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Attorney Docket No. 79865

RUGGEDIZED FIBER OPTIC SOUND VELOCITY PROFILER

'TO ALL WHOM IT MAY CONCERN:

B

BE.IT KNCWN THAT*ANTHONY A. RUFFA, citizen~0f the United

= States of Amerlca, employee of the Unlted States Government a3

.res1dent of Hope Valley, County of Washlngton, State of Rhode

Island has 1nvented certaln new and useful 1mprovements

entltled as set forth above of wh1ch the follow1ng is a

'fspe01f1catlon;

' ,MICHAEL P STANLEY

Reg. No.47108

-Naval ‘Undersea. Warfare Center

DlVlSlon Newport

"VNewport RI . 02841-1708

TEL: 401 832-4736

',yEAxf 401-832-1231
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Attorney Docket No. 79865

'RUGGEDIZED FIBER OPTIC SOUND VELOCITY PROFILER

STATEMENT OF GOVERNMENT INTEREST
The 1nvent10n descrlbed hereln may be manufactured and used

by or for the Government of the Unlted States of America for

governmental purposes w1thout the payment of any royaltles

;thereonvor therefore.

 BACKGROUND OF THE INVENTION"

(1) Field of the Inyention

The present 1nvent10n relates generally to a system for
establlshlng the sound veloc1ty proflle of a medlum, and more

partlcularly to a cable for use 1n such a system

(2) Description of-the Prior'Art'

Undersea cables conta1n1ng optlcal flbers are well known in

‘the art. U S Patent No 5, 125 062 to Marller et al relates t0>

an undersea'telecommun1cat1ons cable hav1ng optlcal flbers.,‘The'

, undersea cable has an optlcal flber embedded 1n materlal fllllng_

ra tube wh1ch 1tself lles 1ns1de a hellcal lay of metal w1res
hav1ng hlgh mechanlcal strength the 1nterst1ces between the

w1res of the hellcal lay belng fllled w1th a seallng materlal
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The hellcal 1ay is surrounded by an extruded sheath made of an

electrlcally 1nsulat1ng and abra81on resrstant materlal and for

‘the purposes of remotely powerlnq equlpment 1nterposed on the

cable, the cablellncludes.conductlve meanS'erther belonglng to

‘the helical lay or'surrounding it, which conductor means is

surrounded by the sheath

- u. S. Patent No 4, 971 420 to Smlth relates to an opt1ca1

~fiber cable for submarlne use whlch ‘has a core surrounded by a

layer of strength members wh1ch 1nc1ude both wires and laser

:welded metalllc tubes contalnlng the . optlcal fibers.

'-U S Patent,No* 5,212,755 to Holmberg relates to an armored

flber optlc cable hav1ng both flber optlcs and armor w1res

located outs1de the cable core 1n pos1t10n where the flber 3

-OpthS experlence low straln when the cable is under stress In

one embodlment <meta1 armor w1res and opt1ca1 flbers embedded in

metal tubes are arrayed in one or. ‘more layers about and outs1de

the cable core. - In another embodlment KEVLAR armor.w1res and
» opt1ca1 fibers embedded w1th1n a hard compos1te shell are'
_harrayed in one or more layers about and out51de the cable core,

'and a layer of KEVLAR armor is prov1ded surroundlng the one or

more’ layers In each of the embodlments,_the stra1ns that the L
flber optlcs experlence due to core stresses and due to core
re51dual straln is materlally reduced over other armored flber f:~'

optic.cables;'y'
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U.S. Patent No. 5,495,547 to Rafie et al. is directed to a

'well 1ogg1ng cable 1nclud1ng first conductor elements, each of

the first elements conS1st1ng of a steel w1re surrounded by

copper strands and covered in an electrlcally 1nsu1at1ng

.material and at 1east one second conductor element 1nclud1ng at

least one opt1ca1 flber enclosed in a metal tube, copper strands

-surroundlng the tube and strands covered by the electrlcally

insulating materlal. The first elements and the at least one
second element are arranged in a central bundle The second
conductor element is pos1t10ned w1th1n the bundle so as to be

hellcally wound around a central ax1s of the ‘bundle. .The bundle

1s surrounded by armor w1res hellcally wound externally to the '

:bundle

.. The Veloc1ty of sound through a medlum depends upon. a,
number of factors 1nc1ud1ng temperature, pressure and dens1ty

In the case where the med1um~1s seawater, sound veloc1ty also_

-

'depends on. the sa11n1ty of the seawater In'many'situations, it

1s necessary to. obtaln accurate measurements of sound ve1001ty
through a mediumnalong'an axis,’SUch as obtalning a proflle of ;,"

sound veloc1ty of a water column For example,'sound velocity :

. measurements or proflles are needed for accurate sonar locatlon .
. of objects”on thegsea bOttom in‘recovery operatlons or-for

<accurateibottom'mapping;’
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U. S Patent No 5, 734 623 to Ruffa illustrates a flber
optic cable, coated to 1ncrease 1ts sen51t1v1ty to acoustlc

pressure, which may be towed through a medium. The optlcal

'flber contains Bragg gratlng sensors at regular intervals along}

its 1ength A .steerable array of transducers sends a pulse of

sound in. the dlrectlon of the optical cable wh11e broadband

'pulses of llght are dlrected down the opt1ca1 flber ' The pulses

of llght are selectlvely reflected back accordlng to the spac1ng
between the Bragg gratlngs The sound pressure f1e1d causes a
1oca1 straln in the fiber, thus changlng the wavelength of the

gratlng. The sound veloc1ty proflle along the length of the

’-optlcal cable is computed by measurlng the . amount of tlme_

necessary for successive Bragg gratlngs to respond to the

acoustlc pressure assoc1ated w1th the advanc1ng wave front of

the acoUstlc pulse,'“

Although an instrumented tow:cable that continuously

' measures the sound velocity profile has the potential to

significantly'improve sonar performance, it has not yet been
realized in fleet sonar systems.  One of the main obstacles is

to deSign such a system that'is sufficiently'rugged'tolsurvive'

.’deployment and retr1eva1 through handllng systems at hlgh ‘speeds
fwhlch lead to hlgh ten51ons . Thls requlrement alone rules out

'attachlng dev1ces to the cable or embeddlng dev1ces into the

protectlve jacket surrOundlng the cable such as thermlsters to
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»_measure the temperature profile of the ocean. .For this reasons,

,.fiber optic Bragg grating based sensors are 1deal since;they

require no wires or preamps that can be crushed; the fiber is

the sensor.

SUMMARY OF THE INVENTION

 Accordingly, it is an object of the present invention to

provide an optical fiber cable which is sufficiently rugged to

‘survive deployment and retrieval.

It is a further object of the present invention to provide:

an optical fiber”cable‘whioh.can be used in a fiber opticvsound

.Velooity:profiler. o o

- The foregoing objeots”are‘aChieVed‘by.the optical fiber‘

’cable of the present 1nvention._

An optical fiber cable in acqordanoe_with the present

~ invention broadly comprises at least one inner layer of.strength

members, an outer. layer of strength members, and at 1east one_

tube containing-at least one optical fiber 1ncorporated into

said outer layer. . |
HFurther, in accordance with the present'invention, a,systemi

for determining a veloc1ty proflle of sound in a. medium is

Jprov1ded ' The system broadly comprises an optical fiber cable

suspended 1n the medium, the optical fiber- cable hav1ng at least

one 1nner layer of strength members, an: outer layer of strength
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members, and at 1east one tube containing at least one optlcal

flber 1ncorporated into sald outer 1ayer, the at least one’
optical fiber hav1ng a plurallty of Braqg gratlng sensors along

its length an optlcal pulse generator for sendlng an optlcal

‘pulse 1nto the optlcal cable, an acoustlc pulse generator for.
'sendlng an acoustlc pulse generally along the length of the

. optical flber cable, the acoustic pulse causing local straln in

the optlcal cable, the local straln caus1ng the Bragg gratlng '

sensors in the v1c1n1ty of the straln to selectlvely reflect the

<opt1ca1 pulse back in. the dlrectlon of the optlcal pulse

generator, a t1mer for rece1v1ng the reflected optlcal pulse and

measurlng a time of arrlval of the reflected opt1ca1 pulse, and

a processor for computlng the sound veloc1ty proflle as a

functlon ofvthe tlme-of arr1va1

Other detalls of the ruggedlzed cable of the present

thereto, are set forth in the follow1ng detalled descrlptlon and_

‘the . accompanylng draw1ngs whereln 11ke reference numerals deplct_

‘like elements.

BRIEF DESCRIPTION OF THE DRAWINGS‘
FIG 1 is a cross sectlonal view of an opt1ca1 flber cable

in accordance,w1th the present 1nvent10n;
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FIG. 2 is'a.schematic representation of a sound velocity

.profller system, -and

FIG 3 1s a representation of a portlon of the optlcal

fiber cable of FIGj'l.

DESCRIPTION'OF_THE'PREFERRED EMBODIMENT (S)
 FIG. 1 illustrates a ruggedized-Optlcal fiber cable 12 for

use in a sound"veioCity profiler system. The cable 12

~ has an inner layer 14 of strength members 15 w1th each strength

.member 15 preferably being formed by a plurallty of steel w1res_

encased in a plastlc tube. The cable 12 further has one or more

addltlonal layers 16 of strength members 17 with each strength

‘member 17 preferably formed by a plurallty of steel w1res
,;encased w1th1n a plastlc tube _ Surroundlng the addltlonal
layer(s) 16 is a jacket 18 preferably formed from a plastlc

‘materlal such as polyurethane If de31red each of the layers

14 and 16 may be wrapped with a tape llke materlal wh1ch acts as

za water block

One or more. outer 1ayers 20 of strength members 22 surround

the jacket 18. Each of the 1ayers 20 1nc1udes a plurallty of

jstrength members 22 hav1ng an outer dlameter Each strength

member 22 may also compr1se a plurallty of steel wires encased ;

-w1th1n a plastlc tube (e g. ,'“steel llte" as mentloned below)

_Incorporatedulnto,at_least oneioffthe outer'layers 20 1s»at



10

11

12
s
S 14

-.16'

17

19
E)
21

24

_materlal

least one tube 24, preferably formed from a stainless steel

material. 'Eachftube'24 preferablyvhas'an outer-diameter

identical to the outer diameter of strength members~22.
'Alternatlvely, the dlameter can be sllghtly smaller, then bullt

.up to the dlameter of 22 w1th a polymer coatlng Incorporated

into each tube 24 is one or more optlcal fibers 26 The optlcall
flber(s) 26 preferably float w1th1n a gel materlal 27. As shown

in FIG. 3,‘a plurallty”of Bragg»gratlng sensors 126 are

'incorporated into and regularly spaced along the length Of_one"

~or more of the optical fiber(s)}26.

The.outermost.outer strength layer 20 is in turnysurrounded

by a prlmary outer Jacket 30. The jacket 30 may be formed from =

any sultable mater1a1 known in the art such as a polyurethane'

If de31red _each tube 24 may be placed between adjacent
ones of sald strength members 22. | |
- The optlcal f1ber cable‘12 of the present 1nventlon may be
used in a sound "‘locity prof ler’sys“en 100 such as ‘hat shown
in FIG.}2.‘ An - opt1ca1 fiber cable 12 is ‘towed through a medlum‘
114 from a platform 116 3 A steerable array of transducers 118

1s attached to platform 116 v The array 118 1s capable of

psendlng a bean of sound .or acoustlc pulse, hav1ng a spec1f1ed
frequency and‘amplltude 1n“a des1red d;rectlon, Optlcal source.

120 is;dptically'connected to'cableblszor sending pulses,of
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- light into cable 10. FiG; 2 alsd_illustrates a heavy body 122

attached to the end of cable 12 which aids cable 12 in reaching

a specifiédidepth. In operation, array 118 sends an acoustic

‘pulse in the direction of cable.lz;

As shown in FIG. 3, a sefieé'of Bragg grating sensors 126,

well known in the art, are regularly spaced along the cable 12.

The advancing pressure front of the acoustic pulse causes local

strain in cablefiz,.thus changing the grating wavelength. A .

light pulsé from,optica1 source 120 is selectively reflected

back along the length of Cab1e 12 according to the local strain

in cable 12. The sound velocity in medium 114 is computed by

processor 132'as_a function Of‘the'amount of-time neceSsary,for
SugcessiVe_grating sensors to respond to the advancing pressure
front as measured by timer 134.  The timefbf.maximumf:esponse ‘

for each Bragg grating sénsor<ié recorded and this time is™

‘divided by the distance to the Bragg grating sensor to obtain

the velocity through the water column to the Bragg érating,' The

amplitude of the acoustic pulse can be increased as necessary to

-ptoduce sufficient strain for activating.sensofs 126.

Where broadcasting'acoustic noise is a concern, the

frequencyiof the acoustic'pulsé:can be high:eﬁOugh suchvthat it

pulse in the direction Qf'qable‘lz) an estimate of towing angle

is needed. : The towing angle may be determinédgusing‘the

10
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‘equationvset forthlin,U.S.rPatent_No, 5,734,623 which is hereby

incorporated by reference herein. While such factors as cable

diameter, weight, density, and drag coefficient can be

accurately determined,.the exact tow speed may not be'easily

obtained. An estimated speed may be used to calculate an

estimated critical angle . The acoustlc pulse can then be

.steered about the estlmated cr1t1ca1 angle until the response

-from sensors 126 is maximized at the,true toW1ng angle. It is

- to be noted thatjin determining the true towing angle in this

way, an_accurateimeasure:of the tow speedAiS'also provided.
~ The cable'deScribed‘hereinbeforeZWas-tested under

condltlons that s1mulate Navy handllng systems , It mas'cycled"

‘over a sheave for 750 cycles for tensions up to 22 500 lbs." w1th
:no detrlmental effects to'the-flbers ThlS proves the .

feas1b111ty of 1ncorporat1ng Bragg gratlng based sensors on oneAJ'

or more flbers contalned 1n a tube located on the outer strength

r_member layer of a, tow cable. Thls‘ls an 1mprovement over,the

construction shown in U.S. Patent No. 5,734,6 3,twh1ck involves’

-locatlng the tube contalnlng flbers in the center of the tow

cable -;When the flbers are 1ocated in thefcenter the recelvedv

.acoustlc pulse can be" degraded whlle pas91ng through the

acoustlcally complex cable structure

' Iftdeslred, the?steél.Wares»formlng the strength members

. maY'be-replaced'by an armored fiber, one version of which is

11
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‘known commercially as “Steel-Lite”, a trademark of the Rochester

ACorﬁoration.'lThe'outér diameter of the Steel-Lite. cable would

be thé sémé as the outer?diaméter of the steel érmor wire it
replaces. . |

‘.'Iﬁ is apparent_that theie has been provided'in'accordaﬁce»
wiph the'pgésent inventicn avruggédizedffiberzoptié sqund'v
véloqiﬁy-prgfiler which‘fully satisfies fhe}objects, means, and

advaﬁtages'Set forth hereinbefore. While'the preSentAinventionv

,haé'beeh‘déscribgd-ih,the context of spécific'embodimehts
'thereof,féther alterﬁatives,:modificatioﬁs, andlvafiétidh; wi11  
becdme apparéﬁt.to théée;skill¢d iﬁ'the‘art'héving read Ehé

: fbregding degdfiption; iAcédrdingly; it isuih;ended-to embface
'thoseiaitefnaﬁives, modificdtidns,'and Qariétions%as falliwithih

- the broad scopeﬂof thé appendéd claims.

12
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Atforney Docket No. 79865

RUGGEDIZED FIBER OPTIC SOUND VELOCITY PROFILER

ABSTRACT OF THE DISCLOSURE
:The présént invention'relates'to an optical fiber cable for
use-with a.systém fof determiniﬁg a vélocity profile of_squﬁd in
éAﬁédium.' The optiéal fiber:cablé c§hpfiseé an innerllayer of -
stréngth_members; an Quter iayer'bf strength hembers, énd‘at

least one tube containing at least one optical fiber

.fiber'has.a-plurality of_Bragg‘grating sensorsvspaéed'alpng its -

‘ léngth. |
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