; e3ei hNKi eFFG HAHI6JT Background of the In tionThe present
i'nvention rel ates gene ly to asuspensi on systemWor cables, and nore
particul ar | YOorgraEyst em for susijﬁummﬂuﬂmﬂvane or other arPATAIS98L4490N
a5"m d-span” portion of a cable raphi ¢ seism ccabl e 1 n@ye0h
oceanogr aphi ¢ surveyi ng and ot her si midsgpoper ati ons, a cable array

i ncludi ng numerous cabl es istowed behind a ship or other vessel . The array
i ncl udes alOplurality of |ateral Ilmwmmmmm I es to whi ch surveying

andot her sensing equi pnent is att abl es includefiber-optic or

ot her data conductors, along with | oadh®ari ng el ements sufficient to
protect the data conductorsfromthe |arge | oads encountered during tow ng
operations. 15l n prior systens, to ensure the proper | ateral spacing of the
cables in the arra ' t end faqr il te it has

her et of ore been co%ﬂgﬁhﬁgagfql gg&%ﬁm%&%ﬂ@@%%@ Itlélgﬁ(t he towed
cabl e array, connected to a paravane or the like. In this
prior20arrangement, the pagayane Ve U LEOMRASS 4P @ "tag-1ine" such as
a chain or cable transver segy“sg'pa'n'm‘ng—a'n‘d%‘e.e'ﬁm%m each of the cables
in the towed array. TReeowsdgsittayame edtdaredrgleEghsvesserpdire,teelaati ve

to thedirectigfefibhanckeaf tehe toybNEs Veanal mode §eh L8kl §ripP25the array
so that the cables were laterally separat ed fromad Jgtﬁfent cabl es by the tag

li ne. Wi | e TS Pr £6F SUSRSHSHEIT aB2YBNBREl PFefFEtds V2L ELlGadrBms &
cunber s@e ‘ol dlepban” apdrt 0eat bifewe, carite obf i ansbyesrqyirapthitheeismief an
addi ti onal 30t.omi ng_or. wi nch line. Oten, excessive bending of the towed
cabl e occurT&y:© %®¥xcessi ve bendi ng darraged the fiber-optic or other
data carriers in the bentoosiegraphW® 990844 BIng ~~arkdUN 2002r PEEMIS 4124400
canl oo hor SBALEPLSALO ol [RGB PALAYGNG MUTGEHLY hAneRe Y OE1LGNRL array

cabl es have 'not been success ran nts caused excessive

cabl e benditiRyedrgleingd Hershig doﬁo‘?tbﬁﬁvi"ﬁésﬁlsuf Fhei eqmay seviudes a
connectioon wifukdmei ty R avRRe-a0Q Y-l ea3l dshab wlmacmarsamar@ﬂtg %mrent

har dwar e sIr ed al ong the outer surface of ca cau
t her et o. 5a?§t}§gﬂ5’ Fa SRR héﬁd\ﬁ&% cgﬁ?erted+§§c5§%]\?%
conpr essi ve?iﬂmex:eepbmct her caltlhe1t o dattiac h cohdugicasaneahasgat Wathec[toadher eby
damagi ng t t b r gf en
gi ng the, dat ﬁeqémrove da.géfs?&lthe €8 gt otlztwa U Gacdy nfaﬁ%t]t@é oP§

found for a new a uspensi on syStem for selsmc ca array
for mid- spafnr%tt‘t%rﬂe@ﬁg%fl%ﬁ%rﬁvﬁﬁenSFrﬁh@Pr&m c',;loé“trtﬁ PR IS g

t owed c:rar{col eharray 151Uy Ofysbembnvert iaisdre aaner@amzwtitarétrst
aspect of the presen vent asus ensi on._syst.e connecting._a
article to ?%gb?% P% F58e§a:bqtﬁ)§t %c%’ﬁﬁaynng‘r}cg]n§gtterelee’ﬁteerﬁ§ Eﬁr

posi ti oned s¢veradt kibshanheral | ler rbam‘ ehenetafbyearbaad accabbs i noan
axially sp VQi}P:tH | ngsaShte Ofr i QAL Diel L oaid Y or med
el enents tig Jf{"gencr rcle Q“hekﬁ(r:éabl e aarrd tehe xtr rst. and séetgo dﬁir"l“rrnae&g%sert
el ement s. P??%’tle‘aﬁﬁdse'é%n@ oRe&Rvianser Crel ERgnt$ikfe poditi 6HdE aPrPST| east

subst argo aléyrghgémeﬁererttneal yravaned wae E&Es&t c&ﬂﬁ’xé@@@cﬂldtbnﬂaﬁr“ta ert
el ement s, Aﬁ gegtr vel i nner el on at ed .hel i cal Iing ar med

e
pepisaEEnice AR G L S e gl e
encircl es thdennectedseto dadiel ofakthye pradbesretn ekbretioseahda3iay he frhest
and second [ I f i 0 nsert
el enments de %%&ab%‘f&v né. %qgm;égu%bous cab\%lteger efCISI(S)(Ene gﬁ‘gi%ggﬂet EP%
second i nnedizpetdomeptf| ﬁ‘é@‘r’@lepérréﬁ’tes TR e ‘éﬁ%%bndmm €Ia§}3aﬁabérlebens

cabl e regi ophe Fafsh a@e §ﬁ‘§@n€hér tat 1@ hanges p@@@ﬁ@iwsséﬁa%eed from
respectrvelsg ¢connected to the first and. second bul bous 99/ 34t 32 -

PCT/ U S9872%805 Sablsonkrodde ¥ el 188i ons and each i ncl udes an
article attachnment mneniaps 1kor ik spppistt admmﬁge)iﬁexaﬂ awdikcl geherhay
.cable.In accordance W th another ect _of e _presenti tion, stem
f or suspend?ﬁa est 3 avartd 1 P5H a%afi%?eS%‘flmg 8&5‘8 cabl e gp:i%y i R dé
first and seebmdetv&ngar@scmﬂﬂ@esl?oreg@nm igre respecti asl yﬁdﬁatflrormatl and

secondayp al ¥y IRACEL M,InaRan Miie DOUSOE EBHONTRIeds £F4D! §cBlasalfvBs i) Gy e

array nger asse i es T nclude ousi ng _surro

respective Epwed &ﬁ?hﬁﬂﬂﬁﬂﬂxﬁﬁ@bou?hﬁﬁy%ﬁﬁ?%ﬁ1Y%eb%%%¥§9 éa@§9ﬁ the
rotatably segpeeddpiike BoUShtBer aNdh fa PaMaer &t iachoRat p@Rbel-garnect ed
tothe collar. Each of the first and second bul bous cabl eregi ons are forned
on the cable by a first insert elenentpositioned at |east partially
circunferentially around thel5cable, a first set of elongated preforned
helical rodsencircling the first insert elenment and the cable, a

secondi nsert el enent position at |east partiallycircunferentially around

t he frrst set of heIrcaI rods andt he first |nsert elenent and a second set

Y o T . Y " | I . o o T

.



WO 991 34132 - 4 PCT/ US9 400 3 0 JUN 2002 are att ed to the first and
second bul bous cable regio " and the article is atta€hed to bot

first and ¥ROHMIBANger assenblies. In accordance with a yet FQy$wsriaepect
of the 5 present invention, a suspension apparatus for connecting an
article to a md-span region of a towed cable includes an inner insert

el ement positioned at | east substantially around a m d-span regi on of the
cable. An inner set of elongated helically prefornmed el enents tightly
encircles 10 the m d-span region of the-cable and the inner insert elenent.
Simlarly, an outer insert elenent is positioned at |east substantially

ci rcunt ere@&hekl ¥t€éﬁF§'ﬁ@ tche dtein | SgdtaehAEERE rakd 1N d RS c¥ele 1
helically preformed enents. An outer set of elongated helically prefornmed

15 el ement §OFieGht Py T@Nci FRPEESt HRAYRindtOts ePeEM hEHFEESRf Ur-ef orfSfed 3diTement s
such that tahr&amywer«a.fwl oxteedi ekl sahaneriisl ¢ ogehiengjefnia ea dﬂl’firffé)an

bul b ticl bl ted t

i - Span bAMBOUSE ABFE T oh it L MerIY A iE S HrenPe b iBRr SFod i

m d- spas aplaciveent afo anhartégbket sd héheabl eheOnpandvaneage: fchntent
present '”%:G\;}]E duii-d S e ;%ao‘“ai' oMy Ofnd %&?@395'&}1.5%{6&6'8% h@k pr&\‘t#]gees for

secure and ective m span conrrecti on an article to a

t owed cabl eaasizng. %W%ttmr%an%@ropatﬂ?é’%%ﬁtaqmﬁ|Y®mr<ivealt¢1e

provision @‘xe%t%‘&sl%‘?d@s@lv%ysﬂa%mélorccﬁﬂgif Rrec%}%%té ¥h A nd PPAYaNS to a
cabl e that does not damage the cable |II anot her advant age of the

i nvention i"“digkathe PAYENRANS ‘ﬁ%?a%ﬁécBF dp h&hetePY SHRHASKERe data
di sconnect esbrfhdu®rs aotabhe. c¥pleanot her advant age of the present

invention is that it ea%i Ly instal I ont % PO gh t he roper

al i gnment of corrponenJ{é‘.er f’L’fly’E't’he‘_’f Iifftafivanpage l't‘he 1|5|r'1§lls fe i%h eﬁ”fl%lﬁ is 35
that axial ipppeed sbsplemsparaveyeten Soera sﬁ@pemied cableN@ 9 B4482 - 5
~cT3 -9 Ju%dg@g éjfr'\“a%‘ta: 'c‘hrr@rﬂ! nzed Paehighoalsd LpHel QYN SEVEE a.

axially | oadin further advantage of the present 1nvention is
that it presams %&c@s%PVédbécﬁ@ilﬁg @ he 5 cable to which the paravane or
other deyice is attached. OQther benefits and advantages of the invention

wi || becone apparent to those skilled 'q:th artnu ol readi ng and

under st andi ng t he fol | owi ng m&mm preferred

enbodi ment. 10 Brief Deseciptiencef wilid Br fairrfs a¥pechvent tba pagseake

formin var 0 t 8o Pf cSAPONEN a agjous
1 QHen €O %%&sﬁé&gs%ﬁaé‘%’é@ﬂ oPlc O@«]E‘ %an 0deipy ¥ !IE

steps and arran enent The” drawi ngs are poses
il lustratiny CR®LSr eiRftedeentfodisentd arﬁf%ﬁréi néfmfeé' b’é"%’ﬁ%t P&émea§s
limtingothgobiyedhé@Nat least substantially circumferentially around

a cable in an axially spaced relationship. An inner set of
elongated helically preformed elements tightly encircle the
cable and the first and second inner insert elements.
First and second outer insert elements are positioned at
25 least substantially circumferentially around the first and
second inner insert elements, respectively, and the inner
set of elongated helically preformed elements. An outer
set of elongated helically preformed elements tightly
encircles the inner set of helically preformed elements and
30 the first and second outer insert elements such that the
first inner and outer insert elements define a first mid-
span bulbous cable region, and such that the second inner
and outer insert elements define a second mid-span bulbous
cable region. First and second article hanger assemblies
35 are respectively connected to the first and second bulbous



FIGURE 1 is a di agrarr'ic illustration of a towe,cable array utilizing
suspensi on apparatus It accordance with the prese i nvention; 20 FIGURE 2

is a side WeM®34attially in crosssection and partially in ePETaINyR4400f a
doubl e attachnment point suspension systemin accordance with the Q;Jr[}agggzoﬂk
invention, including first and second m d-span attachnent assenbli’es;
FIGURE 3 is an enlarged view, partially in crosssection and partially in

el evation, of a md-span attachnment assenbly of the system shown in FI GURE
2, FIGURE 4 is a view along line 4-4 of3FLGURE 3; and, 30 FIGURE 5 is a
side view, partially in cross section and partially in elevation, of a

'm d-span haggee asseIbh¥ idh@cedanagciddeanaal t grpative gpbadhieAt of

t he present i nveny on. . WO 99/ 34t§§1 - 6&]‘)13‘CT/ US98/ 24400 3 0 JUN iOOZ
Det ai | ed DASBPFHtToh BF St AB2Pr BFERS | Bt 1 F e otRahBr SpRiLE -
‘'surveying and the |i ke, aacshidance etier arestiner vwessett tofsths preagnf of

"l ead-in" cables.”" O, C2 as may be seen with reference . to FIGURE 1, in
a 5 tow nglai"?rééf‘lo%h T. nggspa\%gﬁe%uﬁﬂ nocf;lglr%,ao‘?éY% lartieled §a§E§pended
fromthé ogfernostwedemadbile’ zabke Chalsides af Hosbl engt teetomdt hpoigetr
suspensi on,g¥sheim 40 keraede%%@%nthés;sé&w ntol pYesti QRa Hagoeapl es

Cl,C2,C3 are interconnected using tag lines 14 wnhich connect to the 10

cabl es Cl, 821e3lysiFRAe¢hgMé dapPachiBit PPYF nE egdopenstbnaapsia bt usf 16 in
accordancetwivbl tBB1pr agell .| NvRdH ot tHed ieeigd heasHeRBN$LEN i$Y-3Bs10 and
the paravane P, a.bridle 1 gilde from cabl es, chain or the like, is used

to inter cofneBPUEHBIpaFRVAREREIPE t HRS s spEPeTbhV Sy st it 10.27% WrGPhe
array Aoi sbuabedsi pegliensowfnghdi cablepnaTeolbar pacasaabll exerdred dor ce
on the lead;in Le C1 th i I erse direcfion T
relative tghtehgggg\%\n%ﬁg 5‘?‘?2& ip%né%%%é%%égégnﬁhéégg%i r?l%rrllélegé:b estctz, C3
to be towedhien epbbanl | elEadhat ef altihy shieed raBatdesnniii ppudbeoseasbls her

as shown i RelgiGdRE drd OF ofhEQCHIhV R HRCRANINGY aphi £ sepstngnererald Risant
Referring now particularly to Fl GURE

t he doubl e attachnent point
Suspensi on FOpEEaRnse Eninass BATSIa LR CLEoeRERTb Sl va A Hbrhe
assenbhises c204,20b a25f Tosinectead 66 tdimremed npealfloaom@l Hékibadgerods
assenbl i es r ef. bl. pLmlar in.a r e and, | j
conponent s et%%gri%ggn%r ﬁlhgbgl esgc#‘k%g_mh'ee?eeiﬁﬁgﬁ tghdl :E%% %e elree’ngae én%cfe%?%l S.
The suspensir@eyst enelomanto comsiddm™ firat or RBASE set rRAYXHERikwnl |y

preforned rgds 3 edeithiA LN c RET 8F ra8t sek el iealilas Predds nedy r ods
24 positioned over the rods 22, The rods 22 are wapped in _a tjghtl

enci rcl i ng 108 at F BRShilPSIdut SLRBEBELI #71L ande & oG aelr%‘P%‘?%/‘%‘él y
| ong | eyt hprhdfenerlid held.calappdexiamiialal i31¢0 tihec lvexond keweaae, ébemends 24

are 35 wapped i_n astLghtl ¢l ingere i anshy ut _the WO
001 34132 POH UEGs/ ﬁéﬁgg 3%%3&%652%2, £Eut q}f%%r%?%a y %??’Sﬁ???d
shorter, eRF9%pprestihaléFfpl2agdsnches, to facilitate gentle bending ofthe

cabl e Cl. Each set of gl iaclordfce2wdhpiefianabd ySt net udaper t o pehat
indicator mark 26, such as a bl ackstri eo%r the like, to faC|J|iate t he
e-tl

$ Kk

connect i on RFSFHRF o4BVEBLIATY o & HRETHY CPRRECSAGFe Al 3 gnEDt e to a
rel ati @shipid-spah eelhdon iofe.a ¢dlelenikc2Gdes eadltsieininig roilsse2andi s
preferably aligned.along.the cable axi wi_th.t 026-0n the her
set of rodsseﬁt,gﬁﬁ. l’i‘ﬁgrﬂ r?Sceactsr oS Eﬁsﬁgﬂ, gratgtgleagg'rygﬁ%xl %r?f ﬁe%naagéé'd in
accor dance awound. S Patagdrite 3,i723 2836axthd 1¢i sepasede velahionship and

her ebyexpr ety ¢ 1EREPORRLLY Mg dief chaacesbepaun. it NNeksapdaul gf chod
sets 22,24 together define a protective sheathl5about the cable over their
length, whilkelpFatdyt prafermad FPdnftRPessFve FAHSN FMFpPesondeousrdes,

and pr eyent sXEessi ¥fe DEHE PHoEd PhChedagt obattitaThpl €itdukbehehngan y
assenbly 20a, 20b r%ifegiivelgigclud%% a ho siqg 33a 3%& whi ch Es pref erably
split for208588N8 Ch& Aifhbne L Aokt SHRF Wi TR FLERFTESd ot £22. *¥iétal ves
of the splitehboisi of SHa, SBObsarandesecendt igpe¢heinseéht scr easpaztdvediyher
suitable fagsteners. Wth.ref.erence a nent ., of
the housi nggﬁga FSFheeé’gﬁlreclé’fei (si‘?lgim%gm%f%%e%%ﬁ%gc?% ?hebté%%rm%d

wi | | 25r ecogalemenhe hHousfaym3dhriss andchedond tivdboare mbdAnepand cade
housi ng,30a n ; a fgyr Og= e S%%%kﬁ ally
annular3§Iegggigﬁéfngg??gﬁglﬁggégitfgﬁ§g:gggﬁgafﬁ%ngagféagg,gra I a %$§£

bet ween the cabl eand the rods 22. Likew se, a second bul bous or

egg- shaped30and general ly annul ar sl eeve or insert 42 is positionedradially
between the inner rod set 22 and the outer rod set24, axially aligned with
the first insert 40. Each insert40,42 is preferably also split to

facilitate its placenentaround the cable and inner rod set 22,
respectively. As is35also described in the aforenentioned U S. Patent

PN TN NN




WD 99/ 34132 PCT/ US98/ 2440 0 JUN 2002 the inserts 2 toget her define
a bul bous m d-span region ™M the cable ClL to which the housings 30a,30b are
readily secP§341BRe use of two inserts 40,42, rather than onRCT/HEI§RI4400
limit axial movement of the housings 30a, 30b along 5 the cable axB§ YN Aid
al so prevents slippage of the outer rod set 24 relative to the inner rod
set 22. As shown herein, it has been found to be nost effective in
preventing slippage of the rod sets 22,24 relative to each other that the
outer insert 42 have an axial length greater 10 than that of the inner
insert 40. Further, it is nost preferred that the sections defining the

insert 40 dQ-Qfe (GRMAIEHR] WHNG e 4 Ll Ghaaihd halb tder sgrdhons

defining the insert C2 do not conpletely encircle the inner rod set 22. In
thi s manne@nd ddieal2doifhesis G Fashass %9 RS & NfodsiTRF Fd afecertt ai n
to be trangffiged dsoambheeknsert 42, to the rods 22, to the insert 40, and
to the cable Cl is an_even and wel | di sf\ri but ed ﬂanﬂﬁrf r at her tclqgn one of
these el ements beari n§™t REEHIFET &P PoaEt | AT hIPET mBFREST tHe RBEsi ngs
30a, 30bsar pwddeatt i Melent2ibrat taachespdrs idre a@aidm s aiwr arenmett abgeaho
rotate or rgogggi(éal:loy r%!i%t—lsver%r&e ignuggeg tt%yergig %ﬁdét:qugf'des an
Pol yur et hane sTeeves 3 are prpeaf erabfy positioned at the opposite axral
ends of eactnrheusi¥rESOa, 3otenantpr OGSt M e ato 1Rasbut ewbsbansdally by
the housi ngg,y2andoa, %V‘é‘ﬁé‘nt hegieth ot 2hicbeadde Wt Anr effiNCE@0BEN
primarily to FIGURE 2, the suspefnsiagn systemincludes a plurality of

| ocki ng barRkoReRbesi theonetr 11 yhPreisrgisth ehementar Hahitdst oncarglere
exposed cendshef dxﬁftﬁ-épa?r xféyidcﬁet _oflTlhelsﬁ kensise hﬁhﬂhtohéo imRidy ngFﬁsbBQ rods
in position,.and thosg, | ocat axi a etween t anger . assenbl i.es

302 30b pr SVEATSTbI 1 GRABTRET Br B GUNG fof 1Tt GtRCH o P rBoravi RGeS
oper at i ons. afhé eha@tgerulestsamtd a by 20 ar20m freespddita Mot yaroehddeheolinaes

52a, 52b nou or_- i 0 elativ e khoysi 3 t he
cable axis ﬁggf{cerenla%%% y,gn&l %QSPg%ﬁ}{i%OE %&%2&%&%9’%‘%%UN
2002 'the colraestgay bRnneHtest figthbl @f EdORIeSSCarhsbicadbhyi prsirreed

Wi thin a2 odlemeskkcunfighenti atngieetesf otHed imnéts de@spes | ve1ieusilng
30a,30b to gre ent any axia m)vemag olfa f__he;; collar relatjve ;g.o i t.s _haousing
30a, 30b. 5EaRRCLGFMES 52LSBBREF s SHUF eFUBFy TV BRET by r P ShadBSSHE

col | ar hal vedebénts@ (daddaiftewrt)debinedat ogettsparbyhullsouandabéeontdigit.s or
other faste rsa;05c8: ef t C \Y; 5 6 f_%%[}
hanger asseﬁglé a,‘g‘g% E{g@l %(%ti%ée y |}1¥I {}%e ?ér)l{llg%gﬁéggﬁ:}g éna®illa

proj ecti onsPBé2oBE CRPGERESIRPhENRPOTIE+'0RRE aBodt -RREMESUSI €30, B0bt o

bod bas % ey t LRREMRBGs MegPe30d

provi de;@ NRLQ -89 aidanivmntopfahhareakhar t22an2halyowt. its housing
Cc

30a, 30b, respectively. is.shown nost_clearly in FlGJRE 4, each,

col | ar52a, 52b i ncl udeséa‘rgle paPY¥agtagsnif o %éﬁ%SEQ#eﬁd}vneditfs‘?rheﬁéf oM
Suspensi on prmes 180018 0bE aa esusperasticdr expentm vehgt t profédes| [fas $2a1v2b by
means of a [ [snel i 0xes .34 :

mat er espect %\S/]le %‘E\'ﬁ?etc‘%&{\%g ‘T{l%r%rpngc#%ﬁ%%é% Hegghagolalggrl%g StZOb.a Af:sal?lse best
seen in Fl CORES rawef Fakle 2¥uAWi ons2070, 72 al | ow t he suspension arns
SCa, 80bzg0 pivot al onghhidr Bidhtdsgd Sof i€ wathdnt phadmimd@cis the
suspensi on arm 80g, 80b i ncludes a .clevis orother attachnment point, 90 t

Whi Ch & par RFTESHOR RF 1 IEHSESRELA0NEY S ThEaRs TOR SR L AIIREABLR She
equi val ent . aAsZhsheawe hes e ncabhe ahbacldoes nuoi nta®dye stipe etabably adoubl e
clevis arrangenent i ncludi ng, g, of 05538l 0n2aoena0edW L AR Ll e5s Sl pr med
t hrough the doubl e clevisattachnent portion~-90 of each suspension arm

80a, 80b. Awiide aldvwet \a gfamsvasre simdihe drikfodisl deaatawichmentdbotomseoneg be
used w gRoutedeparting;fromthe scope and spirit ofthe present

invention. Thus, it can be seen fromthe foregoing that thesuspension system
10 of the present inve¥etornPHeetdRATFRERIANGL Seld o pader i1BESRRbPReSS
20a, 20b connagdedjto 1%3%‘58510%? GlnkfadleaXicitdy SpasBler §lidtH onedi propekst
and WO 99/3al132 - io PCT/ US98/ 24400 3 0 J t1 N 2002 second helical rod
sets 22,24 FeireRrkce§sFOEPERBEPES. phending and al so act to secure the
first and second inserAsfd@ré2r mndpasitage 66 dak pardudrboubnaehacbnens
points r the hanger_ passenblies 20a, i th first d_seco

i nsertsfa%o, é’agh saefoﬁ?[tlﬁgaﬁéanggf g:g—geenglﬁlgggaﬁem ?Ié tcﬁehﬁ%gaaugﬁgg‘gﬁ?ered
by each and al so distributes the | oad of the paravane P to different axial
sections of the cable Cl. The hanger assenblies pivot and rotate as
described to accommopdate twi sting of the cable Cl1 or novenent of the 10
paravane w t hout damage to the cable or the suspension system |f the cable
Cl includes an outer fabric fairing, it has been found preferable to renove
any free strands or fairing "hair" beneath at |east the inner inserts 40.

A - - B - o o, . ~ ~ o



reference to a double tachnment point suspensi or!/stem 10, those skilled
inthe art will recognize that the hanger assenbl 'es 20a, 20b i n accordance
with the fVe3¥*H& are usabl e individually as single m d-spaﬁcaglﬁaﬁmjﬁ‘@t

poi nt 25 suspensi on apparatus 16 within the scope and intent of | ect

invention. FIGURE 5 illustrates an alternative enbodi nent of a hanger
assenbly in accordance with the suspension system of the present invention.
For ease of reference, like 30 parts relative to the hanger assenblies

20a, 20b are identified with I'ike numecaks-including a primed (') suffix

rather than an "a" or "b" suffix. New parts are referenced wth new

‘nurer al s. @aeibanger magseibey 30" el smshated uiedeAngvesedeir8rdbaRrhatceyof the

hanger assinbl i.es 20a, 20b in the same manner WO 99/ 34132 - 11

PCT/ US98/ 2483639 JUN 2002 ' as ' described above. However, the hanger

assenbly 20" includest i nseiland foutErer nsadvsntd@eldfr espeet | pekpent

i ncl udi ng es 144, or.med r » facilli t per

axial ali g%%g{let%%]fos? hgéi rllésll'garl{s . r%%%?léx\?{égt %g%;ec%&o‘%ﬁe?oeg{???’%g (?’ﬁe@h%
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tightly enc1rcllng relatlonshlp about the cable Cl1 and

extend along a relatively 1long length thereof, e.g.,
approximately 300 inches. Likewise, the rods 24 are
35 wrapped in a tightly encircling relationship about the rods
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with screws 32 or other suitable fasteners. With reference
now also to FIGURE 3, the attachment of the housing 30a to
the cable C1 is shown. Those skilled in the art will

25 recognize the housing 30b is attached in the same manner
and the housing 30a. It can be seen that a first bulbous
or egg-shaped and generally annular sleeve or insert 40 is
positioned about the cable Cl1, radially between the cable
and the rods 22. Likewise, a second bulbous or egg-shaped

30 and generally annular sleeve or insert 42 is positioned
radially between the inner rod set 22 and the outer rod set
24, axially aligned with the first insert 40. Each insert
40,42 is preferably also split to facilitate its placement
around the cable and inner rod set 22, respectively. As is

35 also described in the aforementioned U.S. Patent 3,723,636,
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the inserts 40,42 together define a bulbous mid-span region
in the cable Cl1 to which the housings 30a,30b are readily
secured. The use ¢f two inserts 40,42, rather than one,
helps to limit axial movement of the housings 30a,30b along
5 the cable axis M, and also prevents slippage of the outer
rod set 24 relative to the inner rod set 22. As shown
herein, it has been found to be most effective in
preventing slippage of the rod sets 22,24 relative to each
other that the outer insert 42 have an axial length greater
10 than that of the inner insert 40. Further, it is wmost
preferred that the sections defining the insert 40 do not
completely encircle the cable Cl and that the sections
defining the insert C2 do not completely encircle the inner
rod set 22. In this manner, radial compression forces from
15 the hcusing 30a are certain to be transferred from the
insert 42, to the rods 22, to the insert 40, and to the
cable Cl is an even and well distributed manner, rather
than one of these elements bearing the entire radial load.
In this manner, the housings 30a,30b are effectively
20 attached to the cable Cl1 and are not able to rotate or move
axially relative thereto under towing conditions.
Polyurethane sleeves 34 are preferably positioned
at the opposite axial ends of each housing 30a,30b to
prevent damage to the outer rod set 24 by the housings
25 30a,30b when the rod set 24 bends.
With reference again primarily to FIGURE 2, the
suspension system includes a plurality of locking bands 50
positioned tightly around the outer rod set 24 and the
exposed ends of the inner rod set. These bands help to
30 maintain the rods in position, and those located axially
between the hanger assemblies 30a,30b prevent “birdcaging”
or bulging of the rods 24 during towing operations.
The hanger assemblies 20a,20b respectively
include collars 52a,52b mounted for rotation relative to

35 the housing 30a,30b about the cable axis M. Alternatively,
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' 10%2) Z& ()pPefe%QPb@j},Z&tl(xé 8511ar halves 54,56 of each hanger assembly
20a,20b respectively include interengaging projections
10 62,64 (FIGURE 3) when positioned about the housings 30a,30b
to provide a more secure attachment of the collar 52a,52b
about its housing 30a,30b, respectively.
As is shown most clearly in FIGURE 4, each collar
52a,52b includes a pair of trunnions 70,72 extending
15 therefrom. Suspension arms 80a,80b are connected
respectively to the collars 52a,52b by means of a yoke
portion 82 including lateral bores 84,86 that mate
respectively with the trunnions 70,72 of each collar
52a,52b. 2As is best seen in FIGURES 2 and 3, the trunnions
20 70,72 allow the suspension arms 80a,80b to pivot along an
arc B and as is indicated in phantom.
Each suspension arm 80a,80b includes a clevis or
other attachment point 90 to which a paravane or the like
is attached by means of the bridle 12 or the equivalent. As
25 shown herein, the attachment point 90 is preferably a
double clevis arrangement including a cross-pin 92 engaged
with apertures 94 formed through the double clevis
attachment portion 90 of each suspension arm 80a,80b. A
wide variety of other single or double attachment points
30 may be used without departing from the scope and spirit of
the present invention.
Thus, it can be seen from the foregoing that the
suspension system 10 of the present invention includes
first and second hanger assemblies 20a,20b connected to a

35 cable C1 in an axially spaced relationship. First and
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bending and also act to secure the first and second inserts
40,42 in position to define bulbous attachment points for
the hanger assemblies 20a,20b, along with first and second
5 inserts 40,42. The use of two hanger assemblies limits the
load encountered by each and also distributes the load of
the paravane P to different axial sections of the cable C1.
The hanger assemblies pivot and rotate as described to
accommodate twisting of the cable Cl1 or movement of the
10 paravane without damage to the cable or the suspension
system.
If the cable Cl includes an outer fabric fairing,
it has been found preferable to remove any free strands or
fairing "hair" beneath at least the inner inserts 40.
15 Furthermore, any fairing "hair" located beneath the inner
rod set 22, or between the inner and outer rod sets 22,24,
should be pulled outward so that it extends between spaces
in the rod sets 22,24 and is not trapped beneath the rod
sets.
20 Although the invention has been described with
reference to a double attachment point suspension system
10, those skilled in the art will recognize that the hanger
assemblies 20a,20b in accordance with the foregoing are
usable individually as single mid-span attachment point
25 suspension apparatus 16 within the scope and intent of the
subject invention.
FIGURE 5 illustrates an alternative embodiment of
a hanger assembly in accordance with the suspension system
of the present invention. For ease of reference, like
30 parts relative to the hanger assemblies 20a,20b are
identified with like numerals including a primed (') suffix
rather than an “a” or “b” suffix. New parts are referenced
with new numerals.
The hanger assembly 20’ is structured and used in
35 place of the hanger assemblies 20a,20b in the same manner
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as ‘described above. However, the hanger assembly 20’
includes inner and outer inserts 140,142 respectively
including apertures 144,146 formed therethrough to
facilitate the proper axial alignment of the inserts
5 relative to each other during the installation thereof on
the cable C1-‘. During the installation of the inserts
140,142, a pin (not shown) is inserted into the aligned
apertures 144,146 to prevent axial movement of the inserts
140,142 relative to each other. Upon the complete
10 installation of the outer rod set, the pin is preferably,
but not necessarily removed. Alternatively, the housing
30a,30b also includes an aperture 148 aligned with the
apertures 144,146 when the housing 1is operatively
positioned. In such case, insertion of the pin into the
15 aligned apertures 144,146,148 prevents rotation of the
housing relative to the inserts 140,142 as is sometimes
desirable for transmitting very high torgque loads between
a cable and the housing. Otherwise, the hanger assembly
20’ is similar in all respects to the hanger assemblies

20 20a,20b.

The invention has been described with reference
to preferred embodiments. Obviously, modifications and
alterations will occur to others wupon reading and
understanding the preceding specification. It is intended

25 that the invention be construed as including all such
modifications and alterations insofar as they come within
the scope of the appended claims or the equivalents
thereof.
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of two ax1a1]y spaced apart cable locations simultaneously, said suspension system
comprising:

1090V & () -

first and second inner insert elements positioned circumferentially around a cable
in an axially spaced relationship at first and second spaced-apart cable locations,
respectively;

an inner set of elongated helically preformed rods tightly encircling said cable and
both said first and second axially spaced apart inner insert elements;

first and second outer insert elements positioned circumferentially around said
first and second inner insert elements and said inner set of elongated helically preformed
rods in an overlapping relationship at said first and second axially spaced-apart cable
locations, respectively;

an outer set of elongated helically preformed rods tightly encircling said inner set
of helically preformed rods and both said first and second axially spaced-apart outer
insert elements such that said first inner and said first outer insert elements together
define a first mid-span bulbous cable region at said first cable location, and such that said
second inner and said second outer insert elements together define a second mid-span
bulbous cable region at said second cable location, whereby said first and second mid-
span bulbous cable regions are axially spaced-apart on said cable; and,

first and second article hanger assemblies respectively connected to said first and
second bulbous cable regions at said first and second axially spaced-apart cable locations,
each of said first and second article hanger assemblies including an article attachment
member for mid-span attachment of an article to said cable.

2. The suspension system as set forth in claim 1 wherein each of said first and
second hanger assemblies comprises:

a housing positioned circumferentially around said bulbous cable region;

a rotatable collar connected to the housing, said collar restrained from axial
movement relative to said housing,

wherein said attachment member is pivotally connected to said collar.

3. The suspension system as set forth in claim 2 wherein said collar of each hanger
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assembly includes first and second trunnions, and wherein said attachment member of

each housing assembly includes a yoke portion connected to said collar trunnions.

4. The suspension system as set forth in claim 3 wherein said attachment member
includes a double clevis article attachment point.

5. The suspension system as set forth in claim 2 wherein, said first inner and outer
insert elements each include an aperture formed therethrough, said apertures aligned and
adapted for receipt of an associated alignment pin when said first inner and outer insert
elements are operatively positioned to form said first bulbous cable region, and wherein
said second inner and outer insert elements each include an aperture formed therethrough,
said apertures aligned and adapted for receipt of an associated alignment pin when said
second inner and outer insert elements are operatively positioned to form said second
bulbous cable region.

6. The suspension system as set forth in claim 2 wherein said first and second axially
spaced-apart hanger assemblies each include a pair of polyurethane sleeves positioned at
opposite axial ends of said housing and radially between said housing and said outer set
of elongated helically preformed rods to prevent damage to said outer set of helically
preformed rods by said housing.

7. The suspension system as set forth in claim 1 wherein said cable is a lead-in cable
of an oceanographic surveying towed cable array.

8. A method of connecting an article to a mid-span region of a cable at both first and
second axially spaced-apart cable attachment points simultaneously, said method
comprising:

(a) positioning first and second inner bulbous inserts circumferentially around a
cable in an axially spaced relationship relative to each other;

(b) using a single inner set of helically preformed rods to encircle both said first
and second axially spaced-apart inner inserts;

(c) positioning first and second outer bulbous inserts circumferentially around said
inner set of helically preformed rod elements in the axial region of said first and second
inner inserts so that said first and second outer inserts overlap said first and second
axially spaced-apart inner inserts, respectively;

(d) vsing a single outer set of helically preformed rods to encircle both said first
and second axially spaced-apart outer inserts so that said first inner and outer inserts and
said second inner and outer inserts form first and second axially spaced-apart bulbous
mid-span cable regions, respectively;
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