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"- This document contains the oral and visual oresentation entitled *FOSS
FOM Electrooptical Tow Cable Termination,'t presented at the Undersea Fiber
Optic Ca•le Systems (UFOCS) kIorkshop, Johns Hlopkins University, Laurel,
Maeyl.and, 16 May 1983..,

A successful termination of the FOSS FOM Electrooptical Tow Cable has
hien domoni trattd . This quadruple arron•ed ste.l tow cable, whose core

OD4.,17



20. Continued:

contains three wires and three multimode optical fibers, was mechanically,
electrically, and optically terminated within a pressure-proof nose cone.
Optical throughput losses of less than 2.0 dB per connection have been achieved
using Hughes optical contacts. Tensile and pressure testing has verified
the termination's performance.
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FOSS FDM Electrooptical
Tow Cable Termination

SHIPBOARD
FIBER OPTIC

FDM ELECTRO OPTICAL

FOMTO CAELMEN

ACOUSTOOPTIC "TOWED ARRAY"

Slide I

The Feasibility Denmoostration Miodel (FDN-) Project is that portion of the
Fiber Optic Sensor Systeni Progranm (FOSS) that uses ant optical sensor aild
deonstrates its feasibility in a Navy System. The senlsor beitig used is the ill-
terferontetric fiber optic hydrophone. It will be utilized as the.-woustic euenlet Ill a
"typical" towed array system. This systenm itncludes the tinmcd array, a digital
optical data transmiission system, an clectrouptic armoredl tow cable, andi a Shtip-
board fiber optic receIvor.
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Slide 2

Today, I will address the initerface between tihe ocean end of the quadruple
armored tow cable and thle leading edge of the towed array. Shown here Is the
vehicle used to effect this junction - thie tow cable termination nose cone. This
termination is tile Imleans for !raansitioning the cable's strength to the towed array as
well as connecting the three multilnode opt!cal fibers and three electrical wires. This
connection uses redundant sealing throughout, and can withstand hydrostatic
pressures to X0 psi. The cable's strength is transitioned with a poured epoxy
socket type of termination. Optical connection throughput losses of less than 2.0 dO
have beet accomplished using optical contacts supplied by Hughes Aircraft
Company's Connecting Devices Division. These, along with three electrical con-
tacts, are housed in auI I I /16-im1ch (dianutetr) six-pill Clectrooptical connectolr.
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NOSE CONE DISCUSSION

* CONNECTOR - USE HUGHES CONTACTS

* CABLE PREPARATION

- MONEL SERVING FOR STRAIN RELIEF

- REMOVE 4 ARMOR LAYERS IN STAGGERED FASHION

- INSTALL DAM AND CORE SEALS

- REMOVE POLYETHYLENE SHEATH; EXPOSING FIBERS AND WIRES

* CONNECTOR ASSEMBLY

- INSTALL CONTACTS

- LINKED TO DAM WITH CLAMSHELL AND SPLIT SPACER

* TERMINATION'S STRENGTH

* SPECIAL SEALING TECHNIQUES

* PROTOTYPE TESTING

"Slide 3

My di'•cussion ofl the FDM tow cable nose cone termination will iniclude the
clecLtroptlcal conllnector with its low loss Iiu-luls optical con'tactsl the cable
preparato tinecessary to accept this terminatiis.t: lhe special dam and core seals used
oil the cable core- the terminationi's method of traositiosuing the cable's strength,
and our prototype testing.

3



TD 6935

Slide 4

Tile electrooptic connector was jointly desigined with Hughes Connecting
Devices Division. The connector uses tile Hughes sihlgle pi cOllcontct seen here as its
basic building block. This contact is assembled by inserting cleaned fiber Into the
center, epoxyIng it in place, anld then polislhing thle optical surface, One or the in-
dividual contacts Is cquippeld with Bdllevi'le washers which provide a postitive
pressure when mated.
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Slide 5

We see here three single contacts along with three electrical pins installed itto
an alumhinum connector body, The body is designed to accept the contacts yet still
allows them to float, guaranteeing proper mated alignmtent. The back side of the
connector body is grooved to accept the claunshell assembly, which protects the
slack bare fibers and wires necessary for pi. aligomen.o Optical connection
throughput loss waspecified to be less thait 2.0 dB. Acceptance tteting showed all
average loss of approximtately 1.6 dB.
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Slide 6

Tile FOSS FDM tow cable is comprised of an elcetrooptical core housing three
multimode fibers and three wires. This core is sheathed in high density polyethylene
and then covered with four layers of contra-helically wrapped galvanized extra
Simproved plow steel.

The tow cable must be carefully prepared to accepl the termination assembly,
This is necessary for proper orientation within the housing - providing fiber slack
for optimal optical performance and adequate strength lUember bonding surface
area.

The first step after sliding thie termination houming up the cable is to tightly
apply a 4-inch permanent serving of inunel wire. This serving is intended to teduce
tile beniding fatigue of the cable armor as it exits front tile tow point liose cone. Tills
werving will be partially Inside the nose cone during finial 'amibly and tOat portion
will b•iOmle encapsulated by the epoxy potting miaterial.

Tile .econld step of cable preparatiol is to remlove all four layers of armor wire,
A temporary serving of nmonel wire is itu.lled on the outer armor layer. Each wire
of tills outer layer is unwound and bent back agailst this temporary servilng until it
forms a 90 degree bend fronm the cable center lihe. Tlhis ilnt wire is cut using a
dreunel tool equipped witlh all abrasive cutting dis, leaving approximately a i/t1.
inch long hook. A second temporary serviu•g is installed and tite armor is uswoumnd
aimd cut it a similar fashion. A third and, finally a fourth temporary servingi is
installed and tile last two armor layers are removed. The mlaggeriog of tile armor
wires it% such a immanler exxpuw more of the wire to the epoxy pot.tig oiitld.
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Tile third step is to remove the four temporary servings and to prepare the core.
A butyl nylon bedding jacket is removed front thle exposed core, revealing the high
density polyethylene sheath. The bitter end of the core is slightly tapered to facilitate
installatioa of thle redundant core seals.

Thle fourth -step is to install thle danm assembly onito the core. This includes thle
epoxy dam. thle core support tube, and thle 1/4-incht (inside diamecter) 0-ring
assemtbly. Thle core support tube. wh~ih is attached to thle dam,. is used to keep

poy front getting. onto thle core. This core support tube penetrates lthe area tic-
tweentilte core and thle bottom armor layer causing thle layers oft artnor (once,
constraincd by thle temporary servings) to '"birdcage." perillitting penletration of' thle
epoxy potting material. After tile dam assembly is pushecd into place under thle
armor, tilte 0.riug assembly is squeeied down against thle davi by evenly tightenling

*~tilte four ituotber six scrws, This process illoves a bois in contact Withi tile 0-6%n
contained in the d~am. lit effect, thle O-ring acis as a gland seal, ecratingt pressure Oki
the c;able core. Thtus. thle first of two core scals is installed.

The fifill step is it) ilstall thle second core seal. This redundant seal. housed
wit hill a seal block, is slid onto tile cable core. It is notelhed oil each side to accept
thle split spacer'ltl~veq of tile tvoillcctOr assemilbly. Sucht that its 6ital Positionl will be
determineod duriul; that awitmbly.

The last stop prisr it) omcnector awiembly is to rentove r141oletyln core
jucket. C*xpositig th1C tl1ret mbintiode fibers and clectirical wires. Iblis Jaeketiuig is
generally removed in app.omintl 1-inch loug. piece. reducitng the Cltaltees o
fiber damage. At itti% stage the individoul fiber-, anid wires are Oclaned. tle~ optical
anld Oelectical :ontlacls are iitsialled. and t110C are insertd intok time cominector body.
Tile oplivtcl Contiacts are thmroughtput temted It* ensure that thecy mIleel 1i10 2.0 dOl
maxillin; loss IV( i;mllctioil Specification. Tile %cablu end 6~ 11ow ready for wiut-
tiectir assembly.
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ilnstalled. This finiks tile dam, us;,ihIy and tile moul bmkýk ltadt hulf of tile s~plit
%pcris slid over tile core and (its inito a reew Iml ill tile dumi amuthly, eepiting

UIC two Iialve togcllter and centrally Iuoated Tid Other land oftil shplit spacer is
iiuOi~wd to ac~xp tit seal bloc~k.

Tito net ste ~wis to twiiaII fiht! danitwishl that flnks tile wal bkvd- to tile eollneetor
reitavIIIOC It is withill this 4-inedt tong dknt'wsieI that P4 inch of tAI'r f %I*ik i, ý

'~(I~i~ttL~d~t-d Lar ,ne ~ ~ d to assure that .tiis slaek k well cowitaitned so
that nol dali~ag (Veuar,ý during~ Subsequent liltdhflgý Tic~nt~or wltev now dir ily
lillked withk the akua auculbly via the datustieti, thesc~al bkoA. andtlt thpl~it pawer.
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Slide 9

The third step is to install the adapter over the entire connector assembly, The
connector receptacle is equipped with a slot that must engage with the pin ill the
adapter, guaranteeing proper connector orientation.

The fourth step of the assembly takes the tow point nose cone, whid:h had been
slid tip the cable, and threads it onto the adapter. The nose cone should be hand
tightened in order to feel the assembled dam and connector components bottom
out, At this point the assembly is complete and may be verified by applying finger
pressure to the connector face, where there should be no movemintll. Upon cOul-
pletion of this check, the housing and adapter are locked together with the set screw
provided, eliminating any relative motion between these two pieces.

In the final step, the tow point nose cone is filled with epoxy and minleral oil
"using the threc hicles seen in the termination housing.

9
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The area where the cable enters the tow point housing is sealed with ductseal
and secured with electrical tape. The tow point should be suspended vertically in
preparation for epoxy pouring. The bottom two pipe threaded holes are used to fill
tile portion behind the dam with high bond strength epoxy. Pipe plugs wrapped in
Teflon tape are used to seal these two holes after filling. Epoxy cute time is four
hours, after which the tow point can be positioned horizontally in preparation for
oil filling. The cavity forward of the dam is secured by tile remaining pipe threaded
hole. Mineral oil is used in this cavity as an additional safety feature,

On any permanent nose cone installation a length of cable and a portion of the
tow point housing will be overnolded with a tapered cone of flexible urethane. This
strain relief ensures less bending and vibration fatigue of the cable at its entry point
into tile tow point housing.

Tile FDM tow cable termination transitions tile cable's strength with a poured
socket type of termination. Care has been taken to pattern tile tapered socket after
standard lndlistrial practice, where a 7.5 degree taper is used, This tapered socket,
when housed inside a mtaring piece, will force compressional loading on the cable
armor wires with any attempted motion of the socket, Theoretically, this means that
tile socket material nieed not eveni bond to the armor, bill just have some frictional
resistance. Our socket is poured around the "birdcaged" armor wires using a high
bond strength epoxy. This two-part material has been specifically developed for
excellent o•ond strength to tile galvanized steel.

10
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Calculations, based onl surface area of the cable's armor wires and the bond
strength of tile epoxy, show that this bonding alone will develop the cable s
breaking strength. This assumes that there is good epoxy coverage within thle in.
terstices of thle individual armior wires. This viewgraph shows a section of a test
pour of thle epoxy proving its excellent nlow properties among thle armor layers.

Prototype fabrication was made of 6061 T-6 aluminunm for machining case and
light weight. Calculations show that a material change would be necessary for thle
termination to develop the full 60.000 pound breaking strength of the cable.
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The FDM tow cable nose cone termination has been designed to be mated
pressure proof to 3000 psi. This has been accomplished by using double O-ring seals
wherever possible in the design. This redundant sealing philosophy has been carried
over to the area where conventional sealing techniques were not successful. This
region is the required barriers on the high density polyethylene core. Sealing had to
be accomplished in the dam area and redundantly in the seal block region. In the
dam/core support tube assembly, a thick walled O-ring was used partially as an 0-
ring on the core and partially as a gland seal. Inside the seal block was housed a
"Chevron" type seal made of fluorosilicone rubber, Each seal has been successfully
pressure tested to 3000 psi, demonstrating our redundant sealing approach.

These unconventional seals were necessary because of the unreliability of
conventional molding to the high density polyethylene, It should be noted that sonie
companies have had recent success in urethane bonding after the polyethylenc had
been "plasma etched."

12
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Testing performed on the FDM tow cable nose cone termination was necessary
to prove its mated pressure proof integrity as well as to characterize optical
throughput as a function of pressure and tension.

We pressure tested a 25 foot piece of FDM tow cable (called the test tow cable).
Each end was fully terminated with a nose cone termination. These terminations
were each coupled to a mating assembly that housed electrooptic "jumpers" made
of the high density polyethylene cable core. These jumpers each ran through a
double gland seal in the pressure tank wall. This three piece assembly was optically
monitored for throughput changes as a function of pressure and insulation
resistance tested with a megohnmmeter, checking for any water penetration.

Optical throughput changes of -0. 1 to .0.2 dB were noted upon filling the tank,
probably due to the cold tap water. Insulation resistance measurenments greater than
10 gigaohms indicated all was well. The tank was pressurized to 2000 psi with only
another -0.2 to -0.3 dB chaige in optical throughput. Insulation resistance
measurements slightly increased. After four days. readings remained stable,
demonstrating our pressure proof integrity.

Subsequent individual tests of the dam seal and the "Chevron" seals have
showed them to be long tern hydrostatic pressure proof to 3000 psi, giving con-
fidence in our redundant sealing.

The FIM nose cone termination was also ttension tested while being optically
monitored for throughput changes. The test tow cable was used for this test as well.
The cable was cycled to 5000 pounds tension with a maximum throughput loss of
0.52 dB, Earlier cable testing had shown this to be typical without connectors,
demonstrating the success of our optical connection.

13
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SUMMARY

* PROTOTYPE ELECTROOPTICAL TOW CABLE NOSE CONE HAS
BEEN FABRICATED

* STANDARD INDUSTRIAL FABRICATION TECHNIQUES

* "OFF THE SHELF" COMPONENTS

* PRESSURE AND TENSION TESTED

* OPTICAL THROUGHPUT CONNECTION LOSSES LESS THAN 2.0 dB

* FDM TESTING IN LATE 1983

Slide 14

In summary, a prototype electrooptical tow cable nose cone termination has
been successfully developed using standard industrial practice and off-the-shelf
material. Tension and pressure testing has demonstrated the prototype's
operational capabilities while subjected to 3000 psi hydrostatic pressure and tensile
loading to 5000 pounds. Optical throughput losses have been kept less than 2.0 dB
using Hughes Aircraft Company's optical contacts. A prototype nose cone will be
used to join the FOSS FDM tow cable to the FDM towed array in acoustic testing
late in calendar year 1983. The technology developed for this nose cone termination
easily lends itself to other underwater applications requiring high strength and
pressure proof, low loss, optical connections,

Are there any questions?

14
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