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HYBROPHONE CABLE CONSTRUCTION _ .

This {nvention relates to the construction of hydrophone acoustic ' -
arrays of the type which are towed behiand vessels for seismic exploration
and ship or submarire detection.

Background of the invention

Conventional towed acoustic arrays have conststed of a number of
acoustic sensors, linked together with power and data cables and strength
members, surrounded by a flexible enclosure and filled with a low density
fluld to achieve neutrzl buoyancy. In recent years, miittary applications
especially have provided an impetus for a progressive and continual
tmprovement in cerformance, together with a quest for a reduction jn array
diameter. New materials, such as p@ﬂyurethaé& thermoplastics, “and strength
members formed of aramid fibres, such as those sold under the Registered
Trade Mark “KEVLAR®, have enabled the Smplementaticn of performance

 improving techniques, such as the co-extrusion of the strength members
‘within the polyurethane Jacket forming the outer wall of the array.

Such
techniques are well established and are known, for example, from French
Patent No. 80 27511, awarded to R L Gascn Bon im 1980. Furthermere, with
ainfaturisation of the sensors and their associated electronics has come a
reduction in the diameter of the array.

» However, a number of limitatiens in this type of array stiil exist.
As shown in Fig. 1, a prior art array 1 of this type basically consists of
a number of acoustic modules 2, each containing a number of acoustic
sensors 3 spaced at intervales along the length of the module 2. Each
sensor 3 {which is normally comprised of a number of separate elements) is
connected to data—carrying cables 4 running aleng the length of the arvay
1. Strength members 5 are also provided along the length of the array %o
take the towing strain when the array is towed. The strength members 5 and
the data cables 4 are separated by a spacer § and the whole assembly is
encased in a poiyurethane hosewall 7. The interior spaces 8 in the arréy
modules are Fiiled with a tow density fluid so as to counteract the weight
of the components and :hus provide an array with neutral buovancy overall.

The pr@bﬂans with trese types of arrays tnclude the high cost of

manufacture (dus to the iaboufnﬂnteﬂ§ﬁw@ ‘Brocesses {nvolved), minimal
robustness (putiing constraints on array handling systems), array
self-noise (due to waves traveliing in the fnternal fluid-fill), and
leakage of the Fluid fiil {resulting in loss of -buovancy and hence
degradation in performance). -
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Arrays of this ¢8nfiguration usually have a large minimud bend
radius, below which buckiing of the hosewall occurs. Khen this happens im
storage, for example on a winch drum, the material canm take on a permanent
set, resulting in iacreased array self-nclse on subsequent deplovments.
Array self-nolise is also due to waves trave!?ﬂng_ﬁn the fluid filling the
array and reflecting and scattering from any internal discontinuities
provided by hosewall spacers, the acoustic. sensors and their
interconnecting wiring. Any increase in array self-noise degrades the
acaust%é performance of the array. Any leakage, whether due %o & failed
jolat or a tear in the array hosewall, will result in defiation of the
array, and subsequent ingress of sea-water with asscctated damage of the
electronics in the array. '

' - Briet Summary of the lnveation

It ts therefore an object-of the present {nvention to provide an
acoustic array and an acoustic semsor module for such an array that
overcome or at least reduce the above disadvantages.

Accerdingly, in one aspect of the present invention there !s provided
an acoustic sensor moduie for am acoustic array of the type suitable for.
towing behind vessles, the moduie being generally cylindrical ta shape and
comprising: ' '
, = a fiuld tight enclosure, provided by a jacket and assoclated end
caps, .

= acoustically absorptive spacers dividing the module into a
number of "sealed sub-enclcsures®,

- a plurality of acoustic sensors mounted within each of the
sub-enclosures, and having connecting leads passing te,

- power and data cables rumaing within the jacket,

= open cell plastic foam fﬂﬁﬂﬁné the spaces within the enclosure,

- a i@w.d@nssty fluid fiiling substantially all volds within the
foam, ' |

- thin strengthening rings spaced apart along the moduia length,
and

- tongitudiral strength members running within the jacket.

In & preferred embodiment the fil1ling provides the soft mounting for
the sensors, and also for assoclated electronics packages. Leads from the
sensors and electronics have a small diameter, and pass out radially
through the foam to the data cables tn the- jacket wail. The use of the
accustically absorptive spacers is constrained to sections of the array
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where the sensors are widely spaced. The iaterfor voids are filled with &
low density Fluld via a valve in the inter-modular end connector. Contro!
of the density and volume of the fluld-fiil provides control over the
module buocyancy.

This embodiment allows the use of manufacturing techniques that do
not 1imit the module length, as is the case with current arrays. This
provides an arvay with fewer connectors, and hence greater overall
reliability.. The strengthening rings prov!d@ the required improvement for =
handling and winching; the removal of cables, strength members and spacers
from the jmner void provides the required improvement in acoustic
seif-noise performance, and the manufacturing methods involved (removing
much of the pfewﬁcus manual operaticns}, provide the sought-afier reduction
in cost. The sub-division of long modules fntoc sealed enciosures by the
introduction of accustically damping solid sections cvercomes the
catastrophic failure mode of current arrays when ruptured at a single
soint. Hence the major limitations of previously existing arrays are seen
to be overcome.

Actording to a second aspect of the invention there is provided an
acoustic array comprising a plurality of moduies of the type described
allove, each containing a plurality of acoustic semsors longltudinally ]
spaced apart, supported in an open cell plastic foam with groups of sensors
separated by spacers of damping material therebetween, the senmsor
enclosures and the spacers being encased inm a first, inner, jacket of
vibration damping material, with strength members and power/data-carrying
cables extending longitudinally within the Jacket materfial.

preferably a second, outer, jacket is arranged cutside the first
jacket to provide a further layer of ﬁr@tectﬁon for the array. This outer
lacket can be applied either as 2 ca»extrdsﬁon simultanecusly with the
inner jacket or separately in a second pass through the extruder.
Preferably, the Tatter method is used toc provide continucus protection over
the.inter«modunar connectors, erhancing the overall reliabiltity of the
array. In addition, a feeder tube s provided between the towing ship and
the arrfay proper. and through which low density fiuld can be !mtroduced )
inte, or extraéted from, the array to provide for fine control of the
desired neutral! buoyancy.

Brief Description of the Drawings .

One embodiment of an acoustic array according %o the invention will
now be more fully described, by way of.ekampﬂe, with reference to the
drawings, of which:
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Fig. 1 schemat%cal1y $3lustrates a conventional acoustic array as has
been described above;

Fig. 2 1s a tongitudinal cross-section view through an acoustic
sensor module, according to the preferred embcdiment;

Fig. 3 shows a long module with widely spaced sansor groups
partitioned into a number of sealed sub-enclosures by the addition of
acoustically absorbing solid sections between them; . . - =

Fig. 4 schematically shows a number of the moduies of Flg. 2 arranged
to form an arvay;

Fig. 5 schematically shows the array cf Fﬂg 4: with the ocuter lacket
extruded over the comnectors, and

"~ Flg..6 is a tranmsverse cross-sectional view through the array of Fig.
5 on 1ine V-V ‘thereof.
Detailed Description of One Embodiment of the Invention

Thus, as shown in Fig. 2, one aspect of the preferred embodiment
involves the provision of an acoustic senscr module 10, which contatins
groups of single sensor elements 11 within a fluid-tight enciosure 12. The
enclosure 12 s bounded by the reinforced hoséwall 13 and the module end
caps 14 at elther end of the module 10. The sensors i1 are mounted in the
centre of the enclosure by any suitable means] a preferrad means being to
utiTise tubular foam spacers 15 for this-purpose; smaller cylindrical foam
spacers 16 fi11 the central space betwean sensors. Radfal stiffness is
provided to the spacers 15 by thin annular rings 17, preferably made from
fibre-reinforced plastic material, held in location by fine strength cords
18, preferably of aramid fitre material such as KEVLAR, glued to each
ring. Thin flexible wires 19 connect the sensor elements 11 of each group
to the pre-amplifying/multiplexing electronic package 20, the comnscting
jeads 21 therefrom being brought out %o the outer surface through a
division betweer spacers 1S. :

when the components are assembled as above, data and power cables 22
are spirally wrapped arcund the outar diameter, with an over-wrap of fine
fitre or plasti< tape 23 to lock them intc position. The connecting leads
21 to the electronic packages 2C are then spliced intec their respective
data/power cables 22.

An inner jacket of flexible, low density, acousticaliy damping
thermoplastic materfal 24 s then extruded over the assembly described
above, encapsulating the data/power cables 22 and also enclosing strength
members 25, preferably of aramid fibre materia) such as KEVLAR, drawn
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through in an anaular configuration arcund the major assembly durimg the

- extrusion process. A second, outer jacket 25 of a tough, flexible

thermoplastic material !5 extruded over the fmner Jacket 24. This may be
done simultaneously with the inner Jackat as a ce«extrusion, or later as a
second pass. )

To compiete the integrity of the sensor enclosure, electro-mechantcal
connectors 14 custom designed and containing a fluid-filling valve 27, are
installed at each end of the module 10 and retained with compression bands
38. The module 10 is then filled via the valves 27 with a2 low density
Fluld 29, preferably paraffin-based, to exclude all gas from the interior
space, and to give the module a_pre=determﬂnéﬁ ovérall buoyancy.

& second aspect of the preferred.embodiment addresses the problem of
leakage of fluid from long modules that are characteristic of low frequency
arrays. According to this aspect, as shown in Fig. 3, there are provided
sections of damping materfal 30 to occupy much of the space betweem groups
of sensor alements, thereby providing a plurality of separate enclosures
31. The blocking sections 30 are fitted with a capillary tube 32 to enable
inter-connectlon and hence filling of the inter-coanected enclosures. On
occasion of the rupture of any one enclosure 31, the capillaries 32 prevent
the rapid flow-chrough of ﬁﬁuﬁd from adjacent enclosures, and hence prevent h
a sudden and catastrophic failure of the-complete array. It will alse be
ipparent that the creation of individual enclosures, bounded by vibration
absorbing “solid sections” will prevent the progression of internal “bulge”
waves'aﬂong the array, thereby contributing to a further reduction im array
self-noise.

& third aspect of the preferred embediment addresses the problem of
malntainting nevtral buoyancy in the ever-changing ocean conditions. In

~ order to form an acoustic array uti?ﬁzﬁn@ this third zspect, a number of

30
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acoustic modules 10, of the type described dbove, are connected ia-line, as
shown In Fig. é. The entire arrangement thus comprises the tow cable 40, a
leading vibration fsolation module 41, the array mcdules 10, and a tall
vibration isolation wmodule 43. The fluid filling valves 27 of adjacent

modules are also mated during this ﬁnteflccnnectt@n oroviding a path for

the injectionfextraction of Fill fluld 29. & feeder tube {nct 'llustrated:
provides fill fluid, vie the tow cable 40 and vibration isclacion module
(ViM) 41, from the towing ship 42 to the array. #When requires to increase
buoyancy, additional Fluid Is pumped into the arrdy: to reduce it, fluld i3
drawn off. Thus continua® control is effected to maintain bus.ancy at tne
critical meytral value. ' ’
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A fourth aspect of the preferred embodiment fs $1lustrated in
Fig. 5. The modules 10 can be connected together at the end connectors’ 14
to comprise am array, and the complete array then emcased in the
outer-jacket 26 of a tough thermoplastic, @r@ferabiy polyurethane. This
measure provides Jacket continuity over the comnectors, thereby winimising
the possibility of sea-water ingress at these points, and hence tmproving
overz]l relfability. By making this Jacket 26 of a material having a
density different from that of the ianer Jacket 24, the weight and density
of the final array can be controlled by varying the thickness of the outer
jacket 28. Further control is then exerctsed by vary%ng the density and!or

guantity of the fluid 111 29. -
The cross-sectional view of Fig. 6, taken through one of the acoustic

sensor elements 11, shows the eiement 11, suspended in the foam spacers 15,
and connected by {nterconnecting wires 19 %o the amplifier module 20.
Connecting leads 21 from the amplifier module are spliced fnto the data
cables 22, which are encased in-the inner jacket 24, which also encloses
the strength members 25. An cuter jacket 26 encases the whole.

The foregoing describes only some aspects of an embodiment of the
present invention and modifications, obvious to those skilled in the art,
can be made thereto without departing from the scope of the present
invention. B
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Claims
1. An acoustic sensor module for am acoustic array of the type -

suitable for towing behind vessles, the module being generally cylindrical
{n shape and'comprﬂsimg:

-~ a fluid tight enclosure, provided by & jacket and associated and
caps,

-  acoustically absorptive spacers dividing the module into a
number of “sealed sub-enclosures”,

- a pluratity of acoustic sensors mounted within each of the
sub-enclosyres, and having connecting leads passing through,

-  power and data cables rumning withiin the jacket, ,

-  open cell plastic foam ¥111ing the spaces within the snclosure,

- a low density fiuid Filling substantially all volds within the
foam, : .
- thin strengthening rings spaced apart along the module length,
and

- longitudinal strength members running within the jacket.

2. An acousttc.sénsor medule according to claim 1, further

comprising an electronics package associated with the semsor mounted within

each-sub~enclosure and h%ving leads passing therethrough.

3. Am acoustic sensor module accerding to either ¢laim 1 or claim
2, wherein the leads from the sensors and electronics package have a small
diameter, and pass out radially through the foam to the datz cables in the
Jacket wall.

4. An acoustic sensor medule according to any preceding claim,
wherein the foam f1iling provides a soft mcunting for the seasors and for
the associated electronics packages.

5. An acoustic sernsor module agcbrdﬁng~t@ any preceding claim,
whereln the use of the acoustically absorptive spaceré is constrained to
sections of the module where the sensors are widely spaced.

6. An acoustic sensor module according to any preceding claim,

_wherein the interior voids are filled with the I@w density fluid via a

valve in one of the module end caps. -

7. An acoustic array comprising a plurality of modules accer#ﬂng to
any preceding claim, each containing a pluraifty of acoustic seasors
longlitudinally spaced apart, supported im an open cell plastic foam with
groups of sensors separated by spacers of damping material therebetween,
the sensor sub-enclosures and the spacars belng encased in a first, faner,
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jacket.of vibration damping material, with strength members and
power/data-carrying cables extendimg Honqitud%naﬂny within the Jacket
material.

8. An acoustic array acecording to claim 7, further comprising a -
second, outer, jacket arrapged cutside the first jacket to provide a
further layer of protection for the array.

9. An acoustic array“acccrdﬂng to claim &, #hereﬂn the second outer
jacket is.applied elther as a co-extrusion simultaneousiy with the taner
jacket or separately In a second pass through an extruder.

10. Aa acoustic array according to any -one of-claim 7, 8 or 3,
further comprising a feeder tube provided befween™a towing ship and the
array, and through which low deasity Fluid can be introduced into, or
extracted from, the array to provﬁde for fine control of the desired

neutral busyancy.
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