WO 99/ 34132 _ PCT/ US98/ 24400

SUSPENSI ON %{‘?gﬁg\glgzm A SEI SM C CABLE ARRAY pCT/UBRGKGound
of the Inven The present invention relates generally to a
suspensi on system for cables, and nore particularly to a system for
suspendi ng a paravane or other article froma 5 "md-span” portion of a
cabl e of an oceanographic seismc cabl e array. I n

oceanogr aphi ¢ surveying and other simlar operations, a cable array

i ncl udi ng numerous cables is towed behind a ship or other vessel. The
array includes a 10 plurality of laterally-spaced cables to which
surveyi ng and ot her sensing equi pnent is attached. The cables include
fiber-optic or other data conductors, along with | oad beari ng el enents
sufficient to protesgspiresHat SYITEMEER A SEXSMIT (GRS U rAgE A 0ads
encountered during tow ng operations. 15 In prior systens, to

ensure the proper |ateral spacing of the cables in the array which
often extend for sever ddaddidomendrat  the hrvenllamhf ore been common to

utilize a wnch cabl ewfeepgkéés fromidie fonedqabke aged¥rally &@NNgcted
to a paravane or the 1ike: n this prior 20 arrangement, the paravane
was al so commpansien asystep £for FpRéeSsy@RCadiof S RFTF Bl ¥ to a

transversel y; .sna0fi Bgra8dspend¢RGNECHRGNANRAGY Mrlidie Lablebei fromeat oned
array. The towed paravane exerted a.transverse force elative tg the

f h
directi orf of “m¥dverant PRHECIFN A JeSeRiC 8 éﬁcﬁcsﬁBPngﬁkig &% Fay so
that the cabhlgs) awelerdyaterally separated from adj acent cabl es by the
tag |ine. Wil e this prior gener aliky 1
effective, it was al so-CuFEPESHE 36 1§epf§§(’gﬁgﬁ§§n§“ava%em eve. and
obvi ousl y respirativhe, use cibhe addiayi ohaflBding oRuAgTOM S ARIPLEF nds
O'ten, excesslye, hendi ofsihe drved Lakle oagdr edaylRink1@6eessi ve
bendi ng dama%éé%e? he r{w]‘al bsglrlE)o 5ti ¢ or ot her_ dat a c%r,ri ersy in the belét
cable. 10 plurality of laterally-spaced cables to w

ich surveying an
other sensing equipment is attached. The cables include
fiber-optic or other data conductors, along with load
bearing elements sufficient to protect the data conductors
from the large loads encountered during towing operations.

15 In prior systems, to ensure the proper lateral
spacing of the cables in the array which often extend for
several kilometers, it has heretofore been common to
utilize a winch cable, separate from the towed cable array,
connected to a paravane or the like. In this prior

20 arrangement, the paravane was also connected to a “tag-
line” such as a chain or cable transversely spanning and
connected toc each of the cables in the towed array. The
towed paravane exerted a transverse force, relative to the
direction of travel of the towing vessel, on each cable in

25 the array so that the cables were laterally separated from
adjacent cables by the tag line.

While this prior arrangement was generally
effective, it was also cumbersome to deploy and to
retrieve, and obviously required the use of an additional

30 towing or winch line. Often, excessive bending of the
towed cable occurred. This excessive bending damaged the

fiber-optic or other data carriers in the bent cable.



- 2- Prior attenpts to attach a paravane directly to one of the ., towed
array cabl P not been successful. Certain arrang ed
excessive‘@ég gﬁg%nding, whi |l e ot hers di d not provide aﬁgﬁgéiﬁﬁgﬁﬁly
secure connection of the 5 paravane to the cable so that the paravane

at t achnment har dwar e slipped along the outer surface of the cable

causi ng danmage thereto. O her paravane attachnent hardware exerted
excessi ve radial conpressive forces on the cable to whi ch t he paravane
was attached, thereby danmagi ng the data 10 conductors of the cable.

Therefore, a need has been found for a new and . inproved suspension
syst em f oPTAC5eRrEREBPEADEE AFLaFhf 8r PArayRdes Sh efttlat RN o fa YW avane

or other abled €atead calsBdle Rfved hevebdab! euidetsfulid Certain
Summary of the Invention

. In cordance with a first aspect of
the presefETandenandi i Arsed sEEpeRst Bh §9S§§n§°@5‘%%né‘&ﬁ% %ﬁﬁ%% icle to
a cabl e i gdlaudest f prsirided sesabfitbent lynserdurd eaenhscloposift itdieed at
| east substantially circunferentially n le in.an.axially
spaced%r ePE% pFOAnt)il‘ﬁnecra%geet St a{aoéejl g#&at Bgrﬁggpgaﬁ%tapﬁkg‘fe& d
el enent s thiaghiwareneilipped halong ddid ecangrt heutface afd SbeomhbhImer

nsert el Uiy danafll $he?BfoSCCOMRL L YRFaTdiRe . €0 OIS REAPERL LT ONEd

at 25 | east substantrally circunferentially around the first and second
i nner i ns@Xerslednencessivepsadiad| GOMRRRSTHE | fpleres onsihe gaklongat ed

hel i cal | y yafiefoniRd RlrefRMeS wad\httdded, tlketeldy @é@é@ﬂﬁ%%lﬁ'@'d&@é' y
pref ornmed el epent elically

s tightl ncircles the inner set of
pr ef orifed AR S, S@X?h‘éakf’f?st and second outer insert elements such
t hat the first iTierefbdepuiaemeeatsdids ebearnttouddf ifor a frdwt andd-
span bul bous cabl e reqion,..and t t he i ey nd.out er
i nsert el eHEN %v%fgf ?nggngégglndg%%%-msgﬁ]r b%l 8%3%9{1% cae:Hee ?%5% nl.:‘gfi rst
and secondnid-tspdme hAthgehmgoserds i @sparavane or other article to a

cable of a towed cable array.
15
Summary of the Invention
In accordance with a first aspect of the present
invention, a suspension system for connecting an article to
a cable includes first and second inner insert elements
20 positioned at 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



35 are respectively connected to the first and second bul bous WO

99/ 34132 - 3- cabl e regi h

i ncl udes an‘g?P?%}ézattachnent menber for m d-span attachﬁgﬁ?%ggpgﬂp
article to the cable. ' I n accordance with anot her aspect of the
pr esent I nvention, a systemfor suspending a paravane froma cable 5 of
a towed cable array includes first and second hanger assenblies for
connection respectively to first and second axi ally spaced m d-span

bul bous regions of a cable of a t owed cabl e array. Each of the hanger
assenblies includes a housing surrounding the respective first and
second 10 KaPBsusrE@§PBAS %ﬁdi:ﬁécéab+%?l%dgﬁll%ﬂ' REEAELHI Y2 SEREPRE t o

t he housi NngpeaBdrarBar avangpaht achaenhe AENDEr agoanettbed to thetbabtel | ar.
Each of the first and_second aulbous.gﬁble i ons ar g fgr

re he
cable by a first inserf* 8FEREARRCE Fd t?BﬁEBeﬁtgF%%%% parglgrﬁgeggné
ci r cunf er entiingkehy ishouadsybeedbfoabsespanfiingt asparavaee oiiganed paeler ned

hel i cal r.ods encircling-the first.j e t b second
insert el &ferft Qowﬁgsictai%&r? e 11{1%3212{1&5 Ifggrg F’ i g]q”lrég 408 heng8r

ci rcunf er entaisaleinplaesufidrt henhersioserespehslivedy Fodflaall andt RECPPAst

| nsert eleﬂ%1fafi(Nékéﬁggnﬂiaﬁgﬁgﬂ %bQ@%ﬂ§H%§§§5ﬁ§f8fnaddgﬂméx%frads

encircling e se Insert el erent _ and east a Eortlon of .the
first set oftoseshgabde arragref BARBdORetbEaPanggs. assemblies inclpdes

accordance W t Rogkishly ageihsinaspgciemy thepectipeeseitst nwand i eecoadnet hod
of connecting an article to % 25 m -egan regi,on of a c%gle inclugg%

posi ti ontthg FHiausagggionssg oﬁﬁei?éki i s &3 TPERSEPHYr RSSO

ci rcunf er entdrad Inbusinggr auidd aa paalalvenien aan sashirenty nepbeed coangciteds fiop and
encircling the fir and cond_¢n [ .t | t hel, i y f.or med
rod elemantstn1 i?%?igﬁd 53%%%5 %&tg$é36q?%§e§?§ia%%g%%%ygFgﬁgggafﬂ%ggét
partial |y ciregidres emte afdbymed ocmr bhadcehéehblyi eafiyspr éngersd elededitenent s

in the axial, g;¢ AL O JNE A8 AN, I8GRNGh TSN 11138 lShound the
respectlveIY? anépare enC|r§%ed with el ongat ed. hel i aLI .grffor d
el enent st% o abhefi ost £ HREL s&ESn® burBBtgakrd- %ﬁ%‘% elital roas
encircling the first insert element and the cable, a second
insert element position at least partially
circumferentially around the first set of helical rods and
the first insert element, and a second set of elongated
20 preformed helical rods encircling the second insert element
and at least a portion of the first set of elongated
preformed helical rods.
Iin accordance with still another aspect of the
present invention, a method of connecting an article to a
25 mwid-span region of a cable includes positioning first and
second inner inserts at least partially circumferentially
around a cable in an axially spaced relationship and
encircling the first and second inner inserts with
helically preformed rod elements. First and second outer
30 inserts are positioned at least partially circumferentially
around the helically preformed rod elements in the axial
region of the first and second inner inserts, respectively,
and are encircled with elongated helically preformed
elements to form first and second bulbous mid-span cable

35 regions, respectively. First and second hanger agssemblies



35 regions, respectively. First and second hanger assenblies

-4- ed to the first and second bul bous cabl e | and
t he artIC|VgO%é/5§§?aChed to both of the first and second ﬁ&%ﬁgﬁmo

assenbl i es. In accordance with a yet further aspect of the 5
present invention, a suspension apparatus for connecting an article to a
m d- span region of a towed cabl e includes an I nner insert el enent
positioned at |east substantially around a m d-span region of the cable.
An inner set of ~elongated helicaltydpreformed elenents tightly encircles
10 the md-span region of the cable and the_inner insert el ement .

Si ni | ar | y aren astieehednser the| Bivent $@dpﬁﬁﬁQﬂQnRH}bouszﬁaQXﬁnﬁGQ&RﬁﬁantlaIIy

ci rcunfer gnty %'h'ey 3—'&%@@ theat PRGhed tolWSEL toflanentiand 4Me sawendset of
helically preforne el ements. An outer set of elongated helically

pr ef or med hEmgey asa™PligHnt |y encircles the inner set of helically

preforned el enents supghatbBatahheel Migh andyeut Eurtheer aspectel efireths

t oget her define a m d-span bul bous cabl e region. apger
assembl?y |%r%§?ﬁﬁec]tré’(?ntt&°ﬁ’hean1sﬁs§’ﬁaﬁmn BRI cET ec$%%%§%l%£dggncl udes

an attaChrmﬂthméTbec éomlagspl&md-rsgalmnatdfa@hm'ﬂwed)fcagml@r:[.m@]_@d@@ ahe
cabl e. r nt en
br ovi i on P s ar Y o RLYRALAGE 0 LBRCAT SR N LBKeN BB e b

€1
pensi on sys rovi es for secure ?fective
m d- span caroeondi en wifd-s@pagy t ey or 004 c,tehﬁ ecable of AN G\KEEFTca%fF"e afray. 25

Anot her adé’f&ﬁggée fhtefﬁg%rlq_%ﬁ%réflaﬁﬂéaoalb&em@ tighioyi shenrefea
suspensi on system S$pan connecti on oi Egravane to.a cable that
does R deh@ganideSRam| gegion of the capie aé’r‘?gt B 2RREE adBS6F Ct he

i nvention &Behdat . slmﬂ@fip)/\/saﬁ patavapasertt hkehieke tie besduiokled
di sconnected 30 from

present inden e&ﬁtlfd%giaﬁﬁﬁﬁlﬁx 7%?%%$$?re?§£ g t géuﬁgvgﬂ%ggﬁge%htﬂethe
pr oper inakirgnneEldmenft cangondet sinnexr set of hellcally preformed
elements. An outer set of elongated helically preformed
15 elements tightly encircles the inner set of helically
preformed elements such that the inner and outer insert
elements together define a mid-span bulbous cable region.
An article hanger assembly is connected to the mid-span
bulbous cable region and includes an attachment member for
20 mid-span attachment of an article to the cable.

One advantage of the present invention is the
provision of a suspension system that provides for secure
and effective mid-span connection of an article to a cable
of a towed cable array.

25 Another advantage of the present invention is the
provision of a suspension system for mid-span connection of
a paravane to a cable that does not damage the cable.

Still another advantage of the invention is that

it allows a paravane or the like to be quickly disconnected
30 from a cable.

Yet another advantage of the present invention is
that it is easily installed onto a cable with the proper
alignment of components.

A further advantage of the present invention is

35 that axial slippage of the paravane or other suspended



A further advantage of the present invention is 35 that axial slippage of

the paravang,Qk,Qfer suspended PCT/US98/24400 - 5-
device is mnimzed or elimnated under even severe axially | oadi ng.

A still further advantage of the present invention is that it prevents
excessive bending of the 5 cable to which the paravane or other device is
at t ached. O her benefits and advantages of the invention

wi || becone apparent to those skilled i g the art upon readi ng and

under st andi ng t he foll ow ng det ailed” description of the preferred

enbodi nent . f Des [ pt| o e L N

The inventi éﬁ"i‘rﬁ? taKBirgrigeh %ﬁ &ﬂ‘é‘ g onen L% %girt\%a%%]é%ln)t’s of
conponent s, 1aadihg.vari ous steps and arrangenents of steps. The
~drawi ngs are only for pur 1 T yst,Latbpg the preferredesent
embodi ments and are ndt t éo Eurgltrlles rugg % FIBmtI n% t he mgeﬁ?on
FIGURE 1 is jm»dairs:grcammm d:haltl ustr PrieyBNGs ExcessiRdPeRBEBIartaythe

utilizing 5%%%@1%9 QN W@HQ%{ éf‘j%s ddtavanel@R0RMRGE QUi el H% Riteseied .

i nventi on, in _cross-

E"2 is a side view, parti
section and partial | y Qtthest cReRebRES ofRd ACYBRE 2 Q%tsaccfﬁreﬁ%e lnvﬁBFh?n

suspensi on %ylsltlerrbbeo%cog i kB theody esklled imvenki ot i npbodi ng
first and second m d-span attachnent assenbl i RE 3
is an enl ar g&pdiingly, e | al‘%‘&qlﬁ?tﬁr@%‘ %%&ct %g%loéi’rjfcrilg a?iteltarﬁ

el evation, @fschipdlich PRthe pwdiactudemnastiensity. of the system shown in
FI GURE 2; FIGURE 4 is a view along line 4-4 of FIGURE 3;
and, 30 10 FIGURE 5 is a side V|ew partlally in cross- section
and partially in el evati Bomiedf Desgirdpty 3 ae DrawiBdenbly in accordance
with an alternative e“B%Q'fEUEnélon may’ Egkgrgéﬁﬁtlﬁrﬂﬁﬁmddﬁ1components

and arrangements of components, and in various steps and

arrangements of steps. The drawings are only for purposes

15 of illustrating the preferred embodiments and are not to be
construed as limiting the invention.

FIGURE 1 is a diagrammatic illustration of a
towed cable array utilizing suspension apparatus in
accordance with the present invention;

20 FIGURE 2 is a side view, partially in cross-
section and partially in elevation, of a double attachment
point suspension system in accordance with the present
invention, including first and second mid-span attachment
assemblies;

25 FIGURE 3 is an enlarged view, partially in cross-
section and partially in elevation, of a mid-span
attachment assembly of the system shown in FIGURE 2;

FIGCURE 4 is a view along line 4-4 of FIGURE 3;
and,

30 FIGURE 5 is a side view, partially in cross-
section and partially in elevation, of a mid-span hanger
assembly in accordance with an alternative embodiment of

the present invention.



WD 99/ 34132 - 6- Det ai | ed

Descripti Pref erred Enbodi nents I n 0G&aD9 :{b
surveyi ngq’ggg%‘ﬁgfl i ke, a ship or other marine vessel tows a%rség gy A of
"l ead-in" cables Cl,C2,C3, as may be seen with reference to FIGURE 1, in
a 5towing direction T. A paravane, pullovane, or like article S
suspended fromthe outernost "lead-in" cable Cl using a doubl e
attachnment point suspension system 10 i n accordance with the present

i nventi on. The cables C1,C2,C3 are® - interconnected using tag |lines 14

whi ch connect to the 10 cables Ci C2,C3 u5|ng S|ngle attachnent p0|nt
suspensi on 2Pk B8 B 3r e : efepred, b .

Bet ween the SUSDenSIIQfl édéér%gﬂébmr&i é@ﬁv@ﬁiﬁg‘aaﬁdpthé 11}&“ d;l &sHi%p made
fromcables, chains, or the I1ke, is used to i ercon ect tq%)faravane P

to the suSFeRSPEX BGTABM YESSES WR¥S A 32X A9 N 1 FRPYSR ng
directionch,dhecs, RarasgnpePsexsar vith 'Er@rf@.:e:etm:et h:e; |remtyRI cablie £1 and

(1 o R Bl L L AEE BTl VB i L 0
paral | el , ilsatsevsplenflesipoeth téleatiugestriqett o lm@axm maiele a@l sheimgia Fl GURE
1 for eff%ﬁﬁﬁﬁ% %%ﬁ%% %Rh'% ipt sy Zrﬂﬁhe &ALONS10 in accordance

Referring now particu doubl e attachnent poi nt
suspensi onvigist érhelopé“éﬁﬁﬂltsesnventﬁmst and's e &G SFan§ér Car Cat t aEANMeNt

assenbl i es; AQar 20knder£QNRRGHRM € tflqrie%stdun wiaklre €dnndbe hangehe
assenbl i es 20a, 20b are prefer Si m lar . in all respects, and |ike
conporight als 2 oFlnlRr G Beml%’e%g% FhaghMrnt RPint FuskeRften

nuner al s. apﬁ'iteatﬁyspmsmn ac&;(ﬁicmncél.Own.alhsothe p&@amntsesnaeﬁtish.or

I nner set of hellc reforoed r and a t of
hel i cal | yé; %“I’%?rrlre dés) %enmgn 3 |to%%'e %v%(radt htzk? ggr%%a%%he rods 22
are w appesridle 12, tnaght Ifyomncab(llelsng ahéigts oreghi phebbiket héscabked C1 and

extend al qng ﬁu{&@éﬂn\@ty t'h%ng,a!rsogha bhebeghe BufpensionaBREeXhmabel y 300
I nches. Likew se, the rods are
15 When the array A is towed in the towing direction T, the

paravane P exerts a force on the lead-in cable C1 and the
tag lines 14 in a transverse direction T’ relative to the
towing direction T. This causes the remaining cables C2,C3
to be towed in a parallel, laterally spaced relationship to

20 each other as shown in FIGURE 1 for effective oceanographic
sensing operations.

Referring now particularly to FIGURE 2, the
double attachment point suspension system 10 comprises
first and second hanger or attachment assemblies 20a,20b

25 connected to the lead-in cable Cl. The hanger assemblies
20a,20b are preferably similar in all respects, and like
components thereof will be described herein with like
reference npumerals. The suspension system 10 also
comprises a first or inner set of helically preformed rods

30 22 and a second or cuter set of helically preformed rods 24
positioned over the rods 22. The rods 22 are wrapped in a
tightly encircling relationship about the cable Cl1 and
extend along a relatively long length thereof, e.g.,
approximately 300 inches. Likewise, the rods 24 are

35 wrapped in a tightly encircling relationship about the rods



35 wapped in a.tightly encircling relationship about the rods WO

99/ 34132 -7- 22, but

preferably wsc?lggéﬁtl?zy shorter, e.g., approxi mately 244 lf%ié/ﬁ%gss,/zat?ﬁg
facilitate gentle bending of t he cabl e CI. Each set of
helical rods 22,24 preferably 5 includes a m d-point indicator mark 26,
such as a bl ack stripe or the like, to facilitate the connection of the
rods 22,24 to the cable G in a proper aligned relationship to each
other, i.e., the mark 26 on each set of tods 22,24 is preferably aligned

along the cable axis Mwith the mark 10 26_9n the other set of rods 22, 24.
The helical 220ds 2PRt4, are gr PrgéR&ERRLYy f §HABHCAXd uSBATFRTaccdf ddnce with.

U.S. Pat e rdxhst@d8 14 Haddswe Bdcihi coicé sgéet Bbybend xgpressl y
i ncor porated by reference herein. The inner and outer rod sets 22,24

t oget her defiitfe @%%t%cti ve sheath 15 about the cable over their |ength,
which protects the cabdzash sdtt omExcleskivalradods cdkpRésspveféorbey, and

prevents . excessive bendin r.pi i e,gabl 1.

Each har%erm%s“’s‘ierfblﬁz migé,pﬁgﬁg r*@%%%%%e%a}m 2|ghclsu§e§s Y haouks)}ﬁék

30a, 30b whi cdtiiperetetabl yiiks,ittdofaghlivate dheatqemstpmiionalRut thRe
outer hel | C%{ dobsely 24 (nIhBapie BRI MES Prdds shlicheROvenng:3Aan3Rb are
secured t ogether W th 'screws 32 0r other suitabl e fasteners. t
reference to maghlcsdero F-GURE the fR&KatdeamSRCorfeth@thd88Fng2364 to

the cable CL d s,showep1y HhasmesKidilond iche kel asild Mwitheebgnimaekt he
housing 30b Is attached in the sane panpe

r nd .t he hqusi a. .t can
be seen that2@ 9% rdie RENSEuSEt Of oFodg 2atihed ']g}?d RSert&Pa |r§>%§n%%|n§#:s| eeve
or insert 40448 gend¥@silty ofedmaliouind heseabl en Cheooadiaalicey bitiwedh St-he
cabl e angd the ro sé;bﬁg%kem{:%gh B SELOQd-bul bpusar-£9g-Shaped and

v

general |y annat&Pts| de hseft 427 TS positioned radial |y between
" the inner roexsetsoly ambarmomitat odrefmrence hereiy al IBpealinged ald h t he

first insert 40, Fach iNsertss, 24 419@%&1&@): paeEehably ploreceahit dieath
facilitate its pFacerrent around The cable and .inner raod s_eht 22,
respect i ¥8| yabaat jghe cable over their length, which protects the cable

from excessive radial compressive forces, and prevents
excessive bending or pinching of the cable CI1.

Each hanger assembly 20a,20b respectively

includes a housing 30a,30b which is preferably split for

20 ease of attachment about the outer helical xod set 24. The

halves of the split housing 30a,30b are secured together

with screws 32 or other suitable fasteners. With reference

now also to FIGURE 3, the attachment of the housing 30a to

the cable Cl1 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 €1, 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,



35 al so described in the aforementi oned U.S. Patent 3,723, 636,.

99/ 34132 the inserts 40,42 together define a bulb an
regi on VR PR&%abl e CL to which the housi ngs 30a, 30b ar egtr!'gagb’?zﬁ&
secured. The use of two inserts 40,42, rather than one, helps to limt
axi al nmovenent of the housings 30a,30b along 5 the cable axis M and 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 2284 relative to each ot her that

the outer insert 42 have an axial |ength greater 10 than that of ;the inner
i nsert 40.therumsearts 40t 42s tpgether Eﬁéﬁéﬁréd buHaeus 1BideEPRrBnESEaPMNi ng

the inserty 40tl?@ 89ble cgowBl %flﬁ'c)h ed redes ides cabh £36b and tbhadiflke
sections ning the inser do_not cogrppl etely enci rc&g t he |enner
rod set 225e¢wredis ARSn&YSE r 'é‘f’océﬁﬁF§§§| it c e 'i‘ Bt R8%rousi ng

30a are cepdphd) dd 1&@@& anafar Ihbd'eixfe(mm piiethe honsengs42pat, 8 Ohaloogds 22,
to the |nsert 40, _an abI n d| Il uted
manner , 5 r at hgr cabley ﬁér‘ls hg 8‘fnq &Ie%n\ééft?%gbseg%/ﬁgﬁagghg tnl re%?:aéb

| oad. radt kiex Mneelatheehmmmgg doae30lred esef—fé@t i veA? zﬁélovmtached
to the cable Gl and,arey, ggt ngﬁ t@oﬁﬁhat%oprbgovﬁost dfifdoiveel alf ve
thereto undef tHni ng con

I'tion ﬁuret hane sl eeves 34 are
pr ef er abl yppesemtmdsllppagetﬁé 5b§o§PfieS§%rsaI22e 4s Toatdee HSUS

302, 30D t 04t per PERYEMR hEAHRGEr Lihdd1e MQ{a\feO(inS%uZA Qyeridtth ra_meams 25
30a, 30b when the rod set 24 bends W reference a

pri mar tPy thap GBAE 20%¢ fde ln%%’épéﬁ‘?@&ﬁ SRt em |u}3f(‘,:|ht?(fe's B pir

| ocki ng bapgefa@red tesi tilenesedt s ydafbdundgt bbeodneentod Geto Zmoland t he
exposed ends of the inner d el he
rods in poSPMPoT TS ?ﬂS%gcrdL&a R gggglgl e ﬁnE tlqﬁﬁieti'ri ?ﬁgnﬁéaén%tgiréhé
assenbl i es d@an3bl phevinsetbi €2cdgi Pt COmPJEﬁteﬁkM G sl e hehe obRnen

during towing %Q@r§5'0n§n this manner, radfal hegHfesasenbiess £6am20b
respectively
15 the housing 30a are certain to be transferred from the

insert 42, to the rods 22, to the insert 40, and to the
cable C1 is an even and well distributed manner, rather
than one of these elements bearing the entire radial load.
ITn 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,



i ncl ude call ars.52a,52b nmounted for rotation relative to 35 the housing

30a, 30b aboyt,bé)g,;5abl e axis M Al ternatively, WO 9946344345/24400
9 t he cﬁf?ars may be non-rotatable. Each collar 52a, 52b {Ps nount ed
within an outer circunferential groove forned in its respective housing
30a, 30b to prevent any axi al novenent of the collar relative to its

housi ng 30a, 30b. 5 Each collar 52a,52b is preferably provided by first and
second col l ar hal ves 54,56 (FI GURE 4) joi ned together by first and
second bolts or other fasteners 58,60.” ost preferably, the collar

hal ves 54/ 56 of each hanger assenbl O0a, 20b_respectjvely._in de

i nt er engagi F*Sre] edTdiRAL P 6‘2?‘621%/?'??%525% 3) %‘gl'h %%ii?foﬁ%ﬁ'ggguf’st he
housi ngs 30a i3t ed WOcWIWViHE cateR & isecufe rentdelinmentomfe t herwvead | an
52a, 52b about its housing,30a,.30Db, 3resrg?ﬁ)ti ¥ hS

|y >
shown rost citr IFTRFFIARE PUBHS O ar %52§f§§§rﬁtncf‘3 esag'sLa%i r of
trunni ons 7@cAmxitendf nghe5 calieref rehative Siopdnsi omouarng 386a380bh are

comected | crdeSRERLICbyl Qthe, S0, LgEs 228y S2hbaERADS oo okto

portion udrng Tat éral” "bores 8 ~ respectively with
t he trunni orsed®d2collaachadukekas4,56 SELBRE s Qinedt teg8RPPR BYGURES

2 and 3, thepfrynnions 20.ord, K318 O¥ thenskispaBskaBrar M58 &R, 80bicke pi vot
al ong an arc B and as 1s indicated i n phantqm E

suspensi on RTRBORBOL ithel 684425 BRLVES Btr >0 OlfR&h W@ﬁﬁe@gﬁqm 90

to which a pasayanB Ofedhectik€ly includd achatdungwenng; ofprdiediniose 12
or the e

uivalent. As 25 _shown herei t he ,at tachnent poi i
pr ef erab’rqgl b2, 04 dﬁiﬂﬁ@%lévf‘“’&&r Pgﬁbgﬁ%ﬁaiank%ﬂul}di%r%egmcrs&glgsp%%ag%{)gngaged
Wi th apertures Bfofradaed tbreugkeculrte a@stblcbmehsviod the aaldavmdiRa St i on
90 of each s psi : : L de; yafJy, ety of other single or
%ﬁéﬁf 18Q ﬁéﬂ%ﬁQ& §QQ BOfK ree#%é?ﬁ dy

doubl e attac porn _ may be used out departing fromthe scope
and spirit of t he peeterghowivemstoslearly in FIGURE thyagh qodafe seen

fromthe forggQi Bapt hatcihges a SYsRENSEN S¥sheMLAS Ofolh2 pHesaing
Inventlogslngkgggirom. 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. As 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



first and second hanger assenblies 20a, 20b connected to a 35

an axially_spaced.relationship. First and

bendi ng and al so act to secure the first and second inserts

di stributes the | oad of the paravanied P-to different axial

t he cabl e an outer fabric fairin

cable Cl in

- 10 - WOa3Hd hel i cal rod sets 22,24 pr event excessi vEC HYR{ER4400
40,42 in
position to define bul bous attachnment points for t he hanger assenblies
20a, 20b, along with first and second 5 inserts 40,42. The use of two
hanger assenblies limts the | oad encountered by each and al so
sections of
the cable C1. The hanger assenblies pivot and rotate as described to
accomodatsedandt hed isfalt heodalsied SC12dr 2oV ePERYERE (EXECeEF 1 Y5ar a9ake

wi t hout d@%?&ﬁﬁ%f&%ggaQQQJ%c@rtBhgeéHﬁ@eﬁﬁéOﬁirstsaﬁ&egécond inserts If

has been found

, [

pref er abl @ .42 ehBVECHAY iPRe & Os GedAdS @r“lbo‘gsf AT FAGRERT r PORRRBaF AT at
| east the dlihefaddiserdSsdiblilés Fod tdom Mmeakongnyithi £ingt” hadr setondt ed
beneat h the i nner rod set 22, ar _between the in .and [ sets
25 2.5 ngihdl 4 4| dhebuERaPe 580 Narort SxpengsiBe: adtitE,kRE
in the rodisgdiseddodataned dyneaiachr amved lnedidtrhbeured the deand. 020
Al t hough the invention s b ri i : r efe C a~qoubl e

e | SRR 2% cﬁ%e@%ﬂﬁ LRed1 WobBe sons! BECLER e 2e2cgoubl
recogni ze That Haregdrangesembligssapidtes apda, POBAER AEcoRSBAELLHH t KOt he
f oregoi Ng 2L EommoadsaPIt&iididing dugl LYeasadng! €1 Mo SReFerRdh@CBFR RhePOI Nt

at t achnment nsi on system ose s In

t

25 suspension apparatus 16 wthin the scope and intent of the .Subj ect
i nvent1®n. paravane withopfgdamage |tQsthg eS2BhalYer WAEI FRSBRISdORent of
a hanger agggfbhy in accordance with the suspension system of the

(O tion. E f f I K ;
Panger assendl i os 204fa0heareoie CEoBTTTRen i St PR

primed (')isuhfsxbeen Eatihdr prhfinrahleatoorengves @y Xreage s ipands ar

ref erenced

3

Aty Lo the

S 1In

‘udi ng a

fairing "hair" beneath at least the inner inserts 40.

15

20

25

30

35

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.

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
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
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

place of the hanger assemblies 20a,20b in the same manner



W th new nunerals. The hanger assenbly 20" is structured and
used in 354 ach,Lf the hanger assenblies 20a,20b in the sag®er 8938k
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- 11 - as descri bed above. However, the hanger assenbly 20

i ncl udes inner and outer inserts 140,142 respectively i ncl udi ng
~apertures 144,146 fornmed therethrough to facilitate the proper axial

alignnment of the inserts 5 relative to each other during the installation

t hereof on the cable C1'. During thelinstallation of the inserts

140, 142, a pin (not shown) is inserted into the allgned g itureq
144,146 to PFeRSRCEIPeE RBP¥fent SOWEYEY nskPes Pangefy, 385™PeYatile to

eﬁ-Ch ot her 1ncfluH@%ln 1ﬁH§rbCaQ{H3| h k0 1h@%}t@b| auom@ﬁ tf&;ﬁiﬁtﬁfvél.;d Se':],
the pin is preferably, ut_not negessari ernativel t he
housi ng 3p5 1868781 sARHTHRS an épi??uréy gHSEAk% ﬁ“?h

- apertures 15@,(:]1416@&1&1@ the i’@t@pétg |as>c1cmbrat]n\geinyent pdsi thenethsdrtsuch
case, ertiqn af t pln in t he, 15 gne £ 4

pr eventsgr of‘"&?'la&n’“ VGt Qnee 8\? ndgurrle |ve J(tjné?‘? efﬁ%ée‘% #gheig%éflb%as i's
sonetinmes thedesabhdl €1f or tmansngtthﬁg M@&@a1ﬁ§#ﬂquqﬁetﬂvadsn%%xvéen

a cable and LRe NOSING, i HRBEWHrrd) N HANARErASACARIY che 2idied! m | ar

in all respect§ 0 the anger assenblies 20 ,
i nventi on hapersumededéti befl Wt hreeeRkefgdal movemﬁ’ﬁ%f%? r‘é’aee%%%l’FFr%nts

Coviously, mRd fioatians@RE o alhemnat icehe i || opedr taeotberhgween

readi ng and understandln t he preceding spec flcatlon t ended
25 t hatt0 t HESGRARE I 1R Qﬁ%F # %?Edlﬁ% aPt?s %hprefera 1y

”DdlflCatlOmﬁnﬁnﬂoﬁlhe&aés@ﬁ51ynsehaVeas t et exoweet e lhi 0 the hbessogpe of
the appende%acallﬂé’g %&sgh%_necq\_{dveasl EQ}IS aperttnﬁ%refis aligned with the
apertures 144,146 when the housing is 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 torgue loads between
a cable and the housing. Otherwise, the hanger assembly
207 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 upon 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.



WO 99/ 34132 - 12 - . Havi.ng thus
descri bed referred enbodi nents, the invention is no to be:
1. A suspéﬁgﬁ8ﬁ4§ésten1for connecting an article to a ca 'ﬁbﬁhﬁﬁgm
suspensi on system conpri si ng: first and second inner insert

el enents positioned at | east substantially circ ntially around a
cable in an 5 axially spaced rel ati onship; QM IE,? HM ﬂ,

el ongated helically prefornmed el enents tightly ,J:abl e and
said first and second i nner inseri ¥ enents; flrst and* second

outer insert elements positioned at 10 |east substantially
circunferential |y anpunchgsaibhsf idestcrized threaorrif¢nred emsedimenefent s,

respectiv and [ § ebopgated helically preforned
elemants;e’c'ﬁ‘/é nvery éhn%gmﬁﬁﬁ %?giTgngated helically preformed el enents

tightly encircling sald i nner set of helically preformed 15 elenents and

said first and second g fb%?réy@&éﬁref@ls conné&€inghat satdciersd inner
and outer |nsert el enent efi ne first md- s%gn bul bous cabl e region,
and such thatakhed Salds%%%ﬂ%“?hﬂ@rSXﬁBeBUFQPpFﬁ§é el enents define a

second m s- £$PAA Qﬂabgé&oﬁabmmﬂéﬁﬂIﬂEefﬂKbléﬁbnts pbsisionedndt
second article _hanger, sse

C o] ed tqsaid
first and s@R8hdSHRA 1a1f} c%bY%uT€%¥%%Elg§E§ £E¥Sé§i§ E?gg% gﬁdgsecond
articleshaageslly spseedbkeéatunnbhdpng an article attachment nenber for
m d- span attachn % %ié%ﬁﬁé%é(%éﬁydiﬂi%beefor%éd eleménts 1he

suspensi on syst8n1as set alm1 whérein each of said fjrst
and secondthghgéy am;e-mlm saidompalsesand said Lirshapdg S§69°S oned

C|rcunfereghhgglXng@ggnglgabgts. bul bous cable reglon 30 a rotatable

col | ar connected t he housi ng sai d ? tralne% fro aﬂga
novement relat|¢é1F§ @ﬁqjsecond outer 1nsert e emen S positioned a

10 least substantially circumferentially around said first and
second inner insert elements, respectively, and said inner
set of elongated helically preformed elements;

an outer set of elongated helically preformed elements
tightly encircling said inner set of helically preformed

15 elements and said first and second outer insert elements
such that said first inner and outer insert elements define
a first mid-span bulbous cable region, and such that said
second inner and outer insert elements define a second mis-
span bulbous cable region; and,

20 first and second article hanger assemblies
respectively connected to said first and second bulbous
cable regions, each of said first and second article hanger
assemblies including an article attachment member for mid-

span attachment of an article to said cable.

25 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;

30 a rotatable collar connected to the housing, said

collar restrained from axial movement relative to said
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- 13 - WP 408k wherein said attachment nenber i gcepiNaiakdey
connect ed to said collar. 3. The suspension system as set
forth in claim?2 wherein said collar of each hanger assenbly includes
first and second trunnions, and wherein said attachnent nenber of
each housi ng assenbly incl udes a yoke portion connected SEE!”H!EEEEHMI

t runni ons. 4. The suspension gysten1as set for@hds "n
wherein said attachnent nenber includes doubl e clevis aftic

attachnent 0|nt 5. The suspensi on system as set forth in claim
-2 wher ei APUSING.  said first inner and outer insert elements each

i ncl ude an apertuherébmn@didheteahhmegh mgwpelr aperpivesably atpgnect avhen
said first |nn [. goggggr i nsert elenments are operatively positioned to
formsaid fi 6u| ous cabl e regi on, said second inner and
outer insert elenents each I ncl ude an aperture fornmed therethrough, said
apertures 10 al hgnedpyhen sahsh SE5ONEy5RBARM aNtut ebrtASAm &l Lrmeng s

are operatively positioned_to forn1sa|d second bul bo f E | e re i on,

sai d suspensiteiespseriflf GPLAaF e&nBRr8i RENELFsRSEREPLY 4BESH eﬁlf@ fent

pi ns insertegd BEeosal Hrahhdves, aped i ikd safidsatdathmehti masbeandfout er

I d d d ,
ospect | vel pach Bousifs gesetRivaerdharon sy etenpe iE FERTRCERICFI m 2

5 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
5 aligned when said first inner and outer insert elements are
operatively positioned to form said first bulbous cable
region,
said second inner and outer insert elements each
include an aperture formed therethrough, said apertures
10 aligned when said second inmner and outer insert elements
are operatively positioned to form said second bulbous
cable region,
said suspension system further comprising first and
second alignment pins inserted into said aligned apertures
15 of said first inner and outer insert elements and said

second inner and outer insert elements, respectively.

5. The suspension system as set forth in claim 2
wherein said first and second hanger assemblies each
include a pair of polyurethane sleeves positioned at

opposite axial ends of said housing and radially between



wherein said first and second hanger assenblies each i nclude a pair of

pol yur et hq,P(gg%g@gyes posi tioned at oppos]j f\\‘“l al ends of-SasfhRYSI NY
i al

and radially ween WO 99
PCT/ US98/ 24400 W\\‘%\\\ -*14 5 said housing and

said outer set of elongated heli c pref or med el enents to prevent
damage to said outer set of helically preforned el enents by said

housi ng. 7. The suspension systemas set forth in claim1l
wherein said cable is a | ead-in cable3# -an oceanographic surveyi ng
towed cabl e array. 8. . A system for suspendi n ar avane froma
cable 5 ofaigl t bapgiagblandr payd §&i‘iﬁ%y§ﬁém%¥)nﬁﬁp§ﬁﬁ§ enca ¥1¥st and

second ha%fw’ﬂéléﬁeﬁ@é €8npeetiean damrawe_eilseaw durdr rsdt amfl second
axi ally spaced m d span_5 bul bous re,?? ns of a ﬁabl e of a towed cabl e
d

array, eadilically NPT SLTBIBTT BV ARt-taPRYS 1S a
housi ng surroundi ng the respectlve first and second bul bous
regi ons of sai col | tatably
secured to sa?7 The suspenﬁéggin S%F% as set forfh QBi%lalgrgvane

att achenenthereaber sebdneebdd is a lead-in tealske doﬁoiilllaﬁaceanographmﬁer ein
each of Saé@r\‘;é§fﬁgaE‘Qwé&%QQl?“é?%@ cable 15 regions are forned on said

cabl e rst insert elenent positioned at
| east partl ally circunferentially around sai d cabl e;

a first set of @' ongat 8¢ sREeef Qrdiecéxﬁbendlng a phehvaaé £06m enehblei ng
said first inser said cahl e

a second |‘ﬁ§e‘?‘tt‘é‘1"%ﬁeﬁ?bﬂ)85F‘FF3M atc""‘lgl sYsteh comprising:

first and second hanger assemblies for connection

respectively to first and second axially spaced mid-span

5 bulbous regions of a cable of a towed cable array, each of
said hanger assemblies including:

a housing surrounding the respective
first and second bulbous regions of said
cable;

10 a collar rotatably secured to said
housing; and,

a paravane attachement member connected
to said collar,

wherein each of said first and second bulbous cable
15 regions are formed on said cable by:

a first insert element positioned at
least partially circumferentially around
said cable;

a first set of elongated preformed

20 helical rods encircling said first insert
element and said cable;

a second insert element position at
least partially circumferentially around
said first set of helical rods and said

25 first insert element; and,
a second set of elongated preformed

helical rods encircling said second insert



| east partially circunferentially around  “ said first set of

gelslegglndrgg?v&% e?olngatzgd pr ef or nedHE mg ‘E‘ ﬁiﬁt‘i cal ANGpCT/US98/24400

rods encircling

sai d second insert - 15 -
el ement and at |least a portion of said first set of el ongated
preformed helical rods. 9. The paravane suspensi on system as set

forth in claim8 wherein said collar of each of said first and second
hanger assenblies includes first and se&énd trunnions extending

therefrom and wherein said paravane 5 attachnment ne Qf eac@ hanger
assenbly is pivotallyelepenteen@dat ol@3Fd T AL AY & ?Bhg firs 10.

The paravane suspensi QS%HH @RS ageld elfbrned hedligah &odser ei n sai d
first and second inserts of each of said first and second bul bous cabl e

regi ons include aligned apertures when said inserts are properly aligned
relative 5 to each qnhsr ar@@@@eoéuspandlohlBsstemnduﬁeﬁﬂhdfhéh@eﬁn

assenblies further _co |S|ng selt.rl hgn Pt P dinsakbed
"into said alSgidy 8 i e§24¢ scéjllda%nr s? td:se%%ngg:yr?ser fs.
11. The pangéﬁwh@uspen§Eﬁn awsEabﬂassseuﬂﬁﬁud¢Sr1flr%ﬂalﬁﬁéo #REPBCN sai d

paravane attachment menpe Singa% @k fromsaighd | fgérand §§§@n%a&&%Q@k
: assenbl i es iU 80 evi s paravane attachenent pQ
~12. The pmar eanarmebmep@nsnecﬂmestywém%hse}ﬂa‘f‘%?%h gsemnbly] a1 fﬁv\ﬁr'fé‘rlé‘lyn each

of said firsi,and.segond H20geollar trunnions.

10. The paravane suspension system as set forth in
claim 8 wherein said first and second inserts of each of
said first and second bulbous cable regions include aligned
apertures when said insexts are properly aligned relative

5 to each other, each of said first and second hanger
assemblies further comprising:

an insert alignment pin inserted into said aligned

apertures of said first and second inserts.

11. The paravane suspension system as set forth in
claim 10 wherein said paravane attachment member of each of
said first and second hanger assemblies includes a double

clevis paravane attachement point.

12. The paravane suspension system as set forth in
claim 10 wherein each of said first and second hanger
assemblies further comprises:

first and second polyurethane sleeves positioned

5 between said housing and said second set of elongated

preformed helical rods.

13. The paravane suspension system as set forth in
claim 8 further comprising a plurality of axially spaced
locking bands circumferentially surrounding said second set

of helical rods at least axially between said first and



assenblies further conprises: first and second pol yuret hane sl eeves
posi tione en sai d housing and said second set of e
preforneddﬁgﬁ¥@§#$$ods. " 13. The paravane suspenskgﬂgg§%ggW1as
set forth in claim8 further conprising a plurality of axially spaced

| ocki ng bands circunferentially surrounding said second set of helical

rods at least axially between said first and L
- 16 - 5 second hanger assenbli es. 1 l!'m”#mm&”ﬂ””mnnectl ng an
article to a md-span regi on of a-cable, said nethdd conprising:

(a) positioning first and second inner inserts at | east partially

ci rcunfer esecadd ynangemdassembléesn an 5 axially spaced rel ati onshi p;

(b) encircling said first and second inner inserts with helically
prefornmed rod el enents; (c) positioning first and secaond outer

i nserts at leastBpaethar Picica et i3 13- el otmdtardMAErFRAR y 10
preformed yod; &hesBnh Schplthesaxbahet8BHOB RS @lichof:i I St and second

i nner inserts, respectively; . . (d) .encircling said first and_second
buter ineerts (&) nspHESEORGARED TGRS Fet i BRs e eST bR T BFm 111 st
and secondlbakboysari thpan cdakhenfrreginanissl Inespectindelsy; chble in &@)

attaching first.and _secqnd hanger enblies to said first and second
buIbousgcaﬁféaiéﬁiﬁﬁg?egegﬁggggggféi%’ and, (f) connecting said

article to both(bi sendifricdsngarghid fizebnéndarggrondsenbkirednserts
with helically preformed rod elements;

(¢) positioning first and second outer inserts at
least partially circumferentially around said helically

10 preformed rod elements in the axial region of said first
and second inner inserts, respectively;

(d) encircling said first and second outer inserts
with elongatea helically preformed elements to form first
and second bulbous mid-span cable regions, respectively;

15 (e) attaching first and second hanger assemblies to
said first and second bulbous cable regions, respectively;
and,

() connecting said article to both of said first and
second hanger assemblies.

15. The method as set forth in claim 14 further
comprising, before step (a), removing any fairing hair from

a cable in at least first and second axially spaced hanger
attachment points, and wherein said first and second inner

5 inserts are positioned around said cable at said first and

second hanger attachment points, respectively.

16. A suspension apparatus for connecting an article
to a mid-span region of a towed cable, said apparatus
comprising:

an inner insert —element positioned at 1least
substantially around a mid-span region of a cable;

an inner set of elongated helically preformed elements



15. The method as set forth in claim14 further _conprising, before step

(a), renovi iring hair from .. .-a cable in at |east f
second axi aﬂ??gg%gggd hanger attachm Haﬁnd vvhergib?; sgiﬁg‘q QI r st
and second inner 5 inserts are \wf@ id cable at said first
and second hanger attachnent poi ntd¥*r'espectisvel'y. 16. A
" suspensi on apparatus for connecting an article to a m d-span region of
a towed cabl e, said apparatus conpri si ng: an inner insert
el ement positioned at |east substdntially around a mid-span region
of a cable; an inner set of elongated heli el.enent s

‘ . : _ { cal,lg gr ef O%ﬂEd
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i nner insertsel&MmMer inse® eX¥HleBi; insert el ement posi tioned at

| east substantially circunferentially aground said i.@ner i nsertt ellgrregt and
“said inner set ofélhel ¥&9Yy prBFSFed SHEEREN s: POSIE18RSGt &t set S5F

el ongat ed hedisaddye N EFOr fedcaheseansislipt byocemd redidgisaed iinsertset of
helically preformed el enents.such that | & I ry £ l.ement s
t oget her def¥ eé"trriaﬂ’-%ﬁe‘i‘r’rdbEIPBSESS‘C%b?ée%engllcgr};elya%%%f%%%dar?ﬂ%?ﬁ% é
hanger assenbly camnacted get ofi d¢lphdaspdnhelituly usifernes elereacd
hanger assenb|y i 06l uding 30 at taghment,Jrenbier ber nehdesnay Hdaehieat of
an article t“(){é%#ycggl:ggﬁgna tsg}?. 'I]?'ﬁle suspensi on appar a?us s set forth
in claim16 ehenrenpsssug¢bhdivr aas@nbhpesoditd sReter 1nsSgThofEfgnts

posi ti oned C&&g&aﬁéi’ce&ék%éya%wngpé@ixsiumawp@@bb@l begisoeabhed f egi on; and
a rotatable coflar connected to said ho sllng;,;l V\/nereic? . .

an article hanger assembly Ctonnected to said mid-span
bulbous cable region, said hanger assembly including an
attachment member for mid-span attachment of an article to

said cable.

17. The suspension apparatus as set forth in claim 16
wherein said hanger assembly comprises:

a housing positioned circumferentially around said
mid-span bulbous cable region; and

a rotatable collar connected to said housing, wherein

said attachment member is connected to said collar.

18. The suspension apparatus as set forth in claim 17
wherein said collar of said hanger assembly includes first
and second trunnions, and wherein said attachment member

includes a yoke portion connected to said collar trunnions.

19. The suspension apparatus as set forth in claim 18
further comprising a polyurethane sleeve positioned between
gsaid housing and said second set of elongated preformed

helical elements.

20. The suspension apparatus as set forth in claim 16
wherein said hanger assembly comprises:
a housing positioned circumferentially around said

mid-span bulbous cable region, said housing and said first



said attachnment nenber is connected to said coll ar. 18. The.

suspensi o%ﬁgﬁghs%us as set forth in claim17 wherein said lp@.l/bgd's/zgjogsai d

hanger ass cludes first and second trunnions, and wherern sal

attachnent nmenber includes a yoke porti ﬂﬂmﬂﬂ'umw'l id collar
t runni ons. 19. The suspension apph ! l mﬂErth in claim18

further conprising a pol yurethane sleeve positfontd between said housing

and said second set of elongated preforned helical elenents. 20.
The suspensi on apparatus as set forth 1% claim 16 wherein said hanger
assenbly conpri ses: a housing positioned circunferentially around

said m d-apan seddshisioabis rekpeant saedChousPRYveREIsA&Y Ritghment
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formed therethrough such that said alignnment apertures of, said first
insert, sa@REEReHRd Ofsetdidahdrshi d‘}%ﬁti'ngsﬁg SEGRE TR Sai g7d
suspensi ongapPaAisicnd SaBPes bi gved ywasseabiddsuapdnsion appprratissést ed
into said aligned apertures i d_pi,n preventing rotation of said housing

sai
relative tPPEBREIYEIYt 25RGTDEE r‘ida?‘ﬁISerts.

a pin inserted into said aligned apertures, said pin
preventing rotation of said housing relative to said first

and second inserts.



