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SECTICH 1

INTRODUCTION
Background information on Tensivn HMemboer Technologe
and Lhe avthers of this tutorial
Format for chis tetorial

Hatary of electromechanical and [iber cpltic cables
Design sophistication
2. Cable materials

3. Fabricatien techniques

Slatic versus dynamic cables



SECTTON 2

CAPLE MECHANTCS

Examples of various cable constructions

1.

Double armored cables

. FEqual pumbers of wires in hoth layers
{(poor torque halance)

b. Equal wire sizes in both layers
(better rorque balance)

o, Emaller wirves inm outer layer
{hest torgue balancad

Three and four armar layers

a, Can olier goed rorque balance

. Can olffec the least cable rataliun
Apaeed armor cables

Konmetallic sirength members

a. Praided [iber

L. Sorcved fiber

Latle reaction Lo Lensile loading

o

Forces and motions affecting cahle alements
Tensile siress distribulion zmong slements
Mvantages of strength member atress helaonce
Czble clungation

Diameter reduction

2. Displacement of deformable materials onte
interstivtial areas

b. Lateral contraction of materials during
longitudinal excension (Poissen's ratio)



o. Material compressibilily
d. Lay:r cgmpau[iuu [nunm&t&l]it elemants
Care pressura

Incraase in 2lement coverage

Jzcket loosening

Tarque and/ar rotaticn

a. Factors contributing to cable Lorque
b. Core contributian

c. Limitations to "torque ratio' equation
d, Hffculs u? armor 1&m$enFﬂﬂ

e. Effects of residual stresses in all cable
zlements

1 cenditions reguiring minimal cable torgue

a. lsa of a swivael
h.  Suvspension of an uncestrained pavload
¢, Cable nendling procedures or dynamic leading

conditions which can produce slack loops
and potenci hackles and kinks

d Laplovment of a heswvy cabla to great deplhs
(with either o [zee or [ixed endd

Effects of tension-induced diamster changes
Lifacta of operatianal tensiens

4. Mean tension and tenaian variarions

b, Ceonductor survivabilicy

o.  abresglh member [avigue performance

Use of swivels



L. Cable reaction to bending

2.

Alement bending slresses

Llement motions during bending

a. Effecis of clement helix angles

2. FEffecits of sheave-to-cable diameter ratic

<. Effects of cahle diameter
{over strength membhers, nob over jacket)

Effectis of element matians

. Elemant wear (layer-to-layer)

. Flement tension wariatiens, friction effec

. Porential Ffor cxcessive elemsnt strains
{tenzile ar compressive)

d. Conditions defining "[ull bending”

Cable failure modes

a. Srerl wire strength memhers

. Honmetalllic strength members

r. Pklectrical conductors and oprical fibers
i. Void filler selection

Factors allecting cable flexure performuance
a.  Bheave-to-cable diameter ratio

diameter, material, hardness,

Tinish

b Sheave gro
and =surface

v, Cable diameter C(over strzangth members)
Z. Operating tension (salety factar]
v, Lubricaticn

f. Cor rasian



0.

E.

Bending conditions

1.

oL of cable cycling stroxe amplitude (far
cable-to-sheave contaclt arc Llengths greater than
the lonpese of the cable element law lanptha)

i, Stroke » sheave contact arc
b Stroke < sheave contacl arc
. Strake £ cable element lay lenglh

Elfect of cahle-to-shesve wrap angle {contacl
arc length)

o Centact zre length » cable elament lay
lengch

b, Cantact arc length ¢ cable elemenc lay
length

Effect of reverse hends
Effect of non-zero flest angles

a. Cable abrasion and small-radius bends in
region of sheave [lange contact

L. Flange anple selection

oo Groove deplh selaction

Cable strength reduction due to hending
a. static condliions

b, dynamic conditions

Cable reaction ta twisting

Sources of twisling
a. Venicle maneuvering

b. Cable handling system which dors nal emplay
@ conventianal starege drom

(]

Use of a swivel with a nontorque-balanced
cahle



d. Retation of a sospended payload or Lowed
body {na swivel)

@, Deplovment of a heavy cahle ra great deprhs
[evan with the end restrained from turningd

2. Effects of cable Lwisting

a. Alteraticn of Lensile stress distributian
among cahle slements

L. Change of cable length

. FPotential for excessive elemenl slrains
(either tensile or compressive)

d. Alteration of cable breaking strength
fincrease or decroease)

2. Inocrease din residual torgue and hockling
potential

3. Csble torsional sLillness
2., Direction sensitivity

2. Load sensitivity

Hockling and kinking

L. dequiremcnts for the formation of hockles and
kinks (residual barque and a slack lowp)
2. Operating cenditions conducive Lo hockling

3. Hockling petential of specific cables

4, Effect of swivels
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COMPONENT MOTIONS DURING CABLE BENDING

O PR AT S S R
Ao :
El' . Foaton i b Jro ol st
L ke A fnd
b
(3
a0 25 20 13 10
] L i 1 (4
#5 = Element motion Ofd = 10
a.6 d = Element pitch diameter
£ = Element lay length
g.54 % T Element lay angle
I = Sheave pitch diameter
L5
0.4 - (Fricticnless Cable)
J'\'.SHIIE
0.3+
0.2+
0. L4
a T T T 1
5 10 L3 20



Gyci¢$ Lo Failure

{Far czble-to-sheave contact
arc lenpths greater than the
langest of the cable element
lzy lengths. )

- Seroke Amplitude
Equal to Sheave
Conrtact Arc

Fallure

veles ko

: iy .
2 mn rtl

Scroke Amplitude, Lays

EFFECT OF CYCLIMG STROKE AMPLITUDE CK
CABLE BENBING FATIGUE LIFE

f{/— Change of Contact Arc
7 ar Wrap Angle

T T T

z 3 4

Change of Contact Arc, Lays

EFFECT OF BEKDING AMPLITUDE AT OUTROARD SHEAVE OH
CABLE BEKDING FATIGUE LIFE -
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Cyeles to Fallute

(For cable stroke amplitudes
mach greater than the cable-
to-sheave coutact arc lengrh)
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WRAP ANGLE OF A CABLE ON A4 SHEAVE CORRESFONDING
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SECTION 3

HANDLIKG SYSTEM CUNSIDERATIONS

'_: '||5.‘|_{l dr un W i |'|;_'|‘:r'-..-':

1.

A

Potentizl sourres of cahle damage

a. Grushing due oo winding many lavers at
cension

b, Crushing due to uneven winding
., Pinching at drum flange

d. Cutting in

. Flectrical reszistive healing
lrum confipuracions

a. [lat faced

. Spiral grooved

c. Lebus grooved

Spoaling Aids

a. Fillers

k. HKisers

<. False flanges

Level wind systems

Traclion winches

Single-drum capstan (oot recommended )
fouble-drum capstan

Licear puller

ligh



Sheave design considerations
1. Tread diamerer
4, Groove diameter, deprh, and flange anple

4, Groove material, hardness, and surface
finish

i

fi. Type of hearings

Feeving configurations

I, Safety considerations

2. Number of sheaves {minimize)
4. Reverse bends [avoid)

4. Fleet angles {minimize)

%. GSheave spacing {maximize for systems with motion
compensation)

. Cable wrap angles oo sheaves {maxicize for
sysrtems Wwith moticn compensationd

af guide rollers {avoid)

use g series of small rellers to

Caution: never
replace & sheava!!

3. Use of swivels (to [acilitate vehicle docking)

9. Gpecial fairleads (wide-flangs sheaves, rTollers,
chutes, belimouths)

Morion compensation systems

Lo Ackive doum

2. Active traction winch

3. Eam zensioner aysktam



&, Hedding for bobbingl boom system
a. TInflicts minimal cable [lexure domage

b, Can ke used with a "stopper™ te reduce cable
flexure damape

5. Cable temperature rise

a. Effects of shesave size, cable Lonsion, and
strake amplitude

b, Fffects of cable jackets and sheave liners
e of operating logs to extend cable 1ife by
distributing wear
L. Length of cable deployad
2. Cahle tension amplitude and freguency
3. Cable motion amplitude and frequancy

4. TFlapsed time

Tension measuring devices

I. Load cell at termicaticn

Z. Showve axle or SUSpENSLion System
3. Winch suspension system

4. Thraz-zsheave device

B, Vibrat monilor

1le storage
1. Jrum {lew cension versus high tension)
2. Baskwer or cage (With dnduced fwist)

i On deck (figura sipht]
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UEUM GROOVING COMSTOERATLIONS

(-1

Ine f[ollowing combinatlons are geperally mast effecti
® For single layer winding, helical grooving iz best,

@ For rwo laver winding, eicther heliczl grooving with =
riser ar TERUS greooving wich 2 viser is satistacoory.

@ For three layer winding, LEEUS grooving is prefecred
over helical grooving, but in either case cisec and
Filler acrips are needead.

r winding, LERUS grooving

@ Far more chan chree laye
halical

shoold be vsed with riser and Sillar
gracvicg is notb recommendad.

atrips
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AEMDING IN THE ZaME DIRECTIOKW
OVEER TWO SHEAVES

el
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SECTTON 4

TERMINATIONS

Considerations in btermination selection

L. Size and weight limitations

Z. Campatihility with the cable design details
a. Cepkral versus external strength meaber
b, Metallic verses nommetallic strength member
c. Porential impact on cable design

1. Hequired strengrh and tarigue performance

4, PReguirement for field installaticn

5. Lsad transier mechanisc

Bxternally applied cable terminaticns
1. Capstans, bollards, and drom grips
2, Twisted wire rod grips

a. Hingle laver wi e dopuh®a layer

b. {able diameler sensitivity
. Bending strain relisf
3. Flexible mesh grips

4. Split pipe grips

3. ELoppers

Terminations integraced with strangth memhers
. Eesin sockets

2. Mechanical compression fittings with conical
wordge Lnserts

3. hbraid-splice terminations

D, Bending strain reliel considerations

L. Hpecifies of resin terminations

1. Load transler mechanism
2. Cawvity shape and surface finish
3. Besin mabrix material

4, Suitubility for steel versus oonmezallic
cable steength mesbers

9. Installarcien proceduras
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PERFOEHANCE CILARACTERISTICS OF ROV TETHER CRELES

Tapes A, Walther and Philip 7. Gilbsam

Tension Henlkor Techrolapy
15202 Pipeline Lanz

Huncington Beacl,

ARSTRACT

This paper deseribes same of the general aperation-
al characteristics of ROV zether cables «hich pusc
be raken into consideratien to achiave good cable
service life. The reaction of a csble ta censile
lozding fs discussed wich regard Lo the component
stresses snd changes in cable elgagation and di-
soeter. Czhle rarque and cwisk characlerisrics

are described, Inseluding design considerstlona far
achiguing torque sad rwist balance, the eflecr of
sujer on cabla performance, &nd causes al cable
hockling and kinking, The resccicn of a tether
cable ro bending is discessed, fncluding commenls
an naw cable perfarmance ds alfected by che decails
ol rhe cable design and by the peomecty of the com-
popents within rhe cable hendling sysres

Cabie rerminations ace discussed with celerence [2
the case of inztallagfow and che screngih el Fi-
ciercy achisvakle, Finally, cypical cakle failure
nechanisns are reviewd aod suppestisns ace in-
cluded an ways ca improve the mechanieal and elec-
trical performance of ROV cether pables.

CASLE REACTLOH TQ TEHSILE TODADIHG

The <rnitial application of o Lensile load co a new
cether cable prodeces cakle elangalion which con-
sizes of & canscrectiomal strTecch component &nd an
ecla o sirereh component, The sanstructionsl
srrerch of che cable, a mere or less permanant
rable elongasion (a poction of chis elespacion may
dissipate Lf the cable is allsved co temaln s rero
rensdon oy & peried af time), 95 =asc ewident In
cables naving esrernal strength seskbess and fe pri-
navily che cesule ¢f esra campresslon ard scrergth
rerher CONHDACLIon.

Txrermal cable strength wenbers, either sceel or
wewlaz, are wrapped helically around the cable core
in eizher a braided sanscructien of in one or mare
separate layers. A8 a ronsile lgsd 1s applisd Lo
rne cablie, the screaprh nenbers exeff a radial pres-
sure on che eable core, Lo tespsgsé ra chis pres—
sure, Che cable plemente and filler marerials cx—
perisnce deformactons due ra cheiz own compoedss
iniliry and due to materdal displocements sgpoci-
sLed with rhe eliminacion of voids within che cable
structure. The resule of this process d= a geduc=
tlanm im ecahle dilamecec and 8 corresponding increazé

CA FZELE

in cable leagrl.  Dabkles having Xevlas sErength
members typically exhibiz a greacer amsunk of
srrenplh nemker compaczion than do  rakles haviog
gtmal sirengCh menbers. When the reeszle load is
remocad From Che eable, There is some recovery of
eable diamecer and a2 corresponding reduction in
cuble leagrh. Kowever, a =ipeiffcanc portion of
Lhe core sonpression and styenpoh meober compaction
may be relacively permznent, and, as a result, Lhers
will he same peroacent incres=e [n oeable leagth.

This permanest change in czble lergrh nusc not be
everlooked, becavse 1Ts magnitude msy sctually he
greatar chan the elasric stretch the eable exhikils
1 cperating Lensionz. Obvievsly, the
cotal st expariznced by the veble conduclovs
[eopper res or optical Finersl will be s funccicn
of hoth che constrectional and elestic cable elanga-
Cablas uwhich swperience 2 larpe amaunt of
constrdccioral slrarteh oay dnpose s=lvains an 9F
fahars whicl nay, in the long tern, concribare =o
fiter fatlures wnder gquire moderate ceble cpezalling
tensions or even durinp starags of cthe cable be-
tusen misaions.

wndar na
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CRELE TORGUE 4KD TWIST CHARAUTLRIETION

fnzther congegquenes of charpes In eable &
wirl applied eensicn loed rela =i tha cable
toogue characcerdisties,  Any charge in
a cable having an extarnal sirergth nember {wich
the excecp of & bwraided strerpth nember) aloers
the losd sharing zmong slrength nembes layers
h= the grress balance awang STTength member layers
rhanges, =& doss rhe cacgque ennfTinution cach
tawer. Typically, reductions in diacsles cf dovbls
arnored cables cause a small shifr ia cepsiie
slresces from Lhe fnper to che surer layer of wires.
As & result, che vuter wiTes expes ieffe 3 par=
tinns higher fensils stress » zhee, praduce o
pactionally higher tovgue conpore: L

iamerer ol

Ln foer, mesr

af rhe so-called Torque-nalsnesd doublesar
cablas which have been cested in che Teasion Meaber
v loborarnry have ex wirpd s small anours
and Totabion In oz dirsciion £o the
T owites éwa Lo =n ExcPssive Lorgque CORPERENT in
that layer. ([n the zthes band, cakles whi have
Tun or more layers of served Tewlaz sLrengln ERRhETS

may tiperience s reducciva [0 Che tensile load and
rarque contriburian of the vurer layeis.



Another consequence of cable ceascructionsl sereceh
+5 an inereased torgque centviburion OF the cable
rore due Co A increase in Lhe cepsile strain on
the core elements, This terque can be gquice large
in cables which incocporate ane ¢y sore layers of
large power conduccars located just beneach the
ipsulated jacket of che coTe assembly. To guentify
sha torque cootciburion of the cable sove as well
as the comtriburfzn of sach layer of screngch men-
her elemenca, it has become conson praccice in the
Tension Menmber Technology laberstory ca conduct
torquafdissection cesfs. During this cesc, a
cshle specinen is repespedly loaded co che zane
total steafn while continuaus traces af cakle
torque versus Lenslan are vecorded afcec the re-
noval of successive layera of cable elemen [A
precision friction-compensaced guivel is cequired
tu ohrain accurate cable torque dags,) The resules
ef this cesc dodicate how much tepsfon laad and how
wueh torque is produced by each layer of clements
within the cable. These dara can chen ke weed oo
dererpine how the cakle geamecrsy may ke alrered ca
achieve & degipn hawving hetcer corque snd Cwisc
Lalance.

The torsicnal zLiffaess of a cable {the a=meent of
cable roracion which will be prodeced by a given
ampunt of iInternsl ar exrormal zorcuel is highly
directional, espesially Ffar docble-zrmwered cables.
A csbla will typirally rotace sech maze easily in
che dirvascion ta logsen the puger layer of wires.
Thug, To produce a cable with & oinimun aooent of
retation, ic ds desicable for any amounz ol tergue
mbalance te ke in the directien vhich causes 2
ciphtening «f the oucer layer of wifes.

Ir fs vsually desirakle for a zether cakle 1o have
poed ToTque ard twist Lalasnee 1o minimize ithe possi-
b2lity of cabla hockling and kisking In service. &
leckle is a loop whick farms in 2 cable srd zhen be-
pumes Cwizced so that the porrions of the cable on
either side of the leeop becons halically wrapped
arcuné sach orher. The hockle itself pay nob serl-
vusly dsmapa The cable, but it renders the csble
wseloss where a rcensien load must be ivanssirced te
a tettered wehicle,  Any application ol tenslon ra
a hockled caule may cause the hockle o cighten,
chereby producing pesmanent cable deformation and
kinking. In a deuble scecl wire sraoTed cable, Lhe
puter atmer wires may becone badly displazed o
birdcaged as s result of this hecokling and kinking.

The generatdon of a hockle in a ceble vequires snly
that & glack lacp of sufficlent size e allowed co
form in 2 cable which containg a e fvient apounh
of srored torsiceal energy. If a cable concains no
rarsfonal snerpy, then the Sormatien &f a slack
leap im not likely re produce a heckle. Sindlarly,
if even a small amaunt of rergion is mairiained on
the cable so that & slack loop cannet form, chea no
hoekling will occur even If che cable conralns a
rather lacje spounc of Logsicnal anergy.

1 a cable iz nee of a corque-balaaced design and
{f it 15 negatively bueyant and Is suspended In
leng lengths in che ogean, Lhen ©he cable may de-
velop & signilicanc swouns aof intecnal terque due
tp the rension pooduced by cakle self welpht.
Should a slsck locp be allowed fo farm ac the lever

end of rha cahle, then heckling 1s likely o voceous.

Even 11 & cakle has been desipeed to have good
rorque halance, the cakle nay i1l exhibit soose
torsicnsl enecgy il any fuisting has been indoced
in the cakle, Such cwisting can occer during the
lgwering oo raising of & nonsymoetivical wehicle, y
manecver inp &f & vehicle so &8 ro accumulace turns
in che csble, or by the cable handling cecknigues.
For esample, 1f a cether cable which is deplayed
maruvally is allowed to pull sur of a call ohick is
lying on rha deck, the cabkle w11l dewelap sne cura
of guisc for each-wrep in cke coil.  Simtlacly, a
rable hapdling sysceo which daes mol Inee¥porace a
dewn, buc which allous che cakle ta lie in a cage

st basker, will preduce sne complere poisc of the
cakle [or esch lozp of cakle tn che basker. Depend-
ing on the diswecer of the Cecher cakle and on ics
inherent forsional stiffness, rhe resul
ing of the cable may he sulifefenc ca p
bockling if 2 slack foop should be allowed to fera.

The fwisting of a cabhle has a number of advarss
gifects vrher chan the pot al Iermacion of
hockles. One ef the major conseguences of ruisting
15 a reducltion in cable breating eng Tais
effecr 48 mast significant in cshles having exrernal
contrahelisal strengih neshers arranged in pither &
braid vr in mulziple layers. When a2 cable 15 cWisi-
e, the srrenpch mexbers uhich are wrapped 1o one
helical direscion are tightened, while Lhe scTength
nepbers whish are crapped in the oppesice nelical
direcrfon are loosened. The resulring scress in-
balance mar only reduces the cable Sreaking skrength
but also reduces che cable farigue perfarwance.
Kewlar strenpshened cables, in partdcul exhibit
a drazacic reduerion in bresking strengtl as o re-
zult of small amounts of induced LeisC.

tnother porential conseguence of cable cwisCing 15
roue zapid Tailure of conducrors witkin che cable
care.  Most cables having s ocomplex co¥e desige in
cofporace  several layers ol cs h oare
cypically assembled wich alcermately left
lay helfeal direccions. th Ty I core de-
sipn, no matber vhich way e is [wisTed sopg
2f she conductoss will Tené to tighien while the
crhers fend ro lposen, Since cables having esrernal
screngch members tead oo becons snorfer Do maller

In uhfch direction chey are ruisced {assuning Lhat
rhé acreapth mecbecs are eithar praided ar are oW
sentled in rwe of mere conrranelicsl layezel,

rhen rhe cendectars which rend to Lighcen will ex-
periepce some sivaia relief due re shoccening ol
the cable. FEowever, rhase =g which zerd e
loasen as a resulc ol wable g experisnce exen
ware locsening due to sherrenieg of The canle, 2
chey rapidly develogp #-Wings vhich lead [a foncuclar
ar insulatien failure.

1F it iz kaswn Lnal 8 cable will be teisced in ser-
yiea due ts tha characreriscics of the cakle kan-
dling syeren, it iz possible te desipn rhe cakle o
he twist colerant. Such a cakle zust have all con-
ductor layers arcapged in the sane kelical direc—
tion so chat they will all cighten and lensea Lo
gether In Tasponse Lo rable fwisting. Furtheroore,
rhe helical direction of the cordecrors should we
guch That the cable cwisting induced by Ll kandliag




sysbem Tends to Llghten Lhe eznduccora.  Fimally,
the lay angle of esch layer of conductorTs sheuld ke
carelfully chesen Lo nininize rhe accirional eon-
dectar strain indeced by cable Lwisting. Exlensive
calble cwisrt rescs have revealed that properly de-
wipned cether cables can =ervive many Chovzands af
cycles af severe cable cwisting without electrical
ar mechantfesl Fallure, Converszely, cerher csbles
“hick hawve pot been desfipned Tor (wiss Celedsnoe
way =ervlve enly s Pew cycles ol pederate Leisiing.

Gf course, whenever possible, czble twis % should
Le avpided s& iz To achieve maxioes cakle breaking
strength and fatigue perfocmence. In some sysieos,
it may be neccssary to coploy a swivel co decouple
a3 tacgue-balanced cable [rom a twisclog payload.
Carversely, it may be equally imparcant ca ali
nare A suivel In A systen uhieh uges & POOTAT(uE=
balanced eable with 4 =21able sad nonrolsaling pays
lead, Repardless ol Che detzils ol the service
conditions for 4 specifdic cable 4t {5 usvally quite
helplel fer the cable co be nznofactured with an
abvipus and permanenc strips positicned longitudi-
nally zlang the csble facker. This sfeipe will
allew any cable twidscing co be ddencified and gquan-
rified a0 that neasures can ha Taker ©a oinioize
Lhe aenber ¢f secopulated Culsis

CAELE REACTION TD BERTING

“he heading of the cable around a sheave or ocher
cerved sucface cbvipusly produces o change i che
radies af curvarcere of each cable elapent and a
cerrespanding ohanpe In tha hending sTress in oash
element., Tn addicion, ea bend ing prodeces re-
lative pmotipns ameong  Che varices cakble components.

Consider for example, the path [ellowed by a gingle
QuULEr armor wire an a cakle whick iz wrapped around
a sheave.  (See Figure 1.1 Asscoe that che 12

FIOURE 1. ARMOR WIRE GECHMETRY

pogitlen corvespends ra Lhe locatlon on che
thast [cem the sheave centerline.
W

cable
apparent, then, that the path lengch of Tk

ic mowes from the chree o'clock o the pice c'clazk
pagicion L& shorCes than the path length of che
wire as it mowves from the nine o"clock pasc the 12
a'vlock and back Lo The Lhres o'clock pocicdsn.  1F
211 ={ the wires within the czhle uvere locked ra-
gecher 50 chat no relarive nocion cculd sceur, Uhen
he tndivideal wires woold fxperience RIphk Censils
Arralns aa Che side ol cable gway [ism Lhe
sheave throat and compressive beckling strains oo
the side of the cable adjacent e the sheave Chroat.
o Uhe mebilivy ol the individual wires with-
cable st ture allowvs the excess wire

5 win The slde of the cable Loward Lhe sheave
throat to meke up for the deliziency in wire lergch
an the side of che cable away from the sheave
chrazz. &z 2 result, che censile scrass renains
much nove woiform aleng rhe lengehn of sach ovive
rhan would be the case iF 4ll wires vera Tocked up
gn rtar a8 relarive oorjions could occer.

A5 a cable Iz repeatedly [lexsd over a sheave, che
lavgest mapnitedes af velarive potice soonp Che
cable elements occur @t the Lhres o'clock and nine
o clack pasicions. For example, when a calle hav
ing a braided Kewlar SIrengrth penber 15 maved hack
ane-farch aver & sheave Curicg & lebsratory falipee
test, the Kevlaz strands wiithin the braid become
most seversly woein st the thiee and nine o'clocs
poRiling with wery litcle Kevlar wear occorring
ab the six and twelve o'clock positions.

&1l of the bending-irduced changes in bendinp slress
and in The relative sotions anmong the cable eom-

£ sy described sbhove rske place in che uwl
cinicy of the cable-fo-gheave [ange oinc.  He-
cauge ol Lhe internal Tricri
siructvre, the slfecied parl i
sinalely one lay lenglh eird

= cable Ta
FYEe %ida of cha
tengent polnc,  In other wocds, poriiens eof che
cable which ace more
lengih away n a sheova, or
which aze on a sheave bul sre
mately ore lay lemgth awar L
paler, experience no changes
ar metians and ches are ret luenced by cthe Serd-
ing ol other porcions of Che cable, I1F rhe arc of
contact between the cakle and shesve excesds 2ppron-
nztely one lay length, Lhen Clere —ill be & cerzain
porrion af rzhle in canracc wicth che sheave ch,
Maving undergone gy chanpes 1o rhe wisindry cof
orne sheave fangent poini, will experiease na fur-
cher changes in ics seace of scress unbil i &ap-

proashes a second Cangeal [3LRT

The corclusion which can be draem Tran rhe previcus
dizcussion Zs thac for cypical Jeployment and re-
crieval opecatdons, the beading farigoa lifz of a
cable Iz nor Dot lue 1 by che wrap cngle on @
cheave ag lonp =28 arC laaer ane lay length of Ch
cakle is in contsct with Lhe shesve.  Tether cables
which ewperience many dealayrsnt 2 rerrieval
cweles rhrough a series of [zirlead she
sravide a cerrain hending farigee life which wil

me [he &ame repardless of whzther the cable wrap
zngles on the shesves are 180 deprecs o 80 degress
pr any ocher anpgle which predeces a calkle concact




frem slippinrg longlcudinally inslde the cable and
allews the cere to sxtend through the scrength oen-
ber cerminacisn wichout affecting the stress dis-
tribucion in the strength members,

Four basic twpes af cable rerminacions are in com-
non use on ROV reche: cables. The drus-grip coc-
aipation is simplasc in concepr, 1L consists of a
wide zheawve havipg sicher o Tlst [ace o oa helizal,
conformal groove upon which are wrspped seversl
turns of cahle.  The frierion between the cable
SrTengch barbher and [he drum face provides A noang
for transferring Lhe stress in the cable screeprh
aenber ta cha érum grip, A potCicn of che cakle
cension 1 cranslerved Lo che doun far each wrap af
cable, and che lsw tenslon end af the eakle ls an-
chared with a suitable sesondary rterpinaclion which
can accommodate che lowar rension level, The drum
grip Is parzicularly effeccfve for stesl wice ac—
marted cables, it works well wich cercain Kevlac-
strengrhened cibles, and it may be easily inscalled
in che field.

Ta mafntain the preatest terodnation screngrh effi-
cleney, tha zame pecoetTy requirsnentd Ad Ben-
tioned for sheaves mesc be mer: d.e. a large drum-
coscahle dismeres ca , A greove dianeter equal co
the csble diameter ac rero censdon, and & small
fleet anple. (Termiracion efffefeney is deflned

3% the racio of rerminated cable breaking stcength
to uacerninaced braaking strength expressed as 2

percenl.}  Lruo-grip cerminarions sre weually large
in diamecer and are velatlvely heavy, Tecadoztion

& o

afficiencies of near 100 percent aTe achieva
steal wire armored cablas withour external Jecker=.
Tewsver, jackered rether cables having steel or
Eevlar stTengrh nembers can encounter problens when
cerminatad with deun ge T the coellicient of
friccipn hecwean che eable steenpih menber and the
Jacker %2 legs then Lhe coellficienc of frizticn be-
Cween the jacke:r and the face af rhe drem grip, che
strength memkers will =lip dinside che facker, and
upan repoatad lowd ling the entire lpad will
avencually appear Tha Aecondary Terwinafion re-
sulling in cable re. {1f the secondary ter
nination 1g capable ¢f handling the entice load,
then the dzuo grip is seperdlusws.) This saoe in
cemmal slippage prodlem can secel In sysLems u
21ng rracth Lo wves, and botal jacket delanina-
clan iw ghe O resulc,

ra

The rasin-filled socker rerolnacion Ls & proven
techrolagy used succaasfully uirh sceel wvita armar-
ed czbles. The large dlamecers of rhe individual
zensile elemencs In stesl wive cables (approxi-
nately ang willlineter dismeter) a2s compared Lo
thoze in Kewlar-screcgohaaed eables (0,012 milli-
seler diameter) has a great bearing on che strength
eificiencies achi nle with resin Torwiaalions.

In Kevlar-screngiiened cables, pood wvarring ol ihe
Individuzal Kevlar scrands by che pocoing ccopound
ig essential for high scrength efficicncy. Termi-
mation efficicncics af 10D gercens are cammanly
achiieved oo scesl wire arnoted cables, nwuc effi-
ciencles of as little as &0 peccent are often en—
counterad for Xowlar-arrengthened cablea.

& Pfsclos concoibuting te the low strengeh efficien-
cv of resin cerminardionsg vhen vsed on Xewlar ig tha

fact that, unlike steel wires which ran yislé under
tension and allew All wlres to shaze the load,
Yewlar fibers fail without yielding. Thus, careful
prepavation ol the Eewlar before pouring che resin
in the socker 4% essential [or good Filker load shar-
ing and & Righ strengih elliciency.

Extarnal campression-rype re ativns apply radisl
compression aver some leagrh the cable znd rcrans-
fer the scress in che cable tension elemenzs ra

rame cy¥pe of external tension elemenrs.  Woven wite
weah "Chiress [dngec™ prips, single-lsyer and dou-
ble-layes helieal wire grips, and splic-pipe grips
fall 1nra chis termination ratepery. They are
quile effective on steel screnprl menber cables and
may work well an excernally jackeced rcables <8 the
capfiicdent of friccion belween che jacker and [he
Arrengch nesbers s hiph enough.  IF rhis {8 not

the casc, che Terniascion =nd 2 szcrdon of Cha jack-—
ct will pull off of rhe cable at 2 rather lou rep-
gicn.  In cables which have mulciple lavers of
Kewlar sirenglh menbers {double-layer Eevlar braids
and mwltiple layess of cantrabelically served
Eevlac), the friccion herween lavers oust be suffi-
cleat co allow the losd Lrensfer to take plase fron
the inner re the ourer lavers to arovide uniforn
losding ¢! the cable scrength wenbers by the termi-
nation. Isalaczer tapes, §f used betwsen Mewlar
layers ro provent layer-ito-layer abrasien during
cakle flesing, nust be specially scleeced oo fsalats
While s7ill providing sdequace fricrion betueen
layers §f terminsatises of this cype are e uri=
Liged sueeessfully,

Spliced eye cerminations nade of Hevlar [iber which
Is bralded back into cthe end of Ko T-STCengT hiened
cables are belng vsed gquice seecesafully.  They

circepvent the lackel-ig-sirerpoh-nenber and layer-
co-layer ca feient of felctivn problems oy tesmi-
nacing &11 Kevlas fibers dizreccly. The alastic

of Lhe braided seccion provides scze luwsd
srang the libers so that gosd scress dfstri
is painzained. Splfced eye Cerminug = gre readily
applied co braided Kewlar streagrlh o s omnd, with
sone judivipus rearcangeoent of rne goamecry af Th
fithets 1n rhe céble strength peober, they may zlso
ke gpplied to cables havieg meltiple lavers of bratd-
ed or secved Kewlar. Alchoeph sopeohial Cice cor-
suming 1o apply, they are Lipht in
screnpsh efficiencios ap i 100 percent
lay lergths of che braid cucks at be carefelly
engineered for each specific ceble fo provide wni-
Iorn core cempression over che lengeoh of the splice
to avaid damege ca che cable care. Premade splice
eyes can ke applied fn the field and are alse effac-
cive an cabkles haviap eptisal fikers in che cakle
cora.

ian

FAILURE MECEARISMS ARD EZ
EGV Lether cables seldom Mwear oot
sense Thal, [of exanple, elevaior ca
walor cables are used undes o ser ol
which wary Little Irem day co day.
s clean and dry, and the Tandlip systen is op
mized co provide a leng cable 1ife. The cahles wear
oug &8 a result of bending farigue and aze retired
peics Lo fallure by means of some experlerce-kased
Cacastreophls [ollure dae o

@ o iToRnens

recirenent cricerda.



cable damage or facfpes is a vare excepilon fo
sormal elavalor ORPETATIng procoderes.

20V recher cables have several opodes ol Faflure
uhlsh may ocsur if the techer does not encpunier
accidental damape such as entanglenent wich pro-
pellers or slipping oll of the handling syeces
sheaves, One comman operscicnal made of failure
is tensile owerload due Lo a snap losd Spdusced
dering docking of the vehdcle with a surface ship
6T LRcéerwoter garage, IL Che Cwa wasses invalved
tave é¢ifferent molLians, tha snap lasds induced in
a shorr deploved length of telher cable can be
larpe enadph o preduse a tensile Failuze.

Inzernal fatlure mechanizos are present in Lhe
techer cable ffgelf and canm be che cause of cable
failure if che fether receives eaocgh use.  In
recher cable desiprns which wiilize several lavera
af sancrahelically served Kevlsr [or Lhe gTvengrh
pepber, ciTeumferential mipgration of Lhe Kewlar
nmzy accur. The cable corkseresing which resules
cen cause internal damsge £o (he cabla care.  This
type of failure cocurs wasc comnenly at sheave and
dérun tanpent poince where che ceébla srops rapeat-
edly, such as when the vehicle iz secured In dts
cage or an ceck.

14 rhe recher cable seceives suffiicient wse, the
inceynal wear on che cable elenence vill be the
wlcizmsre savsa of Failura. [ither the =Lrenpch

membesy will vear and degrade in scremgth allow

# censfila failere to occur atk ne lower Censton,
or the coTo ments will bresk of Sherl our caus-
imp a fzilure in che pouar, raTownicacions, oo

conczel sysLens.

Anarher faccar contributing Le c¢eble failure is
nenarTng of che cable power coadugiovs dus ca 1R
losues, Tha esrflicting requirements &l nearral
tuayancy, scall diszmecer, high srrengech, and high
power cepability resuls dn cables which operace
ar flevaced cemperatores,  Ususlly, anes the cakle
is underwacar, the heat dissipscion inco the wacer
. 15 aufficient to kesp Lhe incernal calle
renperacures wichin acceptable lioics.  When the
rerher 18 in air ar ralled op ¢n & drum, sevese
nearing problems often exiar.

Treressing the thermal conduerivicy af the Hevlaco
strenglh menber by impregnating it wich thermally
corduct ive pranse can be an effecrive means of
lpwerirg cable care temperaluces, but che lubci-
carinon offect of Che grease on che Xevlar has been
zhiany To increase the prababilicy of Kevlac migra-
< jor and corkscoewing of cencranelically secved

sirengih menhers.

Sinca ROV zethars are weeslly reciced [rom service
rarner chan prier e, same cable fazl-
dagirslkle ra linic the damage Lo &
tpealized atea ol the cable. The [ailvre <f cooe
repicalicn or comtrol systenm elemencs dn Lhe cable
nay scrub the mizsion, but will Allou the wehicle
to be refvieved by means of the cecher cable
strength mesber. If che [ailure ¢ecurs near one
spd of rhe cecher cable, and parcicularly 4F it is
dus Lo an #¥Eernzl cause rather than general dio—
terral wear. ceiting of f the dasaped seccdon and

Teterminsl of tue cable is a ressongble approach.
This technigue alsa appiies when opers in The pawer
conducrars cause loss ol o 1

i 1o the wel

Perhaps Lhe werst cype of cabkle fadlere 45 2 share-
ing of rhe power conduclors where che syaren doeos
ot have adequate safeguards te prevent addicisenal
cabile darnage, LCables parilewlarly fuseeprible ra
therna] heacing damapge during sherc
thoze chish use aeveral power cond
allel ra achiews cthe required oo Ll CTLES-
wacTional area. 1f, [or example, three power Con-
duetors are used in parallel ve cevry L5 aoperces
and zre protecie’ by & silngle 15 pere civedic
breaker, shorcing of pne of che o e conducCars
1o o2 repurn eonductar at a damepe e in che cable
car cause Lhat conduccor ta caccy the Fell 15 an-
peres with wirtuelly mo currenc being cercoied by
the tuo remaining pawer cond fipce the 15
amper=s is rhe design curcent, iCm can
exist withaur Blouing any oi it Lreakers and zan
allow the dasulation on onp canduccos fe be Cher
mally damaged along che entirve lenpeh of the cable
betwean che power source and rhe shozooedreuit)
forefng early recdirement of the rakle.

TOV pouver syscems should e desipned co accommadatle
shezes amd opers in cecher power tonducfors wichout
army add onal local damape such a8 arcing
ac che loc=tion of Lhe cable share Tnis
approach will prevenc addicional denage fram eccer-
cing along rhe lengrh of the cable sad will 2llouw
a fwilure analysis co be performod an che damaged
seerfon. The additien of conduscive BEleocking com-
pounds amd drafn wires o Lhe ceble eore allaws Do
use of grovnd-faelr decector cirzuirs &c che paver
gource. These circulss disconmect Che power Lo Lhe
sable vpon dececcdion ol elecrrical leakspe above 2
predecermined level co either sfawaces or che cabls
drair wires. This syscen prevenls RaWer Zurjes
fram passzing Lksoegh o shorced section of sable 2nd
hesricpg the B = leng af ree
sufflefently co chermally damage
sulACSon.

The Znportance of Fallore analys:s canr
emphasized. In sny rether faileze, a l0-mes
on of cable including Lhe failurs location should
ke saved [of ansalysiz. The = roward tha e
shovlé be marked, and a2 cakle map preparad
the locacion of the fsiled section in relations
re the nandling sysfes sheaves. The causs of Lad
@, if knowm, the sea scace, an oT opsraling
d ke recorded.

u
cendiLians sho

fri whather Lhe fzdlers s
induced ranls
danage T! thes an examinslicn
of the sperazdonal proveduras is ia der.  If in-
cernally indeced, the rable may be waorn Sab or flav e
design defirisncies which maks it umsuicakle for
pee under exiscing condirions. A chanpe tnoapRras
tional procedurs noy cedece rhe eable gryesses FO2
tevel which will ailaw the Lether co perford satls-
faccorily.
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FIGURE 2



