OCEAN BOTTOM CABLE AND SENSOR UNI T BACKGROUND The invention rel ates
generally to offshore seism c prospecting and, nore particularly, to ocean
bottom cabl es having multiple sensors, such as hydrophones, geophones, and
accel eroneters. In one conventional form of seismc surveying, a vessel

tows a seismc sour C%EE%N‘BB%T%M%AEEE 2%hH Eﬁséﬁq}Nquri odically emts

acoustic energy into the water to penetrate the seabed. Sensors, such as
hydr ophori es, geophones, and accel eroneters housed in sensor units 10at

sensor nodes periodically spaced gl ength of an ocean bottom cabl e
(OBC) resting on the seabed, sengg\(g[g(gﬁbWener gy reflected off boundaries

bet ween | ayermeiimcoea] ROt deféam loTshork|s¥idhepitegestifiene hoRGaktihiagly,
pressure variations; geophones and accel erom which are both notion sensors,

sensé pdp praehdotiginicaicelaysieompipiesensoest pusttas Bpdiephiosas, ecemiengpy andsi gnal s from
t hese kifggaerg&eé%nsors are used to map the geologic formations. But the

not i on sensors are particularly sensitive to vibrations in the OBC that
can be transi bhechnataingal fosm of sessic sevbEng,,a whict bhvarcegeinesoatdeysuchgi d

nmet al cabl es. n‘%e (Bg mt emuses. structures that are less rigid than
the met 8 28 pred iy nBateregicaRe g BOLHE OHEY AU8 % VEH P Y198 Phe sensors
and redueg,hNen6aB) ScN BRlrophBEesBEphncs Uindakc &M SRMRALdNRYshsot (iftsends  of
its metal stress members termnatéd in ternmination blocks. 20F| exi bl e

strdfs menrerrsiodeepaciodiveldy emdictrbtloeihc gk afewnwic et iogambsiable KOBL) desting

nearest sensor, unit. The flexiDbl [ rrera? ﬂ\g v'%r-ti -
transm (0ol St e St SRSRRRAEAT RIFRRRERAIR R R (e et
stress refigibond)as digphbeescldtecanduiterprtsaat edriationeagbpisens ard aroderomAned, her
shortcomng is that the term nation blocks are rel atiyely nassive and.
expensi VRChygig bP TG IOrT, 8YE° REHPE MO SaBicd oY thedeﬁeﬁt?dosglsa}ﬁq cnergy.
25FUT { NAS BRI Lo RRAURRAITEE BhsdrPard 8o rtdne B R Sutthd Aolleh al
stress nmenbers 1s SUMVARY Sonme of these shortcom ngs and others are
overléomseiwprsaane parterlwd sansisiabtevibmntions in the OBC that can be transmitted along its
stress members, which arc gencrally rigid metal cables.
One OBC system uses structures that are less rigid than the metal stress members to
uncouple the OBC acoustically from the sensors and reduce the cable noise. The OBC is cut
at each sensor node, the ends of its metal stress members terminated in termination blocks.
20  Flexible stress members are connected between each termination block and the nearest sensor
unit. The flexible stress members damp vibrations transmitted along the OBC.
One shortcoming of such an OBC is that the metal stress member has to be cut and
terminated at each sensor node. Another shortcoming is that the termination blocks are
relatively massive and expensive. And the metal stress member is subject to corrosion.

25  Furthermore, because metal is heavy, the length of an OBC with metal stress members is

limited.

SUMMARY
Some of these shortcomings and others are overcome by an underwater cable and
30  sensor units embodying features of the invention. One such version of underwater cable
comprises a plurality of cable segments with one or more stress members disposed along the
cable segments. The stress members extend axially along the cable segments and past their

opposite ends. One or more sensor units are disposed along the cable between successive
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30sensor units enbodying features of the invention. One such version of
underwater cable conprises a plurality of cable segments with one or nore
stress nmenbers disposed along the cable segnents. The stress menmbers extend
axially along the cable segnents and past their opposite ends. One or nore
Ssensor upiplSs nid] BRAS&RoAIMNEuBG @alatee shrbMRRRing UoRSSd wiEppedtelcad
segnents. Each sensor unit includes an outer sensor houlgfj ng connected at
Opposi t ePEHENPOsEGEHE DS TEEBYYET EC CHIBT @%@éi‘éﬁ%?u@fﬁé‘ Bt B ARSI Ny has
an outer .zHLfg iapgseﬁgor'n%ﬁﬁé @Eiisé@%ﬂ.tyhe dufer WHs6 h s 28 MaPkxi AMRAAMBIsI S

di sposed. e outer sensor housin as axial distracts disposed between its
i nﬁrgr i or disposeg Yetanch its inteniot eavityund ie eutborurfaexior vacpiginghee T GIOTHHFES st r ess
menbers extending fromthe ends .of the successive nnect ed
to the obFBYSén Bﬁimﬁ%gﬁ tﬁ‘@?n Sof the Suﬂ‘f?ﬁstl}ﬁee“fa%?es%lp rﬁ?%@ﬁgﬁ@%ﬁﬁ@% gm%%ﬁr cabl e
(r:lon’p_rl SE&rﬁﬁoﬂ{dﬁgiﬁgl ty of cablde segnents and. a. plurality of sensor

ousi ngs housing a sensor_ and alternately arranged wt e cable segnents
to rr‘]:) orm t he uAdethoiatcerioncefifnamdeter CE@%F‘&“@@ﬁ%ﬂlﬂ“%%)éogﬁggé?gl%’ltgeanéjtagess
member s extend 0,088 ks AduSin@RRENo} SndlfhatcP§: Qhth RRUSHRASAEs SP! i t
al ong cooﬁlfrr otl){;%lfg%séacoggi %S? %uglﬁ)lgsﬁtg%goﬁou%}ng apeosrt ira?%géand def{ibn.gg at hspf or
the str assoritetibeniderested dablel Reclt dablesegrsont has one or njome stress members pététl(g@g t he

i nvention, an underwat cabl e segnent rises. an._endl e .2Ss nmenber
ext ondi TEGPPOHEGET: QNSO UEE HSBTE AOB TeTToLBEr BT pPPUs

oop at each

end. | nRhiht Bo@iﬂﬁg HRIdcasPpsks RF tHeh@edsiv@ibckOamciralipehs ansatni t for an
underwat er cabl e 15conprises an outer sensor housing having an ou

surface and ah 4mather pspect@ithietipvenios HIBACTHBIRH PG WoRIEFORPEESS aﬁ.engﬂ%s

interior _cavity. i nas i

interior St&%?\slﬂ%be%@{g ér?géﬁr@ggﬁe&ﬁggﬂyéﬁ%?%% gﬁﬁ?%ﬁﬂ&é’%%&f ltF\Eﬁic')peni ngs

%Sét DER\?\V out eln sillrdhather @bedt loé thetitentiss rsensohoisfongn uRGBRIEIFCADESCRI PTI ON OF
NGS . These features.and aspects of 'the. invention, Il

1S A8vakPEpass 2P CUBLRISK NG CLUBNS R SRe Y ot S RE SR ab Brelr | *S

descri pt ixQauic i@ARERISH irﬂh@[rﬁ&ior%_ﬁ'ﬂtﬁ@?@rﬂﬁ@d’tﬁioﬂgh tHeanton gsfack Bx et by thEl G |

is an axononetric view of a (i)OI’tI on of an underwater cabl e enbodyi ng

25f eat ur égendr ceyity. iThy eamsoronoduty @s vangsextprdiag diersens PReNASS RS e Uk ns or

modul e f%lrirfélljcse%fl[h% o% erlslé]n%gtrﬁl&gl rg cable as in FIG

20 BRIEF DESCRIPTION OF THE DRAWINGS
These features and aspects of the invention, as well as its advantages are better
understood by referring to the following description, appended claims, and accompanying
drawings, in which:
FIG. 1 is an axonometric view of a portion of an underwater cable embodying
25  features of the invention;
FIG. 2 is an axonometric view of a sensor module for use in an underwater cable as in
FIG. 1;
FIG. 3 is an axonometric view of a split outer housing half for the sensor module of
FIG. 2;
30 FIG. 4 is an axonometric view of a sensor module as in FIG. 2 supported in a cradle;
FIG. 5 is an axonometric view of one cable segment usable in constructing an

underwater cable as in FIG. 1;
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FIG 3 is an axononetrie view of a split outer housing half for the sensor
nmodul e of FIG 30FIG 4 is an axononetric view of a sensor nodule as in
FIG 2 supported in a cradle; FIG 5 is an axononetric view of one
cabl e segnment usable in constructing an underwater cable as in FIG 1;

£ G612 a0 00 BLA5 885 R Bl b SRS PP Tt ARl | res

underwater cable of FIG w th one outer housing portion renoved, FIG 8
is an exploded view of a sensor unit as in the underwater cable of FIG 9

is an axononhePrT B WPidgMBICRHBENSY avenser Bt i dapdesedirsatie otllébile t o
construq;it%e%g&w@ﬁ@p&g&l%me&.n FIG 1; and FIG 10 is an

axononetric view of a Sensor unit with a portion of its outer housing
renoved to shdli § issnceploést viow of @ sgabl witsegmertusdarsvaion cHiB; oFIGU); DETAI LED
DESCRI PTI ON . A portion.of. an .OBC show.n consecutive sensor nodes
D511 ust rat 6001 HisepaRotondeviely anah R PO bl o5 of

axi al Iy cepnneciechdeahl@ csegneM BI(22; and Sensor unit 24 is connected in line
bet ween consecutive cabl e segnents. Sensor units would typically be

15spaced at Fégul an AXEIOREITE WPERE2 SHEOOBE, Wilye Roriisn ef iy gulgsionsing 50 En,
or 75 'f}emmt%ﬁ%ﬁo%h&dﬁ%&mﬁ%%m%ge%?ﬁgﬁ-aéh{‘ﬂd‘.'é exanpl e, the sensor units

are shown w one or nore vanes ig Into the seabed to inprove
sei dfii ¢ coupling between the sensors and the seabed. One of the

constituents of each sensor [ ule 28, as shown in FIG 2.
The sensor nodule is a gener ﬁ%@ﬁﬁﬁgaﬁTMe cl osed at opposite ends
by end pl at e\ §tioR88:h OBL&EEWInG Rvo CONBELHL kSns3LnMRs BAMLHGRd iPFRL 9. are
used. to feed cable power, signal, data, and control wires or optical

fibers ilhechide 2BG Wnfifyceeddrreses dfnrigllanennchicd ggic sdzmessidon sprvdulat
L U0 DS 3o B0, PR R N B BB ot o
di giltal spaedhercontet @terdds alomythb®BC, such as every 25 m, 50 m, or 75 m. The OBC is
laid on the seabed. In this example, the sensor units are shown with one or more vanes 26 that
dig into the seabed to improve seismic coupling between the sensors and the seabed.
One of the constituents of each sensor unit is a sensor module 28, as shown in FIG. 2.
The sensor module is a generally cylindrical tube closed at opposite ends by end plates 30,
20 31. Electrical connectors 32 on each end plate are used to feed cable power, signal, data, and
control wires or optical fibers in the OBC’s wire harness into and through the sensor module.
Housed in the scnsor unit is onc or more sensors, such as particle motion scnsors. For
example, geophones or accelerometers, such as a three-axis digital accelerometer 34, may be
used to sense motion caused by reflected seismic waves. The sensor in FIG. 2 is shown also
25  with a hydrophone 36 for sensing acoustic pressure. The hydrophone is connected to the
sensor module through a connector 38 in the end plate 30. Sensor unit electronics, including,
for example, the sensor, power supply, control, and communication circuits or logic are
mounted in the sensor module on one or more circuit boards 40, which terminate or tap into
the OBC wires fed through the connectors and the end plates. The sensor module shown has
30  four axially elongated vanes 26 extending outward from its periphery to help anchor the
sensor module into the seabed for robust seismic coupling.
The sensor module is housed in an outer housing, or carapace, consisting of two half

shells, one of which is shown in FIG. 3. The half shell 42, which may be identical to the other
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used to sense notion caused by reflected seismc waves. The sensor in FIG
2 is shown also 25with a hydrophone 36 for sensing acoustic pressure. The
hydr ophone is connected to the sensor nodul e through a connector 38 in the
end plate 30. Sensor unit electronics, including, for exanple, the sensor,

pover  syupRlioll QMY Rher stiFEkeCRTIHBhERLS ANinfkibLitvicp 40 n WRIGh Geabi@orount ed in
the sensor nodule on one or nore circuit hoards 40, which term nate or tap

into thenddBE miidesvitteut 1 Hgidughnactien tohneistlopsiabndlongrickorsngpateesicnthe
P R DR O o ¥ 8L BRI BBSF S Y S ot ver

anc e sensor e Into the seabed for
robust ,15& sMad eareouptht Bghsor module profredstinsgh thrddulopenisgsiotisdn!fishelamtout er

housi ng, or carapace onsisting of t hal f shells, qne,of i ¢h s shown

in FIG cgntaqtiiatniap ﬁea@ﬁillmmf CRIEF PR SRRV Pk e“ﬁSﬁ‘ﬁ&%@ﬁ@rm{aﬁlal f

fﬂel I, R Mﬁ?ﬂiaﬁ&ﬁﬁﬁ&@jfﬁe $aHR W tie Ml f ARk 11 oK Bhh&tFicABMIpbYsi#Bidefofhi ch
e sensor no

e resides without a rigid connection to the shell. Axially
el ongat ekt infreini paystydBheeteoanih! clmnoely A2 eivdinkpd by hieldae efanpgle ShErmesHend f r om

the interi ' d {. : T f
the sondbrmanPb B PuaE TP PR AL O Rt RS Es sl BN R NREPT T
cont act gwélt ITht Mencsieabedhe dHahasinald thé portvdre dantibal in grooodesil BOc@teneamh end of

the half shell retain support rings. i&ial channels 52 are forned in the
hal | $helHlG8n’ #idéret ri cal |y opposite sides of the interior cavity. The two

axi al - channel 8,5 o & HbNKask Rsdrdunehageks B 9508l aded porti ons
she

56 of the hal . The linking channels open into ports 58 at each end
of the hahéhedhebpposifthends tmeppensngs 62 Ade edineprsicaily Made Horsyathalie

described |n re detajl .in reference,tp 1 in FIG
2 he. enbor RGNS ot sk e sl Bt Re e a0R 800 Hop Pt e L 6
opposi t upksritdd SHRPMI ifi tHegsodB2s 50 hethe haldkiellios FPG . dhabiagleisngubrts thef a
synthetic nesh or fabric web with slits 64 throu(l; V\/rLiﬁch ]Itlhe vanes 26 of
t he ééné@?ﬁﬁﬁ@dp@1@QFéWGUmTﬁ@Qéﬂ§%%#FS@FW&?“%P%aS T Bﬁafhm?ﬁﬁsg?ooves 50
in the hald 5kl fﬁ)fn}déb%m% ﬁoil-@ﬁ‘l thé @@h@ ThY Qﬁ@lrgtﬁgulhr&ﬁer%ﬁt_i@%nﬁ@thadﬂlﬁw ein

the interior cavity of the sensor housing mechani cal ly isol ates the
sensor rfirdut maferiebswihs aitiienubior sepélpure thenOBG e lTprates zedicasos ggrdgle within

al ternat.i vel t?g made of a firmer material, such as nitrite rubber or

pol yur etlﬁél?‘f’eé,é"‘[ hel p center the sensor nodule within in the cavity. One

version of a cabhersRa@Teriblé kapkicnoliiliey Banwasithiiescs@naoits iisihdven ins shown i n
20 FIGS. 5 and 6. The cable segrrent 6 onst ruct edsé)f an outer jacket 68

6 is
coveRPndFI&s. b anbp. tercablygegmqnt @i%opﬁrq%d@(f A putejagled FREPE BU"*The out er
j acket | reof(?ﬁ%(?\mtﬁ'm% &l tQEF%XtE'f t MRS urdr DRKEGAQS BrefRisly hdlie bs preferably

pol yet hyl ene. ectrical ca undl es 72 for powering, controlling, and
readi ng gdhpirseasotts candnatedidisutclerabét papitedencullceticelsghblethiedlesl?) for segnment s

and ter rr;i)orévaeg'i%g,l c%n?rglrlllgg,ca}ng rresadi7n?é tﬁlé[ se%ggrg and" r%late(d-lgfeectrghﬁg Hn' tﬁ%hgﬁﬁg l.iglg could

segments and terminate in connectors 73 at each end. (The electrical cabling could

25 alternatively be configured as a single bundle or multiple bundles, rather than the two bundles
shown in FIG. 6.) Also running through each cable segments is one or more stress members
74, which carry the tension in the cable. The stress members are preferably high modulus fiber
ropes for strength, light weight, and flexibility with minimal stretch. They are preferably made
of synthetic materials such as Kevlar®, Vectran®, and Dyneema®. The synthetic ropes are

30 easier to handle, allow for longer cables, and provide better acoustic isolation from the cable
than more conventional wire ropes, which could also be used in applications not demanding
high noise isolation. The ends of the cable segment are further strengthened by strain relief

sleeves 76 to prevent the cable segments from breaking at their joints with the outer sensor
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25 alternatively be configured as a single bundle or nultiple bundles,
rather than the two bundles shown in Fla 6.) Al so running through each

cabl e segnents is one or Mafe stress nenbers 74, which carry the tension in
the cable. The stress nenbers are preferably high nodulus fiber ropes for
strength, i wei ght ., and 41 exi bi.l i Wt h.. mni y are
prefer amhf/mgrgglg ik %{iahnéaf%egr hr'e |1%¥’tsﬂ¥es%¥gﬁ1ehsg %@@;@%@%{QQRWM and

Dy neememetdhemsy mMsh@bive if PIEES, tE etr3Q neasicein the chutpdt B8,a siddlosmdias rdpenger

cabl es, and provide better %coust' iSCfl ation fromthg cabl e than nore
convent Vealengi e ceagy dxice et ofu g cahle epepient Asdreasiid BEBIcFL AR08 not
dermandi fg b @B HNFEs ?’]a%ﬁéta’i"hé)ﬁ'brtia-rﬁ%f enRdsdebs fohe eft@ﬁﬂiﬁ%ﬁ@ﬂ%émd@’b?th@: urther
strengthened by strain relief sleeves 76 to prevent the cable segments from
br eaki ngbktsegmémiforn) bwopt 8.wi t h t he outer sensor housings. To minimze

damage from ¢rushing, e.ca [ a e fiurt her apped in netal
arnmor. As shg\mﬁ?%n%l%t(;%? a{“gg’e[g?sggg%%%fgﬁb(gragﬁﬁm? %b1§§(e melntes\%s&g singl e
endl essoycapecaesRr ey bliaexcerdmetorhiarlst 31¢ 54 engd inothe idvédedabtce seegment as

measur ed between opposite ends of the. segnent's I] acket . The portions of

the endiossiag sbglehadyes 4R @nngnesite mdehe! tBmBRusEe ' fratelit & SBGrNEUYSr m | oops

78. As in E A I j; g gnent s
L A et R U S S S il
in tlhe mmffided toddifer cormsons ftousinagbshelis dnalrcleg ti2scospropposi The gidde§ of t he

housi ng’, s nterline 79.. The continuous c nel s form paths r. die stress
menber st ?C}’ie fartorgleeﬁalr‘?ﬁlélfi‘é‘gglbfiﬂ%@l“rlrgﬂﬁil%i?%ﬁst ﬁ??dgceé‘éeaﬁ%ﬁieé)oféggﬁtfefaf%i ent to
def i ne GRANMFHUOLS hSltELTHe MRAbelmPatkad encldceddangbidexsad spsudinbip@ts The
ends of the cable segnments, incl udlegg the strain relief sleeves 76, are

c

recei vedhdithe infrsiopef the seostringa 6h Theotectiral etbéas| capapsies 73 Thde ¥ith &%s nenber s
and t he g .Qt.erd of the
St ppor teohEidE 5E 3 bR BRcESE fRSeAOE B, DIOWRGL IS (BB ANBNALETIRE S

connéct theis c&Frdniing feeeNdaplcat estiafally Hesteed sgainsroahl gh@ 8y sithen ot the likewo shel |

hal ves are cl osed, 15 thei,r confronti aces ,7/5 are conventi pnal |

f ast eneld fagaihisplitesrmach adclasy ﬂ?c‘?‘é@%e?sg r Lf ﬁ?ﬁl blag'és glgmp 3&%11%73 89@‘8 Icﬁqie

car apacg angs GhO8e s %ﬁﬁhﬁg@%@'tﬁﬂﬂyﬁﬁﬁlﬁ:@.@me hadly 88 sglparpiichensengisd@t t he
cabl e segnments and the support rings 62 firmy in place. The cradle 60

suppor t 38 inike iméatioocaidiithe e auteheenparthopsiag. [haviade PVidpea ¢ieesed out er
sensor housi ng,...Th r ides, a,. f .sel.sm.c. i i fromthe
cabi o sutihLgiidf ol B SRS A dulER Shunte LR oL B T ess
mentper sstichs fb@beb anthelcbam@vBienctdling thdwense nsanlendhkflexiblEheesk nexibbtse stress
menbers danp, vibrations fromthe cahle to reduce noise in the sensors,

Fur t her $57RY 1bfaHaNCiER e @PIedh TEcE RUSTRY %Seﬁﬁﬁrs'g?mgﬁ‘m%?’d}ﬁf‘a‘fo itan Qggrrent s

and spl it QUL 6t &?ﬁﬂﬁu&]@h‘ﬁb QO ABKER shiit RASYcdBr AARRILS nRiked iEPIsaée damaged

sensor units or c e segnents. And the freedom of the stress nenbers to
nmove backaiandreplort farsdged hersyr wlito ng cathesaghnessdAsh ek dona of hestresie stress

nb dj I h h il wh
Gi 11 or oREnyEr & Bl b Pae KR e s HERIETR pfel Mo e sy o8RBT T

FI G35 Ytoandfhsidl@®embdivdshd shavethsit@nile dabl e segnents 80 are not separable. They
are inked by two stress nenbers 82, 83 runnjng. the | ngth of the underwat er
c det oD

cable. The rossnaydiet figikrest varpien ehBBE R e HHED fWénté‘ll‘rléﬁli?VY‘bl iefs
i s the 5afBgas alflcpf(?itllt{'ﬁlié:@é?éiﬁne,l%ﬁﬂggf%[ﬁen%}d: ArCnotNeprabie. Tl%% ASliHN 8P by FI G

6, The sane outer housing s es 42 are usable with the cable of FIG
9. Eachstsss mssiboe @3 pasise shetlhrgiughtht nedowaer cadndoe crvsusichign pthehannel s
on Oppocsaibieesegringgt% through the strain reliefs is the same as for the cable segments of FIG. 5; i.c.,
30 as given by FIG. 6. The same outer housing shell halves 42 are usable with the cable of FIG.
9. Each stress member passes through the outer sensor housing in channels on opposite sides
of the sensor module 28. Otherwise, the sensor unit attaches to these cable segments in the

same way as to the separable cable segments.
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of the sensor nodule 28. OQtherw se, the sensor unit attaches to these cable
segnents in the sane way as to the separabl e cable segnents, Both OBC

ver si ons described thus far suggest a hybrid version enbodying features of
both FIG 5 and FIG 9. Such a hybrid cable would include a series of

non- separ abl egGaIEC SEIBOLS c@iSedithugthGEugBest BAYbridedriistechaRmeaBatiRs 6 G 5
at one or both ends of the cable. The | ooped ends of two such cables could

be j oi nédthafiGas sehEHr. Jufiich akybiid crplgwogld mplude peariceobnanowP#abIE Cegnent

cabl e sectijons._ t. nn d i t a much

| onger lei'sh 05 @1ﬁfg§af§18t lgﬁ%)@%lo? %Segégﬁg(ggsf %rogggﬁﬂ)(fg ft?%%&s%?glreopﬁ%hhg%n t he end
pl at es @fopkliendseriswo stidhasles cowid Bdjomedat b sdnisbd umdt ab ook 1S5, 84Thi8 Sotld ahlowv ent

corrosive sea water, fromcontactin nd corrodi t onnectors. The
oi | - £ | Mgt EeHRNt fRRIC PREUIORSR ? ForeEted B dcapriied %gﬂl%gﬁtfengtﬂa? afRich.

10Al t hoyght Bgd nvention has been described in detail wth respect to a few

preferred versions, other versions are possible. For exanple, a single,

nul ti -strand BYG.d8lsmehdey thocemeetars and the hderphete ambie crdelaiselPHGE 6810k he
ds of h cab i nst
morber ot AR P FRATE ol 35 REQURER ASIRAE Ohnc} BEmRRAGRE AU S50

As anot hefrodixatiel enndctuds. bk otl-fldt ®bots angdk ubaliaitiegesauinits beFiCofmedetut  of
two 15 conpl enentary, but non-identica 8&)&F(Ieifons.. On

e set of the channel s
coul 80 be f ai nfBPuUghiths BISntioR has bsepdesq PV iOHEEREHE 4Rt P&%%‘?J;d by the
ot her segRNfs RAKL-VRRIAR gret}ﬁ@siﬂ%.mﬁ e§§ﬁ%lgf a GRANNRIIS-se i eanmbdredirentirel y

in the second portion and covered by t first portion when the two

por t i onswasepaciterhyiedds exdrdingrout e endsoftdaels eablasigmneirprld e sisrsjasead qfhe
spirit d 0 of the clalms are not. J. M ids of
the pr e?@er ?“Z‘E"S%‘Feé? BYfe. e%%ea 9 Sé(%é?yéis’lgr%”%ﬁﬁgé m%glk%ﬂﬁ/gkﬁtcﬁg%{nﬁuﬁggiag%@rd' cabl e
conpri siAGnothePbabipld, the spfit @adsensdegomiigscouidietfoinig conef oo nmore stress
menbers di sposed axially . al one the cable segnents xtendin ast
oppos? t EOBRKECHRIY, Bt %‘Hb‘ld%“tbcé]d??_étr‘ﬁ@: 88‘?1%“ BEthFrﬁE@nElé ﬁ%@ﬂ %ﬁ ﬁ‘?@é’gﬁp@gt}g ed
al ong the,eablge %%%oﬁéjéiﬁ%%%@ b aRl #h 3 8ELTRMbSrtion and the other set of

channels could be formed entirely in the second portion and covered by the first portion when

the two portions are clamped together. So, as these few examples suggest, the spirit and scope

of the claims are not meant to limited to the details of the preferred versions.

20 What is claimed is:
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each sensor twit including: an outer sensor housing connected at opposite
end portions to successive cable segnents and having an outer surface and
an interior cavity;, a sensor nodul e disposed in the interior cavity;
10wherein the outer sensor housing has axial channels di sposed between the
interior cavity and the outer surfaggapfist he outer sensor housing for
receiving the one or nore stress nenbers extending fromthe ends of the
successilveAc abii@wsegrabitt ®ngonmgct ed to the outer sensor housing. 2. An

d t bl | ' laim ] inth , [ t h
et utas. Ry SahBareht Byl AEE bR b A5 e miRERC L RRUT RE o 0
into the inte@ldngihLayictsygtds WtdxeindidghRstsppsgre caddefl the brtde @xinahtsy

el ongat ed vanes extending through the openi ngs past the outer surface of
the Outer @REMIGROTHSRISPIHIS IsPRysd gloae theatallc behpica Sé%ce%ShVCa%gleﬁF%IE%l&?’ng claim

wherein the L e chanically isolated fromthe outer sensor
. k &é‘a [dd?ng? ally . ; :
housi ng. 704.%5%9%{}?1 eg%fc& able as in any preceding clai mwherein the

sensor unit s ahnoleushmsar tousidg eorfrasite aleappasiteopg psitions wrdscassve pdlout er sensor
housi ng for sus ending ipe.sensor nnqule gﬁth”nthe Lgterior cavity. 5. An
under wat er cabl E2EEMF AL RIS A WHE PRI A A8 2B SRS “GRits ant her. i ncl ude
rings retai n%q;eﬁgar;ﬂ@gulgld'gs%{,segqmg@rimeﬁmangy;at each end portion of the outer
sensor housing at which the opposite ends of the cradle are fastened. 6, An

undednat er caBileesimtheiontes berisps hpusing baviat shrnnekiclippad R 158 I RIEETST i t 5
through whi ch t%}%ltgggf%e%%l\e}] E'Lﬁ'fa‘,%glafﬁre 0 g%ngo%hﬁﬂ forfeccVIndiidenYBL er cabl e
ing claim

as in any prece erein the cable segnents include an el ectrical
cabl e ext endi ngmottstieiyemeniiss efterdiez Tablte: segnetit suanshiwirebleispgmdngs sensor
30nodul e i ncludes a connector at each.cad to which the electrical cables
are connect ed a?ﬂ!lm%ﬁ%‘f it e?W@@BWéEP“W't further includes oil-ftlied boots

covering t ig GAARGEE Bftte adin AIMUNKREVALRS ot@RboRBoshgduph@ieteding cl ai m
wherei n each cabl e segnent includes stress nenber | oops extendi ng past the

opposi t e emdslloflongrecdoaishiogsdemahthe ouer sppfaqerfaEndiaganto cineTigscaviy élGi m 8
' the capiBosonert o T’ PEeSRRS PoBhEP kR Ry B ER T TRIRRE, onoased
segnent t opds@tHY dulte seifdce 98 tHvahe sedsoopsiking.
3. An underwater cable as in any preceding claim wherein the sensor module is
mechanically isolated from the outer sensor housing.
20 4. Anunderwater cable as in any preceding claim wherein the sensor units include a cradle
fastened at opposite ends to the outer sensor housing for suspending the sensor module
within the interior cavity.
5. An underwater cable as in claim 4 wherein the sensor units further include rings retained
in the outer sensor housing at each end portion of the outer sensor housing at which the
25 opposite ends of the cradle are fastened.
6. Anunderwater cable as in claim 4 or 5 wherein the cradle includes slits through which
the vanes of the sensor module extend.
7. An underwater cable as in any preceding claim wherein the cable segments include an
electrical cable extending out the ends of the cable segments and wherein the sensor
30 module includes a connector at cach end to which the electrical cables are connected and
wherein the sensor unit further includes oil-filled boots covering the connectors.
8. An underwater cable as in any preceding claim wherein each cable segment includes

stress member loops extending past the opposite ends of the cable segment.
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10 An underwater cable as in claim8 or 9 wherein the axial channels are
formed dianetrically opposite each other in the outer sensor housing and
wherein the stress nmenber | oop of the cable segnment at one end of the

sensor unit and the stress nenber |oop of the cable segnent at the other

end resi de Anuhdiewsan@beBMNekin 8§ Whekid deh S€s Wpnvadidbi@ddsn sitpge édiles i or s of
the stress nenber | oops. 11. An underwater cable as in claim 10 wherein

the outer HoEsT MgMbicheised inibe eRbbasscampRtikihylengdsasmsdmgityice fedengitiohor t i on

of the outef, E@i&h{‘& ARIH84E8 'egﬁ;o:pgg with the diametrically opposite
axi al channefs or receiving the '

Istal end of the stress nmenber | oop from
t he cabl é0stgmederwator ¢ahle agppdsing & oeddhpeint theaxial chatmelsere tomed wat er cabl e as

in any of cl.ainms 1-7 wherein the .one or nore stress nenbers, encased in the
cabi 63 seqmelitEoBepHaRSaT i 11017 O bl SRR SR AR PGB FERG L of ¢ ne
15under wat eherBh!6op di3ne ABlBERENAE 81c GARIf ehcaSndoR ukik @ldthd Srodh eicgiber t he

axi al channels arc fornmed dianetrically opposite each other in the outer

sensor housPaRoihel cattereamsnies sy alier e84 revidstye thesrme peangels (witheldp @505 n a
different axial. ﬁﬂﬁé‘Hl‘?érior%o"ﬁthé%}re‘@ﬂ@ﬁlﬂ@ﬁl% scable as in any preceding claim

wherein the outer sensor housing conprises two conplenmentary portions. 15.
An under Wat & uedbl gecabiaras i clgim & phercal the yutaf honsibp éurthegimelutiss hiankimgy one or

nor e _yi br ati,on- danpi tress nmber s, ext endi n ast opposite ends of the
cabl &0 seqmeianet ditten et RaripT o4 ho pUeEhR PRI BTG VR s or and
al t er nat el yqigietReAE oppbitctalRl 6RhEls FRIFRRAISy the diseil Bh PeF thgRkyaE@bercabl e;
wherein the sensor housings arc split along confronting faces of opposite

housi ng porleppiemdes ¢abiargepantis theppetie csd pegienmenber s encircling the

sensor. .,ﬁAﬂ r..G 1.0, ¢} aj m.: %&Er i or the
stress n’ér@rber Snﬁﬁﬁéﬁbghag%rgﬂygofr%ﬁaﬁ%ﬂ? ‘g}léo%lé%f e Ogﬁﬁgiriag?ptﬂ{ﬁ@%ﬁgusi ng on
opposi t e siatesscdin thheatlospmgtssoBPosnd gdit dfivaesnaernipesniunging tiiedetdieof the

conf ignti ng faces for insertion and renoval of the stress nenbers of

adj adent catieeLGF2NEs when the split housing is open and wherein the

channel s 13r £, GhRsREteMRBR ak heciaph 11 whaesi thQaidisl BhRRBre fofmed\MiakiBERANAL er
cable as in claim15 or 16 wherein the stress nenbers extendi ng out the

ends of eactppesitsicaclselferanthofaransenspobgysing sedehewitcach sresamembaeriibt er cabl e
20 b, CL TR R BB caRlgsperen | ol udos 2 sinale endless o css
t he | engtih. Af uidvewvstegrbRtas iarfyosraceting clad@peherein the outer sensor housing
20 comprises two complementary portions.
15. An underwater cable comprising:
a plurality of cable segments having one or morc vibration-damping strcss members
extending past opposite ends of the cable segments; and
a plurality of sensor housings housing a sensor and alternately arranged with the cable
25 segments to form an underwater cable;
wherein the sensor housings are split along confronting faces of opposite housing portions
defining paths for the stress members encircling the sensor.
16. An underwater cable as in claim 15 wherein the paths for the stress members include
channels running along the length of the housing on opposite sides of the housing’s
30 centerline and opening onto the confronting faces for insertion and removal of the stress

members of adjacent cable segments when the split housing is open and wherein the

channels are closed when the split housing is closed



19. An underwater cable as in any preceding claimwherein the stress
menbers are high nodulus fiber ropes. An underwater cable segnent

conpri si ng: an endl ess stress nenber extending al ong the
underwat er cabl e segnent and past 10opposite ends of the cable segnent to

forma | 09pAatn83GReeBible Akn A UPLET MahEkinCadbig:s§ 8INBRL eﬁ@n@iiﬁ§ eh@hm 20
further conprising an el ongated outer jacket extending along the | ength of

t he cabl e swgwéntch cabld segneasfong 4 loep pioeth ors of the endl ess stress nmenber
not fum.ng,the. .l oops. .22. .A sensor .unit for C

corpr | o1 MoAh 1BdorRaRT R0 sPARa ek et kR DAL BB £ RS et
interior cawistyemdersnsod imihddhige sigspandeaiaiciicih@rdnnd erdeodingayitd hg openi ngs
t hrough the outer surface extending into the interior cavityhere the sensor
noduPe haslP&A&s theeanent iy A MriBugRPY he openi ngs past the outer surface of

the outen SEASALWARHSINM:s iR ARPprebr BRI AM WRdLindSe dtRsCh@nBid2roMigr €i n the

out er sensor housing conprises conplenentary portions that forma clanp.

24. An undepdetefiboabies. as in claim?21 or 22 wherein the sensor unit

include%wa cradl e fasﬁﬁ%ed at, opposite ends to the outer sensor housing for
i at

suspend gAPHE LRREHH PENGRIR Bhe i nteri or cavity, 2525, An

under wat er arc @il @s sest Meibal dRtaddinghes gl the tRrsaBsAblcdheltund Peyt 1 ncl udes
rings retained in the outer sensor housing at opposite ends of the interior

cavilfy at whioRROYRENGHHAET tblcasamewio {H| clrarpeagh end.

21. An underwater cable segment as in claim 20 further comprising an elongated outer jacket
extending along the length of the cable segment and encasing the portions of the endless
stress member not forming the loops.

22. A sensor unit for an underwater cable, comprising:

15 an outer sensor housing having an outer surface and an interior cavity;
a scnsor module suspended in the interior cavity;
openings through the outer surface extending into the interior cavity and wherein the
sensor module has vanes extending through the openings past the outer surface of
the outer sensor housing.
20  23. A sensor unit as in claim 22 wherein the outer sensor housing comprises complementary
portions that form a clamp.

24. An underwater cable as in claim 21 or 22 wherein the sensor unit includes a cradle
fastened at opposite ends to the outer sensor housing for suspending the sensor module
within the interior cavity.

25  25. An underwater cable as in claim 24 wherein the sensor unit further includes rings retained
in the outer sensor housing at opposite ends of the interior cavity at which the opposite

ends of the cradle are fastened.



