, zwei flache Riemen
(114) und zwei Befestigungszapfen (115) umfasst,
wobei der Befestigungskopf selbst eine mittlere
Buchse (113) umfasst, auf welche das Schleppkabel
(17) und zwei flache und horizontale seitliche Ver-
längerungen (112) eingesetzt sind, wobei ein flacher
Riemen (114) durch ein seiner Enden an jede Ver-
längerung (112) befestigt ist, wobei das andere Ende
des Riemens konfiguriert ist, um einen Ring zu bil-
den, welcher zum Aufschrauben auf den entspre-
chenden Zapfen (115) des Segments ausgebildet
ist; wobei die Zapfen (115) auch auf dem Körper des
Segments 15 so angeordnet sind, dass sie kolineare
Achsen bilden, welche in vorteilhafter Weise den
Riemen (114) im Betrieb ermöglichen, eine
Schwenkbewegung um eine Achse (18) auszufüh-
ren, welche zur vertikalen Ebene senkrecht steht,
welche von der Vorrichtung (11) definiert ist, wenn
diese in der eingetauchten Position geschleppt wird.

3. Vorrichtung nach Anspruch 2, dadurch gekenn-
zeichnet, dass die Länge der Riemen (114) so de-
finiert ist, dass der Abschnitt der Vorrichtung, wel-
cher oberhalb der Drehachse (18) angeordnet ist,
innerhalb des Bogens passiert, welcher von den Ver-
längerungen (112) und den Riemen (114) gebildet
ist.

4. Vorrichtung nach einem der Ansprüche 1 bis 3, da-
durch gekennzeichnet, dass das Segment (16),
welches mit dem Schleppkabel verbunden ist, einem
zweiten Befestigungselement zugeordnet ist, wel-
ches eine mittlere Buchse (117) umfasst, auf welche
das Nachlaufkabel (19) und zwei flache und vertikale
seitliche Verlängerungen (118) eingesetzt sind, de-
ren Enden so montiert sind, dass sie auf dem Seg-
ment (16) so rotieren können, dass, im Betrieb, das
zweite Befestigungselement um eine Achse (111)
schwenkbar ist, welche parallel zur Drehachse (18)
der Riemen des ersten Befestigungselements läuft.

5. Vorrichtung nach Anspruch 4, dadurch gekenn-
zeichnet, dass die Länge der Verlängerungen (118)
so definiert ist, dass sie eine Öffnung bilden, welche
eine Länge aufweisen, welche im Wesentlichen der
des Abschnitts der Vorrichtung entspricht, welcher

unterhalb der Drehachse (111) angeordnet ist.

6. Vorrichtung nach einem der vorhergehenden An-
sprüche, dadurch gekennzeichnet, dass sie ein
oberes Endsegment (12), welches einen Stabilisie-
rungsquerruder (119) und ein unteres Endsegment
(14) umfasst, welches einen Ballast in Form eines
Kiels integriert, wobei diese zwei Elemente die Funk-
tion der seitlichen vertikalen Stabilisierung der Vor-
richtung im Betrieb aufweisen.

7. Vorrichtung nach einem der vorhergehenden An-
sprüche, dadurch gekennzeichnet, dass, wenn
das erste Kupplungselement eine Zwischenstange
(124) umfasst, welche die zwei seitlichen Verlänge-
rungen (112) verbindet, das obere Endsegment (12)
im Kontaktbereich mit der Zwischenstange (124) ein
Verriegelungssystem (71) umfasst, welches die
Stange (124) einfängt, wenn diese in Kontakt kommt,
so dass der obere Abschnitt der Vorrichtung dann
vollkommen am ersten Kupplungselement (17) ge-
sichert ist.

8. Vorrichtung nach Anspruch 7, dadurch gekenn-
zeichnet, dass die Verriegelung (71) freigegeben
wird, indem ein Vor-Rückdruck auf den Stabilisie-
rungsquerruder (119) des oberen Endsegments (12)
ausgeübt wird.

9. Anwendung der Vorrichtung nach einem der vorher-
gehenden Ansprüche zur Herstellung einer übertra-
genden akustischen linearen Antenne, welche in ei-
nem System integriert ist, in welchem das Schlepp-
kabel ein elektrisches Schleppkabel ist und das
Nachlaufkabel ein Kabel zum Schleppen einer emp-
fangenden linearen akustischen Antenne ist, wobei
jedes Segment (12, 13, 15, 16) ein Gehäuse (116)
umfasst, welches ein Hydrophon und die entspre-
chende Steuerelektronik enthält, wobei das Gehäu-
se (116) so angeordnet ist, dass es einen minimalen
Widerstand in der Bewegungsrichtung erzeugt.

Revendications

1. Dispositif pour réaliser un corps submersible linéaire
remorqué, comportant un ensemble de segments ri-
gides juxtaposés (12, 13, 14), articulés les uns par
rapport aux autres,
caractérisé en ce que
chaque segment peut pivoter relativement aux seg-
ments voisins entre une position pour laquelle son
axe (23) est colinéaire de l’axe (24) du segment voi-
sin considéré et une position où son axe fait un angle
β avec l’axe du segment voisin considéré ;
le dispositif pour réaliser un corps submersible li-
néaire remorqué comporte deux segments particu-
liers (15, 16) comportant des moyens d’accrochage
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configurés pour permettre respectivement l’accro-
chage d’un câble de traction (17) s’étendant vers
l’avant du dispositif et d’un câble de traîne (19)
s’étendant vers l’arrière du dispositif, les moyens
d’ancrage définissant des axes (18, 111) autour des-
quels le corps peut pivoter dans un plan vertical pas-
sant par les axes de ces câbles (17, 19), les deux
segments (15, 16) étant agencés de façon que, lors-
que le corps est tracté en immersion totale, il adopte
une configuration rectiligne verticale sous l’action
conjuguée de la traction F exercée par le câble de
traction (17), de la force de traction T3 exercée par
le câble de traîne (19) et de la traînée hydrodynami-
que appliquée par la masse d’eau dans lequel il est
immergé, et
de façon que, lorsque le corps est tracté en position
totalement émergée, il adopte une configuration rec-
tiligne colinéaire à l’axe du câble de traction (17) ; et
le dispositif pour réaliser un corps submersible li-
néaire remorqué est apte à adopter une configura-
tion courbe, au repos, présentant un rayon de cour-
bure permettant son enroulement sur le tambour
d’un treuil (31).

2. Dispositif selon la revendication 1, caractérisé en
ce que le segment (15) relié au câble de traction est
associé à un premier élément de fixation comportant
une tête de fixation du câble, deux courroies plates
(114) et deux broches de fixation (115), la tête de
fixation comportant elle-même un manchon central
(113) sur lequel sont insérés le câble de traction (17)
et deux prolongements latéraux plats et horizontaux
(112), une courroie plate (114) étant fixée par une
de ses extrémités sur chacun des prolongements
(112), l’autre extrémité de la courroie étant configu-
rée de façon à former une boucle destinée à être
enfilée sur la broche (115) correspondante du
segment ; les broches (115) étant en outre agencées
sur le corps du segment (15) de façon à former des
axes colinéaires, permettant avantageusement aux
courroies (114) d’effectuer, en fonctionnement opé-
rationnel, un mouvement de pivot autour d’un axe
(18) perpendiculaire au plan vertical défini par le dis-
positif (11) lorsque celui-ci est tracté en immersion.

3. Dispositif selon la revendication 2, caractérisé en
ce que la longueur des courroies (114) est définie
de façon à permettre à la partie du dispositif située
au dessus de l’axe de rotation (18) de passer à l’in-
térieur de l’arche formée par les prolongements
(112) et les courroies (114).

4. Dispositif selon l’une quelconque des revendications
1 à 3, caractérisé en ce que le segment (16) relié
au câble de traîne est associé à un second élément
de fixation comportant un manchon central (117) sur
lequel sont insérés le câble de traîne (19) et deux
prolongements latéraux plats et verticaux (118) dont

les extrémités sont montées mobiles en rotation sur
le segment (16) de façon à permettre, en fonction-
nement opérationnel, au second élément de fixation
de pivoter autour d’un axe (111) parallèle à l’axe (18)
de rotation des courroies du premier élément de fixa-
tion.

5. Dispositif selon la revendication 4, caractérisé en
ce que la longueur des prolongements (118) est dé-
finie de façon à former une ouverture de longueur
sensiblement égale à celle de la partie du dispositif
située au dessous de l’axe de rotation (111).

6. Dispositif selon l’une quelconque des revendications
précédentes, caractérisé en ce qu’il comporte un
segment d’extrémité supérieure (12) intégrant un
aileron de stabilisation (119) et un segment d’extré-
mité inférieure (14) intégrant un lest en forme de
quille, ces deux éléments ayant pour fonction d’as-
surer la stabilité verticale latérale du dispositif en
fonctionnement.

7. Dispositif selon l’une quelconque des revendications
précédentes, caractérisé en ce que, le premier élé-
ment d’accrochage comportant une tige intermédiai-
re (124) reliant les deux prolongements latéraux
(112), le segment d’extrémité supérieure (12) com-
porte, au niveau de la zone de contact avec la tige
intermédiaire (124), un système de verrouillage (71)
qui emprisonne la tige (124) dès que celle-ci arrive
au contact, de sorte que la partie supérieure du dis-
positif se trouve alors complètement solidaire du pre-
mier élément d’accrochage (17).

8. Dispositif selon la revendication 7, caractérisé en
ce que le verrou (71) est libéré en appliquant une
pression d’avant en arrière sur l’aileron de stabilisa-
tion (119) du segment d’extrémité supérieure (12).

9. Application du dispositif selon l’une quelconque des
revendications précédentes à la réalisation d’une
antenne linéaire acoustique d’émission intégrée à
un système dans lequel le câble de traction est un
câble électrotracteur et le câble de traîne est un câble
de remorquage d’une antenne linéaire acoustique
de réception, chacun des segments (12, 13, 15, 16)
comportant un logement (116) renfermant un hydro-
phone et son électronique de commande, les loge-
ments (116) étant agencés de façon à créer une traî-
née minimale dans le sens de déplacement.
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