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. fishlocomotionCOM.H
#ifndef RBD _restraints_fishlocomotionCOM_H
#define RBD _restraints_fishlocomotionCOM_H

#include "rigidBodyRestraint. H"

namespace Foam

{

namespace RBD

{

namespace restraints

{

/* *y
Class fishlocomotionCOM Declaration
y* */

class fishlocomotionCOM
public restraint
// Private data

// fish length [m]
scalar bodyLength_;

// frequency [Hz]
scalar freq_;

// wave length [m]
scalar lambda_;

// caringiform parameter, AO amplitude [m], Al amplitude [m], = dummy
vector carangiform_;

// rolling parameter, p0 amplitude [rad], pl amplitude [rad], phase=0
vector rolling_;

//- (P gain , D gain, max):
vector gain_;

// origin of fish coordinate system
scalar X_origin_;

// relaxation time
scalar relaxationTime ;

//- body ID for the reaction force
word reaction_;



//- report flg (default: false)
const bool  fishlocomotionCOMReport_;

public:

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

// Constructors

//- Construct from components
fishlocomotionCOM
(

const word& name,

const dictionary& dict,

const rigidBodyModel& model

)

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

{
return autoPtr<restraint>
(
new fishlocomotionCOM(*this)
)
¥

//- Destructor
virtual ~fishlocomotionCOM();

// Member Functions
virtual void restrain

(

scalarField& tau,

Field<spatial Vector>& fXx,

const rigidBodyModelState& state
) const;

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

//- Write
virtual void write(Ostreamé&) const;

// Transform Rodrigues matrix to Rodrigues vector
vector RodriguesVectorFromMatrix

(

const Tensor<scalar> R
) const;

} // End namespace restraints
} // End namespace RBD
} // End namespace Foam

#endif
. fishlocomotionCOM.C

#include "fishlocomotionCOM.H"



#include "rigidBodyModel. H"

#include "rigidBodyModelState.H"
#include "OneConstant.H"

#include "addToRunTimeSelectionTable.H"
/f#include "rigidBodyMotion.H"

#define P1 3.141592654
#define  deg(a) ((2)*180.0/PT) // from rad to deg

//**************StaticDataMembers*************//

namespace Foam

{
namespace RBD
{
namespace restraints
{
defineTypeName AndDebug(fishlocomotionCOM, 0);
addToRunTimeSelectionTable
(
restraint,
fishlocomotionCOM,
dictionary
)i
H
H
H

//****************Constmctors **************//

Foam::RBD::restraints::fishlocomotionCOM.::fishlocomotionCOM

(
const word& name,
const dictionary& dict,
const rigidBodyModel& model
)
restraint(name, dict, model),
fishlocomotionCOMReport_( dict.getOrDefault<bool>("report", false))
{
read(dict);
H

//****************Desmctor ***************//
Foam::RBD::restraints::fishlocomotionCOM::~fishlocomotionCOM()
{}

/] % ko ko ok ok k ok ok ok ok ok ok Nfember Functions ¥k ok ok kK ok k ok ok ok ok ok ok /)

Foam::vector Foam::RBD::restraints::fishlocomotionCOM::Rodrigues VectorFromMatrix

(

const Tensor<scalar> R
) const

{
vector n(0,0,0);
scalar xx, yy, theta;
yy = sqrt( sqr(R.xy()-R.yx()) + sqr(R.xz()-R.zx()) + sqr(R.yz()-R.zy()) ) / 2.0;

xx = (Rxx() + Ryy() + R.zz() - 1)/ 2.0;
theta = Foam::atan2( yy, xx );

if( mag(theta) < (100*VSMALL) ){ // theta =0 deg.

n = Zero;

}else if( mag( mag(theta) - mag(Foam::atan2(0.0,-1.0)) ) < (100*VSMALL) ){ // theta = +-180 deg.
if( (Rxx()+1)<0.0) n[0]=0.0;
else n[0] = sqrt( (R.xx() + 1)/2.0);

if( R.yy()+1)<0.0) n[1]=0.0;
else{



if( Ryx()>0)  n[1]=sqrt( (R.yy() + 1)/2.0);

else n[1] =-sqrt( (R.yy() + 1)/2.0);
¥
ifl (R.zz()+1)<0.0) n[2]=0.0;
else{

if(Rzx()>0) n[2] = sqrt( (R.zz() + 1)/2.0);

else n[2] =-sqrt( (R.zz() + 1)/2.0);
¥
n *= theta;

// Info << " theta*n " << n << endl,

}

n[0] = -(R.yz()-R.zy()) / (2.0*sin(theta));

n[1]=(Rxz()-R.zx()) / (2.0%sin(theta));
n[2] = -(R.xy()-R.yx()) / (2.0*sin(theta));

n *= theta;

return n;

void Foam::RBD::restraints::fishlocomotionCOM ::restrain

(

{
/"

scalarField& tau,

Field<spatial Vector>& fx,

const rigidBodyModelState& state
) const

Info << "fishlocomotionCOM: " << endl,

label referencelD = model .bodyID(reaction ); // reaction_ means a rigid body name
const double A0 = carangiform [0], Al = carangiform_ [1];

const double p0 = rolling_[0], p1 =rolling_[1], phase = rolling [2];

const double t = state.t(), dt = state.deltaT();

const double x = model .I(bodyID ).c().x() - x_origin , rx = model .I(referencelD).c().x() - x_origin_;
const double L = bodyLength ;

/I z: carangiform locomotion
double dydx=(A0/L+2.0*A1/L/L*x)* sin(2.0*PI*( x/lambda_ - freq_*t))
+(A0/L*x+Al1/L/L*x*x)*2.0*PI/lambda_ * cos( 2.0*PI*( x/lambda_ - freq_*t));
double rdydx = (A0 /L+2.0 *Al1/L/L*rx) *sin( 2.0*PI*( rx/lambda_ - freq_*t))
+(AO0/L*rx + Al /L/L *rx *rx) * 2.0¥PI/lambda_ * cos( 2.0¥PT*( rx/lambda_ - freq_*t));
double zangle = atan( dydx ) - atan( rdydx );

dydx=(A0/L+2.0*A1/L/L*x)* sin(2.0*PI*( x/lambda_ - freq_*(t-dt) ) )
+(A0/L*x+Al1/L/L*x*x)*2.0*PI/lambda_ * cos( 2.0*PI*( x/lambda_ - freq_*(t-dt) ) );
rdydx =(A0/L+2.0*A1/L/L *rx) *sin( 2.0¥*PI*( rx/lambda_ - freq *(t-dt) ) )
+(AO0/L*rx+Al/L/L *rx *rx ) * 2.0*Pl/lambda_ * cos( 2.0*PI*( rx/lambda_ - freq_*(t-dt) ) );
double preZangle = atan( dydx ) - atan( rdydx );

// x: body rolling
double xangle=(p0/L*x+pl/L/L*x *x) *sin( 2.0¥*PI*( x/lambda_ - freq *t ) + phase )
-(p0/L*rx+pl/L/L *rx *rx ) * sin( 2.0¥PI*(rx/lambda_ - freq *t ) + phase );
double preXangle = (p0/L*x+pl/L/L*x*x) *sin( 2.0¥PI*( x/lambda_ - freq_*(t-dt) ) + phase )
-(p0/L*x+pl/L/L*rx *rx ) * sin( 2.0¥PI*(rx/lambda_ - freq_*(t-dt) ) + phase );

if( t <relaxationTime  ){
xangle *= (t/relaxationTime );
zangle *= (t/relaxationTime );
preXangle *= (t/relaxationTime );
preZangle *= (t/relaxationTime );

Tensor<scalar> Rz, Rx, Rtarget, Rpre;
Rz.xx() = cos(zangle); Rz.yx() =-sin(zangle); Rz.zx() =0.0;



Rz.xy() = sin(zangle); Rz.yy() = cos(zangle); Rz.zy() = 0.0;

Rz.xz() = 0.0; Rz.yz() = 0.0; Rz.zz() = 1.0;
Rx.xx() = 1.0; Rx.yx() =0.0; Rx.zx() = 0.0;
Rx.xy() =0.0; Rx.yy() = cos(xangle); Rx.zy() =-sin(xangle);
Rx.xz() = 0.0; Rx.yz() = sin(xangle); Rx.zz() = cos(xangle);

Rtarget = Rz.T() & Rx.T();

Rz.xx() = cos(preZangle); Rz.yx() =-sin(preZangle); Rz.zx() = 0.0;

Rz.xy() = sin(preZangle); Rz.yy() = cos(preZangle); Rz.zy() = 0.0;

Rz.xz() = 0.0; Rz.yz() = 0.0; Rz.zz() = 1.0;
Rx.xx() = 1.0; Rx.yx() = 0.0; Rx.zx() = 0.0;

Rx.xy() =0.0; Rx.yy() = cos(preXangle); Rx.zy() =-sin(preXangle);

Rx.xz() = 0.0; Rx.yz() = sin(preXangle); Rx.zz() = cos(preXangle);

Rpre = Rz.T() & Rx.T();

/*** relative body angle ***/
const Tensor<scalar> Rr = model .XO0(referencelD).E().T(), Rb = model .X0(bodyID ).E().T();
const Tensor<scalar>rRb = Rr.T() & Rb;

const Tensor<scalar> bRtarget = rRb.T() & Rtarget; // angle error
vector RodVector = RodriguesVectorFromMatrix( bRtarget );
RodVector = rRb & RodVector;

/*** relative body anglular velocity ***/
const vector angular_vel = Rr.T() & ( model .v(bodyID ).w() - model .v(referencelD).w() );

const Tensor<scalar> preRtarget = Rpre.T() & Rtarget;
vector RodV Vector = RodriguesVectorFromMatrix( preRtarget ) / dt;
RodVVector = ( ( Rr.T() & Rpre ) & RodVVector ) - angular_vel;

scalar maxlInertia = 0.0;
for(int i=0; i<((model .nBodies()-1)/2); i++){
maxlInertia = max( maxInertia, model _.1(i).Ic().zz() );

icalar weight = model .I(bodyID ).Ic().zz() / maxInertia;

vector moment = weight * ( gain_[0] * RodVector + gain_[1] * RodV Vector );
I if( t <relaxationTime ) moment *= (t/relaxationTime );

if( gain_[2] <mag( moment)) moment *= ( gain [2] / mag( moment ) );

if (model _.debug || fishlocomotionCOMReport )
I if ( RBD::rigidBodyMotion::Iteration number for MB_ ==10)

{
Info<<" fishlocomotionCOM: " << endl
<< model_.name(bodyID_) << "["<<bodyIlD <<"," <<bodylndex_<<"]," <<reaction_ << "[" <<referencelD << "]" << endl
<< "target z angle [deg] = " << deg(zangle) << " x angle [deg] = " << deg(xangle) << " ang.vel. [rad/s] = " <<
(RodriguesVectorFromMatrix( preRtarget ) / dt) <<", t=" <<t <<endl;

/*

Info << "R" << endl;

Info << Rtarget.xx() <<" " << Rtarget.yx() << " " << Rtarget.zx() << endl;

Info << Rtarget.xy() << " " << Rtarget.yy() <<" " << Rtarget.zy() << endl;

Info << Rtarget.xz() << " " << Rtarget.yz() << " " << Rtarget.zz() << endl;

Info << "Inertia body " << endl << model_.I(bodyID ).Ic().zz() << endl;

Info << "Inertia ref. " << endl << model .I(referencelD).lc().zz() << endl; */

Info << "Inertia weight " << weight <<" " << maxInertia <<" " << ((model_.nBodies()-1)/2) << endl;

Info << "target angle [rad]: " << RodriguesVectorFromMatrix( Rtarget ) <<" target angular velocity [rad/s]: " << ( ( Rr.T() & Rpre)
& (RodriguesVectorFromMatrix( preRtarget )/dt) ) << endl;

Info << "current angle [rad]: " << RodriguesVectorFromMatrix( rRb ) << " current angular velocity [rad/s]: " << angular vel <<
endl;

Info << "target difference [rad]: " << RodVector << " target difference velocity [rad/s]: " << RodVVector << end],
Info << "moment: " << moment << " P " << weight * gain_[0] * RodVector << " D " << weight * gain [1] * RodVVector <<
endl;



Info << "gain " << gain_ <<endl;
Info << "moment: " << weight * ( gain_[0] * RodVector + gain_[1] * RodV Vector ) << endl;

if( (referenceID ==0) || (bodyID_==0)) Info <<"The moment is not reacted to the root" << endl;

¥

/I Accumulate the ONLY MOMENT for the restrained body

if( bodylndex_!=0) fx[bodylndex ] += spatialVector( Rr & moment, Zero /*force*/ );
if( referencelD =0 ) fx[referencelD] -= spatial Vector( Rr & moment, Zero /*force*/ );

bool Foam::RBD::restraints::fishlocomotionCOM::read

(

)
{

const dictionary& dict

restraint::read(dict);

coeffs .readEntry("bodyLength", bodyLength );
coeffs_.readEntry("frequency", freq );
coeffs_.readEntry("waveLength", lambda );

coeffs .readEntry("carangiform", carangiform );
coeffs .readEntry("rolling", rolling_);

coeffs .readEntry("gain", gain );
coeffs_.readEntry("x_origin", x_origin );
coeffs_.readEntry("relaxationTime", relaxationTime );
coeffs .readEntry("reaction", reaction_);

return true;

void Foam::RBD::restraints::fishlocomotionCOM::write
(

Ostreamé& os
) const

{

restraint::write(os);

os.writeEntry("bodyLength", bodyLength );
os.writeEntry("frequency", freq );
os.writeEntry("lambda", lambda );
os.writeEntry("carangiform", carangiform );
os.writeEntry("rolling", rolling );
os.writeEntry("gain", gain_);
os.writeEntry("x_origin", x_origin_);
os.writeEntry("relaxationTime", relaxationTime );
os.writeEntry("reaction", reaction );
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motionSolverLibs  (rigidBodyMeshMotionCOM);  // COM ¥ )L~ % 3R

dynamicFvMesh dynamicOversetFvMesh; /] AT 2R
motionSolver rigidBodyMotion;
report false;
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solver

{
type NewmarkCOMimplicit; // for equation of motion around COM
report off;
}
Iteration_number for MB 1;
OutputFiles (body04body); // save the center of rotation. BELFHEART 4. {REFH.
bodies
{
body00body
{
type rigidBody;
parent root; // parent always select "root" for equation of motion around COM.
mass 0.00305; // tho = 1000 kg/m"3
inertia (166.9¢-9 0 0.3e-9 170.3e-90 75.1e-9); // COM: (166.9¢-9 0 0.3¢-9 170.3e-90 75.1e-9)
centreOfMass (-0.0899 0 0.0003); /* global coordinate system */
transform (100 010 00 1) $centreOfMass; // initial body coordinate system viewing from the parent
joint
{
type composite;
joints (
{ type Pxyz; }
{ type Rxyz; P
}
patches (body00);
innerDistance  0;
outerDistance  101;
}
body01body
{
type rigidBody;
parent Toot;
mass 0.00822;
inertia (898.7¢-9 0 6.1e-9  852.5¢-90 349.2¢-9);
centreOfMass (-0.0770 0 0);  /* global coordinate system */
transform (100 010 00 1) $centreOfMass;
joint
{
type composite;
joints (
{ type Pxyz; }
{ type Rxyz; P
}
patches (body01);
innerDistance  0;
outerDistance ~ 100;
}
body11body
{
type rigidBody;
parent root;
mass 0.0021;
inertia (334.36-9 0 59.5¢-9  434.6e-90 108.4e-9); Nzz BN KB FTERWE S ICHFERET S
centreOfMass (0.0804 0 -0.0067); /* global coordinate system */
transform (100 010 00 1) ScentreOfMass;
joint
{
type composite;
joints (
{ type Pxyz; }
{ type Rxyz; P



patches (bodyl1);
innerDistance  0;
outerDistance  100;

¥
}
// parameter definition
translational spring  (4.0e+5400); // spring coefficient, Damper coefficient, dummy
//coil_spring (0.012.0e-6 0); // spring coefficient, Damper coefficient, dummy
output_gain (50.0 1.0 100.0 ); // (P gain, D gain, max input)
carangiformPara ( 0.01 0.030); // A0, Al [m], dummy
rollingPara (000 ); // p0, p1, phase [rad]
fishLength 0.2; // [m]
lambda 0.2;
tailFreq  20; // [Hz]
relaxation_time 0.05; //[s]
fishx_origin -0.1; // [m]
restraints
{
// skoskoskoskoskoskoskosksko sk body Spring and damper sk sk sk sk sk sk sk sk sk sk sk okoskoskokokok

body0Oconnection

{

type rigidbodyConnectionCOM;
body body00body;

reaction  body0Olbody;
connection_point (-0.085 0 0);

gain $translational spring;
}
body10connection
{
type rigidbodyConnectionCOM;
body body10body;
reaction  bodyllbody;
connection_point (0.07 0 0);
gain $translational spring;
}

// sfeskosk skokoskok skokok body COil-spring and damper s stk sk sk sk ok sk sk ok skeokoksk ko

// sfesteshe sfeosie sk sfe sk sk body Control stesfe sfe st sfe she sfe sfeske she sfe sfeskesfe sk skesk

body01control
{
type fishlocomotionCOM;
reaction  body0Obody; // body name for reaction torque
body body01body;
gain $output_gain; // (P gain, D gain, max input)
bodyLength $fishLength;
frequency S$tailFreq;
waveLength $lambda;
carangiform $carangiformPara;
rolling $rollingPara;
x_origin  $fishx_origin;
relaxationTime $relaxation_time;
/ report on;
}
body11control

{



type fishlocomotionCOM;

reaction  body10body; // body name for reaction torque
body bodyl1body;
gain Soutput_gain; /I (P gain, D gain, max input)
bodyLength $fishLength;
frequency $tailFreq;
waveLength $lambda;
carangiform $carangiformPara;
rolling $rollingPara;
x_origin  $fishx_origin;
relaxationTime $relaxation_time;
/ report on;
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functions
{
fishforce.dat
{
type forces;
libs ("libforcesCOM.s0");
patches (body00 body01 body02 body03 body04 body05 body06 body07 body08 body09 body10 bodyl1); i ETT R

VANCRR-R ¥ SRR (Wi NV ) AL [ =N

writeControl runTime;
writelnterval 0.001;
/! rho rholnf;
/! rholnf 998; /] water ?
cofRname body04body; // Open this body file and read the center of rotation. this file will be updated every time step.
CofR (0.0109 0 -0.0002); /1 (-0.0216 0 -0.0003)
body04 DE.[>23(-0.0325 0 -0.0001) T % DT, (-0.0325 0 -0.0001) + (0.0109 0 -0.0002)
=(-0.0216 0 -0.0003) DEHE.LA Y ZFHEL T3z &ichk 3,
log false;
b
b
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