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(57) Abstract

The present invention provides an underwater cable arrangement (71) includes an underwater cable (20) having one or more external
devices (72) mounted on the cable. In one form of the invention, the extemal devices are powered primarily or entirely by inductive
coupling between 2 coil disposed in the cable and a coil (132) disposed in the extemal device. The invention also provides a variety of
external devices capable of use with an underwater cable. The invention further providss a coil support arrangement for supporting a coil
. within an underwater cable in a manner protecting a core of the coil from damage.




Background of the Invention 1 Field of the Inventlon 20 Thi s
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for .exanple, in seismc testing. 2. Description of the Related Art In
marine seismc exploration, an underwater cable, commonly referred to as a
streamer 1 W19 395
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Background of the Invention

1. Field of the Invention
20 This invention relates to an underwater cable arrangement capable of being used, for

example. in seismic testing.

2. Description of the Related Art

In marine seismic exploration, an underwater cable, commonly referred to as a streamer

sed,___



Various devices requiring electric power for their operation are nounted on
the exterior of the underwater cable. For exanple, in order to accurately
control the depth of the cable as it 10 i s being towed through the

wat er, depth control mechani snms, commonly referred to as "cable- leveling

birds", are atywaehgflesé0 the cable at intervals along its Ienquwﬁga@ggfpth
the ang

control nechani sns are equi pped w th adjustabl e diving pl anes, es

of attack of which can be varied by notors in the depth control nechanisns
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device frequently nounted on an underwater cable is an acoustic 15
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serious dr awbaglige untiérivirer cablee FoRéample S order to accurately control the depth of the cable as it
10 ‘is being towed through the water, depth control mechanisms. commonly referred to as "cable-
leveling birds", are attached to the cable at intervals along its length. The depth control
mechanisms are equipped with adjustable diving planes, the angles of attack of which can be
varied by motors in the depth control mechanisms so as to maintain the cable at a desired depth.
Another type of external device freque:ﬁly mounted on an underwater cable is an acoustic
15 ranging devii:e, which together with other acoustic ranging devices is used to determine the
locations with respect to the towing vessel of va?ious points ilong the underwater cable to permit
the exact shape of the cable dming towiﬁg to be determined. Yet another type of commonly
used external device is a magnetic heading sensor (also referred to as a magnetic compass),
which determines the heading of the underwater cable at the point where the heading sensor is
20 attached to the underwater cable.

It is possible to connect such external devices with a source of power aboard the towing
vessel by means of wires passing through the skin of the cable, but the necessity of forming
holes in the skin for the wires can lead to leakage of water into the interior of the cable, which is
higlily undesirable. Therefore. the external devices are usually self-powered by their own

25 internal batteries. However, batteries have a number of serious drawbacks. First, the batteries

have a limited life span and must be replaced every one to threc months. Not only is the



have a limted |ife span and nust be replaced every one to three nonths.
Not_on|lVv is the 2 WD 97/11395 .. ' -
PCTL US96/ 15478 repl acenent of the batteries tinme-consuning, there is al so
the risk of exposing electric circuitry within the external device to sea
wat er during (gdmagseent. In addition, lithium primary batt erpicgasogissss are
used because of their |onger operating life conpared to other batteries,
are expensive, and spent batteries nust be retained for proper disposal and
not randonly eképlacemaicof thSbatieridsimelconsuming, thersdhalsol therisief exprsing eletric sistuity i n
to replace batteries in the external devices, it is subj.ected to stresses
whi ch f r equentwithinrthesextarnal devicgtegpa water during replacement.h &y widision, lithinm; psimeryef er abl e
to reel in the cable as infrequently as possible. Another shortcomnm ng of
conventi onal &astegies: ahichavg used baganse|of their,lopger aparating life.coppared fosothes banerigy are
entire device nust be renoved fromthe cable before the cable is rqlled up
onto a reel ofxpepsive;@nd spegtbaeriss must be Fatained forgurener disposal qad nqt sandpmiy discardedry g e
to the external devices and the (i bl \Wen the cabl e
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to reel in the cable as infrequently as -possible.

Another shortcoming of conventional external devices used with underwater cables is that

the entire device must be removed from the cable before the cable is rolled up onto a reel on the

10 deck of a towing vessel in order to prevent damage to the external devices and the cable. When
the cable is to be redeployed, the external devices must be reattached to it. In rough seas, it can
be extremely difficult and often dangerous for workers to remove the external devices from or
reattach them to the cable on the deck of the towing vessel. Furthcrmore.' onboard storage
space, often a precious commodity, must be provided for the external devices on board the

15 towing vessel. In addition, the reeling in or paying out of the underwater cable must be stopped
during removal or reattachment of the external devices. so deployment and retrieval of the cable

are time consuming.

Summary of the Invention
The present invention provides an underwater cable arrangement including an underwater
20 cable having one or more external devices mounted on the cable.
The present invention also provides various external devices suitable for use with an
underwater cable.
The present invention further provides a coil support arrangement for supporting a coil
including a core inside an underwater cable.

25 According to one aspect of the present invention, the exterior devices mounted on an



reattach themto the cable on the deck of the tow ng vessel. Furthernore,
onboard storage space, often a precious conmodity, nust be provided for the
external devices on board the 15 ~ towing vessel. In addition, the reeling
in or paying out of the underwater cable nust be stopped during renoval or
reattachment wbazhesesxt ernal devi ces, so depl oynent and r et r pevaisognsaishe
cable are time consum ng. Summary of the Invention The present invention
provi des an underwat er cabl e arrangenent includjing an underwater 20

cabl e havi ng Ypiervgenfable ais,carablsof berng patetcd PEATLY P SPHrElR by dndppciye coplingsr esent
under vt or o2 BREEERhPYRELE ST e AR 3 SPFAE e, T gp b oot
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E)é%-/e [JISSZ’S / ggz;gaeb e.rg%l glte%gte% &Olcgs do nowgql%y ljfgh’?’ g\?n internal batteries as a primary source of
5 power. Batteries can be omitted from the external device, or can be used merely as a backup in
case the supply of power from the coil within the cable is interrupted. Therefore, the load on
any batteries in the external device is small, and the batteries can be used for long periods
without requiring replacement. Therefore, the underwater cable can be operated for long periods
without having 1o be raﬁeved on board a towing vessel. resulting in increased operating
10 efficiency and reduced wear and tear on the cable.
According to another aspect of the present invention, all or a portion of an external
_device can be left attached to the underwater cable when the cable is wound around a reel or
drum for storage. . The ability to leave the externai devices attached to the cable during storage
greatly reduces the amount of labor ﬁd the time required for deploying or retrieving the cable,
15 resulting in greatly increased operating efficiency. The external devices may also be structured
such that all or a potion of the devices can be quickly and easily mounted on and detached from
the underwater cable when desired without the need for any tools.
According to still another aspect of the invention, a coil support device is capable of
supporting a coil within an underwater cable such that substantially no bending stresses are
20 applied to a core of the coil during operation of the underwater cable, even when the cable is
bent, such as when it passes over a roller on a deck of a towing vessel. or is subject to imﬁacts.
Therefore, even a coil having a fragile ferrite core can be protected from damage.
The external devices of an undefwater cable arrangement according to the present
invention can perform a wide variety of functions, including. but not limited to sensing the
25 heading of the cable, performing acoustic ranging, and controlling the depth or the position of

the cable in the water.



underwat er cabl e are capable of being powered primarily or entirely by
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the external device. Therefore, it is not necessary to have any wres

connecting the external device with the interior of the underwater cable,
and the exter nwpogasesces do not require their own internal bapé&fikahses a
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primary source of 5 power . Batteries can be omtted fromthe external
device, or can be used nerely as a backup in case the supply of power from
the coi |l wi t hiBaicf Bescriptionof the Drawipgs upt ed. Therefore, the | oad on any

batteries in the external device is small, and the batteries can be used
for |ong periods wEFigdesuk isasghematic\glevation of an wpderwaterirable arsangemeny accarding taahee r
cabl e can be operated for |ong periods w thout having to be retrieved on
board a t owi n@""§§§$‘§'F‘,‘"°Pé@‘HPH‘gW&hiarPl‘FﬂE¥ phexesamad fevicst-i ng 10 efficiency

and reduced wear angd tear on the cable. According tg another aspect of the
present invention, ?'.éﬂ“fe &s ‘a?&lfm’?"r éﬁvagqn ﬁ“éﬂ‘f’%‘*“ﬂ%‘ °8é’§/f’i5"é“"i3ﬂ’"i?e‘°‘l’°é‘i”f’g to
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druntfor St or AFPreseprdnveRiiqn Ppnted op AT .Saple of HIBUEEN)i ces attached to the
cable during stora reatly reduces the amopunt af |abor. and the ting
required for depl o%&’f& 36(;1’ apéfnﬁg%#?ﬁawphsédece %’F‘é",n °?§h° °xt°ﬂ?%€ﬁv{°f’ Hgﬁ'igﬂ"gv eatly
i ncreased operating. Eefd [ i,]gﬁg‘;’ I %& & 5@] 0 be structured
such that all or a%fé | ofr% a(f)i?ﬁ@l & devi %e?g‘gﬁx ewqrt?f! %ﬁ?@ﬁ naa'easi | y mount ed
on and detached fr qgp,te; U l{i@&e@w fr&@@ﬂe@aﬁ%@f‘?ﬂ Enfeibd S%ikurd B need for
any tools. According to sti anot'her aspect of the iInvention; -a coil
support device is Gpahs & aerspective of one of the inserts of the external device of Figure 2.
10 Figure 7 is a side elevation of another embodiment of an external device according to the
present invention in the form of a depth control device mounted on the cable of Figure 1.
Figure 8 is a plan view of the depth control device of Figure 7.
Figure 9 is a plan view of the depth control device with the wing unit removed.
Figure 10 is a perspective view of one section of the wing unit.
15 Figure 11 is schematic elevation of the section of the wing unit of Figure 10 showing the
manner in which the wings are controlled by the roll and pitch actuators.
Figure 12 is a perspective view of a shuttle for attachment to a pitch actuator.
Figure 13 is an end view of the inner sleeve of the depth control device.
Figure 14 is a perspective view of a lining for one of the cavities of the inner sleeve of
20 Figure 13.
Figure 15 is a block diagram of the electrical components of the depth control device of
Figure 7.
Figure 16 is a perspective view of one of the closures for the inner sleeve.
Figure 17 is a transverse cross-sectional view of the inner sleeve along a plane passing

25 through the first siot.

Figure 18 is a partially exploded plan view of an embodiment of an external device



supporting a coil wthin an underwater cable such that substantially no
bendi ng stresses are 20 applied to a core of the coil during operation
of the underwater cable, even when the cable is bent, such as when it
passes over a roller on a deck of a towing vessel, or is subject to

i npacts. Thegr)#idsescven a coil having a fragile ferrite coperasveisars
protected from damage. The external devices of an underwater cable

arrangenment according to the 'present invention can performa w de vari et
of functions,accpmsuqawq@rﬁwmaitmm'm“%awﬁgﬁ‘*ﬁmdw- headi ng of %/he

cabl e, perform ng_acoustic ranging, and controllin he depth or the
position of the cEigre 19is ?H%'“Wgtc "I"sqit“’nalwgﬁ“ﬂ%%éﬁe acousti transducer aitay of
PCT/ US96/ 15478 Br i ef Desg&g%lﬁfg of the Drawings Figure 1 is a schematic
el evati on of hefangingseriss ofH arrangenent according to the present
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the presgnt isgp\éggtdiwqpe TDMRLED Rlprbdafs itlsat er cable of Figure 1.
Figure 21 is a transverse cross-sectional view of the embodiment of Figure 20 with the
internal coils removed..
Figure 22 is a longitudinal cross-sectional view of one of the internal coils.
Figure 23 is an enlarged plan view of one of the cushioning members of the coil of
10 Figure 22.
- Figure 24 is a schematic view showing an example of the forces acting on a coil support
device as it passes over a roiler on the deck of a towing vessel.
1. .. Figure 25 is a longitudinal cross-sectional view of another embodiment of a coil support
device according to the present invention. |
15 Figure 26 is a partially exploded transverse cross-sectional view of the embodiment of
Figure 25.
Figures 27A through 27C are cut-away perspective views of other examples of sheaths
which can be used to support the core of the iﬁternal coil.
Figure 28 is a transverse cross-sectional view of another embodiment of a coil support
20 device according to the present invention.
Figure 29 is a longitudinal cross-sectional view of the coil support device of Figure 28
with the internal coils removed.
Figure 30 is a perspective view showing the installation of an internal coil in one of the
pockets of the support device of Figure 28. |
25 Figure 31 is a broken-away side elevation of an embodiment of an external device

according to the present invention which is free to rotate about the axis of an underwater cable



Figure 3 is an enl arged
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Figure 2. Figure 5 is a broken away front el evation of the external device
of Figure 2. Figure 6 is a perspective of one of the inserts of the
external devi g ®fnihesgure 2. 10 . Figure 7 is a side gifusdshsdrsof
anot her enbodi nent of an external device according to the present invention
in'the formof a depth control device nmounted on the cable of Figure 1.
Figure 8 is a quwhich/i isinamtegine depth control device of Figure 7. Figure 9
is a plan view of the depth control device with the wing unit renoved.
Figure 10 is a perS‘B&Kf3£l§a\ﬂ*&lﬂlbﬁmmt%%ﬂfﬂﬁmdﬁﬁ%ﬁfF‘S‘“’fél-
Figure 11 is schematic el evation of the section of the w n'q unit of Figure
10 showi ng t he nanrfagures33,491 3 age/hlock;dipgrams of an-examplg of 2 gontrol sysrem fon 4u exisepal

pi tch actuator%._ Figure 12 is a perspective view of a shuttle for
attachnent to KYHF {0 e PresenEiyaption 3 i s an end view of the inner
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Figure 15 is a bl gck di agram of the electrical conponents of the depth
OFeFi gure 7. Figure 16 is a perspective view of one of the

cut-away side elevation of the external device of
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control device
closures for the inner sleeve.

Description of Pref iments

Figure 1 schematically illustrates an example of an underwater cable arrangement

according to the present invention. The arrangement-includes an underwater cable 11 being

10 towed through the water by a towing vessel 10. such as an ordinary sutrface vessel, although the
cable 11 can also be towed by an underwater vessel or by an aircraft. One or more external
devices 12 are attached to the underwater cable 11 at intervals along its length. For simplicity,
only three external devices 12 are illustrated, ‘but there is no restriction on the number or type of
devices which are artached to the cable 11. In addition, although only a single cable 11'is

15 shown, the towing vessel 10 may tow #plurality of cables simultaneously.

Figures 2 through 6 illustrate a first embodiment of an external device 30 which can be
mounted on an underwater cable 20. Figures 2 and 3 show the external device 30 as it would
appear when being towed through ihe' water by the cable 20 to the left in the figures. The
external device 30 includes a body in the fotm of a pod 45 for housing an electrically powered

20 member of the external device 30, such as a sensor unit 51, a clamping portion 31 which can be
releasably clamped around the cable 20 to secure the external device 30 to the cable 20, and a
streamlined connecting portion 47 extending between the clamping portion 31 and the pod 45.

The pod 45 is displaced from the clamping portion when it is desired to space the sensor unit 51
e or other electronics in the external device 30 from the underwater cable 20 to reduce magnetic

25 interference between the two. (Magnetic interference includes both electromagnetic interference



Figure 17 is a transverse cross-sectional view of the inner sleeve along a
pl ane passi ng 25 through the first slot. Figure 18 is a partially ‘
expl oded pl an view of an enbodi ment of an external device 5 WO 97/ 11395
PCT/ US96/ 15478 according to the present invention equipped with an acoustic
rangi ng devi cowodrgsse 19 is a partially cross-sectional frordrresseusdrgson of
the acoustic transducer arra‘y of the ranging device of Figure 18. Figure 20
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noise as possible as it is being towed through the water by the cable 20 since the noise can affect
5 the hydrophones and various acoustié devices mounted on the cable 20. It may be swept
backwards as shown in Figure 2 to produce water shedding and resist entanglement. Preferably
all the components in contact with the water are shaped to minimize cavitation and maintain low
Reynolds numbers. Preferably the external device 30 has close to neutral buoyancy in sea water.
Figure 3 illustrates the underwater cabie 20 on which the external device 30 is mounted.
- 10 The cable 20 need not be of any particular strucrure, but frequently it will comprise a flexible,
water-tight skin 21 surrounding a wire bundle 22 for transmitting electric power and/or data
_between the towing vessel and electric components within the cable 20 as well as within the
extending stress members 23, such as wires, rods, ropes, or chains, for resisting tensile loads
15 . applied to the cable 20. The number, shape, and location of the stress members 23 may vary
depending upon the manufacturer of the cable 20. Sometimes. the cable 20 may be filled with a
liquid. such as a kerosene—based oil, for adjusting the buoyancy of the cable 20 to a desired
value.
Electric power and/or data signals are transmitted between the interior of the cable 20
20 and the external device 30 by one or more internal coils 170 disposed inside the cable 20 (see
Figure 5) and one or more corresponding exfemal coils 55 disposed in the external device 30 and
inductively coupled with the internal coils 170. The internal coils 170 are electrically connected
to the wire bundle 22 within the cable 20. Preferably. each of the internal coils 170 in the cable
20 is supported by a coil support device 160 according to the present invention which can
25 prevent the internal coils 170 from being damaged during use of the cable 20. The strucwre of

the coil support device 160 will be described in detail further on. In this embodiment, the coil



Figure 24 is a schematic view showi ng an exanple of the forces acting on a
coil_support device as jt pa ;

vessel. Figure 25 is a longitudinal cross-sectional view of another

enbodi ment of a coil support device according to the present invention. 15
Figure 26 is fogyiied! | y expl oded transverse cross-sectional perkegisstde
enbodi nent of Figure 25. Figures 27A through 27C are cut-away perspective
views of other exanples of sheaths which can be used to support the core of
the internal cupport deyige G0 sppports twp imtepakepils 470, apdyibe exvernaldgyies 30,i5 equipped with
anot her enbodi ment of a _coil support 20 devi ce_according to the present

i nvention. Fi gwpexiemal;ceils;35, s3rkiof which serrespasdstoope of S iternal eQifs 370 e goff |
support device of Figure 28 with the internal coils renpved. Figure 30 S a
perspective visSpPostfisKicn L0 Heach erqraal coit His mopntsd, in ageerst 2 fopped, injthe Igker sgqtiop), o
pockets of the _support device Figure 28. 25 Figure 31 is a

br oken- anay si et e&%ﬁ‘@@ﬁmg * enbodi nrent of an external device according

to the present inveption which js free to Lotate ,about, t.h Xi.S_ Q ..
underwat?ers cabl e 6el[}1e shape\clh\Pt epod435 can%e se‘iected in accordance wnhthe of%evu e WHich it is

intended to house. Preferably, the exterior of the pod 45 is streamlined to reduce drag and noise
as the pod 45 passes-through the water. In this embodiment. the pod 45 has a cylindrical bore
which opens onto the rear end of the pod 45, and the electrical device which it houses is a
magnetic heading sensor (also referred to as a compass) that is removably received within the
10 hollow center of the pod 45. An example of a suitable heading sensor is a Model 321 Optical
'Digita! Compass manufactured by Digicourse of Harahan, Louisiana. However, the type of
- electronic device which is hoﬁsed in tﬁe pod 45 is not critical. The open end of the bore can be
sealed in a fluid-tight manner by a removable cover equipped with one or more sealing
members, such as O-rings. The heading schsor 51 within the pod 45 is clectrically connected
15  with the interior of the clamping portion 31 Sy wires passing through a passage 48 extending
through the connecting portion 47.

The clamping portion 31 is formed from a plurality of sections which are shaped to
surround the cable 20 and grasp the cable 20 sﬁfﬁciemly tightly to prevent relative movement
between the external device 30 and the cable 20. Preferably the clamping portion 31 can be

20 readily detached from the cable 20 to enable the exiernal device 30 to be removed from the cable
_20 as the cable 20 is being reeled onto the towing vessel. In the present embodiment. the
clamping portion 31 comprises first and secohd sections 32 and 33 pivotably connected with each
other by hinges 40 so that the sections can be pivoted with respect to each other between an open
and a closed position. Preferably, at least one of the hinges 40 employs a retractable quick-

25 release hinge pin 42 of any suitable material (such as stainless steel, for example) which can be

retracted without the use of tools to permit the clamping portion 31 to be opened. Examples of
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cross-sectional end view of the enbodi nent of Figure 31. Figures 33 and 34
are bl ock diagrans of an exanple of a control system for an external device

accordi ng to wbepidsent invention. 5 . Fi gures 35 i pcrrubdensdrs
diagramillustrating a control arrangenent for a depth control device.
Description of Preferred Epbodj nents Fi ure 1 _sch rrat|cal ly illustrates an
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t hr ee external are i'S no res |on on

the nunbeg or ufxR8g dafe Wi Podi 53¢ oﬁg@. ﬂ@# fdmnenwer
308 t:?%ﬁ‘.

addi tion, al thoug a single e tow ng vessel
10 may tow a Q&dﬁﬁ@hi Séfwé& mwmm%&&% bdard 50 and the recesses 36 for the external

coils 55. The electronics board 50 also communicates with the heading sensor 51 within the pod
45 through the passage 48 extending through the connecting portion 47. The electronics board
50 méy contain a variety of components, such as a pair of accelerometers (such as a solid state
10 piezoelectric accelerometer) for use in determining the roll angle of the cable 20 with respect to

. the horizon by sensing acceleratiqns about two orthogonal axes, a suitable controller for

. controlling the operation of the heading sensor 51, and power supply circuitry for controlling the
‘supply of power from the external coils 55 to the various electrical components within the
external device 30.

15 - If the sensor and electrical portions of the external device 30 are sufficiently small to fit
entirely inside the clamping portion 31..thc pod 45 and the connecting ponioﬁ 47 may be
omitted. in which case the external device 30 may remain attached to the cable 20 at all times
and need not be removed wheﬁ the cable 20 is being stored on the towing vesse! 10.
Alternatively, depending on its size, the entire external device 30 may be left attached to the

20 cable 20 when the cable 20 is wound up for storage.

In this embodiment, the electrical devices within the external device 30 are powered
entirely by the inductive link between the internal coils 176 within the cable 20 and the external
coils 55 within the external device 30. Therefore, there is no need in the external device 30 for
any batteries. It is possible to install rechargeable backup batteries on the external device 30 for

25 powering the electrical devices in the external device 30 in the event of a temporary loss of

power transmission from the cable 20. However, since the backup batteries are not needed

10



Fi gures 2
wWhi ch—cah—be i SRV - o1
external device 30 as it would appear when being towed through the water by
the cable 20 to the left in the figures. The external device 30 includes a
body in the fwgw9mfhses pod 45 for housing an electrically powsghsdernssrs
menber of the external device 30, such as a sensor unit 51, a clanping
portion 31 which can be rel easably cl anped around the cable 20 to secure
the external @gusingcnormy opesatiqncof theiexiernalydevige 30 apdssince they cand consinuellyt sechgrged,
portion 47 extending bet ween t he cIaannaFgortion 31 and the pod 45. The
pod 45 is di sprencubesmathin size 30d 4g\9ptFequins freusat plasement. | s desir ed t]? SpaCﬁ
the sensor unit 51 _or _other electronics in the external device 30 fromthe
under wat er cabl e 26“?8’51'%&8‘@“&%%‘??% 3ot the clampingrnortion 34 maxdiealy Eripahe wo.
(9%51 %?thISC ' nt (:';lrn]::lsa s[ue ageeofltlglectlnggragterbgug 28.| %ts:rrngtgac I:]l telsgctibx?stB%t 1‘3?(?;‘(2;1 lcag eq7uipped\/\D

.and the r I ff f bl fals ip th
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to the interior of the sections 32, 33 and shaped so as to surround the coil support device 160

through 6 illustrate a first enbodi nent. of an external device 30
harmiint od an._ an Ndaliiiat-0 bl.o 0 slgires 2 and 3 show the

when the clamping portion 31 is closed around the cable 20. Figure 6 illustrates the lower insert
60 in detail. The insert 60 is a génerally semicylindrical tube having a semicylindrical recess 62
10 formed in its midportion which ﬁts_dver the periphery of the coil support device 160. Lands 64
formed at each end of the recess 62 have a smaller radius than the recess 62 so that the lands 64
will overlap the lengthwise ends of the coil support device 160 in the radial direction to prevent
the axial movement of the coil support device 160 with respect to the inserts. When the pod 45
of the external device 30 houses a heading sensor, the fit between the recess 62 and the coil
15 support device 160 is preferably such as to maintain a éonstant predetermined angle (such as 0
degrees) between the longitudinal axis of the cable 20 and the longitudinal axis of the clamping
portion 31 of the external device 30, i.g.’. such as to prevent the clamping portion 31 from
wobbling with respect to the coil support device. 160 about the longitudinal axis of the cable 20.
One of the inserts (the lower insert 60 in this embodiment) has a projection 63 extending radially
20 inward from its inner periphery between its ends for engagement with a corresponding recess
164 formed in the outer periphery of the coil support device 160. Engagement between the
projection 63 and the recess 164 prevents the rotation of the coil support device 160 about the
axis of the cable 20 with respect 1o either the cable 20 or the external device 30. In addition, the
presence of the projection 63 makes it easy to install the coil support device 160 so that the
25 internal coils 170 are opposed to the external coils 55, because the clamping portion 31 can close

only when the recess 164 is engaged with the projection 63. Preferably, the inserts are
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noi se as possible as it is being towed through the water by the cable 20
since the noise can affect 5 t he hydrophones and various acoustic

devi ces nounted on the cable 20. It nay be swept backwards as shown in
Figure 2 to produce water shedding and resist entanglement. Preferably al

t he conponentwoiomwipesit act with the water are shaped to m ni NnPCRUSSERS4IAL | ON
and mai ntain | ow Reynol ds nunbers. Preferably the external device 30 has

§LEZ§ 2 (Eﬁ”tm@?t'e R, 0 St THrED o R bl 52 i, o PG
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many cases, t?@sé% b Gisefle YinlelexEMal divide SO'RItPE cbR 0 dfQNGidrak didMbey IEAIENdI NG
stress nenber , such as wires, rods, ropes, or chains, for resisting

tensile | @ads ehBodimerRPRE ifper infirl 6165 SRied 102fe uphBEsebEURB2I0f HeRARPing POflion 31 by

location of the stress menbers 23 may vary depending upon the manufacturer
of the cable 28ewsS Rt ABee withhe apget secdh 32awheh ehefdldnipirg portion 32 id épansddind such

as a kerosene-based oil, for adjusting the buoyancy of the cable 20 to a
desired val ue.cldsdde CTHeilewep Gusert 6B ischreventetifram mioging wdth aespect tocths lowet ectidpe3\bgan
the interior of the cable 20 20 and the external device 30 by one or

nmore internal righd dkire 66 Ohich expadeffom ks ldwertshface abthe Iv@r (nsert:60ring fitein®) theyregesp ne
or nore correspondi ng external coils 55 disposed in the external device 30
and 34 for the electronics board 50. A sealing member 67, such as an O-ring, may be mounted on
10 . the skirt 66 to seal the recess 34 in a fluid-tight manner and prevent water from entering the
recess 34. The inserts 60 and 61, which may be either metallic or nonmetallic. are preferably
. made of a material which does not im_'roduoc any magnetic interference between the internal coils
170 in the cable 20 and the external coils 55 in the external device 30.
.. To improve transmission between the internal and external coils 55, the separation
15 between each internal coil 170 within the coil support device 160 and the corresponding external
| . coil 55 in the external device 30 is preferably as small- as possible. As shown in Figure 6, the
lower insert 60 in this embodiment is formed with a pair of windows 65 in opposite sides for
receiving the external coils 55. As shown in Figure 5. the exiernal coils 55 of the external
device 30 can be inserted through the windows 65 so as to directly abut the outer surface of the
20 cable 20, thereby minimizing the distance between the internal and external coils 55.
- The upper insert 61 in this embodiment is similar in shape to the lower insert 60 shown
in Figure 6 except that it does not include the projection 63. the windows 65, or the skirt 66.
However, if external coils 55 are disposed in the upper section 32 of the clamping portion 31,
the upper insert 61 may also be equipped with windows.

25 The external coils 55 may have any shape which enables them to be inductively coupled

to the internal coils 170. In this embodiment each external coil 55 has a ferromagnetic core
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I nductively coupled with the internal coils 170. The internal coils 170 are
electrically connected to the wire hundle 22 within the cahle 20
Preferably, each of the internal coils 170 in the cable 20 is supported by
a coil support device 160 according to the present invention which can 25
prevent the i@icdmasescoi|s 170 from bei ng danmaged during use |l e
20. The structure 2#95t he coil support device 160 will be desc%%’g%%?%ab
detail further on. In this enbodiment, the coil 8 WD 97/ 11395
PCT/ US96/ 1547 Sroundowith 8 wingdingaad ere:apsulatod or a resiliony résint to progdet thoxdibfrém@he and t he
external device 30 is equipped with two external coils 55, each of which
corresponds t enviteamertt andto qushieny if g Thecexiernal goliy S5 are shown: g5 hothslgpeatedrin thedowere
160. Each external coil 55 is nmounted in a recess 36 formed in the | ower
section 33 of secHen 33 affpe Flampiag pertiep Y It is possible to disposei{he axteapab cojls 55 Ha thsygpers
can be selected  in_accordance with the | e of device which it is intended
to house. Pref®hemps, orig,have fhedwp B’F'“B‘p WW%BG‘WF secuqns 32 apd T Jut 4isPOSiPg c e
drag and noi se as the pod 45 passe hr ou the water._In this enhodjnent,
e o 48 °ha ol el T4 e PR o s 100 S et thag SR oF e emisra G o
45, and the el Se%tri cal device which it houses is a

need to pass betweéen the two sections.

Figures 7 through 17 illustrate another example of an external device according to the
present invention. This embodiment is a depth control device 70 which is capable of controlling
the Aepm beneath the water surface of the underwater cable 20. 1In addition. it may be used to

10 steer the cable 20 to control the horizontal position of the cable 20 within the water. Figure 7 is
a side elevation showing the depth control device 70 as it would appear when being towed
through the water to the left in the figure.

'As shown in these figures, the depth control device 70 includes an inner sleeve 71 which
is clamped around and statiohary with respect to the cable 20, and a wing unit 110 which is

15 rotatably mounted on the inner sieeve 71 and is capable of rotating or being rotated with respect
to the inner sleeve 71 around the longitudinal axis of the cable 20. The wing unit 110 is
equipped with one or more wings 120 which can exert a force on the cable 20 to move the cable
20 in a desired direction. The inner sleeve 71, which is intended to remain on the cable 20
during storage, includes acruators 130 and 135 for controlling the position and attitude of the

20 wings 120 of the wing unit 110 and may include various electrical components for sensing the
position of the depth control device 70 and controlling the actuators for the wings 120.

| The inner sleeve 71 may have any structure which enables it to support the wing unit
110 and to resist the stresses which are applied to the inner sleeve 71 during use and storage of
- the cable 20. In the present embodiment, it has a structure resembling that of the clamping

25 portion of the previous embodiment. It includes two generally semicylindrical sections 72 which

13



magneti ¢ headi ng sensor (also referred to as a conpass) that is renovably

received within the 10 hol | ow center of the pod 45. An exanple of a )
sui t abl e headi ng sensor is a Mddel 321 Optical Digital Conmpass manufactured
by Di gi course of Harahan, Louisiana. However, the type of el ectronic device

whi ch is housqgdrAideee pod 45 is not critical. The open end giriidRnb@ge can
be sealed in a fluid-tight manner by a renovabl e cover equi pped with one or
nore sealing nenbers, such as Orings. The headi ng sensor 51 within the pod

45 is el ect ' i surrqupd the Gphle-20-49d pes pivotaRly cannieried With eac ether by aipaix of hingssi 73 sach
ti 31 ] i h h i
Eghngﬁ?; g pwéﬁm%ﬁiﬁ&%&aﬁ%ﬁﬁg AP ORAks o hatge sl 72 Bt o o Wk bytere 73
t i t d.th | .
%o suf 305 p{;:]w%{é FSRB BpdebasEts; B P 72 B0 Sr e e e h e e B0 L
evi ce n . 2 Pr i i :
Feadi 1y det ac G Hpn Ennis ahh Bl a1 Mol BB b0 Thekitificd
removed fom %lﬂ@m%alagd &%Osﬁgila'i ?&Fm&é*&hﬁ igPle' Sevid6d AfbolifiehGle Q0irad ld\Ee iR
enbo t a#p

vessel . In the presen I ment, e cC I ng portion 31 conprises first

and Second st pgiaa A uETuel Hhe y ANOG Slnpll AR RS Enlt WD OCS

40 so that the sections can be pivoted with res to each other between

an open and a ,ChidsfoR AVidel 160 insitlé e QitAIVs0 afito préRad thOifer dfecvel fHond ttdtiont O
enpl oys a retractable quick- 25 rel ease hinge pin 42 of any suitable

mat eri al  ( suchy afalShovemén® With $éspel to theddoil SuPER device\Wi60.C Forcexample, dne lof the tisselrts
W thout the use of tools to permt the clanping portion 31 to be opened.
Exanpl es of 100 may be formed with an inward projection 101 which engages with a corresponding recess in
10 the coil support devic§ 160. The inner sleeve 71 can be formed of a variety of materials,
including but not limited to both i_netals and polymeric materials. A plastic having good impact
_resistance is particularly .suitablc.
Each of the sleeve sections 72 contains one or more internal cavities 85 for housing
various components. In the present embodiment, each sleeve section 72 contains two elongated
15 cavities 85 each having a blind inner end and an outer end which opens onto an end surface of
the sleeve section 7?. As shown in Figure 13, which is an end view of the sleeve sections 72,
the cavities 85 are generally l.cidney shaped and extend in the circumferential direction around the
hollow center of the inner sleeve 71. To give the inner_ sleeve 71 strength in the region of the
cavities 85. each of the cavities 85 in this embo&imem may be reinforced by a metal lining 86 of
20 aluminum. for example. As shown in Figure 14, each of the linings 86 is a tube having two
open ends and a longitudinal stiffener 87. In the region of the cavities 85, the linings 86 may be
the principal load bearings portions of the inner sleeve 71. The aﬁmators 130 and 135 for
operating the wings 120 and various electric_:al components can be disposed inside the lining 86
and thereby protected against forces applied to the inner sleeve 71 during use.

25 As shown in Figure 15, the inner sleeve 71 may house a variety of components. In the

present embodiment, in addition to the actuators 130 and 135 for operating the wing unit 110,

14



9 WO 97/ 11395
PCT/L LSO/ 15478 suit

No.-5,529,011. In addition to the electronic device in the pod 45
additional electrical devices may be housed in one or both sections 32, 33
of the cl anpi memnsgson 31. In this enbodi nent, an el ectroni GCTnsYEAseI® | S
housed in a recess 34 fornmed in the |lower section 33. The electronics 5

board 50 comuni cates with the external coils 55 via through holes 37
formed in the thoipgsr s!semloq?ﬂ@ss P derHitensor f42 (sushas enesemploying; otrain) sage brisgp)for

board 50 and the recesses 36 .for the e coils 55. -The el ectronics
board 50 al so TRE3HERE thefeprd [FeRth, g0 “H@g‘iﬁ" ‘%‘é‘rﬂaﬁ‘?‘pﬁ’inw {14]; (ueh3ga Nicpdy 5

h h th 8. h 47. The
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external coils ot he various electrical conponents wt
sensor 144 (such as a nair of accelerometers). for sensing the attitude of the inner sleeve 71 with

respect to the horizontal, a controller 140 for controlling the actuators 130 and 135 based on
inpu'ts from the sensors, and one or more external coils 145 which are inductively coupled with

10 one or more corresponding internal coils disposed within a coil support device 160 inside the
cable 20 so that electric power and data signals can be transmitted between the cable 20 and the
depth control device 70. During normal operation, all electric power for the depth control
device 70 is provided by the external coils 145. - When the transmission of power from the cable
20 is interrupted or the voltage falls below a predetermined level, the controller 140

15 automatically connects the electric components to the backup battery 141 to ensure continued
operation. Because the depth control device 70 does not require batteries for normal operation,
it does not require frequent béttcry replacement and can operate for long periods without
maintenance.

As shown in Figure 17, which is a transverse cross-sectional view of the inner sleeve 71

20 taken through the first slot 75, like the external coils shown in Figure 5, the external coils 145 of
this embodiment are housed in cutouts 87 formed in the inner periphery of one of the sections 72
of the inner sleeve 71, directly opposing the corresponding internal coils 170 in the coil support
device 160. The other electric components of the depth contro!l device 70 are housed inside the
cavities 85 within the inner sleeve 71. The leads of the external coils 145 extend through

25 unillustrated passages in the inner sleeve 71 between the cutouts 87 and the cavities 85.

The open outer ends of the cavities 85 in the inner sleeve 71 are sealed against the

15



ext ernal device 30. 15 : | f the sensor and el ectrical portions of
the external device 30 are sufficiently small to fit entirely inside the *
cl anping portion 31, the pod 45 and the connecting portion 47 nay be
onmtted, in which case the external device 30 may remain attached to the
cable 20 at awogéii®s and need not be renopved when the cabl eplflais aisNY
stored on the tow ng vessel 10. Alternatively, depending on iTS Sizé, the
entire external device 30 may be left attached to the 20 cabl e 20 when
the cable 20 iegviramment bysuitable clasanesi®fk . Figure 1 stewe oiwoitithedidsured YEused 80thé present
devices within the external device 30 are powered entirely by the inductive
link between tembodiment; (Tae lengthwise imner endl ofeach ¢losare9lis sha@a ta ficighkle irge the ot
coils 55 within the external device 30. Therefore, there is no need in the
external devi ¢8d 8boresf thejdmyrehagad;cavities 86 in te noerssldoyesi oA sealingaantmber 91 such as
rechargeabl e backup batteries on the external device 30 for 25  powering
the el ectri cal®§stjrecaa be moppred on th pigsire 930 praducs fuid-tight seal of the cayity85. The

] ' f the cabl e 20. However, since the
batkup. badt or 8 cigREes ot &R 3E Yahe Fine g 71 10806 extend substsialy ckinly around

PCT/ US96/ 1547%’1e periphery of the cable 20 and define a bmnpér 92, 93 which protects the lengthwise ends of

| the inner sleeve 71 against impacts. As shown in Figure 8, the bumper 92 formed by the
closures 90 at the front end of the inner sleeve 71 preferably has a maximum outer diameter
which is larger than the outer diameter of the front lengthwise end of the inner sleeve 71 so as to

10 prot.ect the radially inner portion of the leading edges of the wings 120 against impacts. Cutouts
may be formed in the bumpers 92, 93 to permit the hinge pins 74 for the inner sleeve 71 to be

- inserted and removed so that the inner sleeve 71 can be opened and closed without removing the
bumpers 92, 93. Preferably, the inner periphery. of the bumpers 92, 93 fits snugly against the
outer. shrface of the cable 20 to prevent foreign objects from entering between the outer surface

15 of the cable 20 and the inner periphery of the inner sleeve 71. Preferably, the closures 90 are .

- formed of a resilient material, such as rubber, which can cushion the inner sleeve 71 against
impacts.
Two circumferentially extending slots 75 and 80 are formed in the outer periphery of the
inner sleeve 71 for rotatably supporting corresponding portions of the wing unit 110.

20 Preferably, the slots extend around the entire periphery of the inner sleeve 71 to enable the wing
unit 110 to rotate by 360 degrees with respect to the inner sieeve 71, although it is also possible
for the slots to extend only partway around the circumference if a lesser degree of rotation of the
wing unit 110 is adequate. The hinge pins 74 for the inner sleeve 71 are disposed radially
inward of the slots 75 and 80 so as not to interfere with the rotation of the wing unit 110 within

25 the slots.

The wing unit 110 includes a collar 111 which is mounted on the inner sleeve 71 so as to
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during nornal operation of the external device 30 and since they can be
co , -
frequent replacenment. The first and second sections 32, 33 of the clanping
portion 31 may directly grip the outer surface of the underwater cable 20.
Al ternativel ywgdrasactions 32, 32 may be equipped 5  with _ g
inserts which grip the cable 20. In the present embodinent, the first and

second sectlons 32 33 are equi pped with a pair of semcylindrical inserts
60 and 61 whi i capable OF Fqiption With respest W%W%r‘%ﬁlwéﬁlﬁ@@tlbmd!@ axig of &n@ablc

shaped so as tQ surround the coil pport device 160 when the cl anpin
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support devi Cq&%g;&%mﬁﬁ&%mgm@g%&@m m?‘* *L?vo?a%@ ;‘?iim%{ed th

external device tt'ween e recess

and the coil Leerby 3 PO Hindle Yix: Gach bt F1 AN 5&%&%%@%6&@0%' ‘H.@pﬁﬁ?

const ant predetern1n d angle suc as 0 gree et ween ngltud

axis of the c%q@@rm&:ﬂdﬁe&mamngaciumlpra&hayefawewﬁicﬁ}?&'&%ﬂm& bpn 31

of the external device 30, i.e., such as to prevent the clanpi'ng portion 31
from wobbl i ng edfirely réw8 s disdnieBhe QicketsSHRARPiHe hEHRY | CXrdR CachlReHet ardd PRrmit the

| ongi tudi nal axis of the cable 20.

10 collar 111 to open by pivoting of the collar sections 112 about the other hinge 113. An example
of a collar having hinges of this type is described in U.S. Patent No. 5.529.011. Such a collar
is highly suitable because it can be quickly opened and closed without the use of any tools and
because the hinge pins stay attached to the collar'and cannot be lost. -

A circumferent.ially-extending spur-type ring gear sector 116 having internal teeth is

15 formed on the inner surface on at least one of the collar sections 112. When the ring gear sector
116 is rotated abéut the lohginidinal axis of the cable 20, the entire wing unit 110 is rotated to
change the direction of the transverse force on the cable 20 produced by the wings 120. The
farther the ring gear sector 116 cxteﬁds around the circumference of the collar 111, the greater
the directional range over which the force exerted by the wings 120 can be controlled. In the

20 present embodiment, each of the collar sections 112 is formed with a ring gear séctor 116, and
when the collar sections 112 are joined to each other, the sectors 116 together form a ring gear
extending substantially 360 degrees around the circumference of the cable 20. This permits the
wing unit 110 to rotate a full 360 degrees around the longitudinal axis. However, the ring gear
sectors 116 may extend for a smaller number of degrees around the circumference. The ring .

25 gear sectors 116 are slidably received in the ﬁfst slot 75 of the inner sleeve 71. The width of

the first slot 75 is greater than the width of the ring gear sectors 116 to enable the ring gear
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One of the inserts (the lower insert 60 in this enbodinent) has a
projection 63 extending radially 20 inward fromits inner periphery
between its ends for engagenent with a corresponding recess 164 formed in
the outer periphery of the coil support device 160. Engagenent between the

proj ection 63we¥1i¥e recess 164 prevents the rotation of thecRiséensidgprort
devi ce 160 -about the axis of the cable 20 with respect to either the cable
20 or the external deV| ce. 30. dditiaon, the &es.ence of the dprOJ ection
63 makes it e&EiPrs Lo ypnsiate %@3?’1“‘ WIthin Bieifirgt slot &3 inqthplongitudingl disegtion o the
internal coils nzh*r%ﬁare opposed to the external coils 55, because the

cl anpi ng porti can close only when the recess 164 I's engaged with the
projection 63. Pre rab t.he My
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pair of the '%ﬂtﬁér&%&ﬁhl%'&?ﬁm ﬁéﬂdx{iﬁ Qﬁaﬁs%\i teadh%?ﬂe&%lﬂt@%ﬁer

it is possible to use the sanme external device

Tt BB e G, 1 AR 0 e i
When the collar 111 is rotated about the longitudinal axis ot' the cable 20, the pin 123 can slide
smoothly in the second slot 80 without producing rotation of the pftch disk 122 about its axis.
When the collar 111 is made to translate with respect to the inner sieeve 71 in the longitudinal

10 - direction of the ;:able 20, the mgageﬁent between the second slot 80 and the pin 123 exerts a
torque on the pin 123 about the rotational center of the pitch disk 122 and causes the pitch disk

. 122 to rotate and change the angle of attack (angle © in Figure 7) of the wings 120. Depending
upon the range of longitudinal movement of_ the collar 111 (i.e., the amount by which the ring
gear_sectors 116 can move back and foﬁh in the first slot 75), the pitch disk 122 may vary the

15 angle of attack by as much as 180 degrees, although in general a much smaller range of variation
of the angle is adequate. The range may be selectgd as desired. For example, it may be entirely
positive, entirely negative, or it may include both positive and negative angles of attack, as in the
present é‘mbodimgm.‘_'_ ' 'Pfcferably, the angle of attack can also be set to O degrees when it is not
necessary 'f(.)t the wings 120 to generate any lift.

20 The illustrated embodiment includes two wings 120, but the wing unit 110 may have a
larger number of wings. For example, there may be two wings mounted on the collar 111 so
that their angle of attack can be adjusted. and a third wing aligned with the longitudihal axis of
the cable 20 to have a fixed, zero angle of attack can be mounted midway between the two
adjustable wings.

25 The shape of the wings 120 can be selected in accordance with the expected operating

conditions of the depth control device 70, such as the speed at which the cable 20 is expected to
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screws so as to nove with the upper section 32 when the clanping portion 31
is_opentd and closed. The lower insert 60 s prevented fromnoving with
respect to the I ower section 33 by arigid skirt 66 which extends fromthe
| ower surface of the lower insert 60 and fits into the recess 34 for the

el ectronics A seal ing nenber 67, such as an O ring, %pﬁy

nount ed on 18%’9%'[1 esski rt 66 to seal the recess 34 in a fluid-t Et manner
and prevent water fromentering the recess 34. The inserts 60 and 61, which
may be eit her berowad threugb theneatere tFat &xampleathe sippe Eanrbaichgsemwdminimbizeadragt er i al

whi ch does not introduce any magnetic interference between the internal
coils 170 in Pleferablhthe stinpe gf e wings &30 ie chasén to gnihigizeFlownoise whichtconld dnterfiese i ce
30. To inprove transm ssion between the internal and external coils 55, the
separati on 15with thecoppration ef hydrophopes and jacoyssic| devioey mgupied alopg e gaillg 205 u‘ﬁlppo\vmss
devi.ce 160 and the correspondi ng external coil 55 in the external device 30
i s preferabl y 13maybs entigely prplagariyyits caghsotags gp ey H“FP@Gﬁhﬁdfﬁ wipgte | ower i nsert
60 in this enmbodinent is forned with a lEalr of wi hdows 65 in. op OSI@égpaqssldes

for recei®ing the &R ujtors foppperatigg the ying; Ojinclude gpg whigh willbe

o oS o o Bt 8] S el R SR B 1S R
upper fneert S0P ERPELRE %%ﬁﬁ%%{fse? AT R L A R '?*owifpv=nﬁgert
i ndows 65, oFppaeay i Spligeat iflo, L2 RECengs bl e ol o T8 0e3e By |
the upper SeCLJnP 5‘1032,«92110&% ﬁg@fm&.ntge Bﬂfo‘x'l% :sglﬂs'posed in a recess 76 communicating with

10 the inner surface of the first slot 75. with a portion of the pinion 132 extending radially into the

first slot 75. When the wing unit 110 is mounted on the inner sleeve 71 with the ring gear
sectors 116 disposed in the first slot 75, the pinion 132 engages with the'ring gear sectors 116.
The wing unit 110 can be made to translate in the longitudinal direction of the cable 20 by the
pitch actuator 135, which is drivingly connected to a shuttle 137. Figure 12 illustrates the

15 structure of the shuttle 137. It includes a channel-shaped upper portion equipped with flanges
137a which are slidably received in axially extending slots 78 formed in the outer surface of the
inner sleeve 71 adjoining the first slot 75. An internally threaded hole 137b is formed in the
lower portion of the shuttle 137 for engagement with an external thread formed on the output
shaft 136 of the pitch actuator 135. The engagement between the flanges 137a of the shuttle 137

20 and the slots 78 in the inner sleeve 71 prevents the shuttle 137 from rotating with the output
shaft 136 of the pitch actuator 135 but permits the shuttle 137 to move with respect to the inner |
sleeve 71 in the longitudinal direction of the cable 20. In the present embodiment. as shown in
#igure 17. the shuttle 137 is received in a recess 77 adjoining the radial inner periphery of the
first slot 75. When the output shaft 136 of the pitch actuator 135 is rotated, the output shaft 136

25 acts as a lead screw and causes the shuttle 137 to translate in the longitudinal direction of the

cable 20. The shuttle 137 is engaged with the collar 111 of the wing unit 110 such that the wing
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t he upper insert 61 may al so be equi pped with wi ndows. 25 The
external coils 55 may have any shape which enables themto be inductively °
coupled to the internal coils 170. In this enbodlnent each external coil 55
has a ferromagnetic core 12 WD 97/ 11395

PCT/ US96/ 15479wowowmmesv t h a wi nding and encapsul ated in a reSidphRBéde®si N
to protect the coil fromthe environment and to cushion it. The external
coils 55 are shomm as both |located in-the | ower section 33 of the clanping
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20 within the Wﬂ:%e rirfg! g2hk $Bcedrs 1196 rotate, the teeth of the ring gear sectors 116 can pass through the

slot 137c without the shuttle 137 interfering with the rotation of the ring gear sectors 116. When
the shuttle 137 translates in the longitudinal direction of the cable 20, one of the sides of the slot
137c pushef iéainst a lateral surface of the ring gear' sectors 116 and pushes the entire wing unit
10 110 in the longitudinal direction of the cable 20. The shuttle 137 may engage with the collar
111 in other ways. For example, the shuttle 137 may be formed with a pin which slidably
_ engages with a circumferential si'ot formed in the inner periphery of ihe collar 111, such as the
second slot 80. |
-~ Mechanisms other than a pinion 132 and a ring gear may be used to rotate the wing unit
15 110 about the longitudinal axis of the cable 20. For example, the pinion 132 may be replaced by
a roller which is in rolling contact with the inner periphery of the collar 111 and which rotates
the wing unit 110 by friction rather than by engagement of gear teeth.
| The actuators 130 and 135. ieed not have any particular structure. In the present
embodiment. each of the actuators includes an electric motor (such as a penﬁanent magnet DC
20 motor) drivingly connected to an output shaft and an unillustrated position indicator (such as a
shaft angle 'encoder) for sensing the rotational position of the output shaft. It may also include
various other components. such as a gear box connected between the motor and the output shaft,
and a torsional shock absorbing arrangement (such as a an Oldham coupling with a torsional
damper insert) connected between the motor and the output shaft for preventing shocks which
25 may be applied to the wings 120 during operation of the depth control device 70 from being

transmitted to the motor.  Actuators having a motor, a gear reduction unit, and an encoder
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a side elevation show ng the depth control device 70 as it woul d-appear
when-bei-ng-towec ough -t he-wate - SV ; S figiif-a—-As—shown
these figures, the depth control device 70 includes an inner sleeve 71
which is clanped around and stationary with respect to the cable 20, and a

wWing unit 110 wbiogsrzes 15 rotatably nounted on the inner spegngosiksmnd
I s capable of rotating or being rotated with respect to the inner sleeve 71
around the longitudinal axis of the cable 20. The wing unit 110 is equi pped
with one or norembinedgen 2 sineigpackneecnncammergially available anhmexhee wsedhinghopresept npyve
the cable 20 in a desired direction. The inner sleeve 71, which is intended
to remain on t HEC®Bl e 20 during storage, includes actuators 130 and 135
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sem cylindri calergeek ipBdifonift ritirgthwlsd direction of the inner sleeve 71. The reference position in

the lengthwise direction corresponds to a predetermined reference angle of attack of the wings
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120. Unillustrated magnetic member, such as magnetic pellets, may be mounted on the collar
10 111 or the wings 120 for sensing by the Hall effect sensors 143. By counting the number of
rotations of the roll actuatpf 130 since the generation of an output signal by the first Hall effect
sensor 143, the controller 140 can calculate the current rotational angle of the collar 111 and the
wings 120 with respect to the reference rotational position. Based on the angle with respect to
the horizontal determined by the output of the attitude sensor 144, the controller 140 can
15 determine the current x;oll angle of the wings 120 about the longitudinal axis of the cable 20 with
respect to the horizontal. Similarly, by counting the nurﬁber of rotations of the pitch actuator
135 since the generation of an output signal by the second Hall effect sensor 143, the controller
140 can calculate the angie of attack of the wings 120.
Many other types of position sensors for sensing the position of the wings 120 other than
20 Hall effect sensors can be ﬁsed, such as optical or mechanical sensors.

When the roll actuator 130 is operated, the pinion 132 rotates with the output shaft 131
of the actuator. and the engagement between the ring gear sectors 116 and the pinion 132 causes
the entire wing unit 110 to rotate about the longitudinal axis of the cable 20, thereby adjusting
the angles of .the rotational axes of the wings 120 with respect to the vertical. When the pitch

25 actuator 135 is operated, the shuttle 137, which is slidably mounted on the inner sleeve 71, is

made to transiate in the longitudinal direction of the cable 20 by the rotation of the output shaft
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PCT/ US96/ 15478 surround the cable 20 and are pivotably connected with each
other by a pair of hinges 73 each having one or nore renovabl e hi nge pins
74. \Wen the hinge pin(s) 74 of one of the hinges 73 are retracted fromthe
hi nge socket svo9¥iiH3%sect i ons 72 can be swung open by pivoti ngpcahssd/issise
other hinge 73 to enable the inner. sleeve 71 to be renoved fromthe cable
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materials. A plastic having good inpact resistance is particularly

sui tabl e. Eacipoqb réite a5cuC@eie aes. Cthérébyschanging Ridtangld Sf AACK 6Flthe Wings 120! Betumbe
cavities 85 for housing various conponents. In the present enbodi nent, each

sl eeve secti Ofhe praiona3P ahdihe king gt soER! 186 atkSpur gesrilthdyl @ refRinanidedoithi dach a
blind inner end and an outer end which opens onto an end surface of the
sl eeve secti oahiavhemcsﬁmg\mm no&'s wansieting3n thattongimdirml direcsoncbf whecable 0.t Mhus, it
sl eeve sections 72,
is possxblc to operate thc roll actuator 130 and the pitch actuator 135 either independently or at
10 the same time.
~. The direction and magnitude of the force exérted on the cable 20 by the wings 120 can
be adjusted by varying the angle of the axes of rotation of the wings 120 with respect to the
vertical and/or the angle of attack of the wings 120. In order to exert a horizontal transverse
force. on the cable 20 to move it laterally, the roll actuator 130 can be operated to rotate the wing
IS unit 110 until the axes-of the wings 120 are su_bstantially vertical. In order to exert a vertical
forc;e on the cable 20 to adjust the depth of the cable 20 in the water, the roll actuator 130 can
be operated to rotate the wing unit 110 until thé axes of the wings 120 are substantially
horizontal. At an angle of ihe axes between the horizontal and vertical, the wings 120 can exert
a transverse force on the cable 20 having both a horizontal and a vertical component. When the
20 cable 20 is at a desired depth and horizontal location, the pitch actuator 135 can set the angle of
attack of the wings 120 to zero so that the wings 120 exert no transverse force on the cable 20.
The controller 140 can control the operation of the depth control device 70 in a variety
of manners. For example, based on the input signal from the attitude.scnsor 144, which
indicates the roll angle of the inner sleeve 71 with respect to the horizontal. the Hall effect

25 sensors 143, and the encoder for the roll actuator 130, the controller 140 can control the roll

actuator 130 so as to maintain the roll angle of the wings constant with respect to the horizontal.



t he caV|t|es 85 are generaIIy k|dney shaped and extend in the
Ci r eude : , :
To dive the i nner sleeve 71 strength in the reglon of the cavities 85. each
of the cavities 85 in this enbodinment may be reinforced by a netal |ining
86 of 20 alwgoiyidps f or exanple. As shown in Figure 14, eacpbfﬁ]id%&nn
linings 86 i's a tube having two open ends and a | ongitudi nal sti ?ener 87
In the region of the cavities 85, the linings 86 may be the principal |oad
bearings porti breddition,tbesed on therinpx signab from éertsera 43y the WOEﬁd“Qw gagtrol
operating the wings 120 and various el ectrical gyonents can be di sposed
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of below the cable 20 on which the device is mounted so:that gravity will act on the wings 120 to

maintain them in a horizontal position. In many cases, the depth control device includes a
buoyant float disposed on the upp.er side of the cable 20, the force of buoyancy acting on the

10 float to maintain the wings 120 horizontal. However, -suspending the wings 120 beneath the
cable 20 and/or using a float significantly increases the appendage drag of the depth control
device as well as creates hydrodynamic noise which degrade the performance of acoustic
components mounted on the cable 20. -Furthermore, since the wings 120 are intended to remain
horizontal, they cannot be oriented so as to steer the cable éO horizontally.

15 In contrast, in a depth control device 70 according to the present invention, the wings
120 are mounted close to the cable 20 without the need for any appendages to connect them to
the cable 20, so hydrodynamic drag and noise are 'muc_:h reduced. Because there are no
appendages. the risk of entangiement of the depth control device 70 with objects in the water is
also reduced. Furthermore, because the wings 120 can be rotated to any angle with respect to

20 the horizontal, they can be used to exert a transverse force on the cable 20 in any desired

direction.

Figures 18 and 19 jllustrate another embodiment of an external device according to the
present invention. Figure 18 is a side elevation of the external device as it would appear when
being towed through the water to the left in the figure. The external device includes an inner

25 sleeve 71, which may be identical to the inner sleeve 71 of the depth control device shown in
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power transm ssion fromthe cable 20, a charger (not shown) for recharging.
t he backup battery 5 141, wi ng position sensors 143 such as Hall effect
sensors for sensing the roll and pitch angle of the wings 120 with respect
to the inner sleeve 71 as well as the angle of attack, an attitude sensor
144 (such as WOQPIMII9%Hf accel eroneters) for sensing the attitrdEusds/rsins

I nner sleeve 71 with respect to the horizontal, a controller 140 for
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cable 20 is interrupted or the voltage falls below a preteterm ned-| evel,
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t he backup battery 141 to ensure continued operation. Because the depth
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not require frequent battery replacenent and can operate for |ong periods

Wi t hout mmai nt esuallycteansnfisteds byothe ranging-depicee over a cortnmiticakisnsalink niBEghaksable to a
cross-sectional view of the inner sleeve 71 20 - taken through the first
sl ot 75, |i kecanirellezabaardithe tawing vesssh olhe transittimps o piises thiessveargiairs bfitanging devicdst 5
of this enbodi nent are housed in cutouts 87 forned in the inner periphery
of one of t heanggher¢forgshendistances between pairs of locations on the cable, the towing vessel, or the
10 seismic source, can be determined. From this collection of distances, the shape of the cable (and
of hydrophones in the cable) can be estimated. An accurate estimation of the shape of the
.hydrophone array within the cable is need to form an accurate map of the geology under the
ocean floor. ..
- In the present embodfmem. the ranging device 150 comprises a plurality of arcuate
15 sections 151 which are mounted on the outer periphery of the inner sleeve 71. In the present
embodiment, the ranging device 150 inciudcs two substantially semicircular sections 151 which
 together define a split ring. Each of the sections 151 contains a plurality of cylindrica)
piezoelectric elements 153 having first and second radiating faces on their radially inner and
outer ends. The piezoelectric elements 153 are di;posed substantially radially with respect to the
20 longitudinal axis of the cable 20. Preferably, the piezoelectric elements 153 are evenly spaced in
the circumferential direction around the entire periphery of the cable 20 so that the radiation
pattern created by the elements 153 will remain constant should the cable 20 rotate about its
longitudinal axis. The number of elements 153 and their operating frequencies can be selected in
accordance with the operating conditions. In the present cmbodi;nent. each of the sections 151

25 contains twelve piezoelectric elements 153 having a diameter of 3/8 inch and an operating

frequency of 50-100 kHz. The radiating surfaces of the elements are recessed slightly below the
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depth control device 70 are housed inside the cavities 85 within the inner
sl eeve 71. The |l eads of the external coils 145 extend through 25

uni | lustrated wigonp@ss in the inner sleeve 71 between the cut pgbgissehsafd
the cavities 85. The open outer ends of the cavities 85 in the 1 nner sleeve

71 are seal ed agai nst the 15 WO 97/ 11395
PCT/ US96/ 1547 Quhurfags 9fdha Inpsf slegket apl e cl osures 90. Figure 12 shows one of
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acoustic impedance which is approximately that of sea water. An example of a suitable potting
material is polyurethane. To reduce the effects of the elements 153 on each other, damping
members 155, such as sheets of cork, may be imbedded in the potting material 154 between
10 adjoining elements 153 and along the radial inner surface of each sectic_)n 151.
The circumferential ends of the sections 151 of the ranging dévice 150 are preferably
shaped so that the inner sleev_:e 71 can be opened and closed with the ranging device 150
" mounted on it. When the sections 151 of the ranging device 150 are disposed in the first slot 75
of the inner sieeve 71, the radial outer periphery of the sections 151 is preferably recessed with
15 . respect to the outer surface of the inner sleeve 71 adjoining the first slot 75. The pinion 132 and
the shuttie 137 xﬁay be removed from the inner sleeve 71 if they would interfere with the
insertion of the ranging device into the first slot 75.
Each of the sections 151 has a radially inwardly extending neck 156 which fits into a
corresponding hole 79 formed in the first slot 75 of the inner sleeve 71. Lead wires 158 for the
20 elements 153 pass through the necks 156 and are connected to suitable controller housed inside
the cavities of the inner sleeve 71. Each of the necks 156 is fitted with a sealing member 157,
such as a sealing ring, for sealing the hole 79 and protecting the interior of the inner sleeve 71
against the environment. When the ranging device 150 is detached from the inner sleeve 71, the
holes 79 in the first slot 75 can be closed by suitable closures.
25 The piezoelectric elements 153 of the ranging device 150 can be controlled by suitable

circuity disposed in the cavities of the inner sleeve 71. The elements 153 may be connected

25



which is larger than the outer diameter of the front |engthw se end of the
I nner sleeve 71 so as to-10 protect the radially inner portion of the

| eadi ng edges of the wi ngs 120 agai nst inpacts. Cutouts rmay be forned in
the bunpers 92, 93 to permt the hinge pins 74 for the inner sleeve 71 to
be i nserted WR%THAWved so that the inner sleeve 71 can be eptrsssses

cl osed without renoving the bunpers 92, 93." Preferably, the inner periphery
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110. 20 Preferably, the slots extend around the entiré perip of the
i nner sl @eve infdrpbAred BRdf&edcble Wi ng unit 110 to rotate by 360 degrees with
respect to the inner sleeve 71, although it is also possible for the slots

to extend only paohwnmwadaﬁdneme ipfe€delEbtEiE 1aMahd dndRlebfoniircHiRASS Pechilve
rotation of the wing unit 110 is adequate. The hinge pins 74 for the inner

sl eeve 71 ar powerfioncwhel extertdl abilsywithity e inéfsiceVec71S | Tugeihet Wit ikt ififtr Sleev@F1 e t O
interfere with the rotation of the wing unit 110 within 25 the slots.
The wi ng uni frangih@ deviee! 150 e mmaio imoanted] dril thevhadeiwates cabie 20t wtign the cabile 20 Bresied
sleeve 71 so as to
in and stored aboard the towing ‘vessel, since the housing 152 and the potting material 154 can
10 protect the piczoelectric elements 153 from damage. When it is desired to use the inner sleeve
71 as part of a depth control device. the sections 151 of the ranging device 150 can be removed
from the first slot 75, the holes 79 in the first slot 75 can be sealed, and a wing unit like that of
the previous embodiment can then be mounted on the inner sleeve 71.- Since the ranging device
150 can remain attached to the cable 20 during storage, it is more efficient to use than a
15 conventional ranging device which must be removed from the cable 20 before the cable 20 is
wound up for storage. The device-specific electronics and other components are also exchanged.
The ra_ng'ing device 150 shown in Figure 19 is not limited to use with the inner sleeve 71

shown in Figure 18 and may be mounted on an underwater cable 20 in any other desired

manner. Furthermore. instead of being a split ring, it may be a continuous ring.

20 Figures 20 through 23 illustrate an embodiment of a coil support device 160 in detail.
The coil support device 160 supports each of the internal coils 170 in a manner which protects
the internal coils 170 against damage during operation of the cable 20, and particularly when the
cable 20 is being deployed or reeled in.

As shown in these figures. the support device 160 has a generally cylindrical outer .

25 periphery similar to the cross-sectional shape of the cable 20. It includes a central bore 161
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pass through the central bore 161. The stress members will usu_ally'bc rigidly secured to the
support device 160 by a bonding agent. for example. For this purpose, a plurality of radial
holes 163 are formed between the outer surfaée of the support device 160 and the holes 162 for
10 the stress members 162 for inserting a bonding agent into holes 162. However. mechanical
devices. such as stoppers or pins, can also be used to secure the stress members to the support
- device 160. |

The central bore 161 and the holes 162 for the stress members need not have any

particular shape, but they are preferably shaped to avoid stress concentrations when the 'support
15 dcvic? 160 is subjected to bending or crushing loads. For ease of manufacture, they are circular
in the illustrated embodiment.

Each of the internal coils 170 is received in a longirudinally extending pocket 165 formed
in the coil support device 160. The angular positions of the pockets 165 with respect to the
longitudinal axis of the support device 160 are preferably selected so that the internal coils 170

20 will be as close as possible and preferably directly opposite to the corresponding external coils in
the external device. However, the ahgle between the pockets 165 is not restricted to a particular
value. In the illustrated embodiment, the two pockets 165 are spaced from each other by
approximately 145° for use with an external device having external coils which are similarly
spaced. but if the support device 160 is used with a different external device. the angular spacing

25 _  may be a different value. The cross-coupling between the internal coils 170 in different pockets

165 can generally be minimized by increasing the angular spacing between the pockets 165.
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A circunferentially-extendi ng. spur-type ring gear sector 116 having ,
internal teeth is 15 formed on the inner surface on at | east one of the
coll ar sections 112. \Wen the ring gear sector 116 is rotated about the
| ongi tudi nal axis of the cable 20, the entire wing unit 110 is rotated to
change the di rx%70m398f the transverse force on the cable 20 prpdssweaskby
the wi ngs 120. The farther the ri ng gear sector 116 extendsI around t he
ci rcunf erence t he, col | 111 reater the directional range over
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whi ch the for com¥ i the.gase of tvp pockets ing can.be minimized df

present enbodi nent ach of the collar sections 112 is formed with a ring
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Fovover . the T Peseyae 20, fils RAS né‘f‘éi"#%%ﬁ* By VL R . g e

degrees argundpiRgs %gﬁug;%mg,mq'gﬁ&és%&ﬁ, gear sectors 116 are
slidably recei ved In the first slot 75 of the inner sleeve 71. The w dth of

the first slot 75 i ?hélﬁﬁﬁ&x%\/f\s&l@ﬁ 168 Snd'theeinkt Bils 170Rak b\ R1etEPbasS i L Fumbbf ¢ ©
enable the ring gear 17 97/ 11395
PCT/ US96/ 1547 8of external coils in th= external device to which the internal coils 170 are to be coupled and on
whether the support device 160 and the external device are capable of relative rotation about the
longitudinal axis of the cable 20. When the external device and the coil support device 160 are
10 prevented from rotating with respect to each other, it is generally sufficient to have a single
internal coil 170 in the support device 160 for each external coil in the external device.
. However, when the external device is mounted on the cable 20 in a manner such that it can
rotate about the longitudinal axis of the cable 20; it may be advantageous to have a different
. number -of coils in the supporf device _160 and the external device (either a greater number in the '
15 - support device 160 or in the external device) so that regardless of the relative rotational positions
of the suﬁport device 160 and tﬁe external device. at least one of the internal coils in the suppon
device 160 will be close enough to one of the external coils in thc external device for good
inductive coupling. In the present embodiment, the external device is prevented from rotation
with respect to the coil support device 160, so there is a single pocket 165 in the coil support
20 device 160 for each of the external coils in the external device.

The support device 160 is preferably made of a light-weight, impact resistant material
which will not break or plastically deform during operation of the cable 20, Polymers such as
polyurethanes. polyacetals. polyetherimides. etc. particularly suitable. The illustrated support
device 160 is made from Ultem 1000, which is a trademark of G.E. Plastics for an amorphous

25 thermoplastic polyetherimide. Merals may be used for portions of the support device 160, such

as for reinforcement, but since metals may interfere with the magnetic circuit between the
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sectors 116 to translate back. and forth wi thin the first slot 75 in the

| oneH MR S . QS
121 secured to the center of a drsk referred to as a prtch drsk 122
rotatably nmounted on one of the col | ar sections 112. A pin 123 which is
spaced 5 f meorp7iiges ot ati onal center of the pitch di sk 122 gogngsdasdrpvar d
fromeach pitch disk 122 toward the center of the collar 111 aﬂd sl : flabl >1/11
engages with the s d slot 80 .in the i nner sleeve 71. Wien the collar

i s rotated abotff® "t”ié“‘{] m’?&?ﬂshﬁf extent of @eir P%és B"&%ﬁé‘ﬂm‘eﬂ h¥ metals are yseda they
slide snoothly i second sl ot. 80 with roducing rotation of the

L on di S o) praIY G S NPaRg PAEHAL spg 5 v And dopicisati A o e
the can b 50, | il et 3 %éte'rré%w'm?‘négia'e%ghffﬂr?%tsoéﬁav%&ﬁtpie%ﬁ;
G ok 125 ang ok 08 1bastasiiord ok fid 1R oobd Fro A SBRsS o0 °1 hZhSnSI Lot

o 1ng! £ usl mal - mov b, fonifal dodBlwalel xpfty Ui s F BERCEEbeH) R el 4507
ring gear sect oﬂeﬁ@oﬁﬁ@stf&’é’tﬁcm&kp O)p:hé > &ﬁtogﬁicfsirgsﬂh pfgég thg'ou%h '

pitch disk 122 nmay vary the 15 as rruc
degrees, al t hoigkuppbr ABIG" B afe mtgnsra Wlwaeosmw btth ftrasp&e,t.t@s angl e

S adequate The range nmay be sel ected as desired. For exanple. 1t may b
entirely posit within tiRsupport dévioe (50 dai Be nddimeials, WRY mbdfs ubkdSorliRidr s&%ﬁstdt“{l%s@ﬁg
negative angles of attack, as in the present enbodinent. Preferably, the
angl e of att acinembens ahﬁdb&fehémppdrm&xcdew ees when it is not

10 The outer peripheral surface of the support device 160 may be formed with one or more
grooves 167 extending between opposite lengthwise ends of the support device 160. These
grooves 167 provide fluid communication between opposite lengthwise ends of the support
device 160 to prevent a pressure differential from developing between the opposite sides. The
grooves 167 also prevent pockets of air from being trapped between the outer surface of the .

15 support device 160 and the inner surface of the skin of the cable 20, thereby ensuring a smooth
fit between the support device 160 and the skin.

When it is desired to prevent relative rotational movement of the coil support device 160
and the external device, an engaging portion, such as a recess 164, may be formed in the outer
periphery of the support device 160 for engagement with some portion of the external device. In

20 the present embodiment. the recess 164 comprises a flat extending between two points on the
outer periphery of the support device 160 and sized so as to engage with the projection on an
insert of the external device. In addition to preventing relative rotation of the support device 160
and the external device, the recess 164 makes it easy to install the support device 160 so that the
internais coils 170 are directly opposed to the external coils. because the external device can be

25 closed around the cable 20 only when the recess 164 is engaged with the projection on the insert

of the external device.
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necessary for the wings 120 to generate any lift. 20 The

Il lustrated enbodi nent includes two wings 120, but the wing unit 110 nmay
have a | arger nunber of w ngs. For exanple, there nmay be two w ngs nounted
on the collar 111 so that their angle of attack can be adjusted, and a

third wing awgymensss th the | ongitudinal axis of the cabl e Zrinssobassss a
fi xed, zero angle of attack can be nounted m dway between the two

" accor dane w 1 IR s sl SORTRAE € il Pt 127 of € pa Rtk B of
devi ce 70, SYCh fiifie' 08, SRfsoh Mmbelinthe fohF of £RNBwAReatt®173 WS i orkeds the e

97/ 11395

PCT/ US96/ 1547 Ex@ﬁﬁg t gﬂnh@ [ :
chosen to m nlgmgxgd ra ﬂu&;‘géfyler ag)llf/inpﬁ 3’5‘8%3%‘ wo%egéglég@@“@%(@s%ﬁ to
mnimze floy, é@w%bam&muhﬁswh,%%@mm%aﬁy&uwm mareoﬁfnhy%@phones

and acoustic devices nounted al ong the cable 20.” The w ngs

entirel y scoplandihgsi7b AreSiaditivalytQipl&d with @resoNdiREwmbBgT ah extemsmu&'m lhe

The actuators for operating the wing unit 110 include one which will be
referred to axtefhal @éviceaThelstieth 11B&enes flotdAIYTtH SUppurd ad provedt khelore” £ it &isb oo as

a pitch actuator 135. The wing unit
support the windings 172 of the internal coil 170. The sheath 173 is preferably made of a non-
magnetic, non-conducting material which will not interfere with transmission of signals between
the internal coil 170 and the external device. Plastics are particularly suitable for forming the
10 sheath 173. In the present embodiment, the sheath 173 is made of a molded plastic. The sheath

. 173 may be formed wi;h pairs of external flanges between which the windings 172 can be wound

..around the sheath 173. The core 171 may have any desired cross section. In the present
embodiment, it has a circular transverse cross section, but many other shapes are possible.

. The core 171, especially when made of ferrite, tends to be very brittle and can not resist

15 any substantial bending stresses. Therefore, the sheath 173 is designed to support the core 171
to minimize the level of bending stresses in the core 171. For this reason, the sheath 173
preferably has a greater bending stiffness than the core 171 so that when the support device 160
is subjected to impacis (such as when a portion of the cable 20 containing the support device 160
is dropped on the deck of the towing vessel), substantially all inertial forces are resisted by the

20 sheath 173 with virtually no bending stresses being applied to the core 171.

It is not necessary for the sheath 173 to extend entirely around the circumference of the
core 171, but the shape of the sheath 173 is preferably such that the sheath 173 can resist inertial
loads applied in any direction normal to the longitudinal axis of the core 171 so as to prevent the
load from generating bending stresses in the core 171. Figures 27A through 27C illustrate |

25 examples of other possibie shapes of the sheath 173. In Figure 27A, a sheath 205 comprises a

pair of C-shaped channels which fit closely around a core 171. In Figure 27B, a sheath 206
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110 can be r ot
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ated_around the axis of the cable 20_by t he roII_actuator
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gear sectors 116 of the wing unit 110. As shown in Figure 17.

the pinion 132 is disposed in a recess 76 comunicating with 10 t he
i nner surfacenwgfoship@sfirst slot 75. with a portion of the pi ngceusodnsers

ext endi ng radi

al'ly into the first slot 75. Wien the wing unit 110 is

nounted on the inner sleeve 71 with the ring gear sectors 116 disposed in

the first sl otcomprises uplupality ofiarcuae sesiaghwhish clpsely surreund; aegreyi7d and areisenasatet

The wi ng unit

110 can be made to translate in the |ongitudinal direction of

the cable 20 Hyon ¢ach ptherchy a:gap i the cireumerential dirpcrian. gl Kiguse,21C. asheathcd0d s frhe
shuttle 137. Figure 12 illustrates the 15 structure of the shyttle 137.
It includes a formefiasags Frmpeiing 3 plralinyof rodsspaced fom.sach,pthey ip fhe ciemisrential \ b o,
are slidably received in axjal I% extending slots 78 forned in
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| ongi t udi nal dﬁ%gﬁih‘ﬁ{*{‘%“%%@P‘m“%f%&d‘"’g@"w& (BRSeR 17¢bodi ment, as shown

in Figure 17.

IS recelved In a recess 77 adjoining the

radi al inner peri ph%x:oﬁflﬂ by bk Eetired todthe Hiide %%ﬁeaimﬁ%lsﬂcﬁﬂi bys4Bdnkiing 38end br

the pitch actuator
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51s rotated, the output shaft 13
an interference fit, but preferably the core 171 is-mounted within the sheath 173 in a manner

enabling the core 171 to be easily inserted and replaced. In the present embodiment. the sheath

173 fits relatively loosely around the core 171 so that the core 171 can easily slide into and out

‘of the sheath 173. - The core 171 is prevented from inadvertently coming out of the sheath 173

by suitable members such as rubber stoppers 177 which detachably fit into the ends of the sheath
173.

Each sheath 173 is supported in the corrésponding pocket 165 by a plurality of
cushioning members 175 in a manner such that the sheath 173 is spaced from the inner periphery
of the pocket 165 at all ti.mes'during the use of the cable 20. The cushioning members 175 can
be any members which are capable of supporting the sheath 173 in a spaced relationship with
respect to the inner periphery of the pocket 165 and which are sufficiently deformable that when
the support device 160 is subjected to deformation and the walls of the pockets 165 deform, the
sheath 173 will not be contacted by the inner walls of the pocket 165, thereby allowing the
sheath 173 and the core 171 to remain straight and substantially unstressed during bending of the
support device 160 in any direction. Furthermore. the cushioning members 175 preferably act to
cushion the sheath 173 and the core 171 to reduce the level of accelerations experienced by the

core 171 during impacts.
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25 acts as a |lead screw and causes the shuttle 137 to translate in the
| ongi tudinal direction of the cable 20. The shuttle 137 is engaged with the
collar 111 of the wing unit 110 such that the wing 19 WO 97/ 11395

PCT/ US96/ 15478 unit 110 translates together with the shuttle 137 with
respect to t havoId9ss| eeve 71 in the |ongitudinal translati ecTwsdiserscabl e
20 but such that the shuttle 137 does not interfere with the rotation of

the wi it 110 sl ' ol .

erhodt mant ¢ he. shERBle b PR vy e ol of Bons metrh s, I B rng 3, .
whi ch sl i dabl ' t i . . '

o cator than TREGS gL 0 Bler RAng plura B B Ajecibt PAn 18 Sy Moty r, .
ring gear sec t&tiﬁ%ﬁneﬁ&?ﬂeﬁp}:&}‘@f&:@ﬁ&cﬂu@& &B?oﬁdefb@mﬁ?%fh?x?ﬁ%%& ﬁﬁﬁ%eﬁlgﬂ

pass through the slot 137c wthout the shuttle 137 Iinterfering wt

rotation of tRGiidadnRERE. THE inférYiahbRr oMREQskiBRnShtthtel 875113 Tarfe @bdghabes in

the longitudinal direction of the cable 20, one of the sides of the slot

137c pushgs aggkis theahdaitl EMBAWhik thd 6ife? dRinetela tid prgje@ions 1766 cREsd boldverdd
pushes the entire wing unit 10 110 in the longitudinal direction of the

cabl e 20. The dsdied it Bervkctnt tinepyshioniigGembers 175 i theopdeket 1651 Lini oddeptdieduceays. For
exanple, the shuttle 137 may be formed with a pin which slidably
vibration of the internal coil 170 within the pocket 165, it may be desirable for the cushioning
members 175 to fit snugly over the sheath 173, and for the projections 176 of each cushioning
member 175 to fit snugly against the inner periphery of the pocket 165. At the same time, the
10 tightness of the fit between the cushioning members 175 ﬁnd the pocket 165 is preferably such
that the internal coil 170 can be easily inserted into and removed from the pocket 165.

- Examples of other possible cushioning members include but are not limited to deformable rings
with holes cut in them to increase their .deformability.. springs which suspend the sheath 173
inside the pocket 165, and a sheet of rubber or other resilient material wrapped around the

15 | sheath 1'.73. |

During operation qf the cable 20, the support dévice,160 will tend to be subjected to the

highest loads when the cable 20 is being deployed or reeled in. These loads may be of various
types. The support device 160 will be subjected to high bending loads when passing over a
roller on the afterdeck of a towing vessel as the cable 20 is being deployed or reeled in. Other

20 significant forces 'cah be applied to the support device 160 when the cable 20 is wrapped around
a storage reel for storage after passing over the roller, at which time the support device 160 may
be subjected not only to bending moments but also to crushing loads from portions of the cable
20 wrapped over the support device 160. The support device 160 my also be subjected to
impacis if the cable 20 is dropped against the deck of the towing vessel. Given the values of the

25 expected loads to be applied to the support device 160. the stiffness of the support device 160

and the spacing of the walls of each pockets 165 from the sheath 173 of the internal coil 170
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engages with a circunferential slot fornmed in the inner periphery of the
ol . e
and*a ring gear nay be used to rotate the wing unit 15 110 about the
| ongi tudi nal axis of the cable 20. For exanple, the pinion 132 may be
repl aced by a which is inrolling contact with the in ' ry
of the coll arw??fhg%g which rotates the wing unit 110 by fri %ﬁ?gﬁgr
t han by engagenment of gear teeth. The actuators 130 and 135 need not have
any parti cul adispesed gtside the pogket HiS qan be salected sich dhatthe isidesofabe poicket 165 wilk moat or s
I ncludes an electric notor (such as a permanent nmagnet DC 20 not or)
drivingly conceme ito coptaghwighthp sheathHIB et any gimg duting the usetof theseble i Figure 24

i ndi cator (such as a shaft angle encoder) for sensing the rotational
position of t ilusiaresan example of a bending,load japplied rrcthe el supparisievice 160ovhea Passing ONers
such-as a gear box connected between the noptor and the og%gut shaft, and a

torsional sho@kolgsoa.hs gk o+ i@ et (Xidtthe suppart devics 6P smtinsAspInt et 1oHer,
RGN AR IR R L
HATRE AN G VR g P SRR RER SIS AT RERE Y
degrees, for example, with respect to the longitudinal axis of the support device 160. Under
these conditions, the walis of the pockets 165 of the support device 160 preferably do not contact
the sheat-hs 173 of the internal coils 170 and the cores 171 are not subjected to any significant
10 bcnding' stress. Furthermore.:the coil support:device 160 is preferably able to withstand a drop
of 1 meter, for example. onto a hard surface wth an)'r damage to the core 171 of a coil 170
contained inside it. An example of a crushing doad which the coil support device 160 can
preferably withstand without damage to internal coils 170 disposed inside it is 2 4500 pound
crushing load applied with a 3-inch diameter metal cylinder oriented at an angie of 20 degrees
15 with respect to the axis of the coil support device 160. |
One or more additional cushioning members may be provided to protect the lengthwise
ends of the core 171 against impacts. In the present embodiment, the stoppers 177 which
prevent the core 171 from comihg out of the éheath 173 Serve this function and act as elastic
bumpers for the lengthwise ends of the core 171,
20 The ends of the windings 172 of the internal coil 170 may be connected to the exterior of
the pocket 165 in any suitable manner. The illustrated internal coil 170 includes a stopper 178
which seals the open end of the pocket 165 in a fluid-tight manner. The stopper 178 includes an
electrically insulating body and a sealing member 179, such as an O-ring, which is mounted on
the body and forms a seal against the inner wall of the pocket 165. The stopper 178 is molded
25 around a plurality of external leads 181 which can be electrically connected to a wire bundle br

other member within the cable 20. The inner ends of the leads 181 are electrically connected to
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WD 97/ 11395 :
PCT/ US96/ 15478 conbi ned win a single package are commercially avail abl e and
may be used in the present invention. The Hall effect sensors 143 are used
to sense the position of the wings 120 with respect to the inner sleeve 71
in roll and pivwobmdesi rst one of the Hall effect sensors 143cgrrsdaslias a 5
signal when the collar 111 is at a reference rotational position with '
respect to the inner sleeve 71,_while a second one of the Hal|l effect
sensors 143 gefthercadseaf the windings 172,akthe intranal gil 1P by saldering oior examplee Acloom 80 is i on
in the | engthw se direction of $thhe I nner. sl eeve 71, The reference position.
in the |engt hmﬂ?&"ﬂf?@ﬁ?‘i“ﬁﬁ“&% & SOPRTE 78 18 aspishp ussE incempYiRgdthe mpemaberilelMng) e
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reference rotatlanal Jasish ﬁgﬂ-de\ﬁébsﬁﬁ 1@ Rsibiife RAHuBInYY didverhén BGRL i&eﬁﬁg b 170.

hori zontal determ ned by the output of the attitude sensor 144, t

control ler 140 can fpures 25 @ldSieiasrate Aforker mBddimenP bf a @MGhipoR luedider9piaRdRing2 0
about the longitudinal axis of the cable 20 with respect to the horizontal.

Simlarly, by Goueptesdt invénionl"Rae tRfprévituabhibdinedfs, thiSugtobt @BvieCiod Rh<d generally

cylindrical outer periphery and a cylindrical'cemral bore 191 through which a wire bundle of a
10 cable 20 can pass. The support device 190 may be formed of the same materials usable for the
previous embodiments. Longitudinal holes 192 for stress members for the cable 20 may be
. formed in the support device 190 between its opposite lengthwise ends when the coil support
device 190 is to be used with a cable 20 having multiple stress members, and radial holes 193
for. the injection of a bonding agent extend between the longitudinal holes 192 and the outer
15 periphery of the support device 190.

The support device 190 includes one or more pockets 195, each of which is sized to
house a internal coil 170, which may be the same in structure as the internal coil 170 of Figure
22. In contrast to the pockets 165 of the embodiment of Figure 20, each of the pockets 195 of
this embodiment opens onto the outer peripheral surface of the support device 190 and is

20 equipped with a detachable cover 200 for closing the pocket 195.

Each pocket 195 extends in the lengthwise direction of the support device 190 and has a
generally rectangular periphery when viewed in plan. The pockets 195 may have any transverse
cross-sectional shape which enabies them to house the internal coils 170. In this embodiment,
each pocket 195 has a radially inner portion with a semicircular transverse cross-section and a

25 radially outer portion with paraliel sides and a roughly rectangular transverse cross section. A

ledge 196 for limiting the position of the cover 200 in the radial direction of the support device
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135 since the generation of an output signal by the second Hall effect
sensor_143 the controller 140 can.calculate the angle of attack of the

wi ngs 120. Many ot her types of position sensors for sensing the position of
the wings 120 ot her than 20 Hal | effect sensors can be used, such as
optical or meghad .sensors. Wen the roll actuator 130 is ?%'ﬁg t he
pi nion 132 rotat esﬁ%sth the output shaft 131 of the act uator,l,egﬁf t e”8
engagenment between the ring gear sectors 116 and the pinion 132 causes the
entire w ng uribo adidits the semicizchilar pdytiert. t he | ongi t udi nal axis of the cable 20.
t hereby adjusting the angles of the rotational axes of the wings 120 with
respect to the ver {Eachadover\R30 is préferalply capable Bf sealing aluet pogked 1951i8% fluid-tight manned,
the shuttle 137, which is slidably mounted on the inner sleeve 71, is nade
to transl at e ilmthetpeesens embediment sachoiover 209 isieqeipped (with@sealing member injthe form af & on
of the output shaft 21~ WD 97/11395 ) )

PCT/ US96/ 1547 polymerie seakingcring 304 jmogpted o Heroqvgsxtending aronnd dierreriphepeef ibeepvene
shuttle 137 and the ring gear sectors 116 causes the entire wing unit 110
Lo transi &t e 1200+ e teafith AEcHOh 3 Prepsodcie Sepfivk fomaricw i wallscpf theporkes 15 when

unit 110 trans] ates,_the en e en the eccentric pin 123 nounted
on the pitch the cover 2 lsmsert%(i1 to 8? . p

' Socke 1
The shape of the pockets 195 may vary along their lengths. In the present embodiment,

as shown in Figure 25, each pocket 195 and the interior surface of each cover 200 include two
recessed portions 1.97 and 200, respectively.'foi' receiving the cushioning members 175 of the

10 internal coils 170, with the recessed portions 197 and 200 being separated by lands. The lands
overlap the cushioning members 175 in the radial direction of the support device 190. so they
resist the lengthwise movement of the cushiohing members 175 and assist in the positioning of
the internal coil 170 within the pocket 195.

The dimensions of the pocket 195 can be selected in accordance with the desired

15 tightness of fit between the cushioning members 175 and the pocket 195. For example, the
dimensions of the pocket 195 can be such that the projections 176 of the cushioning members
175 are pressed snugly against the interior surface of the pocket 195 and the cover 200 or are
even somewhat compressed when the internal coil 170 is diSposcd inside the pocket 195 and the
cover 200 is closed.

20 The ends of the windings 172 of each internal coil 170 communicate with the outside of
the pocket 195 through a connecting hole 198 extending between 2 lengthwise end of the pocket
195 and a lengthwise end surface of the support device 190. Leads 181 which are electrically
connected to the wire bundle or other member on the exterior of the support device 190 pass
through the connecting hole 198 and are electrically connected to the ends of the windings 172 of

25 the internal coil 170 by soldering, for example. If it is desired to seal the pockets 195 against

fluid, each of the connecting holes 198 may be filled with a suitable sealing material 199. For
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di sk 122 and the second slot 80 of the inner sleeve 71 exerts a force on
the pin 123 which causes 5 the pitch disk 122 to rotate about its axis.
The rotation of the pitch disk 122 causes both wings 120 to rotate about

t heir axes, thereby changing the angle of attack of the w ngs 120. Because
the pinion 1320amt39%e ring gear sectors 116 are spur gears.pd16sv685478
remain nmeshed with each other when.the wing unit 110 is translating in the
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of attack of the w ngs . I'n order to exért a horizont transverse force
on the cable gfistigp.nove it laterally, the roll actuator 130 can be operated
to rotate the wing 15 unit 110 until the axes of the wings 120 are

substantiql ly vertAcilthe raceaihgeﬁ:b&danﬁxenacuaﬁwgtmmfm Riddbly fifpdradk e 20
to adjust the depth of t¢1e cable 20 in the water, the roll actu%tsor 130 can

be operat ed tepré U11cdng tiieshedth I of ehch chil D70Usatthdt thiel3ReathX 73 doés roheomei ikgTomta® ar e
substantially horizontal. At an angle of the axes between the horizontal
and verti cal , withhthe\innegysurfaGOofcbepogkee 195 or the comen200 ararly ainealuring thi esecd itheccalle
havi ng both a horizontal and a vertical conponent. \Wen the 20 cabl e 20
is at a desi r 20sockbgtthe conell Hiovill nonexpéricheeany bexding sinessqsi {Thé caiksuppririodevit® 39¢ian
set the angle of attack of the wings 120 to zero so that the wngs 120
exert no transsepreterablyrcapablerof pratectingothe catigl 70 from crushing loads and impacts just as can the

10 coil support device 160 of Figure_25.
. An underwater cable, which may be several miles in total length, is generally formed
_ &{_from a plurality of unitary segments which can be connected in series to form a cable of the
desired length. A cable segment employing a support device according to the present invention
can be assembled in the following manner. The stress members aré. arranged on a flat surface,
15 ‘and each stress member is passed through a corresponding hole in the support device. The
support device is then moved along the stress members to a desired location and then bonded to
the stress mem_bers. In the présem embodiment, bonding can be performed by inserting a
bonding agent through the radial holes extending between holes for the stress members and the
outer surface of the support device.. Other unillustrated components such as are typically used in
20 | an underwater cable may be positioned along the stress members in a similar manner in suitable
locations. A wire bundie is then passed through the central bore of the support device, and the
leads of the internal coils 170 are spliced to the appropriate wires in the wire bundle. After the
internal coils 170 and other components have been electrically connected to the wire bundle, the
entire assembly is pulled through the inside c.;f an empty cable skin, which is typically 50 - 100
25 ‘meters long. Both ends c-)f the skin are terminated with a bulkhead fitting. A vacuum is applied

to one of the fittings to suck air out of the cable segment, and a buoyancy adjusting fluid. if
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The controller 140 can control the operation of the depth control device 70
ina varjiety of manners. For exanple based on the ipput signal fromthe
attirtude sensor 144, which indicates the roll angle of the inner sleeve 71
vvithdres]Loect to the horizontal, the Hall effect 25 sensors 143, and the
encoder for t. ctuator 130, the controller 140 can con ol |
actuator 130 Sgog@h%%sami ntain the roll angle of the wi ngs cons Igﬁ#&\?\f{sh
respect to the horizontal. 22 WO 97/ 11395

PCT/ US96/ 1547 Giséd, iscichnloducedrinto thesskin theoughithe pthen fitting. ginahis manner. ttheeskifeganibesensor
142. the controller 140 can control the pitch actuator 135 to maintain the
depth control cimplewly filled sth shecdwoyancyradjusting finid. THhe skincofabe cahle segmenyis dlexible; $pe
present enbodi nent for adjusting the rotation of the wing unit 110 and the
angl e of at t adkcapfbeifjusted tn gslesired diametgr and| spepificcgravity by varying rhecrsesswrs (of ey i ce
70 5. having a detachable wing unit and can be enpl oyed with any tﬂ¥ e of
depth control WQWWMIIMW’%!*&'%@)FW@WF#BW&WBP@M’& gds Bpth fiskings axe g‘he

wi ngs 120 are suspended |i ke aifendul um bel ow t he cabl e 20 on whi

h
devi ce i s Srourfetled. SThercable segmay; it Jow,reafy for pongertipn fo 3potherca 26‘%“%&%‘?5%?’%‘”

themin a horizontal ositign. Ln man i.
i ncl udes a or though thg intermediary of a strean}ér glgcstr%tsli’cs rtngchled&%m. t%oagsterrngle tﬁjeeé/nltz?eecable.

Figures 28 through 30 ilh_xstrate another embodiment of a coil support device for use in
the present invention. The overall stfucmre of this embodiment is similar to that of the
preceding embodiments. Like tho:se embodiments, this coil support device 210 is a generally

10 cylindrical member having a. centrﬁl bore 211 through which the wire bundle can pass and a
plurality of longitndiﬁally—extending holes 213 formed around-the central bore 211 through the
entire length of the support device 210 for receiving the stress members. - A recess 215 is formed
in thé outer periphery of the support device 210 for engaging with a corresponding projection of
a member of an external device which surrounds the support device 210, and one or more

15 longitudinally-extending grooves 216 are formed in the outer surface of the support device 210
for equalizing the fluid pressure at opposite ends of the support device 210 and preventing air
from being trapped betweeh the support device 210 and the skin of the cable. A reinforcing
member, such as a8 metal reinforcing tube 212 made of titanium, may be secured to the interior
surface of the central bore 211 by a bonding agent, a press fit. or other convenient method to

20 increase the bending stiffness of the support device 210.

The support device 210 is formed with one or more pockets 220 for housing internal
coils 225. In contrast to the pockets of the preceding embodiments, these pockets 220 are not
sealed with respect to the exterior of the coil support device 210. Each pocket 220 has an
opening in its radially outer portion through which one of the internal coils 225 can be installed

25 in the pocket 220. By not closing the opening with a cover, as in the embodiment of Figure 20,
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buoyant fl oat di sposed on the upper side of the cable 20, the force of
buoyancy acting on the 10 float to maintain the wings 120 hori zontal .
However, suspending the wings 120 beneath the cable 20 and/or using a float
significantly increases the appendage drag of the depth control device as
wel | as creat eawolbym3esiynam ¢ noi se whi ch degrade the perf or nesarus9brisers
acousti c conponents nounted on the cabl e 20. FurthernDre since the w ngs

120 arelntenddt ontal .. th nqt be o nted so.as t.0
steer the capi B¢ mseah TG s s Al exatukdy cl13 s, B ol e if ook
control EVICG?Z xﬁ: gég$ng to the present invention, the w ngs 120 are
mounted cl ose POt C e 20 without the need for any appendages to

connect themto thepaahlan20is 9 i Wil HBy fm@ra Em@'{rﬂx &?gngl fructur OF" the

reduced. Because there are no appen ages eris

depth control gdeyl,C&id $70'belthe ﬁEHeétﬁé ansoamtene WathGhtetnl @l1295 E&&B{ﬁé% elongated

Furt hernore, because the wings 120 can be rotated to any angle with respect

to 20 the hRfri edit 826 mHWonﬁ&e QRilkkEREd WihdR¥Ewiapped lafodk 68 hidpoftivh @ tien
the cable 20 in any desired direction. Figures 18 and 19 illustrate another

enbodi ment of @), epHeRbrd2R6 HE\4 geferAlyAAPEbIAY tafsveld©crbésQERioh with YR baiesT thei gur e
18 is a side elevation of the external device as it would appear when bei ng

towed through frdpezoidiitie sidechatifgth gfebtedt tenpthpfatingjaway . frofihe Pugiaidinal axtboofitiee
i ncl udes an inner 25 sl eeve 71, which may be identical to the inner
sl eeve 71 of tsuppategdvive 2thamdodbwaids\theepes kidewf theypaeBet 220. One or more leads 229 are
connected to the ends of the winding of the coil 225. The leads 229 may be connected to leads
10 229 of the other coil 225 or to the wire bundte passing through the center of the support device
210. To provide greater strength and to protect the coil 225 from the environment, the core 226
, and the winding are encapsulated in a resin 227 using standard techniques to obtain a waterproof
package, with only the leads 229 extending te the outside of the package.
. . The leads 229 of the internal coils 225 may be connected to the wire bundle or to other
15 members outside the support device 210 in any desited manner. For example, holes for the -
leads may be formed directly between the pockets 220 for the coils 225 and the bore 211 at the
center of the support device 210. However, as the central bore 211 is frequently rather small in
diameter and the inside thereof is difficult to access by hand. in the present embodiment,
electrical connections between the coils 225 and extcnzal wiring are made through an axial end
20 surface of the support device 210. As shown in Figure 29, each pocket 220 is connected with an
axial end surface of the support device 210 through a corresponding axially extending hole 222.
The coil leads 229 pass through the hole 222 and are connected to the wire bundle on the outside
of the support device 210. The hole 222 decreases in area from the pocket 220 towards the axial
end of the support device 210, and a stopper 230 which is larger than the outer end of the hole

25 222 but smaller than the inner end of the hole 222 communicating with the pocket 220 may be

secured to the leads 229 and disposed inside the hole 222. When a tensile force is applied to the
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replraced by a ring-shaped acoustic rangi ng device 150 which sits in the
first slot 75 in the exterior of the inner sleeve 71. Typically, a
plurality of @eialies rangi ng devices are attached to an undepeFiteensadl e
at predeterm ned | ocations. The rangi ng devices may include transmtting
and/ or receiving. The 5 rangi ng devices transmt and/or receive acoustic
pul ses throug theddeads 232 pnahe ouiside B the Fpport deyice 210 the interferenes bereeen thgps of
transm ssion and the tines of reception of acoustic pul ses are usually '
transnitted bytopps 238 aed the sl endeof the hole 222 prrverththe sansils force fram being drapmitede

cable to a controll er _aboard the_tow rL%é’}(ess |. The transit tinmes of pul ses
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enbodi nent, t rangi ng devi c ses arcuate
such as cementing the leads 229 to the interior of the hole 222, can be used to prevent external

forces from being transmitted to the coil 225 by the ieads 229, but use of a stopper 230 is
particularly advantageous because it enables the coil 225 to be readily removed from the pocket
10 220 for replacement. A slit 221 extending down to the reinforcing tube 212 is formed in the
bottom surface of the pocket 220 at the end of the pocket 220 adjoining hole 222 for receiving
the leads 229 where they exi_t from the encapsulating resin 227 on the bottom side of the coil
225.
Each internal coil 225 is supported in its pocket 220 by a cushioning member 231 which
15 supports the coil 225 in the pbcket 220 without the coil .225 coming into firm contact with the
walls of the pocket 220. Preferably each internal coil 225 is supported by the cushioning
member 231 so as 1o be spaced from éll sides of the pocket 220. Desirable characteristics of the
cushioning member 231 are that it be clecfrically nonconductive, non-flammable, insoluble in
substances which it may contact during use, such as water or the buoyancy adjusting fluid, and
20 nonhardenable over time in the temperature range in which it is to employed. such as from -5°
to 85°C, or when exposed to ultraviolet light. It preferably provides shock proofing of the
internal coil. In particular, if the pockets 220 are open to the outer surface of the support device
210, the cushioning member 231 is preferably resistant to breakdown by the buoyancy adjusting
fluid which typically fills the cable. When the buoyancy adjusting fluid is a kerosene-based oil,
25 ... which is highly corrosive to many polymers, a particularly suitable cushioning member 231 is an

electrically insulating packing grease available from Ohio Industries under the trade name of Fuel
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15 sections 151 which are nmounted on the outer. periphery of the inner
sleeve 71. In the present- enbodi nent, the rangi ng device 150 i ncl udes two
substantially sem circular sections 151 which together define a split ring.
Each of the sections 151 contains a plurality of cylindrical piezoelectric
el ements 153 iwodnpads rst and second radi ating faces on thei pcrasysasizs

I nner and outer ends. The piezoelectric elenents 153 are di sposed

substantially radially with respect .tqg.the 20 Jongitudinal axis of the
cabl e 20. Pr éf‘éf‘%la'b}‘ylsﬂé“'ﬁis%‘?(?g‘ ARlgstigizer prooil base commopty sed in dhe aircrtt; |,

h i nt i al di i he, i i 1 f th bl 20
L 0% Pt CERGCT o Bty RS baRes3hd $ dypigging Rl B 08 Wilngs ) || 7 o2 ©
tant should th i i i | .axis. h nb
e o e nOlES g ThAaflore babAL 53 G Hardeh of ARlelaiul e éfioh of e Fodtt ™"
° > . g 1 o
o o he aee: on 2t ArojRiiigihd B PREohin iy ulal whilSy B SRR FRTROR L BRNve 36D
a di anet er 5of %(,s%ianmg bnefBé 230, PRSI0 pla@AAARMA ¥mBin Maenl 0 i fscrete

: ) éf&l%lc i
radi ating surfaces of the elements are recessed slightly below the 24 WO
97/ 11395 locations on the side walls of the pocket 220, each globule forming 2 small pillow to support the

PCT/ US96/ 15478 outer surface of the inner sleeve.
coil. The use of small quantities in discrete locations is advantageous from the standpoint of
ease of application. The thickness of the cushioning member 231 is not critical, and as little as
0.04 inches of Fuel Lube has been found to give good results.
10 The coil support device 210 of Figure 28 is not festricted to use with a particular type of
internal coil, and coils 170 like those shown in Figure 22 can also be used. for example.

After the internal coils 225 have been installed in the pockets 220, the circumference of
the.support device 210 may be enveloped by a-thin-walled material to retain the internal coils
225.in the pockets 220 and to make the support device 210 easier to handle. For example, the

15 . support device 210 may be packaged in a shrink wrap 218 or wrapped with adhesive tape. Such
a wrap member is nonmagnetic and extremely thin, so it does not affect the operation of the
support device 210. When shrink wrap 218 is employed. the support device 210 may be
equipped with a circumferentially extending groove 217 formed in its oulér surface near each end
for receiving the ends of the shrink wrap 218. These grooves 217 protect the ends of the shrink

20 wrap 218 and prevent the shrink wrap 218 from being torn from the support device 210 during

insertion of the support device 210 into an underwater cable 20.

In the preceding embodiments, the external coils in the external device are maintained
stationary with respect to the internal coils within the underwater cable, but the present invention
is not restricted to such an arrangement. Figures 31 and 32 schematically illustrate an

25 embodiment of an external device 250 according to the present invention which is pivotably
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Each of the sections 151 includes a housing 152 of a suitable material,

such as aluninum to give the section 151 structural rigidity The elenents
153-inside the housing 152 are potted in a resilient potting nmaterial 154

whi ch acts as a pressure rel ease boundary to 5 mechani cal |y cushion the

el ements 153 S protect themfromthe environnent. T%ﬁh

materi al 154 g%wrlgpbsﬁy Is selected to mnimze the signal |oss an $is
preferably has an acoustic inpedance which is approxi nately that of sea
water. An exampugtedpn the ypderuaercahle2Q sorfhat the cail(s) B3R of shecaxeespab devies 358 uce
the effects of the elenents 153 gn each ot her, danping penbers 155, such as
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adjoining elenments 153 and al.o t he radi i nner, surface of each .section
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are preferably shaped so that the inner sleeve 71 can.be opened and cl gsed
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rangi ng devic i TSt e sections 151 has a
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79 forned in t ot 75 of the inner sléeve 71. Lead wires 158 for
the It includes a plurality of arcuate sections 241 (such as two semicylindrical sections) which are

10 joined to each other so as to extend around the entire circumference of the cable 20. The
sections 241 may be secured to each other in any desired manner, such as by screws or by
hinges, such as those describecll in U.S. Patent-No. 5,529,011 having removable hinge pins. The
inner surface of the inner collar 240 may directly. contact the outer surface of the cable 20, or it
may be equipped with detachable inserts like those used in the preceding embodiments, which

15 grip the coil support device 260 and thereby prevent the relative movement between the inner .
collar 240 and the coil support device 260 in the longitudinal direction of the cable 20. In the
present embodiment, inserts have been omitted, and the inner periphery of the sections 241 of
the inner collar 240 is shaped to surround the coil support device 260 and grip it so as to prevent
the relative movement of the inner collar 240 and the coil support device 260 in the longitudinal

20 direction of the cable 20. The inner periphery of the inner collar 240 may also be shaped to
prevent other types of relative movement, such as 1o maintain the longitudinal axis of the coil
support device 260 stationary with respect to the longitudinal axis of the inner collar 240. The
inner c;)llar 240 is intended to remain on the cable 20 when the cable 20 is stored on a drum, so
it preferably is made of an impact resistant material. Furthermore, since it is disposed beiween

25 the internal coils within the cable 20 and the external coils 252, it is preferably made of a

material which will not interfere with the inductive coupling of the coils. Plastics are
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20 el ements 153 pass through the necks 156 and are connected to suitable
controller housed inside the cavities of the inner sleeve 71. Each of the
necks 156 is fitted with a sealing nenber 157, such as a sealing ring, for
sealing the hole 79 and protecting the interior of the inner sleeve 71

agai nst the ewo97am®snt. \Wen the rangi ng device 150 is det apboetisésisist he

I nner sleeve 71, the holes 79 in the first slot 75 can be cl osed by

sui tabl e cl osur electric el ements 153 of the
rangi ng devi cep al%im%meggn rmﬂ_ﬁbgﬁ‘ﬂﬁ%ds)w tabl e circuity disposed in the
g1 ng y
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The supporting el ectronics and signal processing nay be as described In
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the outer collar 245 as a unit. For example, the outer collar 245 may include a plurality of
arcuate sections pivotably connected with each other by hinges 246. An example of a
particularly suitable structure for the outer collar 245 is a hinged structure as disclosed in U.S.
10 Patent No. 5,529,011, in which a collar has one or more hinges having hinge pins which can be
retracted without the use of tools to enable the collar td be opened.
= The external device 250 is ﬁot restricted to any particular type, so it is shown
schematically in the drawings. The external device 250 is preferably rigidly secured to the outer
coltar 245, and may be integrally formed with one section of the outer collar 245, to enable the
15 outer collar 245 and the external device 250 to be installed on or removed from the cable 20 as a
.. single unit. The external coil(s) 252 for powering the external device 250 can be disposed in
any location in which they can be inductively coupled to the internal coils in the coil support
device 260. Preferably. the external coil(s) 252 are disposed as closed as possible to the internal
coils. For example. as shown in Figures 31 and 32, external coils(s) 252 may be disposed inside
20 the outer collar 245, As in the preceding embodiments, the electrical power for operating the
external device 250 may be supplied entirely by the external coil(s) 252, so it is not necessary (o
provide the external device 250 with a battery for normal operation.
The internal coils are supported by a coil support device 260, which may be similar in
structure to.the above-described embodiments of coil support devices according to the present
25 invention. The overall structure of the illustrated support device 260 is similar to the support

device of Figure 21. Since the external coil(s) 252 can move with respect to the internal coil(s),
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power fromthe external coils within the inner sleeve 71. Together with the
i nner sl eeve 71. the ranainag device 150 can renmnin mounted on the
underwat er cable 20 when the cable 20 is reeled in and stored aboard the

t ow ng veﬁsel since the housing 152 and the potting material 154 can 10
protect the p gt ric elements 153 from damage. Wien it igeflesd to
use the innerbﬁfeeve 71 as part of -a depth control device, the se;s?t |1g‘ﬁ’g 151
of the rangi ng device 150 can be renoved fromthe first slot 75, the hol es
79 in the fir dtis sotoecesgryterpreyantdhepowtion ¢fithe @ﬂ\m'wﬂm"ﬁe 290xithy nespect 3p thep, o

previous enbodi ment can then be nounted on the i ee Since the
rangi ng devi cdongisesinshaxis ghthe £able;20, ihergiore, agreressdn é’“?ﬁpﬂ'ﬂ’}{‘f'ﬁé’ 3?%& it
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underwat er5 cal esir e rranner I NSt ea

being a split fﬂ%’f"?’g’ﬁa n | n@& dﬁ‘;&g{&hk?%ﬂ?ué fcztﬁe 20 with which ithib B-efied?0

through 23 il k I men a c0| support device 160 in detail.

The coil support deyigc e%ﬁﬁnﬁf’&ﬂef ﬁ%@kxﬁhﬁ Eb%xcbawire%lee fthdve WitlfrebpRerdo

manner whi ch protects t nternal “coils 170 agai nst damage duri ng

operati on of {eigall Gl in @8 doiPRibpdrf adt bib. WeAnbiCorGlka 0 ctrérmB Sl

depl oyed or ree shown i n these figures. the support device 160
has a gener al | yerepibily RélEckdadlo k! ke@hirdiess of the angle of rotation of the external device 250 with

10 respect to the coil support device 260, there will always be good inductive coupling between one
of the internal coils and one of the external-coils 252. In the present embodiment. ‘the external
device 250 houses a single external coil 252, and the coil support device 260 has 6 pockets 263
for 6 internal coils formed around a central bore 261. The pockets 263 are located so that the
angular separation, measured from the longitudinal axis of the support device 260, is constant

15 around the circumference of the support .device_ 260 between any two immediately adjoining
pockets 263 or between a pocket 263 and an immediately adjoining longitudinal hole 262 for a
stress member. Like the preceding embodiments, the coil support device 260 may include one
or more longitudinai grooves 264 in its outer .surt'ace for equalizing the pressure on opposite ends
of the coil support device 260

20 The structure of the internal and external coils is not critical and may be the same as in
any of the preceding embodiments.

In the preceding embodiments, one or more internal coils are housed inside the coil

support device 260, but a coil support device according to the present invention can also be used
without a coil in order to position an external device with respect to a cable in which the coil

25 support device is installed.
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25 peri phery simlar to the cross-sectional shape of the cable 20. It

i ncl udes a central bore 161 26 WO 97/ 11395

PCT/ US96/ 15478 t hr ough which the wire bundl e containing data conmuni cation
| i nes and/or power transmi ssion and distribution lines, for exanple, can
pass. |f desi MU?ABB central bore 161 may be reinforced by @craiseéis4es ng
tube or simlar nenber ‘disposed along its inner periphery. Wen the cable

ong tucl nal |y et RA o 1oa o8 ek Whglye 8 b aimflE B Ebshro e blchicl 4
por e 161 t NV OlighNdd 1 aff Bérhut abiicdGdbrdite to i (B Hensfl b Enctdifing € ofebiio bf ©5°

menbers to pass through. AlternativelYy, r nmore stress I's nmay pass

through the cgpkfiainaltievice. 1Ttk corthd? sfstentinsludes H aBerSprifdelsor StARIch ¥s vaigﬁdr&kd' y

secured to the support device 160 by a bondi ng agent, for exanp For this

purpose, a pl sgERt11tnvicrotontrolkrpdor Bedkaiscoftfol. A dlsofifludedla ?@M‘\?%Blytm whith@Eceives
or

surface of the support device 160 and the holes 162 the stress
mermbers 182 f electiicabpovier frgmahdexcerial coilis) 307 ofi thé extdmmll BevickGRd pdséivly \ffkn a battery,
mechani cal devices, such as stoppers or pins, can also be used to secure
t he stress neifipessent irnthe aerpalpgipded The\exiemalldofls 307 generate AC power, whereas electrical
components of the external device may require DC power. Therefore, the power supply 300 is
preferably capable of converting AC power from the external coils 307 into regulated DC power.
Any conﬁguratiori capable of performing .this function may be employed. In the illustrated
10 embodiment, the power supp!y 300 includes a fulFivave bridge rectifier 361 connected to the
external coils 307 for recﬁfying the AC signal from the external coils 307 and a capacitor 365
for smoothing the rectified signal into a DC power signal (Vpwr). A power limiter may be
connected to the power supply 300 to limit the power that can be drawn from the underwater
cable via the external coils 307. The DC power signal may thereafier be regulated by, for
15 example, 2 DC voltage regulator 310, such as a DC to DC converter, to provide operational
power to the circuits contained in the citemal device.

When the external device includes one or more batteries 312, a battery charger 311 is
preferably provided for recharging the battefy 312. The battery 312 may be used to supply
operational power in the event that power is not available via the external coils 307 from the

20 underwater cable. The batteries 312 may be switched into an operating mode by, for example, a
diode or an electronic switch 321. If an electronic switch 321 is utilized, the battery charger
circuit 311 preferably includes a low voltage detector which outputs a low voltage signal to the
microprocessor 304. The microprocessor 304 may then actuate the electronic switch 321
responsive to the low voltage detection signal. Alternatively, the microprocessor 304 may detect

25 a Jow voltage directly via an A/D converter 314. As another alternative, the electronic switch

321 may be controlled directly by the voltage detector of the battery charger 311 in response to,



The central bore 161 and the holes 162 for the stress menbers need not have
any_particular shape, but they are preferably. shaped to avoid stress
concentrati ons when the support 15 device 160 is subjected to bending or
crushing | oads. For ease of manufacture, they are circular in the
illustrated e | . Each of the internal coils 170 is recgj '

| ongi t udi nal | ?Q%’gﬁ% ng pocket 165 formed in the coil suppor% ce 0
The angul ar positions of the pockets 165 with respect to the |ongitudinal
axi s of the sufupexdmplitcdilowe viltige eonditionef er abl y sel ected so that the internal
coils 170 20 will be as close as possible and preferably directly
opposite to the cor Tiespinchinmertee 214cmaatecaivs 4 wltage firdme the)inpyt tothe hitegecnepulator 310
However, the angle between the pockets 165 is not restricted to a

particul ar val ensl a separate wolt4ge fromythe enpus oftbe voliage regulater 81y Ip dhik manpen.gbe ar e
spaced from each other by approximately 145[err] for use wth an external
devi ce having mmsocgoq egn gyonitay the voltageyeeinet! fromyhe uagderwater cable aspwellag $heor t
device 160 is used with a different_external device, the angul ar spacing 25

may be a dff f evelige supplipd from the baitesy 3 2o(ben Proscpandaeivel- nkhe megulaiggi3l =170

In different pockets 165 can general | e mnim zed, by increasing the
angul ar spaci ngreffEablyiarudesa %@M{l yﬁéyg'dz may be utilized to'isolate the input Horh e output

when power is inadeqnate at the input to the voltage regulator 310. The microprocessor 304
may control one or more circuits 460 within the external device based on the voltage values
detected by the A/D converter 314.

10 The A/D converter 314 may be integral with the microprocessor 304 as, for example,
with the Motorola 68HC.1 1, or it may be a separate unit coupled to the microprocessor 304. As
discussed in more dctai-l below. the A/D converter 314 may be utilized by the microprocessor

'304 to initiate various actions by one or more-circuits 400 disposed within‘the external device.

A power-on reset circuit 313 may be utilized to reset the electrical device should

15 operational power be lost from the underwater cable and should the battery be not present or
present and inoperative.

The control system may also include outbound data receive circuits 301 and inbound data
driver circuits 303 coupled to encode/decode circuits 302. The outbound data receive circuits
301 may include a voltage divider 362 and a comparator 363 which may operate to reform

20 outbound data signals prior to decoding by the encode/decode circuits 302.

The inbound data driver circuit; 303 may include any suitable driver circuit capable of
driving an inbound data signal across any number of suitable coupling arrangements between the
external device and the underwater cable. In the illustrated embodiment, the driver circuit 303 is
configured to drive the one or more external coils 307 which are inductively coupled to the one

25 or more internal coils in the underwater cable. Details of one example of the inbound data

driver circuits 303. encode/decode circuits 302, and HDLC circuit 306 are disclosed in U.S.
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PCT/ US96/ 15478 Thus, in the case of two pockets 165, cross-coupling can be
mnimzed if the pockets 165 are spaced 180 from one another. The pockets
165 may have any cross-sectional shape which enables themto house the

i nternal coil AWM this enbodi ment, the internal coils 1P@Taisssns4rs
generally cylindrical, and the 5 pockets 165 have a circul ar transverse
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coil support device 160 are 1 ~ prevente r ( ( _
each other, i twjtifthgRwaigNebsét witthpbwérNine tibld i@ ORF2 niém?'oﬁm:hma{im'cirg@is!m thé0
I n the support device 160 for each external coil in the external device.

However, vhen dxteenabddvice preferabiyinciadel convifrionil @ebeivd cikddRs. CAR bAmMBR df'3 convERGST
such that it can rotate about the |ongitudinal axis of the cable 20, it may

be advant ageousceive cireniewhicicindyf ierused withinibe extéthal deVideSs dibcldsBLinIIBPPtém MRV i C€
160 and the external device (either a greater nunber in the 15 support
device 160 or 4.912684. Batlwp cethmuhicaione Firaills infth exteah device aiso Piieferdbly inclldl | Ve
rotational positions of the support device 160 and the external device, at
| east one of teneodeidecerdmeircuitoi02sandiswitthes 82,5 owhicitioay teecofisidledby thelnticroprosessor
enough to one of the external coils in the external device for good
304 to switch into and out of the backup communications circuits.
10 During inbound transmission of data from the external coils 307 to an internal coil within
the cable, there may be a high leakage inductance between the coils of about 70 % or more, for
xample about 94% or more (i.c., a coupling coefficient of about 0.3 or less, for example about
.06.0r.1ess). In this environment, the inbound driver 303 driving the exterior coils 307 may
drive an inductive load where about 94% or more of the load is the leakage inductahce. The
15 inbound driver circuit 303 preferably drives the extemnal coils 307 with a signal which enables
the desired data signal (e.g., a Manchester signal) to be reproduced in the internal coit inside the
cable.
The microprocessor 304 may be connected to one or more circuits such as a memory
320 and/or one or more circuits 400 being controlled within the external device. There may be
20 one or more microprocessors 304 or other logic circuits such as a Motorola 68HC11 and/or
Motorola 56002.
The circuits 405 in the external device being controlled by the microprocessor 304 may
include any of the electrical devices described above with respect to the previous embodiments,
such as a heading sensor, a ranging device, an artitude sensor for sensing the attitude of the

25 external device. a position sensor for sensing the position of the wings of a depth control device

a depth sensor, actuators for the depth control device, etc.
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i nductive coupling. In the present enbodiment, the external device is
prevented fromrotation with respect to the coil support device 160. so
there is a single pocket 165 in the coil support 20 devi ce 160 for each
of the external coils in the external device. The support device 160 is
preferably mad lgs,gi ght -wei ght, inpact resistant materi al | 9»444178 not
break or plastica fy ef orm during operation of the cable 20. Pol'yners such
as pol yuret hanes, polyacetals, polyetherimdes. etc. particularly suitable.
The illustrated supRigure 3§ds/a bleckidisgrins showing ah exampld ofaynontd) Grangemery forghen
trademark of G E. Plastics for an anorphous 25 t her nopl asti c

pol yet her i mi desirdviss 400sbeing\conseoliad ink depth cpusrol deyige, sﬁhm@tsiﬁppm indEigire 2. #60,
such as for reinforcenent, but since netals may interfere with the nagnetic
circuit bet weepressyee tagsducer\APS,uclyas poe; of those manufactured by Foxboro/ICT, Inc., provides a

PCT/ US96/ 15478 internal and external coils, the extent of their use is
preferably | i npigealpropertiagal tq the wadsrwater depth ofdhe depth coptEgl devies, through a;signal

nonmagnetic materjal such as titaniumand djspqsed radially inwards. of the
i nternal c8i | sSanABioniHp St 4 Ffb“'? E’é"t’?ﬂ'?fﬁsﬁrr#ognq{‘ ﬁgeﬂﬂé‘_ ‘ﬂgéﬂ“’ﬁ @pgt&ﬁ?fbﬂe
dovi ce 160, DU RISHGLAPL0 dibcud o HD {580hich she i erkll b bl b Hobifnh”©

and determines wheth=r the wing positions need to be changed. If so, the microprocessor 304

sends appropriate signals to the motors 410, 411 of the roll and/or pitch actuator through buffers
412, 413 (possibly including D/A converters) which convert the low-level logic signals from the
10 microprocessor into higher level motor signals sufficient to drive the motors. The motors drive
the pitch shuttle and roll pinion appropriately to adjust the wings to maintain the desired depth.
Encoders 414, 415 coupled to the motor shafts provide feedback to the microprocessor 304
through signal .conditioners 416, 417. The microprocessor 304 uses-the encoded position
feedback to accurately position the wings. The encoders could be conventional devices, such as
15 optical shaft encoders or pmmiomet&s. For precise determination of wing position, reference
sensors, such as Hall-effect devices 418, 419, may be positioned to detect the proximity of a
magnetic field, such as provided by magnetic pellets embédded in known positions in the wing
assembly. One such Hall effect device is the Allegro Model UGN3503. Signal conditioning
units 420, 421 convert the reference sensor signals into-signals compatible with the processor
20 inputs. Two accelerometers 422, 423, such as Silicon Designs Model 1010 capacitive
accelerometers, may be used to determine the direction of the gravitational vector for use in
controlling the wings. ﬁe two accelerometers are mounted in quadrature about the pitch and
yaw axes of the depth control device. Signal condition circuits 424, 425 convert the
accelerometer outputs into processor-compatible inputs. Optionally, the depth control device
25  may also include a conventional temperature sensor 426, used for reporting the temperature to

the towing vessel or to temperature-compensate the data reported by the other sensors. Signal
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5 Many conventional underwater cables enploy netals in stress
menbers. If netals are enployed for the stress nenbers, preferably the
portions of the stress nenbers passing through the support device 160 are
nonmagnetic. Alternatively, the portions of the stress nenbers within the
support devi c¥OYHI13%n be nonnetals, with metals used for ot REF/USEISATNS of
the stress nmenbers outside of the support device 160. 10 The
outer peri phecgidiforing dFeuitey 437 Rnverts B frhw Efipbratire seof Myhalifitof 06k idpuione
or nore grooves 167 extendi ng between opposite |engthw se ends of the
support devi Cgnd e midroprocessr O Al thieGignalrconditibing lcitéuits 4097416) 14031420/ 424240 €en
opposite | engthw se ends of the support device 160 to prevent a pressure
differential #esMevmaebe ponventiondl cambindtitee of pperstionsl ampliftess, ATD eonyeneas,cs 1dgic/

al so prevent pockets of air from being trapped between the outer surface of
the 15 Supgaes, asl esgiicest tyGbe sssatiatedsensontievicsandfcammondy deskibed lin published he cabl e
20, thereby ensuring a snooth fit between the support device 160 and the
skin. We# it applicatinginotss| farsaghrsensort It shouldtaise be resognized that. depending-on the)natyrs of
coi | support device 160 and the external device, an engagi ng portion, such
as a recess 1@hE seayanddtsrassogisied conditioping circuit, the ipyinte phegicropracestop soMld beye¥er c o
160 for engagenment with sone portion of the external device. In 20 t he
present enbodiafigital parhline o ine an intemal analog AR conveRerdpPULy t endi ng bet ween two
points on the outer periphery of the support device 160 and sized so as to
engage with the projection on an insert of the external device. In addition
to preventing relative rotation of the support device 160
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and the external device, the recess 164 nakes it easy to install the
supnnrtje\/l ce 160 so that the internals coils 170 are d| rectly opposed to

t he ‘external coils, because the external device can cl osed around

the cabl e 20 only when the recess 1?wﬂﬂqm'gﬂmmmh the proj ection on the
insert of the ﬁ?& -devi ce.
PCT/ US96/ 15478 Eacﬁl of the i nternal coils mswnsns

70 incl udes a neta core 171
of a magnetic material, such as a ferrite rod, a support menber |n the form
of a hol | ow shWhatlis daimeduisi ch surrounds the core 171 and extends al ong the
core 171 in the | engthw se direction, and one or nore w ndings 172 which
are wapped around the sheath 173 and nagnetically coupled with the core
171. The 5 w ndings 172 are inductively coupled with correspondi ng

wi ndi ngs of an ext ek nAR ugdsrwater gablearrapgement rempriging & eablecapableiof heing W&rpws
not only to S;Bport and protect the core 171 but also to, su ort t he

wi ndi ngs 172 Ofe WAer. %mr}mmb@mosefm W‘H%""?He%f?‘&“?@ n¢d 9p e de of
a non- nmgnetic, hon- cting nater.i al ich w | tefer
transnmi ss?on oftesiop ot % E‘t ﬁ"’t’?’fé"”ﬁ et ‘3’7‘558 ?fiﬁ“ ﬁ@‘ﬁ?a‘g

device. Pl 561 sti ﬁtséngrr &)ﬂpﬁlvrz te:'ctgrligr 1Xe l;seynlgtp%\tv)tl:rgd I:r?xgmrl;lyo [,{n enrtlxgely I?y electrical power supplied

from the internal coi! to the external coil of the external device.

2. A device for mounting on an exterior of an underwater cable for seismic exploration,
the device including a coil positioned within the device for inductive coupling with a coil
disposed within the underwater cable, the device being powered primarily or entirely by

10 electrical- power supplied from the coil within the underwater cable to the coil of the device.

3. A depth control device for controlling the depth of an underwater cable, comprising a
sleeve for mounting around the underwater cable, and a wing unit including a collar rotatably

mounted on the sleeve and at least one wing mounted on and extending outwards from the collar.

4. A ranging device for use with an underwater cable comprising a plurality of
15 piezoelectric elements supported so as to define a ring having an axis, the elements being

disposed substantially radially with respect to the axis.

5. A cable arrangement comprising an underwater cable for seismic exploration and a
ranging device disposed on the cable, the ranging device comprising a plurality of piezoelectric
elements spaced around a circle surrounding a longitudinal axis of the cable, the elements being

20 disposed substantially radially with respect to the axis.
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10 sheath 173. In the present enbodi ment, the sheath 173 is made of a .
nol ded plastic. The sheath 173 may-be forned with pairs of external flanges
bet ween which the wi ndings 172 can be wound around the sheath 173. The core
171 may have any desired cross seHI "l H Emsent embodi ment, it has a
circul ar tranWwoee70e388r oss section!l® tishapes are peeasbéiss?s The
core 171, especially when nade of ferrite, tends to be very brittle and can

t ist 15 i i . Th f .th heat
I < tesi omed 1 O A SUBRN aRang B0 o dee ol Widebumeh S, B s ol
i t . . t i R
g cater  bendi L dripelabionl el G, AT Hopek WSRO of S E pEU EeodE 0
160 i s subj ectpfhohfmiith Asrbdioh SHHE c6if suppi'd 59.%&5%1%%0&@99 o <€ the coil

cont ai ning the support device 160 is dropped on the tow ng

vessel ), subsizaiingh cdre 3paced £ tedhnet FEIGET tRR FAcker ch ACD Yankr! Va1t Of the péélkaalt 2

173 with virtually no bending stresses being applied to the core 171. It

not necessary agphi subfistisliyems stressésXotiil cord dufiflg &N bpekAiny carditishofithecable.
circunference of the core 171, but the shape of the sheath 173 is
preferably such that the sheath 173 can resist inertial |oads applied in
any direction normal to the longitudinal axis of the core 171 so as to
prevent the | oad fT7.0 agilficrruae ivitly atumidiwater sibleccomprsingia tdre, acwinding didposddi gur es
27A through 27Cillustrate 25 exanpl es of other possible shapes of the
sheath 173. | aromdghe eorg, and a supppes membercfar shppastingsthe coge pri¢nding faloGy & keagth of the
channel s which fit_closely around a _core 171. In Figure 27B, a sheath 206
30 core and having a greater bending stiffness than the core to prevent bending stresses from being

applied to the core.

10 8. An underwater cable arrangement comprising an uﬁderwaier cable capable of being
towed through the water, an external device for mounting on the exterior of the cable, and a coil
support device disposed inside the cable for supporting a coil, the coil support device and the
external device having engaging portions capaﬁle of engagement with each other to prevent
relative rotation of the coil support device and the external device about the longitudinal axis of

15 the cable.

9. An underwater cable arrangement cdmprising an underwater cable capable of being
towed through the water, an external device for mdunting on the exterior of the cable, and a coil
support device disposed inside the cable for supporting a coil, the coil support device and the
external device having an interference fit with respect to each other to resist relative movement

20 of the cable support device and the external device in the longitudinal direction of the cable.

10. An underwater cable arrangement including an underwater cable capable of being

towed through the water, a coil support device disposed in the cable, and an external device
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WD 97/ 11395
=]
surround a core 171 and are separat ed from each other by a gap in the

circunferential direction. In F| mﬂﬂ !“ﬂlmﬂm 207 is in the formof a
cage conprisiggeinployral ity of ch other i pdrRResns478
circunferential direction of a core 71 and ekt endi ng in the lengthw se
direction of the core 171. I'n each case, 5 t he bendi ng nodul us of the

sheath can be fintrgearéund theacofl Isegpott [devies o at to mimbia aabhsyanhagledenrbes IchgkddiaP S S
I n bending than the core 171 and can prevent bending stresses from bei ng

appl i ed to theaxisof thetable antia longituflipal axie of tht beil sippaxt devican have any shape

whi ch enables it to support the core 171 and mnimze the application of
bendi ng stresses to the core 171. The core 171 may be secured to the inside
the sheath 173. such as_by a bondi ng agent or an interference fit,

but preferably theldoAdep 1°°F§°'r¢6Y}?ﬂfGHCW?IHF813@W@@k@mgqam&%m
enabling the core 171 to be easily inserted and replaced. In the present
enbodi nent , H’@"‘éﬁ‘i'éaﬁ Watgry Somprising ag|inper gjeevs, for gkachment 30 b gable, @ sollag skrroupding o

t hat the gore 1 ea5|l s‘hl de I@tﬁ‘fc‘)h d out of the sheath 173. The core
171 is pré&vent®™® "1‘ PF& VNS gifached o the exterior of she pollar, the

sui table Menbels: Jusl s@p%oagf%mr 1o2 RSy Eeuprelo il cblfak 36 1ot ché boltal hrBurd ™

the inner sleeve to adjust an angle of the wing with respect to the horizontal.

12. A depth control device for controlling a depth of an underwater cable being towed

through the water, comprising an inner sleeve for attachment to the cable, a collar surrounding
10 and mounted on the inner sleeve for movement in a longitudinal direction of the sleeve, and a
wing supported by the collar in a manner such that movement of the collar in the longitudinal

direction of the inner sleeve changes an angle of attack of the wing relative to the collar.

This Sheet Has Been R.

A ﬁll

51

THIS SHEET HAS BEEN |
REPLACED




15 173. Each sheath 173 is supported in the correspondi ng pocket 165 by
a plurality of cushioning nenbors.lZ5 in a penrer—such—that—the—sheath—173
is spaced fromthe inner periphery of the pocket 165 at all tines during
the use of the cable 20. The cushioni ng nenbers 175 ‘can be any nenbers
which are capg@logafossupporting the sheath 173 in a spaced retmuswensdrsp
with 20 respect to the inner periphery of the pocket 165 and which are
sufficiently deformabl e that when the éb%bort device 160 is subjected to
deformation and the walls of the pockets 165 deform the sheath 173 w ||

not be contacted by the inner walls of the pocket 165, .thereby allow ng the
sheath 173 and the core 171 to remain straight and substantially unstressed
during bendi ng of the support device 160 in any direction. Furthernore. the
cushi oning nmenbers 175 preferably act to 25 cushion the sheath 173 and
the core 171 to reduce the | evel of accel eratlons experienced by the core
171 during inpacts. 31 WO 97/ 11395

PCT/ US96/ 15478 Figure 23 is a plan view of ong of the cushioni ng nmenbers
175.- 1t conprises a ring of a :
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resilient material, such as rubber, having a plurality of projections 176
on id-s—out-er peripl nhpL\/ for contacti ng.the inner periphery of the pocket 165
and for deformng “when t he support devi ce 160 undergoes bendi ng. The i nner
di aneter of the cushioning nenber 175 is |arge enough to 5 recelve t he
sheath 173, whivp®74f@souter diameter at the projections 176 ig Eﬁ@%ﬁ@ to
give a desired fit between the cushioning nenbers 175 and the poc 5.

I'n order to reduce vibration of the inte@A3 coil 170 within the pocket

165, it may be desirable for the cushioning nenbers 175 to fit snugly over
the sheath 173, and for the projections 176 of each cushjioning nenber 175
to fit snugly against the inner periphery of the pocket 165. At the sane
time, the 10 tightness of the fit between the cushioning nmenbers 175 and
t he pocket 165 is preferably such that the internal coil 170 can be easily
inserted into and renoved fromthe pocket 165. Exanples of other possible
cushi oni ng nenbers include but are not limted to deformable rings with
holes cut in themto increase their deformability, springs which suspend
the sheath 173 inside the pocket 165, and a sheet of rubber or other

resilient material wapped around the 15 sheath 173. During operation of
the cable 20, the support device 160 wil|l tend to be subjected to the
hi ghest | oads when the cable 20 is beLnglﬂepon reeled in. These | oads

may be of various types. The support devie€ 16QZwi II be subjected to high
bendi ng | oads when passing over a roller on the afterdeck of a tow ng
vessel as the cable 20 is being deployed or reeled in. Oher
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20 significant forces can be applied to the support device 160 when the
cable 20 is wrapped around a storage reel for storage after passing over
the roller, at which tine the support device 160 may be subjected not only
to bending nmonents but also to crushing |oads fromportions of the cable 20
wrapped over tygos4i¥e9rt device 160. The support device 160 W@@,pﬁs
subjected to inpacts if the cable 20 is dropped agai nst the deck of the
towi ng vessel. G ven the values of the &35 expected | oads to be applied
to the support device 160. the stiffness of the support device 160 and the
spacing of the walls of each pockets 165 fromthe sheath 173 of the
internal coil 170 32 WO 97/ 11395

PCT/ US96/ 15478 di sposed i nside the pocket 165 cafrbe selfected such that the
sides of the pocket 165 will not conme into cogtafrt wthitiae sheath 173 at
any t.dnme during the use of the cable 20. Figwie R4 illugdt¥ates an exanpl e

of a bending | oad applied to the coil support\d en passi ng over
a roller on the deck of a towing vessel. Wth t up devi ce 160
resti'ng against a steel roller 5 185 hmvi ng f er of 18 inches
(the typical dianeter of a roller on the terde a Jeov vessel ), a
tensile | oad of 4500 pounds may be appli 0 rq§ ce 160 at an
angl e of 25 = R
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degrees, f.or exanple, wth respect to the longitudinal axis of the support
devi ce 160. Onderthesecond-ti-ors—the-walls of t he pockets 165 of the
support device 160 preferably do not contact the sheaths 173 of the
internal coils 170 and the cores 171 are not subjected to any significant
10 bendi ng stW@8#113%urt hernore, the coil suppot device 160 is preferably
able to withstand a drop of 1 neter, for exanple, onto a hard 6/15478
wi t hout any darmage to the core 171 of a A63% 170 contained inside it. An
exanpl e of a crushing | oad which the coil support device 160 can preferably
w t hstand w t hout damage to internal coils 170 disposed inside it is a 4500
pound crushing | oad applied with a 3-inch dianmeter netal cylinder oriented
at an angle of 20 degrees 15 with respect to the axis of the coi

support device 160. One or nore additional cushioning nmenbers may be
provided to protect the | engthw se epds p-; the,core 171 agai nst inpacts. In
t he present enbodi nent, the stopperj'if i CT¥ prevent the core 171 from
com ng out of the sheath 173 serve this function and act as el astic bunpers

for the | engthw se ends of the core 171. 20 : The ends of the
wi ndings 172 of the internal coil 170 may be connected to the exterior of
t he pocket 165 in any suitable manner. The illustrated internal coil 170

i ncl udes a stopper 178 ch - cn
fluid-tight manner. The {stopper 178 includes an
body and a sealing nmenbgr 179, such as an Oring
body and forns a seal adai [ he | wal | .

178 is nol ded 4] e’

of the pocket 165 in a

| ectrically insulating

@A ch is nmounted on the
he pocket 165. The stopper

et @<

v

e



25 around a plurality of external |eads 181 which can be electrically
connected to a wire bundle or other nenber within the cable 20 The | nner
ends of the |eads 181 are electrically connected to 33 WO 97/ 11395

PCT/ US96/ 15478 the ends of the windings 172 of the internal coil 170 by
sol dering, fogs¥A{iRise: A l00p 180 is secured to the outer e sd618478
stopper 178 to aSsist a user -in renoving the internal coil 170 fromthe
pocket 165 without pulling on the | eads5/3bhe internal coil 170 may be
retained within the pocket 165 in any desired manner. In the present
enbodi-nent, a detachable retaining ring 5 182 (such as a Cring) fits
into a groove fornmed in the open end 3%7t82 pocket 165 adjoining the outer
end of the support device 160 to resi k Iqﬁbitudinal novenent of the
internal coil 170. Figures 25 and 26 illustrate another enbodi nent of a
coi |l .support device 190 according to the present invention. Like the

previ ous enbodi nents, this support device 190 has a generally cylindrical
outer periphery and a cylindrical central bore 191 through which a wire
bundte of a 10 cabl e 20 can pass. The supporLi-gemice 190 may be forned
of the same materials usable for the previou ' Longi t udi nal

hol es 192 for stress nenbers for the cayr




formed in the support device 190 between its opposite | engthw se ends when
the_cail suppaort device 190 js. to0-Be—tsod with i i .
stress nmenbers, and radial holes 193 for the injection of a bondi ng agent
extend between the |ongitudinal holes 192 and the outer 15 peri phery of
the support dqdémdd0. The support device 190 includes one Gicmpsmngasket s
195, each of- which 1s sized to house a jnternal coil 170. which may be the
same in structure as the internal coil 39 of Fi gure 22. In contrast to the
pockets 165 of the enbodi nent of Figure 20. each of the pockets 195 of this
enbodi ment opens onto the outer peripheral surface of the support device
190 and is 20 equi pped with a detachable cover 200 for closing the
pocket 195. Each pocket 195 extends in the |engthw se direction of the,
support device 190 and has a generally rectangul ar periphery when viewed in
pl an. The pockets 195 may have any transverse cross-sectional shape which
enables themto house the internal coils 170. In this enbodi nent, each
pocket 195 has a radially inner portio jth a semcircul ar transverse
cross-section and a 25 radially ou / ti with parallel sides and a
roughly rectangul ar transverse cross sec{ion. Al edge 196 for limting the
position of the cover 200 in the radial direction of the support device 34




WD 97/ 11395

PCTLLISA6/15478 190 adjoins the semclrcular portion. Each cover 200 |s.
preferably capabl e of sealing the pocket 195 in a fluid-tight nmanner. In

t he present enbodi nent, each cover 200 is equipped with a sealing nenber in
the form of awePdna®si ¢ sealing ring 201 nounted on a gr oovep€ruSiAsHg
around the periphery of the cover 5 200. 'The sealing ring 201 is pressed
into sealing contact with the walls of {5 pocket 195 when the cover 200 is
inserted into the pocket 195. The shape of the pockets 195 may vary al ong
their lengths. In the present enbodi nent, as shown in Figure 25, each
pocket 195 and the interior surface of each cover 200 include two recessed
portions 197 and 200, respectively, r receiving the cushioning nenbers
175 of the 10 internal coils 1 recessed portions 197 and 200
bei ng separated by |ands. The | andgs cushi oni ng nenbers 175 in
the radial direction of the suppoft device 19(¢, so they resist the

| engt hwi se novenent of the cushiofing nenbers {175 and assist in the

exanpl e. the dinmensions of the p
176 of the cushioning nenbers

N\

e e such 'that the projections
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175 are pressed snugly agalnst t he |nter|or surface of the pocket 195 -and

t he A :

dlsposed |nS|de the pocket 195 and the cover 200 is closed 20

The ends of the windings 172 of each internal coil 170 communicate with the
out si de of thavgowksbs 195 through a connecting hol e 198 ext enfigfgsiaikyygen a
| engt hwi se end of the pocket 195 and a %@&gthmtse end surface of the
support device 190. Leads 181 which are ctrically connected to the wire
bundl e or other nenber on the exterior of the support device 190 pass

t hrough the connecting hole 198 and are electrically connected to the ends
of the wi ndings 172 of 25 the internal coil 170 by soldering, for
exanple. If it is desired to seal the pockets 195 against fluid, each of
the connecting holes 198 may be filled with a suitable sealing materi al
199. - For 35 WD 97/ 11395

PCT/ US96/ 15478 exanple, they may be filled with a potting material or a
bondi ng agent after the | eads 181 have passed through them The sealing
material 199 nmay al so be used to anchor the leads in the holes 198 to
prevent stresses frombeing transmtted he | eads to the wi ndings 172 of
t he internal '

o
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R
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coils 170. 5 As in the precedi ng enbodi nent, the cushioning .
menbers 175 preferably support t{he.coie—liland-the-sheath 173-of—each—coil
170 so that the sheath 173 does not come into contact with the inner
surface of the pocket 195 or the cover 200 at any tinme during the use of
the cable 20 g@dshipdest he core 171 will not experience any bepgi/psosakigsses.
The coil support device 190 is also pregpysably capable of protecting the
coil 170 fromcrushing | oads and ‘i npacts just as can the 10 coi | support
device 160 of Figure 25. An underwater cable, which may be several mles in
total length, is generally fornmed froma plurality of unitary segnments
whi ch can be connected in series to forpa cable of the desired length. A
cabl e segnment enpl oyi ng a support devi > ™§ling to the present invention
i et st ress nmenbers are arranged
on a-flat surface, 15 and each strgss nenbef is passed through a

stress nmenbers. In the present enbodi bondi ng can be perfornmed by
inserting a bonding agent through th ' | es extendi ng between hol es
for the stress nenbers and the ouger surrace of the support device. O her
uni |l lustrated conponents such as ussp in 20 an underwat er
cabl e may be positioned al ong the n a simlar manner in
suitable | ocations. A wire bundl ¢ i n passed\t hrough the central bore
of the support device, and the
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| eads of the internal coils 170 are spliced to the appropriate wires in the
wrebundle After the internal coils 170 and aother conponents have heen

el ectrically connected to the wire bundle, the entire assenbly is pulled

t hrough the inside of an enpty cable skin, which is typically 50 - 100 25
meters |long. Wdéygsgds of the skin are termnated wth a bul ITFE%EB’M%# ng.
A vacuumis applied to one of the fjttiqg§ to suck air out of the cable
segnent, and a buoyancy adjusting f1ui d10/3p 36 WO 97/ 11395

PCT/ US96/ 15478 used, is introduced into the skin through the other fitting.
In this manner, the skin can be conpletely filled with the buoyancy
adjusting fluid. The skin of the cable segnent is flexible, so it can be
adjusted to a desired dianeter and specific gravity by varying the pressure
of the buoyancy adjusting fluid. Wien a suitable dianeter has been reached,
both-fittings are then 5 seal ed. The cable segnent is now ready for
connection to anot her /Ca nent, either directly or though the

internediary of a stzﬁaner el ec i cs nodul e (SEE?, to assenble the entire

cabl e. Figures 28 thrfough 30 illustr anot her engjodi nent of a coi
support device for uge in the present in tion. e overall structure of
this enbodi ment is sllm'lar to that of the

/
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precedi ng enbodi nents. Like those enbodinents, this coil support device 210
is a generallv 10 cvlindrical pepher bhaving a central hore 211 through
which the wire bundle can pass and a plurality of |ongitudinally-extending
hol es 213 fornmed around the central bore 211 through the entire | ength of
t'he support dgyd&fissek0 for receiving the stress members. A rqqassodifars S
formed in the outer periphery of the su$ ort device 210 for engaging wth a
correspondi ng projection of a nenber of 1¥3%ext ernal devi ce which surrounds
t he support device 210. and one or nore 15 | ongi t udi nal | y- ext endi ng
grooves 216 are fornmed in the outer surface of the support device 210 for
equalizing the fluid pressure at opposite ends of the support device 210
and preventing air from being trapped between the support \device 210 and
the skin of the cable. A reinforcing nenber, such as a nmetgl reinforcing
tube.212 made of titanium may be secured to the interior rface of the
central bore 211 by a bonding agent, a press fit, or otherfonveni ent

nmet hod to 20 i ncrease the bending stiffness of the suppdrt device 210.
The support device 210 is fornmed witd one or nore RYdkets 0 for housing
internal coils 225. In contrast to t®e pockets of th f 1
enbodi nents, these pockets 220 are ngt sealed with rejspect to the exterior
of the coil support_-deuice 210 _E n opening in_i -
radi ally outer portjon through mhiigégne—0+~the interjpnal coils 265 can pe
installed 25 i n [ he pocket &20. not clo§bqg t hg opening with a coper,
as in the enbodiéen of Fi gure20,”37 N\
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WD 97/ 11395

PCLLUSA6/.15478 the |nternal coi

the*external coils, resulting in good inductive coupling. The internal
coils 225 in this enbodi nent have a sonmewhat different structure fromthe
i nternal coil ¢olehiss t he precedi ng enbadi nents. Each i nt er ngicTassokns47
conpri ses an elongated 5 ferrite core, 226 and one or nore unillustrated
wi ndi ngs wrapped around the m dporti on'§435c he coil. The core 226 has a
general ly trapezoidal transverse cross section with the base of the
trapezoid (the side having the greatest | ength) facing away fromthe

| ongi tudi nal axis of the support device 210 and towards the open side of

t he pocket 220. One or nore | eads 229 are connected to the ends of the

wi ndi ng of the coil 225. The | eads 229 nmay be connected to | eads 10 229
of the other coil 225 or to the wire bundl e passing through the center of
t he support device 210. To provide greater strength and to protect the coi
225 fromthe environnent, the core 226 and the wi nding are encapsulated in
a resin 227 using standard techniques to obtain a waterproof package, with
only the | eads 229 extending to the outside of the package. The |eads 229
of the internal coils 225 may be connected to the wire bundle or to other

| 5%




15 menbers outside the support device 210 in any desired manner. For _
exaapl-e ol es—fG o] cads—ARy—be—forBd—diiasc bei-wes 8—pockets—220
for the coils 225 and the bore 211 at the center of the support device 210.
However, as the central bore 211 is frequently rather small in dianmeter and
the inside theweohnissdi fficult to access by hand, in the preseRissisars
enbodi nent, electrical connections'betmggp the coils 225 and external
wiring are made through an axial end 20 Bsurface of the support device
210. As shown in Figure 29, each pocket 220 is connected wth an axial end
surface of the support device 210 through a correspondi ng axial 'y extending
hol e 222. The coil |eads 229 pass through the hole 222 and are connected to
the wire bundle on the outside of the support device 210. The hole 222
decreases in area fromthe pocket 220 towards the axial end of the support
device 210, and a stopper 230 which is larger than the outer end of the
hol e 25 222 but smaller than the inner end of the hole 222 comruni cati ng
with the pocket 220 may be secured to the | eads 229 and di sposed inside the
hol e 222. When a tensile force is applied to the 38 WO 97/ 11395
PCT/ US96/ 15478 ends of the |eads 229 on the outside of the support device
210, the interference between the —

FlG 173




st opper . 230 and the smal | end of the hole 222 prevents the tensile force

f r om-boed ed ' '
desired structure In this enbodrnent “the st opper 230 conprrses a

pol ynmeric bead which is nolded around the | eads 229. The outer ends 5 of
the | eads 229 wootAgesexteri or of the support device 210 may becpmseasast O
external wiring such as the wire bundle E@ﬁfh passes through the center of
the support device 210. O her et hods, d as cenenting the leads 229 to
the interior of the hole 222. can be used to prevent external forces from
being transmtted to the coil 225 by the |eads 229, but use of a stopper
230 is particularly advant ageous because it enables the coil 225 to be
readily renoved fromthe pocke 220 for replacenent. A slit 221

i i Re 212 is fornmed in the bottom surface

of the pocket 220 at the
receiving the | eads 229

t he bottom side of the/coil i coil 225 is supported inits
pockét 220 by a cushyoni ng nenber 2371 i supports the coil 225 in
t he pocket 220 with Nog i ntg firmcontact wth the walls
of the pocket 220./Preferably each interns H=b2225 is supported by the
cushi oni ng nenber i des of the pocket 220.
Desirabl e charactferistics of the cushi onj/k 31 are that it be

may contact durifng use, such as water buoygifcy adjusting fluid, and
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20 nonhardenabl e over time in the tenperature range in which it is to
enplaoyed, such as from -5 to 88[erclC or uh

Ilght It preferably provides shock proofing of the internal coil. In
particular, if the pockets 220 are open to the outer 'surface of the support
devi ce 210, t ' ning nmenber 231 is preferably resistantpdygy F@g own
by the buoyanl}?oa jil}g%)l ng fluid which tﬁg cally fills the cable. 9 enlifhe'
buoyancy adjusting fluid is a kerosene. d oil, 25 which is highly
corrosive to many polymers, a particularly suitable cushi oni ng nenber 231
is an electrically insulating packing grease available from Chio Industries
under the trade nane of Fuel 39 WO 97/ 11395

PCT/ US96/ 15478 Lube. This is a zinc soap with a plasticizer and castor oi
base commonly used in the alrcraft |ndustr93|n val ve packi ngs and for

| ubri.cati ng hydraulic and ittings. The cushi oni ng nenber 231 may
partially or conpletely fi ghé i nteriar_of the pocket ZZ@SUI’I’OUHdI ng the
coil. It has been found hat &hen a gql such as Fuel Lube i=s enpl oyed as a

5 ‘cushi oni ng nenber £3 i ils.suffliicient to place a [snal| such
as a globule, in discrete |odhtijons or] the side walls off t he lpocket
each globule formng a sna} | ?illom/td support the
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coil. The use of small quantities in discrete |ocations is advantageous

f r orthRe—standpot-rt—ef—ease . i ng
menber 231 is not critical, and as little as 0.04 inches of Fuel Lube has
been found to give good results. 10 The coil support device 210

of Figure 28 iwommii3sestricted to use with a particul ar type pfrusvsasss!
coil, and coils 170 li ke those shown ir142§gure 22 can al so be used, for
exanple. After the internal coils 225 hh been installed in the pockets
220, the circunference of the support device 210 nay be envel oped by a
thin-walled material to retain the internal coils 225 in the pockets 220
and to nake the support device 210 easier to handle. For exanple, the 15
support device 210 may be packaged in a shrink wap 218 or wapped with
adhesive tape. Such a wap nenber is nonmagnetic and extrenely thin, so it
does'not affect the operation of the support device 210. When shrink wap
218 is enployed, the support device 210 nay be equi pped with a
circunferentially extending groove 217 formed in its outer surface near
each end for receiving the ends of the shrink wap 218. These grooves 217
protect the ends of the shrink 20 wap 218 and prevent the shrink wap
218 frombeing torn fromthe support device 210 during insertion of the
support device 210 into an underwater cable 20. In the preceding

enbodi nents, the external coils in the exfgrnal device are maintained
stationary wth respect to the internal eqls wthin the underwater cable,
but the present invention is not restricted to such an arrangenent. Figures
31 and 32 schenmatically illustrate an
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25 enbodi mrent of an external device 250 according to the present
invention which is pivotably 40 WO 97/ 11395

PCT/ US96/ 15478 mounted on the underwater cable 20 so that the external
coil (s) 252 of the external device 250 are novable with respect to

uni | lustrat edgydémigal’ coils within the cable 20. The exter n@crﬁfs‘ﬁivfﬁvgw
may be rotatably nounted on the cable 20 in any desired manner. Tn e
present enbodiment, it is connected to Y85 cable 20 by neans of an inner
collar 5 240 which is clanped around the cable 20 and an outer collar
245 which is rotatably nounted on the inner collar 240. The inner collar
240 may have any structure which enables it to remain in a constant -
position in the |longitudinal direction of the cable 20. In the present
enbodi nent, the inner collar 240 has a structure simlar to the clanping
porti-on of the enbodinment of Figure 3. It includes a plurality of arcuate
sections 241 (such as two sem cylindrical sections) which are 10 j oi ned
to each other so as to extend around the entire circunference of the cable
20. The sections 241 may be secured to each other in any desired manner,
such as by screws or by hinges, such as those described in U S. Patent No.
5,529, 011 havi ng renovabl e hinge pins. The '




i nner surface of the i nner col | ar 240 nay d|rectIy cont act the outer

those used in the precedrng enbodrnents whi ch 15 grlp t he corI support
devi ce 260 and thereby prevent the relatrve novenent between the inner
collar 240 an ged | support device 260 in the longitudin j n of
the cabl e 20. (*Y he present- enbodi nent, inserts have been O%ll({ﬁb%ﬁﬁ“‘] t he
i nner periphery of the sections 241 of 4835 nner col lar 240 is shaped to
surround the coil support device 260 and grip it so as to prevent the

rel ati ve novenment of the inner collar 240 and the coil support device 260
in the | ongitudinal 20 direction of the cable 20. The inner periphery of
the inner collar 240 nay al so be shape ent other types of relative
novenent, such as to maintain the |on xis of the coil support

devi ce 260 stationary with respect to |the |ongifudinal axis of the inner
collar 240. The inner collar 240 is ifftended to[ remain on the cable 20 when
the cable 20 is stored on a drum so ift preferaply is nade of an i npact
resistant material. Furthernore, sincg it is dijsposed between 25 t he
internal coils wthin the cable 20 ang th® extgrnal coils 252, it is
preferably made of a material which 'Ilgﬂgt iterfere with the inductive
coupling of the coils. Plastics are 4

/8

£l6

¢

I'][’

20




WD 97/ 11395
PCT/

col l ar 245 can have any shape which enables it to rotate with respect to
the inner collar 240 while supporting the external device 250. If the
external devit b | Ntended to be renoved fromthe cable t he
cable 20 is mgﬁ%gﬁgﬁgﬁnd a drum the outer collar 5 245 ié%%rgﬁégéﬁ?y of
a type which can be readily detached fr¥#36he inner collar 240, so that the
external device 250 can be detached fromthe cable 20 by renoving the
external device 250 and the outer collar 245 as a unit. For exanple, the
outer collar 245 may include a plurality of arcuate sections pivotably
connected with each other by hinges 246. An exanple of a particularly
suitable structure for the outer collar 245 is a hinged structure as

di sclosed in U S. 10 Patent No. 5,529,011, in which a collar has one or
nor e hi nges havi ng hinge pins which can be retracted wthout the use of
tools to enable the collar to be opened. The external device 250 is not
restricted to any particular type, so it is shown schematically in the
drawi ngs. The external device 250 is preferably rigidly secured to the
outer collar 245, and nay be integrally fornmed with one section of the
outer collar 245, to enable the 15 outer collar 245 and the external
device 250 to be installed on or re e cable 20 as a single
unit. The external coil(s) 252 f powering the eX nal device 250 can be
di sposed in any location in ¥Ch they can be inducti coupled to the
internal coils in théSkeil '




device 260. Preferably. the external coil(s) 252 are di sposed as cl osed as
possihleto the internalcoils Eor.oxanple _as shown in Figures 31 and. 32,
external coils(s) 252 may be di sposed inside 20 the outer collar 245. As
in the preceding enbodi nents, the electrical power for operating the
external devi ogodng39®y be supplied entirely by the external gerhisSénsdfr.
so it is not necessary to provide the extzﬁnal device 250 with a battery
for normal operation. The internal coi | € supported,by a coil support
devi ce 260, which may be simlar in structurejto the above descri bed
enbodi ments of coil support devic ,-\ent 25

I nvention. The overall structure & d device 260 is
simlar to the support device O " fnal coil (s).252

can move with respect to the Intr“‘s "‘: WO 9811395

PCT/ US96/ 15478 it is not necessal N O |4q§of t he coi
support device 260 with respect 49 —ﬁnf§ ' ' ; QY the cable 20.
Therefore, a recess in the og pet T phel _ A fevice 260 for

engagenent with a projection®f g
al t hough such a recess may be pr

t he support device 260. The : R‘
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5 illustrated support device 260 has three |ongitudinal holes 262 for
recelving stress nenbhers,  but the punber can be yvaried jn accordance with
the type of cable 20 with which it is to be used. Since the external

coil(s) 252 in the external device 250 are free to nove with respect to the
internal coil geshlsghe coil support device 260, the number p‘fﬁr,bggsﬁgml and
external coils 1s preferably selected so that regardl ess of the angle of
rotation of the external device 250 wi t21/3% respect to the coil support
device 260, there will always be good inductive coupling between one of the
internal coils and one of the external coils 252. In the present

enbodi nent, the external device 250 houses a single external coil 252, and
the coil support device 260 has 6 pockets 263 for 6 internal coils forned
around a central bore 261. The-pockets 263 are |ocated so that the angul ar
separ.ati on, neasured fromthe longitudinal axis of the support device 260,
is constant 15 around the circunference of the support device 260

bet ween any two i mmedi atel y adj oi ni ng pockets 263 or between a pocket 263
and an i mredi ately adj oi ning | ongi tudinal hole 262 for a stress nenber.

Li ke the precedi ng enbodi nents, the coil support device 260 may include one
or nore |longitudinal grooves 264 in its outer surface for equalizing the
pressure on opposite ends of the coil support device 260 20 The
structure of the internal and external coils is not critical and may be the
same as in any of the preceding enbodinepgg. In the precedi ng enbodi nents,
one or nore internal coils are housed insiye the oltd2




support device 260. but a coil support device according to the present

invention can also be used without a coil in order to position an external
devite with respect to a cable in which the coil 25 support device'is
installed. 43 WD 97/ 11395 _ '
PCT/U596/1547%W§H9H? > 33 and 34 are bl ock diagrams of an exag

control system can be installed in an external device accorglng ?o

the present invention for controlling t22f3Bperati on of the external device.
The control systemincludes a m croprocessor 304 (gEabh _as\a Mdtorola 68HC11
m crocontroller) for overall control. It also inclHils aSpower supply 300
whi ch receives 5 el ectrical power fromthe extefl coil(s) 307 of the
external device and possibly froma battery, if pNesgyt in the external
device. The external coils 307 generate AC power, N s electrical
compenents of the external device may require DC pow Therefore, the
power supply 300 is preferably capabl e of convertlng pC power fromthe
external coils 307 into regulated DC power. Any BRInK:ES

perfoerm ng this function nay be enployed. In the”‘lpﬁ*’rated 10

enbodi nent, the power supply 300 includes a fmhl t W b E@e rectifier 361
connected to the y ’ _
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external coils 307 for rectifying the AC signal fromthe external coils 307
an

signal (Vpw). A power limter may be connected to the power supply 300 to
limt the power that can be drawn fromthe underwater cable via the
external coilwo¥9A413edhe DC power signal may thereafter be rgggh%kﬁﬁsgﬁ, for
15 exanpl e, a DC vol tage regul at or éé&ﬁbSUCh as a DC to converter, to
provi de operational power to the circu ontained in the external device.
When the external device includes one or nore batteries 312, a battery '
charger 311 is preferably provided for recharging the battery 312. The
battery 312 may be used to supply operational power in the event that power
is not available via the external coils 307 fromthe 20 under wat er

cable. The batteries 312 may be switched into an operating node by, for
exanple, a diode or an electronic switch 321. If an electronic switch 321
is utilized, the battery charger circuit 311 preferably includes a | ow
vol t age detector which outputs a | ow voltage signal to the m croprocessor
304.° The m croprocessor 304 may then actuate the electronic switch 321
responsive to the | ow vol tage det.ection signal. Alternatively, the

m cr oprocessor 304 may detect 25 a low voltage directly via an A/ID
converter 314. As another alternative, the electronic switch 321 may be
controlled directly by the voltage detector of the battery charger 311 in
response to, 44

175
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WD 97/ 11395

PC'I:LLJSQ.EL;LSA.ZB_LQ.r_ex.a.apJ_e a—lowvoliagecondition The A/D converter 314
may ‘receive a voltage fromthe input to the voltage regul ator 310 and a '
separate voltage fromthe output of the voltage regulator 310. In this
manner, the Mg epgyggessor 304 can nonitor the voltage recei pwedaisopizarse
underwat er cable as well as the 5 . voltage supplied fromthe battery 312
(when present and active). The vol tage 28798/l at or 310 preferably includes a
shut - down node which nmay be utilized to isolate the input fromthe out put
when power is inadequate at the input to the voltage regul ator 310. The

m cr oprocessor 304 may control one or nore circuits 400 wthin the external
devi ce based on the voltage val ues detected by the A/D converter 314. 10
The A/ D converter 314 may be integral with the mcroprocessor 304 as. for
exanple, with the Mdtorola 68HCI 1, or it may be a separate unit coupled to
the m croprocessor 304. As discussed in nore detail below, the A/D
converter 314 may be utilized by the m croprocessor 304 to initiate various
actions by one or nore circuits 400 disposed within the external device. A
power-on reset circuit 313 may be utilized to reset the electrical device
shoul d 15 ‘operational power be |ost fromthe underwater cable and shoul d
the battery be not present or
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present and inoperative. The control system may al so include outbound data
recejive circuits 301 and inbound data driver circuits 303 coupled ta

encode/ decode circuits 302. The outbound data receive circuits 301 nay

i nclude a voltage divider 362 and a conparator 363 which nay operate to

ref orm 20 : data signals prior to decoding by the gqﬁﬁigg de
circuits 302.q$zgﬁyﬁgzund data driver circuits 303 may incl ude any Eﬁ?gable
driver circuit capable of driving an i n%3d data signal across any nunber
of suitable coupling arrangenments bgi N | and t he
underwater cable. In the illustratg ' DE ' [
configured to drive the one or no
i nductively coupled to the one 25
underwater cable. Details of onf €%
circuits 303. encode/ decode.cirQUiKS
disclosed in U S. 45 WO 97/ 11 'Etﬁ‘
PCT/ US96/ 15478 Provi si onal Applic B N | / 95,
entitled Electrical Power Distrib - | O

Underwat er Cable, which is herein
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The external device preferably includes backup communications circuits to

comunicate with the towi ng vessel when power in the cable is OFF. Backup
comYuni cations circuits in the 5 external device preferably include

conventional receive circuits. An exanple of a conventional receive circuit
whi ch may be Lidiin the external device is disclosed in t

No. 4,912,684%ﬁgggﬁ%%pconnunications circuits in the external eV|§%&§?SO
preferably include encode/ decode circuléS5302' and switches S2, S3, which
may be controlled by the mcroprocessor 304 to switch into and out of the
backup conmmuni cations circuits. 10 During inbound transm ssion of
data fromthe external coils 307 to an internal coil within the cable,
there may be a high | eakage i nductance between the coils of about 70 % or
nore, for exanple about 94 %or nore (i.e., a coupling coefficient of about
0.3 or less, for exanple about .06 or less). In this environnent, the

i nbound driver 303 driving the exterior coils 307 may drive an inductive

| oad where about 94 % or nore of the load is the | eakage i nductance. The 15
i nbound driver circuit 303 preferably drives the external coils 307 with a
signal which enables the desired data signal (e.g., a Manchester signal) to
be reproduced in the internal coil inside the cable. The m croprocessor 304
may be connected to one or nore circuits such as a nenory 320 and/ or one or
nore circuits 400 being controlled within thz Sxternal device. There nmay be
20 one or nmore mcroprocessors 304 or oth 7 ogic circuits such as a

Mot orol a 68HCL1 and/ or ?




Mot orol a 56002. The circuits 405 in the external device being controlled by .
the microprocessaor 304 ney include any of the electrical devices described
above with respect to the previous enbodi nents, such as a headi ng sensor, a
rangi ng device, an attitude sensor for sensing the attitude of the 25
external devi ceuodysisysi tion sensor for sensing the position o?ﬁ},gg%wsgﬂs of
a depth control device, a depth sensor, 29pgiators for the dep con

device, etc. 46 WD 97/ 11395

PCT/ US96/ 15478 Figure 35 is a bl ock di agram show ng an exanple of a control
arrangenment for the circuits 400 being controlled in a depth control

device, such as that illustrated in Figure 7. A pressure transducer 408,
such as one of those manufactured by Foxboro/ICT, Inc., provides a signal
proportional to the underwater depth of the depth control device through a
signal 5 conditioning circuit 409 to the mcroprocessor 304. In a
dept h- keepi ng node of operation, the mcroprocessor 304 executes a PID
(proportional -integral-differential) or other control algorithm and

determ nes whet her the wing positions need to be changed. If so, the

m cropr ocessor 304
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sends appropriate signals to the mot or s 410, 411 of the roll and/or pitch
act wat-ei—thr-odgh—but-ers—412,—433—tpesstbl-y—+hettei-rg—bl-A—convertersi—wh-ch
convert the lowlevel logic signals fromthe 10 m croprocessor into

hi gher | evel notor signals sufficient to drive the notors. The notors drive
the pitch shutwoewmass rol | pinion appropriately to adjust theporusenios

mai ntain the desired depth. Encoders 414g/315 coupled to the motor shafts
provi de feedback to the m croprocessor 304 through signal conditioners 416,
417. The m croprocessor 304 uses the encoded position feedback to
accurately position the w ngs. The encoders could be conventional devices,
such as 15 optical shaft encoders or potentioneters. For precise

determ nati on of wing position, reference sensors, such as Hall -effect

devi ces 418, 419, may be positioned to detect the proximty of a magnetic
field, such as provided by nmagnetic pellets enbedded in known positions in
the wi ng assenbly. One such Hall effect device is the Al egro Mdel

UGN3503. Signal conditioning units 420, 421 convert the reference sensor
signals into signals conpatible with the processor 20 i nputs. Two

accel erometers 422, 423, such as Silicon Designszidbdel 1010 capacitive
accel eroneters, may be used to deternine the diregtion of the gravitational
vector for use in controlling the wings. The two {ccel eroneters are nounted
in quadrature about the pitch and yaw axes of thg depth control device.
Signal condition circuits 424, 425 convert the accel eroneter outputs into
processor-conpati bl e i nputs. Cptlonally t RS depth control device 25 may
al so include a conventi onal teggpratur- SR & reporting the
temmrmureto




the tow ng vessel or to tenperature-conpensate the data reported by the
other _sensors Signal 47 WO 9 7/.1.13095

PCT/ US96/ 15478 conditioning circuitry 427 converts the raw tenperature
sensor signal into a signal to be input into the mcroprocessor. Al of the
signal condi t{gyyshseesi rcuits 409, 416, 417, 420, 421,424, A2pcrAidsensdd be

conventional conbinations of operationQP lifiers, A/D converters, or
| ogic gates, as required by the associafted sensor device and comonly
described in published 5 application notes for each sensor. It should

al so be recogni zed that, depending on the nature of the sensor and its
associ ated conditioning circuit, the input into the m croprocessor could be
over a digital port line or into an internal analog Al D converter input. 48
49
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CLAI M5: (1. An underwater cable arrangenment conprising
bei Ag—t-ewee—th At e f——B = OO +—eH-S o5 e ey
and an exterior device nounted on the exterior of the cable, the exterior
device including an exterior coil inductively coupled to the interior coil,
the exterior dgoieggiapei ng powered primarily or entirely by el pctrussalsszgoner
supplied fromthe internal coil to thengﬁbgrnal coil of the externa

device. 2. An underwater cable arrange as clainmed in claim1l wherein
the exterior device is powered entirely by electrical power supplied from
the internal coil to the external coil of the external device. 3. A device
for nmounting on an exterior of an underwater cable for seism c exploration,
the device including a coil positioned within the device for inductive
coupling with a coil disposed withi.-n the underwater cable, the device being
powered primarily or entirely by electrical power supplied fromthe coi

Wi thin the underwater cable to the coil of the device. 4. A device as
claimed in claim3 wherein the device is powered entirely by electric power
supplied fromthe coil within the ungerwater cable to the coil of the
device. 5. A depth control device foracontrolling the depth of an
underwat er cabl e, conprising a sleeveyfor JslUN
cable, a collar rotatably no@nted on t\g
on and extendi ng outwards frﬁn1the co

a cabl e capable of

one or nore w ngs nounted
Peansgfor
o
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rotating the collar about the 'sleeve to adjust a roll angle of the one or

nore-wings 6 A_d

epth contral davigce as clainged in claimb including
two wi ngs nounted on the collar. 7. A depth control device as clained in
claim5 or 6 wherein the neans for rotating the collar conprises a notor
mount ed on t hewglo®gises 8. A depth control device as clai "Tefct/ssendsa 7
wherein the notor is disposed in the sleeve. 50 9.~ A depth control
device as clained in claim7 or 8 where3W3Bhe notor rotates a nenber
engagi ng an inner surface of the collar. 10. A depth control device as
claimed in claim9 wherein the collar has a gear forned.on an inner surface
thereof, and the notor rotates a pinion engaging the gear. 11. A depth

control device as clainmed in any one of clains 5-10 wherein each wing is
rotatably nmounted on the collar for rotation with respect to the collar, a

pin i-s coupled to each wing for rotation with the wing and engages a sl ot
in the sleeve, and the collar is
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supported for novenent in a |lengthw se direction of the sleeve with respect
tothesleecve 12 A - T - ; } }

including a notor for varying a pitch angle of the one or nmore w ngs
drivingly connected to the collar for noving the collar in the | engthw se
direction of whenpheeve. 13. A depth control device as cl apppRisb¢nsasy one
of clains 5-12 wherein the collar includes a plurality of arcuate sections
det achably connected to each other aro Phe sl eeve to enable the col | ar
to be detached fromthe sleeve. 14. A depth control device as clained in
claim 13 wherein the sections are pivotally connected to each other by a

hi nge. 15. A depth control device as clainmed in claim13 wherein the
sections are pivotally connected to each other by two hinges, at |east one
of which has a hinge pin which can be at |east partially retracted to
enabl e the collar to be opened2¥ly.pi voti ng of the sections about the other
hi nge. 16. A depth control devi cp~e a~<ed in any one of clains 5-15

including a Hall effect sensor ~anghes of the one or nore w ngs
with respect to the sl egye h cONYNQIN\devi s clained in any
%i ng }\o se g%g an attitude of
: ‘A agpt h control device as

P A 262

one of clains 5-16 incl
the sleeve with respegegy . to

O
clained in claim17 wher & 0
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I ncl udes an accel eroneter. 51 19. A depth control device as clained in.
any ' -

i nductive coupling with a coil in an underwater cable to enable electric
power to be transmtted between the cable and the depth control device. 20.
A rangi ng deviw@efmsesuise with an underwater cable conpri si ng pgrRisyé/iderd ¥ Of
pi ezoel ectric el enents supported so as ég?gefl ne a ring having an axis, the
el enents bei ng di sposed substantially & lly with respect to the axi s.

21. A cable arrangenent conprising an underwater cable for seismc
exploration and a rangi ng devi ce di sposed on the cable, -the rangi ng device
conprising a plurality of piezoelectric elenents spaced around a circle
surroundi ng a longitudinal axis of the cable, the el enents being di sposed
substantially radially with respect to the axi 1022, A coil support
arrangenment for use in an undermater1£ﬁble conpN sing a coil support

device for installation in t esqable : 0
el ongat ed pocket extz:gdin ngltu [jfreccron i 17 support
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pocket,. the coil including a core spaced fron1the inner walls of the pocket
S , | to
the core during all operating conditions of the cable. 23. An arrangenent
as claimed in claim22 wherein the coil support device contains a bore for

acconmodat i nowa oties bundl e in the coil support device. 24. pcfiises/15478
arrangenent as clained in claim?22 or 23 _wherein the coil support device

i ncludes at |east one opening for rec PPg a stress menber of an
underwat er cable in the coil support device. An arrangenent as
clainmed in claim?24 wherein each opeang/Z; reaET i,ng -a stress nenber
extends longitudinally through the e engt the coil support
devi ce. 26. An arrangenent as clained in any one of clains 22-25 wherein
the coil support device includes a plurality of the pockets and one of the
coilss is disposed in each pocket. 27. An arrangenent as clained in any
one of clainms 22-24)wher MM gach pocket; n end and the coil is
|nserted Iongltud|nar$¥\|nmng he pocket]. wwRows®
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52 28. An arrangenent as claimed in any one of clainms 22-27 wherein the
coil conprises_a_support nenher ext-shd-Rg—ergtnt-se—atong—the tore and
having a greater bending stiffness than the core to prevent bending
stresses frombeing applied to the core. 29. An arrangenent as clainmed in
cl ai m 28 whegeigh, support nenber surrounds the core. 30.PCTAI}6/15478
arrangenent a cfalned in claim28 or % wherei n the support nenber
conprises a nonmagnetic material. 31. n arrangenent as claimed in any
one of clains 28-30 wherein the support menber has a shape that can resi st

| oads applied in any direction normal to a |ongitudinal axis of the core.
32. An arrangenent as clainmed in any one of clains 28-31 wherein the coi

i ncl udes a wi nding magnetically coupled to the core. 33. An arrangenent
as claimed in claim32 wherein the winding is wapped around the support
menber. 34. An arrangenent ase~el.ained in any one of clains 28-33 wherein
the core is |oosely disposed ir—f"f,ﬁésup@ < menber in a manner which
enabl es the core to be replaced. 35. An arrangenent as clainmed in any one
of «clainms 22-34 including one or nore
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” . . L IPos coP
cushioni ng nmenbers supporting the coil in a spaced relationship with 4

respect to an inner periphery of the pocket. 36.—An—ar+angerent—as

claimed in any one of claims 28-34 including one or nore cushioning nenb
each conprising a ring fitted over the support gjmﬂ!UM(lwﬁugﬂm' ng the

I nner periphery of the pocket. 37. An g range cl aim 35
or 36 wherein each cushioning nenber includes aiplurality of projections

contacting an inner periphery of the pocket. 38.  An arrangement as
clainmed in aQKAIMS: of clainms 22-37 wherein the coil includes a resilient

st opper disposed at a | engthwi se end of the core. 53 39. An
arrangenent as clained in any one of clains 22-38 wherein the coil includes

a stopper seali ng1 au\ncuaeérwe@dcéﬁle hﬂ?&g@ﬂ&k%mpfﬂsﬁhg #\dalild taHA88 B Hein Sco\ﬁ\%da' med
in any one qproﬁ wi t2e It of ¢ ﬁdl V&]w rr'\ L0 B anget ha?_ awra o

outer portion W ﬁ Sperfe Bﬁ?é FhIRAEE 'ﬁmﬁ BReReand gp pierier gpviesd l&?ﬁ
support deviaenghe exte‘locgﬁ the eabjepthe textddoridedicd inaldirgi an@x@ricr@siidustivgy dgdpled &
pocket . the interior coil, the exterior device being powered primarily or entirely by electrical power

supplied from the internal coil to the external coil of the external device.

2. An underwater cable arrangement as claimed in claim 1 wherein the exterior

device is powered entirely by electrical power supplied from the internal coil to the external coil
of the external device.

3. A device for mounting on an exterior -of an underwater cable for seismic
exploration, the device including a coil positioned within the device for inductive coupling with
a coil disposed within the underwater cable, the device being powered primarily or entirely by
.electrical power supplied from the coil within the underwater cable to the coil of the device.

4. A device as claimed in claim 3 wherein the device is powered entirely by electric
power supplied from the coil within the underwater cable to the coil of the device.

5. A depth control device for controlling the depth of an underwater cable, comprising
a sleeve for mounting around the underwater cable, a collar rotatably mounted on the sleeve,
one or more wings mounted on and extending outwards from the collar, and means for

rotating the collar about the sleeve to adjust a roll angle of the one or more wings.

6. A depth control device as claimed in claim 5 including two wings mounted on
the collar.
7. A depth control device as claimed in claim 5 or 6 wherein the means for

rotating the collar comprises a motor mounted on the sleeve.

8. A depth control device as claimed in claim 7 wherein the motor is disposed in
the sieeve.

REPLACEMENT SHEET

16 APR 1999




41. . An arrangenent as clainmed in claima40 wherein the cover is detachably
mount ed on the radially outer portion of the pocket 42. A coil for use

wi th an underwater cable conprising a core, a w nd almmnﬁﬂ mmmd t he
core, and a support menber for supporting the cor Im II a length
of the core and having a greater bending.stiffness than tthe#cose to prevent

bendi ng stresses frombeing applied to the core. 43. - A c0|I as clainmed in
cl ai m 42 wherein the support nmenber surrounds the core. A coil as
clainmed in claimgi2 orp é@ptN‘Eﬁﬁr@l‘d&vu&@@s SARBPIn ol FRFS mﬁ%ﬂrtitjesﬁ‘lﬁtoﬁrotatejza
nonmagnetic materi al coil as clained in any one o

wherein the 'E?YB%F?QW%M““W&%”M%@'{%M can resi st I oads applied in any
direction normal to the longitudinal axis of the core. A coil as

the. support mombel 47~ ePea SR rted £ el g vuie ”Eerb%ege%”%éga%feﬁ%”d
i ncl udi ng orfermsd Omarlmnewrfammrgofmwmrmotérootatsslppmioh iengpgingéhecgeiat. i N a

spaced rel ationship with respect to an inner periphery of a pocket. 48. A

coil as claimed in claima47 wherein each cushi oning nenber conprises a
11. A depth control device as claimed in any one of claims 5-10 wherein each

wing is rotatably mounted on the collar for rotation with respect to the coltar, a pin is coupled to
each wing for rotation with the wing and engages a slot in the sleeve, and the collar is
supported for movement in a lengthwise direction of the sleeve with respect to the sleeve.

12, A depth control device as claimed in claim 11 including a motor for varying a

pitch angle of the one or more wings drivingly connected to the collar for moving the collar in
the lengthwise direction of the sleeve.

13. A depth control device as claimed in any one of claims 5-12 wherein the collar
includes a plurality of arcuate sections detachably connected to each other around the sleeve
to enable the collar to be detached from the sleeve.

14, A depth control device as claimed in claim 13 wherein the sections are
pivotally connected to each other by a hinge.

15. A depth control device as claimed in claim 13 wherein the sections are
pivotally connected to each other by two hinges, at least one of which has a hinge pin which

can be at least partially retracted to enable the collar to be opened by pivoting of the sections
about the other hinge.

16. A depth control device as claimed in any one of claims 5-15 including a Hall
effect sensor for sensing angles of the one or more wings with respect to the sleeve.

17. A depth control device as claimed in any one of claims 5-16 including an
attitude sensor for sensing an attitude of the sleeve with respect to the horizontal.

18. A depth control device as claimed in claim 17 wherein the attitude sensor
includes an accelerometer.
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ring fitted over the support nenber. 54 49. _A coil—as—etatmed—in claim
47 -or 48 wherein each cushi oni ng nmenber includes a @Iu 0j ections
c

rality of
for contacting an inner periphery of a pocket. 50 Hﬂl&[@‘gml med in
a
L

any one of claims 42-49 including a resilient sto _ _
| engt hwi se end of the core. 51. A coil gas clai-nmed in any one of clains
42-50 wherein the core is | oosely disposed in the support nenber in a
manner which enables the core to be replaced. 52. An underwater cable
arrangenment conpr #%i ngAaeptheoigtroheévive asaddimediaRAP b 6ffcidird 598 ireivarlg boPugh

i ge. . 10ng. the exterior of e cahl e,
and a coi | ooEebe At SR8 6F vBlnbRABE YR ol & bilenitrisple @R ol |
the coil supfP8giiic Resel lode fFaosmittas hefween thel cable and:tbe Hepth cyptraligeics. ng porti ons

capabl e of engagenment with each other to prevent relative rotation of the

coil support devige and the external device about the |ongitudinal axis of
t he cablog. 53. %91 %?Qﬁﬁ%ﬂ‘é‘fﬁe fok use withn@g ynderwptey Gabis couprEisin @ BIHIitfof t he

coi | support piemelecteic elements supported so as to define a ring having an axis, the elements being
disposed substantially radially with respect to the axis.:

21. A cable arrangement comprising an underwater cable for seismic exploration and
a ranging device disposed on the cable, the ranging device comprising a plurality of
piezoelectric elements spaced around a circle surrounding a longitudinal axis of the cable, the
elements being disposed substantially radially with respect to the axis.

22. A coil support arrangement for use in an underwater cable, comprising a coil
support device for installation in the cable, the coil support device having an elongated pocket
extending in a longitudinal direction of the coil support device, and a coil disposed in the
pocket, the coil including a core spaced from the inner walls of the pocket such that the inner
walls of the pocket apply substantially no stresses to the core during all operating conditions of
the cable.

23. An arrangement as claimed in claim 22 wherein the coil support device
contains a bore for accommodating a wire bundle in the coil support device.

24, An arrangement as claimed in claim 22 or 23 wherein the coil support device

includes at least one opening for receiving a stress member of an underwater cable in the coil
support device.

25. An arrangement as claimed in claim 24 wherein each opening for receiving a
stress member extends longitudinally through the entire length of the coil support device.

26. An arrangement as claimed in any one of claims 22-25 wherein the coil
support device includes a plurality of the pockets and one of the coils is disposed in each
pocket. }

27. An arrangement as claimed in any one of claims 22-26 wherein each pocket

has an open end and the coll is inserted longitudinally into the pocket.
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and the external device includes a recess and the ofther of the coil support
devi ce and the external device includes a project t he
recess to prevent relative rotation of the coil | J’llmﬂﬂmm H"HIB t he
external device about the longitudinal axis. 54. Am underwat ers cabl e

arrangenent conprising an underwater calyse capable of being towed through
the water, an external device for nounting on the exterior of the cable,

and a coi | support devi ce disposed inside the cable for supporting a coil,

the coil support 3devi ¢ arafigérhent east aaimed mdarwi ore biaslaimg 22r88i wihepein aiecctalie fit
W th respectmcliu%eggl W%h%r*'{‘,égn‘gp%ﬁl ﬁé}ofrﬂ?e \{e novenent of the cabl e support
a

devi ce and the €ex fudinal direction of the cable.
55. An underwat er cabl e arrangenent |nclud|ng an underwat er cabl e capabl e
of being towed through the water, a coil support device disposed in the

cabl e, and an external device flttln% around the coil su(ggrt device so as
to nmaintain a corfd At araraeraenhas gleimeddn ponene A HaES 2258 Ir8-Ihwhersipthe and a

| ongi t udi nalpodret fadh réd'hﬂ!y eove} p@tmmﬁéh 6hRvis 66Rto an oufeb peridhalaPiuifacort th@ koidevi ce
for controllin erma p t hrough t he

vt or oS BreheXiEb b &) sws@@sv'%w“&tnegccﬂ@ﬁ°s'v%ﬂfngg"<e ble a collar

sur roundi ng
41, An arrangement as claimed in claim 40 wherein the cover is detachably
mounted on the radially outer portion of the pocket.

42. A coil for use with an underwater cable comprising a core, a winding disposed
around the core, and a support member for supporting the core extending along a length of
the core and having a greater bending stiffiness than the core to prevent bending stresses
from being applied to the core.

43, A coil as claimed in claim 42 wherein the support member surrounds the core.

44. A coil as claimed in claim 42 or 43 wherein the support member comprises a
nonmagnetic material.

45, A coil as claimed in any one of claims 42-44 wherein the support member has
a shape that can resist loads applied in any direction normal to the longitudinal axis of the
core.

46. A coil as claimed in any one of claims 42-45 wherein the winding is wrapped
around the support member.

47. A coil as claimed in any one of claims 42-46 including one or more cushioning
members for supporting the coil in a spaced relationship with respect to an inner periphery of
a pocket. '

48, A coil as claimed in claim 47 wherein each cushioning member comprises a

ring fitted over the support member.
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and mounted on the inner sleeve for novenent in a-longitudinal direction of
the sleeve, and a wi ng supported by the collar in a manner suc a

nmovenent of the collar in the Iongitudinal directi fmlmmm" | eeve
changes an angle of attack of the wing relative tol _ lmﬁmﬂ A
depth control device as clained in clai mgg6 wherégin the vind I's retatably
nmounted on the collar for rotation, a pinis coupled to the wing for

rotation with the wing and engages a slot in the inner sleeve, and
engagenent bet weer9t he Agiohasicisimetin crlird 47 6rea8s@rairDéaeh b@hioRihg Fiemb¥Y ifdlide 8-

A depth contr Vie e, i An claimby wherein the slot extends in a
ci rcunf er ent ia§|ura§$’r&égﬁegt?]ongkogf%g%'%%}m%ef B%\Pé?wgsa. p°cp%: depth control device

as claimed in any one of clainms 56-58 including two wi ngs. 60. A depth

control device as 56' ai mea)ﬂldg c?amﬁe@l?iea fon@' 'cgﬁnssg{-gbgln\é{ﬂ&ﬁfar}gi&ﬂi%ﬂt &8!%4??1

I ncludes a plurality of arcuate sections detachably connette 0 eachn ot her
around the sFE%?F@d?%"é?ﬂi'M'?Qﬂq@f@BFPraf to be detached fromthe sleeve. 61.
A depth control device as clainmed in claim60 wherein the sections are

pivotally connectgg to,each ot her tg'y a hi nge A depth control device

. 62. .
as clained in clarm 60 W8 FRPRL MW NS clains A2-0%WAPTPD thY GPIECE &R9S8% each
ot her by t wo disposge in theasupperbmemberdn aianter whicherablas this bgre tpberepiadedh

52. An underwater cable arrangement comprising an underwater cable capable of
being towed through the water, an external device for mounting on the exterior of the cable,
and a coil support device disposed inside the cable for supporting a coil, the coil support
device and the external device having engaging portions capable of engagement with each
other to prevent relative rotation of the coil support device and the external device about the
longitudinal axis of the cable.

53. An arrangement as claimed in claim 52 wherein one of the coil support device
and the external device includes a recess and the other of the coil support device and the
external device includes a projection engaging with the recess to prevent relative rotation of
the coil support device and the external device about the longitudinal axis.

54. An underwater cable arrangement coi'nprising an underwater cable capable of
being towed through the water, an external device for mounting on the exterior of the cable,
and a coil support device disposed inside the cable for supporting a coil, the coil support
device and the external device having an interference fit with respect to each other to resist

relative movement of the cable support device and the external device in the longitudinal
direction of the cable.

55. An underwater cable arrangement including an underwater cable capable of
being towed through the water, a coil support device disposed in the cable, and an external
device fitting around the coil support device so as to maintain a constant angle between a
longitudinal axis of the cable and a longitudinal axis of the coil support device.

v .
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can be at |least partially retracted to enable the collar to be opened by

pivoting of the sections about the. other hinge. 63 Adepth—eont+ol
device as clained in any one of clains 56-62 where tains an
attitude sensor for sensing an attitude of the sl e’j ﬂ Iilﬁb@eiﬁiﬂto_the
hori zontal . 64. A depth control devicesgs clal neds L rein the
attitude sensor includes an accel eroneter. 56 65. A depth control

device as clained in any one of clains 56-64 including a coil disposed in
the sl eeve for ind6cAideph catpl devige fur tontrallitgda depttof tah GndeAwRérBabI6 beifi@idwed t O

enabl e el ect 6, R MELatdrCcotpridingEiner 58S 15 A5G hent 16 th%acgéﬂg, aac%ﬂartsngou%sgé h

control device. i ) o
and mounted on the inner sleeve for movement in a longitudinal direction of the sleeve, and a

wing supported by the collar in a manner such that mevement of the collar in the longitudinal
direction of the inner sleeve changes an angle of attack of the wing relative to the collar.

57. A depth control device as claimed in claim 56 wherein the wing is rotatably
mounted on the collar for rotation, a pin is coupled to the wing for rotation with the wing and

engages a slot in the inner sleeve, and engagement between the pin and the slot causes
rotation of the wing.

58. A depth control device as claimed in claim 57 wherein the slot extends in a
circumferential direction of the inner sleeve.

59. A depth control device as claimed in any one of claims 56-58 including two
wings.

60. A depth control device as claimed in any one of claims 56-59 wherein the
collar includes a plurality of arcuate sections detachably connected to each other around the
sleeve to enable the collar to be detached from the sleeve.

61. A depth control device as claimed in claim 60 wherein the sections are
pivotally connected to each other by a hinge.

62. A depth control device as claimed in claim 60 wherein the sections are
pivotally connected to each other by two hinges, at least one of which has a hinge pin which
can be at least partially retracted to enable the collar to be opened by pivoting of the sections
about the other hinge.

63. A depth control device as claimed in any one of claims 56-62 wherein the
sleeve contains an attitude sensor for sensing an attitude of the sleeve with respect to the
horizontal.

64. A depth control device as claimed in claim 63 wherein the attitude sensor

includes an accelerometer.
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65. A depth cohtrol device as claimed in any one of claims 56-64 including a coil
disposed in the sleeve for inductive coupling with a coil in the underwater cable to enable
electric power to be transmitted between the cable and the depth control device.
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28. An arrandemient as claimed in any one of claims 22-27 v;herein the coil
comprises a support member extending lengthwise along the core and having a greater
bending stiffness thah the core to prevent bending stresses from being appfied to the core.

29. An arrangement as claimed in cl'aim' 28 wherein the support member

surrounds the core.

30. An arrangement as claimed in claim 28 or 29 wherein the support member
comprises a nonmagnetic material. -

31.  An arrangement as claimed in any one of claims 28-30 wherein the support

member has a shape that can resist loads applied in any direction normal to a longitudinal axis
of the core.

32. An arrangement as claimed II'I any one of claims 28-31 wherein the conl
includes a wmdmg magnetically coupled to the core.

33. An arrangement as clalmed in clalm 32 whereln the winding is wrapped

‘around the support member.

34. An arrangement as claimed in any'one_ of claims 28-33 wherein the core is
loosely disposed in the support member in a manner which enables the core to be replaced.

35. An arrangement as claimed in any one of claims 22-34 including one or more

cushioning members supporting the coil in a spaced relationship with respect to an inner
periphery of the pocket.

- 36. An arrangement as claimed in any one of claims 28-34 including one or more
cushioning members each comprising 2 ring fitted over the support member and contacting
the inner periphery of the pocket.

37. An arrangement as claimed in claim 35 or 36 wherein each cushioning
member includes a plurality of projections contacting an inner periphery of the pocket.

38. An arrangement as claimed in any one of claims 22-37 wherein the coil
includes a resilient stopper disposed at a Iengthmse end of the core.
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