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Foreword

About this Manual

This reportdocumentsversion 2.0 of WHOI Cable. While it is our intentionto provide up-to-
date,comprehensi, accuratedocumentationWHOI Cableremainsa work in progressand as
suchundegoesfrequentchange.If you find somethinghat behaesdifferently thanthe way this
documensaysit shouldbehae thenpleasdet usknow.

Thisreportis anupdatedversionof WHOI TechnicalReport97-15. It is presentedargely asa
users guidefor WHOI Cableandassuchcontainsa completedescriptionof the WHOI Cablesuite
of programsasof version2.0. It doesnot provide numericalor technicaldetailsaboutthe program.
Technicalinformation aboutmary aspectof the programis available in [2]. Other sourcesof
informationincludethe previousreport[3], andthetheseghatlaid the groundvork for the original
implementatiorof WHOI Cable[4, 8].
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Typographical Conventions

This reportemplo/s a numberof typographicalcorventionsto mark buttons, commandnames,
menuoptions,screerinteraction etc.

Bold Font Usedto markbuttons, andmenu optionsin graphicalervironments.
Italics Font Usedto indicateanapplicationprogramname e.g.res2mat

Typewiter Font
Usedto represenscreeninteractionat the shell prompt. Also usedfor example
inputfiles, andkeywordsthatbelongin inputfiles.

Key Representa key (or key combination)o pressasin presg Return ] to continue.



Chapter 1

Intr oduction

1.1 Overview of problemtypes

Thetypesof systemghat we classify as oceanographimooring systemsnclude simpletethered
buoys, towedanddrifting systemsandcomple stringsof instrumentatiorsuspendeth deepwater
Fromanengineeringlesignperspectie it is importantthatwe canpredicthow thesesystemaswill
respondo avariety of ervironmentalfactors,suchaswaves,wind, andcurrent.We might wantto
know justhow muchcurrentit will take to pull a surlacebuoy underwateror what the maximum
tensionwill bein a mooringline during a large storm. The scientific purpose®f a systemmight
requirethat the motion of a particularinstrumentnot exceeda certainlevel in typical operating
conditions.Theunifying problembehindanalyzingthesekindsof systemss oneof nonlinearcable
mechanics.

Typical oceanographimooringsystemsonsistof rope,wire, andchainconnectedogetherby
shacklesjnstrumentsandbuoys andterminatedat the endswith buoys, ships,sinker weights,or
anchors.WHOI Cableis a collectionof computemprogramsfor cablemechanicglesignedspecifi-
cally to solve this nonlinearproblemfor systemswvhich canbe definedin thesetermsandwhich fit
into oneof severalbasiccateyories.

WHOI Cablewasdevelopedwith usabilityby the operationatommunityin mind. Theprogram
cansolve awide rangeof problemsall from within a singleconsistentnterface. The modeledsys-
temcanconsistof ary combinationof differentcable,chain,andropesegmentswith instruments,
floats,and connectordbetweensegments. The geometryof the systemcanbe multiply-connected
(multi-leg mooringsand geometrievith segmentsdanglingfrom othersegments). The program
canalsosolve towing anddrifter problems.

In all casedaVHOI Cablecanproducesolutionsin eithertwo or threedimensionsaandcansolve
eitherthe static (steady-stateproblemgiven forcing by current,wind, and ship speedor the dy-
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namicproblemgivenforcing by wavesandtime varyingwind, current,shipspeedandcablepay-out
rates.

1.2 WHOI Cable mathematical features

A detailedderivationof thegoverningequationgor two- andthree-dimensionaktatic,anddynamic
problemscan be foundin [2, 8]. For all problemtypesthe governing differential equationsfor
WHOI Cableinclude bendingstiffness, materialnonlinearities,coordinatetransformationbased
on Euler parametersanda modelfor cable-bottoninteraction. Thesefeaturesprovide important
new capabilitiescomparedo previous software programsusedfor modelingoceanographicable
structures.

Incorporatingthe effects of bendingstiffnesseliminatesthe singularity associatedvith slack
tension[4]. Implicit codeswithout bendingstiffnessbecomeunstablewhentensiongoesto zero
arywherein the system.For oceanographiapplicationsa very small bendingstiffnessis usually
adequateo overcomethis numericalinstability Theincorporationof bendingstiffnessalsoallows
for the seamlessnodelingof systemswith much larger materials,including offshore production
risers.

Anotherinstability in mary three-dimensionalodesarisesrom theuseof threeEulerangleso
transformbetweenlocal andglobal coordinates Given a specificsequencef rotations,the trans-
formationmatrix canbecomesingularin this approach.In long time simulationsof geometrically
nonlinearsystemst is difficult to initialize thetransformationsuchthatthis singularitywill notoc-
cur. By usingfour parameterandtreatingthe transformatiorasa singlerotationabouta principal
axis, Eulerparametebasedransformationswvoid this problem[5, 8].

The modelfor the interactionof cableseggmentswith the seafloor is basedon a linear elastic
foundation[9]. This approaclhis very generalandwith appropriatecarein selectingparametersis
guiteaccuratd?2]. It treatsbothbottomstiffnessanddampingandallows for anarbitrarily varying
elevation of the bottom.

1.3 WHOI Cable numerical features

For both staticanddynamicproblems the mathematicaproblemis posedasa systemof coupled,
nonlinearpartial differentialequationsThe programsolvesthis systermumericallyby discretizing
the continuougexact) forms of the governingequationsisingspatialfinite differencexenteredn
the half-grid points (which makesthe approximationsecondorderaccuratg10]) andfor dynamic
problems,the generalizeds time integration algorithm[1]. The generalizedx algorithm offers
superioraccurag andstability comparedo alternatve algorithmssuchasthe box method,trape-
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zoidalrule, andbackward differenceq2]. Togethemwith anadaptve time steppingalgorithm,the
generalizedr algorithmproducesrery stabledynamicsolutions.

At eachstepof the problemthe discretizedsystemof nonlinearequationss solved by an it-
eratve, implicit, adaptve relaxationtechnique[2, 6]. The initial guessfor the solutionin static
problemsis calculatedusinga shootingmethod.For the dynamicsolution,theinitial guessateach
time stepis thesolutionfrom theprevioustime step.At eachiterationtheequationsresolvedusing
aasparsdsaussiareliminationalgorithm[7] for whichthecomputationaéffort scaledinearly with
thenumberof nodes.

1.4 WHOI Cableimplementation features

WHOI Cableis a suiteof applicationsall of whicharecenteredroundtheprimarysolver program,
cable cableis responsibldor processingiserinputfiles andgeneratingesultsfor all of thevarious
problemtypes. For a given modelsystem,a singleinput file is usedto definenumericalsettings,
ernvironmentalparameterssystemcomponentsand systemgeometry Input files are constructed
using an intuitive, objectbasedsyntax. Definitions for commonlyusedcomponentsanalsobe
containedn centraldatabasdiles. The input syntaxallows for the useof symbolicexpressionsn
mostassignmenstatementsndfor variableexpressionsn mary of the ervironmentalandforcing
functiondefinitions.For example,currentcanbe definedasa function of depthusingthe symbolic
variableH.

The programdoesnot imposeary restrictionson the units usedin defininga problem. The
ability to useexpressionsn assignmenstatementallows for easycornversionfrom onesetof units
into the baseunitschoserfor a given problem.

The main post-processingrogramis animate Solutionsfor three-dimensiongbroblemscan
be dravn and animatedin perspectie view, with controlsfor on-the-fly perspectie rotation and
scaling. The programcanalsogenerateanimatedplots of the variousindependenvariablesin the
solution(velocities,forces,etc.). Plotsareavailablebothfor thevariableasafunctionof Lagrangian
coordinatealongthe system,updatedat eachtime step,andfor the variableat a specificnodeas
a function of time for the entire simulation. Spectraof the temporalplots canbe generatedvith
the click of a button. All of the plots and dravings provide controlsfor unlimited zooming. A
mechanisnfor printing to postscripfilesis alsoprovided.

For moredetailedaccesgo the results, WHOI Cablealsoincludespost-processorn® corvert
resultsto binary Matlab format or to ASCII text files. The Matlab file containsall of the results
generatedby the solver, with corvenientlyassignedariablenamesA resultconvertedto atext file
containsonly thosevariablesspecificallyrequestedby the user

All of thecomponenprogramsarewrittenin the C programminganguagemakingthemeasily
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portableacrossplatforms. The primary interface underWindows is an encapsulatothat provides
a graphicalinterfaceto all of the componenfprograms. The animationpost-processois written
for the X Window environmentcommonlyfound on scientificworkstations.UnderWindows, the
encapsulatocommunicatesvith the animationapplicationvia an X sener runninglocally on the
PC.Thisapproacho thedevelopmeniof WHOI Cableallows a singlecodebaseto be usedfor both
PCandworkstationplatforms. The additionof the encapsulatointerfaceunderWindows provides
a more comfortableernvironmentfor PC userswho may be unfamiliar with command-linebased

workstationapplications.
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Chapter 2

Structur e of a cable Problem

2.1 Notation and coordinate systems

Thebasiccoordinatesystemfor cableis shavn in figure 2.1. Note thatthe origin of the coordinate
systemis alwayslocatedat the anchorandthatthe global z directionis positive upwards,global x

is positive to theright, andglobaly is positive into the pagé. Currentcanbe definedasa function

of depthandcanflow in boththe x andy directions.Currentswith vertical componentgalongthe
z axis)arenot allowed. Dependingon the problemtype underconsideratiorthe depthmay or may
notberequiredin the problemdefinition.

2.2 Basiclanguagefeatures

Theinputlanguag€dor cableis meantto be asflexible andasforgiving aspossiblein termsof the
detailedstructureof aninput file. Thefile is broken into sections,with eachsectioncontaining
definition statement$or a particularaspecof the problem.In general sectionscanbe specifiedn
ary order ascandefinitionswithin a section.Multiple sectionsof the sametype canbeincludedin
asingleinputfile.

White space(blank lines, spacestabs)doesnot affect the interpretaionof the problemand
canbe usedarbitrarily to suit individual tastes. Commentsare denotedasin the C programming
languagearything between * and*/ will beignoredasa commentno matterwhereit appearsn
thefile.

Objectnamedqi.e.,thenamesyou assigno specificbuoy or materialdefinitions)cannotbekey-
words. They mustbegin with analphabeticharacteandshouldcontainonly alphabeticharacters,

INote that cable usesa rotatedinternal coordinatesystemfor calculationsandresultsstoragein which x is up, y is
right, andz is into the page.Both userandinternalcoordinatesystemsave their origin attheanchor
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Figure2.1: Geometriadefinitionsfor cable

numbersandunderscoreslf a namehasspacesdn it thenit mustbe containedin doublequotes
The caseof keywords (eitherupper lower, or mixed) doesnot matter The capitalizationof object
nameshowever, is relevant.

2.2.1 Expressions
2.2.1.1 Constantexpressions

As a corvenience,wherever a floating point numericvalue is requiredfor a parameteryou can
specify an arbitrary mathematicakxpression,including the operatorst, -, *, [/, % (modulo)
and the standardmathematicalibrary functionssin, cos tan, sqgrt, hypot pow, exp, log, log10,

floor, ceil, fabsandfmod Note that algumentsto the trigonometricfunctionsshouldbe givenin

termsof radiangust asif youwerecallingthemfrom a C programusingthe standardnathlibrary.

Expressionganalso containthe ternaryconditionaloperatorasin the C programminglanguage:
“if athenb elsec” is symbolizedin a cableinputfile asa ? b : ¢ wherea, b, andc areall

valid expressionsThelogical operatorgo usein constructinga arethe sameasthosein C (==, &&

(and) || (or), <= <, > >= != (notequal)). Thesymbolicconstanpi canbeusedin ary

expressiorasthevalueof 1 (to 20 places).

2.2.1.2 Variable expressions

For parametespecificationghat requirea functionaldependencen a variable,thesesamecon-
structscanbeusedwith symbolicvariables.For exampleacurrentdefinitioncouldbewritten using
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the symbolicvariableH to specifydepth. Speedthrust,and pay-ratesat terminal definitions,and
wind andcurrentmodulationfunctionsin the ervironmentdefinition canbe specifiedasfunctions
of time, t. Thebottomelevationin the ernvironmentdefinition canbe written asa function of both
x andy. Constitutve functionsfor nonlineammaterialscanbe written asa function of straine.

For example,a ship speedhatvariessinusoidallybetween5 and+5 knotswith a periodof 5
minutescouldbewritten as

X-speed = 0.514*5. 0*si n( 2. 0*pi / 300*t)
A bilinearstress-straimelationshipcould bewritten as

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

2.2.1.3 Discretefunctions

Becausesomefunctions(particularlycurrents)areeasierto expressin a discretizedasopposedo
continuousYorm, the cablesyntaxalsoincludesa mechanismior specifyinga discreterepresenta-
tion of afunction. Thebasicspecificatiorconsistof a seriesof pairsof theform (x, f(x)) where
f (x) is the valueof the function at independentariablex. In evaluatingthe function, cablewill
linearly interpolatebetweeradjacenipairsfor positionsthatfall betweenwo pairs. The following
illustratesthis ideafor the caseof a currentdefinedpieceavise linear

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

Fromthe surface (depth= 0.0) to a depthof 100, the currentis constantat 0.4. Over the intenal

from 100to 500, the currentdecreaselnearly from 0.4 to 0.2. Froma depthof 500to 1000the
currentdecreasebinearly from 0.2to 0.0. Pointsbelov 1000would be extrapolatedbasedon the
lasttwo pairs(in our example,extrapolationwould resultin negative valuesfor currentat depths
greateithan1000).Notethatthe pairsmustbegivenin orderof increasingndependentoordinate.
You canexpressa periodicdiscretefunction simply by definingone periodandthenenteringa +

symbolatthe endof the expression.

2.2.2 Units

Thereare no setunits for the dimensionalguantitiesthat you specify in defininga problemfor
cable Theimportantthingis to remainconsistenin the unitsthatyou use;numericalresultswill

thenbe consistentvith the input dimensions.Someexamplesof consistenunitswould be lengths
in meters,weightsin Newtons, elasticmoduli in Pascals(N m—z); momentsof inertia would be
in m™%. CorvenientEnglishunits are often pounds feet, and psf (poundsper squarefoot) or kips
(kilopounds) feet,andkstf.
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2.3 Componentsof an input file

A cableinputfile consistof aserief definitionstatementsontainedvithin eightdistinctsections.
Therearethreesectionswhich definethe basicnumericaland ervironmentset-upfor the model
(probl em descri ption, environnent, anal ysi s paranet ers), four sectionsfor definingthe
systemcomponentgmat eri al s, connect or s, buoys, anchor s) andasinglesectionto definehow
the systemgetsput together(l ayout ). Detaileddefinitionsfor all elementf the input syntaxare
provided belon. Chapter6 offers somesuggestionsabouthow the variousinput elementscanbe
manipulatedo getfast,robust, andaccuratesolutionsfor modelsthatmay initially prove difficult
to corverge.

2.3.1 Problemdescription

Theprobl em descri pti on sectioncontainghemostbasicdescriptiornof thesystem:adescriptve
title string andthe definition of the problemtype. It mustbe the first sectionwithin the input file
andcannotberepeated.

title = string
A charactestring containingthe problemtitle to be usedin the displayof results.
If thetitle containsspacest shouldbe enclosedn doublequotationmarks.

type = problemtype
probl em t ype cancurrentlybeoneofgeneral , surface, subsurface, tow ng,
drifter, positioned, tensioned, riser.

general general problemsare the simplestproblemfor cableto sole.
The secondterminal canbe eitheran anchoror buoy (ananchor
if the endis fixed in dynamicsand a buoy if motionsor forces
will be appliedto the end). The staticsolutionis basedon forces
appliedat the secondterminal which must be specifieddirectly
with x-f orce=, y-force=, etc.defined.Thus,while thistypeis
simplefor cable it is notvery usefulfor realproblemshecaus¢he
staticforcesaretypically not known a priori.

surface This is thetypeto usefor single point surfacemooringproblems.
Theseconderminalendmusthave a completelydefinedbuoy at-
tached. cablewill performouterloop iterationsto solwe for the
staticdraft of the buoy. Oftentimessur f ace mooring static so-
lutions are difficult to obtain; automaticdynamic relaxationof-
tenworks well in suchcasegseesection6.2). With somecare
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sur f ace problemscanalsobe usedto definemultileg moorings.

subsurface  This type is for subsurace single point moorings. The second
terminal end must also be a completelydefinedbuoy but cable
cancalculatetheforceson thatbuoy without outerloopiterations.
Thus,theseproblemsaretypically mucheasierto solve statically
thansur f ace problems.However, automaticdynamicrelaxation
will work for theseproblemsif difficultiesdo arise.

t owi ng t owi ng problemsmusthave buoys definedat bothterminals.The
buoy descriptioratthefirstterminaldefineghetow-bodyandmust
becomplete.Thebuoy atthe seconderminaldoesnot needto be
completelydefined.Tow speedgx- speed=, etc)mustbespecified
for theseconderminalof at owi ng problem.

drifter drifter problemsareterminatedwith buoys at both ends;both
buoy definitionsmustbe complete.cablewill useouterloop iter-
ationsto calculatethe steadystatedrift speedf the system.

positioned Theseproblemswere called horizontal in earlier versionsof
WHOI Cable.In posi ti oned problemsthe seconderminalend
mustbe positionedaway from the first terminalwith x=, y=, z=
definitions. cablewill performouterloop iterationsto calculate
the appropriatereactionforce at the secondterminal that brings
theterminalto therequiredposition. Theterminalcancontainei-
therananchoror abuoy, dependingpn thewhethemotionsareto
be appliedin the dynamicproblem. This is oftenthe bestchoice
of problemtype for multileg moorings(particularlyif thereis no
surfaceexpression).

riser ri ser problemsarenearlyidenticalto posi ti oned problemsex-
ceptfor thetreatmenbf materialabove thefreesurface.ln posi ti oned
problemsbuoyant materialabove the surfaceis madeto float on
thesurface.In ri ser problemstheweightof materialabove the
surfaceis takento betheair weightof the material.

t ensi oned Thisproblemtypeis usefulfor systemswith aspecifiedpre-tension
applied. Botht ensi on= andz= (vertical position) of the second
terminalmustbe specified.cablewill useouterloop iterationsto
calculatethe angleat the top of the mooring that bringsthe top
nodeto the specifiedvertical positiongiventhe appliedtension.
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depl oynent  Thistypeis usedo simulateanchoilastdeploymentof singlepoint
moorings. The first terminal shouldhave a fully definedanchor
andaspeedspecification.Theseconderminalshouldhave afully
definedbuoy specified. The static solutionwill be calculatedby
assuminghatthe surfacebuoy is beingtowed (at the speedyiven
in thefirst terminaldefinition)with all of themooringpaidoutand
only the anchorleft on deck. This is essentiallya surface moor
ing solutionwherethe tow speedcanbe representedsa current
flowing in the oppositedirectionandthe anchoris on the surface
ratherthanthe bottom. At the beginning of the dynamicsolution
theanchoris releasedrom surfaceandthewhole systembeaginsto
fall towardsthe bottom.Oncetheanchorhits the bottomit is fixed
in place.Staticsolutionsfor theseproblemscanbe difficult to ob-
tain. Brute force with smallstaticrelaxationfactorandnearunity
outerrelaxationtypically worksbestif problemsareencountered.

2.3.2 Analysis parameters

Theanal ysi s par anet er s sectioncontaingdefinitionsthatcontrolthenumericallgorithmswhich
areusedin the solutionof cable problems. The solutionof a cable problemcanbe broken down
into two mainphasesstaticanddynamicsolutions.Thedynamicsolutionis actuallyquite straight-
forwardfrom auserperspectie. The staticsolutioncanbe morecomplicated.

Within the static solution processthereis an initial guesssolution, static iterations,and, in
mary problems,staticouteriterations. The first stepin a staticsolutionis alwaysaninitial guess
basedon either a catenaryor a shootingsolution. Shootingsolutionsrequireiterationsand can
fail to corveme, but are quite accuratewhenthey canbe obtained. Catenarysolutionsare nearly
foolproof, but they are seldoma good guessandthusleare muchwork for the following stages.
After theinitial guessis calculatedthe programusesan iteratve relaxationsolver to calculatea
static solution given a completeset of prescribedboundaryconditions(forcesat buoys, anchor
positions,etc.) Staticouteriterationsareneededvhenthe someof the boundaryconditionsarenot
known a priori. For example,the forceson a buoy aredependenbn the draft of the buoy, but the
draft cannotbe calculateduntil all the forcesareknown. Thus,the boundaryconditionsmustbe
solved for in this outerloop of iterations.Oncea final staticsolutionis calculatedthatsolutionis
usedasthe initial conditionfor the dynamicsolution. The dynamicsolution usesa single setof
iterationsto find the instantaneougquilibrium solution at eachtime-step,with the solutionfrom
the previoustime-stepastheinitial guess.
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2.3.2.1 Global options

rel axation = constant expression

Theprimarynonlinearsolutiontechniquewithin cableis knovn asrelaxation.Us-

ing aninitial guessat a solutionvector the algorithmcalculatesan updateto the
solutionthatwill bring the systemcloserto equilibrium. The updatedsolutionis

thenfed backinto the algorithmandthe processepeatauntil somesuitablyclose
approximationof equilibriumis achieved. The relaxationfactoris usedto speed
or slow this iteratve processin highly nonlinearproblemsthe updateto the solu-
tion may not be very accurateandthusshouldnot be fully applied. Therelaxation
factorallows this partial applicationof the update. cable doeshave an adaptve

relaxationalgorithmthat will adjustthe relaxationfactorin troublesomeportions
of thesolution(seesection2.3.2.4belaw).

tol erance = constant expression
The global convergencetoleranceof the relaxationiterationsto be usedif specific
tolerancesare not given for the separatephasesof the problem. The tolerance
dictatesthe minimum acceptablaelative error betweeniterationsfor a solution
phasdo be consideredtorverged.

max-iterations = integer
The globalmaximumnumberof iterationsin all convergenceloops. It providesa
singledefault for the otheriterationcontrols.

2.3.2.2 Static solution options

static-initial-guess = string
Determineghe algorithmusedto form theinitial guesdor the staticsolutionalgo-
rithm. Must be oneof shooting or cat enary. Defaultsto cat enary if it is not
explicitly given. shoot i ng is often a betterchoicebut shootingsolutionsare not
availablefor all problemtypes.

static-solution = string

Determineghealgorithmusedto calculatethefinal staticsolutionto beusedasthe
initial conditionin the dynamicsolver. Must be oneof r el axati on, shooti ng,
or catenary. Whendynamicsolutionsare desiredit shouldalmostalways be
rel axat i on andthis is the default. The otheroptionsare provided primarily for
dehluggingpurposesAlso, becauseshootingsolutionsareoftenvery fastandrea-
sonablyaccuratethey canbeusefulin preliminarydesignstudiesor whendynamic
solutionsarenotdesired.
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static-relaxation = constant expression

Therelaxationfactorto be usedin the static solution. In mary problems,it may
be necessaryo have differentfactorsfor staticanddynamicsolutions. Dynamic
solutionsalmostalwaysproceedestwith arelaxationfactorof 1.0 (full updateap-
plied at eachiteration),but mary staticproblems(particularlythosewith comple
geometryor cablelying on the bottom)are only stablewith a relaxationfactorof
0.1orsmaller If notgiventhestaticrelaxationfactorwill defaultto thevaluegiven
by r el axat i on=. At leastoneor the othermustbegiven.

static-tol erance = constant expression
Thecorvergencetolerancefor staticiterations.In someproblems,jt maybedesir
ableto have differenttolerancedor staticanddynamicsolutions.If notgiventhen
it will defaultto thevaluegivenbyt ol er ance=. At leastoneor the othermustbe
given. For mary staticproblemsatoleranceof 0.01- 0.0001is adequateln some
rare casesa statictolerancethatis too large leadsto poor resolutionof boundary
conditionsandstaticouteriterationscanfail to corvemge.

static-iterations = integer
Themaximumpermittednumberof relaxationiterationsin thestaticsolution. This
numbermay needto be quite high for problemswith smallst ati c-rel axati on
factors.It will defaultto max-iterations if notgivenexplicitly. At leastoneor
the othermustbe given.

static-outer-rel axati on = constant expression

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

not actuallya relaxationfactorin the samesenseasdescribedabore. It is really a
scalingfactorthat hasdifferentusesdependingon what type of problemis being
solved. In surface problemsit is the factorby which the trial draft of the buoy

is multiplied at eachouter iteration when the algorithm s trying to braclet the
solution betweenthe maximumdraft and a minimum draft at which a solution
canbe obtained. It defaultsto 0.95in theseproblems;smallervaluescan speed
outerloop corvergence put canalsoleadto solutioninstabilities.For posi t i oned

problemsit is the factor by which distanceerrorsare multiplied to generatean
updateto the appliedforce vectorat a positionedboundary It defaultsto 5.0in

theseproblemsjargervaluescanleadto fastercorvergence but canalsocancause
solutioninstabilities.

static-outer-tol erance = constant expression
The corvergencetolerancefor the outerloop of staticiterations. Thiswill control
the relative error in the iterationsusedto determinesurfacedraft (in a surface
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problem)or position of the secondterminal (in a posi ti oned problem)for ex-
ample. If not giventhenit will default to the value given by t ol er ance= then
tostatic-tol erance. At leastone of thesemustbe given. A valueof 0.01is
typically sufiicient for anaccuratesolution.

static-outer-iterations = integer

The maximum permittednumberof iterationsto take in resolvingthe anchoror
buoy positionin the staticsolution. Becausdhe algorithmsfor finding the position
of the secondanchorin a posi ti oned problemor the surfacebuoy in a surface
mooringproblemarequite conserative, they canoftentake mary hundredof it-
erationsto corverge. This parametegives you the capabilityto allow for large
numberf iterationsin theseouterconvergencdoops,but notin thegenerarelax-
ationiteration. It will defaultto max-iterations orstatic-iterations in that
orderof preference.

shooting-iterations = integer

This is the maximum number of allowed iterationsin shootingsolution initial
guesseslf notgivenit will defaultto the maximumnumberof allowed staticiter-
ations. Shootingsolutionscanrequireouteriterationssimilar to thosefor regular
staticsolutions. Thelimit determinedby st ati c-outer-iterations is usedfor
thoseiterations.

2.3.2.3 Dynamic solution options

duration

time-step

const ant expression

Thetotal lengthof the dynamicsimulation.Must be givenif adynamicsolutionis
goingto beperformed.

const ant expression

Thetime stepof the dynamicsimulation. Decreasinghe time stepis sometimes
a goodway to getarounda singularity that may be occuring. Must be givenif a
dynamicsolutionis goingto be computed.cabledoeshave anadaptve time step-
pingalgorithmthatallowsit to dynamicallydecreas¢hetime stepif it encountera
singularityor atime stepwhich exceedghe dynamiciterationlimit. Thetime step
will bereducedoy successie factorsof tenupto a maxiumof 5 times. If afterthe
fifth nestedreductiona singularityis encounteredhe programwill halt. Typical
basetime stepsrangefrom 0.01to 0.1 secondgor mooringproblemsto 0.5t0 1.0
seconddor towing problems.

dynami c-tol erance = constant expression
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The corvergencetolerancefor dynamiciterations. In someproblems,it may be
desirablao have differenttolerancedor staticanddynamicsolutions.If notgiven
it will default to the valuegivenby t ol erance=. At leastoneor the othermust
be given. This toleranceshouldgenerallybe low (< 10-°) to preventerrorsfrom
building up asthe solutionprogresse time.

dynani c-rel axation = constant expression
The relaxationfactorto be usedin the dynamicsolution. In someproblems,it
may be necessaryo have differentfactorsfor staticand dynamicsolutions(see
rel axat i on=above). If notgiventhenit will defaulttothevaluegivenbyr el axati on=.
At leastoneor theothermustbegiven. Thebestchoicefor this parameters almost
always1.0.

dynanic-iterations = integer
The maximumpermittednumberof relaxationiterationsat eachtime step. Gener
ally, staticsolutionscantake moreiterationsthanthe dynamicsolutionat a single
time stepso this numbercanbe setlower. It will defaultto max-iterations if
not given explicitly. At leastone or the other mustbe given. A value of 20 is
appropriatédor mostproblems.

ranmp-time = constant expression
Thetime period over which the excitation amplitudeswill be linearly rampedup
to their full values. A non-zeroramptime is often usedto minimize numerical
transients. If not specifiedor if given as0.0 thenthe excitation amplitudeswill
simply be at their full valueright from the startof the simulation. It is generally
advisablgo rampthe excitationover oneor two excitationor wave periods.

2.3.2.4 Advancedoptions

current-steps = integer
The numberof stepsto take in bringingthe currentup to its full valuein the static
solution. For someproblemswith high currentsit can help corvergenceif the
currentis broughtup to speedslowly. Usewith cautionthough,asotherproblems
may corverge mostquickly at high current.

rel ax-adapt-up = constant expression
This is theamountby which the currentrelaxationfactorwill be multiplied when
theiterative solutionis progressingvell. It will notgrow beyondthebasevalue.To
turn off adaptve relaxationsetthisvalueandr el ax- adapt - down to 1.0.r el ax- adapt - up
defaultsto 1.02.
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rel ax- adapt - down = constant expression
This is the amountby which the currentrelaxationfactorwill be divided when
theiterative solutionis not progressingvell. Therelaxationfactorcancontinueto
shrinkuntil it becomeso smallthatthe solutionstalls(seer el ax-stal | -1imt
below). Whenthe solutionstartsto make progressagainr el ax- adapt - up will be
appliedandtherelaxationfactorwill slowly increasebackto its baselinevalueor
to anequilibriumvalueatwhichthesolutioncanmalke thebestoverall progressTo
turn off adaptve relaxationsetthisvalueandr el ax- adapt - up to 1.0.r el ax- adapt - down
defaultsto 1.1.

relax-stall-limt = integer
Thisis themaximumnumberof iterationsallowedwith a non-progressingolution
beforetherelaxationfactorwill revertbackto its baselinevalue.

mesh- snoot hi ng-1 ength = constant expression
This is the length over which the cunaturewill be averagedto computethe the
meshdistribution weightingfunction.

mesh-anplification = constant expression
The adaptve meshdistribution algorithm tries both to increasenode densityin
areasof high cunvatureandto keepnodesfrom beingplacedtoo far apart. In that
algorithm,this is theweightgivento cunatureeffects(relative to unity for spacing
effects). A valueof 20 appeardo reasonabléor chaincatenarymoorings.

dynanic-integration = string
Specifiegheintegrationalgorithmto usefor calculatingspatialpositionsof nodes.
Must be oneof spati al ortenporal. spatial calculategositionsby starting
at the first node and integrating upwards using orientationand stretchedength.
t enporal calculateshe positionof eachnodeindependentlyusing nodal veloc-
ities. The defaultis spati al . Changingto t enpor al may help remove drift or
positioninginaccuraciesn someproblems.

dynami c-al pha-k = constant expression
Thisis theweightingfactorfor stiffnessandforcetermsin the generalizedx time
integrationalgorithm.

dynami c-al pha-m = constant expression
This is the weighting factorfor masstermsin the generalizedx time integration
algorithm.

dynami c- gamma = constant expression
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Thisisthegeneralizedrapezoidatuleintegrationweightingfactorin thegeneralized-
o timeintegrationalgorithm. Thetime integrationwill besecondrderaccurateso
longas

: (2.1)

NIl

Y+ 0Om—0k=

dynani c-| anbda = constant expression
Thisis thevalueof A7, in the generalizedx time integrationalgorithm. If speci-
fied, valuesfor ay, am,, andy will be calculatecautomaticallyfrom
AT g — 3 +1
A2 -1 M 2° -2’
andthe requirementhat the integration be secondorder accurate(equation2.1).
Valid valuesare —1 < A7, < 1. The box method(the closestthing to the algo-
rithm in previous versionsof cablg is definedby A7, = —1. Usefulvaluesfor the
generalizedr algorithmare0.5to -0.8. It defaultsto -0.5.

Ak = (2.2)

dynam c-rho = constant expression
Sameasdynani c- | anbda.

2.3.3 Environmental parameters

Theenvi ronment sectionis usedto definethe external conditionsunderwhich the simulationis
run. Density gravity, depth,waves,current,andbottomparametersireall definedhere

gravity = constant expression
The acceleratiorof gravity expressedn appropriateunits. Must alwaysbe speci-
fied.

rho = constant expression
Thedensityof thefluid medium.Must alwaysbe specified.

depth = constant expression
Thedepthof thewater Requiredfor all problemsexceptt owi ng anddrifter.

input-type = string
Specifieghe natureof the dynamicinputs,eitherr egul ar (harmonic)or r andom
regul ar typeinputstreatthe excitationasharmonicfunctionswith the givenam-
plitude, period and phase.r andominputsbuild a randomprofile usingthe given
amplitudeasthe significantamplitudeandthe given periodasthe peakperiod. In-
put phaseinformationis ignoredin randomtype inputsbecausehe phaseof each
components assignedandomly
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forcing-method = string
This mustbespecifiedor dynamicproblems.Theonly currentlyacceptablealues
are:wave-fol | ower, nori son, vel oci ty, andf or ce.

wave-f ol | ower
With wave following surfacebuoys the heare motion of the buoy
is governedby theinstantaneouserticaldisplacementf thewave
field definedby x- wave= andy- wave= orwave-f il e=. Thebuoy
is unconstraineth the horizontaldirectionsandis freeto respond
to time-varying forcing by currentandwind. Horizontalmotions
arenot forcedby wave inputs.

vel ocity Forvel oci t y forcing the motionatthetop of the systemis com-
pletelydescribedy x- i nput =, y-i nput =, andz- i nput =orvel ocity-fil e=

force Like vel oci ty but the inputs aretaken to be forcesratherthan
motions.
mor i son mor i son forcing calculatedragandinertial forceson subsurace

bodiesbasedon wave particle velocity and acceleration.This is
themostphysicallyrealisticchoicefor subsurbcemoorings.

X-wave = (constant expression, constant expression, constant expression)
Theamplitude period,andrelative phaseof thesurfacewave travelingin theglobal
x direction.Usedwith wave- f ol | ower andnori son forcing.

y-wave = (constant expression, constant expression, constant expression)
Theamplitude period,andrelative phaseof thesurfacewave travelingin theglobal
y direction.Usedwith wave- f ol | ower andnori son forcing.

X-input = (constant expression, constant expression, constant expression)
Theamplitude period,andrelative phaseof thedynamicinputin theglobalx direc-
tion. Only usefulwhenf or ci ng- met hod isvel ocity orforce. Fori nput -type
= regul ar uptotendistinctharmoniccomponentganbe specified.

(constant expression, constant expression, constant expression)
Theamplitude period,andrelative phaseof thedynamicinputin theglobaly direc-
tion. Only usefulwhenf or ci ng- met hod isvel oci ty orforce. Fori nput-type
= regul ar uptotendistinctharmoniccomponentganbe specified.

y-input

z-input = (constant expression, constant expression, constant expression)
Theamplitude period,andrelatve phaseof thedynamicinputin theglobalz direc-
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tion. Only usefulwhenf or ci ng- met hod isvel oci ty orforce. Fori nput-type
= regul ar uptotendistinctharmoniccomponentganbe specified.

X-current = variable expression
The currentin the globalx-direction,possiblyasa function of depth(usingeither
adiscreteexpressioror a continuousexpressiorwith the symbolicvariableH).

y-current = variable expression
The currentin the globaly-direction,possiblyasa function of depth(usingeither
adiscreteexpressioror a continuousexpressiorwith the symbolicvariableH).

X-current-nmodul ation = variabl e expression
Thetime varying modulationof the currentin the x-direction, eitherasa discrete
expressioror acontinuousexpressiorwith thesymbolicvariablet . Defaultsto 1.0
(no modulation).

y-current-nodul ation = variabl e expression
Thetime varying modulationof the currentin the y-direction, eitherasa discrete
expressioror acontinuousexpressiorwith thesymbolicvariablet . Defaultsto 1.0
(no modulation).

X-wind = variabl e expression
Wind, possiblyasafunctionof time, in the x-direction.
y-wi nd = variabl e expression

Wind, possiblyasafunctionof time, in they-direction.

bottom el evation = variabl e expression
The elevation of the bottomrelative to the origin (the anchorin mostproblems).
The elevation canbe specifiedasa continuousunctionof bothx andy. It should
always be definedsuchthat the origin is at elevation zero. Discreteexpression
syntaxcanonly be usedto describeslevationsasa functionof x only.

bottomfriction = constant expression
Thecoeficient of staticfriction betweermooringline andseafloor.

bottomstiffness = constant expression
The springstiffnessof the bottomper unit length. For oceanographiapplications
valuesfrom 100to 1000(in MKS units)aretypical.

bot t om danpi ng = constant expression
The dampingratio of the bottom. The dashpotoeficient for the bottomis calcu-
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latedfrom this ratio usinga naturalfrequeng basedon bottomstiffnessandcable
mass. Settingthis parametettoo high can sometimedeadto instabilitiesin the
dynamicsolutionof a problem.A valuegreaterthanl1.0is seldomnecessary

wave-file = string
Thenameof thedatafile containingaspectrabdescriptionof theinputwave field in
the x-direction. Thefile shouldbe ASCII datawith threecolumnsperline: radial
frequeny, spectrapower, andphase.

velocity-file = string
Thenameof thedatafile containingtime seriesof inputvelocity. Thefile shouldbe
ASCII datawith four columnsperline: time, x velocity, y velocity, andz velocity.
This is typically mostusefulfor modelvalidation and calibrationwhentrying to
matchexperimentresultsgivenanobseredtime seriesof input motions.

force-file = string
Sameasvel oci ty-fil e whenf orci ng- met hod=f orce.

2.3.4 Cable,chain and ropematerials

Thenat eri al s sectiondefinesthe cablematerialsthat make-upthe system.Eachmaterialdefini-
tion consistf a uniquenamefollowed by a seriesof materialpropertydefinitions,suchas

Wre EA = 4. 4e6 El = 500 & =25
m= 0. 160 am = 0.05 wet = 1.15
d = 0.0063 Cdt = 0.01 Cdn = 1.5

Remembethatwhite spaceandorderingdoesnot mattersothesepropertiescould be arrangedn
mary otherways.

m = constant expression
Themassperunit lengthof the material. Must be non-zero.

wet = constant expression

The wet weight (weight in the fluid characterizedy the density definedin the
envi ronment section)perunitlength.If thewetweightfor a materialis not speci-
fied (oris specifiedo be zero)thenit will becalculatecaswet = mg— Apg where
A is the cross-sectionareaof the materialbasedon the specifiedmaterialdiame-
ter, mis thespecifiednaterialmassperunitlength,andg andp arethegravitational
acceleratioranddensityof the fluid mediumdefinedin theenvi ronnent section.
For neutrallybuoyantmaterialsspecifysomevery smallnumber
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d = constant expression
The diameterof the material. This valueis usedin dragcalculationsor projected
areaandto calculatewet weightandaddedmasswhenthesevaluesarenot explic-
itly given. For chains,this diameteris typically taken asthe outsidewidth of a
singlelink.

| ength = constant expression
For fixedlengthinstrumentsaandassembliesreatedasmaterials the lengthcanbe
specifiedin the materialdefinition. If the sgmentlengthis omittedin a layout
entrythenthelengthfrom the associatednaterialdefinitionwill beused.

g

constant expression
The drag coeficient in the normal (transwerse)direction. Typically betweenl.5
and2.0for standarctircularoceanographicablesand0.5to 0.6 for chain.

Cdt

constant expression
The dragcoeficient in the tangential(longitudinal) direction. Typical valuesfor
oceanographicablesrangebetweerD.003(for smoothcables)and0.05(for some
fairedcables).A typical valuefor chainis 0.01.

L

constant expression
The axial stiffnessof the material. Must be non-zero. For ropesand cablesthis
valueshouldtypically belessthanthestraightproductof E (elasticmodulus)times
A (cross-sectionarea).lt is bestdeterminedrom the slopeof an experimentally
derivedload-elongatiorcune.

El

constant expression
The bendingstiffnessof the material. Must be non-zero. For chainsit shouldbe
very small. For ropesandcablesthe valueshouldprobablybe somethingessthan
thethetheoreticalvaluefor a solid rod given by
R

E (2.3)

G = constant expression
The torsionalstiffnessof the material. Must be non-zero,but is ignoredin 2D
problemsandcouldthusbearbitraryin thosecasesFor ropesandcableshevalue
shouldprobablybe somethingessthanthe theoreticalvaluefor a solid rod given

by

=R
G- (2.4)
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am = constant expression

am

am

Cat

bt

bn

type

Thetranserseaddedmassper unit lengthof the material. If the addedmassfor
a materialis not specified(or is specifiedto be zero)thenthe addedmasswill be
calculatecasam = Ap whereA is the cross-sectionadreaof the materialbasedon
the specifiedmaterialdiameterandp is the densityof the fluid mediumdefinedin
theenvi ronnent section.

constant expression
The tangentialaddedmassper unit length of the material. If not givenit will be
takento be 0.0. Generallyonly appliesfor chainand someinstrumentshat are
modeledasmaterialseggments.

constant expression
Sameasam

constant expression
Thetangentialaddedmasscoeficient. If ant is notgivenandCat is specifiedthe
tangentiabddedmasswill becalculatecasApCs,.

constant expression
The normaladdedmasscoeficient. If am is not given andCan is specifiedthe
normaladdedmasswill becalculatecasApC,,.

constant expression
The tangentialvirtual masscoeficient. If ant andCat arenot givenandCnt is
specifiedthetangentiabddedmasswill becalculatedasAp(Cn, —1).

constant expression
Thenormalvirtual masscoeficient. If atm andCan arenotgivenandCnt is speci-
fied thenormaladdedmasswill becalculatedasAp(C, —1).

constant expression
Structuraldampingconstantof the materialfor tangentialmotions. Negligible in
mostapplications.

constant expression
Structuraldampingconstaniof the materialfor transersemotions. Negligible in
mostapplications.

= string
Specifieghetype of constitutie relationshipto usefor this material. Valid values
arel i near andnonl i near. If the materialis linearthenEA will be usedfor all
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tension-straircalculationsIf nonl i near is specifiedr, Te, andTee mustbegiven.
Defaultis| i near.

T = variabl e expression
For nonlineamaterialghisfunctiondefinesheload-elongatiorcurve asafunction
of strainusingthe symbolicvariablee. If this functionis given both Te andTee
mustbe givenaswell. In suchcaseghesefunctionswill be usedratherthanEA to
calculatethe materials tensionresponse.

Te = variabl e expression
For nonlineamaterialghefirst derivative of theload-elongatiorrurve asafunction
of strain,e. For linearmaterialshe slopeof theload-elongatiorcurve is EA.

Tee = variabl e expression
For nonlineamaterialshesecondlerivative of theload-elongatiourve asafunc-
tion of strain,e. For linear materialsthe seconddervative of the load-elongation
cuneis zero.

comment = string
Definesa stringthatcanbe usedto identify the materialdefinition morefully than
its symbolicname.

2.3.5 Connectors

The connect or s sectionis usedto definethe shackles floats, and instrumentsthat are placed
betweercablesggments.A connectolis definedby a uniquenamefollowed by a seriesof property
definitions.

wet = constant expression
Thewetweightof theconnectar

m = constant expression
Themassof the connectar

d = constant expression
Thecharacteristidiameterusedto calculatea dragarea.

am = constant expression
Theaddedmassof theconnectarlf it is notspecifiedt will becalculatecbasedbn
the specifiedcharacteristicliameter
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Cdt

constant expression
The tangentialdrag coeficient of the connectar In global coordinateghis is the
dragcoeficient usedfor verticalmotions.

Cdn = constant expression
Thenormaldragcoeficient of the connectarin globalcoordinateshisis thedrag
coeficient usedfor horizontalmotions.

comment = string
Definesastringthatcanbeusedto identify theconnectodefinitionmorefully than
its symbolicname.

All connectorarecurrentlymomentreleasing-thatis they cannottransmita momentbetweerthe
segmentswhich they are placedbetween.For shackleandpin-typeconnectorghis is a reasonable
assumption.

2.3.6 Buoys

The buoys sectiondefinesthe buoy or ship thatis usedat the top of the mooring. If partof the
solutioninvolves calculatingthe staticforcesat the top of the mooringdueto buoyang/ anddrag,
or if nori son forcing was specifiedin the envi ronnent sectionthenbuoy definitionsmustbe
complete Buoys arealsousedto representhetowedvehicleendof at owi ng problemor thesinker
weightin adri fter problem.In this casethey shouldbe definedasanequivalentspherewith the
diameterand an explicitly specifiedbuoyang/ (ratherthanan automaticallycalculatedbuoyancgy
basednthediameterof the spheremanipulatedo simulatethe properdragareaandwet weight.

type = string
Thebasicbuoy type. Currentlyrecognizedraluesaresphere, cylinder, capsule,
axi symmetric, ship, platform

d = constant expression
The diameterof the buoy for buoy shapeswvith pre-definedyjeometry(cyl i nder,
sphere, capsul e).
h = constant expression
Thetotal heightof acyl i nder buoy or thetotal lengthof acapsul e buoy.
diameters = (xq, di) ... (Xp, dp)

The descriptionof the geometryof anaxi symret ri ¢ buoy from the bottomup.
Eachpair of numbersrepresents level and a diameter The buoy geometryis
definedasanaxisymmetridbodyof revolution formedby thelinesconnectinghese
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points.

buoyancy = constant expression
If giventhis will be usedasthefully submegeddisplacemenof the buoy. If not
givenit will be computedbasedon buoy type andspecifiedgeometry This is not
the sameasthe availablebuoyang or wetweight.

m = constant expression
Themassof thebuoy.

am = constant expression
The addedmassof the buay. Currentlyonly usedwhennori son forcing is active
or for themotionsof tow bodies.If it is notspecifiedt will becalculatechasedn
buoy diameter

Cdt = constant expression
Thetangentialdragcoeficient of the buoy. Also usedfor verticalforcesin global
coordinates.

Cdn = constant expression
The normaldragcoeficient of the buay. Also usedfor horizontalforcesin global
coordinates.

e
S

= constant expression
Thedragcoeficient of thebuay in wind.

Sw = constant expression
Thesurfaceareaof thebuoy exposedo wind drag.If notgivenit will becalculated
from the buoy draft andshape but this will only be accuratefor a small classof
systems.

comment = string
Definesa stringthatcanbe usedto identify the buoy definitionmorefully thanits
symbolicname.

2.3.7 Anchors

The anchor s sectiondefinesthe anchorsthat are usedat one or both endsof the system. The
parametersarecurrentlyonly usedin depl oyment problems.For otherproblemsyou mustcreatea
valid anchormameto be usedin thet er mi nal definitionsof thel ayout sectionfor ary problems
thatrequireit.
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m = constant expression
Themassof theanchor

wet = constant expression
Thewetweightof theanchor

d = constant expression
The characteristidiameterof the anchor Theforceson the anchorarecalculated
assuminghattheanchoris a spherewith this diameter

Cdn = constant expression
Thenormaldragcoeficient of theanchor Also usedfor forcesin the global hori-
zontaldirections.

Cdt

constant expression
The tangentialdrag coeficient of the anchor Also usedfor forcesin the global
verticaldirection.

mu = constant expression
The coeficient of static friction betweenthe anchorand the bottom. In future
versionsof cablethis maybe usedin calculatingthe holding power of theanchor
It is currentlyunusedn all problemtypes.

2.3.8 Systemlayout
2.3.8.1 Singlepoint, simply connectedsystems

The geometryof the mostmodelsystemsds built from the bottomup asa seriesof segmentswith

optionalconnectorbetweersggmentsandterminalpointsat the ends.Terminalpointscanconsist
eitherof buoys or anchors.The | ayout sectionfor a single point mooringwith just one shot of

materiallookslik e the following

Layout
termnal = { anchor = clunp }
segment = {
l ength = 200
mat eri al “wre
nodes = (100, 1.0)
}

termnal = { buoy = snubber }
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If therewasashotof nylon abore thewire connectedby a shacklehenwe simply addaconnect or
= statemenandasecondsegnent = statement

Layout
termnal = {
anchor = clunp

}
segment = {
l ength = 200
mat eri al = wre
nodes = (100, 1.0)
}
connector = shackl e
segment = {
l ength = 50
mat eri al = nylon
nodes = (100, 1.0)
}

termnal = {
buoy = snubber

In bothof theseexamplesall of the namedobjectscl unp, wire, shackle, snubber needto be
definedin theabove describedsectionsof theinputfile.

If wewantedto definea problemwith bothendsanchoredo thebottomthenwe simply specify
adifferentterminalat the secondendof the system

Layout
ternminal = {
anchor = clunp

}
segment = {
[ ength = 20
mat eri al = wre
nodes = (40, 1.0)
}
connector = gl ass_sphere
segment = {
[ ength = 100
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connector glass_sphere
connector shackle

40 m nylon
20 m wir 30 m nylon I<—5 m nylonﬁI 30 m nylon'\ 20 m wire
anchor clump , / anchor clump
buoy sinker

Figure2.2: Geometryof the branchedayoutdescribedn thetext.

mat eri al = nylon

nodes = (50, 1.0)
}
connector = gl ass_sphere
segment = {

[ ength =20

mat eri al =wre

nodes = (40, 1.0)
}

termnal = {

Layout

anchor = clunp
z =00
x = 100.0

This would definea threesggmentsystemwith both endsanchoredthe secondanchoris located
100unitsto theright of thefirst anchor

2.3.8.2 Branchedand multileg systems

Any systemthatcannotbe describedasa single,simply connectedtring of sgmentsbetweerntwo
terminalsmustbedescribedisingbranchesBranchesanbeusedto describemultileg systemsand
systenthathave stringsof sggmentshangingfrom othersegments.Branchesvereoriginally added
to cableto handlethis latter casefor horizontalarraymoorings.The geometryshavn in figure 2.2
is describedby a modifiedversionof thelayoutwith bothendsanchoredlescribedabove:
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termnal = {
anchor = clunp

}
segment = {
l ength =20
mat eri al = wre
nodes = (40, 1.0)
}
connector = gl ass_sphere
segnent = {
[ ength = 30
mat eri al = nylon
nodes = (30, 1.0)
}
connector = shackl e
branch = {
segment = {
length = 5
material = nylon
nodes = (5, 1.0)
}
ternminal = {
buoy = sinker
}
}
segnent = {
length = 40
material = nylon
nodes = (40, 1.0)
}
connector = shackl e
branch = {
segment = {
length = 5

material = nylon
nodes = (5, 1.0)
}
termnal = {
buoy = sinker



}
segment = {
| ength =30
mat eri al = nylon
nodes = (30, 1.0)
}
connector = gl ass_sphere
segment = {
| ength =20
mat eri al = wre
nodes = (40, 1.0)
}

ternminal = {
anchor = clunp
z =00
x = 100.0

The stringshangingoff the horizontalmemberare definedby addinga br anch= specification
aftera connect or =. For multileg mooringsmultiple branche<anleave from the sameconnector
by addingmorebr anch= specifications.Within a branchdefinition segmentsand connectorsare
strungtogetherto definethe branchjust asthey areon the mainsystem.A branchdefinition must
endwith aterminal. Theterminalcancontainananchoror a buoy, or it canrejointhe mainsystem
to form aloop usingnode=.

2.3.8.3 Layout parameters

segment = { segnent definition }
A segmentdefinition consistf threerequiredstatementst ength = , materi al
= ,andnodes = . Thestatemenattachnents = isoptional.

| ength = constant expression
Thelengthof the segment. This entrycanbeomittedif theassoci-
atedmaterialhasavalid lengthdefined.

material = string
Thematerialtypeto be usedfor this sggment.

nodes = (integer, constant expression) (integer, constant expression)
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Thenumberanddistribution of nodedo beusedn discretizingthe
segment.In generabdiscretizatiorwill consistof aseriesof pairs
of the form (numberof nodes fraction of length)wherethe total
numberof nodesfor the segmentis derived from the numberof
nodedlistedin eachpair andthe lengthfractionsof all pairsmust
addto 1.0. Theconstructallows for increasingnodedensityover
portionsof a sggmentwherehigh spatialgradientsare expected
(oftentimesthe endpointsof a sggment). For instancea speci-
fication of the form nodes = (100, 0.1) (100, 0.8) (100,
0. 1) will placel00nodesn boththefirstandlast10%of the sey-
mentand100nodesin the middle 80% of thesggment. This entry
canbe omittedonly if lengthis omittedandthe associatedanate-
rial hasalengthdefined.If omitted,threenodeswill bedistributed
uniformly over the entiresegment.

attachnents = string : (n}, nd, ... ), string : [Nstar, Nstep Nstod ,
Specifiesan optionallist of attachedbjectson this segment. At-
tachmentaddmassweight,anddragat a node.Eachattachment
consistsof anobjectdefinedin theconnect or s sectionanda list
of local nodenumberg(i.e., nodenumberseferencedo the say-
mentthatis beingdefined)at which thattype of objectshouldbe
placed. Multiple typesof attachmentgan be definedas shavn.
Any given nodecanonly have onetype of objectattachedhow-
ever. For irregularly spacedattachmentshe list of nodescanbe
given explicitly inside parenthesesFor regularly spacedattach-
mentsyou canusethe squarebraclet constructo definethe start-
ing node,intenal, andendingnodefor the placemenbf anattach-
ment.

connector = string
Specifiegheoptionalconnectothatcanbeplacedbetweersegments.If noconnec-
tor is specifiedbetweersegmentsthenthejoined endsof thetwo segmentssimply
overlapandtheresultsfor the two nodedocatedat that pointwill alwaysbeiden-
tical. Omitting a connectoibetweensggmentsis oneway to modela connection
thatdoesnottransmitmoments A connectomustprecedeabranch(i.e., moments
mustbereleasedt a pointwheremorethantwo segmentscometogether).

branch = { branch definition }
Specifiesa branchedseriesof sggmentsandconnectorghatleavesfrom the main
system Eachbranchdefinition mustendwith aterminal.
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2.3.8.4 Terminal parameters

terminal = { terninal definition }

A terminaldefinition mustcomeboth at the beginning andend of the list of seg-
mentsandconnectorandatthe endof everybranch.lt canconsistof statementsf
theformanchor =, buoy=, x=,y=,z=,x-force=,y-force=, z-f or ce=, x- speed=,
y-speed=, z- speed=, x-t hrust =, y-thrust =, z-t hrust =, t ensi on=, pay-rat e=
andr el ease-ti me=. Main terminaldefinitionsmustcontainatleastananchor or
buoy definition. Branchterminalsmusthase ananchor, buoy ornode= statement.

anchor = string

buoy = string

N
1

>
1

<
1

const ant

const ant

const ant

Specifiegheanchorto useat this termination.

For traditionalsinglepointmooringsthis definesghe nameof the buoy to beusedat
thetop terminalof thesystem For drifter andtowing problemsabuoy = statement
is usedin thefirstt er m nal definitionto definethemassatthe subsuracefreeend
of the system(usuallya depressoweightor avehicle).

expressi on
Thez location(vertical)of ananchorin the globalcoordinatespace.

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

expressi on
They location (3D out-of-planehorizontal)of ananchorin the global coordinate
space.

z-force = constant expression

Optionally userprovided staticforce on a buoy. If specifiedit is importantthatit

be large enoughto supportthe weight of the mooring. If it is not large enough
the solutionwill eitherbe upsidedown or the problemwill not be solvable. User
specifiedstatic forcesare only usedfor general problems. In all other cases,
cableautomaticallycalculatesend-pointstaticforcing basedon currentsanddrag
propertiesandweightsandbuoyancies.

x-force = constant expression

Optionallyuserprovidedstaticforce on a buoy.

y-force = constant expression

Optionallyuserprovidedstaticforce on a buoy.
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X- speed = variabl e expression

y-speed =

z- speed

X-t hrust

y-thrust

Zz-thrust =

pay-rate

Optionally userspecifiedspeedof the terminalin the global x direction. The ex-
pressioncanbe a functionof t (time) or a discretestep-wiseexpression.This is
mostcommonlyusedto specifya tow speedor the speedof a surfacedrifter. As
functionsof time, the x- speed andy- speed canbe usedto specifycomplex mo-
tionsof asurfacetow ship (for example two sinusoidafunctionsout of phasewith
oneoneanothercould be usedto specifycircularor elliptical tow patterns).n or-
derto geta valid static(steady-statedolution,at leastonecomponentf the speed
shouldevaluateto non-zerovaluesattimet = 0.0.

vari abl e expression

Optionallyuserspecifiedspeef theterminalin the globaly direction.

vari abl e expression

Optionallyuserspecifiedspeef theterminalin the globalz direction.

vari abl e expression

This thetime varyingforce appliedon a buoy terminalin the globalx direction. It
is intendedto beusedwith ROV towing problems.

vari abl e expression

Time varyingthrustin theglobaly direction.

vari abl e expression

Time varyingthrustin the globalx direction.

vari abl e expression

The pay-out(or pay-in) rate of materialoff of theterminal. Thisis typically most
usefulfor towing problems.The expressiorcanbe a function of time or adiscrete
expression. Positive ratesindicate materialbeing addedto the system;negative

ratesindicatematerialbeingtaken out of the system.Ratesshouldbe specifiedin

units of lengthpertime. Remembethatfor problemswith positive pay-rateghe
total numberof nodesin the problemwill be greaterthanthetotal numberdefined
by thesumof all nodesover all segmentsdefinedin thel ayout section.

node = integer

In a branchterminal definition this optionis usedin lieu of ananchoror buoy to
specifythatthe branchrejoinsthe main segmentstring to form aloop. The node
numbemustbe avalid globalnodenumberonthe mainsystem.

rel ease-time = constant expression

The time point during the simulationat which the the buoy or anchorshouldbe
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releasedrom the system.This canbe usedto simulateanchomeleas€or mooring
retrieval problemsandcablebreakingfor towing problems.

2.3.9 The endstatement

Thefinal statemenin ary inputfile mustbeanend statement.
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Chapter 3

The cable Application

3.1 Basicoperation
Thebasicway to solve a staticproblemwith cableis simply to type
%cable -in foo.in -out foo.res -static

on the commandine, wheref 00. i n is the nameof a cableinput file andthe outputfile will be
named o0o. r es. For adynamicproblem,atypical commandine mightlook like

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

Likethestaticproblem theinputandoutputfiles arerequiredparametersnthecommandine. The
contentof theresultsfile aredeterminedy the remainingparametersit will containinformation
at nodes50 and100 at every 0.1 secondsandinformationat all nodes(a “snapshot™)at every 1.0
secondsExactlywhatinformationgetssavedatthosetime points(andtheinformationwritten for a
staticresult)is controlledby additionalparametersBy default,asmary variablesasareapplicable
will beoutputfor a given problem— you canchangethis behaior by turningunnecessaryariables
off. In staticsolutions,availableinformationincludesmotion(position),forces,momentsaandEuler
parametersn dynamicsolutions,velocity is addedo thelist of availableinformation.

For example,a staticproblemsolvedwith the command

% cable -in foo.in -out foo.res -static +notion +nonent +eul er

IThereareno enforcecnamingcorventionsfor inputor outputfiles (i.e., thereis no requirementhatinput files have
theextension. i n or thatoutputfiles have theextension. r es).
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will containonly force (tensionandsheaiforces)informationbecausell otherapplicablevariables
have beenturnedoff (with the +not i on, +moment , and+eul er switches).If we remorve the static
solutionswitchandaddsamplinginformation

%cable -in foo.in -out foo.res -snap_dt 1.0 +notion +moment +eul er

thencablewill follow the staticsolutionwith a dynamicsolutionandthe resultsfile will contain
both force andvelocity information, but only in snapshoform at 1.0 secondntenals. If we also
wanteda detailedtime history of the position of node 100 thenthe abore commandline would
become

%cable -in foo.in -out foo.res -snap_dt 1.0 -sanple 0.1 -nodes 100
+monent  +eul er

3.2 Usingthe run-time solution controls

By default, cableprovidesrun-timefeedbackn theform of ASCII text outputto theterminal. This
informationconsistsof the currentiterationnumber time step,error toleranceandary diagnostic
messagesThis informationcanbeloggedby redirectingthe stdoutoutputstreanto afile.

An alternatve to this form of feedbacks the graphicalinformationandcontroldialog pictured
in figure 3.1. This control can be enabledby specifying- X on the cable command-line. If this
dialogis enabledhenthetextual outputto the stdoutstreamof theterminalwill be suppressednd
all diagnostidnformationis sentto the appropriatdields of the controldialog. The statusmessage
window providesa 100line circularbuffer for algorithmicandsolutionprogressnformation. You
canusethearrav buttonsnext to the messagavindow to scroll forward andbackward throughthis
buffer. Notethatwith theinformationandcontroldialogenabledcabledoesnot automaticallyexit
afterthe solutionis complete.Thedialogwill remainon the screeruntil the quit buttonis pressed
unlessthe- qui t command-lineptionwasspecified.

Theinformationandcontroldialog alsoallows certainaspect®of the analysisparameterso be
adjustedduring the solutionof the problem. The relaxationfactor toleranceanditerationlimit for
all threeiterationloops(static,staticouter anddynamic)canbe adjusted.A typical needfor such
anadjustmenmight beto allow for moreiterationsif a problemis obseredto be corverging but
notfastenoughthatit will reachthe desiredioleranceby theiterationlimit pre-setwithin theinput
file. Relaxationfactorscanalsosometimese adjustedadwantageouslyo speed-ugornvergenceor
to stabilizeaniteration.

To adjusta parameterthe problemmust be paused. With the problempausedchangescan
be madewithin the grid of nine adjustableparametersln orderfor thesechangedo take affect,
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= cable i
relaxation tolerance iterations
static 1 1e-06 a0
outer o le-06 20
dynamic 1 le-06 30
time—step duration ramp—time
dynamic 0.1 100 0
time iter error aux err
24,52 3 59,2253
63: adapting back, dt = 0,01 vl Al
quit | pause | update | restore |

Figure3.1: cablés graphicalinformationandcontroldialog.

the update button mustbe pushedand the problemunpaused.The problemcan be pausedand
parametersdjustedary numberof times. The restore buttonwill resetall fieldsto their original
values.

In adynamicproblem,thetime-stepcanalsobe changedvhile thesolutionis in progressCare
mustbe taken sothatthe solutionremainson the samplinggrid. Also, changedo thetime-stepdo
not take effect instantaneouslylf the adaptve time-steppingalgorithmis active thenthe changed
time-stepwill nottake effect until the solutionis backon the original grid. Whenthe solutionis on
theregulartemporalgrid, the updatedime-steptakeseffect onestepafterthe changes made.So
if thecurrenttime is 3.55andthetime-stepis changedrom 0.01to 0.05,the next solutionwill be
at 3.56, not 3.60aswasprobablyintended. You canpauseand unpausedhe solutionasneededo
make surethattime-stepchangesaremadein the stepprior to a steponthe new solutiongrid.

3.3 Usingthe C pre-processor

Every inputfile thatis run throughcableis pre-processetly the C preprocessorThis allows for
the useof macrodefinitionsandincludefiles within aninput file. This is a particularly powerful
featurefor usersdoing parametriadesignstudiesof a given systemor for userswho have built up
large databasesf cable,buoy, andconnectoiproperties.

For the parametricdesignstudy considerthe casewherewe have written an input file for a
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mooring systemand we want to generatdime seriesof the resultsat node 100 for a variety of
systeminputs— sayfor sinusoidalvertical excitationat 3.0 m amplitudeand4.0,6.0,8.0,10.0,and
12.0 secondperiod. In our input file thenwe might have an ervironmentaldescriptionline (see
chapter2) thatlookslike

z-input = (3.0, PERIOD, 0.0)

Whenwe run cablewe just needto supplya C pre-processamacroto replacethe PERI OD variable
with the actualperiodthatwe wantto run

%cable -in foo.in -out foo.res -nodes 100 -sanple 0.1 - DPERI OD=4.0

Runningthefull seriesof excitationperiodss very simplewith shellconstructsuchascshsforeach
command

%foreach T (4, 6, 8, 10, 12)
? cable -in foo.in -out foo $T.res -nodes 100 -sanple 0.1 - DPERI OD=$T
? end

Thiswill run, oneright afteranotherthe modelfor eachof thefive periodsandstoretheresultsin
filesnamed 00_4.res, foo0_6.res, etc.

To createa materialdatabasesimply createa file with just a mat eri al s section(the same
conceptsaapplyto otherobjectsaswell: anchorshbuoys, connectorsanddefinitioninformationfor
all of thematerialtypesthatyou regularly use.If you calledthatfile r opes. db thenall you needto
doto usethedatabasénformationin ary inputfile is to includetheline

# include "ropes. db"
in your inputfile (it mustcomeafterthepr obl em descri pti on section,but otherthanthatit can

be anywherein theinputfile). Becausesectionscanberepeatedn aninputfile you canincludeas
mary suchdatabaseasnecessarandalsohave “local” sectiondefinedrightin thefile.

3.4 Summary of commandline parameters

Thefollowing areall of the availablecommandine switchesandparametecontrolsfor cable

-in filename
the nameof the cableinputfile.
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-out filenane

the nameto usein creatingthe outputresultsfile.

-load filenane

-initial file

-twoD

-static

-quit

-auto

-dynstat file

-nodes nl n2

if given,indicatesthatthe staticsolutionshouldbereadfrom theresultsfile given
by fil enane (asopposedo the static solution being generatedduring the cur
rentrun). fi | ename mustcontaina complete(all variablespresentkstaticsolution
for the exact problemgeometrydefinedby the currentinput file. This optionis
mostusefulfor problemswhich requiretime consumingstatic solutions(surface
problems pottominteractionproblems)yandfor which numerouglifferentdynamic
inputsarebeinginvestigated.The outputfilenameandthe loadfilenamecannotbe
thesame.

nane

if given,indicateghatthestaticsolutionshouldusethesolutionfromfi | ename as
theinitial guessforegoingcatenaryor shootingsolutions.Theoutputfilenameand
theinitial filenamecannotbe the same. Like the load filenamethe solutioncon-
tainedin fi | enane mustcontaina completestaticsolutionfor the exactproblem
geometrydefinedby the currentinputfile.

booleanoptionto usethe two-dimensionahlgorithmfor staticanddynamicsolu-
tions of this problem. This is currentlythe default. To getthe 3D solver specify
+t woD.

stopsthe solution processafter the static solutionis calculated,.e., no dynamic
solutionwill begenerated.

forcesthe programto exit withoutwaiting for thequit buttonafteranerroror once
thesolutionis complete.Thisis only meaningfulwhenthegraphicinformationand
controldialogis enabled.

overridesthe analysisparametersn the input file andforcesan auto-modestatic
solution. Only usefulfor sur f ace or subsur f ace problems.

nane

causeghe final solutionin a dynamicproblemto be written as a static solution
in the separatemutputfile givenby fi | ename. Thisis usefulfor calculatingstatic
solutionsusingdynamicrelaxation.

n3 ...
specifiesa list of nhode numbersat which temporalresultswill be written to the
outputfile. Remembethatfor problemswith positive pay-rateshe total number
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-first

-| ast

-termnal s

-connectors

-sanmpl e dt

-snap_dt dt

-deci mate X

-notion

-vel

of nodesn theproblemwill begreaterthanthetotal numberdefinedby the sumof
all nodesover all segmentsdefinedin thel ayout sectionof theinputfile.

boolearoptionthataddsthefirst nodeto thelist of outputnodesat whichtemporal
resultswill bewritten to the outputfile.

booleanoptionthataddsthelastnodeto thelist of outputnodesatwhich temporal
resultswill bewrittento the outputfile. This canbeusefulfor problemsfor which
it may bedifficult to manuallydeterminevhatthe total numberof nodeswill bein

the problem(suchasproblemswith positive pay-rates).

booleanoption that addsall terminalnodesto the list of output nodesat which
temporalresultswill be written to the outputfile. This canbe usefulfor branch
problems.

booleanoption thataddsthe top nodeof every sggmentwith a connectordefined
to thelist of outputnodesat which temporalresultswill be written to the output
file. Thisis typically thenodebelow the connectarlf youwantoutputatthenode
above theconnectoyou mustexplicitly specifythatnodenumbersingthe- nodes
option.

specifiesthe time incrementfor writing temporalresultsto the outputfile. If no
valueis giventhe sampleratewill be setto thetime stepof the dynamicanalysis;
this canresultin the outputfile becomingmuchlargerthanis necessary

specifiesthe time incrementat which spatialdistributions of the outputvariables
will bewritten to the resultsfile. Thesedistributions are snapshot®f the output
variablesat all of the nodesin the problemandare generallymostusefulfor ani-

mations.If novalueis giventhenno snapshotsvill berecordedn theoutput.

specifiegheincremento usewhenwriting spatial(staticandsnapshotjesults.The
defaultis 1 (every nodewill bewritten). The decimationfactormustbe setsuch
thatthe nodel andnoden areincludedin the output. Decimationwill produce
possiblystrangeresultsin branchedproblems. Static solutionscannotbe loaded
from afile containinga decimatedesult.

booleanoption to include motion (x, y, z coordinateinformation) resultsin the
outputfile. Thedefaultis for this optionto beon;to turnit off use+not i on.

boolearoptionto includevelocity (u, v, w in local coordinatesjesultsin theoutput
file. Thedefaultis for this optionto beon;to turnit off use+vel .
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-force booleanoptionto includeforce (tensionandshearforces)resultsin the outputfile.
Thedefaultis for this optionto be on;to turnit off use+f or ce.

- moment booleanoptionto includemoment(torsionandnormalandbi-normalbendingmo-
ments)resultsin theoutputfile. Thedefaultis for this optionto beon;to turnit off
use+nonent .

-eul er boolearoptionto includeEulerangle(2D problems)r Eulerparameter§3D prob-

lems)resultsin the outputfile. The defaultis for this optionto beon;to turnit off
use+eul er. Eulerinformationmustbe includedin the resultsfile if you wantto
do ary rotationsinto global coordinatesluring post-processingseechapterd).

-version displaythe currentversionnumberof cableandexit.

-hel p displaya brief helpmessagevhich lists all of the availablecommandine options.

- debug will generatea cablefile, thatif all is working well, shouldlook exactly like the
original inputfile. The generatedile representsvhatthe applicationthinksit was
given.

-cpp filenane
substitute i | ename for the pre-processatio run ontheinputfile.

-nocpp donotruntheinputfile throughthe pre-processor
-ldirectory adddirectory tothestandardearctpathfor includefilesin the pre-processor
- Unane undefinethe macronane in the pre-processor

- Dname=val ue
definenanme to bethemacroval ue in the pre-processor

3.5 Inter preting the output from cable

Theoutputfiles thatcomeout of cablearewrittenin a custombinaryformatoutlinedin figure 3.5.
The basiclayout of the file is a static solution with the userspecifiedresult variablesat every
nodefollowedby anoptionaldynamicresultssectionwith node—timehistoriesinterleared with full
systemsnapshotsagainonly for the userspecifiedresultvariables. Variablesfrom the dynamic
solution (exceptfor absoluteposition: x, y, z) are always storedas dynamicquantities. Thatis
they representhe dynamicdeviation from the static value given by the static solution. Because
the staticsolutionis alwayspresenin anoutputfile thetotal quantityof ary variablecanalwaysbe
reconstructedRemembethatnon-linearitiesn theequation®f motionor boundaryconditionscan
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'c'a’h’'re’ s’ six charactemagicnumber

problemtypeindicator 8 bits usedto indicatethe way thattheresultsshouldbe interpreted Leastsignificantbit is always1. Secondbit indicatesthata depthis storedin the
output. Third bit indicatesa horizontalproblem,i.e., thatboth endsare anchored.Fourth bit indicatesa towing problem,i.e., thatthefirst endis not
fixedonthebottomandthatthetop endis aship. Fifth bit indicatesthatthe solutionis from a 2D algorithm. Sixth bit indicatesa multi-leg or branched
problem.Thelasttwo bits arecurrentlyunused.

dynamic byte usedasBooleanindicatorfor the presencef the dynamicsolutionin thefile.

n thenumberof nodesin the problemasa 4-byteinteger

length thenumberof charactersn thetitle stringasa4-byteinteger

title string theproblemtitle stringstoredasanarrayof characters

{depth} waterdepthfor this systemasan 8-bytedouble. This is an optionalentry - its presencés dependenbn the depthreferencebit of the problemtype

indicatorbyte.

outputmap alength10 arrayof bytes,eachbyte beinga Booleanflag indicatingthe presencef asinglevariabletypein thefile. The orderingis motion, velocity,
force, moment,euler The last five bytesare currently unused. Example: [1 0 1 0 1] indicatesthat only motion, force, and Euler parametersre
containedn thisfile.

{branchinformation} Optional- only presentf thebranchinfo bit is setin theproblemtypeindicatorbyte. Thefirst four bytesarethe numberof branchessaninteger The
startingnodeof eachbranchis thengivenasa four byteinteger Resultsarewritten sequentiallyoy branchwith themainlinefirst. Soif branchl starts
at101andbranch2 startsat 201, thenresultsfor branchl arestoredin arrayindices(unit offset) 101 through200.

S({X(L) Y(1) 21} {T(2) (1) So(1)} {Me(1) Mn(L) Mp(1)} {Bo(1) B1(1) B(1) Ba(1)} ...

s(m{x(n) y(n) 2} {T(n) Sn(n) Sp(m)} {Me(n) Mn(n) Mp(n)} {Bo(n) Ba(n) B2(n) B(m)}
arrayof 8-bytedoublescontainingthe staticsolution. The only variableguaranteedtb be presents s, the Lagrangiarcoordinateof thenode. The curly
bracesndicatevariablegroupingswhich may or may not be presentdependingon theinformationin the outputmap. This is the endof thefile if the
dynamicsolutionis not present.

duration thetotal time lengthof the simulationasan 8-bytedouble

dt thetime stepof the simulationasan 8-bytedouble

sampledt thesamplingtime stepfor the node—timehistoriesasan 8-bytedouble

snapshott thetime incrementetweersystemsnapshotasan8-bytedouble.f it is zero,thenno snapshotarepresent

No a4-byteintegergiving thetotal numberof outputnodesfor which node—timehistoriesarestored.If thenumberis zerothenno node—timehistoriesare
present.

outputnodes alengthng arrayof 4-byteintegersgiving the nodenumbergor which node—timehistoriesarestored

't {X(1) y(1) A1)} {u(2) V(1) WD)} {T(21) S$(2) S(1)} {Mt(1) Mn(1) Mp(1)} {Bo(1) B1(1) Bx(1) B3(1)} ...
{X(no) (o) Z(no)} {u(no) ¥Y(no) W(No)} {T (No) Sh(Mo) S(Mo)} {Mt(No) Mn(No) Mp (o)} {Bo(No) B1(no) B2(no) B3(no)}
's"{x(2) ¥(1) Z(1)} {u(2) v(1) WD)} {T (1) Sh(1) Sp(1)} {Mt(1) Mn(1) Mp(1)} {Bo(1) B1(1) B2(1) Ba(1)} -

{x(n) y(n) ()} {u(n) v(n) w(m} {T(n) Sh(n) S(n)} {Mt(n) Mn(n) Mp(n)} {Bo(n) B(n) Bz(n) Bs(n)}
Type stampedesultdumps.A dumpof node—timehistorieswill startwith asingle’'t’ byte;a snapshotlumpwill startwith asingle’s’ byte. Thereis
no time stampingof eitherdump-— they shouldsimply bewritten atthe appropriatdime increment.Thetime stampif neededluringpost-processing,
canbebackedoutfrom the positionof a givendumpin the outputandtheknown incrementetweerdumps.

Figure3.2: Thebinaryfile formatfor cableresultsfiles.
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meanthatthe staticsolutionmay not alwaysrepresenthetrue DC valueof the dynamicsolution.

Note that the format was designedo be a completeand compactsinglefile containerfor the
outputfrom cable Readabilityandeaseof interpretationverenot the primary designgoals. Aux-
iliary toolsdo exist which caneitherinterpretthis formatdirectly or corvert this formatinto more
userfriendly form (seechapterd).
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Chapter 4

Post-processingcable Results

4.1 Using cableresultswith Matlab

The binary resultsfiles that cable producescan easily be corvertedinto Matlab format usingthe
res2matapplication. res2matreadsthe available resultsinformationin the cable outputfile and
writes a Matlab (.mat) file containingsymbolically namedvariablesfor all of the results. The
resultscanbe written to Matlab formateitherin local (tangentialnormal, bi-normal)or global (X,
y, Z) coordinatesystem.res2matanonly do the transformatiorto global coordinatesf the Euler
informationwaswritten into theresultsfile.

4.1.1 Format of the Matlab file

res2matwill corvert all of the appropriaténformationin the cableresultsfile into the Matlabfile
accordingto a few simplerules. Staticinformationis written to variableswith no subscript(x,
T, M, etc.). Node—timehistoriesare written to variableswith namessubscriptedoy t (x_t, T_t,
Mh_t , etc.). Snapshotaregiven namessubscriptedvith s (x_s, T_s, Mi_s, etc.). The basicvariable
namesthat are useddependon whetheror not the resultsarewritten to Matlab formatin local or
globalcoordinatesTherangeof namess detailedin table4.1. Also includedin the Matlabfile are
variableswith the samplerate (dt ), snapshotate(snap_dt ), Lagrangiancoordinateof eachnode
(s), alist of outputnodenumbergnodes) andatime vectorappropriatéor the node—timehistories
(t). Thewaterdepthis storedin dept h if it is availablewithin theresultsfile.

4.1.2 Example Matlab manipulations

The node—timehistory resultfor eachvariableis an n; x n, matrix, whereny is the numberof
samplesandn, is the numberof outputnodes.Thus,eachcolumnof the variablecontainsthe full
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2-D Results 3-D Results
information | localnames| globalnames localnames globalnames
position X, Z X, Z X, Y, Z X, Y, Z
velocity u, v U w u, v, w u Vv, W
force T, Sn Fx, Fz T, Sn, Sb Fx, Fy, Fz
moment Mo %Y M, M, M M, My, M

Euler phi phi B0, Bl1, B2, B3 | BO, Bl, B2, B3

Table4.1: The nameghat res2matassigngo Matlab variables. Thesesamenamesare usedwith
the-vari abl es optionin res2asdo specifywhichvariablesto tatulate.

time seriesof thatvariablefor onenode,so
>> plot(t, Tt(:, 3));

plotsthetensionatthethird outputnodeasafunctionof time.

The snapshotesultsfor eachvariablearestoredin ann x ng matrix, wheren is the numberof
nodesin the systemandng is the total numberof snapshotshatwerewritten. Thetenthsnapshot
(attimet=(10- 1)snap_dt ) canbeplottedsimply as

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

The geometricconfigurationof the systemat every snapshotanbe plottedasa “spaghetti’plot of
lineson asinglegraphwith acommandike

>> plot(x.s, z.8)

If we wantedto plot the total horizontalpositionof oneof our outputnodeswe would needto
dothefollowing

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

Unlessotherwiserequestedvith the - t ot al s command-lineswitch, variablesare written to the
Matlabfile in dynamicform (total - staticvalue). Becausehe staticvariablescontaininformation
atevery node(they aresimply ann x 1 vector)we needto usethenodes vectorto figure out what
theactualnodenumberof thethird outputnodewas.

4.1.3 res2mat commandline parameters
res2matcceptghefollowing commandine switchesto controlits behaior.
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-inresults file ...

the name(s)of the file containingthe cable results. Multiple input filenamesare
allowed. If multiple inputsare given no outputnamescanbe explicitly specified.
They will beautomaticallyconstructed.

-out matlab file

- gl obal

-totals

-ft

-1 bs

thenameto usein creatingthe Matlaboutputfile. The suggestedxtensionis . mat
simply becausehis is what Matlab will look for. res2matdoesnot enforceary
namingcorvention. If no outputnamesare provided, nameswill be constructed
from theinput names.

specifythattheresultsfile camefrom the 2D solutionalgorithm. The optionis not
strictly necessaryor 2D resultsbut it will resultin a smallerMatlabfile because
the all zero3D informationfrom the resultsfile will not be written to the Matlab
file. It is requiredif transformationto global coordinatess requestedecauset
affectsthe interpretatiorof the Eulerinformationusedin the transformation.This
is currently the default. If the solutionis from the 3D algorithm specify +t woD.
This optionis provided for backward compatibility with older format resultfiles
which do not have this informationstoredin the problemtype indicatorbit. Any
specificatiorof this optionwill overridetheinformationstoredin thatbit.

Booleanoptionto write resultsto the Matlabfile in global coordinatesatherthan
the default tangential,normal, bi-normal local coordinatesystemthat they are
storedin within the resultsfile. The transformationcannotbe performedif the
resultsfile doesnot containthe Eulerinformation.

Booleanoptionto write dynamicresultsastotals(static+ dynamic).

Booleanoptionto corvertlengthunitsfrom meterdo feet. Only usefulif theresults
in theinputfile arestoredin meters.

Booleanoptionto corvert force unitsfrom Newtonsto pounds.Only usefulif the
resultsin theinputfile arestoredin Newtons.

4.2 The animate post-processingapplication

OnX11 basedvorkstationsasecondgost-processingptionexistsin theform of theanimateappli-
cation.animatereadscableresultsfiles directly andcanproduceanimationshaving systenspatial
configurationin conjunctionwith the spatialdistribution of force, momentandvelocity quantities
along the cable and/orthe temporaldistribution of thesequantitiesat the specifically requested
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Figure4.1: Themainwindow of animate

outputnodes.Spectraof thetime seriesquantitiescanalsobe plotted.

4.2.1 The main animation window

Onstart-uptheanimatemainwindow (figure4.1) popsup with thestaticconfiguratiorof thesystem
dravn in the viewing area. Acrossthe bottom of the window are controlsfor creatingplots and
controlling the time rate of the animation. Along the right sidearefour toggle button/sliderpairs
which controlthe placemenbf marker nodes.The marker nodesare usedto indicatewhich of the
outputnodesyou wantto view the resultsfor. The toggle button undereachslider activatesone
of the markers; you canthenusethe sliderto move the marker betweenoutputnodesby clicking
anddraggingon the sliderthumbwith the middle mousebutton'. Eachmarler is identifiedwith a
uniquecolor — this is the color with which thetime seriesor spectralresultsfor thatnodewill be
drawn.

Whichvariablegyetplottedis controlledby thefive buttonsD (displacements) (velocities),F
(forces) M (moments)E (Eulerinformation).If ary of theseouttonsis engagedaplot of thespatial
distributionsof thosevariablesatthecurrenttime stepwill begeneratedTheseplotsshav thevalue
of a givenvariableasa function of Lagrangiancoordinateithis is the coordinatewhich measures
distancealongthe systemfrom the first node. The first nodealwayshasLagrangiancoordinate0

IMost X-serwer software can be configuredsuchthat for two button mice, clicking both buttonsat the sametime
emulateghe middle button of athreebuttonmouse
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Figure4.2: A time plot of theforcesat marked nodes.

andthelastnodealwayshasLagrangiarcoordinatel, whereL is thetotal lengthof the system.If

ary of the marker nodesareactivated,thentemporaldistributions of thosevariablesat the marked
nodeswill alsobe generated A temporalplot of the forcesfor the animationshavn in figure 4.1
is shavn in figure 4.2. Thereis only onecurve on eachgraphbecauseve currentlyhave only one
marked node. The vertical black barson eachgraphindicatethe currenttime point. The results
plottedherearethetotal force (static+ dynamicvalue). Transformatiorbetweertotal anddynamic
only andlocal and global coordinatescanbe madeby clicking the appropriatebutton next to the
plot controls. Spatialdistribution plots are updatedat the samerate asthe main animation. Plots
canbepoppeddown simply by disengaginghe appropriatdetteredbuttonin the mainwindow.

Spectrdor time seriegesultscanbegeneratedby clicking onthespectrumbuttonatthebottom
of theplot window. A graphwindow with the frequeng domainanalogof thetime domainresults
plottedin thatwindow will be automaticallygenerated.The resultfor eachgraphin a window is
basedonly on theresultscurrentlyviewed on that graph. For zoomedgraphsthen,the spectraare
computedusing only that portion of the time serieswhich is currently shaving. Spectrumplots
canbedismissedy clicking on the dismisshbutton atthe bottomof thewindow. Thelengthof the
FFTsusedin computingthe spectrais determinedoy fitting four windows over the data,with the
datalengthpaddecdto the nearespower of 2. Thus,a 500 point time serieswill have a spectrum
computedusingfour 128 point windows. The spectraare plotted semi-logso the valueson they
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axisrepresentogio(S).

The rate of the animationis controlled by the tape playertype buttonsat the bottom of the
mainwindow (figure4.1). Fromleft to right they are: slow down (increaseéhetime delaybetween
frames),play the animationin reverse,back up one frame, pausethe animation,go forward one
frame, play the animationforward, and speedup (decreasehe time delay betweenframes). The
animationcanbe spedup or sloved down while it is playing. It mustbe pausedeforeyou canuse
thesingleframeforwardandbackward controls.

4.2.2 Coordinatesand zooming

The coordinatepairs above the exit button give the x, y locationof the cursorwhenit is moved
aroundthe mainviewing area.Notethatin 3D perspectie view thereportedcoordinatearemean-
ingless.Thecurrenttime is alwaysdisplayedon theright sideof the window just underthe marker
nodetogglebuttons.

Zoomingin themainanimationwindow is accomplishedimply by clicking with theleft mouse
button and draggingout a window which you wantto zoomin on. Scrollbarswill appearon the
bottomandright sideof theviewing areasothatyou canscroll aroundover thewholeviewing area.
Thefull view canberestoredy clicking theright mousebutton.

With the mousein a graphwindow, you can click with the right mousebutton to have the
ordinateand abscissavalue of that point reportedat the bottom of the plot window. Zoomingon
plotsis achiered by clicking the left mousebutton anddraggingout a rectanglethatencompasses
the areathatyou wantto zoomin on. Thefull scaleof a graphcanbe restoredby clicking on the
middle mousebutton within the graphareaor by pressing r| with the focuson the graphareaand
the mousepoint on the appropriategraph(you may needto use to getthefocusonthegraph
area).

4.2.3 Animate commandline parameters

animateacceptghe following commandine optionsto controlbothhow resultsare presentednd
someof the basicappearancparameters.

-in filename
theresultsfile to interpret.

- gl obal booleanoptionto draw plottedresultsin global coordinatesatherthanthe default
tangentialnormal,bi-normallocal coordinatesystenthatthey arestoredin within
theresultsfile. Thetransformatiorcannotbe performedf theresultsfile doesnot
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-totals

-realtime

-delay n

-t hi ck

- box

-drifter

-ship

-col or

containthe Eulerinformation. This option canalsobe toggledwhile the program
is runningby clicking the globalsbuttonin the mainwindow.

booleanoptionto plot quantitiesas static+ dynamicresult. In normal operation
only the dynamicportionis plottedfor node—timehistories. This option canalso
be toggledwhile the programis runningby clicking the totals buttonin the main
window.

booleanoption to treatthe Euler information as the angle ¢ ratherthanthe four
Eulerparameters-if resultswerewritten from the 2D solutionalgorithmthenthis
optionmustbe specifiedf rotationsto globalcoordinatesreto be performedcor
rectly. Thisis currentlythedefault. If thesolutionis from the 3D algorithmspecify
+t woD. This optionis providedfor backward compatibilitywith olderformatresult
files which do not have this information storedin the problemtype indicatorbit.
Any specificatiorof this optionwill overridetheinformationstoredin thatbit.

specifiesthat the initial frame rate of the animationshould matchthe snapshot
increment.Thedefault for this parameteis off.

specifythattheinitial framerateshouldbe basedon a delayof n microsecondsilf
no - del ay optionis specifiedand- r eal ti ne is off thentheinitial delayis 60000
microseconds.

specifieghatall line draving shouldbe donewith athick line.

specifieghata referencebox (in 3D) or surfaceandbottom(2D) shouldbedravn
asvisualaidsin interpretingtheproblem.Thedefaultis on;to turn off boxdrawing
use+box.

specifieghatthe problemshouldbe interpretedasa drifter or towing problem. A
free surface, but no bottom, will be drawvn if referencebox drawing is enabled.
Any depthspecificatiorwill beignored;thefreesurfacewill bedravn atthestatic
positionof thelastnodein the system.This optionis automaticallyactivatedif the
appropriatebit in the problemtype indicatorbyte of the resultsfile indicatesthat
thisis atowing problem.

boolearflagto enabletow shipdrawing for drifter problems.Thiswill placeaship
graphicatthelastnodein theproblem.This optionis automaticallyactivatedif the
appropriatebit in the problemtype indicatorbyte of the resultsfile indicatesthat
thisis atowing problem.

booleanflag to indicatethat contrastingcolors shouldbe usedto drav the back-
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-threeD

-control

-depth H

groundsin the main animationwindow. The default is for this flag to be on and
sky to bewhite, waterto be cyanandbottomto bebrown (or wheat).For problems
whereyou know thatyou do not want print-outsin color (or shadeof grey when
colorsgettranslatedy b/w laserprinters)you canturn colorsoff using+col ors.

specifieghatthe animationshouldbe donein 3D perspectie view. The defaultis
off evenif the solutionis from the 3D solutionalgorithm. Whenthis parameteis
on, anauxiliary controlwindow with slidersfor rotationsandscalingwill pop-up
alongwith the mainwindow.

specifieghatthe 3D rotationandscalingcontrolsshouldbe activatedfor problems
dravn in 3D perspectie view (-t hr eeD). Thedefaultis on.

activatesthe draving of a free surfaceat a depthH. This parameteoverridesthe
informationthat may have beenstoredin the resultsfile. If no depthis specified
and the resultsfile doesnot containa depthreferencethen no free surface will
be dravn. This optionis provided for backward compatibility with older format
resultfiles which do not have this informationstoredin the problemtypeindicator
information.

-anchors nl1 n2 ...

-buoys nl n2 .

-1 bs

-yz
-Xrot Xx

-yrot y

drav anchorsymbolsat the nodesgiven by nl1, n2, etc. The anchorsymbolis
currentlyablackrectanglelf nobuoys oranchorsarespecifiedhenanchorswill be
dravn at nodesappropriatdo the informationstoredin the problemtypeindicator
of theresultsfile.

drawv buoy symbolsatthenodegyivenbynl, n2, etc. Thebuoy symbolis currently
afilled black sphereslightly larger thanthe circlesusedfor nodemarlers. If no
buoys or anchorsare specifiedthenanchorswill be dravn at nodesappropriateéo
theinformationstoredin the problemtypeindicatorof theresultsfile.

booleanflag to provide the very commonconversionof force units from Newtons
to pounds. Whenthis flag is activatedall of the force quantities(tension,sheay
globalhorizontalandverticalforces)will bescaledby me Thedefaultis off.

drav the 2D Y-Z planeof a 3D problem.
theinitial x-axisrotationfor 3D perspectie view. Thedefaultis —20°.

theinitial y-axisrotationfor 3D perspectie view. Thedefaultis 40°.
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-Zrot z theinitial z-axisrotationfor 3D perspectie view. Thedefaultis 0°.

-zscale s theinitial z-axisscaling(“eye distance”)for 3D perspectie view. The default is
0.4.

4.3 ASCIl output

Thepost-processingpplicationres2ascanbeusedto corvertbinarycableresultsto tatular ASCII

data. Eachof the resultsmatrices(static, node-timehistories,and spatialsnapshotsare saved to

separatdiles. Thevariableshatareoutputcanbe controlledusingthe- vari abl es command-line
option. The list of variablesavailable for outputdependson whetherthe solutionin the binary
resultsfile is from the 2D or 3D algorithmandwhetherthe - gl obal command-lindlag is given.

The variablenamesfor usewith the - vari abl es option arethe sameasthoselistedin table4.1.

Thevariables is alsoavailablefor outputwith staticandsnapshotesults.Thetimeis alwaysoutput
asthefirst columnin node-timehistoryresults.

4.3.1 res2asc commandline parameters

res2asa@cceptghefollowing commandine switcheso controlits behaior.

-in filenane
the nameof thefile containingthe cableresults.

-static filenane
thenameto usein creatingthe ASCII outputfile for staticresults.

-tine filenane
thenameto usein creatingthe ASCII outputfile for node-timehistories.

-snap filename
thenameto usein creatingthe ASCII outputfile for time history snapshotesults.

-variables vl v2 v3 ...
list of variablenameghatyou wantoutputinto thetable.

- gl obal Booleanoption to write resultsin global coordinatesatherthan the default tan-
gential, normal, bi-normallocal coordinatesystemthat they are storedin within
theresultsfile. Thetransformatiorcannotbe performedf theresultsfile doesnot
containthe Eulerinformation.
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-totals Booleanoptionto write dynamicresultsastotals(static+ dynamic).

-ft Booleanoptionto cornvertlengthunitsfrom meterdo feet. Only usefulif theresults
in theinputfile arestoredin meters.

-1 bs Booleanoptionto corvert force unitsfrom Newtonsto pounds.Only usefulif the
resultsin theinputfile arestoredin Newtons.
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Chapter 5

cable’ s Windows Interface

5.1 Intr oduction

TheWindows versionof WHOI Cableincludesanencapsulatoapplicationfor all of thecomponent
programdiscussedhusfar. The encapsulatocombinesaneditorfor building problemdescription
fileswith facilitiesfor executingcable animate res2matandres2asdo solve theproblemandpost-
procesgheresults,all from within a singleWindows 95/98/2000/NThasedapplication.Figure5.1
illustratesthis interactionbetweerthevariouscomponenprograms.

The main editor window, with one of the example problemsloaded,is shavn in figure 5.2.
Acrossthe top of the window is the main menubar, with the usualmenuentriesfor file and edit
controlandsomespecialentriesfor solving problemsandviewing results. Thereis alsoa toolbar
belav themainmenubamvhich containsshortcutbuttonsfor theitemsontheFile andinsert menus
andfor invoking the variouscomponenprograms.

5.2 Building aninput file

Thereareseveralwaysto go aboutconstructinganinputfile for anew model. Startingwith ablank
editor(eitherat start-upor by selectingNewfrom theFile menu)you canwrite thefile from scratch,
openanexisting problemandmodify it to matchthenew problem,or you canbuild thefile up from

thetemplateblocksor databasebjectsthatthe encapsulatoprovides.

You caninsertobjectsfrom predefinedlatabaseby choosingObject browser from the Insert
menuor by choosingoneof chain,shackle,buoy, or anchortoolbarbuttons. The objectbrowvser
picturedin figure 5.3 allows you to browse throughall of the materials,connectorspuoys, and
anchorghatarecurrentlydefinedin the databaséiles. To changebetweerobjecttypesclick onthe
tabsat thetop of the browser Within eachobjecttype the databasenay be divided into sections;
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Figure5.1: Therelationshipbetweerthe WHOI Cablecomponenprograms.

Mi'wHOI Cable: C:\Program Files\wWHOI Cable\examples\towing.cab
File Edit

Inzert  Solutions  Besultz
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Line: 17 of 59

Problem Description
type = towing

Analvsis Parameters

duration 1300
time-step = 0.5
dynamic-relaxation = 1.0
dynamic-iterations = 20
static-relaxation = 1.0
static-iterations = 1000
tolerance = le-6
Environuent
rho = 1025
gravity = 9,581
X-CUrrent = -0.5
Buoys
towship type = ship
zled type = sphere
d = 0.736
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Figure5.2: Themainwindow of the WHOI CableWindows interface.
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Figure5.3: Thedatabasebjectbrowserin the WHOI CableWindows interface.

the sectioncanbe changeddy selectingfrom the pull down list beneattthetabs.All of the objects
definedin the currentsectionfor the currentobjecttype are shavn in the large list in the middle
of the browser In the examplein figure 5.3 the chainsectionof the materialsdatabasdnasbeen
selectedandall of the predefinecdchaintypesarelisted. The completedefinitionfor the currently
selectedbjectis shavn in thetext box beneattihemainlist. To useadefinitionhighlighttheobject
andclick Insert or doubleclick onthe object. The definitionwill beinsertedat the currentcursor
positionin themaininputfile editorwindow. For objectsnot definedin thedatabaseyou caninsert
ablanktemplatefor the currentobjecttype by clicking the Template button.

Templatesarealsoavailablefrom the Insert menu. Whenselecteda templateis placedat the
currentinsertion(cursor)point of theeditor Onceplacedtheentriesin thetemplatemustbe edited
to matchthe problemthatyou aredescribing.Templatesareavailablefor the basicsectionalayout
of a problem(completeproblemdescriptionandanalysisparametersectionsandsectionheaders
for buoys, anchorsconnectorsiaterials andlayout),objectdefinitions(buoys, anchorsmaterials,
connectors)and the componentof a layout (segments,connectorspbranchesterminals). Once
insertedtemplatecanbedeleted edited,andmovedjustlike ary othertext in theeditor

Eachassignmenin atemplatethatrequiresa valueis marked with xxx for valuesthatrequire
realnumbersnnn for valuesthat requireinteger numbers,or x_nanme_x for casesvhereyou must
specifyor assigna symbolicname(remembethatnameswith spacesn themmustbe enclosedn
doublequotationmarks).In theanal ysi s par anmet er s andenvi r onnment sectionghatareplaced
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Figure5.4: The solutioncontroldialogavailableby selectingControls from the Solutionsmenu.

by the sectiongemplate several typical valueshave alreadybeensetwith actualnumbers.These
valuesshouldbe acceptabldor mostcasesput you shouldfeel free to changethemto bettersuit
your exactproblem.

You canget help on a keyword in a templateby highlighting the word or wordsin the main
editor and selectingKeyword from the Help menu(or by pressin). This will displaythe
WHOI Cablesyntaxandkeyword help dialog with a paragraplor two describingthe highlighted
keyword. If therearemultiple waysin which the samekeyword canbe used,pressthe Next button
onthehelpdialogto move throughthem.

5.3 Solvingaproblem

In the command-lineversionof cable describedn chapter3, the detailsof the solutionare con-
trolled by command-lineswitches. In the Windows interface thoseswitchesare replacedby the
checkbors andtext fields of the solutioncontrol dialog picturedin figure 5.4. You canview this
dialogby selectingControls from the Solutions menu.

The controlsin the upperleft framedeterminethe basicsolutiontype— 2D or 3D, staticor dy-
namic.If you have aresultsfile thatalreadycontainsa valid staticsolutionfor the currentproblem,
thenyou canspecifythatcableshouldusethatsolutionratherthangeneratinga new staticsolution
to useasthe initialization for the dynamicsolution. Checkingthe AutoSolve static solution box
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is equivalentto the - aut o option in the commandline versionof cable The bottom left frame
providescontrolover which variablesareincludedin the outputfile.

The controlsin the Dynamic Resultsframeare only enabledwhena dynamicsolutionis re-
guestedanddefinethe samplingratesandnodesfor thedynamicoutput. Thelist of outputnodess
constructedy typing nodenumbersin the box at the top of thelist andpressingAdd (or pressing
). Nodescanbe deletedby highlighting themwithin the list andclicking Remove. Clear
deletesall entriesin alist. The first node,last node,terminal nodes,and nodesassociatedvith
a connectobetweensggmentscan be automaticallyincludedin the outputlist (without explicitly
specifyingtheirnodenumbers)y clicking the checkboxesbelaw thelist of outputnodes.At least
oneform of dynamicoutputcontrolmustbe specifiedfor ary dynamicsolutionof a problem.If a
time seriestime stepis giventhena list of outputnodesmustalsobe specified. If no time series
time stepis giventhena snapshotime stepmustbe specified.

The Solve button on the dialogis a shortcutto the Solve selectionon the Solutionsmenu. See
sections3.1and3.4for additionalinformationon whatthe variousoptionscontrol.

Oncea problemdescriptionis constructedand the 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, or usingthe
menushortcuf alt-S | followed by [ alt-S |, seesection5.6for acompletdlist of thedifferentwaysto
accomplishmosttasks).This savesthe currenteditorto atemporaryfile andinvokescableon that
file. cablés outputis directedto a secondemporaryfile. Whenthesolutionis completethetempo-
rary inputfile is deletedandprogramcontrolreturnsto the main editor Seesection5.5 for details
on how andwhenyou shouldsave files andhow temporaryfiles areusedwithin the encapsulator

5.4 Viewing and corverting results

Post-processinthe resultsof a solved problemis aseasyasselectingAnimate from the Results
menu. Thiswill invoke the animateprogramwith the currentoutputfile asinput. Detailsof using
animateare provided in section4.2. The dialog to control how animateis invoked is shavn in
figure5.5andis raisedby selectingControls from the Resultsmenu.

Thecontrolsin the upperleft frameof figure 5.5 dictatethe draving andanimationparameters
thatanimatewill useto presentheresults.The3D Drawing optionscontrolwhethera3D problem
getsdravn in 3D perspectie view or is simply projectedonto the x-z plane. The controlsin the
ResultsTransformations framegovernhow theresultvariablesshouldbe plotted— local or global
coordinatesystem,total (static+ dynamic)or just dynamicvalues,andwhetherforce andlength
unitsshouldbe corvertedfrom Newtonsto poundsandmeterso feet(theseonly makessensef the
original force unitsarein Newtonsandmetersof course).animatewill drav additionalanchorand
buoay symbolsatthenodedndicatedin thelists atthebottomright of thedialog. TheAdd, Remove,
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Figure5.5: Theresultscontroldialogavailableby selectingControls from the Resultsmenu.

andClear buttonsapplyto bothanchorandbuoy lists, but only to onelist atatime. Theactie list
is controlledby the Anchors andBuoystogglebuttonsoverthelists. To addanodenumberto alist
simply type the numberinto the box at the top of thelist andclick Add (or pres. Nodes
canbedeletedby highlightingthemwithin thelist andclicking Remove. Clear deletesall entries
in alist.

The four checkboxesfor resultstransformation®n this control are also usedwheninvoking
res2mat Corversionfrom cableresultsformatto Matlab. mat formatis doneby selectingMatlab
cornversion from the Resultsmenu. A file selectiondialog will appearaskingyou to specifythe
nameof the Matlabfile to create.

For more immediateaccesg¢o numericalratherthan graphicalresults,res2asccan be used.
Underthe Windows interface,the ASCII takulatedresultswill appeardirectly in a separateutput
window. Fromthatwindow they canbe saved or printed. To run res2ascselectTabulate from the
Resultsmenu. The dialog picturedin figure 5.6 will appearto allow you to specifywhattype of
resultsyou wanttakulated(static,time series,or snapshotsandwhatvariablesto includein each
table. To adda variableselectit from the list on the right andclick the Add button. The list of
availablevariablescanbe changedy togglingthelocal andglobal radiobuttons.

5.5 Working with files

Whenworkingwith theencapsulatait is importantto keeptrackof two files. Thefirstis thecurrent
inputfile thatis containedn the main editor The contentsof the editorare savedto a temporary
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Figureb5.6: Theresultstakulationdialogin the WHOI CableWindows interface.

file duringeachsolve procedurebut thistemporaryfile shouldnever be usedasyour own recordof
the problem(it is deletedassoonasthe solutionis completed).To assigna hameto it andsave it,
selectSave As from the File menu. If you have alreadyassigneda nameandsimply wantto save
(the currentnameis shawn in thetitlebar of the mainwindow, asin figure 5.2), thenselectSave
from theFile menu.

The secondile typeis the currentoutputfile. Whena problemis solved the outputis directed
to atemporaryfile. Thatfile thendefinesthe currentresult. If you wantto assigna nameto thefile
andsave it thenselectSave Result As from the File menu. If you have alreadydefineda current
outputnamethenyou cansimply selectSave Result If you do not explicitly save anoutputfile
beforeyou executeanothersolve procesghenthat outputfile will be deletedandthe resultof the
latestsolve will becomehe currentoutput. Notethatyou do not needto assigna nameto anoutput
file to view or corvert the results;you only needto assigna nameif you wantto presere results
beforedoingadditionalsolutionsor exiting the program.

You candefinean existing file asthe currentresult(i.e., without doing a solwe) by selecting
Load Result from the File menu. Any post-processingelectionswill thenreferto this already
existing file. Note that this namebecomeghe currentoutputnamefor the Save Result actionso
thatany subsequergolvesandsolutionsaveswill overwritethatpre-e&isting 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
Save Result Alt-f, Alt-r
Save ResultAs Alt-f, Alt-v
Print Setup 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
Find Next Alt-e, Alt-n F3
Insert Objectbrowser Alt-i, Alt-w chain/uoy/anchor/shackle
SectionTemplate Alt-i, Alt-t chain+hioy+anchor+shackle
Buoy Alt-i, Alt-b templatebuttonon browser
Anchor Alt-i, Alt-a templatebuttonon browser
Material Alt-i, Alt-m templatebuttonon browser
Connector Alt-i, Alt-c templatebuttonon browser
Layoutsegment Alt-i, Alt-s cableshot
Layoutconnector Alt-i, Alt-0 shackle+shackle
Layoutbranch Alt-i, Alt-h triple point
Layoutterminal Alt-i, Alt-I buoy+anchor
Solutions  Controls Alt-s, Alt-c Ctrl-l
Solve Alt-s, Alt-s Ctrl-r golight buttonon controlbox
Results Animate Alt-r, Alt-a Ctrl-n movie buttonon resultsbox
Matlabcorversion Alt-r, Alt-m Ctrl-m matlab buttonon resultsbox
Takulate 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 the WHOI Cablefor Windows encapsulator
5.6 Commandreference

Betweenthe main menu, keyboardshortcuts,andthe toolbar thereare generallyseveral waysto
accomplishary one task from within WHOI Cables Windows interface. Table 5.1 detailsthis
completecommandstructure.

5.7 Installing WHOI Cablefor Windows

5.7.1 Systemrequirements

WHOI Cablefor Windows is only availablefor 32-bit Windows (95/98/2000/NT)|ntel-basedlat-
forms. Somestaticproblemscanbe solvedin areasonabl@mountof time on ary Pentiumor even
a fast486 processor Dynamic problemsand somestatic problems(notably thosethat usesmall
staticrelaxationfactorsor requiresignificantnumbersof outeriterations)arebestsolved on faster
PentiumPro/Il/Ill architectures.

Asillustratedin figure5.1,PCX-senersoftwaremustbeinstalledif youwantto take advantage
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of the animatepost-processingrogram. Numerouscompaniesnarket inexpensve PC X-sener

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

of themat http://wwwsun.com/sunerldonlineswol-11-1995swol-11-pcx.html. Thereis aneffort

undervayto portthefreesenersfrom the XFree86projectsto Windows. Checkhttp://sourcevare.ggnuscom/cygw
for thelatestinformationon thateffort.

5.7.2 Installation instructions

Becausehe main Windows interfaceto WHOI Cableis simply an encapsulatofor the restof the
componenprogramsit requireghatstandardrersionsof thecablecomponenprogramscompiled
for 32-bit Windows, be installedon your computer Theseprogramsandthe supportingDLLs are
provided as part of the standarddistribution of WHOI Cablefor Windows. They, alongwith the
actualencapsulatoapplication,examples,and supportfiles areinstalledusingthe provided setup
utility. To install WHOI Cabledownloadthefile wehl XXX. exe fromft p. whoi . edu usingthelogin

namecabl e andthe passwrd provided on your licenseagreementReplaceXXX in the filename
above with the highestversionnumberavailable. Startthe installationprocessby executingthe
downloadedfile, eitherby doubleclicking or selectingRun from the Windows Start menu. After

installationyou cansafelyremove wchl XXX. exe.

YourPCX-senersoftwareshouldgenerallyberunningbeforeyourunWHOI Cable.At startup,
WHOI Cablewill checkto seethatit cancommunicatewith the sener. If thereis a problemwith
the sener the programwill suggespossibleremedieslf no communicatiorcanbe establishedhe
animateoptionswill notbeavailable.In orderfor theencapsulatoio interactwith the X-sener, you
shouldcheckthatyour DI SPLAY ervironmentvariableis set. You cando this usingthe Systemicon
followed by the Environment tab available underthe Control Panelof Windows NT or by adding
theline set DI SPLAY=f 0o: 0. 0 (wheref 00 is the nameof your machine)to your aut oexec. bat
file underwindows 95.

5.7.3 Printing from animate under Windows

Printingdirectly to a printerfrom animaterunningunderWindows requireshatyou specifyavalid
printdevice(I pt 1, | pt2, conl, etc.)andthatthisdevice namebe mappedo a Postscripprinter.
If you useanetwork printerratherthanaprinterconnectedlirectly to your computerthenyou must
map the network printer nameto one of the standardvS-DOS printer device names. To do this
underWindows NT you usethenet use commandrom acommandorompt. For example,

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

mapsthe | pt 1 device to a printer namedps_pri nt er thatis connectedo the computernamed
server.
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If you do not have a Postscriptprinter available to you thenwe recommendhat you usethe
print to file optionin animateandinstall the freely availablét ghostscrippackagefor printing and
viewing Postscripfiles on non-Postscriptlevices.

5.7.4 Modifying the installation
5.7.4.1 File and pathnames

After installation,you canchangethe pathsto ary of the componenprogramsor specifyreplace-
mentprogramgor thosecomponent$y selectingriles underthe Setup menu.Usingthefile setup
dialogyou canspecifylocationsfor the cable res2matanimate res2ascandcpp programs.You

canalsosetthedirectoryfor databas¢éemplate(*. ct n) andobject(*. db) files (thisis thedirectory
thatwill beusedasthe C pre-processosearchdirectory). Thedirectoryfor temporaryfiles created
duringthesolutionof a problemcanalsobe set. Directory namesshouldendwith atrailing \.

5.7.4.2 Templates

Thetemplateblocksinsertedby the selection®nthe Insert menuarecontainedn a seriesof files
locatedin the WHOI Cabledatabaselirectory Thesefiles canbe customizedwith ary text editor
aslong astheirfilenamesarenot changed.

5.7.4.3 Databasefiles

At startup, WHOI Cablereadsfour files from the databaselirectoryto load objectsinto the object
browvser Thefilesarenat eri al . db, connect. db, buoy. db, andanchor. db. Eachdatabasdile

containsregular WHOI Cableobjectdefinitionsdelimited by speciallines to provide descriptve

namesandsectioningnformation. Theremustbe atleastonesectionin eachfile. Sectionheadings
aremarked by the presencef ** atthe beginning of aline. Individual objectdefinitionswithin a

sectionareprecededy aline marked by a single* anda descriptve phrase.Until anothersection
line (marked by **) or objectnameline (marked by *) is read,subsequeninesareassumedo be
a partof a valid WHOI Cableobjectdefinition. Additional sectionsandobjectscanbe addedto

the databasédiles with ary text editor solong asthis formattingis maintained.Sectionnamesand
objectdescriptionswithin sectionswill be sortedby WHOI Cableuponinsertioninto the browset

Thedatabaséiles arereadonly at programstartup.

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

Solving a Problemwith WHOI Cable

In the following sectionsbrief descriptionsof a typical solution pathfor mary different problem
typesare provided. Throughoutthe descriptionsreferencesare madeto the exampleinput files
distributedwith WHOI Cable.Thesefiles canbefoundin theexanpl es subdirectoryof the WHOI
Cableinstallationdirectory

6.1 Subsurfacesinglepoint moorings

Subsurce single point mooringsare typically the easiestproblemsto solve with WHOI Cable.
Becausehebuoy is fully submegedthe forcesat the top of the mooringareeasyto calculateand
outeriterationsare not required. In the m ne. cab example,the default static solution procedure
(catenaryinitial guessanda staticrelaxationsolution)requiresjust two iterationsto corverge. In
subsuraceproblemswith excesdine onthebottomst at i c- r el axat i on mayneedto bereduced.
For particularlycomplex geometriesvherereducingtherelaxationfactordoesnot helpor produces
very slow corvergence,automaticdynamicrelaxationis available. While this approachis very
robust, it cantake sometime to corverge, particularlyonvery long moorings.

For dynamicsolutions,Morison forcing is usually mostappropriatefor subsurfice problems.
m ne. cab illustratesthe applicationof Morison forcing with surface waves propagatingin both
horizontaldirections. In a two-dimensionakimulationthe out-of-planepropagatingwave is not
used.
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6.2 Singlepoint surfacemoorings

6.2.1 Taut moorings

Tautsurfacemooringswith simplegeometriesandno excessline on the bottomarealsotypically
very easyto solve with WHOI Cable. Thefastessolutionpathis usuallya shootingmethodinitial

guessfollowed by static relaxation. The static relaxationprocedurewill use outer iterationsto

calculatethe draft of the surfacebuoy. With a shootingmethodinitial guessthe outeriterations
areminimizedbecauséhe calculateddraft from the shootingmethodis fairly accurate Thisis the
approachiakenin t aut. cab. Whena catenarysolutionis usedto initialize the static relaxation
procedure the procedureto braclet the draft can be very slov. Automatic dynamicrelaxation
solutionsarealsoavailablefor surfacemoorings,but againcanbe slow to corverge for very long

moorings.

Thedynamicforcing methodfor surfacemooringss usuallyeithervel oci ty orwave- f ol | ower.
With vel ocity the motion of the buoy in all threedirectionscan be specifiedwith x-i nput,
y-input, andz-input. Remembethateventhoughthe forcing methodis calledvel ocity the
inputsaredefinedin termsof displacemenamplitudeandperiod. If atime seriesof buoy veloci-
tiesareknown they canbe specifiedn a separatdile usingvel ocity-fil e. Forwave-fol | ower
the vertical motion of the buoy is governedby the wavesdescribecby x- wave andy-wave. The
buoy is free to respondto horizontalforcing dueto time varying wind or currentin eachof the
horizontaldirections,but horizontalforcesbasedon wavesarenot part of the model. If you want
to modelpureheare motionwith horizontalmotionsconstrainedisevel oci ty andz-i nput rather
thanwave-fol | ower.

6.2.2 Catenary moorings

The mostreliable static solution procedurefor shallav water catenarymooringsis automaticdy-
namicrelaxation.For swex. cab achaincatenarymooringin 40 m of waterwith averylow current,
thisis the only procedurdghatworkswell. Becauseof the low current,the curvatureat the bottom
is quite high. This makesthe resolutionof the touchdavn point difficult andthuscomplicateghe
staticsolution. Automaticdynamicrelaxationworks by increasingthe currentuntil an easystatic
solution can be obtained(using a shootingmethodand a one stepstatic relaxation). This static
solutionis thenusedasthe initial conditionin a dynamicsolutionwith no wavesandthe current
setto its realvalue. Over the courseof the dynamicsolutionthe mooringwill relaxbackto its true
equilibriumpositionundertheimposedcurrent. Whenthe mooringhascometo equilibriumtheso-
lution automaticallystops.During this processNVHOI Cablespecifiesa setof analysisparameters
thataredesignedo make this processasrobustaspossible.After the procedurénascorvergedthe
parametersvill revertbackto their original values.
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Whencurrentsarehigher asin cno. cab, regularstaticsolutionsaremorereliable. Theexample
in cno. cab canbe solved with staticrelaxationusingeithera catenaryor a shootinginitial guess.
Automaticdynamicrelaxationis relatively fastfor theseshallav watermoorings however, andthus
couldbeusedevenin this casewithout a significantperformanceenalty

Both swex. cab andcm. cab demonstrateéhe useof experimentallyrecordedtime seriesof
buoy motion in the dynamic simulations. During both the SWEX and CMO experimentstime
seriesof acceleratiowererecordedatthebuoy. Theheare componenbf theaccelerationvasthen
integratedinto time seriesof velocity. Thesevelocity time seriesarecontainedn thefiles defined
by thevel ocity-fil e statements.

6.2.3 S-tether, inversecatenary, and lazy wave moorings

Like catenarymoorings,s-tethemrmooringsare mostdifficult to solve whencurrentsarevery low.
In shallov waterthesedifficulties canbe avoided by usingautomaticdynamicrelaxationaswith
catenarymoorings. This is the bestapproachfor the problemin shal | ow.s. cab for example.
Becausethesemooringsare often emplog/ed in deepwater however, it can sometimesbe faster
to employ regular staticrelaxationwith carefully chosemanalysisparametersFor deep_s. cab in
3500m of water the fastestsolutionusesa catenaryinitial guessand staticrelaxationwith outer
iterations. The baselinestatic relaxationfactoris setto 0.1. Using this techniquea solutionis
obtainedn 44 outeriterationstepswith betweerapproximately20 and1000iterationsat eachstep.
A shoaotinginitial guesswill not work for this problem. Automaticdynamicrelaxationdoeswork
for this problembut becausef the long time scalesassociatedvith the motion of this very long
mooringthe procedurdakesa substantiahmountof time (over 5000second®f simulationtime).

6.2.4 Moorings with line floating on the surface

WHOI Cablecanmodelmoaoringswith line floating on the surface. Like othercomplex geome-
try surfacemooringstheseproblemsare mostreliably solved with automaticdynamicrelaxation
but may be sohableusingregular staticrelaxationwith a small relaxationfactor(< 0.1) andlarge
numbersof iterations.Bothseat ex. cab andshal | ow_s. cab (whichin additionto ans-tethercon-
figurationhassomeline floating on the suriace)arebestsolved with automaticdynamicrelaxation.

Dynamic solutionswill not be accuratefor mostmooringswith floating line becauséNVHOI
Cabledoesnot have a modelfor the wave inducedmotion of theline. However, if thesemoorings
areproperlydesignedhendynamicmotionsof themooringaresmallandaretypically notadriving
factorin designdecisions.
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6.3 Multipoint and branched moorings

6.3.1 Subsurface

Using br anch definitionsWHOI Cable can model both multipoint mooringsand horizontal ar-

ray/aquaculturédongline moorings.For both caseghe problemtype shouldbe setto posi t i oned.

In multipoint mooringslike thosedefinedin mul ti | eg. cab or nul til eg_3d. cab all of thelegs
join atacentralpoint. This pointis definedby a connectodefinition(ratherthana buoy definition).
Eachbranchleaving from this centralconnectordefinesa leg, asdo the segmentsrunning from

thefirst terminalto the connectomndthe final segmentsrunningfrom the connectoito the second
terminal. Thusa four-leggedmooringwill have two brancheslefined.

Whendefininghorizontalarray mooringsbranchesreusedto modelthe lines thathangdown
off thehorizontalmemberIn hori z. cab eachof thesehangingstringsleavesfrom aconnectoiand
is terminatedwith a sinker weightthatis definedasa buoy. In | oops. cab the branchesareused
to form loopsthat run from one point on the mainlineto a secondpoint on the mainline. Looped
problemscan be very difficult to solve becausdhe force at the secondend of the loop mustbe
adjusteduntil the endis colocatedwith the userspecifiednodeon the mainline. To get a static
solutionfor | oops. cab adaptve relaxationhadto be turnedoff.

The only static solution procedureavailable whenbranchesare presentin a problemis static
relaxationwith a catenaryinitial guess.Outeriterationsareusedto calculatethe reactionforcesat
eachof the anchorsso thatthey will be placedat the locationspecifiedin the terminaldefinition.
In theseproblemsst at i c- out er - r el axat i on is usedaftereachouteriterationto calculatea cor
rectionto theappliedterminalforcesbasednthe errorsin theanchorpositions.A large relaxation
factorwill speedhesolutionbut mayleadto instabilitieswhentheforceschangedramaticallyfrom
stepto step.lt is generallysafesto setit small(betweerb and20 maybe)initially andthenincrease
it astheerrorsbecomesmaller

The Morisonforcescausedy subsurdcewave particlevelocitiesandaccelerationsre calcu-
latedfor connectorsJustlike a singlepoint subsurhcemooringthen,the bestchoicefor dynamic
forcingin thesecasess nori son.

6.3.2 Surface

Both of the caseausing brancheglescribedabore werebasedon the posi ti oned problemtype.
In generalhowever, the problemtype really just specifieghe treatmentf the seconderminal (at
the endof the main string of sggments). Thus, branchesanbe usedwith otherproblemtypesas
well. The positionof anchoredoranchterminalsare only resohed in surface andpositi oned
problemshowever.
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Multipoint mooringswith a surfaceexpressioraremosteasilysolvedwith alittle bit of trickery.
We cannotsimply usea connectorasthe buoy aswith subsurdce problemsbecauseonnectors
floating on the surfacearedifficult to resole in the staticproblemandarenot accuratelfforcedin
thedynamicproblem.Insteadwe definethe problemaswe would a regular surfaceproblemwith a
dummyconnectojustbelav thesurfacebuay. A very shortsegmentrunsfrom this connectoto the
buoy attheseconderminalto definethemainlineof theproblem.Additional legs canbedefinedas
brancheseaving from this dummyconnectarin somecasegheresultingproblemmaybe sohable
usingregular staticrelaxation.

In mary caseshowever, the needto resole both buoy draft andthe anchorpositionsat the
branchterminalsleadsto corvergencedifficultiesin the outeriterations.Oneapproactio overcom-
ing thesddifficultiesis to take advantageof symmetryandusea manualdynamicrelaxationprocess.
This approachwas usedsuccessfullyfor the surfacebi-moor problemin bi noor . cab. The static
solutionis obtainedn threephases.

In the first phasethe problemtypeis setto posi ti oned, the currentis turnedoff, the branch
(thesecondeg) is commentedut, andthe seconderminalwith the buoy is placedat a horizontal
positionin the middle of the anchorsand a vertical position at the approximatedraft. An easy
estimateof the draft canbe calculatedby balancingbuoyang/ andthe weight of all mooringlegs.
Solvingthis problemwith regular staticrelaxationgivesthe solutionfor oneleg.

In the secondphase the branchis uncommentedthe problemtypeis setto gener al , the re-
actionforcescalculatedat the first anchorin phaseone are appliedto the secondanchoy andan
appropriateverticalforceis appliedatthe buoy. Theappropriatdorceis simply the reactionforce
from phaseone multiplied by the total numberof legs. This problemis thensolved with regular
staticrelaxation.

Finally, the currentis turnedbackon, the problemtypeis setto sur f ace andthe solutionfrom
phaseawo is loadedastheinitial condition(with - | oad) in adynamicrelaxationsolutionusingthe
-dynst at option. With the problemtype resetto sur f ace the actualbuoy draft will be usedto
calculatetopsideforcesandthe systemwill cometo atrue equilibriumstate.

With a completestatic solutionfrom the dynamicrelaxationprocedurethe dynamicproblem
with wavescanbe solvedjustasif thiswasaregularsur f ace problem. The entireprocesss ob-
viously morecomplicatedhanary of the previously describedstaticsolutionpaths.It is described
herebothasanexampleof a pathfor this particularkind of problemandalsoto illustratethe wide
rangeof possibilitiesthatexistsfor determiningthe solutionto comple problems.
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6.4 Towing problems

6.4.1 Ship maneuwering

Steadytowing problemsaresolved asstaticproblems.They aretypically very quick to solve with
either catenaryor shootinginitial guessesnd static relaxation. For maneuering problemswith
time varying x- speed and/ory- speed at the secondterminal (ship end) the steadystate(static)
solutionis basedon the speedatt = 0. Theinitial cablelengthis the summedength of all the
segmentsin theproblem.A pay- r at e specificationrchangeshelengthof the cablein thedynamic
simulation. The exampleproblemt owi ng. cab illustratesvarying the depthof the tow body (tow-
yow'ing) using either sinusoidallyvarying x- speed or pay-rate. Intow3d. cab a circular ship
maneuer is usedin athree-dimensionadimulationto quickly dropthetow bodyin depthwithout
changingspeedor payingout.

6.4.2 Tow body maneuwering

In mary towing applicationgheshipis heldfixedandthetow bodyis maneuerableunderits own

power. By specifyinga currentprofile andzeroship speedit is possibleto calculatethe motions
of sucha vehiclegiventime varying thrustin the threeglobal directionsat the first terminal (tow

body end). The exampler ov. cab illustratesusinga thrustdefinitionto calculatethe steadystate
positionof a deployed ROV whenit is applying 100 poundsof thrustagainsthe imposedcurrent.
In somethreedimensionalproblemsthesesortsof problemscanbe difficult to solve with regular
staticrelaxation. Becausehe steadystateinformationis typically moreinterestingthandynamic
results shootingmethodsolutionsareoftena goodchoiceasthefinal staticsolution.In casesvhere
thesteadystateconfigurations two-dimensionalbut three-dimensionalynamicresultsaredesired
you canuseatwo-dimensionaktaticsolutionto initialize thethree-dimensionadynamicsoler.

6.4.3 Cablelaying

Cablelaying or anchorlowering problemscanbe definedjust like arny othertowing problemwith
pay-out. A depthmustbe definedandvariationsin the bottomtopographycan be specifiedwith
bott om el evati on. Oncethe tow body (which mustbe definedasa buoy) at the first terminal
strikesthe bottomit is assumedo be anchoredo the bottomandcannotmove. An exampleof this
kind of problemis givenin | ower i ng. cab.
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6.5 Launch, recovery, and failur e problems

6.5.1 Mooring deployment

Mooring deplgyment problemsare definedwith the problemtype depl oynment. During a static
solutiontheseproblemsare actuallytreatedas a specialcaseof surfaceproblems. The anchoris
definedat the first terminal and s initially locatedon the surface. The speedgiven at the first
terminal (the ship mustbe makingsomeheadvay or theremustbe somecurrentrunning)will be
usedto calculatethe steadystateconfigurationof the system,including buoy draft. For forward
speednto the currentthat configurationwill have the systemstreamedut behindthe anchor Al
of the static solution pathsare available for deployment problems. For relatively short systems
automatiodynamicrelaxationis usuallyagoodchoice.lt is alsoa goodchoicewhenamooringhas
subsuracebuoyang elementghatwill float on the surlacewhenthe mooringis paid out but the
anchorhasnot beenreleased Regular staticrelaxation(sometimeswith a small relaxationfactor)
canalsowork. Eithermethodworksfor the examplein depl oy. cab.

As soonasthe regular dynamicsolutionstartsthe anchoris releasedrom the ship andbegins
to fall. Becausdhe dynamicsandhydrodynamicsf the anchorare a critical part of the system
responsealuring deployment,theseproblemsarethe only typein WHOI Cablethatrequirea com-
pletelydefinedanchor Oncetheanchorhits thebottomit is fixedto bottom. Thesesimulationscan
take a significantamountof time simply becaus¢he physicalrespons®f thesesystemss suchthat
they cantake a long time to cometo equilibrium oncethe anchorhits the bottom. Also, in deep
waterthe anchorcantake mary minutesof simulationtime to reachthe bottom.

6.5.2 Cable breaking and mooring release

Cablebreakingandmooringreleaseproblemsareimplementedoy specifyingar el ease-ti e at
eitherterminalin ary kind of dynamicsimulation. After that point the buoy or anchorat thatend
will be droppedfrom the simulationandtherewill be a zeroforce boundaryconditionimposed.
The examplebr eaki ng. cab illustratesthis for the caseof breakingROV tow cable. For mooring
releaseroblemsremembethatthetop (buoy) endis only freeto move in the horizontaldirections
if f orci ng- met hod ismori son orwave- f ol | ower. Notealsothatbreakscancurrentlyonly occur
atthetwo mainterminals.

6.6 Generaltips and tricks

Regardles®f problemtypetherearesomegeneratricksthatarehelpfulwhenconergencefailures,
singularitiesandinstabilitiesoccur In this sectionthesetricks arebrokendown into suggestionor

79



staticanddynamicproblems.

6.6.1 Static problems

e Badinitial guess

For ary problemin which the initial guessbasedon the catenarysolution for a homoge-
neous,inextensiblematerialwith dragforcing only at the two endsis a very poor guess,
considerusinga smallst ati c-rel axati on (maybe0.1— 0.2). You canalsotry to setting
static-initial-guess toshooting if shootingmethodsolutionsare available for your
problemtype.

e Strongcurrentscausesolutioninstabilities

If thecurrentis sufficiently largeto rendertheinitial catenaryguessavery poorsolution,or if
thereis currentin both horizontaldirectionsandthe staticsolutionwill have acomplex non-
planarshapegconsidesingcur r ent - st eps to rampthecurrentslowly to its full value.5 or
10 stepsusuallydoesthetrick. At eachsteptheinitial guesss the solutionfrom the previous
step;a greatemumberof stepsmeansa smoothettransitionfrom the catenarysolutionwith
no currentto theactualsolutionwith thefull current.

e Low currentscausesolutioninstabilities

For problemswith verylittle horizontalforcing andcurvesin theshapethebendingradiusat
the curvescanbe quite small, leadingto difficulty in resolvingstaticsolutions.An effective
solutiontechniqudor theseproblemsis dynamicrelaxationin which thethe currentis artifi-
cially magnifiedto obtainaninitial solutionandthensetto its truevaluein adynamicsolution
sothatthesystemwill cometo the properequilibriumpositionusingthephysicaldampingin
the problemto smooththesolutionprogressYou canusethecommandine option- dynst at
to achieve this manuallyor for mary problemtypesyou canusethe - aut o flag to automate
theprocess.

e Cableonthebottomcausesingularityor corvergencefailure

Problemswith cablelying onthebottomwill almostcertainlyrequirethatst ati c- rel axati on
be setto somethingon the orderof 0.1 or possiblyevensmaller Remembeto allow for lots
of static-iterations with smallstaticrelaxationfactors.Theseproblemsarealsoa good
candidatdor automaticdynamicrelaxation(usethe- aut o commandine flag with cablé.

e Surfacebuoy draftis difficult to converge

If the outeriterationloop to find the draft of a surfacebuoy seemgo be oscillatingbut never
corveming or if it goesdown to very smallguessediraftswhich causenstabilitiesor singu-
larities,usealargerst ati c- out er-r el axat i on (but keepit lessthan1.0,considergoingto
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somethingike 0.980r 0.99). You may needto raisethestatic-outer-iterations limit
aswell. Usingatheshootingmethodfor thest ati c-i ni tial - guess canalsospeedhings.

¢ Outeriterationsconvergenceis slow

You canusuallyspeedup outeriterationsby raisingthest at i ¢c- out er - t ol er ance to some-
thing on the orderof 0.01. This tolerancetranslatesdirectly to a percentageerror in the
guessediraft or positionof the secondanchorandso usuallymeansananswerthatis good
to a coupleof centimeters. A secondoption is to raisest ati c-t ol erance to speedthe
inneriterationsat every outeriteration.

e 2D solutionis fine, but 3D solutionis difficult

If the steadystateconfigurationof the mooringis planar(2D) thenyou canusethe 2D static
solver to geta solution. A solutionfrom the two-dimensionaktaticsolver canbe usedwith
the -1 oad option to initialize a three-dimensionatlynamicproblem. This doesnot work
goingthe otherway. Staticsolutionsfrom the 3D solver cannotbe usedto initialize a two-
dimensionaldynamicproblem.

6.6.2 Dynamic problems

¢ Time stepis alwaysadapting

If cableis constantlyadaptingthe time stepdownward (but always makes progressat the
smallertime step)thenit is bestto simply setthe basestep(ti ne- st ep=) to something
smaller

e Theadaptatiorimit is exceeded

Exceedingthe adaptatiorlimit canbe a sign of an unstableproblem. Sometimesyou will
find that settinga baset i ne- st ep thatis 10% of the original baseresultsin no adaptve
reductionsandreliableresults.In othercasegry loweringdynamni c- r el axat i on to give ca-
ble moreability to work througha problemspotat the larger time steps.Goingtoo low can
dramaticallyslowv the solutiondown, however; 0.5 is a reasonabldower limit. If cableis
adaptingbecauset is hitting the iterationlimit, raisedynam c-i terati ons (particularlyif
you lowereddynam c-r el axati on). In very rarecases/ou may needto adjustthe parame-
tersof the generalizedx time integrationalgorithm. Useful valuesof dynani c- | anbda are
typically in therange—0.8 < AT, < 0.3. A7, = —0.5is thedefault.

e Thereis aDC drift in solutionvariables

If thetime historiesof theresultvariablesseemto have alarge DC drift componentconsider
addingnodesto the problem(throughoutthe system,not just at spotsof high gradient)and
usingranp-ti ne to slowly bring the excitation level to its full value. In somecaseghese
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errorscan also be eliminatedby changingdynani c-1 anbda. A7, controlsthe frequeny
responsef thetime integration; dependingpn the propertiesandforcing conditionsin your
systemit maybedesirablgo changehefiltering by changingthis parameter

Cableimpactingthe bottomcausesingularities

A dampingratio thatis too high cancausaedramaticcorvergenceproblems.If the systemhas
cablewhich s beinglifted andloweredfrom the bottomandthe problemis not converging
well, useasmallerbot t om danpi ng value.

2D solutionis fine, but 3D solutionis difficult

If aproblemsolveswith the2D algorithm,but runsinto singularitiesor exceedgsheadaptation
limit with the 3D algorithm,usea smallerdynam c-r el axati on anda smallerbasevalue
for ti me- st ep whenusingthe 3D algorithm.

Problemswith areasof high curvature,sharpbendsor slackregionsareunstable

Most of thesetypesof instabilitiescanberelatedto the bendingstiffnessof thematerial. Try
settingEl to alargervalue. For mostoceanographimaterialsEl canbeashighas10- 100
Nm? without affectingthe accurayg of the overall solution.

82



References

[1] J.ChungandG.M. Hulbert. A time integrationalgorithmfor structuraldynamicswith im-
proved numericaldissipation.Journal of AppliedMedanics 60:371-3751993.

[2] Jason. Gobat. Thedynamicsof geometricallycompliantmooringsystemsPhDthesisMas-
sachusettinstituteof TechnologyandWoodsHole Oceanographitnstitution JointProgram,
WoodsHole, MA, June2000.

[3] Jasonl. Gobat,Mark A. Grosenbaughand Michael S. Triantafyllou. WHOI Cable: Time
domainnumericalsimulationof mooredandtowed oceanographisystems.TechnicalReport
WHOI-97-15,WoodsHole Oceanographitnstitution, November1997.

[4] ChristopheiT. Howell. Investigationof the dynamicsof low-tensioncables PhDthesisMas-
sachusettinstituteof TechnologyandWoodsHole Oceanographitnstitution JointProgram,
WoodsHole, MA, Junel992.

[5] C.Y. Liaw, N.J.ShankarandK.S. Chua.Large motionanalysisof compliantstructuresusing
EulerparametersOceanEngineering 16:545-5571989.

[6] William H. PressBrian P. Flannery SaulA. Teulolsky, andWilliam T. Vetterling. Numer
ical Recipesn C: Theart of scientificcomputing CambridgeUniversity PressCambridge,
England secondedition, 1989.

[7] Andrew H. ShermanAlgorithmsfor sparseGaussiareliminationwith partial pivoting. ACM
Transaction®n MathematicalSoftwag, 4:330-338,1978.

[8] AthanassiodA. Tjavaras. Dynamicsof highly extensiblecables PhD thesis,Massachusetts
Instituteof TechnologyCambridgeMA, Junel996.

[9] William C. Webster Mooring induceddamping.OceanEngineering 22:57-5911995.

[10] BurtonWendrof. On centeredinite differenceequationgor hyperbolicsystems.Journal of
the Societyof Industrial and AppliedMathematics8:549-555,1960.

83



