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Wave Dragon

CorPower

Simple	forms



3

Survival Resonance Control

Girogi Ringwood	2016Yu	and	Li	2013Chen	et	al	2016
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WEC-SIM (and FAST)

MooDy is	a	solver for	mooring cable dynamics
• Designed to	handle snap loads

• Equations for	re-written in	conservative form
• High-order	discontinuous Galerkin method
• hp-adaptive	solution	
• Explicit	time-steppers

• Cables	with neglible bending stiffness
• Written in	C++	with no	dependencies (except std lib)
• Coupled to	OpenFOAM and	WEC-SIM/FAST
• Released as	pre-compiled lib

OpenFOAM
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• Smooth solutions
• Verified on	linearised standing wave
• Exponential convergence:	h	p+1/2

Use	high-order	elements!

Convergence for smooth solutions

h:	Elemental	resolution
p:	Polynomial	order	of	basis
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Validation with snap loads

• Validation case
• Excellent	match	with experimental	data
• Snap load from	cable slack

Moody
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Station-keeping approaches used

• Heave only à sixDoFRigidBodyMotionConstraints:line/axis

• Linear spring	à sixDoFRigidBodyMotionRestraints::linearSpring

• Quasi-static approach	à sixDoFRigidBodyMotionRestraints::mooringLine (waves2Foam)

• Dynamic approach	à sixDoFRigidBodyMotionRestraints::moodyR



/*-------------------------------------------------*\
Class moodyR Declaration

\*-------------------------------------------------*/

class moodyR
:

public sixDoFRigidBodyMotionRestraint
{

// Private data

// Reference points of attachment to the solid body //
List<point> attachPts_;

// Word containing the filename of the input file for the 
mooring system //

string mooringSystemFilename_;

// The number of attachment points //
int noOfAttachments_;

// The ramp time of the mooring force (not invoked in moody, 
but before force is returned to motion_ ) //

scalar mooringRampTime_;

// Last call time of function //
scalar startTime_;

// If moored or not
bool moored_;

// Switch to ensure that moody is only intialised once
bool moodyStarted_;

public:

//- Runtime type information
TypeName("moodyR");

// Constructors

//- Construct from components
moodyR
(

const word& name,
const dictionary& sDoFRBMRDict

);

//- Construct and return a clone
virtual autoPtr<sixDoFRigidBodyMotionRestraint> clone() 

const
{

return autoPtr<sixDoFRigidBodyMotionRestraint>
(

new moodyR(*this)
);

}

//- Destructor
virtual ~moodyR();

// Member Functions

//- Calculate the restraint position, force and moment.
// Global reference frame vectors.
void restrain
(

const sixDoFRigidBodyMotion& motion,
vector& restraintPosition,
vector& restraintForce,
vector& restraintMoment

);

//- Update properties from given dictionary
bool read(const dictionary& sDoFRBMRCoeff);

//- Write
void write(Ostream&) const;

};



void Foam::sixDoFRigidBodyMotionRestraints::moodyR::restrain
(

const sixDoFRigidBodyMotion& motion,
vector& restraintPosition,
vector& restraintForce,
vector& restraintMoment

)
{

...

if ( moored_ )
{

// Compute values at present motion state
double attachInfo[3*noOfAttachments_]; // Always 3D

List<point> currentPositions(attachPts_);

for ( int ii = 0; ii<noOfAttachments_; ++ii)
{

// Transform the starting points to present 
motion state

currentPositions[ii] = 
motion.transform(attachPts_[ii]);

// Fill attachInfo with transformed values
attachInfo[ii*3] =   currentPositions[ii].x();
attachInfo[ii*3+1] = currentPositions[ii].y();
attachInfo[ii*3+2] = currentPositions[ii].z();

}

// Send info to moody
double allForces[3*noOfAttachments_];

moodySolve( attachInfo , allForces , 
motion.state0().time() , motion.state().time());

// Compute moment and total force
vector tmpVector(vector::zero);

for ( int ii = 0; ii<noOfAttachments_; ++ii)
{

tmpVector[0] = -allForces[ii*3];
tmpVector[1] = -allForces[ii*3+1];
tmpVector[2] = -allForces[ii*3+2];

restraintForce += tmpVector;

restraintMoment += (currentPositions[ii] -
motion.centreOfRotation())^tmpVector;

Info<< " Mooring force at point " << ii << ", 
position: " << currentPositions[ii] << " is : " << tmpVector

<< " Total force: " << restraintForce
<< " Total moment: " << restraintMoment
<< endl;

}

// End mooring loop with assigning rP as 
centreOrRotation. No added moment should be computed // 

restraintPosition = motion.centreOfRotation();
}

} // end of restrain member



restraints    
{        

mooring 
{ 

sixDoFRigidBodyMotionRestraint moodyR;

attachmentPoints ( 
(0.6 0.6 0.3)
(0.6 0.4 0.3)  
(0.4 0.4 0.3)
(0.4 0.6 0.3)

);

mooringSystemFilename "moodyInput.txt";

}    
}
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Two	timescales.	Boundary	condition	
interpolation	required

Validation

70PhysicalModellingofMooringConfigurations

(a)Configuration2.

(b)Catenary.

Figure3.16:Photographsofthetestedconfigurationsassembledinthewavetank.
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Decay tests

• Surge	(horizontal)
• Very good agreement
• All	stiffness comes from	the	moorings
• Coupled mooring validated!

Validation
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70PhysicalModellingofMooringConfigurations

(a)Configuration2.

(b)Catenary.

Figure3.16:Photographsofthetestedconfigurationsassembledinthewavetank.
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Decay tests

• Heave	(vertical)
• Very good agreement both with and	without

moorings
• Slightly more damping in	cfd

Validation

70PhysicalModellingofMooringConfigurations

(a)Configuration2.

(b)Catenary.

Figure3.16:Photographsofthetestedconfigurationsassembledinthewavetank.
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Regular waves
Validation

• Motion	response
• Three	wave periods,	two wave heights
• Good agreement in	heave and	mooring

force
• RAO	is	strongly nonlinear
• Pitch	is	underpredicted,	but influence of

nonlinearity is	correct
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RAO:	Response	Amplitude	Operator
Motion	amplitude	/	wave	amplitude.	

Constant	for	each	frequency	in	linear	theory



11/15/17 16

Regular waves
Validation

• Mooring forces
• Good agreement in	mooring forces
• Overall	dynamic behaviour captured
• Some discrepancies in	amplitude
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(a)Configuration2.

(b)Catenary.

Figure3.16:Photographsofthetestedconfigurationsassembledinthewavetank.



Detailed info	can be	found in	the	following publications
(open-access)

www.sdwed.civil.aau.dk/digitalAs
sets/97/97522_d2.4.pdf

http://www.sciencedire
ct.com/science/article/
pii/S221416691630032
7

publications.lib.chalme
rs.se/records/fulltext/2
48879/248879.pdf

http://publications.lib.chalmers.se/rec
ords/fulltext/183127/local_183127.pdf

http://publications.lib.chalmers.se
/records/fulltext/183127/local_18
3127.pdf



sixDOFRigidBodyRestraint::moodyR and	libmoodyWrap.so
can	be	downloaded	from:

https:://github.com/johannep/moodyAPI


