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Title: HYDROPHONE CARRIER
TECHNICAL FIELD

The present invention pertains to the field of
hydrophone arrays used for sonic imaging. Typically
these arrays consist of a mechanical structure which
locates a plurality of hydrophones with respect to each
other. The mechanicalhstructure also provides a
convenient means of deploying, using and retrieving the
array. Usually some electronic circuitry and other
devices are incorporated in the array to facilitate the
collection of multiple channels of data, as well as
control the{array. The common term for these arrays is

ngtreamer" and this term will be used hereafter.

ACKGR ART
In application, the streamers are usually towed

pehind a vessel, either a ship or submarine. In active
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se arrays consist of a ngchanical structure which Iocates

ydrophones with respect fo each other. The nechani cal
spneindesan acouseitendiseascurde dapondfiges s ngreenind
array. Usually sone electronic circuitry and ot her
the streamer de;ec;s reflections from any targets in the
area. In passi&e sensing the streamer merely "listens®
for any noise generated by targets. This invention
describes techniqpes that may be applied to streamers.
used in either application.

An axial section of a prior art&streamer
structure is given in Figure 1 and will be familiar to
those skilled in the art. Connector 1 mechanically,
electrically and optically connects each streamer
section to the one before it and thence ultimately to
the towing vessel. The signal from hydrophone 2 (only
one hydrophone is shown) is taken to connector 1 via
wires 3. Strain members 4 run from connector to
connector and provide the axial mechanical strength. A
core material, either solid or liquid, £ills the space 5
to provide buoyancy (and in some cases desirable
acoustic properties). The étreamer section is enclosed
with a continuous skin 6, which protects the in-streamer
components from water ingress.

A critical performance criterion of streamers is
the self noise of the streamer. That is, the unwanted
acqustic siénal that is detected by the hydrophones when
the streamer is towed through the water. The self noise
has two major components, that caused by the turbulence
generated by towing the streamer through the water (flow

noise) and that induced by the vibration of the streamer
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devices are incorporated in the array to facilitate the collection of

mul ti'pl§y channel s of data, as well as control the array. The comunon term
for these arrays is "streaner"” and thig termw || be used hereafter.
BACKGROUND ART I n application; ?he streaners are usually towed

behi nd a vessel steitharea Shi pamgesphrparofiethé nvibration coupled into

i the streamer originates from the tow vessel and is
transmitted to ﬁhe hydrophone section via the towing
cable and strain members. Other sources of vibration

5 may also be present, but are usually less important.

The mechanisms which control the level of the two
main noise sources are generally in coﬁflict, that is
configurations and designs which lead to low vibration
induced noise generally produce a higher flow induced

10 noise level at the hydrophones.

In liquid filled streamers the vibration noise is
dominated by a single propagating wave gnd can be
reduced by designing a group of hydrophones which are
spaced in the direction of propagation, the spacing

15 being a function of the wavelength of the propagating
wave. The signals from the group of hydrophones are
then summed into a single channel and the wave effects
thus cancel each other. Although this technique is
successful at noise reduction over a limited frequency

20 range at the design temperature, the performance cannot
be sustained for the temperature range over which the
seismic streamer has to operate due to changes in the
characteriktics of the propagating wave. Typically the
jacket material has to be changed to sustain the

25  performance.

Hitherto, liquid filled streamers have been used

since the liquid £ill has been énbﬁn.to have favourable
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active sensing, an acoustic noise source insonifies an area and the ~
streamer detects reflections fromany targets in the area. In passive® '%
sensing the streaner nerely "listens’ %01 any noi se generated by targets. ¥,
This invention describes techniques that may be applied to streaners used

in either appliPappexties withnragand tectebh nise.phiwy ldrquisl rfsidkgd
structure is given in Figure 1 and will be famljar to those skilled in
the art. ConnecfbreamgEshanpcirFpgilecpedt¢ar 29 ANGRNEEIZ& |31 connect s

each streaner section to the one before_it and thence ultimately to
operation. For example, damage to one section of ‘the

streamer during steady state towing can lead to a

5 "knock-on effect" whereby all the sections fail
progressively as the streamer sinks. Damage to a
section of solid-filled streamer will ﬂot necessarily
lead to failure of that particular section or any other
section and, accordingly, solid-filled streamers are

10 generally preferred.

Liquid filled streamers are also susceptible to
damage during recovery and deployment which is normally
achieved by winching. In order to minimise this damage
streamers are recovered at low boat speeds and winching

15 speeds. The low recovery speeds and susceptibility tb
damage during winching can lead to loss of valuable
survey time with a consequent loss of revenue. This
becomes more evident when data is being collected using
multiple streamers. The use of solid streamers allows

20 recovery at the normal operating speeds with loss of
data only from the streamer being recovered. The
recovery time is also reduced by winching at line speeds
higher than ‘that which can be achieved with liquid
filled streamers.

25 Efforts at replacing liquid filled with more
robust solid filled streamers have been frustrated by

difficulties in reducing the self gdise of solid
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the towigg vessel. The signal from hydrophone 2 (only one hydrophone is
shown) is taken to connector 1 via wres 3. Strength nmenbers 4 run from
connector to connector and provide the3axial nechanical strength. A core
material, eithestyx@danbry dd Widbptfadlles lleRelsspace 5 to provide buoyancy
(and in sone cases desirable acoustic properties). The streaner section
Is enclosed with a continuous skin 6, which protects the in-streaner
conponents fromwater ingress. .  Acritical performance criterion of
streaners is tDISIBIISURR S5 oiNUENTISN eaner. That is, the unwanted
acoustic signal that is detected by the hydrophones

This invention is primarily concerned with the:

5 reduction of vibration induced noise at the hydrophones
in a solid filled streamer structure although it is
equally applicable to liquid filled streamers. The
invention does not require a group of hydrophones to
achieve acceptable vibration performance.

10 The robustness of the invention over a range of
operating temperatures and handling conditions provides
a design to meet a large range of operating conditions.

Furthermore the invention is not limited by the

type of transducer and a range of piezo electric
15 ceramic, piezo electric polymer and fibre optic
transducers cén.be accommodated by the invention.

It is well known that certain transducer
configurations produce a low ocutput when vibrated in
air. A typical type of transducer which is used in

20 seismic streamers is a pair of piezo ceramic discs
moun;ed back to back mechanicaily. These transducers
are thus designed for low vibration sensitivity when
vibrated in a plane at right angles to the plane of the
disc and are intrinsically insensitive when wvibrated in

25 an axis parallel to the plane of the disc. However,
this performance is not sustained when the hydrophone is

mounted in streamers. The noise levels at the
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when the streamer is towed through the water. The self noise has two major

conponents, that caused by the turbul ence generated by tow ng the str"per;i
t hrough the water (flow noise) and that induced by the vi brall on
of the streamer structure. large part ofé the vibration coupled into the

streamer origi ngyRirogicne tiie 4 Wk et A indrebaeanthkedd @eildses

generated in the solid filler (or pressure in the case

of a liquid filler) surrounding the hydrophone. This
invention addresses this shortfall by producing
5 vibration sensitivities close to that of a plain
transducer in air.
According to the invention theré is provided a

hydrophone carrier adapted to mount a hydrophone in a
streamer, said carrier consisting of a pair of end

10 plates spaced apart axially by a rigid or semi-rigid
central member or members, thus defining a vibration
isolated zone between said end plates. The rigid or
semi-rigid central member or members may be arranged in
a variety of configurations to allow streamer strength

15 members and wires to pass through said carrier while
allowing said carrier to move axially with relation to
said streamer strength members and wires. The streamer
is typically encompassed by an outer skin which may be
clamped or fixed to said end plates or may be included

20 as an integral part of said carrier to further reduce
vibration within said vibration isolation zone.

To aid in mechanical location of the carrier, the

central member of the carrier may be bonded with a
relatively compliant material, to the streamer’s strain

25 members. 1In this case, care must be taken to ensure

that the central member of the carrier is sufficiently
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hydr ophone section via the towing cable and strength nenbers. Q her
source¥”’of vibration may al so be present, but are usually |ess inportant.
In liquid filled streaners the vibratipn-noise is domnated by a single

pr opagati ng ve and_can,be _reduced desi gni ng, a group. of dr ophones
which are s\;,)\g«':’e%ll@na’l“l\%lg?'r%%&i 5?135?{)%\‘ o‘b%g&?%ﬁj,e t'ﬂ'ée s@g"asg’r%%a/ bei hg a
function of thf 3f¥@i§€gth of the propagating wave. The signals fromthe
group of hydroﬁ%ones & then sumred into a single channel and the wave

effects thus cancel each other. Al though this technique is successful at
noi se reduction over a limted frequency

BRIEF DESCRIPTION OF THE DRAWINGS

5 Preferred embodiments of the invention will now

be described, by way of example only, with reference to
the accompanying drawings in which:

Figure 1 is a prior art streamer structure shown
in axial section;

10 Figure 2 is a hydrophone carrier according to the
invention shown in axial section;

Figure 3 is the hydrophone carrier of Figure 2
shown in situ;

Figure 4 is a second embodiment of hydrophone

15 carrier according to the invention shown in situ;

Figure 5 is a third embodiment of a hydrophone
carrier according to the invention shown in situ in a
perspective view;

Figure 6 is a fourth embodiment of a hydrophone

20 carrier according to the invention shown in situ in a
perspective view;

Figure 7 is a fifth embodiment of a hydrophone
carrier according to the invention shown in situ in
cross section;

25 Figure 8 is the hydrophone carrier of Figure 2

incorporating additional devices.
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range at the design tenperature, the performance cannot be sustained for
the tenperature range over which the seismc streamer has to operate due

to changes in
j acket materi al
H therto, |iqui
has been shown
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25

the characteristics of tme-propagatlng wave. Typically the
. st 3 rperfornance

since the liquid fill
to haverhe essence of the invention is ‘the means by

which streamer sfruéture borne vibration is isolated
from the hydrophone by means of a hydrophone carrier.
Figure 2 shows an axial cross section through the
hydrophone carrier. The carrier consists of a spindle
7, end plates 8 and bosses 9. The carrier is bored
through with a hole 10. The bosses 9 help to locate the
carrier within the core, but have little effect on the
vibration isolation performance. The bosses 9 have not
been shown on all of the remainder of the figures for
clarity. An alternative or adjunct to the boss would be
to have the hole 10 flared at the ends to locate.the
carrier within the core.

Figure 3, showing a simplified streamer,
sectioned axially, exemplifies how the carrier is
integrated into a practical streamer. The streamer
consists of a central strain member 11 which passes
through the length of the streamer. The strain member
11 passes through the hydrophone carrier 12 in which the
hydrophone 13 is mounted. The remainder of the streamer
is made up of core 14 and skin 15. Not shown are wires
for telemetry, control etc. The strain member 11 is
attached to the solid core 14 which in turn is adjacent
to the skin 15. It is advantageous for optimum
performance that the strain member 11 not be

mechanically coupled to the core for a few centimeters
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favourabl e properties with regard to self noise, but liquid filled
streanme@ are fragile and can be inconvenient in operation. For exanple,
danmace to onesection of the streaner fhgipg steady state towing can |ead
to a "knock-on effect"” whereby all the <“sections fail progressively as the
streanmer sinks. elednegeside oferiie mamfieml i dnf idoneenttionale s tedameot
necessarily lead to failure of that particular section or any opher
section and, acctxiechyes ssid¢hl-d9 et shtaoweaner Figueeganevdbrgtposf etr ed.
Liquid filled streaners are al so susceptible to
the head of the streamer couples via the strain members
4 and connector plates 1 into the core material 5 of the
5 streamer which is liquid. This then generates a slow.
speed bulge or breathing wave of high amplitude,
compared with the acoustic signals norﬁally received by
the hydrophones, thus increasing the overall self noise
of the streamer. If the core material 5 is solid the
10 performance is usually worse.
In the structure shown in Figure 3, the
hydrophone is isolated from the streamer by the
carrier. The strain member 11 is not tightly coupled
into the carrier and the hydrophone 13 is isolated from
15 the rest of the streamer by the end plates 8 which are
held apart rigidly by the spindle 7. Since the carrier
material is considerably more rigid than the core
material, the only way for vibration to couple into the
hydrophone is by the skin 15. This can be reduced
20 further by placing band clamps 16 around the streamer.
Where the material surrounding the hydrophone is £luid,
clamps may be necessary to prevent fluid leakage.
The method of preventing the hydrophone mounting
from being strained has other benefits which became
25 apparent while testing the invention. The vibration

sensitivity of the device is insensitive to temperature

variation. This arises because the material (either
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damage during recovery and deploynment which is ncrmally achieved by
winching. In order to mnimse this danage streaners are recovered aL‘Low_m
boat speeds and w nching speeds. The _|ow recovery speeds and *
susceptibility to damage during mﬁncﬁiﬁ@ Can lead to 1|oss of valuable
survey time witbodidoogegaknbr| Diqudd) I8vemtoundiirgy heroRs®r eievi dent
when data is being collected using nultiple streanmers. The use of solid
streamers all onalsechselstatl &hé@ hencel thpeanatierinl apirtidd damsotwf data

only fromthe streaner being recovered. The recovery tine is al so reduced
by w nching-atsignefipertdsyhightuehbanthdatibvtatclorcamdiseced self noise
levels. Not shown has been the method of mounting the
5 hydrophone on the carrier. It has been found to be
advantageous to suspend the hydrophone compliantly
rather than bond it rigidly to the carr;er. A method
for doing this is to glue soft rubber blocks to the
carrier and attach a non-sensing part of the hydrophone
10 to those blocks. For the bender type of hydrophone, the
non-sensing part is the frame the sensing plates are
attached to.

The flexibility of the invention is such that by
spacing the sensors using flexible polymers a situation

15 is created where the streamer can be winched at the
normal towing load for seismic operations. The delicate
sensors are protected from damage during winching by the
spindle 7 and end plates 8. Further protection may be
provided by running bars between the peripheries of the

20 end plates, parallel to the carrier spindle or by other
means such as a hard "basket" over the sensor.

In the interests of simplicity, the principle of
the invention has been illustrated using a central
strain member and omitting the necessary devices and

25 objects for telemetry and control. It is however

possible to use a plurality of strain members as shown

in Figure 4. Here, two strain members 20 and a wire
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achieved with liquid filled streaners. Efforts at replacing liquid
filled® th nore robust solid filled streaners have been frustrated by
difficulties in reducing the self notsglof solid

15 et AT SRR b Shbsing bR slieanal, shanm
carrier 22. The principle of isolating the hydrophone
from the structufe still holds.

The principle of isolation can be extended to .

5 strain members being on the outside of the carrier.
Figure 5 shows a cross section of the streamer in the
middle of the carrier. The isolated part of the
streamer is the approximately trapezoidal volume 25.

The strain members 26 pass through the carrier on the

10 side. Locating ribs 27 serve to hold the strain members
in place. Devices and objects for telemetry and control
28 may be placed on the streamer axis. With any of the
embodiments of figures 3, 4, 6 and 8, it is possible to
form a single central core by packaging the wires with

15 the strength members so that only one axial hole is
required in tﬁe carrier.

Another method of realising the invention is to
make the carrier in the shape of a "horseshoe". As
shown in Figure 6, this can then be readily slipped over

20 the central strain member 11. A block 31 may then be
glued or otherwise fastened to the carrier 30 to prevent
the strain member from coming out of the carrier.

The efficiency of ‘the carriers may be enhanced by
taking adﬁantage of group overlap in practical

25 streamers. In practical streamers, hydrophones are
arranged in groups, a group being a number of (usually)

electrically connected hydrophones placed along the
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streaner couples via the strength nenbers 4 and connector plates 1 into

the core material 5 of the streanmer which is liquid. This then geneggless:
a slow speed bulge or breathing wave of high anplitude, conpared w ™ the-
acoustic signals normally received byhe hydrophones, thus increasing the

overal | self ”Qt%éaﬁért hL@n%Ehea”’Plﬁese 'éré&t?s H¥e d?}%tﬂraip’ﬂec? ds . solid the
performance is usually worse, unless the carrier disclosed herein is

i ncor por at ed. FrQbS%EEUBEr@EméWENTimome realllisad iBANT iHdcordrdrRr i |y
concerned with the

from overlapping groups may be in the same (or very

near) location along the streamer length. In this case

5 a hydrophone from each group may be placed in the same

carrier and the hydrophones connected‘up to their

respective groups. This effects an eéonomy in the

number of hydrophone carriers required for a streamer.

Of course the same principle may be used to put more

10 than one hydrophone in a carrier for the same group;
this is sometimes advantageous for group design.

Another variation on the design relates to the
use of acceleration cancelling configurations which will
be illustrated by way of reference to bender

15 technology. ‘Bender type hydrophones as described
earlier have two elements connected back to back to
obtain low vibration sensitivity. These elements may be
arranged diametrically opposite in the carrier to cbtain
the same vibration cancelling characteristic.

20 Alternatively, more elements may be arranged around the
circumference of the carrier in other cancelling
arrangements, e.g. three elements spaced at one hundred
and twentyadegrees. These arrangements effect a saving
in sensitive material and therefore cost.

25 Figure 7 shows a way of managing the wires and
devices for telemetry which may be adapted for use with

any of the embodiments described. ! Figure 7 shows it
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reduction of vibration induced noise at the hydrophones in a solid filled
streanefPptructure although it is equally applicable to liquid filled
streaners. The invention does not require a group of hydrophones to

achi eve acceptabl e vibration perfornanéé. - The robustness of the

i nvention over ad&moe 411y ORSAdDEd LR Fre T énibdidit ndi tions
provides a design to neet a | arge range of operating condi tions.
Figure 3 by means of an axial cross section through the
part of the carrier which contains the hydrophone 13.
The strain member 11 passes through the centre as before
5 and the wires and devices for telemetry 33 pass through
the axial slots 32. Movement in the wires and devices
for telemetry 33 may be accommodated i; the slots 32
without affecting vibration performance. This variation
is advantageous in terms of incoporating these essential
10 devices in practical streamers. Also shown for
illustrative purposes is the streamer’s outer skin 15.
Figure 8 shows a way of incorporating devices for
amplification of hydrophone signals and/or telemetry in
the carrier which may be incorporated into any of the
15 embodiments described. The carrier is shown essentially
as in Figure 1 with the addition of modules 33. This
variation is advantageous in terms of incorporating
these essential devices in practical streamers.
The use of different strain member and carrier
20 configurations provide the opportunity to design,
manufacture and repair the streamer by a number of
methods.
Altﬁough the invention has been described with
reference to specific examples, it will be appreciated

25 by those skilled in the art that the invention may be

embodied in many other forms.
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Furtherrnore the invention is not linmited by the ﬁimmmﬂmmm d a_
range of piezo electric ceramc, ple;P electric poly "‘uumg
transducers can be accommopdat ed by the ¥ nventi on ‘istwell known
that certain tC3adtScer configurations produce a Iom1output when vi br at ed
in air. Atypical type of transducer which is used in seism c streaners
is a pair of pilezo cefamydrdiphope cawunesdalapkedotdame&unecaani cally
These transducers o
hydrophone in a streamer, said carrier consisting of a
pair of end plates spaced apart axially by a rigid or.
semi-rigid central member or members to define a
5 wvibration isolated zone between said end plates.
2. A hydrophone carrier according to claim 1,
wherein said streamer includes one or more strength
members running longitudinally therethrough and said
carrier is provided with means to allow said strength
10 member or members to pass therethrough while being
mechanically isolated from said strength member or
members.
3. A hydrophone carrier according to claim 2,
wherein said means comprises a central axial hole formed
15 in said carrier and, in use, spaced from said strength
membexr.
4, A hydrophone cafrier according to claim 2,
wherein said means comprises one or more slots formed in
the outer periphery of said end plates, said slots, in
20 use, being spaced from said strength member or members.
5. A hydrophone carrier according to claim 3,
wherein sai? carrier further includes one or more slots
formed in the outer periphery Eheredf for accommodating
connecting wires and/or devices mounted in said streamer.
25 6. A hydrophone carrier according to claim 1,
wherein said hydrophone is mounted to said carrier by

compliant mounting means.
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a s..desi g ration sensitivity when vibr | ane
at ri angl eg H ﬂIH M of the disc and are intrinsi g"I mﬂm"ﬂuuum
i nsensitive wh n an axigs _parallel to the planesoOf¢ " !

However, this performance i s not sustaPn&d when the hydrophone is nounted
in streaners. 7he noigsenydiepithise adaiiiehdicuyddng te elatimeaner are

I ncr eased due to stresses and strains generated in the solid filler (or
pressure in thmepsen ddaid lemlipl{tdd eand s=Hd rcewtdadgmemdelrydirophone. This
i nventi on addresses this shortfall by producing, for typical hydrophones,
vi bration senshdrnibeis esre| fnadd rtadgmdlla pl ain

8. A hydrophone carrier according to claim 1,

5 wherein the carrier is formed in two parts, the first
part being generally C-shaped in cross-section for, in
use, fitting over said strength member o;,members and a
second part being complementary to said first part and
fitting into the opening in said first part to prevent

10 removal of said strength member or members from the
carrier.

9. A seismic streamer incorporating the carrier of
glaim 1 or claim 2, wherein said streamer is encompassed
by an outer skin and the carrier is fixed to said outer

15 skin of the streamer.

10. A seismic streamer according to claim 9, wherein
the carrier is fixed by clamping means positioned
circumferentially around the streamer outer skin
adjacent said end plates.

20 11. A seismic streamer incorporating the carrierlof
claim 2, wherein said carrier is mounted to said
strength member or members by compliant mounting means.
12, A seismic streamer incorporating the carrier of
claim 1 or claim 2 in which more than one hydrophone is

25 mounted and where the hydrophones are connected to
different groups.

13. A hydrophone carrier acqordiﬁg to claim 1 wherein
.acceleration sensitive elements are arranged around the
circumference of the carrier to realise acceleration

cancelling.




e e iew

trghsducer

in air. Vari ous typ?% of nounts have been used in the
past to nount hydrophones in a seism

Cable. For exanple Cholet et

WS Pat 3,371,311 discloses a nouniapgaragmed for fluid filled cables,
/claimed function of which is to isolate the hydrophone from

streamer vibrational novenent HYDROPHGNINCARRIEG t r ansni SSi on of .pressu
fluctuations fromthe streaner structure to the

A hydrophone carrier for mounting a hydrophone in a
streamer. The cafrier consists of a pair of end plates
(8) spaced apart axially by a rigid or semi-rigid
central member or wmembers (7), thus defining a vibration
isolated zone between the end plates (8). The rigid or
semi-rigid central member or members (7; may be arranged
in a variety of configurations to allow streamer
strength members (11) and wires to pass through the

carrier while allowing the carrier to move axially with

relation to the streamer strength members and wires.
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hydr ophone cavity. As a matter of fact, it has been found in practice
that the nbst inconveni ent extraneous noise 5 results from structural

pressures or stresses induced by t he presence of cable vibration, such
extramg@us noise - therefore manifesting through the normal operation of
t he. hydr ophone as a pressure transducer. Munts such as those

di scl osed by Cholet et al, do not isola%F t he hydrophone 10 fromthe
stress and strain which results fromvi r%tions within a streanmer as

t hey provide for conmunication between the streaner and the region in
whi ch the hydrophones are mounted. Therefore use of such nmounts is of
no utility in reduci ng a nmaj or conponent of self noise.
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FIGURE 1




15 g - BAccording to the invention there is provided a hydr ophone carri er
pted to nount a hydrophone in a streaner, said carrier conprising an
tegral cl osed structure of an outer skin and a pair of end plates
paced apart axially by at |east ppg central nenber, said skin and 20
end plates defining an encl osed zone between said end pl ates, said
carrier isolating said zone from structural stress and strain, such as
i nduced by cabl e borne vibration, and admitting externally induced
pressure fluctuations.
!
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FIGURE 2
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‘a variety of configurations to allow streaner strength nenbers and wires
"t gFpa¥%s through said carrier. The streaner is typically enconpassed by an -
ter skin which may be clanped or fixed to said end plates or nay be
ncluded as an integral part of saidsggrrier to further reduce vibration
Fwithin said isolation zone. In a practical realisation of a typical
solid cable, all spaces external to the carrier would be filled with

solid material, usually of polyner
4
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FIGURE 3
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conposition, with sufficiently low density to provide an overall neutrally
b nt- structure in water. The region within the carrier my-be |iegui-ds" -
;é?rygr solid filled. To aid in nechanical |ocation of the carrier,

he central nenber of the carrier ndy8be bonded with a relatively
conpliant material, to the streaner's strength nenbers. In this case, care
must be taken to ensure that the central nenber of the carrier is
sufficiently rigid axially and radially to provide the desired isolation
fromstress and strain within-the solid buoyancy material.

f ot d 20
==
7270 — — — — — — — — — — _ — Y j@
mjenfunanususononfuunun g m

FIGURE 4



BR]EFzDESCRIPTICN OF THE DRAW NGS Preferred enbodi nents of the
i gfention will now be described, by way of exanple only, with reference
td the acconpanyi ng drawi ngs i n whi ch: Figure 1 is a prior

art streaner structure shown in axial %@%tion;

FIGURE 5



Figure 2 is a hydrophone carrier according to the invention show in axial

segt i @u; Figure 2a is another representation of a hydrophone carrier
cording to the invention in axial section; Figure 3 is the
ydrophone carrier of Figure 2 shown, in situ; Figure 4 is a second

enbodi mrent of hydrophone carrier ac/t di ng to the invention shown in situ;
Figure 5is a third enbodi nent of a hydrophone <carrier according to the
i nvention shown in situ in a perspective view,
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Fi gu '“g is a fourth enbodi nent of a hydrophone <carrier according to the

i nv t{:n shown in situ in a perspective view, Figure 7 is a fifth i
odi nent of a hydrophone <carrier according to the invention shown in .

ftu in cross section. MODES FOR CARRYI NG QUT THE | NVENTI ON The

essence of the invention is the means fpg Wwhich stresses and strains
caused by streaner structure borne vibration are isolated fromthe
hydr ophone by neans of a hydrophone carrier. Figure 2

FIGURE 7



cross section through an enbodi nent of
consists of a spindle 7,._end...

shows an axi al
=210 _-. .. the hydrophone carrier. The carrier
ates 8 and bosses 9. The carrier is bored through with a hole 10. The
osses 9 help to |locate the carrieé/¥ﬁthin the core, but have little
effect on the isolation performance.’ The bosses 9 o

33
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FIGURE 8



— oo e e e
have not bee lﬂ, Um””m t he renmi nder of the flgures for clarlty An
~alternative r f he carrier would have,the hol e 10 flared'atj'=
the ends to locate the &artier mnthlg the core as shomn in- Flgur‘I ?a gﬁth
features identified. a ure a Sl ifie _
streamer, sdcti one& iy%q%;%rb%(é:rﬁﬁqlﬁre§cﬁ8%&?‘ﬁg e Fﬁ “193" i'ntégrat ed -
into a practl . Qnsi stren :
menber 11 whi g‘% passe ﬁr‘%&hﬁﬁ I gtsﬁ gf c?hgrgg.r eggn‘g’%g %ﬁ‘e st r%‘g |

=l

menber 11 pa %?yﬁ Qﬁﬂﬂﬁ% rrier 12 in which the hydrophoﬁé"
i géﬁﬁ%e remai n er%%ﬂi 1%,

13 i s nounted.
8. A hydrophone carrier according to claim 1,

5 wherein the carrier is formed in two parts, the first
part‘peipg generally C-shaped in cross-section for, in
use, fitting over said strength member or members and a
second part being complementary to said first pért and
fitting into the opening in said first part to prevent

10 removal of said strength membef or members from the
carrier.

9. A seismic streamer incorporating the carrier of
claim 1 or claim 2, wherein said streamer is encompassed
by an outer skin and the carrier is fixed to said outer

15 skin of the streamer.

10. A seismic streamer according to claim 9, wherein
the carrier is fixed by clamping means positioned
circumferentia;ly around the streamer outer skin
adjacent said end plates.

20 11. A seismic streamer incorporating the carrier of
claim 2, wherein said carrier is mounted to said
strength member or members by compliant mounting means.
12. A seismic streamer incorpora;ing the carrier of
claim 1 or claim 2 in which more than one hydrophone is

25 mounted and where the hydrophones are connected to
different groups.

13. A hydrophone carrier acqordiﬁg to claim 1 wherein
-acceleration sensitive elements are arranged around the
circumference of the carrier toc realise acceleration

cancelling. This Sheet 1

L1177




~the streaner is nmade up of core 14 and skin 15. Not shown are wires for
telenetry control etc. The strength nenber 11 is attached 1o the: sdlld
gore 14 “which in turnis firmMy aRBSMR&ATto the skin 15. It is

/advant ageous for optimum perfornmance that the strength nenber 11, not‘be
nmechani cally coupled to the YOPROPHONE GARRIERcenti neters either side of the
carrier. In the structure shown in Figure 3, the hydr ophone is

i sol at ed frorﬁshy@c@phanescaésseanaor BovREindya thpdephore . iThe st rength
nmenber 11 is not

streamer. The carrier consists of a pair of end plates

(8) spaced apart axially by a rigid or semi-rigid
central member or members (7), thus defining a vibration
5 isold&ted zone between the end plates (8). The rigid or
semi-rigid central member or members (7; may be arranged
in a variety of configurations to allow streamer
strength members (11) and wires to pass through the
carrier while allowing the carrier to move axially with

relation to the streamer strength members and wires.

Fi1G. 2
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tightly coupled into the carrier and the hydrophone 13 1is isolatédbfrom

the rest of the streanmer by the end plates 8 which are held apart rigidly
by the spindle 7. Since the carrier material is considerably nore rigid
than the buoyant core material, the onlly way for vibration induced stress
and strain to couple into the hydrophone is by the skin 15. This
however, is negligible and can be reduced further by placing;
16 around the streaner, however this has not

e e e e

IR

Title: HYDROPHONE CARRIER

TECENICAL FIEID

The present invention pertains to the field of
hydrophone arrays used for sonic imaging. Typically
these arrays consist ¢f a mechanical structure which
locates a plurality of hydrophones with respect to each
other. The mechanical structure also provides a
convenient means of deploying, using and retrieving the
array. Usually some electronic circuitry and other
devices are incorporated in the array to facilitate the
collection of multiple channels of data, as well as
control the azrray. The common term for these arrays is

"streamer" and this term will be used hereafter.

BACKGROUND ART

In application, the streamers are usually towed

behind a vessel, either a ship or submarine. In



yet been shown to be necessary to obtain good vibration pqrf rmance.: |
Where the material surrounding the hydrophone is fluid, clianps may be ;
necessary to prevent fluid | eakage. The met hod of pnevenwnngf%he 50!
hydr ophone mounting from being straired has other benefits which becane !
apparent while testing the invention. The vibration induced stress and
strain sensitivity of the hydrophone within the carrier is rendered ... . ..
insensitive to tenperature variation. This arises because the mat eri al

(either solid or2§eEFVEr SEF§RE) BS AAYSSURiNe) Sehes suesrinsonl Ses s at ed
and hence the

area and the streamer detects reflections from any

targets in the area.

-
s}
g

assive sensing the streamer
merely "listens" for any noise generated by targets.
This invention describes techrniques that may be
applied to streamers used in either application.

An axial section of a prior art streamer
structure is given in Figure 1 and will be familiar to
those skilled in the art. Connector 1 mechanically,
electrically and optically connects each streamer
section to the cne before it and thence ultimately to
the towing vessel. The signal from hyérophone 2 {onlyv

one hydrcphone is shown) is taken to. connector 1 via

n

wires 3. trength members 4 run from connector to

connectorx and provide the axial mechaniczl strength.
A core material, either solid or liguid, fills the
space 5 to provide buoyancy (and in some cases
desirable acoustic properties). The streamer section

is enclosed with a continuous skin 6, which protects

the in-streamer components from water ingress.

b ]

critical performance criterion of streamers is
the self noise of the streamer. That is, the unwanted
acoustic signal that is detected by the hydrophones
when the streamer is towed through the water. The
self ncise has two major ccmponents, that caused by
the turbulence generated by towing the streamer

through the water (flow noise) and that induced by the



net eri al properties cannot significantly influence fhe“”vfbratlon |nduced
sel f noise levels. Not shown has been the method of mownti-ng t.hg
hydrophone on the carrier. It has beep found to bé advantageous to

suspend the hydrophone conpliantly rat her™ t han bond: |t ..rigidly to- thé
carrier. A nethod for doing this is

vibration ¢of the streamer structure.

the vibration coupled into the streamer originates
rom the teow vessel and is transmitted to the
hydrophone secticn via the towing cable and strength
members. Other sources of vibration may also be
present, but are usually less important.

In liguid filled streamers the vibration noise is
dominated by a single propagating wave and can be
reduced by designing a group cf hydrophones which are
spaced in the direction of propagation, the spacing
being a function of the wavelength of the propagating
wave. The signals from the group of hydrophones are
then summed into 2 single channel and the wave effects
thus cancel each other. Although this technigue is
successful at noise reduction over a limited freguency
rance at the design temperature, the performance
cannot be sustained for the temperature range OVer
which the seismic streamer has to operate due to
changes in the characteristics of the propagating
wave. Typically the jacket material has to be changed
to sustain the performance.

Hitherto, liquid filled streamers have been used

since the ligquid £ill has been shown to have



to gl ue soft rubber blocks to the carrier and attadh.a non-sensi'ng part of
t he hydrophone to those blocks. For the bender type:of.hydrophene; the
non-sensing part is the frame the sensing plates are attached to. '

The flexibility of the invention is such that by spacing the sensors using
flexible polymers a situation is created where the streaner can be w nched

at the normal towing load for seisnic operations. The delicate sensors are

protected from danpge dwring..wipchipg, by, the spindle_7.and end plates 8.
Further protection ﬁhy“bén%T%%%aéa‘gngnﬁnTﬁﬁabgr§°b3r"eﬁofﬁﬁ' bit

peripheries of the.end plpies sParahbel L0-1B8CLI 8ha can be
inconvenient in coperation. For example, damace to
onesection of the streamer during steady state towing
can lead to a "kaock-on effect"™ whereby all the
sections fail progressively as the streamer sinks.
Damage to & section of solid-£filled streamer will not

necessarily lead to failure of that particula

4]

section

or

m

ny other section and, accordingly, sclid-filled
streamers are generally preferred.

Licuid filled streamers are also susceptible to
damage during recovery and deployment which is
ncrmally achieved by winching. In order to minimise
this damage streamers are recovered at low bcat speeds

and wir

eeds. The low recovery speeds and

3
(13

0
'd

ching
susceptibility to damage cduring winching can lead to
loss of valuable survey time with a conseguent loss of
revenue. This becomes more evident when data is being
collected using multiple streamers. The use of solid
streamers allows recovery at the normal operating
speecs with loss of data only from the streazmer being
recoveraed. The reccvery time is also reduced by
winching at line speeds higher than that which can be
achieved with ligquid filled strezamers.

Efferts at replacing liguid filled with mor
robust solid filled streamers have been frustrated by

difficulties in reducing the self noise of solid



-~

spi ndi e or by other means such as a hard "basket" Sﬁwwm”er ‘the sensor 2 as

depicted in Figure 2a. In the interests of s»an~ rty 't he prlnC|pIe
of the invention has been illustrated using a central strength menber and
onmtting the necessary devices and obj écts for telenetry and control. It

I's however possible to use a plurality of strength menbers.as.. shown in
Figure 4. Here, two strength menbers 20 and a wire bindle 21 are shown

passi ng through a SU|tany dr|IIed rrler 2 Thel_principle of iso6lating
the hydrophone FFoffthé sFFh@F&r@ Iq ey The principle of

Isolation can be ext eeqe..otn%entlonal streamer structure, such as that

shown in Figure 1, vibration at the head of the

streamer couples via the strength members 4 and

-~

connector plates 1 into the core material 5 of the
streamer which is liguid. This then generates a slow
speed bulge or breathing wave c¢f high amplitude,
compared with the acoustic signals normally received
by the hydrophones, thus increasing the overall self
noise of the streamer, If the core material 5 is

solid the performance is usually worse, unless the

carrier disclosed herein is incorporated.

DISCILOSURE OF INVENTION

This invention is primarily concerned with the

reductci

8]

n of wvibration induced ncise at the
hyvdrophones in a solid filled streamer structure
glthough it is egually applicable to ligquid filled
streamers. The invention does not regquire a group of
vérophones to achieve acceptable wvibration
performance.
The robustness of the invention over a range of

operating temperatures and handling conditions
provides a design to meet a large range of operating

conditions.



cross section of the streaner
part of the _

approxi mately trapezoi dal
the carrier on the side.
menbers in place.

vol unme 25.

Flgure 5 shoms'a
m ddl e of the carrler The |solated
- 13 /1 -é . Streanef’i’s t he
Theg strength nenbers 26 _pass through

Locating ribs 27 serve to hold t he strength
Devices and objects for telenetry -

Furthermore the inventiocn is not limited by the

Ceramic, piezs ele

'()

trans

(]

is

£
on:

0

air.

seismic streamers

mounted back to back mechanically.

are thus designed

vibrated in a

and are

atc
st

filler

surrounding the hydrcphone.

this shortf
vibr
air

transducer in

Various types cf mounts have been used

past to mount hydrophones in 2 seismic cable.

example Choler

mount designed for fluid filled cables,

function c¢f which

cf transducer angd a range of

well known that certai
icurations Eroduce a low output

A typical type of

rlane at right

in an axis par

hydrophene is mounted in streamers.

the hydr

(or pressure

all by Producing, for

ation sensitivities close to

et al,

Piezo electric

ectric polymer and fibre opti

c

sducers can be accommodated by the invention.

i

Lransducer
when vibrategd in

transducer which ig used in

is a pair of Piezo ceramic discs

These transducers
for low vibration sensitivity when

angles to the plane of

intrinsically insensitive when

the plane of the

rformance is not sustained when

The noise

ophone in & streamer are 1ncreased

resses and strains generated in the solid

in the case of a liquid filler)
This invention addresses
cal

typi hydrophones,

that of a plain

in the

rorxr

US Pat 3,371,311 discloses a

the claimed

is to isoclate the hydrophone from



and control 28 may be placed on the streaner axis. Wth any of the

enbodi nents of figures 2a, 3, 4, and 6, it is possible to forma single
central core by packaging the wires with the strength nmenbers so that
only one axial hole is required in the €arrier. Anot her net hod of
realising the invention is to make the carrier in the shape of a

"hor seshoe"scAsam&honibiac Ebgul embvehbhs, coact hen: beihgadirkisshkpRed over
the central strain nenber 11. A block 31 may then be glued or otherw se

fastened to.the parrlers 30c:Le-PLEYCRLohNELS! LEDGLAICTREL IO £3mag out

kydrorhone cavity. As a matter of

Hh
v

ct,

'J
t

has been found

in practice that the mest inconvenient extraneous noise

h

results from structural pressures or stresses induced by
the presence of cable vibration, such extraneous noise
therefore manifesting through the normal operation_of the
hydrophone as a pressure transducer. Mounts such as those
disclosed by Cholet et al, do not isclate the hydrophone

10 from the stress andé strazin which results from vibrations
within a streamer as they provide fcor communication between

the streamer and the regi

0

n in which the hydrophones are

»

» mounts is of no utility in

reducing a major component of self noise.

Ql
m

13 According to the invention there is provide
hydrophone carrier adapted to mount a hydrophone in a
streamey, said carxrier comprising an integral closed
structure oi an outer skin and & pair of end plates spaced
apart axially by at least one central member, said skin and

20 end plates cefining an enclosed zone between said end
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rrier isolating said zone from structural
stress and strain, such as induced by cable borne

vibration, and admitting externally induced pressure

fluctuations.

t=11an DOCPrh



The efficiency of the carriers may be enhanced by taking advantage of
group overlap in practical streaners. In practical streamers, hydrophones
are arranged in groups, a group being a nunber of (usually) electrically
connect ed. hydr ophones pl aced al ong the3streaner |ength. These groups are
over | apped on practical streamers. In some realisations, hydrophones from
over | apping groups may be in the sane (or very near) |location along the

streaner |ength. N this Jcase a uydrqphone fronL ch group may be placed
in the same carrfel ana “Yh&+ £ons-guzations ailol stredmerscredgen

members and wires to pass through said carrier. The
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may be included as an integral part of said
further reduce vibration within said isclation zone.

In a practical rezlisation cof a typical solid
cable, &ll spaces external to the carrier would be
filled with solid material, usually of polymer
composition, with sufficiently low density to provide
an overall neutrzlly buoyvant structure in water. The
region within the carrier may be liguid, gel or solid
filled.

To aid in mechanical location of the carrier, the
central member of the carrier may be bonded with a
relatively compliant material, to the streamer’s
strength members. In this case, care must be taken to
ensure that the central member of the carrier is
sufficiently rigid axially and radially to provide the
desired isclation from stress and strain within the

sclid buoyancy materiszl.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention will now
be described, by way of example only, with reference

to the accompanying drawings in which:




- 13/2 - hydr ohones connected up to their respeC_. 2,4 J Th
effects an econony in the nunber of hydrophone carrrers reqU|red for a

streanmer. O course, the sane principle my be used tonpuv nn;ﬁithan one
hydrophone in a carrier for the same grgup; this is soneti mes

advant ageous for group design. Anof her varlatlon .on the- des1gn5

relates to the

Figure 1 is a prior art streamer structure shown
in axial section;

Figure 2 is a hydrophone carrier according to the
invention shown in axial section;

Figure 2a is another representation of a
hydrophone carrier according to the invention in axial
section;

Figure 3 is the hydrophone carrier of Figure 2
shown in situ;

Figqure 4 is a second embodiment of hydrophone

carrier azccerding to the invention shown in situ;

Figure 5 is a third embocdiment of a hydrophone

carrier according to the inventicn shown in situ in

m

perspective view;

Figure 6 is a fourth embodiment of a hydrophone
carrier according to the invention shown in situ in a
perspective visesw;

Figure 7 is a fifth embodiment of a hydrophone
carrier according to the invention shown in situ in

cross section.

MODES FOR CARRYING OUT THE INVENTION

The essence of the invention is the means by
which stresses and strains caused by streamer
structure borne vibration are isoclated from the
hydrophone by means of a hydrophone carrier. Figure 2

shows an axial cross section through an embodiment of



use -of accel eration cancelling configurations: whichj T i
way of reference to bender technology. Bender type! yd ophones as™t o :
described earlier have two el enents connected backito bagck:t.o0: thaln | ow
vibration sensitivity. These el enments_npy _be arran jed dlanetrlcally
opposite in the carrier to obtain the sane vibration:cancelling--
characteristic. Alternatively, nore elenents nay be arranged around i the
circunference of the carrier in other cancelling arrangenents; &g three
el ements spaced gheOR§arbpRdned Y itarent Ve {B68: e 7 hases SEd angenent s
effect a saving in sensitive material and therefore cost.

spindle 7, end plates 8 and bosses 9. The carrier

is

bered througn with a hole 10. The beosses 9 help

't
0]

locate the carrier within the cocre, but have littl

1

rh

effe

0
[a)

on the isolation performance. The bossés S

have not been shown on all of the remainder of the

figures for clarity. An alternative realisation of

the carrier would have the hole 10 flared at the ends

to locate the carrier within the core as shown in

Figure 2a with features identified as in Figure 2.
Figure 3, showing a simplified streamer,

sectioned axially, exemplifies how the carrier is
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The streamer
consists of a central strencgth member 11 which passes

through the length of the streamer. The s

o 3

ren

ot

re

¢t}

-

member 11 passes through the hydrophone carrier 12 in
which the hydrophone 13 is mounted. The remainder of
the streamer is made up cf cocre 14 and skin 15. Not
shown are wires for telemetry, control etc. The
strength member 11 is attached to the solid ccre 14
which in turn is firmly attached to the skin 15. It

is advantageous for optimum performance tha

(&)

the
strength member 11 not be mechanically coupled to the
core for a few centimeters either side of the carrier.
In the structure shown in Figure 3, the
hydropheone is isolated from structural stress and

strain by the carrier. The strength member 11 is not



!.,..

Figure 7 shows a way of nmanagi ng the wires and dEVLces.tor telenetry whi ch
may be adapted for use wth any of the enbodi nents: descrlbed .Figure 7
shows it specifically adapted for use with the enbodln%nt ‘of ““Figure 3 by
means of an axial cross section throughiithe part' of the carrier whjch
contains the hydrophone 13. The strain nenber 11| ipasses through the centre

as before and the wires and devices for telenetry .33..pass-- oo
- 13/3 -

tightly coupled into the carrier and the hydrophone 13

}J.

plates 8 which are held apart rigidly by the spindle
ince the carrier material is considerakly more
rigid than the bucyant core material, the only way for
vibration induced stress and strain to couple into the
nydrophcne is by the skin 15. This, however, is
negligible and can be reduced further by placing band
clamps 16 around the streamer, however this has not
yet been shown to be necessary to obtain good
vibration pericrmance. Where the materizl surrounding
the hvdrophone is fluid, clamps may be necessary to

prevent fluid leakage.

The method of preventing the hydrophone mounting
from being strained has other benefits which became
apparsnt while testing the invention.. The vibration

induced stress and strain seasitivity of the

a3

ydropheone within the carrier is rendered insensitive

to temperature variation. This arises because the

3

aterial (either solid cr gel or ligquid) 218
surrounding the sensor is also isoclated and hence the
material properties cannot significantly influence the
vikbration induced self noise levels. Not shown has
been the method of mounting the hydrophone on the
carrier. It has been found to be advantageous to

suspend the hydrophone compliantly rather than bond it

rigidly to the carrier. 2 method for deing this is

.



through the axial slots 32. Movenent in the mnres'and;xdevfce° : |
telemetry 33 may be accomodated in the slots 32 vii't Fout  af fect iing

vi bration performance. This variation is advantageou5~| Tt 6 i df;
i ncorporating these essential devices in practlcalz streaners }sq shown
for illustrative purposes is the streamer’s out er ski-A-15;- """ The use

of different strength nmenber and carrier conflguratlons prOV|de t he

opportunity to design, nmanufacture and repair the-stréaner by a nunber of
met hods.

to glue soft rubber blocks to the carrier and attach a

non-sensing part cf the hydrophone to those blocks.

l,]

cr the bender type of hydrophone, the non-sensing

el

art is the f{rame the sensing plates are attached to.

The flexibility of the invention is such that by
spacing the sensors using flexible polvmers a
situation is created where the streamer can be winched
at the normal towing load for seismic operations. The
delicate sensors are protected from damage during
winching by the spindle 7 and end plates 8. Further
protection may be provided by running bars between the
peripheries of the end plates, parallel to the carrier
spindle or by other means such as z hard "basket" 34
over the sensor 2 as depicted in Figure 2a.

In the interests of'simplicity, the principle of
the invention has been illustrated using a central
strength member and omitting the necessary devices and
objects for telemetry and control. It is however
possible to use a plurality of strength members as
shown in Figure 4. Here, two strength members 20 and
& wire bundle 21 are shown passing through a suitably
drilled carrier 22. The principle of isoclating the
hydrophone from the structure still holds.

The principle of isclation can be extended to
strength members being on the outside of the carrier.
Figure 5 shows a cross section of the streamer in the

middle of the carrier. The isclated part of the



Although the invention has been described with- refigfance 4’ Spe:

exanples, it will be appreciated by those skilled qn the art "that” fhe
i nvention may be enbodied in many other forns.

= NI RS
-14- THE CLAI M5 DEFI NI NG THE | NVENTILGN1ARE AS FCLLCMB - 1 A
hydrophone carrier adapted to nmount a hydrophone |n a- streanen- sald
carrier conprising an integral closed -

streamer i1s the approximately trapezoidal volume 25.

The strength members 26 pass throucgh the carrier on
the side. Locating ribs 27 serve to hold the strength
members in place. Devices and objects for telemetry
and control 28 may be placed on the streamer axis.
With any of the embodiments of figures 2z, 3, 4, and
6, it is possible to form & single centrzl core by
packaging the wires with the strength members so that
only one axial hole is recuired in the carrier.

Another method of realising the invention is to
make the carrier in the shape of a "horseshoe". 2As
shown in Figure 6, this can then be readily slipped
over the central strzin member 11. A klock 31 may
then be glued or otherwise fastened to the carrier 30
to prevent the strength member from coming out of the
carrier.

The efficiency of the carriers may be enhanced by

taking advantage of group overlap in practical

streamers. In practical streamers, hydrophones are

(o}

arranged in groups, a group being a number of

(usually) electrically connected hydrophones placed
zlong the streamer length. These groups are
overlapped on practical streamers. In some
realisations, hydrophones from overlapping groups may
be in the same (or very near) location along the

streamer length. In this case a hydrophone from each

group may be placed in the same carrier and the



structure of an outer skin and a pair of end platesgéba'“d- P

by at | east one central nenber, said skin and e@dpratéS”déFTn'pg§an
encl osed zone between said end plates, said cartier 4galating spid zone
from structural stress and strai R, 184eh-as i ndu¢ed by cabl e borhe
vibration, and admtting externally induced pressurg :10-fl-uetuati-ehs,

2. A hydrophone carrier according to claim1, wherein said streaner

i ncludes at |east one strength menber running | ongitudi nalty

t her et hr ough and hygiz@rénsgercanngfrd dil to theih neapsctovel fomupaid at

| east one strength nenber to 15 pass therethrough while being nmechanically
i solated from This effects an economy in the number cf hydrophone

axially

carriers required for a streamer. Of course, the same
principle may be used to put more than one hydrophone
in a carrier for the same group; this is sometimes
advantageous for group design.

Another variation on the design relates to the
use of acceleration cancelling configﬁrations which
will be illustrated by way of reference to bender
technology. Bender type hydrophones as described
earlier have two elements connected back to back to
obtain low vibration sensitivity. These elements may
be arranged diametrically opposite in the carrier to
obtain the same vibration cancelling characteristic.
Rlternatively, more elements may be arranged around
the circumference ¢f the carrier in other cancelling
arrangements, e.g. three elements spaced at one
hundred and twenty degrees. These arrangements effect
a saving in sensitive material ané therefore cost.

Figure 7 shows a way of managing the wires and
devices for telemetry which may be adapted for use
with any of the embodiments described. Figure 7 shows
it specifically adapted for use with the embodiment of
Figure 2 by means of én axial cross section through
the part of the carrier which contains the hydrophone
13. The strain member 11 passes through the centre as

before and the wires and devices for telemetry 33 pass



sai'd at | east one strength nenber. 3. A hydrophone carrier according to
claim?2, wherein said means conprises a central axial hole fornmed in
said carrier and, in use, spaced fromsaid strength nmenber. 20 4. A
hydr ophone carrier according to cIairnZ,3 wherein said means conpri ses
at least one slot formed in the outer 13/3 peri phery of said end plates,
said at | east one slot, in use, being spaced from said strength nenber
or menbers.

through the axial slots 32. Movement in the wires and

devices for telemetry 33 may be accommodated in the

slots 32 without affecting vibration performance.

This variation is advantageous in terms of

incorporating these essential devices in practical

streamers. Also shown for illustrative purposes is

the streamer’s outer skin 15.

The use of different strength member and carrier
configurations provide the opportunity to design,
manufacture and repair the streamer by a number of
methods.

Rlthough the invention has been described with
reference to specific examples, it will be appreciated
by those skilled in the art that the invention may be

embodied in many other forms.




/ 'F
-15- . 5. A hydrophone carrier accor mhq i i e
carrier further includes at |east one |Iﬂ“| Im MU’J He | out er perl phery

t hereof for accommobdati ng connecting nean I'n saiid d Q&rfdaneris 5

l
]
t
5. A hydrophone carrier according to any one of clainms 2! | to 5, vvherenni
the carrier is formed in two parts, the first part belfng generaHy ) ,
C-shaped in cross-section for, in use, 14flttlng over sai-d-strength __ |
menber or menbers and a second part being conplenentary to said first
part and fi tTHRICLATMS nPBF SHENGT TEEL IPYENTIONpRBEe S FOIMCHS :.of sai d at
| east one strength nenber or nenbers fromthe carrier.
1. A hydrophone carrier adapted to mount a hydrophone in a

streamer, saild carrier comprising an integral closed

-

structure c¢f an outer skin and a pair cof end plates spaced

¥
ju]
'g
[\l
H
(2]
m

xially by at least one central member, said skin and
end plates defining an enclosed zone between said end
plates, said carrier isolating said zone from structural
stress and strain, such as induced by cable borne
vibration, and acdmitting externally induced pressure

10 £luctuations.

(V)

A hyvdrophone carrier according to claim 1, wherein said
streamer includes at least one strength member running
longitudinally therethrough ané said carrier is provided
with means to allow said at least one strength member to

15 pass therethrough while being mechanically isolated from
said at least one strength member.

3. 2 hydrophone carrier according to claim 2, wherein szid
means comprises & central axial hole formed in said carrier
and, in use, spaced from said strength member.

20 4. A hydrophone carrier according to claim 2, wherein szid
means comprises at least one slot formed in the outer
periphery of said end plates, said at least one slot, in

use, being spaced from said strength member or members.



7. A hydrophone carri M“Lany one of the ! - precedl ng cllal ns,
wherein said hydrop (xﬁmm m said carrier: by <onpli.ant | ¢
nount i ng neans. thydr ophohe carri er accordlng to any one of ithe
precedi ng cl ai ns, mhereln said end plates and said a Leastnw_“-ong.cdntral
menber are f or med integrally. 9. A geismc strea |ncorporat|ngfthe
<carrier of any one of the preceding ¢l ai ns, mherérn“sarﬂ~s%{eaﬂer S
20 enconpagsed_by an outer sgln and the carrier fixed to sai d outer
skin of tha:stfeRNBFOPRONeFaTA2ES] BAFOTELPFaRer © iééﬁrévnyhﬁéeépaﬁﬁw@
wherein the carrier is fixed by clanping nmeans positioned
carrier further includes at least cone slot formed in the

outer periphery therecf for accommocdating connecting means
mounted in said streamer.

5 6. A hydrcrhone carrier according to any one of claims 2

h

to 5, wherein the carrier is formed in two parts, éhe first
part being generally C-shaped in cross-section for, in use,

- fitting over said strength member or members and a second

part being complementary to said first part and fitting
10 into said first part to prevent removal of said at least
one strength member or members from the carrier

7. A hydrophone carrier according to any one of the
preceding claims, wherein said hydrophone is mountea to
sald carrier by compliant mounting means.

15 8. A hydrophone carrier according to any one of the
preceding clazims, wherein said end plates and said at least
one central member are fcrmed integrally.

9. A selsmic streamer incorporating the carrier of any one
cf the preceding claims, wherein szid streamer is

20 encompassed by an outer skin and the carrier is fixed to
salc outexr skin of the streamer.

10. A seismic streamexr according to claim S, wherein the

carrier is fixed by clamping means positioned

- el



-16- " <circunferentially around the streaner outer ski nUim mﬂrm"mﬁm
end pl at es. 11. A seismc streaner incorporating the i e
of clains 2 to 8, wherein said carrier is nounted to said 5 at |east ohe
strength nmenber by conpliant nounting neans. 12. A seismc streaner

i ncorporating the carrier of any one ..clains 1 to 8 in which nore
t han one hydrophone is

circumferentially . around the streamer outer skin adjacent
said end plates.
11. A seismic streamer incorporating the carrier of any one
cf claims 2 to 8, wherein said carrier is mounted to said

5 &at least one strength membex by compliant mounting means.
12. A seismic streamer incorpocrating the carrier of any one
of claims 1 to 8 in which more than one hydropghone is
mounted and where the hydrophones are connected in
different groupings.

10 13. R hydrophone carrier acctording to any one of claims 1

to 8, wherein acceleration sensitive eslements are arranged
arounc the circumference of the carrier to realise
acceleration cancelling.

14. A hydrophone carrier substantizlly as hereinbefore

15 described with reference to Figures 1-3, Figure 4, Figure

-

-1

8, Figure 6 or Figure 7 of the accompanying drawings.

A N



nmount ed and where the hydrophones are,gonnected in di fferent groupings.
10 13. A hydrophone carrier according to any one of clains 1 to 8,
wherei n accel eration sensitive el eneABSIRHCE arr anged around the
circunference of the carrier to realise accel eration cancel ling.

14. A hydrophone carrier subst Z#PRORHPYE £ARBERe| nbef ore 15 described with
reference to Figures 1-3, Figure 4, Figure 5, Figure 6 or Figure 7 of

t he acconpanyihgP¥eERPRgEe carrier for mounting a hydrophone in a

streamer. The carrier consists

O
h

a pair of end platss
(8) spaced apart axially by 2 rigid or semi-rigid
central member or members (7), thus defining a vibration

5 isolated zone between the end plates (8). Thz rigid or

semi-rigid central member or members (7) may be arranged

FIG. 2




