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i - HYDROPHONE CABLE CONSTRUCTI ON fibonne 3
I nvention relates to the construction of hydrophone acoustic fj_dsg:g
the type which are towed behind vessels for seismc exploration > and
ship or subnmarine detection. ' Background of
the invention 5 Conventional towed acoustic arrays have consi sted
of a nunber of acoustic sensors, linked together with power and data
cabl es and strength = nenbeHYDROBHONE MR EnGONSTRUGTIBNe encl osure and -+

years, miitary appliihfuntior e AT SUACTRIL B (GUUBAGhcatdtd PEENT
%r ogr éssi ve ané&@‘ggf iofERe Rt “%“r?ﬁr%\?e%#t Meihrﬁ]f?%g%g%%nn?{'cée}5@59%E%F§Wt h a
guest for a redued siip émsebmeeipe detesitiffeter. New materials, such as
pol yur et hane t hernopl astics, and stBuskgund of theiewsitians f or med of arami d
fibres, suchgas tho%linée%%mw'@&iedté&smﬁe«glam% Rve conkl AYE oVE kumblEVEAR'
have enabl ed thgcolus sce&ﬁgérasE Iﬂ?&egftoaee{h&p cﬁ%nﬁ:@%&r 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
10 improvement in verformance, together with a quest for a reduction fn 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
15 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. Furthermers, with
ainfaturisation of the sensors and their associated electronics has come a
reduction in the diameter of the array.
20 » 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
25 connected to data—carrying cables 4 running along 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 array
30 modules are fliled with a low density fluid so as to counteract the weight
of the components and :hus provide an array with neutral buovancy overall.
The problems with these types of arrays include the high cost of
manufacture (due to the labour-intensive processes involved), minimal
robustness (putiing constraints on array handling systems), array
35 self-noise (due to waves traveliing in the internal fluid-fill), and
leakage of the Fluid fiil {resulting in loss of -buovancy and hence
degradation in performance). )
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4 nprovi ng techni ques, such as the co-extruston of the strength nenbers 15
within the pol yurethane jacket forcing the outer wall of the array. Such
techni ques are well established and are known, for exanple, from French
Patent No. ‘80 27511, awarded to R L Gason Bon in 1980. Furthernore, with

m ni aturisation of the sensors and their associated el ectronics has cone a
reduction in the dianeter of the arrayz 20 - Fbmever a number of

limtations in this t stllle g 1 a
prior art array 1 ‘Of@ -%l%?f %{‘Vgéé”“gg%“ﬁ;ﬂf"? S‘f“ﬂ:(@ﬁ} Paess 3?“'9@ m%vﬂrﬁ%%
acousti ¢ nodulrediz®, betoythdehbekhiaggofa theubrsevalbrocaursus Hbes this @msm §ﬂ3

spaced at intgexabesr engplehen bergtthdat, tthe natdtdlecad. tkach a peraonaer 3

whi ch |
((: On'ngct Iez ?grgg% yeswmglsaeﬁc&fas@d awap%m&en%sw% ﬁ%;gn ﬁ"ﬁiﬁgiﬁaﬁ“{?

es 4 runaln
1." StrengtR n@Wgr%@? “é*“? ] gﬁs ?ungv?odeﬂe%\ g?lv ﬁﬂg f“ﬁ’
t ake the tow agragtandinefiaesingt and WF@FWJSE"P@\E@H Interhad thm‘t@muﬁtmmers 5 and
the data cabl geovddeir sy feeasiat gdcdrg, dhepaantictsamsskst g whol e assenbly is

encased in a ﬂg@n%&@&ewﬂg%v\@{ﬂy gzncm'gg@ﬁhr&;gyl 817 SRAGES ggdl Qtt]?e array 30

nodul es are fi he wei ght

Sit SO as o coun eract
of the corrponé?ﬁu§m§nﬁﬁr FEanes rqvﬁf gﬁyar#"g e3kasR. RRIPPR VY gt lrSover al | .
The probl ef® dpltnh arhedean W)éée arrayricsemal| -n@“&d’@sﬂﬁeﬂﬂhﬁaﬂl&ﬁ%@f Ghe
manuf act ure (dkt@yl Qnd kebdeqlzatngmsensi seo-vmtoCeIhs aBsdIvRl WREHge oF fHenal

robustness (pyideeil SORShfiflzg, On array handling systems) array 35
sel f-noi se (due to waves traveflé&gsl n th |nter flurd-fill), and

It is therefore an object-of the present 2nventﬁon to provide an
15 acoustic array and an acoustic semsor module for such an array thét
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 vessﬁes the module being gensraﬂly cylindrical ta shape and

20 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®,

25 - 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

30 foam,
- thin strengthening rings spaced apart along the MOduia length,
and
- tongitudiral strength members running within the jacket.
In @ preferred embodiment the Filling provides the soft mounting for
35 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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| eakage of the fluid fill (resulting in |loss of buoyancy and hence
degradation in performance). 2 Arrays of this
configuration usually have a | arge m ni mum bend radi us, below which
buckl i ng of -the hosewall occurs. Wen this happens in storage, for exanple
on a wnch drum the material can take_on a permanent set, resulting in
I'ncreased array self- noise on subsequ@nt depl oynents. Array self-noise is
al so due to waveikrs rthe akasony are videdy peadd he latagfor woids peey Flhed KB &cting
and scattering f&PmAMy Ftevidla diiseantthalintdremduiar end connector. Control

of the density and volume of the fluld-fiil provides control over the
module buocyancy.

5 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

10 frem the Smner void provides the required improvement in acoustic
seif-noise performance, and the manufacturing methods involved (removing
msch of the pfevﬁcus 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

15 catastrophic failure mode of curremt arrays when ruptured at a singie
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
accustic array comprising a plurality of modules of the type described

20 aﬁéve, each containing a plurality of accustic semsors longttudinally ]
spaced apart, supported in an open cell plastic foam with groups of sensors
separated by spacers of damping material therebetween, the semnsor
enclosures and the spacers being encased inm a first, inner, jacket of
vibration damping material, with strength members and power/data-carrying

25 cables extending longitudinally within the jacket material.

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 co-extrusion simul tanecusiy with the
inner jacket or separately in a second pass through the extruder.

30 Preferably, the latter method Is used toc provide continucus protection over
the inter-medular conmectors, erhancing the overall reliabiltity of the
arréy. In addition, a feeder tube is provided between the fowing 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

35 desired neutral bucyancy.

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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provrded by hosewal | spacers, the acoustic sensors and their
‘nterconnecting wiring. Any increase in array sel f-noi se degrades the
acoustic performance . of the array. Any | eakage, whether due to a failed
joint of a tear in the array hosewall, will result in deflation of- the
array, and subsequent ingress of sea- mater wi t.h associ at ed damage of the
el ectronics in the array Brief Summary of the

| nventi on Rt Ofi‘ﬂ&&?&’@ggeasEé&%ﬂt@&%@ta'c&%ﬂfoaﬁ%?loéﬁgﬁﬂt e

one or nore dlsadvanfgbeg
aspect of the pr@sed@sqmwn@h%h- there I's provided an acoustic sensor
nmodul e for an acoust ;:g:g ag rigya Oéngt trelida) prrossabecainneyifemr theugh rig dseysithel

vessel s, the H 3 P gﬁ;aﬁrra@ Ity &Y |pké¥dFie@admbbdimedtape and conprising: a
fluid-tight | ong iha o;q r?g m&{“?yhﬁ%@( é}m@é‘@t géhqgidg;&gsr nmopl asti c

material jack®t havi ﬁ ?‘r?ﬁ out open cel |

pl astic foam for@ar‘tﬂtl‘ﬁ@m‘é @@a@e@m&ﬁ AT fet! ﬁg 5%81‘ Es bé “%F Lfrdgilt 7,0 bf
acoustic sensor spcgmiEAdy absirhimr saifié sedtdeng helweeruewgmh of +he

Fig. 4 schematically shows a number of the moduies of Flg. 2 arranged
to form an arvay;
10 Fig. 5 schematically shows the array cf Fﬂg 4; with the ocuter jacket
extruded over the comnectors, and
Fig..6 1s a tramsverse cross-sectional view through the array of Fig.
5 on 1ine V-V ‘thereof.
Detailed Description of One Embodiment of the Invention

15 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

20 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

25 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 15. :

30 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 materfial such as KEVLAR, drawn

&ed
[&£]
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encl osure and utilizing the foamas a vibration isolating nounting,

*sensors havi ng

thin, strengthening rings
spaced apart along the length of the encl osure;
data cables and a plurality of Iongitu&inal strength nenbers, the cables
and strength nenbers extending longitudinally within the

material of theyRut ¥6QH dnanlketcottigwadion arsirdetiamiiouseudy Sur fngcihe

thereof: and a low denshiads ! Misdedn@l ohtdpsfaardti 24 b afdoldti, Wedbbe vOi ds within

t he encl osure.

10

15

20

25

thermoplastic material is extruded over the inner Jacket 24. This may be

done simultaneously with the inner jacket as a cc-extrusiom, 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-connection and hence Filling of the inter-ccanected encliosures. On
occasion of the rupture of any one enclosure 31, the capillaries 32 prevent

the rapid flow-through of fluld from adjacent enclosures, and hemce prevent -

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 along the array, thereby comtributing to a furiher reduction in 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

35

acoustic modules 10, of the type described dbove, are connected ia-line, as
shown in Fig. 4. 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
medules are also mated during this inter-connection sroviding 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 neutral value. ' '
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In a preferred enbodinment the filling provides the soft nmounting for the
sensors, and also for associated el ectronics packages. Leads fromthe
sensors and el ectronics have a small dianeter, and pass out radially
through the foamto the data cables in the jacket wall. The use of the
acoustically absorptive spacers is constrained to sections of the array
where the sensors are widely spaced. Thé interior-voids are filled with a

of the density and baplish et HEPIPHTN SRRl ST daherareb e che
nodul e buoyancy.Fig. 5. The modyies MWPMH@W@M@M@ afitde ohd nommedtaet uki ng
t echni ques t hat ﬁdc;cmmrtisé laf drrayt, hed nibel Ldospletn gtray thén efcak&LiCapS W L h
current arrays. a I e an ence
areater over gl o LKl b B S0 f%’%“%ﬂﬁ”ﬁ&‘ﬁ’f@fegb‘?g%Swﬁaﬂte i
5 measure provﬁ s jac et continuity over the comMectors thereby mﬁnﬁmﬁsiag
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
10 jacket 26. Further control is then exercised by vary%ng the density and/or
guantity of the fluid 111 29. “2 .
The cross-sectional view of Fig. 6, taken through ome of the acoustic
sensor elements 11, shows the element 11, suspended In the foam spacers 15,
and connected by {nterconnecting wires 19 %o the amplifier module 20.
15 Connecting leads 21 from the amplifier module are spliced intc 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,
20 can be made thereto without departing from the scope of the present
fnvention. o
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required inp
Strength ne
I mpr ovenent
met hods i nvo
provi de the

nodul es into seal ed encl osures by the |n€roduct|on of acoustically danping

solid sectio
when ruptur
existing arr
aspect of th
conprising a
conprises: a
t her nopl ast i

rovenment for handling and w nching; the renoval tﬂ“
nbers and spacers fromthe inner void provides tﬂ“mmmll
in acoustic self-noise performance, and the manutacturingd 3
| ved (removing nmuch of the previous nanual operations),

sought-after reduction in cost. The sub- division of |ong

ns overgq the catastrophlc failure node of current arrays

Sﬁsaéri‘ 122 Bl sype grtd Fol wsgﬂ%%?%r%@Sﬁhgfqﬁ%%'e?' !
e peeserit fonviowtigobehisoressies. Shevdda hedng sensndlly ey bindeigal
pl %th@@yarﬁfcdwduims wherein at |east one of the nodul es
gf | ui d-tight, $1gN0icidadidhelos®RC| PEMEBES P OYcREd 1R 2 &Bc B Xed bitled
caps,
-  acoustically absorptive spacers dividing the module into a
number of “sealed sub-enclosures”,
- & plurality of acoustic sensors mounted within each of the
10 sub-enclosyres, and having connecting leads gass%ng through,
-  power and data cables rumning withiin the jacket,
-  open cell plastic foam ¥111ing the spaces within the enclosure,
- a Tow density fluid filling substantially all volds within the
foam, : .

15 - thin strengthening rings spaced apart alcng the modute length,

and

- longitudinal strength members running within the jacket.

2. Am acousttc.sénsor module according to claim 1, further ,
comprising an electronics package associated with the semsor mounted within

20 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.

25 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

30 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

35 any preceding claim, each containing a pluraifty of acoustic sensors
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,

CShs0547E
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mat eri al jacket having inside and outside surfaces and end caﬂﬂuﬂﬁﬂﬁ ﬂm Hliﬁ_

plastic foam for filling spaces within the enclosure; a plu
acoustic sensors nmounted at intervals along the length of the eficl bsuf e *
and utilizing the foamas. a vibration isolating nounting, the sensors

havi ng connecting | eads passing through th foam a plurality of thin,
strengthenlng rlngs posi tioned around the®foamw thin the jacket and spaced
apart . jacket.of vibration damping material, with strength memb@3 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 arranged cutside the first jacket to provide a
further layer of protection for the array.

9. An acoustic array_acccrdﬂng to claim 8, wherein the second outer
jacket is.applied either as a co-extrusion simultaneousiy with the taner
jacket or separately In a second pass through an extruder.

10 10. An acoustic array according to any-one of-claim 7, 8 or 9,
further comprising a feeder tube provided befweenta 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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along the length of the enclosure; a plurality of power and data cables and
a plurality of Ilongitudinal strength nenbers, the cables and strength
menbers extending longitudinally wthin the thernoplastic naterial of the
extruded jacket between inside and outside surfaces thereof; and a low -
density fluid for substantially filling allgvoids within the enclosure.
Brief. Description of the Draw ngs One enbodi nent of an acoustic
array according to the invention w |l nowdestssppre fully described, by way
of exanple, with reference to the drgwhREsroRE %'LE'EONSTRUCWON'
An acoustic sensor moduie (10}, contains groups of single sensor
elements (112 within a flutd-tight enclosure (12). The emclosure (12) is
5 bounded by a reinforced hosewall (13) and module end caps (14) at either
end of the module (10). The sensors (11) are mounted in the centre of the
enclosure using tubuiar foam spacers (i5): smaller cylindrical foam spacers
(18 f111 the central space between sensors. Radial stiffness is provided
to the spacers (15) by thin annular rings (17) held 1n locatton by fine
10 strength cords (18). Thin flexibie wires (19). connect the sensor elements
(11) of each group to the pre-amplifying/mul€iplé®ing electron!c package
(20), the cocanecting teads (21) therefrom being brought out to the outer
surface -through a division Detween spacers (15). .Data and gower cables
(22) are spirally wrapped around the cuter diameter, with an over-wrap of
15 fine fibre or plastic tape (23} to lock them into positicn. The connecting
leads (21} to the electrontc packages (20) are then spliced into their
respective cata/power cables (22). Ar inner jacket of flexible, low
density, acoustically damping thermoplastic materfial (24} is then extruded
over the assembly described above, encapsu?atﬁng the data/power cables (22)
20 and alsc enclosing strength members ' (25)

Figure 2

-~
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Fighk 1 schematically illustrates a conventional acoustic array as has

b€en descri bed above; Fig. 2 is a longitudinal cross-section view
i"thr'ough an acoustic sensor nodul e, according to the preferred

enbodi nent; 5 Fig. 3 shows a long nodule with wi dely spaced sensor
groups partitioned into a nunber of seal ed sub-encl osures by the

addi tion of acoustical ly absorbi ng $¥gi d sections between them

Fig. 4 schematically shows a nunber of T'he nodul es of Fig. 2 arranged -

to forman array; 10 Fig. 5 schematically shows the array of Fig. 4,
with the outer jacket extruded over the connectors; and Fi g.
6 is a transverse cross-sectional view through the array of Fig. 5 on
line V-V thereof. Det ai | ed Description of One Enbodi nment
of the Invention 15 Thus, ge~=stuwn in Fig. 2, one aspect ‘of the
preferred enbodi nent i nvol ves the pfrW§sion of an acoustic sensor
modul e 10, which contains g¢ oups of igl e sensor elenents 11 within a

fluid-tight enclosure 12. The

4412 i s bounded by the reinforced
hosewal | 13 and the nodul e end \
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caps 14 at either end of the nodule 10. The sensors 11 are nounted in the
20 centre of the enclosure by any suitable neans, a preferred neans being

to utilise tubular foam spacers 15 for this purpose; snaller

cylindrical foam spacers 16 fill the central space between sensors.
Racial stiffness is provi ded to th% gpacers 15 by thin annul ar rings
17, preferabty nade from fibre-rein(orced plastic material, held in

| ocation by fine strength cords 25 18, preferably of aramd fibre materi al
such as KEVLAR, glued to each ring. NThin flexible wires 19 connect the
sensor elenents 11 of each group to%he pre-anplifying/ multiplexing

el ectroni ¢ package 20, the connect
out to the outer surface through §\Y¥,
When the conponents are assenbl el g%
are spirally wapped around the éy J
fibre or plastic tape 23 togy ock e
21 to the electroni c package DR N
dat a/ power cables 22. 35

acoustical |y danping t hewwrop! gEYY &/

'®&ads 21 therefrom being brought
"?5”’“fﬁr?1§§j spacers 15. 30

q A%\i%-me cabl es 22
\}? Qler -wrap of fine

i their respective
xi bl e, low density,

PN C ™ \ it hen extruded over
the assenbly described aPbve, JENE affsulat] hgtt RRYAAL a/ pover cabl es 22
and al so encl osing strength G et

5184 of aranid fibre
mat eri al such as KEVLAR, drawn :
>

/
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CSH 0647E t hrough in an annul ar configuration around the
*maj or assenbly during the extrusi on process. A second, outer jacket 26
of a tough, flexible thernoplastic material is extruded over the inner
j acket 24. This may be done sinmultaneously with the inner jacket as a
co-extrusion, or later as a 5- second J/§ss. To conplete the
integrity of the sens encl osure, el ectro-nechani cal connectors 14
cust om desi gned and comtaining a fluid-filling valve 27, are i nstall ed
at each end of thg¥®dule 10 and retained with conpression bands 28.

The nol dule 10 i
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10 fluid 29, preferably paraffin-based) to exclude all gas fromthe
“interior space, and to give the nodule a pre-determ ned overal
buoyancy. A second aspect of the preferred enbodi nent addresses

t he probl em of | eakage of fluid fromlong nodules that are
characteristic of |ow frequency arrgggs. According to this aspect, as
shown in Fig. 3, there are provided 15 sections of danping materigal 30 to
occupy much of the space between groups of sensor Flenentsxnthereby
providing a plurality of separate encl osures 31. ¢he bl ock¥ sections
30 are fitted with a capillary tube 32 to enable i pt er - connectifon and
hence filling of the inter-connected enclosures. On occasion ¢f the
rupture of any one enclosure 31, the capillaries 32 pfevent 20 the rapid
fl owthrough of fluid from adjacent encl osures, and hgnce prevent. a
sudden and catastrophic failure of the conplete array} It willyal $0 be
apparent that the creation of individual enclosures,ﬁbounded BY™\i br at i on

absorbing "solid sections" will prevent the progressibn of internaél "bul ge"
waves along the array, thereby contributing to a furtther reductiop in array
25 sel f-noi se. A third aspect of the preferfred embodi meft

addr esses the probl em of mai nt ai ni ng neutral buoylancy in g?e
ever - changi ng ocean conditions. In order to formdan acoust™ws _prray’
utilizing this third aspect, a nunber of acousti g nodul es 10, | of the

type-descri bed above, are connected in-line, as 30 ghown in Fig.|4. The
entire arrangenent thus conprises the tow cable 40, | eadi ngd vi brati on
i sol ati on nmodul e 41, the array nodules 10, and a tal

Q)
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vibration isolation nodule 43. The fluid filling valves 27 of adjacent
*modul es are also mated during this inter-connection providng a path for

the injection/extraction of fill fluid 29. A feeder tube (not illustrated)
35 provides fill fluid, via the tow cable 40 and.vi bration isol ation
nodul e . (MM 41, fromthe tow ng shi ﬁ42 to the array. Wen required to
i ncrease buoyancy, additional fluid’ls punped into the array; to
reduce it, fluidis drawn off. Thus continual control is effected to
mai ntai n butancy at the critical neutral val ue. CSH 0647E
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;lAINB 1. An acoustic sensor nodule for an acoustic array of the type
suitable for tow ng behind vessels, the nodule being generally cylindrical

i n shape and conpri si ng: a fluid-tight longitudinal enclosure,
provided by an extruded thernoplastic nmaterial jacket having inside and
out si de surfaces and end caps; - 6/6 open cell plastic foamfor filling
spaces within the enclosure; a plurality of acoustic sensors

nounted at intervals along the length of the enclosure and utilizing the
foamas a vibration isolating nmounting, the sensors having connecting

| eads passing through the foam a plurality of thin, strengthening
rings positioned around the foamw thin the jacket and spaced apart al ong
the I ength of the enclosure;




a plurality of power and data cables and a pli-akit rg4xyg$na|3«'
strength nenbers, the cables and strength rﬁ Lé‘kf* ‘ﬁ,gi on.g;,];u%ngé
within the thernoplastic nmaterial of the ext Bﬁéﬁ?”f’%@ke?d & £l @p
and outside surfaces thereof: and- a S|ty“ ’ o
substantially filling all voids within the enﬂ v s(s) 2P “‘:“"'  acoustic
sensor nodul e according to claim1, wherein Abstrags fl’(}m’:“tqﬂ‘g “‘sénsfﬁ °°°°°
have a smal | dianmeter and pass out radidly hrough the foamt m at a
cables wthin the Jacket : An acoust| chAgRSOF RBCBERT a?:.@%' ﬁ%‘gq to

A a0GuSt ¢ Send8t &ﬁﬁm%@ﬁ@%ﬁ p ol e R it Be EY Bt

of which buckling of the hosewall occurs. When this happens in storage, for example on a

winch drum, the material can take on a permanent set, resulting in increased array self-
noise on subsequent deployments. Array self-noise is also due to waves travelling in the
fluid filling the array and reflecting and scattering from any internal discomtinuities
provided by hoscwall spacers, the acoustic sensors and their interconmecting wiring.
Any increase in array self-noisc degrades the acoustic performance of the array. Any

leakage, whether due to a failed joint of a fear in the array hosewall, will result in

deflation of the array, and subsequent ingress of sea-water with associated damage of the
electronics in the array. | |

nary of the Invention

It is an object of the present invention to ameliorate one or more disadvantages
of the prior art. ' .

According to one aspect of the present invention there is prbvidedl an acoustic
sensor module for an acoustic array of the type suitable for towing behind vessels, the
module being generally cylindrical in shape and comprising: a fluid-tight longitudinal
enclosure, provided by an extruded thermoplastic material jacket having inside and
outside surfaces and end caps; open cell plastic foam for filling spaces within the
enclosure; a plurality of acoustic éensors mounted at intervals along the length of the
enclosure and utilizing the foam as a vibration isolating mounting, the sensors having
connecting leads passing through the foam; a plurality of thin, stréngtﬂ:enﬁng rings
positioned around the foam within the jacket and spaced apart along the iength.of the
enclosure; a plurality of power and data cables and a plurality of longitudinal strength
members, the cables and strength members extending ]’longimdimlly within the
thermoplastic materia! of the extruded jacket between inside and outside surfaces thereof;
and a low density fluid for substantially filling all voids within the enclosure.
REPLAGEMENT SHEET
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spacers dividing the enclosures into a plurality of sub-enclosures. 5.

An acoustic sensor nodul e according to claim 4, further conprising an

el ectroni c package associated with the sensor nounted wi thin each

sub-encl osure and having | eads passing therethrough. 6. An
acoustic sensor nodule according to claim5, wherein the leads fromthe

3

In a preferred embodiment the filling provides the soft mounting for the sensors,
and also for associated electronics packages. Leads from the _sensars and electronics
have a small diameter, and pass out radially through the foam to the data cables in the
jacket wall. The use of the acoustically absorptive spacers is constrained to sections of
the array where the sensors are widely spaced. The interior voids are filled with a low
density fluid via a valve in the inter-modular end connector. Ccﬁtml of the density and
volume of the fluid fill provides control over the module buoyancy.

TMEem@@&mxmmaﬂowsﬂmwmeofnmmﬁﬁﬂnhgﬂaﬂmMuwsﬂmmdommnihmﬁ
the module length, as is the case with current arrays. This provides an arré,y with fewer
connectors, and hence greater overall reliability. The strengthening rings provides the
required improvement for handling and winching; the ﬁﬂncwﬂ of cables, strength
members and spacers from the inner void provides the required improvement in acoustic
self-noise performance, and the manufacturing methods involved (rem@vimg much of the
previous manual operations), provide the soughi-after reduction in cost. 'The sub-
division of long modules into sealed enclosures by the introduction of acoustically
damping solid sections overcomes the catastrophic failure mode of current arrays when
ruptured at a single point. Hence the major limitations of previou'slly existing arrays are
seen to be overcome.

According- to another aspect of the present imvention there is provided an
acoustic array comprising a plurality of modules wherein at least one of the modules
commmmﬂnzaﬂukkﬁghtkm@hudhmﬂemﬂomme,pmwkhdtwvmnexmu@aiﬂmmmm@kwﬁc
material jacket having inside and outside surfaces and end caps; open cell plastic foam
for filling spaces within the enclésm’e; a plurality of acoustic semsors mounted at
intervals along the length of the enclosure and wiilizing the foam as a vibration isolating
mounting, the sensors baving connecting leads passing through the foam; a plurality of
thin, strengthening rings positioned around the foam within the jacket and spaced apart
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el ect roni cs package have a small diameter and pass out radially through the

foamto the data cables within the jacket. 7. An acoustic sensor
nodul e according to claim5, wherein the foamfilling provides a soft
nmounting for the electronics packages. 8. An acoustic sensor nodul e
according to claim4, wherein said spacers are acoustically absorptive.

9. An acoustic sensor nodul e according to claim4, wherein the use of
the spacers is constrained to sections3®f the nodule where the sensors are
wi dely spaced. 10. An acoustic array according to claim9, which

O g S5 hkroh G srbPS! 8 PRRERSH ik B el S B0 S¥giy ot
feear t ubnsindiaiiRHah feRbbAY s GBI A shihyth et Hibiding MBI GRS

f eeder tu

within the thermoplastic material of the extruded jacket between inside and outside
surfaces thereof: and a low density fluid for substantially filling all voids within the

enclosure.

(Mmsembod@mnmcﬁ’wmaqmmﬁszﬁnw'wxmmﬁmgtcﬁheimwxWMm'wﬂlmowybe
mmmefhﬂy@kscﬂbed,bvaﬁrofammm@b,wﬂht@ﬁm@mmﬁnﬂhedhmwﬂgs,ofvﬁﬂgh;
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bet ween a t owi ng ship and the array, and through which | ow de
can be introduced into, or extracted from the array to prov ﬂumm ME “l"”lﬂ

control of the desired ,k neutral buoyancy. 12. An acoustic sensort nod
according to claim1l1l, wherein the interior voids are filled with the |ow
density fluid via a valve in one of the nodule end caps. 13. An

acoustic array according to claim 12, which conprises a feeder tube
provi ded between a tow ng ship and t he drray, and through which | ow density
fluid can be introduced into, or extracted from the array to provide for

fine control of the desired neutral WS An acoustic array
according to claim 12, wherein the s uter ] acket Is applied either

as a coex{rusi O, 3lo ik ARAH Tt F 4" Eodb¥td HUSYof BR' GBPARE rriEiilg O
behind vessels, the module being generally cylindrical in shape and comprising:

a fluid-tight ﬂonéimdmal enclosure, provided by am extruded thermoplastic
material jacket having inside and outside surfaces and end caps;

open cell plastic foam for filling spaces within the enclosure; _

& plurality of acoustic sensors mounted at intervals along the length of the
enclosure and utilizing the foam as a vibration isolating mounting, the sensors having
connecting leads passing through the foam;

a plurality of thin, strengthening rings positioned around the foam within the
jacket and spaced apart along the length of the enclosure; :

2 plurality of power and data cables and & plurality of longitudinal strength
members, the cables and strength members extending longitudiml]lﬁv within the
thermoplastic material of the extruded jacket between inside and outside surfaces thereof;
and

a low density fluid for substantially filling all voids within the enclosure.

2. An acoustic sensor module according to claim 1, wherein the leads from the
sensors have a small diameter and jpass out radially through the foam to the data cables
within the jacket. |

3. ' An acoustic sensor module according to claim I, wherein the foam provides a
soft mounting for the sensors. ' |

4. An acoustic sensor module according to claim 1, which comprises a plurality of
spacers dividing the enclosures into a plurality of sub-enclosures.

5. An acoustic sensor module according to claim 4, further comprising an
electronic package associated with the sensor mounted within each sub-enclostre and

having leads passing therethrough.
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separately in a second pass through an extruder.
conprising a plurality of nodul es wherein at |east one of t ﬂ‘ﬂﬂﬂ mn"rm
conpri ses: a fluid-tight |ongitudinal enelosure, =
provi ded by an extruded thernoplastic material jacket having inside and

out si de surfaces and end caps; open cell plastic foamfor filling

spaces within the enclosure; 8

6. An acoustic sensor module according to claim 5, wherein the leads from the
electronics package have a small diameter and pass out radially through the foam to the
data cables within the jacket.

7. An acoustic sensor module according to claim 5, wherein the foam filling
‘provides a soft mounting for the electronics packages.

8. An acoustic sensor module according to claim 4, wherein said spacers are
acoustically absorptive.

9. An acoustic seasor module according to claim 4, wherein the use of the spacers
is constrained to sections of the module where the sensors are widely spaced.

10. An acoustic array according to claim $, which comprises a second, outer, jacket
arranged outside the extruded thermoplastic jacket to provide a further: layer of
protection for the array. |

11. An acoustic array according to claim 9, which comprises a fe@der.mble provided
between a towing ship and the array, and through which low density fluid can bé
introduced into, or extracted ﬁom, the array to provide for fine confrol of the desired
neutral buoyancy. ' |

12. An acoustic sensor module according to claim 1, wherein the interior voids are
filled with the low density fluid via a valve in one of the module end caps.

13, An acoustic array according to claim 12, which comprises a feeder tube
provided between a towing ship and the array, and through which low density fluid can
be introduced into, or extracted from, the array to provide for fine control of the desired
neutral buoyancy. ’ '

14. An acoustic array according to claim 12, wherein the second outer jacket is
app]lied either as a coextrusion simultane@ﬁsﬂy with the extruded thermoplastic jacket or
sé;pamte]ly in a second pass through an extruder. -

15. An acoustic array comprising a plurality of modules wherein at [east one of the

modules comprises:
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a plurality of acoustic sensors nounted at intervals along th ¢ '

the enclosure and utilizing the foamas a vibration isolati lmll'ﬂ“ mmm””m
t'he sensors having connecting | eads passing through the foam+ ¢ ¢t ®was =
plurality of thin, strengthening rings positioned around the foamw thin

the jacket and spaced apart along the I ength of the enclosure; a
plurality of power and data cables and a plurality of |ongitudinal strength
menbers, the cables and strength nenbers®extending |longitudinally wthin

the thernoplastic material of the extruded jacket between inside and

tsid f h f; . I d Lty fluid.f .
SRR b 1T A AR —
| . . 45: ' ' . tub i de bet
o {2, 2GS Ao Ko BB AIREASEGR G 00 Py oYie e veer

i ntroduced into 5 . s S o fine control
of the desired Oﬁ%?@ﬁﬁ%?&%gﬁrﬁll@@m@Mhh%&éﬁﬂbﬁ?e,

a plurality of acoustic scosors mounted at intervals along the length of the

enclosure and utilizing the foam as a vibration ﬁsa]lam mounting, the sensors having
connecting leads passing through the foam;

a plurality of thin, strengthening rings positioned around the foam within the
jacket and spaced apart along the length of the enclosure;

a plurality of power and data cables and a plurality of longitudinal strength
members, the cables and strength members extending longitudinally within the
thermoplastic material of the extruded jacket between inside and outside surfaces thereof:
and

 low density fluid for substantially filling all voids within the enclosure.

16.  Anacoustic array according to claim 15, which comprises a feeder tube provide
between a towing ship and the array, and through which low demsity fluid can be
introduced into, or extracted from, the array to provide for fine control of the desired

neutral bucyancy.
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ABSTRACT
HYDROPHONE CABLE CONSTRUCTION
An acoustic seasor module (10), cortains groups of single sensor

elements (11) within a Fluld-tight enclosure (i2). The enclosure (12) is
bounded by a reinforced hosewall {(13) and moduie end caps (14) at either
end of the module (10). The seasors (11) are mounied in the centre of the
enclosure using tubular_foam spacers (15); smaller cylindrical foam spacers
(16} f11i the central space between sensors. Radial stiffness is provided
to the spacers (153 by thin amnular rings (17) heid in location by fine
strength cords (18). Thin flexible wires (19). connect the sensor elements
(11} of each group to the gre«ampnﬁfyingfmuﬂfﬁpnéﬁﬂng electrontc package
(20), the connecting leads €21) therefrom being brought out to the outer
surface through & division between spacers (i5). .Data and power cables
(22) are spirally wrapped around the outer dlameter, with an over-wrap of
fine fibre or plastic tape (23) to lock them into position. The connecting
teads ¢21) to the electronic packages (20) are then spliced into their
respective data/power cables (22>. An inner jagket of flexible, Tow
density, acoustically damping thermoplastic matertal (24) is then extruded
over the assembly described abo#e, encapsuﬁatin? the data/power cables (22’
and also enclosing strength members (25).

(A

‘ Figure 2
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