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Foreword

About this Manual

This report documentsversion 2.0 of WHOI Cable. While it is our intention to provide up-to-

date,comprehensive, accuratedocumentation,WHOI Cableremainsa work in progressand as

suchundergoesfrequentchange.If you find somethingthat behavesdifferently thantheway this

documentsaysit shouldbehave thenpleaselet usknow.

This reportis anupdatedversionof WHOI TechnicalReport97-15.It is presentedlargely asa

user’s guidefor WHOI Cableandassuchcontainsacompletedescriptionof theWHOI Cablesuite

of programsasof version2.0. It doesnotprovide numericalor technicaldetailsabouttheprogram.

Technicalinformation aboutmany aspectsof the programis available in [2]. Other sourcesof

informationincludethepreviousreport[3], andthethesesthatlaid thegroundwork for theoriginal

implementationof WHOI Cable[4,8].
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Typographical Conventions

This report employs a numberof typographicalconventionsto mark buttons,commandnames,

menuoptions,screeninteraction,etc.

Bold Font Usedto markbuttons, andmenuoptions in graphicalenvironments.

Italics Font Usedto indicateanapplicationprogramname,e.g.res2mat.

Typewriter Font

Usedto representscreeninteractionat the shell prompt. Also usedfor example

input files,andkeywordsthatbelongin input files.

Key Representsakey (or key combination)to press,asin press Return to continue.
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Chapter 1

Intr oduction

1.1 Overview of problem types

The typesof systemsthat we classifyasoceanographicmooringsystemsincludesimpletethered

buoys,towedanddrifting systems,andcomplex stringsof instrumentationsuspendedin deepwater.

Fromanengineeringdesignperspective it is importantthatwe canpredicthow thesesystemswill

respondto a varietyof environmentalfactors,suchaswaves,wind, andcurrent.We might wantto

know just how muchcurrentit will take to pull a surfacebuoy underwateror what themaximum

tensionwill be in a mooringline duringa large storm. Thescientificpurposesof a systemmight

requirethat the motion of a particularinstrumentnot exceeda certainlevel in typical operating

conditions.Theunifying problembehindanalyzingthesekindsof systemsis oneof nonlinearcable

mechanics.

Typical oceanographicmooringsystemsconsistof rope,wire, andchainconnectedtogetherby

shackles,instruments,andbuoys andterminatedat theendswith buoys, ships,sinker weights,or

anchors.WHOI Cableis a collectionof computerprogramsfor cablemechanicsdesignedspecifi-

cally to solve thisnonlinearproblemfor systemswhichcanbedefinedin thesetermsandwhich fit

into oneof severalbasiccategories.

WHOI Cablewasdevelopedwith usabilityby theoperationalcommunityin mind. Theprogram

cansolve a wide rangeof problemsall from within a singleconsistentinterface.Themodeledsys-

temcanconsistof any combinationof differentcable,chain,andropesegments,with instruments,

floats,andconnectorsbetweensegments.Thegeometryof thesystemcanbe multiply-connected

(multi-leg mooringsandgeometrieswith segmentsdanglingfrom othersegments).The program

canalsosolve towing anddrifter problems.

In all casesWHOI Cablecanproducesolutionsin eithertwo or threedimensionsandcansolve

eitherthe static(steady-state)problemgiven forcing by current,wind, andship speed,or the dy-
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namicproblemgivenforcingbywavesandtimevaryingwind,current,shipspeed,andcablepay-out

rates.

1.2 WHOI Cable mathematical features

A detailedderivationof thegoverningequationsfor two- andthree-dimensional,static,anddynamic

problemscan be found in [2, 8]. For all problemtypesthe governing differential equationsfor

WHOI Cableinclude bendingstiffness,materialnonlinearities,coordinatetransformationbased

on Euler parameters,anda modelfor cable-bottominteraction.Thesefeaturesprovide important

new capabilitiescomparedto previous softwareprogramsusedfor modelingoceanographiccable

structures.

Incorporatingthe effectsof bendingstiffnesseliminatesthe singularityassociatedwith slack

tension[4]. Implicit codeswithout bendingstiffnessbecomeunstablewhentensiongoesto zero

anywherein thesystem.For oceanographicapplicationsa very small bendingstiffnessis usually

adequateto overcomethis numericalinstability. Theincorporationof bendingstiffnessalsoallows

for the seamlessmodelingof systemswith much larger materials,including offshoreproduction

risers.

Anotherinstability in many three-dimensionalcodesarisesfrom theuseof threeEuleranglesto

transformbetweenlocal andglobalcoordinates.Givena specificsequenceof rotations,the trans-

formationmatrix canbecomesingularin this approach.In long time simulationsof geometrically

nonlinearsystemsit is difficult to initialize thetransformationssuchthatthissingularitywill notoc-

cur. By usingfour parametersandtreatingthetransformationasa singlerotationabouta principal

axis,Eulerparameterbasedtransformationsavoid thisproblem[5,8].

The modelfor the interactionof cablesegmentswith theseafloor is basedon a linear elastic

foundation[9]. This approachis very generalandwith appropriatecarein selectingparameters,is

quiteaccurate[2]. It treatsbothbottomstiffnessanddampingandallows for anarbitrarily varying

elevationof thebottom.

1.3 WHOI Cable numerical features

For bothstaticanddynamicproblems,themathematicalproblemis posedasa systemof coupled,

nonlinearpartialdifferentialequations.Theprogramsolvesthissystemnumericallyby discretizing

thecontinuous(exact)formsof thegoverningequationsusingspatialfinite differencescenteredon

thehalf-grid points(which makestheapproximationsecondorderaccurate[10]) andfor dynamic

problems,the generalized-α time integration algorithm [1]. The generalized-α algorithm offers

superioraccuracy andstability comparedto alternative algorithmssuchasthebox method,trape-
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zoidal rule, andbackward differences[2]. Togetherwith anadaptive time steppingalgorithm,the

generalized-α algorithmproducesverystabledynamicsolutions.

At eachstepof the problemthe discretizedsystemof nonlinearequationsis solved by an it-

erative, implicit, adaptive relaxationtechnique[2, 6]. The initial guessfor the solution in static

problemsis calculatedusinga shootingmethod.For thedynamicsolution,theinitial guessat each

timestepis thesolutionfrom theprevioustimestep.At eachiterationtheequationsaresolvedusing

aasparseGaussianeliminationalgorithm[7] for whichthecomputationaleffort scaleslinearlywith

thenumberof nodes.

1.4 WHOI Cable implementation features

WHOI Cableis asuiteof applications,all of whicharecenteredaroundtheprimarysolverprogram,

cable. cableis responsiblefor processinguserinputfilesandgeneratingresultsfor all of thevarious

problemtypes. For a given modelsystem,a singleinput file is usedto definenumericalsettings,

environmentalparameters,systemcomponents,andsystemgeometry. Input files areconstructed

usingan intuitive, objectbasedsyntax. Definitions for commonlyusedcomponentscanalsobe

containedin centraldatabasefiles. Theinput syntaxallows for theuseof symbolicexpressionsin

mostassignmentstatementsandfor variableexpressionsin many of theenvironmentalandforcing

functiondefinitions.For example,currentcanbedefinedasa functionof depthusingthesymbolic

variableH.

The programdoesnot imposeany restrictionson the units usedin defininga problem. The

ability to useexpressionsin assignmentstatementsallows for easyconversionfrom onesetof units

into thebaseunitschosenfor agivenproblem.

The main post-processingprogramis animate. Solutionsfor three-dimensionalproblemscan

be drawn andanimatedin perspective view, with controlsfor on-the-flyperspective rotationand

scaling.Theprogramcanalsogenerateanimatedplotsof thevariousindependentvariablesin the

solution(velocities,forces,etc.).Plotsareavailablebothfor thevariableasafunctionof Lagrangian

coordinatealongthe system,updatedat eachtime step,andfor the variableat a specificnodeas

a function of time for the entiresimulation. Spectraof the temporalplots canbe generatedwith

the click of a button. All of the plots anddrawings provide controlsfor unlimited zooming. A

mechanismfor printing to postscriptfiles is alsoprovided.

For moredetailedaccessto the results,WHOI Cablealsoincludespost-processorsto convert

resultsto binary Matlab format or to ASCII text files. The Matlab file containsall of the results

generatedby thesolver, with convenientlyassignedvariablenames.A resultconvertedto a text file

containsonly thosevariablesspecificallyrequestedby theuser.

All of thecomponentprogramsarewritten in theC programminglanguage,makingthemeasily
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portableacrossplatforms. Theprimary interfaceunderWindows is an encapsulatorthatprovides

a graphicalinterfaceto all of the componentprograms.The animationpost-processoris written

for theX Window environmentcommonlyfoundon scientificworkstations.UnderWindows, the

encapsulatorcommunicateswith theanimationapplicationvia anX server runninglocally on the

PC.Thisapproachto thedevelopmentof WHOI Cableallowsasinglecodebaseto beusedfor both

PCandworkstationplatforms.Theadditionof theencapsulatorinterfaceunderWindows provides

a morecomfortableenvironmentfor PC userswho may be unfamiliar with command-linebased

workstationapplications.
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Chapter 2

Structur eof a cable Problem

2.1 Notation and coordinate systems

Thebasiccoordinatesystemfor cableis shown in figure2.1. Notethattheorigin of thecoordinate

systemis alwayslocatedat theanchorandthat theglobalz directionis positive upwards,globalx

is positive to theright, andglobaly is positive into thepage1. Currentcanbedefinedasa function

of depthandcanflow in boththex andy directions.Currentswith verticalcomponents(alongthe

z axis)arenot allowed. Dependingon theproblemtypeunderconsiderationthedepthmayor may

notberequiredin theproblemdefinition.

2.2 Basiclanguagefeatures

Theinput languagefor cableis meantto beasflexible andasforgiving aspossiblein termsof the

detailedstructureof an input file. The file is broken into sections,with eachsectioncontaining

definitionstatementsfor a particularaspectof theproblem.In general,sectionscanbespecifiedin

any order, ascandefinitionswithin asection.Multiple sectionsof thesametypecanbeincludedin

asingleinput file.

White space(blank lines, spaces,tabs)doesnot affect the interpretaionof the problemand

canbe usedarbitrarily to suit individual tastes.Commentsaredenotedasin the C programming

language;anything between/* and*/ will beignoredasa commentno matterwhereit appearsin

thefile.

Objectnames(i.e., thenamesyouassignto specificbuoy or materialdefinitions)cannotbekey-

words.They mustbegin with analphabeticcharacterandshouldcontainonly alphabeticcharacters,
1Note thatcableusesa rotatedinternalcoordinatesystemfor calculationsandresultsstoragein which x is up, y is

right, andz is into thepage.Bothuserandinternalcoordinatesystemshave their origin at theanchor.
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Figure2.1: Geometricdefinitionsfor cable.

numbers,andunderscores.If a namehasspacesin it thenit mustbe containedin doublequotes

Thecaseof keywords(eitherupper, lower, or mixed)doesnot matter. Thecapitalizationof object

names,however, is relevant.

2.2.1 Expressions

2.2.1.1 Constantexpressions

As a convenience,wherever a floating point numericvalue is requiredfor a parameteryou can

specify an arbitrary mathematicalexpression,including the operators+, -, *, /, % (modulo)

and the standardmathematicallibrary functionssin, cos, tan, sqrt, hypot, pow, exp, log, log10,

floor, ceil, fabsand fmod. Note that argumentsto the trigonometricfunctionsshouldbe given in

termsof radiansjustasif youwerecalling themfrom aC programusingthestandardmathlibrary.

Expressionscanalsocontainthe ternaryconditionaloperatorasin the C programminglanguage:

“if a thenb elsec” is symbolizedin a cable input file asa ? b : c wherea, b, andc areall

valid expressions.Thelogicaloperatorsto usein constructinga arethesameasthosein C (==, &&

(and), || (or), <=, <, >, >=, != (not equal)). Thesymbolicconstantpi canbeusedin any

expressionasthevalueof π (to 20places).

2.2.1.2 Variable expressions

For parameterspecificationsthat requirea functionaldependenceon a variable,thesesamecon-

structscanbeusedwith symbolicvariables.For exampleacurrentdefinitioncouldbewrittenusing
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thesymbolicvariableH to specifydepth. Speed,thrust,andpay-ratesat terminaldefinitions,and

wind andcurrentmodulationfunctionsin theenvironmentdefinitioncanbespecifiedasfunctions

of time,t. Thebottomelevation in theenvironmentdefinitioncanbewritten asa functionof both

x andy. Constitutive functionsfor nonlinearmaterialscanbewritten asa functionof straine.

For example,a shipspeedthatvariessinusoidallybetween-5 and+5 knotswith a periodof 5

minutescouldbewrittenas

x-speed = 0.514*5.0*sin(2.0*pi/300*t)

A bilinearstress-strainrelationshipcouldbewrittenas

T = e < 0.01 ? 50000*e : 25000*e

2.2.1.3 Discretefunctions

Becausesomefunctions(particularlycurrents)areeasierto expressin a discretized(asopposedto

continuous)form, thecablesyntaxalsoincludesa mechanismfor specifyinga discreterepresenta-

tion of a function.Thebasicspecificationconsistsof aseriesof pairsof theform (x, f(x)) where

f(x) is thevalueof the functionat independentvariablex. In evaluatingthe function,cablewill

linearly interpolatebetweenadjacentpairsfor positionsthat fall betweentwo pairs.Thefollowing

illustratesthis ideafor thecaseof acurrentdefinedpiecewiselinear

x-current = (0, 0.4) (100, 0.4) (500, 0.2) (1000, 0.0)

From the surface(depth= 0.0) to a depthof 100, thecurrentis constantat 0.4. Over the interval

from 100 to 500, thecurrentdecreaseslinearly from 0.4 to 0.2. From a depthof 500 to 1000the

currentdecreaseslinearly from 0.2 to 0.0. Pointsbelow 1000would beextrapolatedbasedon the

last two pairs(in our example,extrapolationwould result in negative valuesfor currentat depths

greaterthan1000).Notethatthepairsmustbegivenin orderof increasingindependentcoordinate.

You canexpressa periodicdiscretefunction simply by definingoneperiodandthenenteringa +

symbolat theendof theexpression.

2.2.2 Units

Thereareno set units for the dimensionalquantitiesthat you specify in defining a problemfor

cable. The importantthing is to remainconsistentin theunits thatyou use;numericalresultswill

thenbeconsistentwith theinput dimensions.Someexamplesof consistentunitswould belengths

in meters,weightsin Newtons,elasticmoduli in Pascals(N m� 2); momentsof inertia would be

in m� 4. ConvenientEnglishunitsareoftenpounds,feet,andpsf (poundspersquarefoot) or kips

(kilopounds),feet,andksf.
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2.3 Componentsof an input file

A cableinputfile consistsof aseriesof definitionstatementscontainedwithin eightdistinctsections.

Thereare threesectionswhich definethe basicnumericalandenvironmentset-upfor the model

(problem description, environment, analysis parameters), four sectionsfor defining the

systemcomponents(materials, connectors, buoys, anchors) andasinglesectionto definehow

thesystemgetsput together(layout). Detaileddefinitionsfor all elementsof theinput syntaxare

provided below. Chapter6 offers somesuggestionsabouthow the variousinput elementscanbe

manipulatedto get fast,robust,andaccuratesolutionsfor modelsthatmayinitially prove difficult

to converge.

2.3.1 Problemdescription

Theproblem description sectioncontainsthemostbasicdescriptionof thesystem:adescriptive

title string andthedefinition of theproblemtype. It mustbe thefirst sectionwithin the input file

andcannotberepeated.

title = string

A characterstringcontainingtheproblemtitle to beusedin thedisplayof results.

If thetitle containsspacesit shouldbeenclosedin doublequotationmarks.

type = problem type

problem type cancurrentlybeoneof general, surface, subsurface, towing,

drifter, positioned, tensioned, riser.

general general problemsare the simplestproblemfor cable to solve.

The secondterminalcanbe eitheran anchoror buoy (an anchor

if the end is fixed in dynamicsand a buoy if motionsor forces

will beappliedto theend). Thestaticsolutionis basedon forces

appliedat the secondterminal which must be specifieddirectly

with x-force=, y-force=, etc. defined.Thus,while this typeis

simplefor cable, it is notveryusefulfor realproblemsbecausethe

staticforcesaretypically not known apriori.

surface This is thetypeto usefor singlepoint surfacemooringproblems.

Thesecondterminalendmusthave a completelydefinedbuoy at-

tached. cablewill performouter loop iterationsto solve for the

staticdraft of the buoy. Oftentimessurface mooringstaticso-

lutions are difficult to obtain; automaticdynamicrelaxationof-

ten works well in suchcases(seesection6.2). With somecare
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surface problemscanalsobeusedto definemultileg moorings.

subsurface This type is for subsurface single point moorings. The second

terminal end must also be a completelydefinedbuoy but cable

cancalculatetheforceson thatbuoy without outerloop iterations.

Thus,theseproblemsaretypically mucheasierto solve statically

thansurface problems.However, automaticdynamicrelaxation

will work for theseproblemsif difficultiesdoarise.

towing towing problemsmusthave buoys definedat bothterminals.The

buoy descriptionatthefirst terminaldefinesthetow-bodyandmust

becomplete.Thebuoy at thesecondterminaldoesnot needto be

completelydefined.Tow speeds(x-speed=, etc)mustbespecified

for thesecondterminalof atowing problem.

drifter drifter problemsareterminatedwith buoys at both ends;both

buoy definitionsmustbecomplete.cablewill useouterloop iter-

ationsto calculatethesteadystatedrift speedof thesystem.

positioned Theseproblemswere called horizontal in earlier versionsof

WHOI Cable. In positioned problems,thesecondterminalend

mustbepositionedaway from thefirst terminalwith x=, y=, z=

definitions. cablewill performouter loop iterationsto calculate

the appropriatereactionforce at the secondterminal that brings

theterminalto therequiredposition.Theterminalcancontainei-

therananchoror abuoy, dependingon thewhethermotionsareto

be appliedin thedynamicproblem. This is often thebestchoice

of problemtype for multileg moorings(particularlyif thereis no

surfaceexpression).

riser riser problemsarenearlyidenticalto positioned problemsex-

ceptfor thetreatmentof materialabovethefreesurface.In positioned

problemsbuoyant materialabove the surfaceis madeto float on

thesurface. In riser problems,theweightof materialabove the

surfaceis takento betheair weightof thematerial.

tensioned Thisproblemtypeisusefulfor systemswith aspecifiedpre-tension

applied. Both tension= andz= (vertical position)of the second

terminalmustbespecified.cablewill useouterloop iterationsto

calculatethe angleat the top of the mooring that brings the top

nodeto thespecifiedverticalpositiongiventheappliedtension.
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deployment Thistypeis usedtosimulateanchorlastdeploymentof singlepoint

moorings. The first terminalshouldhave a fully definedanchor

andaspeedspecification.Thesecondterminalshouldhaveafully

definedbuoy specified. The staticsolutionwill be calculatedby

assumingthat thesurfacebuoy is beingtowed(at thespeedgiven

in thefirst terminaldefinition)with all of themooringpaidoutand

only the anchorleft on deck. This is essentiallya surfacemoor-

ing solutionwherethe tow speedcanbe representedasa current

flowing in theoppositedirectionandtheanchoris on thesurface

ratherthanthebottom. At thebeginningof thedynamicsolution

theanchoris releasedfrom surfaceandthewholesystembeginsto

fall towardsthebottom.Oncetheanchorhits thebottomit is fixed

in place.Staticsolutionsfor theseproblemscanbedifficult to ob-

tain. Bruteforcewith smallstaticrelaxationfactorandnearunity

outerrelaxationtypically worksbestif problemsareencountered.

2.3.2 Analysis parameters

Theanalysis parameters sectioncontainsdefinitionsthatcontrolthenumericalalgorithmswhich

areusedin thesolutionof cableproblems.The solutionof a cableproblemcanbe broken down

into two mainphases:staticanddynamicsolutions.Thedynamicsolutionis actuallyquitestraight-

forwardfrom auserperspective. Thestaticsolutioncanbemorecomplicated.

Within the static solution processthere is an initial guesssolution, static iterations,and, in

many problems,staticouteriterations.Thefirst stepin a staticsolutionis alwaysan initial guess

basedon either a catenaryor a shootingsolution. Shootingsolutionsrequireiterationsand can

fail to converge, but arequite accuratewhenthey canbe obtained.Catenarysolutionsarenearly

foolproof, but they areseldoma goodguessandthus leave muchwork for the following stages.

After the initial guessis calculatedthe programusesan iterative relaxationsolver to calculatea

static solution given a completeset of prescribedboundaryconditions(forcesat buoys, anchor

positions,etc.)Staticouteriterationsareneededwhenthesomeof theboundaryconditionsarenot

known a priori. For example,the forceson a buoy aredependenton thedraft of thebuoy, but the

draft cannotbe calculateduntil all the forcesareknown. Thus,the boundaryconditionsmustbe

solved for in this outerloop of iterations.Oncea final staticsolutionis calculated,thatsolutionis

usedasthe initial conditionfor the dynamicsolution. The dynamicsolutionusesa singlesetof

iterationsto find the instantaneousequilibrium solutionat eachtime-step,with the solutionfrom

theprevioustime-stepastheinitial guess.
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2.3.2.1 Global options

relaxation = constant expression

Theprimarynonlinearsolutiontechniquewithin cableis known asrelaxation.Us-

ing an initial guessat a solutionvector, the algorithmcalculatesan updateto the

solutionthat will bring thesystemcloserto equilibrium. The updatedsolutionis

thenfed backinto thealgorithmandtheprocessrepeatsuntil somesuitablyclose

approximationof equilibrium is achieved. The relaxationfactor is usedto speed

or slow this iterative process.In highly nonlinearproblemstheupdateto thesolu-

tion maynot bevery accurateandthusshouldnot befully applied.Therelaxation

factorallows this partial applicationof the update. cabledoeshave an adaptive

relaxationalgorithmthat will adjustthe relaxationfactorin troublesomeportions

of thesolution(seesection2.3.2.4below).

tolerance = constant expression

Theglobalconvergencetoleranceof therelaxationiterationsto beusedif specific

tolerancesare not given for the separatephasesof the problem. The tolerance

dictatesthe minimum acceptablerelative error betweeniterationsfor a solution

phaseto beconsideredconverged.

max-iterations = integer

Theglobalmaximumnumberof iterationsin all convergenceloops. It providesa

singledefault for theotheriterationcontrols.

2.3.2.2 Static solution options

static-initial-guess = string

Determinesthealgorithmusedto form theinitial guessfor thestaticsolutionalgo-

rithm. Must be oneof shooting or catenary. Defaultsto catenary if it is not

explicitly given. shooting is often a betterchoicebut shootingsolutionsarenot

availablefor all problemtypes.

static-solution = string

Determinesthealgorithmusedto calculatethefinal staticsolutionto beusedasthe

initial condition in the dynamicsolver. Must be oneof relaxation, shooting,

or catenary. When dynamicsolutionsare desiredit shouldalmostalways be

relaxation andthis is thedefault. Theotheroptionsareprovided primarily for

debuggingpurposes.Also, becauseshootingsolutionsareoftenvery fastandrea-

sonablyaccurate,they canbeusefulin preliminarydesignstudiesor whendynamic

solutionsarenotdesired.
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static-relaxation = constant expression

The relaxationfactorto be usedin the staticsolution. In many problems,it may

be necessaryto have differentfactorsfor staticanddynamicsolutions. Dynamic

solutionsalmostalwaysproceedbestwith arelaxationfactorof 1.0(full updateap-

plied at eachiteration),but many staticproblems(particularlythosewith complex

geometryor cablelying on thebottom)areonly stablewith a relaxationfactorof

0.1or smaller. If notgiventhestaticrelaxationfactorwill default to thevaluegiven

by relaxation=. At leastoneor theothermustbegiven.

static-tolerance = constant expression

Theconvergencetolerancefor staticiterations.In someproblems,it maybedesir-

ableto have differenttolerancesfor staticanddynamicsolutions.If notgiventhen

it will default to thevaluegivenby tolerance=. At leastoneor theothermustbe

given. For many staticproblemsa toleranceof 0.01- 0.0001is adequate.In some

rarecasesa statictolerancethat is too large leadsto poor resolutionof boundary

conditionsandstaticouteriterationscanfail to converge.

static-iterations = integer

Themaximumpermittednumberof relaxationiterationsin thestaticsolution.This

numbermayneedto bequite high for problemswith smallstatic-relaxation

factors.It will default to max-iterations if not givenexplicitly. At leastoneor

theothermustbegiven.

static-outer-relaxation = constant expression

The “relaxation” or “stiffness” factorto be usedin staticouter iterations. This is

not actuallya relaxationfactorin thesamesenseasdescribedabove. It is really a

scalingfactorthat hasdifferentusesdependingon what typeof problemis being

solved. In surface problemsit is the factorby which the trial draft of the buoy

is multiplied at eachouter iteration when the algorithm is trying to bracket the

solution betweenthe maximumdraft and a minimum draft at which a solution

canbe obtained. It defaults to 0.95 in theseproblems;smallervaluescanspeed

outerloopconvergence,but canalsoleadto solutioninstabilities.For positioned

problemsit is the factor by which distanceerrorsare multiplied to generatean

updateto the appliedforce vectorat a positionedboundary. It defaults to 5.0 in

theseproblems;largervaluescanleadto fasterconvergence,but canalsocancause

solutioninstabilities.

static-outer-tolerance = constant expression

Theconvergencetolerancefor theouterloop of staticiterations.This will control

the relative error in the iterationsusedto determinesurfacedraft (in a surface
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problem)or position of the secondterminal (in a positioned problem)for ex-

ample. If not given then it will default to the value given by tolerance= then

to static-tolerance. At leastoneof thesemustbe given. A valueof 0.01 is

typically sufficient for anaccuratesolution.

static-outer-iterations = integer

The maximumpermittednumberof iterationsto take in resolvingthe anchoror

buoy positionin thestaticsolution.Becausethealgorithmsfor finding theposition

of the secondanchorin a positioned problemor the surfacebuoy in a surface

mooringproblemarequiteconservative, they canoften take many hundredsof it-

erationsto converge. This parametergives you the capability to allow for large

numbersof iterationsin theseouterconvergenceloops,but not in thegeneralrelax-

ationiteration. It will default to max-iterations or static-iterations in that

orderof preference.

shooting-iterations = integer

This is the maximum numberof allowed iterationsin shootingsolution initial

guesses.If not givenit will default to themaximumnumberof allowedstaticiter-

ations. Shootingsolutionscanrequireouteriterationssimilar to thosefor regular

staticsolutions.The limit determinedby static-outer-iterations is usedfor

thoseiterations.

2.3.2.3 Dynamic solution options

duration = constant expression

Thetotal lengthof thedynamicsimulation.Must begivenif adynamicsolutionis

goingto beperformed.

time-step = constant expression

The time stepof the dynamicsimulation. Decreasingthe time stepis sometimes

a goodway to get arounda singularitythat may be occuring. Must be given if a

dynamicsolutionis goingto becomputed.cabledoeshave anadaptive time step-

pingalgorithmthatallows it to dynamicallydecreasethetimestepif it encountersa

singularityor a time stepwhichexceedsthedynamiciterationlimit. Thetime step

will bereducedby successive factorsof tenup to a maxiumof 5 times.If afterthe

fifth nestedreductiona singularity is encounteredthe programwill halt. Typical

basetime stepsrangefrom 0.01to 0.1secondsfor mooringproblemsto 0.5 to 1.0

secondsfor towing problems.

dynamic-tolerance = constant expression
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The convergencetolerancefor dynamiciterations. In someproblems,it may be

desirableto have differenttolerancesfor staticanddynamicsolutions.If not given

it will default to the valuegiven by tolerance=. At leastoneor the othermust

begiven. This toleranceshouldgenerallybe low ( � 10� 6) to preventerrorsfrom

building up asthesolutionprogressesin time.

dynamic-relaxation = constant expression

The relaxationfactor to be usedin the dynamicsolution. In someproblems,it

may be necessaryto have different factorsfor staticanddynamicsolutions(see

relaxation= above). If notgiventhenit will default to thevaluegivenbyrelaxation=.

At leastoneor theothermustbegiven.Thebestchoicefor thisparameteris almost

always1.0.

dynamic-iterations = integer

Themaximumpermittednumberof relaxationiterationsat eachtime step.Gener-

ally, staticsolutionscantake moreiterationsthanthedynamicsolutionat a single

time stepso this numbercanbe set lower. It will default to max-iterations if

not given explicitly. At leastone or the other must be given. A value of 20 is

appropriatefor mostproblems.

ramp-time = constant expression

The time periodover which the excitation amplitudeswill be linearly rampedup

to their full values. A non-zeroramp time is often usedto minimize numerical

transients.If not specifiedor if given as0.0 then the excitation amplitudeswill

simply be at their full valueright from the startof the simulation. It is generally

advisableto ramptheexcitationoveroneor two excitationor wave periods.

2.3.2.4 Advancedoptions

current-steps = integer

Thenumberof stepsto take in bringingthecurrentup to its full valuein thestatic

solution. For someproblemswith high currentsit can help convergenceif the

currentis broughtup to speedslowly. Usewith cautionthough,asotherproblems

mayconvergemostquickly athighcurrent.

relax-adapt-up = constant expression

This is theamountby which thecurrentrelaxationfactorwill bemultiplied when

theiterativesolutionis progressingwell. It will notgrow beyondthebasevalue.To

turnoff adaptiverelaxationsetthisvalueandrelax-adapt-down to1.0.relax-adapt-up

defaultsto 1.02.
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relax-adapt-down = constant expression

This is the amountby which the currentrelaxationfactor will be divided when

theiterative solutionis not progressingwell. Therelaxationfactorcancontinueto

shrinkuntil it becomessosmall that thesolutionstalls(seerelax-stall-limit

below). Whenthesolutionstartsto make progressagainrelax-adapt-up will be

appliedandtherelaxationfactorwill slowly increasebackto its baselinevalueor

to anequilibriumvalueatwhichthesolutioncanmakethebestoverallprogress.To

turnoff adaptiverelaxationsetthisvalueandrelax-adapt-up to1.0.relax-adapt-down

defaultsto 1.1.

relax-stall-limit = integer

This is themaximumnumberof iterationsallowedwith anon-progressingsolution

beforetherelaxationfactorwill revert backto its baselinevalue.

mesh-smoothing-length = constant expression

This is the lengthover which the curvaturewill be averagedto computethe the

meshdistribution weightingfunction.

mesh-amplification = constant expression

The adaptive meshdistribution algorithm tries both to increasenodedensity in

areasof high curvatureandto keepnodesfrom beingplacedtoo far apart. In that

algorithm,this is theweightgivento curvatureeffects(relative to unity for spacing

effects).A valueof 20 appearsto reasonablefor chaincatenarymoorings.

dynamic-integration = string

Specifiestheintegrationalgorithmto usefor calculatingspatialpositionsof nodes.

Must be oneof spatial or temporal. spatial calculatespositionsby starting

at the first nodeand integrating upwardsusing orientationand stretchedlength.

temporal calculatesthe positionof eachnodeindependentlyusingnodalveloc-

ities. The default is spatial. Changingto temporal may help remove drift or

positioninginaccuraciesin someproblems.

dynamic-alpha-k = constant expression

This is theweightingfactorfor stiffnessandforcetermsin thegeneralized-α time

integrationalgorithm.

dynamic-alpha-m = constant expression

This is the weightingfactor for masstermsin the generalized-α time integration

algorithm.

dynamic-gamma = constant expression
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Thisis thegeneralizedtrapezoidalruleintegrationweightingfactorin thegeneralized-

α time integrationalgorithm.Thetime integrationwill besecondorderaccurateso

longas

γ � αm � αk � 1
2 � (2.1)

dynamic-lambda = constant expression

This is thevalueof λ∞
1 � 2 in thegeneralized-α time integrationalgorithm. If speci-

fied,valuesfor αk, αm, andγ will becalculatedautomaticallyfrom

αk � λ∞

λ∞ � 1 � αm � 3λ∞ � 1
2λ∞ � 2 � (2.2)

andthe requirementthat the integrationbe secondorderaccurate(equation2.1).

Valid valuesare � 1 	 λ∞
1 � 2 � 1. The box method(the closestthing to the algo-

rithm in previousversionsof cable) is definedby λ∞
1 � 2 �
� 1. Usefulvaluesfor the

generalized-α algorithmare0.5 to -0.8. It defaultsto -0.5.

dynamic-rho = constant expression

Sameasdynamic-lambda.

2.3.3 Envir onmental parameters

Theenvironment sectionis usedto definethe externalconditionsunderwhich the simulationis

run. Density, gravity, depth,waves,current,andbottomparametersareall definedhere

gravity = constant expression

Theaccelerationof gravity expressedin appropriateunits. Must alwaysbespeci-

fied.

rho = constant expression

Thedensityof thefluid medium.Must alwaysbespecified.

depth = constant expression

Thedepthof thewater. Requiredfor all problemsexcepttowing anddrifter.

input-type = string

Specifiesthenatureof thedynamicinputs,eitherregular (harmonic)or random.

regular type inputstreattheexcitationasharmonicfunctionswith thegivenam-

plitude, periodandphase.random inputsbuild a randomprofile usingthe given

amplitudeasthesignificantamplitudeandthegivenperiodasthepeakperiod.In-

put phaseinformationis ignoredin randomtypeinputsbecausethephaseof each

componentis assignedrandomly.
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forcing-method = string

Thismustbespecifiedfor dynamicproblems.Theonly currentlyacceptablevalues

are:wave-follower, morison, velocity, andforce.

wave-follower

With wave following surfacebuoys theheave motionof thebuoy

is governedby theinstantaneousverticaldisplacementof thewave

field definedby x-wave= andy-wave= or wave-file=. Thebuoy

is unconstrainedin thehorizontaldirectionsandis freeto respond

to time-varying forcing by currentandwind. Horizontalmotions

arenot forcedby wave inputs.

velocity For velocity forcing themotionat thetop of thesystemis com-

pletelydescribedbyx-input=, y-input=, andz-input= orvelocity-file=.

force Like velocity but the inputsare taken to be forcesratherthan

motions.

morison morison forcing calculatesdragandinertial forceson subsurface

bodiesbasedon wave particlevelocity andacceleration.This is

themostphysicallyrealisticchoicefor subsurfacemoorings.

x-wave = (constant expression, constant expression, constant expression)

Theamplitude,period,andrelativephaseof thesurfacewavetravelingin theglobal

x direction.Usedwith wave-follower andmorison forcing.

y-wave = (constant expression, constant expression, constant expression)

Theamplitude,period,andrelativephaseof thesurfacewavetravelingin theglobal

y direction.Usedwith wave-follower andmorison forcing.

x-input = (constant expression, constant expression, constant expression) �����
Theamplitude,period,andrelativephaseof thedynamicinputin theglobalx direc-

tion. Only usefulwhenforcing-method is velocity or force. For input-type

= regular up to tendistinctharmoniccomponentscanbespecified.

y-input = (constant expression, constant expression, constant expression) �����
Theamplitude,period,andrelativephaseof thedynamicinputin theglobaly direc-

tion. Only usefulwhenforcing-method is velocity or force. For input-type

= regular up to tendistinctharmoniccomponentscanbespecified.

z-input = (constant expression, constant expression, constant expression) �����
Theamplitude,period,andrelativephaseof thedynamicinputin theglobalz direc-
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tion. Only usefulwhenforcing-method is velocity or force. For input-type

= regular up to tendistinctharmoniccomponentscanbespecified.

x-current = variable expression

Thecurrentin theglobalx-direction,possiblyasa functionof depth(usingeither

adiscreteexpressionor acontinuousexpressionwith thesymbolicvariableH).

y-current = variable expression

Thecurrentin theglobaly-direction,possiblyasa functionof depth(usingeither

adiscreteexpressionor acontinuousexpressionwith thesymbolicvariableH).

x-current-modulation = variable expression

Thetime varyingmodulationof thecurrentin thex-direction,eitherasa discrete

expressionor acontinuousexpressionwith thesymbolicvariablet. Defaultsto 1.0

(nomodulation).

y-current-modulation = variable expression

Thetime varyingmodulationof thecurrentin they-direction,eitherasa discrete

expressionor acontinuousexpressionwith thesymbolicvariablet. Defaultsto 1.0

(nomodulation).

x-wind = variable expression

Wind, possiblyasa functionof time, in thex-direction.

y-wind = variable expression

Wind, possiblyasa functionof time, in they-direction.

bottom-elevation = variable expression

The elevation of the bottomrelative to the origin (the anchorin mostproblems).

Theelevationcanbespecifiedasa continuousfunctionof bothx andy. It should

always be definedsuchthat the origin is at elevation zero. Discreteexpression

syntaxcanonly beusedto describeelevationsasa functionof x only.

bottom-friction = constant expression

Thecoefficient of staticfriction betweenmooringline andseafloor.

bottom-stiffness = constant expression

Thespringstiffnessof thebottomperunit length.For oceanographicapplications

valuesfrom 100to 1000(in MKS units)aretypical.

bottom-damping = constant expression

Thedampingratio of thebottom. Thedashpotcoefficient for thebottomis calcu-
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latedfrom this ratio usinga naturalfrequency basedon bottomstiffnessandcable

mass. Settingthis parametertoo high cansometimeslead to instabilitiesin the

dynamicsolutionof aproblem.A valuegreaterthan1.0 is seldomnecessary.

wave-file = string

Thenameof thedatafile containingaspectraldescriptionof theinputwavefield in

thex-direction. Thefile shouldbeASCII datawith threecolumnsper line: radial

frequency, spectralpower, andphase.

velocity-file = string

Thenameof thedatafile containingtimeseriesof inputvelocity. Thefile shouldbe

ASCII datawith four columnsperline: time,x velocity, y velocity, andz velocity.

This is typically mostuseful for modelvalidationandcalibrationwhentrying to

matchexperimentresultsgivenanobservedtimeseriesof input motions.

force-file = string

Sameasvelocity-file whenforcing-method=force.

2.3.4 Cable,chain and ropematerials

Thematerials sectiondefinesthecablematerialsthatmake-upthesystem.Eachmaterialdefini-

tion consistsof auniquenamefollowedby a seriesof materialpropertydefinitions,suchas

wire EA = 4.4e6 EI = 500 GJ = 25

m = 0.160 am = 0.05 wet = 1.15

d = 0.0063 Cdt = 0.01 Cdn = 1.5

Rememberthatwhite spaceandorderingdoesnot matterso thesepropertiescouldbearrangedin

many otherways.

m = constant expression

Themassperunit lengthof thematerial.Mustbenon-zero.

wet = constant expression

The wet weight (weight in the fluid characterizedby the densitydefinedin the

environment section)perunit length.If thewetweightfor amaterialis notspeci-

fied(or is specifiedto bezero)thenit will becalculatedaswet = mg � Aρg where

A is thecross-sectionalareaof thematerialbasedon thespecifiedmaterialdiame-

ter, m is thespecifiedmaterialmassperunit length,andg andρ arethegravitational

accelerationanddensityof thefluid mediumdefinedin theenvironment section.

For neutrallybuoyantmaterialsspecifysomevery smallnumber.
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d = constant expression

Thediameterof thematerial.This valueis usedin dragcalculationsfor projected

areaandto calculatewetweightandaddedmasswhenthesevaluesarenotexplic-

itly given. For chains,this diameteris typically taken as the outsidewidth of a

singlelink.

length = constant expression

For fixedlengthinstrumentsandassembliestreatedasmaterials,thelengthcanbe

specifiedin the materialdefinition. If the segmentlength is omitted in a layout

entrythenthelengthfrom theassociatedmaterialdefinitionwill beused.

Cdn = constant expression

The dragcoefficient in the normal (transverse)direction. Typically between1.5

and2.0for standardcircularoceanographiccablesand0.5to 0.6for chain.

Cdt = constant expression

The dragcoefficient in the tangential(longitudinal)direction. Typical valuesfor

oceanographiccablesrangebetween0.003(for smoothcables)and0.05(for some

fairedcables).A typical valuefor chainis 0.01.

EA = constant expression

The axial stiffnessof the material. Must be non-zero. For ropesandcablesthis

valueshouldtypically belessthanthestraightproductof E (elasticmodulus)times

A (cross-sectionalarea).It is bestdeterminedfrom theslopeof anexperimentally

derivedload-elongationcurve.

EI = constant expression

The bendingstiffnessof the material. Must be non-zero.For chainsit shouldbe

very small.For ropesandcablesthevalueshouldprobablybesomethinglessthan

thethetheoreticalvaluefor asolid rodgivenby

E
πR4

4 � (2.3)

GJ = constant expression

The torsionalstiffnessof the material. Must be non-zero,but is ignoredin 2D

problemsandcouldthusbearbitraryin thosecases.For ropesandcablesthevalue

shouldprobablybesomethinglessthanthe theoreticalvaluefor a solid rod given

by

G
πR4

2 � (2.4)
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am = constant expression

The transverseaddedmassper unit lengthof the material. If the addedmassfor

a materialis not specified(or is specifiedto bezero)thentheaddedmasswill be

calculatedasam = Aρ whereA is thecross-sectionalareaof thematerialbasedon

thespecifiedmaterialdiameterandρ is thedensityof thefluid mediumdefinedin

theenvironment section.

amt = constant expression

The tangentialaddedmassper unit lengthof the material. If not given it will be

taken to be 0.0. Generallyonly appliesfor chainandsomeinstrumentsthat are

modeledasmaterialsegments.

amn = constant expression

Sameasam.

Cat = constant expression

Thetangentialaddedmasscoefficient. If amt is not givenandCat is specifiedthe

tangentialaddedmasswill becalculatedasAρCat .

Can = constant expression

The normaladdedmasscoefficient. If amn is not given andCan is specifiedthe

normaladdedmasswill becalculatedasAρCan.

Cmt = constant expression

The tangentialvirtual masscoefficient. If amt andCat arenot given andCmt is

specifiedthetangentialaddedmasswill becalculatedasAρ � Cmt � 1 .

Cmn = constant expression

Thenormalvirtual masscoefficient. If amn andCan arenotgivenandCmt is speci-

fied thenormaladdedmasswill becalculatedasAρ � Cmn � 1 .

bt = constant expression

Structuraldampingconstantof the materialfor tangentialmotions. Negligible in

mostapplications.

bn = constant expression

Structuraldampingconstantof thematerialfor transversemotions. Negligible in

mostapplications.

type = string

Specifiesthetypeof constitutive relationshipto usefor this material.Valid values

arelinear andnonlinear. If the materialis linear thenEA will be usedfor all

29



tension-straincalculations.If nonlinear is specifiedT, Te, andTee mustbegiven.

Default is linear.

T = variable expression

For nonlinearmaterialsthisfunctiondefinestheload-elongationcurveasafunction

of strainusingthesymbolicvariablee. If this function is given bothTe andTee

mustbegivenaswell. In suchcasesthesefunctionswill beusedratherthanEA to

calculatethematerial’s tensionresponse.

Te = variable expression

Fornonlinearmaterialsthefirstderivativeof theload-elongationcurveasafunction

of strain,e. For linearmaterialstheslopeof theload-elongationcurve is EA.

Tee = variable expression

Fornonlinearmaterialsthesecondderivativeof theload-elongationcurveasafunc-

tion of strain,e. For linear materialsthesecondderivative of the load-elongation

curve is zero.

comment = string

Definesa stringthatcanbeusedto identify thematerialdefinitionmorefully than

its symbolicname.

2.3.5 Connectors

The connectors sectionis usedto definethe shackles,floats, and instrumentsthat are placed

betweencablesegments.A connectoris definedby auniquenamefollowedby aseriesof property

definitions.

wet = constant expression

Thewetweightof theconnector.

m = constant expression

Themassof theconnector.

d = constant expression

Thecharacteristicdiameterusedto calculateadragarea.

am = constant expression

Theaddedmassof theconnector. If it is notspecifiedit will becalculatedbasedon

thespecifiedcharacteristicdiameter.
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Cdt = constant expression

The tangentialdragcoefficient of the connector. In global coordinatesthis is the

dragcoefficient usedfor verticalmotions.

Cdn = constant expression

Thenormaldragcoefficient of theconnector. In globalcoordinatesthis is thedrag

coefficient usedfor horizontalmotions.

comment = string

Definesastringthatcanbeusedto identify theconnectordefinitionmorefully than

its symbolicname.

All connectorsarecurrentlymomentreleasing– thatis they cannottransmitamomentbetweenthe

segmentswhich they areplacedbetween.For shackleandpin-typeconnectorsthis is a reasonable

assumption.

2.3.6 Buoys

The buoys sectiondefinesthe buoy or ship that is usedat the top of the mooring. If part of the

solutioninvolvescalculatingthestaticforcesat thetop of themooringdueto buoyancy anddrag,

or if morison forcing was specifiedin the environment sectionthen buoy definitionsmust be

complete.Buoysarealsousedto representthetowedvehicleendof atowing problemor thesinker

weight in a drifter problem.In this casethey shouldbedefinedasanequivalentspherewith the

diameterandan explicitly specifiedbuoyancy (ratherthanan automaticallycalculatedbuoyancy

basedon thediameterof thesphere)manipulatedto simulatetheproperdragareaandwetweight.

type = string

Thebasicbuoy type.Currentlyrecognizedvaluesaresphere, cylinder, capsule,

axisymmetric, ship, platform.

d = constant expression

Thediameterof thebuoy for buoy shapeswith pre-definedgeometry(cylinder,

sphere, capsule).

h = constant expression

Thetotalheightof acylinder buoy or thetotal lengthof acapsule buoy.

diameters = (x1, d1) ����� (xn, dn)

The descriptionof the geometryof an axisymmetric buoy from the bottomup.

Eachpair of numbersrepresentsa level and a diameter. The buoy geometryis

definedasanaxisymmetricbodyof revolutionformedby thelinesconnectingthese
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points.

buoyancy = constant expression

If given this will beusedasthe fully submergeddisplacementof thebuoy. If not

given it will becomputedbasedon buoy typeandspecifiedgeometry. This is not

thesameastheavailablebuoyancy or wetweight.

m = constant expression

Themassof thebuoy.

am = constant expression

Theaddedmassof thebuoy. Currentlyonly usedwhenmorison forcing is active

or for themotionsof tow bodies.If it is notspecifiedit will becalculatedbasedon

buoy diameter.

Cdt = constant expression

Thetangentialdragcoefficient of thebuoy. Also usedfor vertical forcesin global

coordinates.

Cdn = constant expression

Thenormaldragcoefficient of thebuoy. Also usedfor horizontalforcesin global

coordinates.

Cdw = constant expression

Thedragcoefficient of thebuoy in wind.

Sw = constant expression

Thesurfaceareaof thebuoy exposedto wind drag.If notgivenit will becalculated

from the buoy draft andshape,but this will only be accuratefor a small classof

systems.

comment = string

Definesa stringthatcanbeusedto identify thebuoy definitionmorefully thanits

symbolicname.

2.3.7 Anchors

The anchors sectiondefinesthe anchorsthat are usedat one or both endsof the system. The

parametersarecurrentlyonly usedin deployment problems.For otherproblemsyoumustcreatea

valid anchornameto beusedin theterminal definitionsof thelayout sectionfor any problems

thatrequireit.
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m = constant expression

Themassof theanchor.

wet = constant expression

Thewetweightof theanchor.

d = constant expression

Thecharacteristicdiameterof theanchor. Theforceson theanchorarecalculated

assumingthattheanchoris aspherewith thisdiameter.

Cdn = constant expression

Thenormaldragcoefficient of theanchor. Also usedfor forcesin theglobalhori-

zontaldirections.

Cdt = constant expression

The tangentialdragcoefficient of the anchor. Also usedfor forcesin the global

verticaldirection.

mu = constant expression

The coefficient of static friction betweenthe anchorand the bottom. In future

versionsof cablethis maybeusedin calculatingtheholdingpower of theanchor.

It is currentlyunusedin all problemtypes.

2.3.8 Systemlayout

2.3.8.1 Singlepoint, simply connectedsystems

Thegeometryof themostmodelsystemsis built from thebottomup asa seriesof segmentswith

optionalconnectorsbetweensegmentsandterminalpointsat theends.Terminalpointscanconsist

eitherof buoys or anchors.The layout sectionfor a singlepoint mooringwith just oneshotof

materiallookslike thefollowing

Layout

terminal = { anchor = clump }

segment = {

length = 200

material = wire

nodes = (100, 1.0)

}

terminal = { buoy = snubber }
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If therewasashotof nylon above thewire connectedby ashacklethenwesimplyaddaconnector

= statementandasecondsegment = statement

Layout

terminal = {

anchor = clump

}

segment = {

length = 200

material = wire

nodes = (100, 1.0)

}

connector = shackle

segment = {

length = 50

material = nylon

nodes = (100, 1.0)

}

terminal = {

buoy = snubber

}

In bothof theseexamplesall of thenamedobjectsclump, wire, shackle, snubber needto be

definedin theabove describedsectionsof theinputfile.

If wewantedto defineaproblemwith bothendsanchoredto thebottomthenwesimplyspecify

adifferentterminalat thesecondendof thesystem

Layout

terminal = {

anchor = clump

}

segment = {

length = 20

material = wire

nodes = (40, 1.0)

}

connector = glass_sphere

segment = {

length = 100
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anchor clumpanchor clump

40 m nylon

5 m nylon

buoy sinker

30 m nylon30 m nylon20 m wire 20 m wire

connector shackle

connector glass_sphere

Figure2.2: Geometryof thebranchedlayoutdescribedin thetext.

material = nylon

nodes = (50, 1.0)

}

connector = glass_sphere

segment = {

length = 20

material = wire

nodes = (40, 1.0)

}

terminal = {

anchor = clump

z = 0.0

x = 100.0

}

This would definea threesegmentsystemwith both endsanchored;thesecondanchoris located

100unitsto theright of thefirst anchor.

2.3.8.2 Branchedand multileg systems

Any systemthatcannotbedescribedasa single,simply connectedstringof segmentsbetweentwo

terminalsmustbedescribedusingbranches.Branchescanbeusedto describemultileg systemsand

systemthathavestringsof segmentshangingfrom othersegments.Brancheswereoriginally added

to cableto handlethis lattercasefor horizontalarraymoorings.Thegeometryshown in figure2.2

is describedby amodifiedversionof thelayoutwith bothendsanchoreddescribedabove:

Layout
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terminal = {

anchor = clump

}

segment = {

length = 20

material = wire

nodes = (40, 1.0)

}

connector = glass_sphere

segment = {

length = 30

material = nylon

nodes = (30, 1.0)

}

connector = shackle

branch = {

segment = {

length = 5

material = nylon

nodes = (5, 1.0)

}

terminal = {

buoy = sinker

}

}

segment = {

length = 40

material = nylon

nodes = (40, 1.0)

}

connector = shackle

branch = {

segment = {

length = 5

material = nylon

nodes = (5, 1.0)

}

terminal = {

buoy = sinker
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}

}

segment = {

length = 30

material = nylon

nodes = (30, 1.0)

}

connector = glass_sphere

segment = {

length = 20

material = wire

nodes = (40, 1.0)

}

terminal = {

anchor = clump

z = 0.0

x = 100.0

}

Thestringshangingoff thehorizontalmemberaredefinedby addinga branch= specification

aftera connector=. For multileg mooringsmultiple branchescanleave from thesameconnector

by addingmorebranch= specifications.Within a branchdefinition segmentsandconnectorsare

strungtogetherto definethebranchjust asthey areon themainsystem.A branchdefinitionmust

endwith a terminal.Theterminalcancontainananchoror abuoy, or it canrejoin themainsystem

to form a loopusingnode=.

2.3.8.3 Layout parameters

segment = � segment definition �
A segmentdefinitionconsistsof threerequiredstatements:length = , material

= , andnodes = . Thestatementattachments = is optional.

length = constant expression

Thelengthof thesegment.Thisentrycanbeomittedif theassoci-

atedmaterialhasavalid lengthdefined.

material = string

Thematerialtypeto beusedfor this segment.

nodes = (integer, constant expression) (integer, constant expression) �����
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Thenumberanddistributionof nodesto beusedin discretizingthe

segment.In generaladiscretizationwill consistof aseriesof pairs

of the form (numberof nodes,fraction of length)wherethe total

numberof nodesfor the segmentis derived from the numberof

nodeslisted in eachpair andthe lengthfractionsof all pairsmust

addto 1.0. Theconstructallows for increasingnodedensityover

portionsof a segmentwherehigh spatialgradientsareexpected

(oftentimesthe endpointsof a segment). For instancea speci-

fication of the form nodes = (100, 0.1) (100, 0.8) (100,

0.1) will place100nodesin boththefirst andlast10%of theseg-

mentand100nodesin themiddle80%of thesegment.Thisentry

canbeomittedonly if lengthis omittedandtheassociatedmate-

rial hasalengthdefined.If omitted,threenodeswill bedistributed

uniformly over theentiresegment.

attachments = string : (n1
1, n1

2, ����� ), string : [nstart, nstep, nstop], �����
Specifiesanoptionallist of attachedobjectson this segment.At-

tachmentsaddmass,weight,anddragat a node.Eachattachment

consistsof anobjectdefinedin theconnectors sectionanda list

of local nodenumbers(i.e., nodenumbersreferencedto the seg-

mentthat is beingdefined)at which that typeof objectshouldbe

placed. Multiple typesof attachmentscanbe definedasshown.

Any given nodecanonly have onetype of objectattached,how-

ever. For irregularly spacedattachmentsthe list of nodescanbe

given explicitly insideparentheses.For regularly spacedattach-

mentsyou canusethesquarebracket constructto definethestart-

ing node,interval, andendingnodefor theplacementof anattach-

ment.

connector = string

Specifiestheoptionalconnectorthatcanbeplacedbetweensegments.If noconnec-

tor is specifiedbetweensegmentsthenthejoinedendsof thetwo segmentssimply

overlapandtheresultsfor thetwo nodeslocatedat thatpoint will alwaysbeiden-

tical. Omitting a connectorbetweensegmentsis oneway to modela connection

thatdoesnot transmitmoments.A connectormustprecedeabranch(i.e.,moments

mustbereleasedatapoint wheremorethantwo segmentscometogether).

branch = � branch definition �
Specifiesa branchedseriesof segmentsandconnectorsthat leavesfrom themain

system.Eachbranchdefinitionmustendwith a terminal.
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2.3.8.4 Terminal parameters

terminal = � terminal definition �
A terminaldefinition mustcomebothat thebeginning andendof the list of seg-

mentsandconnectorsandattheendof everybranch.It canconsistof statementsof

theformanchor=, buoy=, x=, y=, z=, x-force=, y-force=, z-force=, x-speed=,

y-speed=, z-speed=, x-thrust=, y-thrust=, z-thrust=, tension=, pay-rate=

andrelease-time=. Main terminaldefinitionsmustcontainat leastananchor or

buoy definition.Branchterminalsmusthaveananchor, buoy or node= statement.

anchor = string

Specifiestheanchorto useat this termination.

buoy = string

For traditionalsinglepointmooringsthisdefinesthenameof thebuoy to beusedat

thetopterminalof thesystem.Fordrifterandtowing problems,abuoy = statement

is usedin thefirst terminal definitionto definethemassat thesubsurfacefreeend

of thesystem(usuallyadepressorweightor avehicle).

z = constant expression

Thez location(vertical)of ananchorin theglobalcoordinatespace.

x = constant expression

Thex location(2D in-planehorizontal)of ananchorin theglobalcoordinatespace.

y = constant expression

They location(3D out-of-planehorizontal)of ananchorin theglobalcoordinate

space.

z-force = constant expression

Optionallyuserprovided staticforceon a buoy. If specifiedit is importantthat it

be large enoughto supportthe weight of the mooring. If it is not large enough

thesolutionwill eitherbeupsidedown or theproblemwill not besolvable. User

specifiedstatic forcesare only usedfor general problems. In all other cases,

cableautomaticallycalculatesend-pointstaticforcing basedon currentsanddrag

propertiesandweightsandbuoyancies.

x-force = constant expression

Optionallyuserprovidedstaticforceon abuoy.

y-force = constant expression

Optionallyuserprovidedstaticforceon abuoy.
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x-speed = variable expression

Optionally userspecifiedspeedof the terminalin theglobal x direction. Theex-

pressioncanbe a function of t (time) or a discretestep-wiseexpression.This is

mostcommonlyusedto specifya tow speedor thespeedof a surfacedrifter. As

functionsof time, thex-speed andy-speed canbeusedto specifycomplex mo-

tionsof asurfacetow ship(for example,two sinusoidalfunctionsoutof phasewith

oneoneanothercouldbeusedto specifycircularor elliptical tow patterns).In or-

derto geta valid static(steady-state)solution,at leastonecomponentof thespeed

shouldevaluateto non-zerovaluesat time t = 0.0.

y-speed = variable expression

Optionallyuserspecifiedspeedof theterminalin theglobaly direction.

z-speed = variable expression

Optionallyuserspecifiedspeedof theterminalin theglobalz direction.

x-thrust = variable expression

This thetime varyingforceappliedon a buoy terminalin theglobalx direction.It

is intendedto beusedwith ROV towing problems.

y-thrust = variable expression

Timevaryingthrustin theglobaly direction.

z-thrust = variable expression

Timevaryingthrustin theglobalx direction.

pay-rate = variable expression

Thepay-out(or pay-in) rateof materialoff of the terminal. This is typically most

usefulfor towing problems.Theexpressioncanbea functionof time or a discrete

expression. Positive ratesindicatematerialbeingaddedto the system;negative

ratesindicatematerialbeingtakenout of thesystem.Ratesshouldbespecifiedin

units of lengthper time. Rememberthat for problemswith positive pay-ratesthe

total numberof nodesin theproblemwill begreaterthanthetotal numberdefined

by thesumof all nodesoverall segmentsdefinedin thelayout section.

node = integer

In a branchterminaldefinition this option is usedin lieu of an anchoror buoy to

specifythat thebranchrejoinsthemain segmentstring to form a loop. Thenode

numbermustbeavalid globalnodenumberon themainsystem.

release-time = constant expression

The time point during the simulationat which the the buoy or anchorshouldbe
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releasedfrom thesystem.This canbeusedto simulateanchorreleasefor mooring

retrieval problemsandcablebreakingfor towing problems.

2.3.9 The endstatement

Thefinal statementin any inputfile mustbeanend statement.
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Chapter 3

The cable Application

3.1 Basicoperation

Thebasicway to solve astaticproblemwith cableis simply to type

% cable -in foo.in -out foo.res -static

on the commandline, wherefoo.in is the nameof a cable input file andthe outputfile will be

namedfoo.res1. For adynamicproblem,a typical commandline might look like

% cable -in foo.in -out foo.res -nodes 50 100 -sample 0.1 -snap_dt 1.0

Likethestaticproblem,theinputandoutputfilesarerequiredparametersonthecommandline. The

contentsof theresultsfile aredeterminedby theremainingparameters;it will containinformation

at nodes50 and100at every 0.1 secondsandinformationat all nodes(a “snapshot”)at every 1.0

seconds.Exactlywhatinformationgetssavedat thosetimepoints(andtheinformationwrittenfor a

staticresult)is controlledby additionalparameters.By default, asmany variablesasareapplicable

will beoutputfor agivenproblem– youcanchangethisbehavior by turningunnecessaryvariables

off. In staticsolutions,availableinformationincludesmotion(position),forces,momentsandEuler

parameters;in dynamicsolutions,velocity is addedto thelist of availableinformation.

For example,astaticproblemsolvedwith thecommand

% cable -in foo.in -out foo.res -static +motion +moment +euler

1Thereareno enforcednamingconventionsfor input or outputfiles (i.e., thereis no requirementthatinput files have
theextension.in or thatoutputfiles have theextension.res).
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will containonly force(tensionandshearforces)informationbecauseall otherapplicablevariables

have beenturnedoff (with the+motion, +moment, and+euler switches).If we remove thestatic

solutionswitchandaddsamplinginformation

% cable -in foo.in -out foo.res -snap_dt 1.0 +motion +moment +euler

thencablewill follow the staticsolutionwith a dynamicsolutionandthe resultsfile will contain

both forceandvelocity information,but only in snapshotform at 1.0 secondintervals. If we also

wanteda detailedtime history of the position of node100 then the above commandline would

become

% cable -in foo.in -out foo.res -snap_dt 1.0 -sample 0.1 -nodes 100

+moment +euler

3.2 Using the run-time solution controls

By default,cableprovidesrun-timefeedbackin theform of ASCII text outputto theterminal.This

informationconsistsof thecurrentiterationnumber, time step,error toleranceandany diagnostic

messages.This informationcanbeloggedby redirectingthestdoutoutputstreamto afile.

An alternative to this form of feedbackis thegraphicalinformationandcontroldialogpictured

in figure 3.1. This control canbe enabledby specifying-X on the cablecommand-line.If this

dialogis enabledthenthetextual outputto thestdoutstreamof theterminalwill besuppressedand

all diagnosticinformationis sentto theappropriatefieldsof thecontroldialog.Thestatusmessage

window providesa 100line circularbuffer for algorithmicandsolutionprogressinformation.You

canusethearrow buttonsnext to themessagewindow to scroll forwardandbackwardthroughthis

buffer. Notethatwith theinformationandcontroldialogenabled,cabledoesnotautomaticallyexit

after thesolutionis complete.Thedialogwill remainon thescreenuntil thequit buttonis pressed

unlessthe-quit command-lineoptionwasspecified.

Theinformationandcontroldialogalsoallows certainaspectsof theanalysisparametersto be

adjustedduringthesolutionof theproblem.Therelaxationfactor, toleranceanditerationlimit for

all threeiterationloops(static,staticouter, anddynamic)canbeadjusted.A typical needfor such

anadjustmentmight be to allow for moreiterationsif a problemis observed to beconverging but

not fastenoughthatit will reachthedesiredtoleranceby theiterationlimit pre-setwithin theinput

file. Relaxationfactorscanalsosometimesbeadjustedadvantageouslyto speed-upconvergenceor

to stabilizeaniteration.

To adjusta parameter, the problemmust be paused.With the problempaused,changescan

be madewithin the grid of nine adjustableparameters.In order for thesechangesto take affect,
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Figure3.1: cable’s graphicalinformationandcontroldialog.

the update button must be pushedand the problemunpaused.The problemcanbe pausedand

parametersadjustedany numberof times. The restore button will resetall fields to their original

values.

In adynamicproblem,thetime-stepcanalsobechangedwhile thesolutionis in progress.Care

mustbetakensothat thesolutionremainson thesamplinggrid. Also, changesto thetime-stepdo

not take effect instantaneously. If theadaptive time-steppingalgorithmis active thenthechanged

time-stepwill not take effect until thesolutionis backon theoriginalgrid. Whenthesolutionis on

theregular temporalgrid, theupdatedtime-steptakeseffect onestepafter thechangeis made.So

if thecurrenttime is 3.55andthetime-stepis changedfrom 0.01to 0.05,thenext solutionwill be

at 3.56,not 3.60aswasprobablyintended.You canpauseandunpausethesolutionasneededto

make surethattime-stepchangesaremadein thestepprior to astepon thenew solutiongrid.

3.3 Using the C pre-processor

Every input file that is run throughcable is pre-processedby theC preprocessor. This allows for

the useof macrodefinitionsandincludefiles within an input file. This is a particularlypowerful

featurefor usersdoingparametricdesignstudiesof a givensystemor for userswho have built up

largedatabasesof cable,buoy, andconnectorproperties.

For the parametricdesignstudy, considerthe casewherewe have written an input file for a
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mooring systemand we want to generatetime seriesof the resultsat node100 for a variety of

systeminputs– sayfor sinusoidalverticalexcitationat 3.0m amplitudeand4.0,6.0,8.0,10.0,and

12.0 secondperiod. In our input file thenwe might have an environmentaldescriptionline (see

chapter2) thatlookslike

z-input = (3.0, PERIOD, 0.0)

Whenwe run cablewe just needto supplyaC pre-processormacroto replacethePERIOD variable

with theactualperiodthatwe wantto run

% cable -in foo.in -out foo.res -nodes 100 -sample 0.1 -DPERIOD=4.0

Runningthefull seriesof excitationperiodsisverysimplewith shellconstructssuchascsh’sforeach

command

% foreach T (4, 6, 8, 10, 12)

? cable -in foo.in -out foo_$T.res -nodes 100 -sample 0.1 -DPERIOD=$T

? end

This will run,oneright afteranother, themodelfor eachof thefive periodsandstoretheresultsin

filesnamedfoo 4.res, foo 6.res, etc.

To createa materialdatabase,simply createa file with just a materials section(the same

conceptsapplyto otherobjectsaswell: anchors,buoys, connectors)anddefinitioninformationfor

all of thematerialtypesthatyou regularlyuse.If youcalledthatfile ropes.db thenall youneedto

do to usethedatabaseinformationin any inputfile is to includetheline

# include "ropes.db"

in your input file (it mustcomeaftertheproblem description section,but otherthanthat it can

beanywherein theinput file). Becausesectionscanberepeatedin aninput file you canincludeas

many suchdatabasesasnecessaryandalsohave “local” sectionsdefinedright in thefile.

3.4 Summary of commandline parameters

Thefollowing areall of theavailablecommandline switchesandparametercontrolsfor cable.

-in filename

thenameof thecableinput file.
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-out filename

thenameto usein creatingtheoutputresultsfile.

-load filename

if given,indicatesthat thestaticsolutionshouldbereadfrom theresultsfile given

by filename (as opposedto the static solution being generatedduring the cur-

rentrun). filename mustcontaina complete(all variablespresent)staticsolution

for the exact problemgeometrydefinedby the currentinput file. This option is

mostuseful for problemswhich requiretime consumingstaticsolutions(surface

problems,bottominteractionproblems)andfor whichnumerousdifferentdynamic

inputsarebeinginvestigated.Theoutputfilenameandtheloadfilenamecannotbe

thesame.

-initial filename

if given,indicatesthatthestaticsolutionshouldusethesolutionfrom filename as

theinitial guess,foregoingcatenaryor shootingsolutions.Theoutputfilenameand

the initial filenamecannotbe the same.Like the load filenamethe solutioncon-

tainedin filename mustcontaina completestaticsolutionfor theexactproblem

geometrydefinedby thecurrentinput file.

-twoD booleanoption to usethe two-dimensionalalgorithmfor staticanddynamicsolu-

tions of this problem. This is currentlythe default. To get the 3D solver specify

+twoD.

-static stopsthe solutionprocessafter the staticsolution is calculated,i.e., no dynamic

solutionwill begenerated.

-quit forcestheprogramto exit withoutwaiting for thequit buttonafteranerroror once

thesolutionis complete.This is only meaningfulwhenthegraphicinformationand

controldialogis enabled.

-auto overridesthe analysisparametersin the input file andforcesan auto-modestatic

solution.Only usefulfor surface or subsurface problems.

-dynstat filename

causesthe final solution in a dynamicproblemto be written asa staticsolution

in theseparateoutputfile givenby filename. This is usefulfor calculatingstatic

solutionsusingdynamicrelaxation.

-nodes n1 n2 n3 �����
specifiesa list of nodenumbersat which temporalresultswill be written to the

outputfile. Rememberthat for problemswith positive pay-ratesthe total number
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of nodesin theproblemwill begreaterthanthetotalnumberdefinedby thesumof

all nodesover all segmentsdefinedin thelayout sectionof theinput file.

-first booleanoptionthataddsthefirst nodeto thelist of outputnodesatwhich temporal

resultswill bewritten to theoutputfile.

-last booleanoptionthataddsthelastnodeto thelist of outputnodesatwhich temporal

resultswill bewritten to theoutputfile. This canbeusefulfor problemsfor which

it maybedifficult to manuallydeterminewhatthetotal numberof nodeswill bein

theproblem(suchasproblemswith positive pay-rates).

-terminals booleanoption that addsall terminal nodesto the list of output nodesat which

temporalresultswill be written to the outputfile. This canbe useful for branch

problems.

-connectors booleanoption that addsthe top nodeof every segmentwith a connectordefined

to the list of outputnodesat which temporalresultswill be written to the output

file. This is typically thenodebelow theconnector. If you wantoutputat thenode

abovetheconnectoryoumustexplicitly specifythatnodenumberusingthe-nodes

option.

-sample dt specifiesthe time incrementfor writing temporalresultsto the outputfile. If no

valueis giventhesampleratewill besetto thetime stepof thedynamicanalysis;

this canresultin theoutputfile becomingmuchlargerthanis necessary.

-snap dt dt specifiesthe time incrementat which spatialdistributionsof the outputvariables

will be written to the resultsfile. Thesedistributionsaresnapshotsof the output

variablesat all of thenodesin theproblemandaregenerallymostusefulfor ani-

mations.If no valueis giventhennosnapshotswill berecordedin theoutput.

-decimate x specifiestheincrementtousewhenwriting spatial(staticandsnapshot)results.The

default is 1 (every nodewill be written). Thedecimationfactormustbe setsuch

that the node1 andnoden are includedin the output. Decimationwill produce

possiblystrangeresultsin branchedproblems. Staticsolutionscannotbe loaded

from a file containingadecimatedresult.

-motion booleanoption to include motion (x, y, z coordinateinformation) resultsin the

outputfile. Thedefault is for thisoptionto beon; to turn it off use+motion.

-vel booleanoptionto includevelocity(u, v, w in localcoordinates)resultsin theoutput

file. Thedefault is for thisoptionto beon; to turn it off use+vel.
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-force booleanoptionto includeforce(tensionandshearforces)resultsin theoutputfile.

Thedefault is for this optionto beon; to turn it off use+force.

-moment booleanoptionto includemoment(torsionandnormalandbi-normalbendingmo-

ments)resultsin theoutputfile. Thedefault is for thisoptionto beon; to turn it off

use+moment.

-euler booleanoptionto includeEulerangle(2D problems)or Eulerparameters(3D prob-

lems)resultsin theoutputfile. Thedefault is for this optionto beon; to turn it off

use+euler. Euler informationmustbe includedin the resultsfile if you want to

do any rotationsinto globalcoordinatesduringpost-processing(seechapter4).

-version displaythecurrentversionnumberof cableandexit.

-help displayabrief helpmessagewhich listsall of theavailablecommandline options.

-debug will generatea cablefile, that if all is working well, shouldlook exactly like the

original input file. Thegeneratedfile representswhat theapplicationthinksit was

given.

-cpp filename

substitutefilename for thepre-processorto runon theinputfile.

-nocpp do not run theinput file throughthepre-processor.

-Idirectory adddirectory to thestandardsearchpathfor includefiles in thepre-processor.

-Uname undefinethemacroname in thepre-processor.

-Dname=value

definename to bethemacrovalue in thepre-processor.

3.5 Inter preting the output fr om cable

Theoutputfiles thatcomeoutof cablearewritten in a custombinaryformatoutlinedin figure3.5.

The basic layout of the file is a static solution with the userspecifiedresult variablesat every

nodefollowedby anoptionaldynamicresultssectionwith node–timehistoriesinterleavedwith full

systemsnapshots,againonly for the userspecifiedresultvariables. Variablesfrom the dynamic

solution (except for absoluteposition: x, y, z) arealways storedas dynamicquantities. That is

they representthe dynamicdeviation from the staticvaluegiven by the staticsolution. Because

thestaticsolutionis alwayspresentin anoutputfile thetotalquantityof any variablecanalwaysbe

reconstructed.Rememberthatnon-linearitiesin theequationsof motionor boundaryconditionscan
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’c’ ’a’ ’b’ ’r’ ’e’ ’s’ six charactermagicnumber

problemtypeindicator 8 bits usedto indicatetheway thattheresultsshouldbeinterpreted.Leastsignificantbit is always1. Secondbit indicatesthata depthis storedin the
output. Third bit indicatesa horizontalproblem,i.e., thatbothendsareanchored.Fourthbit indicatesa towing problem,i.e., that thefirst endis not
fixedonthebottomandthatthetopendis aship.Fifth bit indicatesthatthesolutionis from a2D algorithm.Sixthbit indicatesamulti-leg or branched
problem.Thelasttwo bits arecurrentlyunused.

dynamic byteusedasBooleanindicatorfor thepresenceof thedynamicsolutionin thefile.

n thenumberof nodesin theproblemasa4-byteinteger

length thenumberof charactersin thetitle stringasa4-byteinteger

title string theproblemtitle stringstoredasanarrayof characters

�
depth� waterdepthfor this systemasan8-bytedouble. This is an optionalentry - its presenceis dependenton thedepthreferencebit of theproblemtype

indicatorbyte.

outputmap a length10 arrayof bytes,eachbytebeinga Booleanflag indicatingthepresenceof asinglevariabletypein thefile. Theorderingis motion,velocity,
force, moment,euler. The last five bytesare currentlyunused. Example: [1 0 1 0 1] indicatesthat only motion, force, andEuler parametersare
containedin this file.

�
branchinformation� Optional- only presentif thebranchinfo bit is setin theproblemtypeindicatorbyte.Thefirst four bytesarethenumberof branchesasaninteger. The

startingnodeof eachbranchis thengivenasa four byteinteger. Resultsarewrittensequentiallyby branch,with themainlinefirst. Soif branch1 starts
at101andbranch2 startsat201,thenresultsfor branch1 arestoredin arrayindices(unit offset)101through200.

s(1)
�
x � 1� y � 1� z� 1� � � T � 1� Sn � 1� Sb � 1� � � Mt � 1� Mn � 1 � Mb � 1� � � B0 � 1� B1 � 1 � B2 � 1� B3 � 1� �������

s(n)
�
x � n� y � n� z� n� � � T � n� Sn � n� Sb � n� � � Mt � n� Mn � n � Mb � n� � � B0 � n� B1 � n � B2 � n� B3 � n� �

arrayof 8-bytedoublescontainingthestaticsolution.Theonly variableguaranteedto bepresentis s, theLagrangiancoordinateof thenode.Thecurly
bracesindicatevariablegroupingswhich mayor maynot bepresentdependingon theinformationin theoutputmap.This is theendof thefile if the
dynamicsolutionis notpresent.

duration thetotal time lengthof thesimulationasan8-bytedouble

dt thetimestepof thesimulationasan8-bytedouble

sampledt thesamplingtimestepfor thenode–timehistoriesasan8-bytedouble

snapshotdt thetime incrementbetweensystemsnapshotsasan8-bytedouble.If it is zero,thenno snapshotsarepresent

no a4-byteintegergiving thetotal numberof outputnodesfor whichnode–timehistoriesarestored.If thenumberis zerothennonode–timehistoriesare
present.

outputnodes a lengthno arrayof 4-byteintegersgiving thenodenumbersfor which node–timehistoriesarestored

’ t’
�
x � 1� y � 1 � z� 1 � � � u � 1� v � 1� w � 1� � � T � 1� Sn � 1� Sb � 1 � � � Mt � 1 � Mn � 1� Mb � 1 � � � B0 � 1� B1 � 1� B2 � 1� B3 � 1 � �������

�
x � no � y � no � z� no � � � u � no � v � no � w � no � � � T � no � Sn � no � Sb � no � � � Mt � no � Mn � no � Mb � no � � � B0 � no � B1 � no � B2 � no � B3 � no � �

’s’
�
x � 1 � y � 1� z� 1� � � u � 1 � v � 1� w � 1� � � T � 1� Sn � 1� Sb � 1� � � Mt � 1� Mn � 1� Mb � 1� � � B0 � 1� B1 � 1� B2 � 1� B3 � 1� �������

�
x � n� y � n� z� n� � � u � n� v � n � w � n � � � T � n � Sn � n � Sb � n� � � Mt � n� Mn � n� Mb � n� � � B0 � n� B1 � n� B2 � n � B3 � n� �

Typestampedresultdumps.A dumpof node–timehistorieswill startwith a single’ t’ byte;a snapshotdumpwill startwith a single’s’ byte. Thereis
no timestampingof eitherdump– they shouldsimplybewritten at theappropriatetime increment.Thetimestamp,if neededduringpost-processing,
canbebackedout from thepositionof agivendumpin theoutputandtheknown incrementbetweendumps.

Figure3.2: Thebinaryfile formatfor cableresultsfiles.
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meanthatthestaticsolutionmaynotalwaysrepresentthetrueDC valueof thedynamicsolution.

Note that the format wasdesignedto be a completeandcompactsinglefile containerfor the

outputfrom cable. Readabilityandeaseof interpretationwerenot theprimarydesigngoals.Aux-

iliary toolsdo exist which caneitherinterpretthis formatdirectly or convert this format into more

userfriendly form (seechapter4).
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Chapter 4

Post-processingcable Results

4.1 Using cable resultswith Matlab

The binary resultsfiles that cableproducescaneasilybe convertedinto Matlab format usingthe

res2matapplication. res2matreadsthe available resultsinformation in the cableoutputfile and

writes a Matlab (.mat) file containingsymbolically namedvariablesfor all of the results. The

resultscanbewritten to Matlabformateitherin local (tangential,normal,bi-normal)or global (x,

y, z) coordinatesystem.res2matcanonly do the transformationto globalcoordinatesif theEuler

informationwaswritten into theresultsfile.

4.1.1 Format of the Matlab file

res2matwill convert all of theappropriateinformationin thecableresultsfile into theMatlabfile

accordingto a few simple rules. Static information is written to variableswith no subscript(x,

T, Mn, etc.). Node–timehistoriesarewritten to variableswith namessubscriptedby t (x t, T t,

Mn t, etc.).Snapshotsaregivennamessubscriptedwith s (x s, T s, Mn s, etc.).Thebasicvariable

namesthat areuseddependon whetheror not the resultsarewritten to Matlab format in local or

globalcoordinates.Therangeof namesis detailedin table4.1. Also includedin theMatlabfile are

variableswith the samplerate(dt), snapshotrate(snap dt), Lagrangiancoordinateof eachnode

(s), a list of outputnodenumbers(nodes) anda timevectorappropriatefor thenode–timehistories

(t). Thewaterdepthis storedin depth if it is availablewithin theresultsfile.

4.1.2 ExampleMatlab manipulations

The node–timehistory result for eachvariable is an nt � no matrix, wherent is the numberof
samplesandno is thenumberof outputnodes.Thus,eachcolumnof thevariablecontainsthefull
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2-D Results 3-D Results

information localnames globalnames local names globalnames

position x, z x, z x, y, z x, y, z

velocity u, v U, W u, v, w U, V, W

force T, Sn Fx, Fz T, Sn, Sb Fx, Fy, Fz

moment Mb My Mt, Mn, Mb Mx, My, Mz

Euler phi phi B0, B1, B2, B3 B0, B1, B2, B3

Table4.1: The namesthat res2matassignsto Matlab variables.Thesesamenamesareusedwith

the-variables optionin res2ascto specifywhichvariablesto tabulate.

timeseriesof thatvariablefor onenode,so

>> plot(t, T t(:, 3));

plotsthetensionat thethird outputnodeasa functionof time.

Thesnapshotresultsfor eachvariablearestoredin ann � ns matrix, wheren is thenumberof
nodesin thesystemandns is the total numberof snapshotsthatwerewritten. The tenthsnapshot
(at time t = (10 - 1)snap dt) canbeplottedsimply as

>> plot(s, T s(:, 10));

Thegeometricconfigurationof thesystemat every snapshotcanbeplottedasa “spaghetti”plot of
lineson asinglegraphwith acommandlike

>> plot(x s, z s)

If we wantedto plot thetotal horizontalpositionof oneof our outputnodeswe would needto
do thefollowing

>> plot(t, x t(:, 3) + x(nodes(3)));

Unlessotherwiserequestedwith the -totals command-lineswitch, variablesarewritten to the

Matlabfile in dynamicform (total - staticvalue). Becausethestaticvariablescontaininformation

at every node(they aresimply ann � 1 vector)we needto usethenodes vectorto figureout what

theactualnodenumberof thethird outputnodewas.

4.1.3 res2mat commandline parameters

res2matacceptsthefollowing commandline switchesto controlits behavior.
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-in results file �����
the name(s)of the file containingthe cable results. Multiple input filenamesare

allowed. If multiple inputsaregivenno outputnamescanbeexplicitly specified.

They will beautomaticallyconstructed.

-out matlab file

thenameto usein creatingtheMatlaboutputfile. Thesuggestedextensionis .mat

simply becausethis is what Matlab will look for. res2matdoesnot enforceany

namingconvention. If no outputnamesareprovided, nameswill be constructed

from theinput names.

-twoD specifythattheresultsfile camefrom the2D solutionalgorithm.Theoptionis not

strictly necessaryfor 2D resultsbut it will result in a smallerMatlabfile because

theall zero3D informationfrom the resultsfile will not be written to theMatlab

file. It is requiredif transformationto global coordinatesis requestedbecauseit

affectstheinterpretationof theEuler informationusedin thetransformation.This

is currently the default. If the solution is from the 3D algorithmspecify+twoD.

This option is provided for backward compatibility with older format resultfiles

which do not have this informationstoredin theproblemtype indicatorbit. Any

specificationof thisoptionwill overridetheinformationstoredin thatbit.

-global Booleanoptionto write resultsto theMatlabfile in globalcoordinatesratherthan

the default tangential,normal, bi-normal local coordinatesystemthat they are

storedin within the resultsfile. The transformationcannotbe performedif the

resultsfile doesnot containtheEulerinformation.

-totals Booleanoptionto write dynamicresultsastotals(static+ dynamic).

-ft Booleanoptionto convert lengthunitsfrom metersto feet.Only usefulif theresults

in theinput file arestoredin meters.

-lbs Booleanoptionto convert forceunits from Newtonsto pounds.Only usefulif the

resultsin theinput file arestoredin Newtons.

4.2 The animate post-processingapplication

OnX11 basedworkstations,asecondpost-processingoptionexistsin theform of theanimateappli-

cation.animatereadscableresultsfilesdirectlyandcanproduceanimationsshowing systemspatial

configurationin conjunctionwith thespatialdistribution of force,momentandvelocity quantities

along the cableand/orthe temporaldistribution of thesequantitiesat the specifically requested
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Figure4.1: Themainwindow of animate.

outputnodes.Spectraof thetimeseriesquantitiescanalsobeplotted.

4.2.1 The main animation window

Onstart-uptheanimatemainwindow (figure4.1)popsupwith thestaticconfigurationof thesystem

drawn in the viewing area. Acrossthe bottomof the window arecontrolsfor creatingplots and

controlling the time rateof the animation.Along the right sidearefour togglebutton/sliderpairs

which control theplacementof marker nodes.Themarker nodesareusedto indicatewhich of the

outputnodesyou want to view the resultsfor. The togglebutton undereachslider activatesone

of themarkers;you canthenusetheslider to move themarker betweenoutputnodesby clicking

anddraggingon theslider thumbwith themiddlemousebutton1. Eachmarker is identifiedwith a

uniquecolor – this is thecolor with which the time seriesor spectralresultsfor thatnodewill be

drawn.

Whichvariablesgetplottedis controlledby thefivebuttonsD (displacements),V (velocities),F
(forces),M (moments),E (Eulerinformation).If any of thesebuttonsis engaged,aplotof thespatial

distributionsof thosevariablesatthecurrenttimestepwill begenerated.Theseplotsshow thevalue

of a given variableasa functionof Lagrangiancoordinate;this is the coordinatewhich measures

distancealongthesystemfrom thefirst node. Thefirst nodealwayshasLagrangiancoordinate0

1Most X-server softwarecanbe configuredsuchthat for two button mice, clicking both buttonsat the sametime
emulatesthemiddlebuttonof a threebuttonmouse
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Figure4.2: A time plot of theforcesatmarkednodes.

andthelastnodealwayshasLagrangiancoordinateL, whereL is thetotal lengthof thesystem.If

any of themarker nodesareactivated,thentemporaldistributionsof thosevariablesat themarked

nodeswill alsobe generated.A temporalplot of the forcesfor theanimationshown in figure4.1

is shown in figure4.2. Thereis only onecurve on eachgraphbecausewe currentlyhave only one

marked node. The vertical black barson eachgraphindicatethe currenttime point. The results

plottedherearethetotal force(static+ dynamicvalue).Transformationbetweentotalanddynamic

only andlocal andglobal coordinatescanbe madeby clicking the appropriatebutton next to the

plot controls. Spatialdistribution plots areupdatedat thesamerateasthemain animation.Plots

canbepoppeddown simply by disengagingtheappropriateletteredbuttonin themainwindow.

Spectrafor timeseriesresultscanbegeneratedby clicking onthespectrumbuttonatthebottom

of theplot window. A graphwindow with thefrequency domainanalogof thetime domainresults

plottedin thatwindow will be automaticallygenerated.The resultfor eachgraphin a window is

basedonly on theresultscurrentlyviewedon thatgraph.For zoomedgraphsthen,thespectraare

computedusingonly that portion of the time serieswhich is currentlyshowing. Spectrumplots

canbedismissedby clicking on thedismissbuttonat thebottomof thewindow. Thelengthof the

FFTsusedin computingthespectrais determinedby fitting four windows over thedata,with the

datalengthpaddedto thenearestpower of 2. Thus,a 500 point time serieswill have a spectrum

computedusingfour 128 point windows. The spectraareplottedsemi-logso thevalueson the y
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axisrepresentlog10 � S .
The rate of the animationis controlledby the tapeplayer-type buttonsat the bottom of the

mainwindow (figure4.1). Fromleft to right they are:slow down (increasethetime delaybetween

frames),play the animationin reverse,backup oneframe,pausethe animation,go forward one

frame,play the animationforward, andspeedup (decreasethe time delaybetweenframes). The

animationcanbespedup or sloweddown while it is playing. It mustbepausedbeforeyou canuse

thesingleframeforwardandbackwardcontrols.

4.2.2 Coordinatesand zooming

The coordinatepairsabove the exit button give the x, y locationof the cursorwhen it is moved

aroundthemainviewing area.Notethatin 3D perspective view thereportedcoordinatesaremean-

ingless.Thecurrenttime is alwaysdisplayedon theright sideof thewindow just underthemarker

nodetogglebuttons.

Zoomingin themainanimationwindow is accomplishedsimplyby clicking with theleft mouse

button anddraggingout a window which you want to zoomin on. Scrollbarswill appearon the

bottomandright sideof theviewing areasothatyoucanscrollaroundover thewholeviewing area.

Thefull view canberestoredby clicking theright mousebutton.

With the mousein a graphwindow, you can click with the right mousebutton to have the

ordinateandabscissavalueof that point reportedat the bottomof the plot window. Zoomingon

plots is achieved by clicking the left mousebuttonanddraggingout a rectanglethatencompasses

theareathatyou want to zoomin on. The full scaleof a graphcanberestoredby clicking on the

middlemousebuttonwithin thegraphareaor by pressing r with thefocuson thegraphareaand

themousepoint on theappropriategraph(you mayneedto use tab to get thefocuson thegraph

area).

4.2.3 Animate commandline parameters

animateacceptsthefollowing commandline optionsto controlbothhow resultsarepresentedand

someof thebasicappearanceparameters.

-in filename

theresultsfile to interpret.

-global booleanoptionto draw plottedresultsin globalcoordinatesratherthanthedefault

tangential,normal,bi-normallocalcoordinatesystemthatthey arestoredin within

theresultsfile. Thetransformationcannotbeperformedif theresultsfile doesnot
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containtheEuler information. This optioncanalsobetoggledwhile theprogram

is runningby clicking theglobalsbuttonin themainwindow.

-totals booleanoption to plot quantitiesasstatic+ dynamicresult. In normaloperation

only thedynamicportion is plottedfor node–timehistories.This optioncanalso

be toggledwhile theprogramis runningby clicking the totalsbutton in themain

window.

-twoD booleanoption to treat the Euler informationas the angleφ ratherthan the four

Eulerparameters– if resultswerewritten from the2D solutionalgorithmthenthis

optionmustbespecifiedif rotationsto globalcoordinatesareto beperformedcor-

rectly. This is currentlythedefault. If thesolutionis from the3D algorithmspecify

+twoD. Thisoptionis providedfor backwardcompatibilitywith olderformatresult

files which do not have this informationstoredin the problemtype indicatorbit.

Any specificationof thisoptionwill overridetheinformationstoredin thatbit.

-realtime specifiesthat the initial frame rate of the animationshouldmatch the snapshot

increment.Thedefault for thisparameteris off.

-delay n specifythattheinitial framerateshouldbebasedon a delayof n microseconds.If

no-delay optionis specifiedand-realtime is off thentheinitial delayis 60000

microseconds.

-thick specifiesthatall line drawing shouldbedonewith a thick line.

-box specifiesthata referencebox (in 3D) or surfaceandbottom(2D) shouldbedrawn

asvisualaidsin interpretingtheproblem.Thedefault is on; to turnoff boxdrawing

use+box.

-drifter specifiesthat theproblemshouldbe interpretedasa drifter or towing problem.A

free surface,but no bottom, will be drawn if referencebox drawing is enabled.

Any depthspecificationwill beignored;thefreesurfacewill bedrawn at thestatic

positionof thelastnodein thesystem.Thisoptionis automaticallyactivatedif the

appropriatebit in theproblemtype indicatorbyte of the resultsfile indicatesthat

this is a towing problem.

-ship booleanflag to enabletow shipdrawing for drifter problems.Thiswill placeaship

graphicat thelastnodein theproblem.Thisoptionis automaticallyactivatedif the

appropriatebit in theproblemtype indicatorbyte of the resultsfile indicatesthat

this is a towing problem.

-color booleanflag to indicatethat contrastingcolorsshouldbe usedto draw the back-
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groundsin the main animationwindow. The default is for this flag to be on and

sky to bewhite,waterto becyanandbottomto bebrown (or wheat).For problems

whereyou know thatyou do not wantprint-outsin color (or shadesof grey when

colorsgettranslatedby b/w laserprinters)youcanturncolorsoff using+colors.

-threeD specifiesthat theanimationshouldbedonein 3D perspective view. Thedefault is

off even if thesolutionis from the3D solutionalgorithm. Whenthis parameteris

on, anauxiliary controlwindow with slidersfor rotationsandscalingwill pop-up

alongwith themainwindow.

-control specifiesthatthe3D rotationandscalingcontrolsshouldbeactivatedfor problems

drawn in 3D perspective view (-threeD). Thedefault is on.

-depth H activatesthedrawing of a freesurfaceat a depthH. This parameteroverridesthe

informationthat may have beenstoredin the resultsfile. If no depthis specified

and the resultsfile doesnot containa depthreferencethen no free surfacewill

be drawn. This option is provided for backward compatibility with older format

resultfiles whichdo not have this informationstoredin theproblemtypeindicator

information.

-anchors n1 n2 ...

draw anchorsymbolsat the nodesgiven by n1, n2, etc. The anchorsymbol is

currentlyablackrectangle.If nobuoysoranchorsarespecifiedthenanchorswill be

drawn at nodesappropriateto theinformationstoredin theproblemtypeindicator

of theresultsfile.

-buoys n1 n2 ...

draw buoy symbolsatthenodesgivenbyn1, n2, etc.Thebuoy symboliscurrently

a filled black sphereslightly larger thanthe circlesusedfor nodemarkers. If no

buoys or anchorsarespecifiedthenanchorswill bedrawn at nodesappropriateto

theinformationstoredin theproblemtypeindicatorof theresultsfile.

-lbs booleanflag to provide thevery commonconversionof forceunits from Newtons

to pounds. Whenthis flag is activatedall of the force quantities(tension,shear,

globalhorizontalandverticalforces)will bescaledby 1
4 � 4482216. Thedefault is off.

-yz draw the2D Y-Z planeof a3D problem.

-xrot x theinitial x-axisrotationfor 3D perspective view. Thedefault is � 20o.

-yrot y theinitial y-axisrotationfor 3D perspective view. Thedefault is 40o.
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-zrot z theinitial z-axisrotationfor 3D perspective view. Thedefault is 0o.

-zscale s the initial z-axisscaling(“eye distance”)for 3D perspective view. The default is

0 � 4.

4.3 ASCII output

Thepost-processingapplicationres2asccanbeusedto convertbinarycableresultsto tabularASCII

data. Eachof the resultsmatrices(static,node-timehistories,andspatialsnapshots)aresaved to

separatefiles. Thevariablesthatareoutputcanbecontrolledusingthe-variables command-line

option. The list of variablesavailable for output dependson whetherthe solution in the binary

resultsfile is from the2D or 3D algorithmandwhetherthe-global command-lineflag is given.

The variablenamesfor usewith the-variables option arethesameasthoselisted in table4.1.

Thevariables is alsoavailablefor outputwith staticandsnapshotresults.Thetimeis alwaysoutput

asthefirst columnin node-timehistoryresults.

4.3.1 res2asc commandline parameters

res2ascacceptsthefollowing commandline switchesto controlits behavior.

-in filename

thenameof thefile containingthecableresults.

-static filename

thenameto usein creatingtheASCII outputfile for staticresults.

-time filename

thenameto usein creatingtheASCII outputfile for node-timehistories.

-snap filename

thenameto usein creatingtheASCII outputfile for time historysnapshotresults.

-variables v1 v2 v3 ...

list of variablenamesthatyouwantoutputinto thetable.

-global Booleanoption to write resultsin global coordinatesratherthan the default tan-

gential,normal,bi-normal local coordinatesystemthat they arestoredin within

theresultsfile. Thetransformationcannotbeperformedif theresultsfile doesnot

containtheEulerinformation.
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-totals Booleanoptionto write dynamicresultsastotals(static+ dynamic).

-ft Booleanoptionto convert lengthunitsfrom metersto feet.Only usefulif theresults

in theinput file arestoredin meters.

-lbs Booleanoptionto convert forceunits from Newtonsto pounds.Only usefulif the

resultsin theinput file arestoredin Newtons.
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Chapter 5

cable’s Windows Interface

5.1 Intr oduction

TheWindowsversionof WHOI Cableincludesanencapsulatorapplicationfor all of thecomponent

programsdiscussedthusfar. Theencapsulatorcombinesaneditorfor building problemdescription

fileswith facilitiesfor executingcable, animate, res2mat, andres2ascto solvetheproblemandpost-

processtheresults,all from within a singleWindows 95/98/2000/NTbasedapplication.Figure5.1

illustratesthis interactionbetweenthevariouscomponentprograms.

The main editor window, with one of the exampleproblemsloaded,is shown in figure 5.2.

Acrossthe top of the window is the main menubar, with the usualmenuentriesfor file andedit

controlandsomespecialentriesfor solvingproblemsandviewing results.Thereis alsoa toolbar

below themainmenubarwhichcontainsshortcutbuttonsfor theitemsontheFile andInsert menus

andfor invoking thevariouscomponentprograms.

5.2 Building an input file

Thereareseveralwaysto goaboutconstructinganinputfile for anew model.Startingwith ablank

editor(eitheratstart-upor by selectingNew from theFile menu)youcanwrite thefile from scratch,

openanexistingproblemandmodify it to matchthenew problem,or youcanbuild thefile upfrom

thetemplateblocksor databaseobjectsthattheencapsulatorprovides.

You caninsertobjectsfrom predefineddatabasesby choosingObject browser from the Insert
menuor by choosingoneof chain,shackle,buoy, or anchortoolbarbuttons. Theobjectbrowser,

picturedin figure 5.3 allows you to browse throughall of the materials,connectors,buoys, and

anchorsthatarecurrentlydefinedin thedatabasefiles. To changebetweenobjecttypesclick on the

tabsat the top of thebrowser. Within eachobjecttype thedatabasemaybedivided into sections;
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X-Server Software

Figure5.1: TherelationshipsbetweentheWHOI Cablecomponentprograms.

Figure5.2: Themainwindow of theWHOI CableWindows interface.
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Figure5.3: Thedatabaseobjectbrowserin theWHOI CableWindows interface.

thesectioncanbechangedby selectingfrom thepull down list beneaththetabs.All of theobjects

definedin the currentsectionfor the currentobject type areshown in the large list in the middle

of the browser. In the examplein figure 5.3 the chainsectionof the materialsdatabasehasbeen

selectedandall of thepredefinedchaintypesarelisted. Thecompletedefinition for thecurrently

selectedobjectis shown in thetext boxbeneaththemainlist. To useadefinitionhighlight theobject

andclick Insert or doubleclick on theobject. Thedefinitionwill be insertedat thecurrentcursor

positionin themaininputfile editorwindow. For objectsnotdefinedin thedatabase,youcaninsert

ablanktemplatefor thecurrentobjecttypeby clicking theTemplatebutton.

Templatesarealsoavailablefrom the Insert menu.Whenselected,a templateis placedat the

currentinsertion(cursor)pointof theeditor. Onceplaced,theentriesin thetemplatemustbeedited

to matchtheproblemthatyouaredescribing.Templatesareavailablefor thebasicsectionallayout

of a problem(completeproblemdescriptionandanalysisparameterssectionsandsectionheaders

for buoys,anchors,connectors,materials,andlayout),objectdefinitions(buoys,anchors,materials,

connectors),and the componentsof a layout (segments,connectors,branches,terminals). Once

inserted,templatescanbedeleted,edited,andmovedjust like any othertext in theeditor.

Eachassignmentin a templatethat requiresa valueis markedwith xxx for valuesthat require

realnumbers,nnn for valuesthat requireinteger numbers,or x name x for caseswhereyou must

specifyor assigna symbolicname(rememberthatnameswith spacesin themmustbeenclosedin

doublequotationmarks).In theanalysis parameters andenvironment sectionsthatareplaced
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Figure5.4: Thesolutioncontroldialogavailableby selectingControls from theSolutionsmenu.

by thesectionstemplate,several typical valueshave alreadybeensetwith actualnumbers.These

valuesshouldbeacceptablefor mostcases,but you shouldfeel free to changethemto bettersuit

yourexactproblem.

You canget help on a keyword in a templateby highlighting the word or words in the main

editor andselectingKeyword from the Help menu(or by pressing F1 ). This will display the

WHOI Cablesyntaxandkeyword help dialogwith a paragraphor two describingthehighlighted

keyword. If therearemultiple waysin which thesamekeyword canbeused,presstheNext button

on thehelpdialogto move throughthem.

5.3 Solving a problem

In the command-lineversionof cable, describedin chapter3, the detailsof the solutionarecon-

trolled by command-lineswitches. In the Windows interfacethoseswitchesare replacedby the

checkboxesandtext fields of thesolutioncontroldialogpicturedin figure5.4. You canview this

dialogby selectingControls from theSolutionsmenu.

Thecontrolsin theupperleft framedeterminethebasicsolutiontype– 2D or 3D, staticor dy-

namic.If youhave a resultsfile thatalreadycontainsavalid staticsolutionfor thecurrentproblem,

thenyou canspecifythatcableshouldusethatsolutionratherthangeneratinganew staticsolution

to useasthe initialization for the dynamicsolution. Checkingthe AutoSolve staticsolutionbox
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is equivalent to the -auto option in the commandline versionof cable. The bottom left frame

providescontroloverwhichvariablesareincludedin theoutputfile.

The controlsin the Dynamic Results frameareonly enabledwhena dynamicsolutionis re-

questedanddefinethesamplingratesandnodesfor thedynamicoutput.Thelist of outputnodesis

constructedby typing nodenumbersin thebox at thetop of thelist andpressingAdd (or pressing

return ). Nodescanbedeletedby highlighting themwithin the list andclicking Remove. Clear
deletesall entriesin a list. The first node,last node,terminalnodes,andnodesassociatedwith

a connectorbetweensegmentscanbe automaticallyincludedin theoutputlist (without explicitly

specifyingtheirnodenumbers)by clicking thecheckboxesbelow thelist of outputnodes.At least

oneform of dynamicoutputcontrolmustbespecifiedfor any dynamicsolutionof a problem.If a

time seriestime stepis given thena list of outputnodesmustalsobe specified.If no time series

timestepis giventhenasnapshottime stepmustbespecified.

TheSolve buttonon thedialogis a shortcutto theSolve selectionon theSolutionsmenu.See

sections3.1and3.4for additionalinformationon whatthevariousoptionscontrol.

Oncea problemdescriptionis constructed,andthe appropriatecontrol optionshave beense-

lected,you can solve the problemsimply by selectingSolve from the Solutions menu(also by

pressingthe Solve button on the control dialog, usingthe keyboardshortcut ctrl-L , or usingthe

menushortcut alt-S followedby alt-S , seesection5.6 for acompletelist of thedifferentwaysto

accomplishmosttasks).This savesthecurrenteditor to a temporaryfile andinvokescableon that

file. cable’s outputis directedto asecondtemporaryfile. Whenthesolutionis complete,thetempo-

rary input file is deletedandprogramcontrol returnsto themaineditor. Seesection5.5 for details

on how andwhenyoushouldsave filesandhow temporaryfiles areusedwithin theencapsulator.

5.4 Viewing and converting results

Post-processingthe resultsof a solved problemis aseasyasselectingAnimate from theResults
menu.This will invoke theanimateprogramwith thecurrentoutputfile asinput. Detailsof using

animateareprovided in section4.2. The dialog to control how animateis invoked is shown in

figure5.5andis raisedby selectingControls from theResultsmenu.

Thecontrolsin theupperleft frameof figure5.5dictatethedrawing andanimationparameters

thatanimatewill useto presenttheresults.The3D Drawing optionscontrolwhethera3D problem

getsdrawn in 3D perspective view or is simply projectedonto the x-z plane. The controlsin the

ResultsTransformations framegovernhow theresultvariablesshouldbeplotted– localor global

coordinatesystem,total (static+ dynamic)or just dynamicvalues,andwhetherforce andlength

unitsshouldbeconvertedfrom Newtonsto poundsandmetersto feet(theseonly makessenseif the

original forceunitsarein Newtonsandmetersof course).animatewill draw additionalanchorand

buoy symbolsat thenodesindicatedin thelistsat thebottomright of thedialog.TheAdd, Remove,
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Figure5.5: Theresultscontroldialogavailableby selectingControls from theResultsmenu.

andClear buttonsapplyto bothanchorandbuoy lists,but only to onelist at a time. Theactive list

is controlledby theAnchors andBuoystogglebuttonsover thelists. To addanodenumberto a list

simply type thenumberinto thebox at thetop of the list andclick Add (or press return ). Nodes

canbedeletedby highlightingthemwithin the list andclicking Remove. Clear deletesall entries

in a list.

The four checkboxesfor resultstransformationson this control arealsousedwheninvoking

res2mat. Conversionfrom cableresultsformatto Matlab.mat formatis doneby selectingMatlab
conversion from the Resultsmenu. A file selectiondialog will appearaskingyou to specifythe

nameof theMatlabfile to create.

For more immediateaccessto numericalratherthan graphicalresults,res2asccan be used.

UndertheWindows interface,theASCII tabulatedresultswill appeardirectly in a separateoutput

window. Fromthatwindow they canbesavedor printed.To run res2ascselectTabulate from the

Resultsmenu. Thedialog picturedin figure5.6 will appearto allow you to specifywhat type of

resultsyou want tabulated(static,time series,or snapshots)andwhatvariablesto includein each

table. To adda variableselectit from the list on the right andclick the Add button. The list of

availablevariablescanbechangedby togglingthe local andglobal radiobuttons.

5.5 Working with files

Whenworkingwith theencapsulatorit is importantto keeptrackof two files. Thefirst is thecurrent

input file that is containedin themaineditor. Thecontentsof theeditoraresaved to a temporary
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Figure5.6: Theresultstabulationdialogin theWHOI CableWindows interface.

file duringeachsolve procedure,but this temporaryfile shouldnever beusedasyourown recordof

theproblem(it is deletedassoonasthesolutionis completed).To assigna nameto it andsave it,

selectSave As from theFile menu. If you have alreadyassigneda nameandsimply want to save

(the currentnameis shown in the titlebar of the main window, asin figure 5.2), thenselectSave
from theFile menu.

Thesecondfile typeis thecurrentoutputfile. Whena problemis solved theoutputis directed

to a temporaryfile. Thatfile thendefinesthecurrentresult.If you wantto assigna nameto thefile

andsave it thenselectSave Result As from theFile menu. If you have alreadydefineda current

outputnamethenyou cansimply selectSave Result. If you do not explicitly save an outputfile

beforeyou executeanothersolve processthenthatoutputfile will bedeletedandtheresultof the

latestsolvewill becomethecurrentoutput.Notethatyoudonotneedto assignanameto anoutput

file to view or convert the results;you only needto assigna nameif you want to preserve results

beforedoingadditionalsolutionsor exiting theprogram.

You candefinean existing file as the currentresult (i.e., without doing a solve) by selecting

Load Result from the File menu. Any post-processingselectionswill then refer to this already

existing file. Note that this namebecomesthe currentoutputnamefor the Save Result actionso

thatany subsequentsolvesandsolutionsaveswill overwritethatpre-existing result.
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Menu Item Menukey Keyboardshortcut Toolbaricon Other

File New Alt-f, Alt-n
Open Alt-f, Alt-o Ctrl-o file folder
Save Alt-f, Alt-s Ctrl-s disk drive
SaveAs Alt-f, Alt-a Ctrl-a
LoadResult Alt-f, Alt-l Ctrl-d
SaveResult Alt-f, Alt-r
SaveResultAs Alt-f, Alt-v
PrintSetup Alt-f, Alt-u
Print Alt-f, Alt-p Ctrl-p printer
Exit Alt-f, Alt-x

Edit Undo Alt-e, Alt-u Ctrl-u
Cut Alt-e, Alt-t Ctrl-x
Copy Alt-e, Alt-o Ctrl-c
Paste Alt-e, Alt-p Ctrl-v
Find Alt-e, Alt-f
FindNext Alt-e, Alt-n F3

Insert Objectbrowser Alt-i, Alt-w chain/buoy/anchor/shackle
SectionTemplate Alt-i, Alt-t chain+buoy+anchor+shackle
Buoy Alt-i, Alt-b templatebuttononbrowser
Anchor Alt-i, Alt-a templatebuttononbrowser
Material Alt-i, Alt-m templatebuttononbrowser
Connector Alt-i, Alt-c templatebuttononbrowser
Layoutsegment Alt-i, Alt-s cableshot
Layoutconnector Alt-i, Alt-o shackle+shackle
Layoutbranch Alt-i, Alt-h triple point
Layoutterminal Alt-i, Alt-l buoy+anchor

Solutions Controls Alt-s, Alt-c Ctrl-l
Solve Alt-s, Alt-s Ctrl-r go light buttononcontrolbox

Results Animate Alt-r , Alt-a Ctrl-n movie buttonon resultsbox
Matlabconversion Alt-r , Alt-m Ctrl-m matlab buttonon resultsbox
Tabulate Alt-r , Alt-t Ctrl-b table
Controls Alt-r , Alt-c Ctrl-t

Setup Files Alt-u, Alt-f
Fonts Alt-u, Alt-n

Help Keyword Alt-h, Alt-k F1
About Alt-h, Alt-a

Table5.1: Completecommandstructurefor theWHOI Cablefor Windows encapsulator.

5.6 Command reference

Betweenthe main menu,keyboardshortcuts,andthe toolbar, therearegenerallyseveral waysto

accomplishany one task from within WHOI Cable’s Windows interface. Table 5.1 details this

completecommandstructure.

5.7 Installing WHOI Cable for Windows

5.7.1 Systemrequirements

WHOI Cablefor Windows is only availablefor 32-bitWindows (95/98/2000/NT),Intel-basedplat-

forms.Somestaticproblemscanbesolvedin a reasonableamountof time on any Pentiumor even

a fast486 processor. Dynamicproblemsandsomestaticproblems(notably thosethat usesmall

staticrelaxationfactorsor requiresignificantnumbersof outeriterations)arebestsolvedon faster

PentiumPro/II/III architectures.

As illustratedin figure5.1,PCX-serversoftwaremustbeinstalledif youwantto takeadvantage
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of the animatepost-processingprogram. Numerouscompaniesmarket inexpensive PC X-server

software. Thereis a reasonablycompletelist of commercialvendors,alongwith a review of four

of themat http://www.sun.com/sunworldonline/swol-11-1995/swol-11-pcx.html. Thereis aneffort

underwaytoportthefreeserversfromtheXFree86projectstoWindows. Checkhttp://sourceware.cygnus.com/cygwin/xfree/

for thelatestinformationon thateffort.

5.7.2 Installation instructions

BecausethemainWindows interfaceto WHOI Cableis simply anencapsulatorfor the restof the

componentprograms,it requiresthatstandardversionsof thecablecomponentprograms,compiled

for 32-bit Windows, be installedon your computer. TheseprogramsandthesupportingDLLs are

provided aspart of the standarddistribution of WHOI Cablefor Windows. They, alongwith the

actualencapsulatorapplication,examples,andsupportfiles areinstalledusingtheprovided setup

utility. To installWHOI Cabledownloadthefile wcblXXX.exe from ftp.whoi.edu usingthelogin

namecable andthe password provided on your licenseagreement.ReplaceXXX in the filename

above with the highestversionnumberavailable. Start the installationprocessby executingthe

downloadedfile, eitherby doubleclicking or selectingRun from theWindows Start menu.After

installationyoucansafelyremovewcblXXX.exe.

YourPCX-serversoftwareshouldgenerallyberunningbeforeyourunWHOI Cable.At startup,

WHOI Cablewill checkto seethat it cancommunicatewith theserver. If thereis a problemwith

theserver theprogramwill suggestpossibleremedies.If no communicationcanbeestablishedthe

animateoptionswill notbeavailable.In orderfor theencapsulatorto interactwith theX-server, you

shouldcheckthatyourDISPLAY environmentvariableis set.YoucandothisusingtheSystemicon

followedby theEnvironment tabavailableundertheControlPanelof Windows NT or by adding

the line set DISPLAY=foo:0.0 (wherefoo is thenameof your machine)to your autoexec.bat

file underWindows 95.

5.7.3 Printing fr om animate under Windows

Printingdirectly to aprinterfrom animaterunningunderWindows requiresthatyouspecifyavalid

print device (lpt1, lpt2, com1, etc.)andthatthisdevicenamebemappedto aPostscriptprinter.

If youuseanetwork printerratherthanaprinterconnecteddirectly to yourcomputerthenyoumust

mapthe network printer nameto oneof the standardMS-DOSprinter device names.To do this

underWindows NT youusethenet use commandfrom acommandprompt.For example,

net use lpt1 \\server\ps_printer /persistent:yes

mapsthe lpt1 device to a printer namedps printer that is connectedto the computernamed

server.
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If you do not have a Postscriptprinter available to you thenwe recommendthat you usethe

print to file option in animateandinstall thefreely available1 ghostscriptpackagefor printing and

viewing Postscriptfileson non-Postscriptdevices.

5.7.4 Modifying the installation

5.7.4.1 File and pathnames

After installation,you canchangethepathsto any of thecomponentprogramsor specifyreplace-

mentprogramsfor thosecomponentsby selectingFilesundertheSetupmenu.Usingthefile setup

dialogyou canspecifylocationsfor thecable, res2mat, animate, res2asc, andcppprograms.You

canalsosetthedirectoryfor databasetemplate(*.ctm) andobject(*.db) files (this is thedirectory

thatwill beusedastheC pre-processorsearchdirectory).Thedirectoryfor temporaryfiles created

duringthesolutionof aproblemcanalsobeset.Directorynamesshouldendwith a trailing � .

5.7.4.2 Templates

Thetemplateblocksinsertedby theselectionson the Insert menuarecontainedin a seriesof files

locatedin theWHOI Cabledatabasedirectory. Thesefiles canbecustomizedwith any text editor

aslong astheir filenamesarenotchanged.

5.7.4.3 Databasefiles

At startup,WHOI Cablereadsfour files from thedatabasedirectoryto loadobjectsinto theobject

browser. Thefiles arematerial.db, connect.db, buoy.db, andanchor.db. Eachdatabasefile

containsregular WHOI Cableobjectdefinitionsdelimitedby speciallines to provide descriptive

namesandsectioninginformation.Theremustbeat leastonesectionin eachfile. Sectionheadings

aremarkedby thepresenceof ** at thebeginningof a line. Individual objectdefinitionswithin a

sectionareprecededby a line markedby a single* anda descriptive phrase.Until anothersection

line (markedby **) or objectnameline (markedby *) is read,subsequentlinesareassumedto be

a part of a valid WHOI Cableobjectdefinition. Additional sectionsandobjectscanbe addedto

thedatabasefiles with any text editorso long asthis formattingis maintained.Sectionnamesand

objectdescriptionswithin sectionswill besortedby WHOI Cableuponinsertioninto thebrowser.

Thedatabasefilesarereadonly at programstartup.

1from ftp.cdrom.comin pub/simtelnet/win95/printfor example
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Chapter 6

Solvinga Problemwith WHOI Cable

In the following sectionsbrief descriptionsof a typical solutionpathfor many differentproblem

typesareprovided. Throughoutthe descriptionsreferencesare madeto the exampleinput files

distributedwith WHOI Cable.Thesefilescanbefoundin theexamples subdirectoryof theWHOI

Cableinstallationdirectory.

6.1 Subsurfacesinglepoint moorings

Subsurfacesinglepoint mooringsare typically the easiestproblemsto solve with WHOI Cable.

Becausethebuoy is fully submergedtheforcesat thetop of themooringareeasyto calculateand

outer iterationsarenot required. In the mine.cab example,the default staticsolutionprocedure

(catenaryinitial guessanda staticrelaxationsolution)requiresjust two iterationsto converge. In

subsurfaceproblemswith excessline on thebottomstatic-relaxation mayneedto bereduced.

For particularlycomplex geometrieswherereducingtherelaxationfactordoesnothelpor produces

very slow convergence,automaticdynamicrelaxationis available. While this approachis very

robust,it cantake sometime to converge,particularlyonvery long moorings.

For dynamicsolutions,Morison forcing is usuallymostappropriatefor subsurfaceproblems.

mine.cab illustratesthe applicationof Morison forcing with surfacewaves propagatingin both

horizontaldirections. In a two-dimensionalsimulationthe out-of-planepropagatingwave is not

used.
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6.2 Singlepoint surfacemoorings

6.2.1 Taut moorings

Tautsurfacemooringswith simplegeometriesandno excessline on thebottomarealsotypically

very easyto solve with WHOI Cable.Thefastestsolutionpathis usuallya shootingmethodinitial

guessfollowed by static relaxation. The static relaxationprocedurewill useouter iterationsto

calculatethe draft of the surfacebuoy. With a shootingmethodinitial guessthe outer iterations

areminimizedbecausethecalculateddraft from theshootingmethodis fairly accurate.This is the

approachtaken in taut.cab. Whena catenarysolution is usedto initialize the static relaxation

procedure,the procedureto bracket the draft can be very slow. Automatic dynamicrelaxation

solutionsarealsoavailablefor surfacemoorings,but againcanbe slow to converge for very long

moorings.

Thedynamicforcingmethodfor surfacemooringsisusuallyeithervelocity orwave-follower.

With velocity the motion of the buoy in all threedirectionscan be specifiedwith x-input,

y-input, andz-input. Rememberthat even thoughthe forcing methodis calledvelocity the

inputsaredefinedin termsof displacementamplitudeandperiod. If a time seriesof buoy veloci-

tiesareknown they canbespecifiedin a separatefile usingvelocity-file. For wave-follower

the vertical motion of the buoy is governedby the wavesdescribedby x-wave andy-wave. The

buoy is free to respondto horizontalforcing due to time varying wind or currentin eachof the

horizontaldirections,but horizontalforcesbasedon wavesarenot partof themodel. If you want

to modelpureheavemotionwith horizontalmotionsconstrainedusevelocity andz-input rather

thanwave-follower.

6.2.2 Catenary moorings

The mostreliablestaticsolutionprocedurefor shallow watercatenarymooringsis automaticdy-

namicrelaxation.For swex.cab achaincatenarymooringin 40m of waterwith avery low current,

this is theonly procedurethatworkswell. Becauseof the low current,thecurvatureat thebottom

is quitehigh. This makesthe resolutionof the touchdown point difficult andthuscomplicatesthe

staticsolution. Automaticdynamicrelaxationworksby increasingthecurrentuntil aneasystatic

solution canbe obtained(usinga shootingmethodanda onestepstatic relaxation). This static

solutionis thenusedasthe initial conditionin a dynamicsolutionwith no wavesandthe current

setto its realvalue.Over thecourseof thedynamicsolutionthemooringwill relaxbackto its true

equilibriumpositionundertheimposedcurrent.Whenthemooringhascometo equilibriumtheso-

lution automaticallystops.During this processWHOI Cablespecifiesa setof analysisparameters

thataredesignedto make this processasrobustaspossible.After theprocedurehasconvergedthe

parameterswill revert backto theiroriginal values.
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Whencurrentsarehigher, asin cmo.cab, regularstaticsolutionsaremorereliable.Theexample

in cmo.cab canbesolvedwith staticrelaxationusingeithera catenaryor a shootinginitial guess.

Automaticdynamicrelaxationis relatively fastfor theseshallow watermoorings,however, andthus

couldbeusedevenin thiscasewithout asignificantperformancepenalty.

Both swex.cab andcmo.cab demonstratethe useof experimentallyrecordedtime seriesof

buoy motion in the dynamicsimulations. During both the SWEX and CMO experimentstime

seriesof accelerationwererecordedat thebuoy. Theheave componentof theaccelerationwasthen

integratedinto time seriesof velocity. Thesevelocity time seriesarecontainedin thefiles defined

by thevelocity-file statements.

6.2.3 S-tether, inversecatenary, and lazy wavemoorings

Like catenarymoorings,s-tethermooringsaremostdifficult to solve whencurrentsarevery low.

In shallow waterthesedifficulties canbe avoidedby usingautomaticdynamicrelaxationaswith

catenarymoorings. This is the bestapproachfor the problemin shallow s.cab for example.

Becausethesemooringsareoften employed in deepwater, however, it can sometimesbe faster

to employ regular staticrelaxationwith carefully chosenanalysisparameters.For deep s.cab in

3500m of water, the fastestsolutionusesa catenaryinitial guessandstaticrelaxationwith outer

iterations. The baselinestatic relaxationfactor is set to 0.1. Using this techniquea solution is

obtainedin 44outeriterationstepswith betweenapproximately20and1000iterationsateachstep.

A shootinginitial guesswill not work for this problem.Automaticdynamicrelaxationdoeswork

for this problembut becauseof the long time scalesassociatedwith the motion of this very long

mooringtheproceduretakesa substantialamountof time (over 5000secondsof simulationtime).

6.2.4 Moorings with line floating on the surface

WHOI Cablecanmodelmooringswith line floating on the surface. Like othercomplex geome-

try surfacemooringstheseproblemsaremost reliably solved with automaticdynamicrelaxation

but maybesolvableusingregularstaticrelaxationwith a small relaxationfactor( � 0 � 1) andlarge

numbersof iterations.Bothseatex.cab andshallow s.cab (which in additionto ans-tethercon-

figurationhassomeline floatingon thesurface)arebestsolvedwith automaticdynamicrelaxation.

Dynamicsolutionswill not be accuratefor mostmooringswith floating line becauseWHOI

Cabledoesnot have a modelfor thewave inducedmotionof the line. However, if thesemoorings

areproperlydesignedthendynamicmotionsof themooringaresmallandaretypically notadriving

factorin designdecisions.
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6.3 Multipoint and branchedmoorings

6.3.1 Subsurface

Using branch definitionsWHOI Cablecan model both multipoint mooringsand horizontalar-

ray/aquaculturelonglinemoorings.For bothcasestheproblemtypeshouldbesetto positioned.

In multipoint mooringslike thosedefinedin multileg.cab or multileg 3d.cab all of the legs

join atacentralpoint. Thispoint is definedby aconnectordefinition(ratherthanabuoy definition).

Eachbranchleaving from this centralconnectordefinesa leg, asdo the segmentsrunning from

thefirst terminalto theconnectorandthefinal segmentsrunningfrom theconnectorto thesecond

terminal.Thusa four-leggedmooringwill have two branchesdefined.

Whendefininghorizontalarraymooringsbranchesareusedto modelthelinesthathangdown

off thehorizontalmember. In horiz.cab eachof thesehangingstringsleavesfrom aconnectorand

is terminatedwith a sinker weight that is definedasa buoy. In loops.cab the branchesareused

to form loopsthat run from onepoint on themainlineto a secondpoint on themainline. Looped

problemscanbe very difficult to solve becausethe force at the secondendof the loop mustbe

adjusteduntil the end is colocatedwith the userspecifiednodeon the mainline. To get a static

solutionfor loops.cab adaptive relaxationhadto beturnedoff.

The only staticsolutionprocedureavailablewhenbranchesarepresentin a problemis static

relaxationwith a catenaryinitial guess.Outeriterationsareusedto calculatethereactionforcesat

eachof theanchorsso that they will be placedat the locationspecifiedin the terminaldefinition.

In theseproblemsstatic-outer-relaxation is usedaftereachouteriterationto calculateacor-

rectionto theappliedterminalforcesbasedon theerrorsin theanchorpositions.A largerelaxation

factorwill speedthesolutionbut mayleadto instabilitieswhentheforceschangedramaticallyfrom

stepto step.It is generallysafestto setit small(between5 and20maybe)initially andthenincrease

it astheerrorsbecomesmaller.

TheMorisonforcescausedby subsurfacewave particlevelocitiesandaccelerationsarecalcu-

latedfor connectors.Justlike a singlepoint subsurfacemooringthen,thebestchoicefor dynamic

forcing in thesecasesis morison.

6.3.2 Surface

Both of the casesusingbranchesdescribedabove werebasedon the positioned problemtype.

In general,however, theproblemtypereally just specifiesthetreatmentof thesecondterminal(at

theendof themainstring of segments).Thus,branchescanbe usedwith otherproblemtypesas

well. The positionof anchoredbranchterminalsareonly resolved in surface andpositioned

problems,however.
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Multipoint mooringswith asurfaceexpressionaremosteasilysolvedwith a little bit of trickery.

We cannotsimply usea connectoras the buoy aswith subsurfaceproblemsbecauseconnectors

floatingon thesurfacearedifficult to resolve in thestaticproblemandarenot accuratelyforcedin

thedynamicproblem.Insteadwe definetheproblemaswe woulda regularsurfaceproblemwith a

dummyconnectorjustbelow thesurfacebuoy. A veryshortsegmentrunsfrom thisconnectorto the

buoy at thesecondterminalto definethemainlineof theproblem.Additional legscanbedefinedas

branchesleaving from thisdummyconnector. In somecasestheresultingproblemmaybesolvable

usingregularstaticrelaxation.

In many cases,however, the needto resolve both buoy draft and the anchorpositionsat the

branchterminalsleadsto convergencedifficultiesin theouteriterations.Oneapproachto overcom-

ing thesedifficultiesis to takeadvantageof symmetryanduseamanualdynamicrelaxationprocess.

This approachwasusedsuccessfullyfor thesurfacebi-moor problemin bimoor.cab. The static

solutionis obtainedin threephases.

In the first phasetheproblemtype is setto positioned, the currentis turnedoff, the branch

(thesecondleg) is commentedout, andthesecondterminalwith thebuoy is placedat a horizontal

position in the middle of the anchorsand a vertical position at the approximatedraft. An easy

estimateof thedraft canbecalculatedby balancingbuoyancy andtheweightof all mooringlegs.

Solvingthisproblemwith regularstaticrelaxationgivesthesolutionfor oneleg.

In the secondphase,the branchis uncommented,the problemtype is setto general, the re-

actionforcescalculatedat the first anchorin phaseoneareappliedto the secondanchor, andan

appropriatevertical force is appliedat thebuoy. Theappropriateforce is simply thereactionforce

from phaseonemultiplied by the total numberof legs. This problemis thensolved with regular

staticrelaxation.

Finally, thecurrentis turnedbackon, theproblemtypeis setto surface andthesolutionfrom

phasetwo is loadedastheinitial condition(with -load) in adynamicrelaxationsolutionusingthe

-dynstat option. With the problemtype resetto surface the actualbuoy draft will be usedto

calculatetopsideforcesandthesystemwill cometo a trueequilibriumstate.

With a completestaticsolution from the dynamicrelaxationprocedurethe dynamicproblem

with wavescanbesolved just asif this wasa regularsurface problem.Theentireprocessis ob-

viously morecomplicatedthanany of thepreviously describedstaticsolutionpaths.It is described

herebothasanexampleof a pathfor this particularkind of problemandalsoto illustratethewide

rangeof possibilitiesthatexistsfor determiningthesolutionto complex problems.
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6.4 Towing problems

6.4.1 Ship maneuvering

Steadytowing problemsaresolvedasstaticproblems.They aretypically very quick to solve with

eithercatenaryor shootinginitial guessesandstatic relaxation. For maneuvering problemswith

time varying x-speed and/ory-speed at the secondterminal (ship end) the steadystate(static)

solution is basedon the speedat t � 0. The initial cablelength is the summedlengthof all the

segmentsin theproblem.A pay-rate specificationchangesthelengthof thecablein thedynamic

simulation.Theexampleproblemtowing.cab illustratesvaryingthedepthof thetow body(tow-

yow’ing) usingeithersinusoidallyvarying x-speed or pay-rate. In tow3d.cab a circular ship

maneuver is usedin a three-dimensionalsimulationto quickly dropthetow bodyin depthwithout

changingspeedor payingout.

6.4.2 Tow body maneuvering

In many towing applicationstheshipis heldfixedandthetow bodyis maneuverableunderits own

power. By specifyinga currentprofile andzeroship speedit is possibleto calculatethe motions

of sucha vehiclegiven time varying thrust in the threeglobaldirectionsat thefirst terminal(tow

body end). Theexamplerov.cab illustratesusinga thrustdefinition to calculatethesteadystate

positionof a deployedROV whenit is applying100poundsof thrustagainstthe imposedcurrent.

In somethreedimensionalproblemsthesesortsof problemscanbe difficult to solve with regular

staticrelaxation.Becausethe steadystateinformationis typically moreinterestingthandynamic

results,shootingmethodsolutionsareoftenagoodchoiceasthefinal staticsolution.In caseswhere

thesteadystateconfigurationis two-dimensional,but three-dimensionaldynamicresultsaredesired

youcanusea two-dimensionalstaticsolutionto initialize thethree-dimensionaldynamicsolver.

6.4.3 Cable laying

Cablelaying or anchorloweringproblemscanbedefinedjust like any othertowing problemwith

pay-out. A depthmustbe definedandvariationsin the bottomtopographycanbe specifiedwith

bottom-elevation. Oncethe tow body (which mustbe definedasa buoy) at the first terminal

strikesthebottomit is assumedto beanchoredto thebottomandcannotmove. An exampleof this

kind of problemis givenin lowering.cab.
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6.5 Launch, recovery, and failur eproblems

6.5.1 Mooring deployment

Mooring deployment problemsare definedwith the problemtype deployment. During a static

solutiontheseproblemsareactuallytreatedasa specialcaseof surfaceproblems.The anchoris

definedat the first terminal and is initially locatedon the surface. The speedgiven at the first

terminal(theshipmustbe makingsomeheadway or theremustbe somecurrentrunning)will be

usedto calculatethe steadystateconfigurationof the system,including buoy draft. For forward

speedinto thecurrentthatconfigurationwill have thesystemstreamedout behindtheanchor. All

of the static solution pathsare available for deployment problems. For relatively short systems

automaticdynamicrelaxationis usuallyagoodchoice.It is alsoagoodchoicewhenamooringhas

subsurfacebuoyancy elementsthat will float on the surfacewhenthe mooringis paid out but the

anchorhasnot beenreleased.Regularstaticrelaxation(sometimeswith a small relaxationfactor)

canalsowork. Eithermethodworksfor theexamplein deploy.cab.

As soonastheregulardynamicsolutionstartstheanchoris releasedfrom theshipandbegins

to fall. Becausethe dynamicsandhydrodynamicsof the anchorarea critical part of the system

responseduringdeployment,theseproblemsaretheonly typein WHOI Cablethatrequirea com-

pletelydefinedanchor. Oncetheanchorhits thebottomit is fixedto bottom.Thesesimulationscan

takeasignificantamountof timesimplybecausethephysicalresponseof thesesystemsis suchthat

they cantake a long time to cometo equilibrium oncethe anchorhits the bottom. Also, in deep

watertheanchorcantake many minutesof simulationtime to reachthebottom.

6.5.2 Cablebreaking and mooring release

Cablebreakingandmooringreleaseproblemsareimplementedby specifyinga release-time at

eitherterminalin any kind of dynamicsimulation.After thatpoint thebuoy or anchorat thatend

will be droppedfrom the simulationandtherewill be a zeroforce boundarycondition imposed.

Theexamplebreaking.cab illustratesthis for thecaseof breakingROV tow cable.For mooring

releaseproblemsrememberthatthetop (buoy) endis only freeto move in thehorizontaldirections

if forcing-method is morison or wave-follower. Notealsothatbreakscancurrentlyonly occur

at thetwo mainterminals.

6.6 General tips and tricks

Regardlessof problemtypetherearesomegeneraltricksthatarehelpfulwhenconvergencefailures,

singularitiesandinstabilitiesoccur. In thissectionthesetricksarebrokendown into suggestionsfor
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staticanddynamicproblems.

6.6.1 Static problems

� Badinitial guess

For any problemin which the initial guessbasedon the catenarysolution for a homoge-

neous,inextensiblematerialwith drag forcing only at the two endsis a very poor guess,

considerusinga smallstatic-relaxation (maybe0.1 – 0.2). You canalsotry to setting

static-initial-guess to shooting if shootingmethodsolutionsareavailable for your

problemtype.

� Strongcurrentscausesolutioninstabilities

If thecurrentis sufficiently largeto rendertheinitial catenaryguessaverypoorsolution,or if

thereis currentin bothhorizontaldirectionsandthestaticsolutionwill have a complex non-

planarshape,considerusingcurrent-steps to rampthecurrentslowly to its full value.5 or

10stepsusuallydoesthetrick. At eachsteptheinitial guessis thesolutionfrom theprevious

step;a greaternumberof stepsmeansa smoothertransitionfrom thecatenarysolutionwith

no currentto theactualsolutionwith thefull current.

� Low currentscausesolutioninstabilities

For problemswith very little horizontalforcingandcurvesin theshape,thebendingradiusat

thecurvescanbequitesmall, leadingto difficulty in resolvingstaticsolutions.An effective

solutiontechniquefor theseproblemsis dynamicrelaxationin which thethecurrentis artifi-

cially magnifiedto obtainaninitial solutionandthensetto its truevaluein adynamicsolution

sothatthesystemwill cometo theproperequilibriumpositionusingthephysicaldampingin

theproblemto smooththesolutionprogress.Youcanusethecommandline option-dynstat

to achieve this manuallyor for many problemtypesyou canusethe-auto flag to automate

theprocess.

� Cableon thebottomcausessingularityor convergencefailure

Problemswith cablelying onthebottomwill almostcertainlyrequirethatstatic-relaxation

besetto somethingon theorderof 0.1or possiblyevensmaller. Rememberto allow for lots

of static-iterations with smallstaticrelaxationfactors.Theseproblemsarealsoa good

candidatefor automaticdynamicrelaxation(usethe-auto commandline flagwith cable).

� Surfacebuoy draft is difficult to converge

If theouter-iterationloop to find thedraft of a surfacebuoy seemsto beoscillatingbut never

converging or if it goesdown to very smallguesseddraftswhich causeinstabilitiesor singu-

larities,usea largerstatic-outer-relaxation (but keepit lessthan1.0,considergoingto
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somethinglike 0.98or 0.99). You mayneedto raisethestatic-outer-iterations limit

aswell. Usinga theshootingmethodfor thestatic-initial-guess canalsospeedthings.

� Outer-iterationsconvergenceis slow

Youcanusuallyspeedupouter-iterationsby raisingthestatic-outer-tolerance to some-

thing on the order of 0.01. This tolerancetranslatesdirectly to a percentageerror in the

guesseddraft or positionof thesecondanchorandsousuallymeansananswerthat is good

to a coupleof centimeters.A secondoption is to raisestatic-tolerance to speedthe

inner-iterationsatevery outer-iteration.

� 2D solutionis fine,but 3D solutionis difficult

If thesteadystateconfigurationof themooringis planar(2D) thenyou canusethe2D static

solver to geta solution. A solutionfrom thetwo-dimensionalstaticsolver canbeusedwith

the -load option to initialize a three-dimensionaldynamicproblem. This doesnot work

going theotherway. Staticsolutionsfrom the3D solver cannotbeusedto initialize a two-

dimensionaldynamicproblem.

6.6.2 Dynamic problems

� Timestepis alwaysadapting

If cable is constantlyadaptingthe time stepdownward (but alwaysmakes progressat the

smaller time step) then it is best to simply set the basestep(time-step=) to something

smaller.

� Theadaptationlimit is exceeded

Exceedingthe adaptationlimit canbe a sign of an unstableproblem. Sometimesyou will

find that settinga basetime-step that is 10% of the original baseresultsin no adaptive

reductionsandreliableresults.In othercasestry loweringdynamic-relaxation to give ca-

ble moreability to work througha problemspotat the larger time steps.Goingtoo low can

dramaticallyslow the solutiondown, however; 0.5 is a reasonablelower limit. If cable is

adaptingbecauseit is hitting the iterationlimit, raisedynamic-iterations (particularlyif

you lowereddynamic-relaxation). In very rarecasesyou mayneedto adjusttheparame-

tersof thegeneralized-α time integrationalgorithm. Useful valuesof dynamic-lambda are

typically in therange� 0 � 8 � λ∞
1 � 2 � 0 � 3. λ∞

1 � 2 ��� 0 � 5 is thedefault.

� Thereis aDC drift in solutionvariables

If thetimehistoriesof theresultvariablesseemto have a largeDC drift component,consider

addingnodesto theproblem(throughoutthesystem,not just at spotsof high gradient)and

usingramp-time to slowly bring the excitation level to its full value. In somecasesthese
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errorscan also be eliminatedby changingdynamic-lambda. λ∞
1� 2 controls the frequency

responseof thetime integration;dependingon thepropertiesandforcing conditionsin your

systemit maybedesirableto changethefiltering by changingthisparameter.

� Cableimpactingthebottomcausessingularities

A dampingratio thatis toohigh cancausedramaticconvergenceproblems.If thesystemhas

cablewhich is beinglifted andloweredfrom thebottomandtheproblemis not converging

well, useasmallerbottom-damping value.

� 2D solutionis fine,but 3D solutionis difficult

If aproblemsolveswith the2D algorithm,but runsinto singularitiesor exceedstheadaptation

limit with the 3D algorithm,usea smallerdynamic-relaxation anda smallerbasevalue

for time-step whenusingthe3D algorithm.

� Problemswith areasof highcurvature,sharpbends,or slackregionsareunstable

Most of thesetypesof instabilitiescanberelatedto thebendingstiffnessof thematerial.Try

settingEI to a largervalue. For mostoceanographicmaterialsEI canbeashigh as10 - 100

Nm2 withoutaffectingtheaccuracy of theoverall solution.
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