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‘Attorney Docket No. 76589

OUTER CASING STRUCTURE AND FABRICATION METHOD FOR

CABLE SECTIONS AND NAVY BUOYANT ANTENNAS

STATEMENT OF GOVERNMENT INTEREST

The present 1nvent10n may be made or used on behalf of or

for the Government of the Unlted States of Amerlca w1thout the -

payment of royaltles thereon or therefor.

CROSS REFERENCE TO RELATED PATENT APPLICATION

Th1s appllcatlon is related to one co- patent appllcatlon

'(Attorney Docket No. 76306) entltled STRENGTH STRAND CONSTRUCTION_
FOR A LONGITUDINAL SECTION OF A CABLE, flled on an even date-i"
j‘herew1th. This co- pendlng appllcatlon hereby 1ncorporated hereln ;

‘byfreference 1n“the1r“ent1rety.

BACKGROUND OF THE INVENTION
(1) Field of the Inventlon i |

The present 1nventlon relates to an 1mproved cable sectlon
assembly 1nclud1ng -a core structure and a protectlve outer ca51ng
for marine applications ‘and a method for forming said cable

assembly The invention is of ut111ty in connectlon with such

assemblles employ by the U S. Navy as buoyant antenna sectlons

An example of a cable section and antenna component is dlsclosed
in U.S. Patent 6, 426 464, 1ssued 30 July 2002 Wthh is- hereby

1ncorporated by reference in its entlrety. An example of a

1
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-.comp051tlon of mater1a1 for the core’ structure whlch prov1des .
f‘buoyancy is dlsclosed in U S Patent No 5,606, 329 issued 29 o
1'February'1997, also hereby 1ncorporated by reference 1n 1ts

_entirety. | ' .v - -._4'>»"” ? v‘.;;

(2) Descrlptlon of the Prlor Art

Cables have been used for a w1de varlety of marlne purposes

: U.S._Patent No. 3,434,104.to Stapleton_et al., for,example,

illustrates a hydrophone cable chstructed of a plurality‘of'

sections which are so constructed and‘arranged as to provide

~

‘protection to the sensing dev1ces carried thereby The cable

ylncludes a body of cellular mater1a1 such as foamed '

polyurethane prov1ded w1th cav1t1es in its exterlor surface, in -

whlch crystal detectors are recessed. The cable further 1ncludes "’

a waterproof jacket encloslng the cellular materlal body

floatatlon llquld 1s contalned 1n a space between the outer

yjacket and the body ’ Further, straln members and electrlcal

'conductlng wires are enclosed w1th1n the body

U.S. Patent No. 3 480,907 to Klng 1llustrates a neutrally B
buoyant hydrophone streamer in whlch SOlld polymerlc materlal
having a plurality of dlscrete alrefllled partlcles distributed
throughout fills all remalnlng space w1th1n a hollow jacket.

U~S Patent No. 3 744, 016 to Dav1s descrlbes a buoyant

selsmlc streamer housing cable and its electronics. A syntactic
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‘ foam'is molded’about the cable/electronics;.'An‘abrasion

:vres1stant sheathlng encases the syntactlc foam

U.s. Patent No 3 900 543 to Dav1s descrlbes yet another .

neutrally buoyant selsmlc hydrophone streamer The streamer 1s'

-constructed by extrudlng a syntactlc foam materlal compr1s1ng an’

‘ elastomerlc materlal and gas fllled mlcrospheres onto a central_

stress member to form an elongated streamer member ' The streamer'

is then covered with a water and oil re51stant, abras1on o

-res1stant coverlng It may be prov1ded w1th exterlorly affixed-

hydrophones or hydrophones that can be afflxed to the foam core.

An outer protective sheath can be- extruded or otherw1se prov1ded

arOund the streamer and'the‘hydrophones. Extrus;on 1s.effected.

‘utilizing a suitable elastoplastic material which can be extruded

at pressures below about 300 psi.
"t ' ‘ S
U, S Patent No 4, 733 379 to. Lapetlna et al illustrates a’

.flex1ble 11ne array assembly wh1ch lncludes an array of spaced— ‘
fapart plezoelectrlc elements arranged in a llne.' Electrodes are
;d;sposed on the opposing surface areas of_the ‘élements and are

Acoupled to'conductorS'which Carry'signals produced by the

piegoelectric elements when the elements are stressed by
acoustical’signals A porous, open-cell-material is disposed
about the plezoelectrlc elements as -an encasement to malntaln the‘

elements in place and mechanlcally 1solate the elements An

- outer, water ~-tight. jacket encloses the-open cell materlal'and*

holds a f111 fluld carrled w1th1n the" open cell mater1a1 An
electrlcally conductlve flex1ble sleeve is placed either about
the open cell mater1a1 or about the outer jacket to shleld the

3
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'plezoelectrlc elements from electromagnetlc waves

U S. Patent No. 4,963, 420 to Jarrln et al descrlbes a

buoyant cable assembly wh1ch uses a polyethylene materlal to

j separate tubes or cables and a thermoplastlc materlal as an

external sheath. An extrusion process is used to form the cable
In the»late 1980s, ‘a new capab111ty was-concelved for a

buoyant cable antenna (BCA) Wthh would extend 1ts frequency

'range A requlrement of this new system was that the electronlc

} circult boards be dlstr;buted throughout a sectlonxof the BCA.

Thus, the previously usedaamplifier'chaSSis could no longer‘be'.f
used. | ‘ | .A | | .

Current BCAs are made of pOlyethylene. Because polyethylene -
requires hlgh heat in the molding process,vlt has been dlsmlssed
as a moldlng material for fear that the electronlcs would be

damaged by the extreme ‘heat. Thus, a room temperature curlng

»Icompound polyurethane, has been selected as the moldlng

compound

‘ The potted c1rcu1t boards used in the BCAs have to withstand

the flex1ng that the BCA assembly undergoes while deployed at

sea. To accomplish thlS,»the circuit boards are potted in a

‘polyurethane that exhlblts a hlgh durometer reading. The areas

between‘the-molded circuit boards are then overmdlded wrth a .
microballoon fllled-polyurethane compound to provide buoyancy.

After fabrlcatlng and testlng a few of these BCA assemblles,;

it became apparent that the buoyant polyurethane compound ‘was not

durable enough to w1thstand the deployment process. The compound

could be over—fleXed during handllng, cau31ng cracks and breaks

4
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",to occur. When deployed us1ng a standard Navy capstan, the

'assembly ‘was eas11y gouged and its 1ntegr1ty was frequently

compromlsed After only a few deployments, the test assemblles

qulckly deterlorated to the p01nt where they were torn apart by

the capstan mechanism. In addltlon, the p0551b111ty that the

polyurethane compound would become saturated w1th water durlng

testing at pressure and thereby exhlblt dlfferent mechanlcal

A propertles and p0351bly a decrease in buoyancy, was also of

~ serious. concern

Thus, there remalned a need for a rugged cable assembly

which can w1thstand the rigors of deployment and handling.

SUMMARY OF THE INVENTION
Therefore, it is an- object of the present 1nventlon to»
provide a cable assembly for marine appllcatlons hav1ng 1ncreased

stlffness wh1ch reduces the poss1b111ty of 1t belng acc1denta11y

novarflexed

It is a further object of the present 1nvent10n to prov1de a

cable assembly as above having a coverlng whlch is res1stant to

_nlcks and cuts

It is still a further object of the present 1nvent10n to
provide a cable assembly as above which canvbe used as a buoyant

cable antenna.
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It is yet a- further object of the present invention to

"'prOVide an. improved method for manufacturing a cable assembly

':such as a buoyant cable antenna

The foregOing objects are attained by the cable assembly and‘”

the method of the present invention

A cable assembly in accordance with the present invention"

broadly comprises a core structure, ‘such as in a buoyant cable~

'antenna, surrounded by a covering formed from a fleXible, heat

 shrinkable tubing - The heat shrinkable tubing covering may be

formed from a polyolefin or fluoropolymer heat shrinkable d

material It has been found that such a covering prov1des

fstiffness to the cable assembly as well as a tough skin which is

needed so that the cable assembly is not damaged during handling '

and deployment through a capstan mechanism The core structure,
in a preferred buoyant cable antenna construction, includes a
fleXible conduit for houSing electrical Wires and/or electrical '
components, which conduit has overmolded thereabout ‘an outer | ei
layer of syntactic foam material formed by a polyurethane
material haVing glass microballoons distributed therein

The method of manufacturing the cable assembly of the
present invention broadly comprises providing a length‘of heat

shrinkable tubing, inflating or'eXpanding the tubing to its

'approx1mate full diameter, inserting the core structure into the

,expanded or inflated tubing, and shrinking the tubing around the

coreAstructure.
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Other detalls of the cable assembly and the method of

;manufacturlng the cable assembly, ‘as’ well as other ob]ects and_y \

advantages attendant thereto, are set forth 1n the follow1ng

descrlptlon and the- accompanylng draw1ngs

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 111ustrates a sectional v1ew of a m1d portlon of a

’-llnear sectlon of a flex1b1e cable assembly whlch encompasses

electrlc w1res and in accordance w1th the present 1nvent10n, and
FIG. 2 1s in part a sectlonal view and in part a

dlagrammatlc view of an end of a cable sectlon assembly show1ng a

-mechanlcal grlp structure useful in the process of 1nsert1ng a '
'core structure into flexlble heat shrlnkable tublng durlng the
lmanufacturlng process for applylng the outer protective ca31ng to

the assembly
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DESCRIPTION‘OF THE PREFERRED EMBODIMENT(S)
Referrlng to the draw1ngs, FIG 1 111ustrates a longltudlnal

cable sectlon assembly 10 in accordance w1th the present

' 1nventlon. The cable sectlon assembly 10 1nc1udes a core

structure 12, such as a flex1ble, positively buoyant cable

antenna 1nter1m manufacturlng step subassembly produced before

application of a protective casing. In cases of 1ntended use of
: the cable sectlon as a buoyant cable sectlon in a marlne

jvenv1ronment, an effectlve materlal from wh1ch to mold outer layer

24 is the thermosettlng polymer curable at room temperature
loaded with glass microbalions in a range of about 15 percent to

'7 .
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;‘about 20 percent by welght of the mlcroballoons, as dlsclosed 1ny,
: U S Patent 5, 606 329 to J Ramstowskl and J Monahan, entltled

'v"Buoyant Cable Antenna", whlch is hereby 1ncorporated hereln in

+

1ts ‘entirety. The flex1ble, p051t1vely buoyant antenna 1nter1m

»manufacturlng step subassembly formlng the core structure 12 mayit;

‘comprlse any sultable construction known in the art including

constructlons 1ncorporat1ng electronlc prlnted w1r1ng board

'strlps and 1nclud1ng constructlons 1n wh1ch the exterlor of the
‘core structure: 1s 1n the form of an arrangement of surface
‘segments- formed from a serles of separate molded parts FIG.'1V
dlllustrates one such buoyant cable antenna structure haylng a.
‘narrow flex1ble tublng condult 20 through wh1ch a plurallty of

"electrlcal wires 22 pass and an overmolded outer annularly cross-

sectloned outer layer portlon 24 of polyurethane material hav1ng

‘glass. mlcroballoons or mlcrospheres dlstrlbuted throughout or:,'

other form of syntactlc foam The condult 20 may be formed from .

any sultable flex1b1e materlal The wires 22 may be used to

connect varlous electrlcal elements (not shown) such as C1rcu1t

fboards used 1n the antenna These varlous electrlcal elements,

as for example c1rcu1t board strlps, may be housed 1n the condult

20 or.may be external to the conduit and/or the cable 'For

'example,'the electrical'elements'may be encapsulated or molded

into the outer'layer portion 24.
A coverlng or cas1ng 14 surrounds ‘the- core structure 12.

The purpose of the coverlng 14 ‘is to prov1de stlffness to the

‘cable assembly 10 ‘as well as a tough outer skin for preventlng

.danage to ‘the core structure 12 so that it is not damaged durlng

8
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, handllng and deployment through a capstan mechanlsm such as the
h submarlne borne AN/BRA 24 mechanlsm for deploylng the buoyant
fcable antenna In a preferred cable constructlon, the coverlng
.14 is formed by a flex1b1e; thermoplastlc heat shrlnkable tublng..}v
:’formed from a polyolefln or fluoropolymer materlal It is to be"

"apprec1ated that in addltlon to the descrlbed ‘cross- sectlonal.

nstructlon each buoyant cable antenna assembly is in the form

of a 11near sectlon of cable The length of the 11near sectlon

‘1s determlned by such factors as the 1ength of a pract1ca1

clamshell moldlng apparatus to perform overmoldlng of the

hsyntactlc foam outer 1ayer portlon 24 upon a condult 20, and/or

the dlstance over whlch any electronlc components 1ncorporated A
into the cable need to be dlstrlbuted ’ In one 111ustrat1ve

embodlment the length of a sectlon was approx1mately 10 to 12 :

feet in 1ength w1th a dlameter of 0 65 1nches

The cable assembly 10, 1n a preferred embodlment, further

flncludes a 1ayer 16 of an’ adhes1ve mater1a1 between the’ core

.-structure 12 and the coverlng 14. It has been found that the

adhe51ve material 1ayer 16 is partlcularly'helpful in preventlng
wrlnkllng of the coverlng 14. Further in uSing'thermoplastic
heat - ‘shrinkable tubing 14 with a 1ayer of heat activated.

thermoplastic adhe51ve mater1a1 therebetween4 it is preferred

tthat the wall thlckness of tublng 14 be suff1c1ent thlckness to

exert enough constrlctlve forces upon the adhes1ve 1ayer 1n the

'course of heat shrlnklng to cause the exterlor of sectlon

assembly 10 to be un1form11y formed throughout 1ts length For

the case of cable assemblles hav1ng outer dlameters 1n the range

9




TR G R

~J

o .

10

.11

12

~ 13

14

15
16

17

- 18

19

20

21
22

23

24
25
26

27

f between 0 5 and 0 75 1nches,‘such mlnlmum thlckness of the tublng'

’ iwall for ach1ev1ng a unlformlly formed assembly exterlor 1s aboutp__,f'

.‘;1/16ﬂ‘of an 1nch ‘ In a- preferred constructlon of the cable y,”

i assembly of the present 1nventlon, the adhes1ve materlal used for's
'the layer 16 comprlses a heat actlvated thermoplastlc adhe81ve in

'tape form, such as TTS 250 Hot Melt Tape manufactured by 3M .‘ '

Company of St. Paul, Mlnnesota, whlch adhes1ve mater1a1 1s

rubbery, but not tacky/stlcky at room temperature. When the

fcable assembly of the present 1nvent10n is. fabrlcated the tape o

L

form of adhes1ve 1s preferably hand wrapped around the outs1de of‘

the core structure 12 w1th a small overlap on each precedlng wrap

around the glrth of the core structure When later heated the

.adhes1ve melts and flows It resolldlfles as 1t cools

The cable assembly 10 1s manufactured by prov1d1ng a core't'

structure 12 and wrapplng adhe91ve materlal around the core

vstructure to form the adhes1ve materlal layer 16. Thereafter, a
"de31red length of the heat shrlnkable tublng, formlng the N
vcoverlng 14, is- 1nflated u81ng compressed air to open the tublng
‘to approx1mately 1ts full dlameter  The compressed air is.

preferably flowed 1nto one end of the length of shrink tublng by'v

means of a gun-type dispenser (not shown) attached to a rubber

hose (not shown) which is attached to a compressed.alr
regulator/outlet‘(not shown) . Sultable means (not shown) may be
provided'to hold the shrink tublng so that rt does not.blow ‘off
the end of the dlspenser o o -

| Whlle the tublng is dllated to its approx1mate full E
dlameter, the core- structure 12 w1th the wrapped adhes1ve

10
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materlal layer 16 1s 1ntroduced 1nto the heat shrlnkable tublng '

‘14 through the dllated openlng of the tublng whlch is oppos1te to =
'the end rece1v1ng the flow of compressed alr (or other gaseous ‘
lmedlum) Referrlng now to FIG 2 a cable sectlon assembly
';'normally has cable- end grip dev1ces 32 afflxed at the ends of 1tsg7

~core structure ' The functlon of the dev1ces 32 is to prov1de

mechan1cal and transm1ss1on line coupllng w1th ad301n1ng cable -

sectlons By way of a short explanatlon dev1ce 32 1nc1ude a

',cyllndrlcal Chlnese finger toy type open mesh sleeve shown

diagrammlcally as element 32, Wthh 1s jammed around a

bcylindrical grlp foundatlon collar 30 formed about a marglnal end"

portlon of condult 20._ Using dev1ce 32 as a structure for the

attachment of ‘a pull string 33, core structure 12 1s pulled

chrough the 1nf1ated and dllated tublng 14

The other end of 11ne 33 1s threaded through the bore of

.tublng 14 w1th a purchase end 11near portlon of the llne (not

shown) prOJectlng, and ance551ble to be pulled from the end of
the tubing- wh1ch recelves the flow of compressed air. As air is

flowed through tublng 14 ‘the purchase end of llne 33 is pulled to

more core structure 1nto a f1na1 pos1t10n for heat shrlnklng the

tubing thereonto.‘ v |

After the core gstructure 12gwith the'adhesive'material'layerd
16 is in 1ts flnal 1nserted p051t10n w1thin the-heat shrinkable
tublng 14 hot alr guns may be ‘used to shrlnk the tublng 14 down .
to the outer dlmen51on of the adhes1ve materlal layer 16. Durlng;

thls shrlnklng operatlon, suff1c1ent heat should ‘be applled to'

~ the adhesive materlal layer 16 to melt the adhe31ve materlal and

11
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cause 1t to flow “As a result, an excellent bond between the

core. structure 12 and the coverlng 14 is formed hlle the o

"chemlstry of the reactlon which- prov1des such an. excellent bond
‘_1s not fully understood it is belleved that it is due to an
,1nherent afflnlty of the surfaces of polyolefln or fluoropolymer .

'materlal and surfaces of polymer- based materlals to moldlngly

bond

‘The hot air guns used in the method of the present 1nvent10n,

_.may comprlse any standard commerc1a1 “off the shelf" hot a1r

gun. - For example, a Raychem model CV-5300 hot a1r»gun-or a
Master -Mite model 10008 heat gun may be used Some hot air.guns '

come. with ‘a ‘special metal attachment for thelr nozzles to help

‘process shrlnk tubing. The attachment has a curved 11p whlch 1s>

‘ de51gned to help shrlnk the tublng un1formly w1thout having to.

change the pos1t10n of the hot air gun or the 1tem around which

the shrlnk tublng is be1ng shrunk Thls attachment speeds up the

' shrlnklng process somewhat but does not haVe to be used

One of the advantages to us1ng shrlnk tublng in- the manner

described above is that the core structure, such as the buoyant

"cable antenna, may be completely constructed and molded prior to

being encased in a protectlve coating. It ellmlnates any need to

fcast and 1nject very v1scous mlcrosphere 1oaded polyurethane 1nto,
'a narrow cav1ty It also glves the f1nal cable structure a
?smooth homogeneous outer surface w1th no vulnerable soft areasl’

- to. be gouged out by the deployment mechanlsm

12
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- Another advantage to the manufacturlng method of the present“

‘1nvent1on is that 1t does not 1nvolve the use of any hazardous’

‘materlals ' Further, the manufacturlng method does not produce

pany structural property of ‘the cable whlch would 1nterfere W1th

the em1ss1on or receptlon of the electromagnetlc radlatlon of

1nterest to an antenna
- While the core structure 12 has been descrlbed as belng a
buoyant cable antenna,tthe coverlng 14 of the present 1nvent10n

may be used to protect other types of core structures such as a .

'”partlculate loaded polymer castlng of regular shape to be used ini

a marlne env1ronment In fact, the coverlng 14 of the present

‘1nvent1on can be appl1ed to any object 1n need of a relatlvely

thln, flex1ble, protectlve and water tlght coverlng regardless»ofj;

'the length of the object to be encased

‘ It is apparent that there has been prov1ded 1n accordance g

'w1th the present 1nvent10n a. Protectlve Sheath For Mlcroballoon

Molded Cables whlch fully satlsfles the means,'objects and

\

advantages set forth herelnbefore. Whlle the - 1nvent10n has been

‘descrlbed in relatlon to cable core structures whose outer

portlons are formed of molded plastlc -based materlals, 1t is to

be understood that the dlsclosed concepts and teachlngs also have

"appllcablllty to buoyancy prov1d1ng cable core structures uslng

cellular and foamed materlals Further, it is ev1dent that’ many

'alternatlves, modlflcatlons, and varlatlons w111 be apparent to

those skllled in the art in- 11ght of the foreg01ng descrlptlon

13




1 Accordlngly, it 1s 1ntended to embrace all such alternatlves,

2" modlflcatlons, and varlatlons as fall w1th1n the broad scope of

3 the appended clalms
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| OUTER CASING STRUCTURE AND FABRICATION METHOD FOR e

CABLE SECTIONS AND NAVY BUOYANT ANTENNAS

ABSTRACT OF THE DISCLOSURE
The present 1nvent10n relates to a cable sectlon assembly
for marlne appllcatlons hav1ng a core structure, such as a '

buoyant cable antenna 1nter1m manufacturlng step subassembly, and

Ca protectlve ca31ng formed from a heat shrlnkable tublng whlch
'together w1th the 1nter1m subassembly forms a complete assembly

' or buoyant cable assembly appllcatlons the 1nter1m subassembly

1s at least partlally formed of polyurethane mater1a1 hav1ng

' glass mlcroballoons d1str1buted thereln, with such materlal 1n -
any event occupying an outer 1ayer portlon of the subassembly
The: cable sectlon assembly of the present 1nventlon 1s formed by

“‘prov1d1ng a 1ength of heat shrlnkable flex1ble tublng, 1nflat1ng

or expand1ng the heat shrlnkable tublng to its approx1mate full

dlameter, 1nsert1ng the core structure 1nto the 1ength of tublngtjw-’

and'shrlnklng»the tubing around the core-structure.

22
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