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This sections provides an overview of the advanced features of the WEC-Sim code that were not
covered in the WEC-Sim Tutorials section.

ARECTIE, WEC-Sim ®F 2 — ) 7AETH =T 7z WEC-Sim @ = — F D& fie
W 5.

Below is a diagram of some of the various WEC-Sim that can be used.

UTIfER % 2/% D WEC-Sim 2R RITH 3.

This section provides information on how they can be turned on, and what they do.

RETIE, 2o 2T 2 EOERERIS 5.

BEM (WAMIT, NEMOH, AQWA),
Experimental, CFD, Geometry, Mesh

/ Linear, Non-linear, Non-hydro, SS, B2B,
Drag (Linear/Quadratic/Morison)

No Wave, Regular (Linear, CIC), Time-series,
Irregular (PM/JS/BS/Imported Spectra)

Start-time, Time-step, Ramp-time, End-time,

Cl-time, Solver,

Linear, Non-linear, Control,
PTO-Sim (Direct Drive, Hydraulic, User-defined)

WEC-Sim

Linear, Non-linear, MoorDyn

Visualization, MCR, Power Matrix, Optimization




BEMIO

The Boundary Element Method Input/Output (BEMIO) functions are used to preprocess the BEM
hydrodynamic data prior to running WEC-Sim, this includes:
BEREREAS /B (BEMIO) 13, WEC-Sim D EATHIIC BEM Jifk 7 — 2 LB < h
5. ZHIZLUTZ2ET
. Read BEM results from WAMIT, NEMOH, or AQWA.
WAMIT, NEMOH, AQWA @ BEM #558 O &g &iA &
Calculate the radiation and excitation impulse response functions (IRFs).
77 4 T —vaviEXWEREHA v oo 2 SERBE (IRFS) oA
Calculate state space realization coefficients for the radiation IRF.
77 4 £— 3 v IRF OREZEMRBURE DA,
Save the resulting data in Hierarchical Data Format 5 (HDF5).
fi 8% HDF5 JE X o
Plot typical hydrodynamic data for user verification.
2 —PREED 7= DA T — 2 D7 v v b
For more information, refer to the BEMIO tutorial section and the BEMIO webinar.
#fflliZ BEMIO 72— b Y 7 E L BEMIO v = £ F—% S0 &

Note HE

Previously the python based BEMIO code was used for this purpose.

ZOHMWD =%, LIEi, python *—2Z BEMIO 22— N2 & v/,

The python BEMIO functions have been converted to MATLAB and are included in the WEC-Sim
source code.

python BEMIO B%{i%., MATLAB IcZ#1X L WEC-Sim ® Y —RXa—Fic&EN 5

The python based BEMIO code will remain available but will no longer be supported.

python ~—2 BEMIO = — FZFIHA[RETH 5 28, S Y F—F Ik

BEMIO Functions
BEMIO Bi%%

Read_ WAMIT: Reads data from a WAMIT output file
Read WAMIT : WAMIT i1 7 7 A v DT — X G rih
hydro = Read_WAMIT (hydro, filename, ex_coeff)
hydro - data structure
filename - WAMIT output file
ex_coeff - flag indicating the type of excitation force coefficients to read, 'diffraction’ (default)
or 'haskind'
ex_coeff -G IRELD 2 4 TR $ 7 T2, 'diffraction' (77 v +) F 721 haskind

Read_ NEMOH: Reads data from a NEMOH working folder
Read_ NEMOH : NEMOH {EZ# 7 + v X5 6 D T — X g il &
hydro = Read_NEMOH (hydro, filedir)

hydro - data structure

filedir - NEMOH working folder, must include:

filedir - NEMOH{{E#7 121X, UT2&EL L

» Nemoh.cal
> Mesh/Hydrostatics.dat (or Hydrostatiscs_0.dat, Hydrostatics_1.dat, etc. for multiple
bodies)

> Mesh/KH.dat (or KH_0.dat, KH_1.dat, etc. for multiple bodies)
» Results/RadiationCoefficients.tec
» Results/ExcitationForce.tec



Note

TR

Instructions on how to download and use the open source BEM code NEMOH are provided on the
NEMOH website.

F—7vYV—=ZBEM 2 —F NEMOH % &7 v u—FLCfd 575k NEMOH 0V = 7%
)

The NEMOH Mesh.exe code creates the Hydrostatics.dat and KH.dat files (among other files) for
one input body at a time.

NEMOH Mesh.exe =@ — F % Hydrostatics.dat & KH.dat 7 7 f v Z{EK$ 5. (ftho7 7 4 LD
)

For the Read_NEMOH function to work correctly in the case of a multiple body system, the user
must manually rename Hydrostatics.dat and KH.dat files to Hydrostatics_0.dat, Hydrostatics_1.dat,
-+, and KH_0.dat, KH_1.dat,-, corresponding to the body order specified in the Nemoh.cal file.
R DM AR T Read_ NEMOH B8 % IE L B3 1c i, = —% —23F#)C Hydrostatics.dat &
KH.dat D4 ZEE T 2485 H 5. Nemoh.cal 7 7 4 W THIE S N2 A ARNEF IS IS L T
Hydrostatics_0.dat, Hydrostatics_1.dat,.... KH_0.dat, KH_1.dat & 3 3.

Read_AQWA: Reads data from AQWA output files
Read AQWA : AQWA M1 7 7 4 VDT — R 5 drih
hydro = Read_ AQWA (hydro, ah1_filename, lis_filename)
hydro - data structure
ahl_filename - . AH1 AQWA output file
lis_filename - .LIS AQWA output file

Normalize: Normalizes NEMOH and AQWA hydrodynamics coefficients in the same manner that
WAMIT outputs are normalized.

IEHUE : WAMIT o IEHME & [H U 77k NEMOH & AQWA Jifk )1 #488% IEH L 3 5.
Specifically, the linear restoring stiffness is normalized as, Ci,j/ p g ;

added mass is normalized as, Ai,j/ p ;

radiation damping is normalized as, Bi,j/ p w; and,

exciting forces are normalized as, Xi/ p g.

BRI T O X5 IiE kI n g,

MR EIE  Cii/p G

fHEsE ALj/p

77 4T —vavilE Bij/pw

WRE Xi/p G

Typically, this function would not be called directly by the user; it is automatically implemented
within the Read_NEMOH and Read_ AQWA functions.

C OBBUT A — 0 o EEIF U T e

EBif1c Read NEMOH & Read AQWA BRI CHE%E X 1%

hydro = Normalize (hydro)
hydro - data structure

Combine_BEM: Combines multiple BEM outputs into one hydrodynamic "system".
Combine_BEM : ##(® BEM 1% 1 D DA RICHEET 2

This function requires that all BEM outputs have the same water depth, wave frequencies, and wave
headings.

T @ BEM 25 [F UKEE, BJEBEEL, RITHRARE U & A3 s

This function would be implemented following multiple Read functions and before the IRF,
Write_H5, or Plot. BEMIO functions.

Z OBIBULLA T OHEL D Read BIELTHLE & 1, IRF,Write_H5,Plot_BEMIO BI# D HiICHEfT &
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hydro = Combine_BEM (hydro)

hydro - data structure

Radiation_IRF: Calculates the normalized radiation impulse response function.

Radiation IRF : FHU{tI T4 = —v a v A v <A RISEBEEAHET 2

K;;(t) = 2

oo B;j(w)
0

cos(wt)dw

hydro = Radiation_IRF(hydro, t_end, n_t, n_w, w_min, w_max)

hydro - data structure

hydro - 7 — # ffi&

t_end - calculation range for the IRF, where the IRF is calculated from t = 0 to t_end, and the
default is 100 s

t_end -IRF OFMEEP. IRF (2 t=072"5 tend T TR EINE. T7 41+ 1% 100 F

n_t - number of time steps in the IRF, the default is 1001

nt - IRFORRZT Y 7. 774 it 1001

n_w - number of frequency steps used in the IRF calculation (hydrodynamic coefficients are
interpolated to correspond), the default is 1001

n_w - IRFEROEBEAT v 7H IO L THRIBFRED IR N 3), 7 7 + v +id 1001
w_min - minimum frequency to use in the IRF calculation, the default is the minimum
frequency from the BEM data

w_min - IRFGHEOR/NEEE. 7 7 4L bk BEM 7 — X O i/NE R

w_max - maximum frequency to use in the IRF calculation, the default is the maximum
frequency from the BEM data.

w_max - IRFEHEOEKEBE. 77 42 ik BEM 7 — % D i KA

Radiation_IRF_SS: Calculates the state space (SS) realization of the radiation IRF. If this function
is used, it must be implemented after the Radiation_IRF function.

Radiation_IRF_SS: 7 7 4 = —3 3 v IRF OIRAEZZR (SS) FIRDEHE. & DEJ%IT Radiation_IRF
PRI T T 5 T

hydro = Radiation_IRF_SS(hydro, Omax, R2t)

hydro - data structure

hydro - 7 — Z fit&

Omax - maximum order of the SS realization, the default is 10

Omax - SSEHOBRAKA—X—. 7 7+1 M 10

R2t - R2 threshold (coefficient of determination) for the SS realization, where R2  may range
from 0 to 1, and the default is 0.95

R2t -SSEHID R2BfE (RIERED . 0<R2<1. 7741} 2 0.95

Excitation_IRF: Calculates the excitation impulse response function.

Excitation_IRF : 581 4 v S0 ZISEREE DA

oo Xi(w,pB)et
Ki(t) = & [, B0 g,

hydro = Excitation_IRF(hydro, t_end, n_t, n_w, w_min, w_max)

hydro - data structure
hydro - 7 — Z &
t_end - calculation range for the IRF, where the IRF is calculated from t = -t_end to t_end, and
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the default is 100 s

t end -IRF OF&E#HiPH. IRFIZ3t=0205bt end TTHEINS. 741 T 1008

n_t - number of time steps in the IRF, the default is 1001

n_t - IRF QKR T v 78 77+ biE 1001

n_w - number of frequency steps used in the IRF calculation (hydrodynamic coefficients are
interpolated to correspond), the default is 1001

n_w - IRFEREOEBEA T v 78 OfE L CHRIAREAHE S 2), 7 7 + v 1 iF 1001
w_min - minimum frequency to use in the IRF calculation, the default is the minimum
frequency from the BEM data

w min - IRFEMEOR/NERE. 7 7 4V b i BEM 7 — X O f/NEREL

w_max - maximum frequency to use in the IRF calculation, the default is the maximum
frequency from the BEM data.

w_max - IRFEMEORKEBE. 77 4 ik BEM 7 — X DK HE

Write_ H5: Writes the hydro data structure to a *.h5 file.
Write H5 : §itfk ) 7 — 2 W& 2 *h5 7 7 A MICEHZ AT
Write_H5(hydro)
hydro - data structure

hydro - 7 — # fi&

Note HE

Technically, this step should not be necessary - the MATLAB data structure hydro is written to a
*h5 file by BEMIO and then read back into a new MATLAB data structure hydroData for each
body by WEC-Sim.

BAfitic z o 27 v Fi3FE R - MATLAB 7 — Z#i& hydro 1 BEMIO I X 5> C*h5 7 7
AnicEirhEh, %Dtk WEC-Sim I X ) #ifAd MATLAB @ 7 — £ & hydroData IZHtiA
Nd,

The reasons this step was retained were, first, to remain compatible with the python based BEMIO
output and, second, for the simpler data visualization and verification capabilities offered by the
*.h5 file viewer.

ZDORAT v THRREFFINHEE, 51 python *— 2 BEMIO & O F s, 5 0c*hs 7 7 4 v
Vo —7IiC kBT — 2 fi{tEs X ORGEED 72 9.

Plot_BEMIO: Plots the added mass, radiation damping, radiation IRF, excitation force magnitude,
excitation force phase, and excitation IRF for each body in the heave, surge and pitch degrees of
freedom.
Plot BEMIO: Hiit — 7, ¥ —Y ROy FEICBF2&MEICTmy MINER, 774 2—
a VIR, 77 4T —v a3 v IRF, RN OKE X, MRS O, KO IRF,
Plot_BEMIO (hydro)

hydro - data structure

hydro - 7 — # ffi&

Note

FE

In the future, this will likely be changed to a userDefinedBEMIO.m function, similar to WEC-Sim's
userDefinedFunctions.m, such that users can interactively modify or plot any BEM hydrodynamic
variable of interest.

PERRTICiE. 24k WEC-Sim @ userDefinedFunctions.m 128,72 userDefinedBEMIO.m Bi%%
WKAHEINS, 2 —¥F—IC X 3056007 BEM iiAE i oZH, oy 2 HIET.

BEMIO hydro Data Structure
BEMIO ik 7 — & Hid



Variable Format Description

A [6*N,6*N,Nf] added mass & &=

Ainf [6*N,6*N] infinite frequency added mass R & E o 1 hE &

B [6*N,6*N,Nf] radiation damping 77 4 T— ¥ 3 VIRE

beta [1,Nh] wave headings (deg) #[11 % (DEG)

body {1,N} body names fii{&%,

C [6,6,N] hydrostatic restoring stiffness &t/ 18 i Ml 14

cb [3,N] center of buoyancy %]

cg [3,N] center of gravity E.[»

code string BEM code (WAMIT, AQWA, or NEMOH) BEM = — F

(WAMIT, AQWA, NEMOH)

ex_im [6*N,Nh,Nf] imaginary component of excitation 5l /] D REEK 7>

ex K [6*N,Nh,length(ex_t)] | excitation IRF 58l /] IRF

ex_ma [6*N,Nh,Nf] magnitude of excitation force Rl I DK E &

ex_ph [6*N,Nh,Nf] phase of excitation force il JJ D {7AH

ex_re [6*N,Nh,Nf] real component of excitation 5l )7 D FEEL 5

ex_t [1,length(ex_t)] time steps in the excitation IRF &l IRF D RFE] 2 7 v
-

ex_w [1,length(ex_w)] frequency step in the excitation IRF F#i#il] IRF @ J&# %
AT

file string BEM output filename BEM H ) 7 7 4 v 4,

g [1,1] gravity H /]

h [1,1] water depth 7K€

N [1,1] number of bodies A D%

Nf [1,1] number of wave frequencies &AL DL

Nh [1,1] number of wave headings I /77 D %

ra_K [6*N,6*N,length(ra_t)] | radiation IRF 77 4 =—3 3 v IRF

ra_t [1,length(ra_t)] time steps in the radiation IRF 77 4 =—3 2 ¥ IRF D
B2 7 » 7

raw [1,length(ra_w)] frequency steps in the radiation IRF 757 4 =T—v 3 v
IRF O R A7 v 7

rho [1,1] density %

ss_ A [6*N,6*N,ss_O,ss_O] state space A matrix JRREZERITTHI] A

ss_ B [6*N,6*N,ss_O,1] state space B matrix JRAEZZ[E]1T41] B

ss C [6*N,6*N,1,ss_ O] state space C matrix KEEZE[H{T51 C

ss_conv [6*N,6*N] state space convergence flag IREEZER|INFT 7 7 7

ss. D [6*N,6*N,1] state space D matrix JKEEZE[E TSI D

ss_ K [6*N,6*N,length(ra_t)] | state space radiation IRF JREEZXM] 77 4 = —v 3 v
IRF

ss O [6*N,6*N] state space order JRREZER A4 — & —

ss_R2 [6*N,6*N] state space R2 fit JRREZERIR2 7 4 v

T [1,Nf] wave periods & A

Vo [1,N] displaced volume ZS{7{AFE

w [1,Nf] wave frequencies i J& AL

BEMIO Tutorials
BEMIO ¥ =2—F U T
The BEMIO tutorials are included in the $Source/tutorials/BEMIO directory in the WEC-Sim

source code.

BEMIO =2 —F U 7 ali, WEC-Sim ® Y — 22— FN®D $Source/tutorials/BEMIO 1< %
For more information, refer to the BEMIO webinar.
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Al BEMIO v = v —% &Moo 2 &

Writing Your Own h5 File
HoCTHS5 7 7 4 V&Gt 3 %
The most common way of creating a *.h5 file is using BEMIO to post-process the outputs of a BEM
code.
*h5 7 7 4 MER D — MM 7277151k, BEM 22— FHJ1#%, BEMIO #AUETH 2
This requires a single BEM solution that contains all hydrodynamic bodies and accounts for body
interactions.
CNIFH—@ BEM 0% TH 5. BEM I35~ CToiitthk ), Mk OMATH%2 &
Some cases in which you might want to create your own hb file are:
HETHS5 7 7 4 L EEKT 24 :
- Use experimentally determined coefficients or a mix of BEM and experimental coefficients.
- BEM {28 % (i ¢ T EBR RO, F7-13 BEM L EERMFHO I v 7 22 fHT 254
- Combine results from different BEM files and have the coefficient matrices be the correct size for
the new total number of bodies.
- B7: 2 BEM R ZHG L, RO L WEFHEUCH L TIEL Wi A4 XDREBATH 23 2
Yt
-Modify the BEM results for any other reason.
%z Db BT BEM # R A B IE L 2855

MATLAB and Python have functions to read and write *.h5 files easily.

MATLAB % Python [Zffiiic *h5 7 7 A A %A EXT 385 % b

WEC-Sim includes three functions to help you create your own *.h5 file.

WEC-Sim (%, 2 —#—HEHT*h5 7 7 A VBT 270D 3 DO % b >

These are found under $Source/functions/writeH5/.

o3, $Source/functions/writeH5/ 12& %

The header comments of each function explain the inputs and outputs.

BB DO~y Xaxv rpn A B AT 5.

An example of how to use write_hdf5 is provided in the WEC-Sim Applications repository.
write_hdf5 fEFFHIZ. WEC-Sim 7 7Y 77— a v VR b TRt 3.

The first step is to have all the required coefficients and properties in Matlab in the correct format.
RYIOAT v 7d, BT TOHREE L ORE% IEL WER T MATLAB icffo C &

Then the functions provided are used to create and populate the *.h5 file.

Z LT, I n BB EHEMNLT *h5 7 7 4 L Z2{EKT 5

Note HE

The new *.h5 file will not have the impulse response function coefficients required for the
convolution integral.

FrLwv *hs 7 74 vid, BRIABRSICLE R A v ZCEBB DRI Z Fi - 700,
BEMIO is currently being modified to allow for reading an existing *.h5 file.

BEMIO (% BEfFD*h5 7 7 A L &b s T X S EHI iz

This would allow you to read in the *.h5 file you created, calculate the required impulse response
functions and state space coefficients, and re-write the *.h5 file. = — % —2MERK L 72*.h5 7 7 4 v
AL, B A vV ZINEBIE L KRB R FHR L, *h IclHEZIAART S

Note

BEMIO is currently being modified to allow for the combination of different *.h5 files into a single
file.

BEMIO 38 D*h5 7 7 A VDl GbE 2 REIC T 5 L S ICRT T iz,

This would allow for the BEM of different bodies to be done separately, and BEMIO would take
care of making the coefficient matrices the correct size.

T X IF Zfinthko BEM 2MEAINICAIREIC 72 2. BEMIO (Z1E L w9 A4 XREBATHN 2K 2
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Simulation Features
vIial—3va v

This section provides an overview of some features included in WEC-Sim's simulation class. For
more information, refer to Simulation Class.

ARETIE, WEC-Sm DY I a2l —va v 7 RCEITNIBEBOMEZHHT 5. Fflizs 1=
L—vavos722ZMoc L

Multiple Condition Runs (MCR)

BEESETE (MCR)

WEC-Sim allows users to perform batch runs by typing wecSimMCR into the MATLAB Command
Window.

MATLAB 2~ Y F7 4 ¥ F7IC wecSImMCR & A1 52 LT, Ny FtBEL2ETTE S

This command executes the Multiple Condition Run (MCR) option, which can be initiated three
different ways:

Zoa=wy FIFEBEMAERE (MCR) 273 5. 3 00RR W& CiHETE 2

- Option 1. Specify a range of sea states and PTO damping coefficients in the WEC-Sim input file,
example: waves.H = 1:0.5:5; waves. T = 5:1:15; pto(l).k=1000:1000:10000;
pto(1).c=1200000:1200000:3600000;

+ 7> av 1., WEC-Sim AJ17 74 AhiciER & PTO IMERE 2 ddRd 5.
i 1:

waves.H = 1:0.5:5;

waves. T = 5:1:15;

pto(1).k=1000:1000:10000;

pto(1).c=1200000:1200000:3600000;

- Option 2. Specify the excel filename that contains a set of wave statistic data in the WEC-Sim input
file. This option is generally useful for power matrix generation, example: statisticsDataload =
"<Excel file name>.xls"

* 7y a v 2 WEC-Sim AJ17 7 A VHICHER T — X D Excel 7 7 A V%FGET 5.

T DIEEFNT —< b Y 7 ZAEFICENTH 5.

il 2:

statisticsDatalLoad = "<Excel file name>.xls"

- Option 3. Provide a MCR case .mat file, and specify the filename in the WEC-Sim input file,
example: simu.mcrCaseFile = "<File name>.mat"

F7vav3: WEC-Sim AJJ7 7 4 VHIC MCR © %7 —Z.mat 7 7 4 VEIEET 5

B

simu.mcrCaseFile =filename.mat

For Multiple Condition Runs, the *.h5 hydrodynamic data is only loaded once.

EREAFH RO 0ic, *hb itk T — 2B —ERLdu—Fahs.

To reload the *.h5 data between runs, set simu.reloadH5Data =1 in the WEC-Sim input file.
FHRET*hs T—4% VYV u—F335icid, WEC-Sim AJ17 7 4 L HIiC simu.reloadH5Data=1 %
BET 5.

For more information, refer to the MCR webinar, and the WEC-Sim Applications repository MCR
example.

Al MCRO Y = v —, WEC-Sim D7 7V 7 —vav VR Y MCR %5



State-Space Representation

KRB 22 R BL

The convolution integral term in the equation of motion can be linearized using the state-space
representation as described in the Theory Section.

HEmE ORI L2 X 5, #EB R0 E ZALMTIEIL, REZEFERRZHWTRIEILTE 3
To use state-space representation, the simu.ssCalc simulationClass variable must be defined in the
WEC-Sim input file, for example:

IREEZERIR L2 HH 3 511X, WEC-Sim ® AJ] 7 7 4 A HhiC simu.ssCalc simulationClass 24X
ERTIMNEVD S,

simu.ssCalc = 1

Time-Step Features

BRI 7 v 7

The default WEC-Sim solver is 'ode4".

77 4 F WEC-Sim @ VY V3% oded TH 3.

Refer to the WEC-Sim Applications repository non-linear hydro example for a comparisons between
'ode4' to 'ode45'.

oded & oded5 DItELE WEC-Sim 7 7'V 77— 2 ¥ Y K b U non-linear hydro example %%
Hoz &

The following variables may be changed in the simulationClass (where N is number of increment
steps, default: N=1):

simulationClass DU T OEHENPEFE X2 (NIIEHIRT vy 7, T 74+A4 I N=1):

Fixed time-step: simu.dt (FEEKFE R 7 v 7)

Output time-step: simu.dtOut=N*simu.dt (HJKE 2 7 v 7)

Nonlinear hydrodynamics time-step: simu.dtNL=N*simu.dt ~GEMRETRATI R 2 7 > 77)
Convolution integral time-step: simu.dtCITime=N*simu.dt (& ARG RERI A T v 7)
Morison force time-step: simu.dtME = N*N*simu.dt (V) Y v JJKE A7 v 7)

Fixed Time-Step (ode4)

EERERI AT v 7 (oded)

When running WEC-Sim with a fixed time-step, 100-200 time-steps per wave period is
recommended to provide accurate hydrodynamic force calculations (ex: simu.dt = T/100, where T
is wave periods).

WEC-Sim %z [EE R R 7 v 7 CHITT 5 & &, EERRAN O RO 70, HAMY 7Y 100-
200 OFFEI A 7 v 7R I LS (simu.dt=T/100. T I3 D &)

However, a smaller time-step may be required (such as when coupling WEC-Sim with MoorDyn or
PTO-Sim).

L 2> L .MoorDyn % PTO-Sim & WEC-Sim ##pk X & 286, L D /NS R A 7 v 72805,
To reduce the required WEC-Sim simulation time, a different time-step may be specified for
nonlinear hydrodynamics and for convolution integral calculations.

IERIETUA T C R A BT FTR DG, K% 7Z: WEC-Sim v 2 2 L —v a VIR Z T % 72
O, AIERRIAT v THIEETE 5

For all simulations, the time-step should be chosen based on numerical stability and a convergence
study should be performed.

TRTCOY Iab—yavicEnT, KERT Yy ZI3BIEZEN & IORIEICE W GERI NS
NE,

Variable Time-Step (ode45)

AW A 7 v 7 (0oded5)

To run WEC-Sim with a variable time-step, the following variables must be defined in the
simulationClass:

WEC-Sim Z A[ZHiE A 7 v 7 CFET$ 51213, simulationClass NICUU T O Z EFHRT 2 L

9



Bh B,
Numerical solver: simu.solver="ode45'
Max time-step: simu.dt

Wave Features

54

This section provides an overview of some features included in WEC-Sim's wave implementation.
ARETIE, WEC-Sim DD FEICE TN 3B EZHE T 2.

For more information, refer to Wave Class.

il Wave 7 7 22 SO &

Irregular Wave Binning

AR 535

The default spectral binning implemented in WEC-Sim is to divide the wave spectra into equal
energy bins.

WEC-SIM E#HEDZARZ7 v v E, AR IPAZE LW A LT - v ichET 3,
This feature speeds up the irregular wave simulation time.
COBIBIEIARIANE Y S a L —v a vEEELT 2.

To use equal frequency bins, the following waveClass variable must be defined in the WEC-Sim
input file:

EREEH e v 2T 512iE, WEC-Sim ® AN 7 7 4 VHICRD waveClass ZH &z EEKT 2 4
BHH 5.

waves.freqDisc = "Traditional’;

When using the equal frequency formulation, users may specify the number of wave frequencies
binned by defining waves.numFreq (default = 1001).

FEREEGEAMLZFEH T 28546, 2 —% —I1F waves.numFreq (7 7 #4 b=1001) ZE&KT S
LIt kY, v=v AR OMERETE 5

However, this means that the hydrodynamic forces are calculated at every time-step for each of the
total number of frequency bins.

i, AP e v BB T, BREIR Ty THENSEREIN DS 2 L 2 ERT 5.

Wave Directionality

BT 1w

WEC-Sim has the ability to model waves with various angles of incidence.

WEC-Sim (384 22 AT E D% €7 LT 3

To define wave directionality in WEC-Sim, the following waveClass variable must be defined in the
WEC-Sim input file:

WEC-SIM TO % EFZRT 5 1id, WEC-Sim D AJ) 7 7 4 AHICLAT @ waveClass 2248 % iE
RIONLEVD 5.

waves.waveDir = 0;

The default incident wave direction has a heading of 0 (Default = 0), to change the heading
waves.waveDir must be defined in [deg].

7 7 A b DAL 0(Default =0), J7A %2 2 5 12 1% waves.waveDir % [deg] CIRET 5.

Irregular Waves with Seeded Phase

> — FZAH & KRR

By default, the phase for all irregular wave cases are generated randomly.

774N TR, TNTOABHREOMAIR T v X L ERE NS,

In order to reproduce the same time-series every time an irregular wave simulation is run, the
following waveClass variable may be defined in the WEC-Sim input file:

AR T2 b= a YHARITIN D 2R CRRA 2 BT 51 i3, WEC-Sim o A 7
7 A VI LUT @ waveClass 28 % EFKT 5
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waves.phaseSeed = <user defined seed>;

By setting waves.phaseSeed equal to 1,2,3,...,etc, the random wave phase generated by WEC-Sim is
seeded, thus producing the same random phase for each simulation.

waves.phaseSeed # 1,2,3 L% ET % &, WEC-SIM Ic X > TAEKEI NS 7 v X LMy —F 4
VIS, o T, Ky ial—va vt LTRUMHEZERT 5.

Wave Gauge Placement

et O RCE

By default, the wave surface elevation is calculated at the origin.

7 7 4 b TIE, KEZALIF A TR I NG,

Users are allowed up to 3 other x-locations to calculate the wave surface elevation offset from the
origin in the global x-direction

by defining the waveClass variable, waves.wavegauge<i>loc, in the WEC-Sim input file:

2—F o 300 X FEECHKEZFHETE 5. WEC-Sim AJ1 7 7 4 AHic waveClass Z5%(
waves.wavegauge<i>loc ZEFKT %

waves.wavegauge<i>loc = user defined wave gauge i x-location (y-position assumed to be 0 m)
waves.wavegauge<i>loc = L —% —JEEH1 O X B (Y EEIZE e L3 3)

wherei=1,2,0r3

ZZcTi=1, 2.3

The WEC-Sim numerical wave gauges output

the undisturbed linear incident wave elevation at the wave gauge locations defined above.
WEC-Sim Ui miatis, FRLCERI NAMEICH T 5 AFHKORSEZ 13 2

The numerical wave gauges do not handle

the incident wave interaction with the radiated or diffracted waves that are generated because of the
presence and motion of the WEC hydrodynamic bodies.

BUEp e, WEC ik & 2 DiB)Ic KV AERINE I T 42— a vl T 47727y a Vi
& NS DM BAE 2 b 72,

This option provides the following wave elevation time series:

oA Ty avid, RoWFERRIZHIT 5

waves.waveAmpTime<i> = incident wave elevation time series at wave gauge 1

Note

TR

This feature only works with planar waves propagating along the positive x-direction when
waves.waveDir = 0.

waves.waveDir=0 D54, Z OREEIL x DIEARICH » TRk S 2 P c#{ES 5.

Body Features

firy {4

This section provides an overview of some features included in WEC-Sim's body class.
ARETlE, WEC-Sim firfk 7 7 2 DB 2 BIE 5 5.

For more information, refer to Body Class.

FHIE AR 2 7 2 RS0 b

Body Mass and Geometry Features

finfAE & & IR

The mass of each body must be specified in the WEC-Sim input file.

EinthoEE %, WEC-Sim D AN 7 7 A AHICIRET 3.

The following features are available:

ROBIED B %

Floating Body - the user may set body(i).mass = 'equilibrium' which will calculate the body mass
based on displaced volume and water density.

fittl - body(i).mass="equilibrium' # 3% E 3 5. ZNIFPKAERE L KO B IO EER %R T
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%

If simu.nlhydro = 0, then the mass is calculated using the displaced volume contained in the *.h5
file.

simu.nlhydro=0 ® &, BEIZ*h5 7 7 4 vOHokiEREZ Hw CEIHE T 5.

If simu.nlhydro = 1 or simu.nlhydro = 2, then the mass is calculated using the displaced volume of
the provided STL geometry file

simu.nlhydro=1 {3 simu.nlhydro=2 T, E&(Z STL IR 7 7 4 L D2l % HW TRl &
ns.

Fixed Body - if the mass is unknown (or not important to the dynamics), the user may specify
body(i).mass = 'fixed' which will set the mass to 999 kg and moment of inertia to [999 999 999] kg-
m”2.

FEEME - BEAIAHO (72130 8 > CTEETIE V) . body(i).mass = 'fixed' %15
ET 5. Thit, BB 999%g, EME— AV F%[999 999 999] kg-m”2 LT 5.

Import STL - to read in the geometry (stl) into Matlab use the body(i).bodyGeo method in the
bodyClass.

A vaHR—1 STL-stl 7 7 4 L% MATLAB IZ5iA3iATr. bodyClass T body(i).bodyGeo % {3
%

This method will import the mesh details (vertices, faces, normals, areas, centroids) into the
body(i).bodyGeometry property.

T DJ7iklE. body(i).bodyGeometry IC A v & = OFfll (THAL, M. EHE fHIL, BHO) 24 v F
—F55.

This method is also used for non-linear hydrodynamics and ParaView visualization files.

T OSEE, FERIEIRAT) ¥ ParaView Al L 7 7 4 Micfli S 5,

Users can then visualize the geometry using the body(i).plotStl method.

body(i).plotStl %{#F L TR AL * v %

Non-Linear Hydrodynamics

FERIE TR

WEC-Sim has the option to include the non-linear hydrostatic restoring and Froude-Krylov forces
when solving the system dynamics of WECs, accounting for the weakly nonlinear effect on the body
hydrodynamics.

WEC-Sim |3, WEC #E#) % fig < %, 18571 & FK NIRRT 2 Ans 4+ 7> a v &b D,
o, MRS IR Z © O,

To use non-linear hydrodyanmics, the simu.nlHydro simulationClass variable must be defined in
the WEC-Sim input file, for example:

FERIETAAR N 2 3 % 12 ix, WEC-Sim @ A1 7 7 4 A" simu.nlHydro simulationClass 284
iERT 5. B

simu.nlHydro = 2

For more information, refer to the non-linear hydrodynamics webinar, and the WEC-Sim
Applications repository non-linear hydrodynamics example.

M IERIERIA DY 2 v F—, WEC-Sim 77V —> =3 v YHRY U D non-linear
hydrodynamics example % Z:Hi#

Non-Linear Settings

FERIEBOE

simu.nlHydro - The nonlinear hydrodynamics option can be used by setting simu.nlHydro = 2 or
simu.nlHydro = 1 in your WEC-Sim input file.

simu.nlHydro - JERRIETRIAIIA 7> a2 v i, WEC-Sim AJ]7 7 4 ViC simu.nlHydro= 2 % 7=
i¥ simu.nlHydro=1 %&%E3 2 {HHATE 2

Typically, simu.nlHydro = 2 is recommended if nonlinear hydrodynamic effects need to be used.
RN R B GG, HEYICIE simunlHydro = 2 2332 X 3,

Note that simu.nlHydro = 1 only considers the nonlinear restoring and Froude-Krylov forces based

12



on the body position and mean wave elevation.

simu.nlHydro=1 &, itAALE B X OFERAEB)NICE D W 72 IERIAR IR ) & IERUE FK 1 L 2%
JEL 7%\,

simu.dtNL - An option available to reduce the nonlinear simulation time is to specify a nonlinear
time step, simu.dtNL=N*simu.dt, where N is number of increment steps.

simu.dtNL - JERE Y L 2 b — a v oRRE M A TREZR A 77> a Vi3, JERVEREIZ 7 >
7. simu.dtNL=N*simu.dt Z{§E€ 3 %. NI HRT v 7O

The nonlinear time step specifies the interval at which the nonlinear hydrodynamic forces are
calculated.

FERIERER 2 7 v 73, JERIEIIA ) 25T 2 [ER 2 fEE 3 5.

As the ratio of the nonlinear to system time step increases, the computation time is reduced, again,
at the expense of the simulation accuracy.

VAT LB AT v FIent I 2 IERIEH S 2 5 & FHREIFENIHMER T 5. a2 —va VI
FEMRRIEIC 72 5

Note

TR

WEC-Sim's nonlinear hydrodynamic option may be used for regular or irregular waves but not with
user-defined irregular waves.

WEC-Sim O IERIETIATIA 7> 2 vid, BHERK, FHAECfATcE 5.

2 —YF—ERORHIANE & 1 —F I TE

STL File Generation

STL 7 7 A VDR

When the nonlinear option is turned on, the geometry file (*.stl) (previously only used for

visualization purposes in linear simulations) is used as the discretized body surface on which the

non-linear pressure forces are integrated.

IFMEA 7y avetvicd s, IFRIBENVPED S 2:80WEKRIIE LTIBRZ 7 4 v
(*sth) 2MEHE NS CARTZE Y 2 2 v —v a valfifbo Rl S k)

A good STL mesh resolution is required for the WEC body geometry file(s) when using the non-

linear hydrodynamics in WEC-Sim.

WEC-SIM CIERETIA T 2 3 2 5y, WEC iMATEIR 7 7 4 viciE v STL A v o 2 iR

BRETH B,

The simulation accuracy will increase with increased surface resolution (i.e. the number of

discretized surface panels specified in the .stl file), but the computation time will also increase.

KRIAFEE (STL 7 7 ANDARAINDE) BEl kb by Ialb—va vORFESEMNT2. L

7> L PR HE A9 % .

There are many ways to generate an STL file; however, it is important to verify the quality of the

mesh before running WEC-Sim simulations with the non-linear hydro flag turned on.

STL 7 7 A MERKICIE% K ©FjiEHH 5. WEC-Sim ¥ I 2L —v a v CIERIBRAR ) 2 518 3

HHNCA v v 2 iEZMERT 5 L HETH 2,

An STL file can be exported from from most CAD programs, but few allow adaquate mesh

refinement.

STL 77 A0iE, 132 AED CAD 707 7 L0007 AR—FA[EETH 5753, A v aff

IERBELGEDH 5

A good program to perform STL mesh refinement is Rhino3d.

STL A v ¥ 2 fEE%{T5 B\»7' 1277 25 Rhino3d T5 3.

Some helpful resources explaining how to generate and refine an STL mesh in Rhino3d can be found

here and here.

Rhino3d TSTL A v v azAK L, BIET277ERY v 27 icd b

Note {F&

All STL files must be saved as ASCII (not binary)

STL 7 7 A Vi3 ASCILIERTRTFS 2 (N4 F VB3 LX)
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Refining STL File - The script refine_stl in the BEMIO directory performs a simple mesh refinement
on an *.stl file
by subdividing each panel with an area above the specified threshold
into four smaller panels with new vertices at the mid-points of the original panel edges.
STL 77 AMEIE - BEMIO 74 L2 FUVANDZA2Z Y 7t refine stl 1%, *STL 7 7 4 L Dff
B Xy a5, LEWEL LOMELZ b DA L%,
TTAANDUDH IR L T 5 4 DDA NCHET S,
This procedure is iterated for each panel until all panels have an area below the specified threshold,
as in the example rectangle.

HE SN 7-BEL T OMBIC 25 T, ZOFESBF AL THRIBEI NS,
In this way, the each new panel retains the aspect ratio of the original panel.

DL, HLAIE, AN DT AT FHERRT 5.
Note that the linear discretization of curved edges is not refined via this algorithm.

ZOT7NT) ALTE, BHEOMEAEIIRRI NGV LICHE
The header comments of the function explain the inputs and outputs.
BfD~y Zaxy M I ANTB X O ZEHHT 5.
This function calls import_stl_fast, included with the WEC-Sim distribution, to import the .*stl file.
ZoBEIZ, *STL 774D 4 v F—1ic, WEC-Sim 74 APV Ea—vaviliEEND
import_stl_fast ZFEOHF.

Non-Linear Tutorial - Heaving Ellipsoid

FREF 2 — U T - v —e v ZiEHE

The body tested in the study is an ellipsoid with a cross- section characterized by semi-major and -
minor axes of 5.0 m and 2.5 m in the wave propagation and normal directions, respectively .

AW DOABRKIIECH 5. WiHITRE BoET77m) 5.0m, il GRET & 1EZET7 ) 2.5m
The ellipsoid is at its equilibrium position with its origin located at the mean water surface.

M FEALEIC D 5. FEKEMEZFR & T 5.

The mass of the body is then set to 1.342X 105 kg, and the center of gravity is located 2 m below
the origin.

i &t 1.342 X 105kg, B ORI RO 2m T/7& L7

STL file with the discretized body surface is shown below (ellipsoid.stl)

HEREETRIO STL 7 7 A A% iR d (ellipsoid.stl)

The single-body heave only WEC model is shown below (nonLinearHydro.slx)

H—fitfke — 7 WEC €7 L% LU Fic/R$ (nonLinearHydro.slx)

The WEC-Sim input file used to run the non-linear hydro WEC-Sim simulation:

IERIEHUAT) WEC-Sim & 2 aL—2 a v 2 ETT 572D WEC-Sim A7 741

%% Simulation Settings ¥ I = L —¥ a3 VE

simu = simulationClass(); %Create the Simulation Variable

simu.endTime=100: , % Simulation End Time [s]

simu.dt = 0.05;, % Simulation Delta_Time [s]

simu.simMechanicsFile = "ellipsoid.slx'; , % Specify Simulink Model File

simu.rho=1025;

simu.mode="normal’;

simu.explorer='on';% Turn SimMechanics Explorer on% (on/off)

simu.CITime = 30;

simu.rampT= 50;

simu.nlHydro= 2;, , % Turns non-linear hydro on

% Wave Information
waves = waveClass('regular'); %Create the Wave Variable and Specify Type
waves.H = 4;% Wave Height [m]
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waves. T = 6; , % Wave period [s]

%Body Data

QoA T — &

body(1) = bodyClass('wamit/ellipsoid.h5');, % Initialize bodyClass for Float

body(1).mass = 'equilibrium'; , % Mass from WAMIT [kg]

body(1).momOflInertia = ..., % Moment of Inertia [kg-m”2]

[1.375264e6 1.375264e6 1.341721e6];

body(1).geometryFile = 'geometry/elipsoid.stl' ; , % Discretized body geometry for nlHydro
body(1).viscDrag.cd=[101010];

body(1).viscDrag.characteristicArea=[25 0 pi*52 0 pi*5°5 0];

% PTO and Constraint Parameters
constraint(1) = constraintClass('Constraint1');
constraint(1).Jloc = [0 0 -12.5]; , %Constraint Location [m]

pto(1) = ptoClass('PTO1"); , % Initialize ptoClass for PTO1
pto(1).k=0; , % PTO Stiffness Coeff [N/m]
pto(1).c=1200000; , % PTO Damping Coeff [Ns/m]
pto(1).Joc = [00-12.5];

Simulation and post-processing is the same process as described in Tutorials section.
Yial—vaviRAL T RREF2a—bITALERELTHS

Non-Hydrodynamic Bodies

TSI % b 72 T o ik

For some simulations, it might be important to model bodies that do not have hydrodynamic forces
acting on them.

TN ZF otk z 2T T2 2 e pEERY I2L—vavdd b,

This could be bodies that are completely outside of the water but are still connected through a joint
to the WEC bodies, or it could be bodies deeply submerged to the point where the hydrodynamics
may be neglected.

ThiE, FERIKDIMCH B8, Y aAd v ENLTWECHMEICER 354

AN % B C & B REICILAZIMAETH 5.

WEC-Sim allows for bodies which have no hydrodynamic forces acting on them and for which no
BEM data is provided.

WEC-SIM %, Wifk1 % £z 72 Wfififlk, BEM 7 — 2 M2t I A Wik ok 23 R[gETH 2

To do this, use a Body Block from the WEC-Sim Library and

initialize it in the WEC-Sim input file as any other body but leave the name of the h5 file as an empty
string.

TNz T i, WEC-Sim @7 4 7 7 Y %5 Body Block Z i L |

WEC-Sim D AJ) 7 7 A VATt DfinfRFERRICHIIL S 2. Lo, Z2H5 7 7 A VORI 2 Z2EH
& LTS ?

Specify body(i).nhBody = 1; and specify body name, mass, moments of inertia, cg, geometry file,
location, and displaced volume.

body(i).nhBody=1 Z{5:&. finfkf. H&E. HEM. CG. JBK7 7 4 v, (i, PKEBEEIEE
5.

You can also specify visualization options and initial displacement.

AL A 7y a v LN ZEETE 5

To use non-hydrodynamic bodies, the following bodyClass variable must be defined in the WEC-
Sim input file, for example:

Ttk N % b =R 2§ % 12iZ, WEC-Sim D A1 7 7 4 AT BUF @ bodyClass 2% %
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ERT D, B

body(i).nhBody = 1

For more information, refer to the non-hydro bodies webinar, and the WEC-Sim Applications
repository non-hydro body example.

#Fi 1Z non-hydro bodies v = € —_ WEC-Sim ® 7 7'V 77— 3 ¥ non-hydro body £

Body-To-Body Interactions

fivtAFE] O AH Bk

WEC-Sim allows for body-to-body interactions in the radiation force calculation, thus allowing the
motion of one body to impart a force on all other bodies.

WEC-Sim 137 7 4 T— 3 Y OFHREICE W TMAB O EER 2 I REIc 3 2. Pk oES) 5
fiofinfk D I~ 5313

The radiation matrices for each body (radiation damping and added mass) required by WEC-Sim
and contained in the *.h5 file.

WEC-Sim IC BB A FMED 7 T 4 = — 2 a3 YT T 4 = — 2 = VIIEROAINESR) 13 *h5
Z7ANMCH D

For body-to-body interactions with N total hydrodynamic bodies, the *h5 data structure is [ (6*N),
6].

N YA DHEF#HIC 5T h5 O 7 — 2 i1z [(6*N),6] TH 2

When body-to-body interactions are used, the augmented [(6*N), 6] matrices are multiplied by
concatenated velocity and acceleration vectors of all hydrodynamic bodies.

fintRf T8 2 M 256, [(6*N),611TH I3 finth etk O HIE L JIEE R 7 P L TRRI NS,
For example, the radiation damping force for body(2) in a 3-body system with body-to-body
interactions would be calculated as the product of a [1,18] velocity vector and a [18,6] radiation
damping coefficients matrix.

Bz 1%, 3HMEICH T 2ME2 07 F 4 T— 2 VIEEOTHZ[1,181EE~ 2 b L L [18,6]F

T4 L= a VEERETIORE LTRE IS,

To use body-to-body interactions, the following simulationClass variable must be defined in the
WEC-Sim input file, for example:

MnRE DM EAERH Z /A3 2 12id, WEC-Sim D AJ) 7 7 A AT LU T @ simulationClass 2850 %

EHRT 5.

simu.bZb = 1

For more information, refer to the B2B webinar, and the WEC-Sim Applications repository B2B
example.

I BBy 2z —, WEC-Sm D7 7V 75— av ) RY YD BB EZHHo &
Note FE

By default, body-to-body interactions are off (simu.b2b = 0), and only the [1+6*(i-1):6*i, 1:6] sub-
matrices are used for each body (where i is the body number).

F 7 4 b TRIMARHEE T #1324 7 (simu.b2b=0). [1+6*(1-1):6*,1:6] DERF1THI DS EAA I
i XN 3. 1 IMEESTH 3.

Morison Elements

)Y VER

To use Morison Elements, the following simulationClass variable must be defined in the WEC-Sim
input file, for example:

Y YV VEREMEHT 51, WEC-Sim AJ) 7 7 4 APICLAT @ simulationClass 22480 % % 3
LUENRD D,

simu.morrisonElement = 1

Morison Elements must then be defined for each body using the body(#).morrisonElement property
of the body class.

xic, £V Y vEFE% body 7 7 ZA®D body(#).morrisonElement %W TE&KRT S

This proporty recquires definition of body(#).morrisonElement.cd, body(#).morrisonElement.ca,
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body(#).morrisonElement.characteristicArea, body(#).morrisonElement.VME, and
body(#).morrisonElement.rgME (each of which have a default value of zero).
UTOERENPVLETH 5.

body(#).morrisonElement.cd,

body(#).morrisonElement.ca,

body(#).morrisonElement.characteristicArea,

body(#).morrisonElement. VME,

body(#).morrisonElement.rgME

KA2DTF 7+ Mlli€m

The Morison Element time-step may also be defined as simu.dtME = N*simu.dt, where N is number
of increment steps.

) Y VYHEIEFB R T v 7% simu.dtME = N*simu.dt TEFI NS, N ZHSRT v 70T
3

Note FE

Morison Elements cannot but used with etalmport.

£V vEFHR etalmport & —FEICHFEHTE nn

Constraint and PTO Features

i & PTO

This section provides an overview of some features included in WEC-Sim's control and pto classes.
ARE T, WEC-Sim Olffll> PTO 2 7 2 DB OB T 5.

For more information, refer to Constraint Class and PTO Class.

IR 2 7 28 X PTO 7 7 2% 54

The default linear and rotational constraints and PTOs are allow for heave and pitch motions of the
follower relative to the base.

77 4 OIS L CEEROfR E PTO 13, R—RICHT 27 +n 7D —7 Ly F 2
Clicars)

To obtain a linear or rotational constraint in a different direction

you must modify the constraint's or PTO's coordinate orientation.

72 27 DEME 72 1L PR DR ZFFA] § 2 72012 iE, RS PTO O & 2ZH T 2

The important thing to remember is that a linear constraint or PTO will always allow motion along
the joint's Z-axis, and a rotational constraint or PTO will allow rotation about the joint's Y-axis.
EC R

BIEMH S PTO 13, ¥ a4 v o ZEHCiH-> 72 @E8) 25 Al HE,

[P PTO X, Y a4 v+ YHE ) OEEEAARERC & TH D

To obtain translation along or rotation about a different direction relative to the global frame, you
must modify the orientation of the joint's coordinate frame.

7= 7 L= LS L TR 27N o THTRE £ 72 32 BUS 3 2 icid, Y af v
FOBERT L — LD E R LKHE S BUEDDH D

This is done by setting the constraint's or PTO's orientation.z and orientation.y properties which
specify the new direction of the Z- and Y- joint coordinates.

TR PTO @ orientation.z & orientation.y 7' B YT 4 DRXE TITbN 5,

Z- RO Y-BHEI IR O L i 2 fEE S 5.

The Z- and Y- directions must be perpendicular to each other.

Z-& Y-JTIRIE A ICHEE TR T LR 5 kv

As an example, if you want to constrain body 2 to surge motion relative to body 1 using a linear
constraint, you would need the constraint's Z-axis to point in the direction of the global surge (X)
direction.

—fil& LT, finfk 2 ZAinfh 1o L CRIERER 2/ L Tl y — o 3 2 54,

MWD ZEhAra—~ry— (X) HmzkiEd0Erdorzt 35

This would be done by setting constraint(i).orientation.z=[1,0,0] and the Y-direction to any
perpendicular direction (can be left as the default y=[0 1 0]).
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ZNiL, setting constraint(i).orientation.z=[1,0,0], Y FFAZ{LEDOERFHICE 5 T & TERIEX
N, 77x0F y=[010]0FFTD X\,

In this example, the Y-direction would only have an effect on the coordinate on which the constraint
forces are reported but not on the dynamics of the system.

ZofIcix, Y FmiE, RN HE SN BRIC OB E R G2 505, RONFITITREL
W,

Similarly if you want to obtain a yaw constraint you would use a rotational constraint and align the
constraint's Y-axis with the global Z-axis.

[FfRIC 2 — R 2GS 2 513, BEEAR 2 L, RO Yiie 7o — v Z i fii 2 2
This would be done by setting constraint(i).orientation.y=[0,0,1] and the z-direction to a
perpendicular direction (say [0,-1,0]).

T iE, constraint(i).orientation.y=[0,0,1], zH#li% Z NICER I ¢ 5 (72 & 21£[0,-1,0]) 2 & TH
Hanz,

Note {F&

When using the Actuation Force/Torque PTO or Actuation Motion PTO blocks, the loads and
displacements are specified in the local (not global) coordinate system.

Actuation Force/Torque PTO 7' w1 v 7 % Actuation Motion PTO 7' v v 7 % {3 2 ¥4, fifE
LENLIIEER (=Tl R) v ANVEBERCTIRIEI NS

This is true for both the sensed (measured) and actuated (commanded) loads and displacements.
i, mri GRE) LEE) (F5m) WE G AMOMCIEL W

Additionally, by combining constraints and PTOs in series you can obtain different motion
constraints.

7z, R E PTO ZESICHlAGDE 5 &, Bix 2 EEBHHRIC K 2

For example, a massless rigid rod between two bodies, hinged at each body, can be obtained by using
a two rotational constraints in series, both rotating in pitch, but with different locations.

Bl z1E, ¥y FChlizd 35, fLESELR S 2 ooMiEHIIEFELZERT2 2 ick>T, KA
Rice v IRGINT 2 DOKRERIOERD R wllltke v 2135 2 L3 TE %,

A roll-pitch constraint can also be obtained with two rotational constraints in series; one rotating in
pitch, and the other in roll, and both at the same location.

o=y FHlFNIL 2 OORERHIH ZESNIC L TR 2D TE S, 12k y FCHEEL,
b9 12w —T, Z L CHliyyiEE UArE cHins 5,

Power Take-Off/PTO-Sim

/HL Y H L/ PTO-sim

PTO-Sim is the WEC-Sim module responsible for accurately modeling a WEC's conversion of
mechanical power to electrical power.

PTO-Sim %, WEC H##E) /12> 5B~ %% £ T LT 2% WEC-SIMEY 2 — L TH 5.
While the PTO blocks native to WEC-Sim are modeled as a simple linear spring-damper systems,
PTO-Sim is capable of modeling many power conversion chains (PCC) such as mechanical
drivetrain and hydraulic drivetrain.

WEC-Sim 4 7 4 7 PTO 7w v 7%, Hfli s 4 - K v =R TET ML I N2 5, PTO-
Sim (X, B F7 4 7 LA v REREIRD X5 5% 0B LT = —>v (PCC) 2ET IV
fE3 22 LDBHRETH 5.

PTO-Sim is made of native Simulink blocks coupled with WEC-Sim, using WEC-Sim's user-defined
PTO blocks, where the WEC-Sim response (relative displacement and velocity for linear motion
and angular position and velocity for rotary motion) is the PTO-Sim input.

PTO-Sim I%, WEC-Sim IC#i& L7244 7 4 7 Simulink 7w v 7 TR X 11 5

WEC-Sim J&# (EOEE) DA 207 ) OVREE,  [RIEEB) O L ) O A1) 13 PTO-Sim D AJ)
2725

Similarly, the PTO force or torque is the WEC-Sim input.

[Ffkic, PTO Jie b v 228 WEC-Sim D AJ1TH 5.

For more information on how PTO-Sim works, refer to [So et al., 2015], and the PTO and Control
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webinar.

PTO-SIM 8{ED iffll1X[So et al., 2015], PTO 2 v tue—r v b F—%2HBo &

The files for the PTO-Sim tutorials described in this section can be found in the WEC-Sim
Applications repository.

ARECHIAS 2 PTO-Sm OF 2 —r YV 7L 7 74 1iZ, WEC-Sim DT 7V 7 —2 a v )R
Vich b

Tutorial: RM3 with PTO-Sim

Fa2—1F YT :PTO-SIM & RM3

This section describes how to use RM3 with PTO-Sim.

A#E-TlE, RM3 & PTO-Sim Zffiffl4 2 /7iEx#HT 5.

Two tutorials will be given in this section: one for the RM3 with a hydraulic PTO (non-compressible
and compressible) and another for the RM3 with a direct drive PTO.
ARETE2200Fa— U TADBHHEINS :

1 2ZE PTO GEEMiB X G 22 RM3, 39 1201384 Lv 2+ F747%PTO %%
D RM3HTH 5

RM3 with Hydraulic PTO

iHHE PTO % % > RM3

The hydraulic PTO example used in this section consists of a piston, a rectifying valve, a high
pressure accumulator, a hydraulic motor coupled to a rotary generator, and a low pressure
accumulator.

AFECHEM NS MEPTO flid, v b v, BiF, ®RIET F 2 5L — & liEE— 2 & ik
L7z MR ER, KET7 22 —20 0I5

There are two ways of modeling the hydraulic PTO: with a compressible fluid hydraulic, and with a
non-compressible fluid hydraulic.

E PTO D% 7 M LIC FEAMETETE & IFERMERIA D 2 DD T2 ® 5

The compressible fluid model uses the properties of fluid such as an effective bulk modulus and
density while the non-compressible fluid does not.

JEAMEPETRIAE 7V iE, ARMAREHEIER, B CoROR 2 MM 5. FEEMVEIRIA T
L&w

In this section, a step by step tutorial on how to set up and run the RM3 simulation with PTO-Sim
is provided.

AKETIE, PTO-Sim & RM3 OEEBS L UIr Ialb—va vhFiHINS

All the files used in WEC-Sim will remain the same.

WEC-SIM ¢l s 7 7 4 VIERI L

An additional file that is needed is the PTO-Sim input file (ptoSimInputFile.m).

METBIN 7 7 4 id PTO-Sim AJ)J 7 7 4 v (ptoSimInputFilem) T» 5.

If the rotary generator lookup table is used, a datasheet that contains generator efficiency, torque,
and angular velocity is needed and

should be named as table in Workspace (table.eff, table. Tpu,and table.omegapu).

BlERSEEN Y 2T v 7T =T AR I N 56, EHE, trr, EEDOT — 22—t
METHE., T—7 A_—ZXNT table L Z4HiZ DT 5 (table.eff‘ table.Tpu, table.omegapu)
More details, refer to Step 8.

A FIE S xS Z &

In summary, the files need to run RM3 with PTO-Sim case are the following:

35 L. PTO-Sim b DO RM3 ¥ I 2l —v a VOETICRUTDO7 7 A ABMETH 5
WEC-Sim input file: wecSimInputFile.m (make sure to set the PTO linear damping to zero) (PTO
linear damping % ¥ & IZF%IE)

Simulink model: RM3.slx

Geometry file for each body: float.stl and plate.stl

Hydrodynamic data file(s): rm3.h5
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Optional user defined postprocessing file: userDefinedFunction.m
PTO-Sim input file: ptoSimInputFile.m

Datasheet for the rotary generator: table

(table.eff, table. Tpu,and table.omegapu)

For the hydraulic PTOs: variableMotorVolume.m

Simulink Model

Simulink € 7 /v

The Simulink model can be built as following:

Simulink €7 VLT D X 9 ICHEEE S 3%

Step 1: Navigate to the RM3 tutorial $Source/tutorals/RM3.

25 v 7 1:RM3F2—1t U7 $Source/tutorals/RM3 iIfEE)d 5.

Step 2: Open RM3.slx file and replace Translational PTO (local Z) with Translational PTO UD
Force (Local Z).

27 v 7 2 RM3.slx @ Translational PTO (local Z) & Translational PTO UD Force (Local Z) %
& S

Step 3: Use a subsystem and rename it to PTO-Sim where input is response and output is force.
ATy 73BTV AT LEMRA LA PTO-Sim iIc3 5. AJNEIGE, HARITH 5,

Step 4: Go inside PTO-Sim block and add one bus selector and two selector blocks.

A7 v 7 4:PTO-Sim 7Ry ZNIZ 1 DDNREL I X, 200k 7E270y 7 %BINT 5.
Since PTO-Sim block is connected to the WEC-Sim translational joint block, you can select position
and velocity and therefore "signall" and "signal2" will change to "position" and "velocity".
PTO-Sim 7' & v 7 % WEC-Sim translational joint block IC#&ft E LT\ 2% DT, (L& & HE %%
RTZ 5. L7235 T, signall & signal2 |3 position & velocity ICEH XN 3.

Because the heave motion is driving the piston, selection index of each selector needs to be changed
to 3.

E—7HEEPS YR ZBET 50T, FeL 7 X OFRIERI 3 ICAET 5.

Step 5: Go to Simulink Library Browser to access PTO-Sim Library.

A7 v 7 5:PTO-Sim 74 77 VICT 27k AF57%, Simulink 74 77V 779 FICHEET
5.

Step 6: By looking at the physical hydraulic PTO model as shown above, user can simply drag and
drop PTO-Sim library blocks.

AT v 76 FiRo X ) I E PTO £ 7 02 R 2 2ick Y, 2 —HFHIC PTO-Sim
DIATZ7VTwy 27y 7 &y 7 T&%

Piston, valves, accummulator blocks are located under Hydraulic block.

A bV, SV 7 accummulator 7 ey Z3MET ey 2O TICEHEINS.

Rotary generator lookup table is under Generator block.

on—Xx Y —REKDOLY 7T v 75T —TNI% Generator 72y ZJDTILH B,

Step 7: Since two accumulators are needed for the high pressure accumulator and low pressure
accumulator, user need to douple-click on each block and give a number to each accumulator.

AT 7 T @ETF 2L =2 {KET X2 L =2 R0 ERZD, 2—HFFK7vy7IicT
For example, ptosim.accumulator(1) is called high pressure accumulator and
ptosim.accumulator(2) is called low pressure accumulator.

il 21X, ptosim.accumulator(1) XL T ¥ = &L — &, ptosim.accumulator(2) 13 EET F = & L
—RTH 5,

Step 8: If a rotary generator lookup table is used, this block assumes user will provide the datasheet.
ATy 78 MR EEN Y 7T v T T =T ARMT 525G Tuy 2 2P =BT -2
— MRS 2 LET S

After the datasheet is loaded into Workspace, it needs to be named as table because the word table
is used inside Simulink lookup table block.

F—R— BT — 7 ZAR—R 2 — F AN, "table" & LT 3.
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Simulink vy 77 v 77 =707 8wy 7 ONECTld "table"2MEH I 5 728

The datasheet in tutorials is taken from ABB datasheet part number M3BJ315SMC.
Fa—FITATIE, T—X¥— I ABB 7 — & v — S M3BJ3156SMC Al S 113
The lookup table takes three inputs: efficiency (table.eff), anglular velocity (table.Tpu), and
generator torque (table.omegapu), respectively

Ny Ty TT—=TNE3DODATI%HET % 5h% (table.eff), fAEE (table. Tpu)., FEH b L
7 (table.omegapu) :

Step 9: After the high pressure and low pressure accumulators have been identified, and the rotary
generator lookup table datasheet has been setup, all the blocks can be connected together.
ATy 7 9 @ELRET F 2 AL —2BPEIN, MERELVY 2T v T T =T VDT =X
— FPBRESI NG, BTOT vy 7RI TE S

Position and velocity from selectors are used as inputs of compressible fluid piston.

L7 250 OfE LR IR, EMEREE R v o A LTINS,

This block also needs to know top and bottom volumetric flows which come from the rectifying
check valve.

Zo7uy 73, BiiF v 7 VT ok L TORBIREZ S LELH 5.

The piston then outputs PTO force that will be used by WEC-Sim.

R b vizZ ok, WEC-SIM C¢ffifid s PTO hzHi5 5.

Two other outputs are the piston pressures.

oz, €2 P VIETH 3.

The rectifying check valve takes both the pressures from the piston and accumulators.

BT =y 70713, CAPVET Fa L — X0 00EN%MS

Both high and low pressure accumulators takes the volumetric flows from the rectifying check valve
and hydraulic motor.

77 DEERMEET F 2 &L — &3, B L MEE— 2206 OFEREZ 5

The hydraulic motor uses the knowledge of the pressures from both accumulator and generator
torque from the rotary generator.

HIEE— 213, BEEHEEEPOOT F 2 AL — X LS L HBH P L 7 25,

The rotary generator needs angular velocity from the hydraulic motor.

B FEER L, WEE— 2 OMEELr LI L T35,

The figure below shows how to connect all the blocks together.

UToOMiZ, 3XCo7wy 7 2S5 75217,

Input File

A7 740

In this section, PTO-Sim input file (ptoSimInputFile.m) is defined and categorized into sections
such as piston, rectifying check valve, high pressure accumulator, hydraulic motor, low pressure
accumulator, and rotary generator.

AREETIX, PTO-Sim ® AJ1 7 7 4 & (ptoSimInputFile.m) 2AEHR SN 5. £z, €A b /, LI
Frv IR, BETF*Farl—X&, WEE—%, KE7 22—, NERFRERR EICHHEI
ns.

Simulation and Postprocessing Simulation and postprocessing are the same process as described in
WEC-Sim Simulation example above.

FEE WEC-SIm I 2L —ya VHlTmRLEIIC, YTal—vaviRAF7TewXIFAL
TH 3.

RM3 with Direct Drive PTO
XA L7 b FZ747PTO %32 RM3
A mechanical PTO is used in this example and is modeled as a direct drive linear generator.

Z OHITIZEEM PTO 23S N, AL 2 FI4 7)) =7 REKELTETALLEINS,
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The main components of this example consist of magnets and a coil where the magnet assembly is
attached to the heaving float and the coil is locacted inside the spar.
TRAMRERIUA L 240, AT Y 7 VA e —7 70— MO FT o, 34 1HR
N—=WHICH B
As the float moves up and down, the magnet assembly creates a change in the magnetic field
surrounding the spar that contains the coil: therefore, current is induced in the coil and electricity
is generated.
7= bFBRETT2E, ATy T YRR HOHWAEEZ 5.

Lo T, Bl af VicHEINFEET 2.
Simulink Model Step 1 through 3 are the same as in RM3 with hydraulic PTO.

Simulink €7 VD X7 v 7 155 3 13ilEPTO LFEILTH 3.
Step 4: Go inside PTO-Sim block and add one bus selector and one selector blocks. Only velocity is
needed for this example.
A7 v 7 4:PTO-Sim D70y JHNZ1DDRNREL I ZE 12D%L 7 X - 70y 7%l
T 5. Z OFICIEE T T
Step 5: Go to PTO-Sim library.
A7 v 75 PTO-Sim D7 4 77 VICHEIT 5.
Step 6: By looking at the physical mechanical PTO model as shown above, the user can simply drag
and drop PTO-Sim library blocks.
AT v 76 =%, BIZPTO-Sm D74 77 )70y 27k F7y7&Fuy 795
In this case, only the direct drive linear generator is needed, and it is located under generator box.
Z offlcld, direct drive linear generator O AMETH V, ZHIIFERE Y 7 XD TICH B
Step 7: Simply connect velocity from the selector to the input of the direct drive linear generator.
A7 v 77 ¢ direct drive linear generator D AJJICk L 7 X OHE % Hfi 3 5.
The ouput PTO force is fed back to WEC-Sim.
HJ1¢H % PTO J1ld WEC-SIMIC7 4 — FNw 7 &3
Input File, Simulation, and Postprocessing The same as RM3 with hydraulic PTO.
A7 740, v Iab—vay, BUEIZHEPTO LML,

Tutorial: OSWEC with PTO-Sim

Fa2—F YT PTO-SIM & OSWEC

This section describes how to use OSWEC with PTO-Sim.

ARETlE PTO-Sim © OSWEC #1532 ik # i3 5.

The same process as described in RM3 with PTO-Sim ; however, since OSWEC is a rotary device,
it takes torque as an input and a rotary to linear motion conversion block is needed.

RM3 LA L 702 X CTH %A, OSWEC ZHHdLE D=0, P22 AN L, [BlER) S EE~O
T Oy I BBETH D,

The tutorials can be found on the WEC-Sim Applications repository (both for a crank and for a rod).
Fa—F IV TAME WEC-Sim 77V 75— av K Vichs (V77 vobslvny FHOM
77)

OSWEC with Hydraulic PTO

e PTO £+ & OSWEC

A hydraulic PTO or mechanical PTO can be used with OSWEC but for simplicity a hydraulic PTO
will be used as an example.

OSWEC i 1% PTO % 72 1348 PTO 23l T & 2. HICIXffiH D 720 PTO 2 /M3 2
Modeling of OSWEC with Hydraulic PTO The same as RM3 with hydraulic PTO.

E PTO it PTO & RM3 & [H U< OSWEC o % 7 1L,

Simulink Model
Simulink €75 v
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The Simulink model can be built as following:

Simulink €EF VI T D X 9 IciEFEI NS

Step 1: Copy OSWEC tutorial folder to get started $Source¥tutorials¥fOSWEC.

A7 v 71:0OSWECF 2=+ U TAT 4 LX%k L —

Step 2: Open OSWEC slx file and replace Rotary PTO (Local RY) with Rotational PTO UD Torque
(Local RY).

A7 v 72 : OSWEC.slx @ Rotary PTO (Local RY) % Rotational PTO UD Torque (Local RY)
I A Ht

Step 3: Use a subsystem and rename it to PTO-Sim where input is response and output is torque.

AT v 73T RT L% PTO-Sim ICHHETEE, ANBIE, BV s Th 5.

Step 4: Go inside PTO-Sim block and drag and drop one bus selector and two selector blocks.

A7 v 7 4:PTO-Sim 70y JWIC1 DDNRAEL 7 XL 20D L 7 X% F Ry

Since pitch is driving the piston, selection index of each selector needs to be changed to 5.

Cy FEBTERA N EREIT 20, KL I XOERLI VT Y 2 AR 5ICKET S,

Next, go to PTO-Sim library and drag and drop all the blocks for the hydraulic PTO.

PTO-Sim 74 72 VIicBEI L, WMEPTO DI XCHO7uy 7% Fo7v 7 &bry 7,

The rotary to linear adjustable rod block can be found under rotary to linear conversion box.
[ml#n2 HEE) 2 v F 71 v 73 linear conversion box I 5.

Step 5: The rotary to linear adjustable rod block takes angular position and velocity from index
selector blocks and PTO force from compressible fluid piston block.

A 7w 75 : rotary to linear adjustable rod block 1%, 4 V7 v 7 ZERZ7 v v 755 DME L
B, FEMitERIEE R L vy 7wy 7550 PTO %45 .

The outputs of the rotary to linear adjustable rod block are linear position, velocity, and torque.
rotary to linear adjustable rod block @ H 77 I3 #RIEALIE, HE, P27 TH 5.

Linear position and velocity are used as inputs for compressible fluid piston and torque is fed back
to WEC-Sim.

RIALIE S OSREE 23 EfE A & 2 b v AJjicfifl 2 3.

P2 DA WEC-SIMIZ7 4 —F Ny 7305

The rest of the connects are the same as in RM3 with hydraulic PTO.

Y o, EPTO 2& RM3 L[FEILTH 3.

The user is encouraged to go up one level to check the connections between PTO-Sim and WEC-
Sim.

PTO-SIM & WEC-Sim Dt & i3 5 7201 1 2 LD L~ Tl

Input File, Simulation, and Postprocessing The same as RM3 with hydraulic PTO.

A7 740, ¥Tab—vay, KR+ 7oeX(3HEPTO 2% RM3 L [H L,

Other PTO-Sim Tutorials

fid PTO-Sim ®F 2 —F U 7 v

Other PTO-Sim tutorials that were not discussed above can be found on the WEC-Sim Applications
repository.

fttd PTO-Sim ®F 2 — 1+ U 7 A WEC-Sim D7 7V 7y —va v I KV ) iKh b
PTO-Sim Application , Description

PTO-Sim ©7 7Y 77— a v, N

RM3_Hydraulic. PTO , RM3 with hydraulic PTO /£ PTO - & RM3
RM3_cHydraulic_.PTO , RM3 with compressible hydraulic PTO JEfii#/T PTO - % RM3
RM3_DD_PTO , RM3 with direct drive linear generator Y =7 ¥&E# > & RM3
OSWEC_Hydraulic_ PTO , OSWEC with hydraulic PTO (adjustable rod)
OSWEC_Hydraulic_Crank_PTO , OSWEC with hydraulic PTO (crank)
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Mooring Features

R

This section provides an overview of some features included in WEC-Sim's mooring class.

AF Tl WEC-Sim DR 7 7 2 DBIEOBH S 2.

For more information, refer to Mooring Class.

MR 2 7 A 22

Floating WEC systems are often connected to mooring lines to keep the device in position.
FIRWEC R1d, 754 A2 FPENE CHERF 3 2 720 IC iR et s L 5

WEC-Sim allows the user to model the mooring dynamics in the simulation by specifying the
mooring matrix or coupling with MoorDyn.

WEC-Sim 13+ % 2 L —v a v R HB) % € 7 63 5. (RETH%$8E 3 % 2> MoorDyn &
T %

To include mooring connections, the user can use the mooring block (i.e., Mooring Matrix block or
MoorDyn block) given in the WEC-Sim library under Moorings lib and connect it between the body
and the Global reference frame.

RN &0 5 ICIRE 7w v 7 (REITHI7 2 v 7 £ 7213 MoorDyn 7 m v 7) %3 5.
R 7w v 713 Mooringlib T& 0, AKfk& 7o — " VEHET L — 24 & OfIcERT 5.

Refer the MoorDyn Tutorial section, and the Mooring Webinar for more information.

Al X MoorDyn 2 — + Y 7B X MERE Y = ©F — % &8

MoorDyn is hosted on a separate MoorDyn repository.

MoorDyn i MoorDyn VK& )V THA F I3

It must be download separately, and all files and folders should be placed in the
$Source/functions/moorDyn directory.

chiF, B E Yy v e - VI 208D, I RXRTDODT77ANVET V%
$Source/functions/moorDyn ICHLE T 5 HE 3D 5.

Mooring Matrix

REATH

When the mooring matrix block is used, the user first needs to initiate the mooring class by setting
mooring(i) = mooringClass('mooring name') in the WEC-Sim input file (wecSimInputFile.m).
REITH 7wy 7 T 5854, WEC-Sim AJ1 7 7 4 & (wecSimInputFile.m) I
mooring(i) = mooringClass('mooring name')

ZRE LIRE 7 7 ARV 5

Typically, the mooring connection location also need to be specified, mooring(i).ref = [1x3] (the
default connection location is [0 0 0]).

BRI I3, PRI EERALIE 2 faE S 2

mooring(i).ref = [1x3] (77 # v b OEHALE 1X[000]).

The user can also define the mooring matrix properties in the WEC-Sim input file using:

% 7z, il WEC-Sim ® AJ) 7 7 4 L NOIREITHI % ERT 5

Mooring stiffness matrix - mooring(i).matrix.k = [6x6]

Mooring damping matrix - mooring(i).matrix.c = [6x6]

Mooring pretension - mooring(i).matrix.pre Tension = [1x6]

MoorDyn

When the MoorDyn block is used, the user needs to initiate the mooring class by setting mooring =
mooringClass('mooring name') in the WEC-Sim input file (wecSimInputFile.m), followed by
number of mooring lines is defined in MoorDyn (mooring(1).moorDynLines = <Number of
mooring lines>)

MoorDyn 7' & v 7 i3 2 4. WEC-Sim AJ1 7 7 4 & (wecSimInputFile.m) PIC
mooring = mooringClass('mooring name")

ZBOE LR 7 7 A WAL 5.

RIHHRE T A voBERET 2
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mooring(1).moorDynLines = <Number of mooring lines>
A mooring folder that includes a moorDyn input file (lines.txt) is required in the simulation folder.
moorDyn AJ1 7 7 4 v (lines.txt) 2 &TRE 7 A1 %2 L IaLb—va vy 7 3 LAICESL

Tutorial: RM3 with MoorDyn

F 2 — F U 7 MoorDyn i % RM3

This section describes how to simulate a mooring connected WEC system in WEC-Sim using
MoorDyn.

AFTlx, WEC-SIM T MoorDyn %] L 7= R Eeft WEC > X7 LD v I 2 L — b JjiE% #
5.

The RM3 two-body floating point absorber is connected to a three-point catenary mooring system
with an angle of 120 between the lines in this example case.

RM32WRKRA v T 7Y =R =m A7+ ) — R RICER TN 5. (REFRE O MEZIE 120 £
The RM3 with MoorDyn folder is located under WEC-Sim Applications repository.

MoorDyn 2% RM3 7 # v X3 WEC-Sim 77V 7 —>vav UKL P IDTICH S

WEC-Sim Simulink Model: Start out by following the instructions on how to model the RM3 Two-
Body Point Absorber.

WEC-Sim @ Simulink %€ 7 v : RM32 ¥){kK 4 v 7 7 =D T AT D FIMEZ LUT TR
_g——

To couple WEC-Sim with MoorDyn, the MoorDyn Block is added in parallel to the constraint block
WEC-SIM & MoorDyn %3#{ 3 % 72%, MoorDyn 7 1 v 7 23fsi 7' v v 7 L WiFIC P& 1 %
WEC-Sim Input File: In the wecSimInputFile.m file, the user need to initiate the mooring class and
define the number of mooring lines.

WEC-Sim @ A} 7 7 4 vt wecSimInputFile.m WTHRE 7 7 XA 2 9IHAL L (RO 2 ER T
%

%9 Simulation Data

simu = simulationClass(); %Create the Simulation Variable
simu.simMechanicsFile = 'RM3MoorDyn.slx';  %Location of Simulink Model File
simu.endTime=400;  %Simulation End Time [s]

simu.dt = 0.01; %Simulation Time-Step [s]

simu.rampT = 40;%Wave Ramp Time Length [s]

simu.mode="'accelerator';

simu.explorer = 'off’;

simu.dtCITime = 0.05;

%simu.paraview = 1;

%% Wave Information

%% User-Defined Time-Series

waves = waveClass('userDefined'); ~ %Create the Wave Variable and Specify Type
waves.etaDataFile = 'umpqua46229_6_2008.mat’; % Name of User-Defined Time-Series File
[:,2] = [time, wave_elev]

%% Body Data

body(1) = bodyClass('hydroData/rm3.h5");

body(1).mass = 'equilibrium’;

body(1).momOfInertia = [20907301 21306090.66 37085481.11];
body(1).geometryFile = 'geometry/float.stl';%Location of Geomtry File

body(2) = bodyClass('hydroData/rm3.h5");
body(2).mass = 'equilibrium’;
body(2).momOfInertia = [94419614.57 94407091.24 28542224.82];
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body(2).geometryFile = 'geometry/plate.stl’;
body(2).initDisp.initLinDisp = [0 0 -0.21];

%% PTO and Constraint Parameters
constraint(1) = constraintClass('Constraint1’);
constraint(1).loc = [0 0 0];%Constraint Location [m]

pto(1) = ptoClass('PTO1");

pto(1).k=0;  %PTO Stiffness [N/m]
pto(1).c=1200000; %PTO Daming [N/(m/s)]
pto(1).Joc=[000]; %PTO Location [m]

mooring(l) = mooringClass('mooring');
mooring(l).moorDynLines =6;
mooring(l).moorDynNodes(l:B) = 16;
mooring(1).moorDynNodes(4:6) = 6;
mooring(1).initDisp.initLinDisp = [0 0 -0.21];

MoorDyn Input File: A mooring folder that includes a moorDyn input file (lines.txt) is created.
MoorDyn AJ17 7 4 & : moorDyn AJ17 7 4 v (lines.txt) #&TIRE 7 + VABER S LS.
The moorDyn input file (lines.txt) is shown in the figure below.

moorDyn AJ1 7 7 4 v (lines.txt) I PO/ E N5

More details on how to setup the MooDyn input file were described in the MoorDyn User Guide
[1].

MooDyn AJ1 7 7 4 VD FEM X MoorDyn = —#— 44 F&8[1],

Simulation and Post-processing: Simulation and post-processing are the same process as described
in Tutorial Section.
Yial—vaviFRAL TRy v iy ialb—va v RAMTaRy VIR, Fa
—FIUTNERL.

Note HE

You may need to install the MinGW-w64 compiler to run this simulation.

vIial—va vEFITEIMInGW-W6d 2 v "4 %4 VA F—LTE3LERD S,

26



Visualization/Paraview Paraview R4l

This section describes how to setup, output, and use Paraview files for visualizing a WEC-Sim
simulation.

ARETIZ, WEC-Sim v I 2L — a VAL D 7% O Paraview 7 7 4 AexiE, HiJ1. HHZE
Y 5

For more information about using Paraview for visualization, refer to the visualization webinar, and
the WEC-Sim Applications repository.

Paraview [t 7 E O At Y = € — & WEC-Sim o7 7V 5 —va v I RY + %
ZI

Using Paraview visualization improves on SimMechanics's explorer by:

Paraview O A[f{{Lic X V| SimMechanics DEEEICH L3 5,

Visualization of the wave field

oAt

Visualization of the cell-by-cell non-linear hydrodynamic forces (when using non-linear hydro)
L OIERIETRIE D o AL GERIERIET 2 3 2 55)

Allow data manipulation and more visualization options

7 — ZBE L AU A T a v

On the other hand the SimMechanics explorer shows the following information not shown in
Paraview visualizing:

—7, SimMechanics T2 & 7 v — Z %, Paraview IZIZHEWERZ H D

Location of the center of gravity

HLO BT

Location of the different frames including PTO and Constraint frames

7L —LDEFHPTO LR 7 L — L& &)

Visualization with paraview requires many files to be written, which makes the WEC-Sim simulation
take significantly more time, and makes the directory significantly larger.

ParaView A[f{LIZ% < D7 7 A MicH 1 F 2728, WEC-Sim ® ¥ I 2 L — ¥ a3 VICKEfE A 2 A
5. 7, TA4LZPUBEREICREL D

It should only be turned on when visualization is desired.

AL RE R GG DHF VICT 5.

The user also needs to have some familiarity with using Paraview.

¥ 7=, Paraview O HIGEE SR,

Getting Started - Installation

TLoHic - A vAh—n

You will need to install Paraview and install and setup Python.
Paraview # 4 ¥ A b —)L L Python 24 Y A + =, KET 5.
Next you will need to add some WEC-Sim specific macros,as follows:

X WEC-Sim D EEF D~ 27 v %8I3 5.

Open Paraview
Click on Macros => Add new macro
Navigate to the WEC-Sim source/functions/paraview_macros directory

Select the first file and click OK

Repeat this for all files in the paraview_macros directory.

Setting Up Paraview Output

Paraview H ) D%

The following table shows the variables that can be specified in the wecSimInputFile to control the
Paraview visualization.

KDL, Paraview AL % HllfHl 3 % wecSimInputFile NOZ# % /R F .

The body.viz properties are also used in the SimMechanics explorer visualization.
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body.viz 7 v 37 1 1%, SimMechanics =27 2 7' v — ZR[f{LICFH I 3.

WEC-Sim Visualization using Paraview

Paraview % L 7z WEC-Sim ® ][4k

Variable , Description

28, @i

simu.paraview , 0 to not output Paraview files [default] 1 to output Paraview filesO:Paraview 7 7
ANEHALRY (F7x0 ), LHEAT 3.

simu.nlHydro , 0 for no non-linear hydro [default] 1 for non-linear hydro with mean free surface 2
for non-linear hydro with instantaneous fs

0:FERUEHA (77 40 1), LIERIEHRG & KA, 2:3ERIETA & BRREK AL
simu.domainSize , size of ground and water planes in meters [default 200]

Mg & ko 4 X(m) (F7 44 F:200)

simu.dtOut , simulation output sampling time step [default dt]
Yialb—vavlhHv 7Y v IEEIR T Y FT 7 40 bdt]
body(i).viz.color , [RGB] body color [default [1 1 0]]

ik H 7 —[7 7+ 1+[110]

body(i).viz.opacity , body opacity [default 1]

ARAREHE [7 7 4w b 1]

waves.viz.numPointsX , wave plane discretization: number of X points [default 50]
W D 5E X SRR 7 7 + 4+ 50]

waves.viz.numPointsY , wave plane discretization: number of Y points [default 50]
WO nE Y Hmo#l7T 7 44 b 50]

Outputs and Opening in Paraview

171 & Paraview

When simu.paraview is set to 1, a directory called vtk is created.
simu.paraview % 1 ICEXET 2 &, VIK EWH T4 L7 FYMEREI NS,
All files necessary for Paraview visualization are located there.

% 21T Paraview A[FULICLE T _XTD 7 7 A VDD 5.

To view in Paraview:

Paraview TH/RT 5 1C1T ¢

Open the vtk/filename.pvd file in Paraview

Paraview 2> & VTK/filename.pvd 7 7 4 /L %[ <

Click Apply

Apply #27 V v 7

With the model selected in the pipeline, run the WEC-Sim macro
NATF AV CERL T AT, WEC-Sim w27 v 2 Ef73 %
Move the camera to desired view

T DERIC A A T %2 15H)

Click the green arrow (play) button

fxE DR (FE) Fxvzrs)y s

The WEC-Sim macro:

WEC-Sim <7 v :

Extracts each body, sets the color and opacity, and renames them
MRz L, BB NEHELZREL ., Az EET 5
Extracts the waves, sets color and opacity, and renames

HrH L, BB XONEHEZRE L., L2 ZERET 5
Creates the ground plane

75V 7L —vRERT 3.
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Sets the camera to parallel view
HATHANTLAE 2 —ICHET B,

Basic Visualization Manipulation

FEA Y 73 AT HRAL D a1

After opening the .pvd file and running the WEC-Sim macro

you can do a number of things to visualize the simulation in different ways.

pvd 7 7 A V&FINT WEC-Sim D~ 27 m 2 FEfTL 7R, v Ial—vavzIEIELhGIET
LT E %

You can color waves and bodies by any of the available properties and apply any of the Paraview
filters.

TaoNT 4 TR ERAR R AR L, Paraview 7 4 VX BT 5

The video below shows three different views of the OSWEC model described in the tutorials.
TovsrAid, Fa2a— Y TATHAINEZ OSWEC ®ET D =20 R 20t /R T

On the bottom right view the wave elevation is used to color the free surface.

ThHYa—Ti, KELAPHBROZERT 2

The top right view uses the slice filter.

Hltova—id, A7A4ARXT7 41 2% fHT 2

Visualizing Non-Linear Hydro Forces

FERIE TR D Al ik

When using non-linear hydro the paraview files also contain cell data for the bodies.
IR 3 2854, ParaView D7 7 A L ikt T — 2% D
The cell data are:

AT ZBUTOLEY TH .

Cell areas

VTG

Hydrostatic pressures

K

Linear Froude-Krylov pressures

BWE7v—F 27 Y a7t

Non-linear Froude-Krylov pressures

B 7 —F - 2V v 7E))

The pressureGlyphs macro calculates cell normals, and cell centers.
pressureGlyphs =27 v id, 21 D&, BL e r oL 25HHRT 3.
It then creates the following glyphs:

Z D%, RDVY 7 %2 ERT 5.

Hydrostatic Pressure

K

Linear Froude-Krylov pressure

BE7r—F - 20w 7KEN

Non-linear Froude-Krylov pressure

MG 7 —F - 2V v 7E))

Total pressure (hydrostatic plus non-linear Foude-Krylov)

& FHKE+IERE 7 —F - 27 ) a7)

Froude-Krylov delta (non-linear minus linear)

Zn—F 27 Yu7Frr GERIE - #98)

The video below shows three different views of the RM3 model described in the tutorials.
ToveTHiE, Fa—b) TATHHINZRMIET LD 3 DDEAEZE 2 —%RT,
The top right shows glyphs of the non-linear Froude-Krylov pressure acting on the float.
G, 7o—rfEHT2IFEIE L= - 2V a7 B 7Y 7 &R T.
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The bottom right shows the float colored by hydrostatic pressure.
LT REKEICK o TEBINE 7 —F2RT

Decay Tests H =

When performing simulations of decay tests, you must use one of the no-wave cases and setup the
initial (time = 0) location of each body, constraint, PTO, and mooring block.

WETA MDY Iab—vavi{T)icid, WKy —A%2EY, Y (dme=0) <3 1F 2 &bk
DOfriE, #HR, PTO, R 7wy 7 2RET LELERDH 2

The initial location of a body or mooring block is set by specifying the CG or location at the stability
position (as with any WEC-Sim simulation) and then specifying an initial displacement.

R RWIIAGIE, (R 7w v 7 WA E X, CG R LEMBICHKE L, VAN Z2IEET 5 (R
D WEC-Sim v I 21— 3 v & [FAR)

To specify an initial displacement, the body and mooring blocks have a .initDisp property with which
you can specify a translation and angular rotation about an arbitrary axis.

WIAZEAL ZFRET 51013, MR ERE 7 v v 713 .initDisp EE % & ©.
E%@%@ﬁb@ﬁ@k@%ﬁﬁ%hi?% LBTD,

For the constraint and PTO blocks, the .loc property must be set to the location at time = 0.
RN PTO 7' vy 7 cl, KA 0 I BT 5. loc ZEXET ML H 5.

There are methods available to help setup this initial displacement for all bodies, constraints, PTOs,
and moorings.

fintk, R, PTO, (REOYPHENEE 23K 271D 5.

To do this, you would use the body(i).setlnitDisp(...);, constraint(i).setlnitDisp(...),
pto(i).setInitDisp(...), and mooring(i).setInitDisp(...) method in the WEC-Sim input file.

IN#%LT I 12X, WEC-Sim AJ] 7 7 4 AT body(i).setlnitDisp(...); constraint(i).setInitDisp(...),
pto(i).setInitDisp(...), mooring(i).setInitDisp(...) ZEtiid 5.

A description of the required input can be found in the method's header comments.
PBEL AN OFERIZ, AV vy FO~y XaXy Midh b

Note that body(i).cg, constraint(i).loc, pto(i).loc, and mooring.ref must be defined prior to using
the object's .setInitDisp method.

body(i).cg, constraint(i).loc, pto(i).loc, mooring.ref % .setlnitDisp DHICEFRKT 5.

For more information, refer to the WEC-Sim Applications repository IEA OES Task 10 example.
i WEC-Sim 7 7'V 77—+ a v U KT + U IEA OES % 27 10 off| 2 i,

[End of File]
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