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What is WEC-Sim?

WEC-Sim (Wave Energy Converter SIMulator)

US Department of Energy funded
Joint Sandia/NREL project
Open source code developed in MATLAB/SIMULINK

Time-domain rigid body equation of motion solver based on
Cummins’ formulation

Simulates wave energy converter dynamics in operational
waves

First Release: v1.0in June 2014
Current Release: v1.2 in July 2015

U.S. DEPARTMENT OF

ENERGY

Sandia ofe
National « »NR=L
laboratories ~ *§%




Why use WEC-Sim?

i
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National
Laboratories

WEC-Sim has the ability to model devices that are comprised of rigid bodies,
power-take-off systems, and mooring systems.

WEC-Sim uses hydrodynamic coefficients derived from frequency-domain
boundary element simulations to model the relevant hydrodynamics.

Time-domain simulations are performed by solving the governing WEC
equations of motion in 6 degrees-of-freedom.

WEC device specification

Relevant numerical methods
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THEORY
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WEC-Sim Theory ) S,

= Dynamics simulated by solving time-domain equation of motion
(Cummins, 1962)

m(1) =| fs (O S or (O F fraa O F SO 4 S o (D 1, ()

Hydrostatic Power take-off force
restoring force .
Viscous force

Wave excitation & o
Radiation force: added mass and

diffraction force (from Hidt :
BEM simulations) radiation damping (from BEM
simulations)

=  Use radiation and diffraction method and calculate the hydrodynamic
forces from frequency-domain Boundary Element Method (BEM)
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WEC-Sim Theory - Cont ) .
= Calculated in BEMIO
Excitation IRF: Radiation IRF:
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GETTING STARTED
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MATLAB Toolboxes

= List of required toolboxes

Required Toolbox Supported Version
MATLAB Version 8.4 (R2014b)
Simulink Version 8.4 (R2014b)
SimMechanics Version 4.5 (R2014hb)
Simscape Version 3.12 (R2014b)

=  Ensure required toolboxes are installed
>> ver

Command Window

Adding WEC-5im to Path
>> Ver

MATLAE Versionm: 8.4.0.150421 (R2014L)
MATLAE License HNumber: 680411
OCperating System: Microsoft Windows 7 Enterprise Version 6.1

MATLAR Version

Simulink Version

SimMechanics Version

Sim=scape Version
B o

lhttp:Ilwec-sim.qithub.ioIWEC-SimIqettinq started.html

(Build Te01:
Java Version: Java 1.7.0 11-b2]1 with Oracle Corporation Java HotSpot (TM)

{R2014b)
{R2014b)
{R2014b)
{R2014b)

Service Pack 1)
64-Bit Server VM
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Sandia

WEC-Sim Open Source Code il

WEC-Sim

erter

= Code Download
https://github.com/WEC-Sim/WEC-Sim

= Online Documentation
http://wec-sim.github.io/WEC-Sim/index.html

= Online Forum
https://github.com/WEC-Sim/WEC-Sim/issues
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Adding WEC-Sim to path

= Add WEC-Sim source code to path |

= QOpen the wecSimStartup.m file

Paste the wecSimStartup.m into the startup.m file

>> open startup.m
Set the wecSimPath variable
Verify path was added

>> path

Verify WEC-Sim Simulink library available _
>> simulink

(Refresh library browser by hitting F5)

Sandia
li'l National _
Laboratories
>»> path
MATLABPATH
sers/username/Github/WEC-5im/source
sers/username,/Github/WEC-5im/source/functions
sers/username/Github/WEC-5im/source/1lib
sers/username/Github/WEC-5im/source/1ib/WEC-5im
sers/username,/Github/WEC-5im/source/objects
sers/username,/Github/WEC-5im
ers/username/Documents/MATLA
Simakink Library Broseter e =

- i

uuuuu

LM

http://wec-sim.qgithub.io/WEC-Sim/getting started.html#step-1-add-wec-sim-source-

code-to-matlab-path
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Workflow h
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« Define WEC geometry )
« 3D CAD model
» Mass properties
Pre- * Run BEM code
* BEMIO
» Check BEMIO data Y,

* Build Simulink model
» Write input file
» Wave conditions
« Simulation parameters
» Body properties
* PTO/constraints
* Run WEC-Sim
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* Analyze WEC-Sim results

Post-

Process




CODE STRUCTURE
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Code Structure )

= WEC-Sim source code:
= Simulink Library

= Matlab objects .m files

= wecSim.m (“executable”)

® o /Users/cmichel/Desktop/WEC-Sim-INORE/source
< 33 E By B
Favorites EWTEC » [ LICENSE functions
= WEC-Sim-INORE * [l NOTICE o
&2 All My Files publicatons » objects -
kications N README.md raview_macros >
¢ App pa
¥ READVE.md
(£ Desktop twtorials » B wecSimm
i Documents & USERS_GUIDE.htmi B wecSimStartup.m
© Downloads % WEC-Sim_INORE.pdf
{2} cmichel
] wec-sim
Devices
] s989955
= Macintosh HD
() Remote Disc
Shared
B coe 2

& Macintosh HD » I Usars » 9 cmichel » i Desktop » WEC-Sim-INORE » S0urce

%’




Code Structure )

= Object Oriented Programming

E OBJECT }
|

[ PROPERTIES } METHODS

INITIALIZATION OTHER



Code Structure )

= WEC-Sim objects:
= bodyClass

= waveClass eoe

% o % O MATLAS File Help peoClass + B O Bn »
MATLAB Fils Help: proClass. Wigw coge ke pieC sy Doty Topiy

= simulationClass ptoClass

RAAEARAAAAARARERRAARRERAREARARIARRERRIRRRRRARAAREREARRIRRARRRRERRRIRLALS

] ptoClaSS SR

Renewable Energy Laboratory and Sandis Corporation

inder the Apac
¢ !

= constraintClass

sired by applicable law or agr

= responseClass =y

BRAAAAAAARAAEARERRAAREANAARARAEARARARARARARARARLARRARAARAARARARARARERRRARAAALLY

Class Details
Superciaseas rardn
Seakmd o

Construct on lond b

Constructor Summary

gnClags  ridizaton Lncton
Property Summary

[ PTO damping Ostaut = 0

K PTO stifvesa. Defaut = 0

(. PTO kcason, Detault« 0 0 0]

QAR Nane of e p
guNun  PTOnumDer

Method Summary
e —



Code Structure )

= wecSim.m

“executable”

Reads input file

Uses the object’s properties and methods for pre- and post-processing

Runs the simulation




Code Structure )

" |nput File /tutorials/RM3/wecSimInputFile.m

= QObiject initialization
= QObject properties

u DefaUIt Values < ¥ wecSiminputFile2.m

UNREGISTERED

wecSiminputFile2.m

= QObject Initialization in Input File:
>> simu = simulationClass();
>> waves = waveClass(‘type’);
>> body(i) = bodyClass(‘h5file’,i);
>> pto(i) = ptoClass(‘name’);

>> constraint(i) = constraintClass(‘name’);

Line 1, Column 1 Tab Size: 4
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Code Structure

W wecSimlInputFile2.m UNREGISTERED

wecSiminputFile2.m

simy = 51mulat1onCLass()

Sets other simulation
class properties

waves = wavettass( regular i;

=

Sets other wave class 7 e
propertles

@mmwgm@
I

i

body{l] = bodyClass{ hydroData!rmB hS
A ko

s 3 {
ol *a

a;xg anﬂnx ap

body(,) =
ﬁ;ﬂ Toimss = ﬁm

é!é!%n;

-

Sets other properties for

. “““““::?ifiéuunnu: b = 555!&.“ -

ptoll} = ptoClass{'PT01');

%af%:

B0 e

Sets other properties for
first instance of pto

ElEe Line 1, Column 1 Tab Size: 4




Code Structure )

= Body Class

= Required:

= mass: value, ‘equilibrium’, ‘fixed’

= momOfinertia (except for ‘fixed” mass) XX MATLAB

= geometryFile
= h5File, hydroDataBodyNum (initialization)
= QOptional:

= Useful input information:

mooring
viscDrag
initDisp
linearDamping
Viz

bemioFlag

hydroData
hydroForce 21



Code Structure )

® 0 matlab_helper

= Wave Class
= Type:

= noWave
= noWaveCIC
= regular
= regularCIC
= |rregular
= jrregularimport
= userDefined

= Different variables required for each type
of wave




Code Structure )

= Simulation Class p—

= Contains all simulation options (time, fluid
properties, solver, visualization, etc.)

= Contains flags for different options (state
space, non-linear hydro, etc.)

= Properties:

simMechanicsFile
startTime, endTime, dt, rampT, CITime
ssCalc, nlHydro

mode, solver
explorer, paraview, domainSize
rho, g



Code Structure )

= Constraint Class

® name

® o matlab_helper

=" |oC

= PTO Class

" name
=" |oC
m Kk

" C

" |ocrequired for rotational PTOs
& Constraints




Code Structure )

= WEC-Sim Library

* Drag & Drop library S e Jr e e
u MaSk w:g?‘u‘;zy&l;::icTwa ’
= Simulink Model | e
Generator
= Made of WEC-Sim oG =
library blocks " S 0 wmin

» Simulink Control Design
»  Simulink Extras

= Bodies, PTOs, and Simuire Verfcson ans aidston

Stateflow

. » Identification Toolbox
constraints need to be L —

Constrants

numbered Frames

Recently Used Blocks




OUTPUT STRUCTURE
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Output Structure

@ @ MATLAB

" ‘output variable = responseClass instance

m Contains all time series from simulation

= Properties:
" bodies
= ptos
= constraints

= ptosim

[tutorials/RM3/output/RM3_matlabWorkspace.mat
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Tutorial: Oscillating Surge WEC

e i 16 :'II]
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Laboratories

Flap Full 5cale Properties
Pitch Moment of
CG [m Mass [k
i kel Inertia [kg—mz]
0
0 127,000 1,850,000
-3.9
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Tutorial: Two-Body Floating-Point

Absorber

SWL

Float to SWL2 [m]

Sandia
A National
Laboratories

Float Full Scale Properties
CG [m] Mass [tonne] Moment of Inertia [kg—ml]
0 20907301 0 0
0 727.01 0 21306090.7 4304.59323
-0.72105 0 4304.89323 37085481.1
Plate Full Scale Properties
CG [m] Mass [tonne] Moment of Inertia [kg—mzl
0 94419614.6 0 0
0 878.30 0 94407091.2 217592785
-21.285 0 217592.785 285422248
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WEC-Sim Code ) .,

Run WEC-Sim Input File WEC-Sim GUI

% Simulation Data

simua. startTine=0;
simu.andTima=4 007

sima.dt = 0.15
simu.sinMachanicsFila = "EME. 5lx';
simn. poda="nornal';

sima.axplorar='an';

% ¥awa Information
wavas. H = 2.5;

wawas. T = 87
wavas.typa = 'ragularc';

% Body Data
body (1) = bodyClass{'Float')s
body (1) . hydroDataTypa = ‘wanlt';
body (1) . hydroDatalocatlon =
‘ofwamdit/ond. oukt;
body (1) .mass = 'wanltDisplacamant'z
body (1).0g = ‘wanit';
body (1).mamdTInartia =
[Z0907301 Z1304090.&6 3TOBSEE1. 117
body (1) .. gacmatry = 'geamatry/flaat. stl';

body (2] = bodyClass{'Spar_Flata’)z

body (2) . hydrolataTypa = ‘wanlt's
body (2) . hydrolatalocatlon =
'./wamlt/rnd. oakt;
body (2] ..mass = 'wanltDi=splacamant';
body (2).og = ‘wanlt';
body (2) .manOfInartia =
[S4419€14.57 S4407051. 24 2ES42224.B2]F

body (2) . geomatry = 'gaamatry/plata. stl';

% PTC and Constraint Faramatarcs
constraint{l) =
constralntClass{'Constrainkl! bz

pto(l) = ptoClass{'FTO1'):
pta(l). k=07
pba (1) .c=1200000;

i (SimMechanics Explorer)

Simulation End Tima [s]
Eimulation DaltaTima [s]
Epacify Simullink Modal Fila
Spacify Stmulation Moda

&% {normal/accalarator

% /rapld-accalarator)
Turn SinMachanics Explorar

% {on/forf)

Wava Haight [m]
Wava Paricd [s]
Epacity Typa of Wawas

Initializa bodyClass for Float
Epacify HEM solvar
Location of WAMIT ..cub fila

Mass fram WAMIT [kgl
Cg fram WAMIT [m]
Momant of Inartia [kg-m"Z]

Gaomatry Fila

Initializa bodyClass for
§% EparfFlata
Spacify HEM solvar
Location of WAMIT «. oat fila

Hozz fram WAMIT [kgl
Cg from WAHIT [m]
Momant of Inartia [kg-m©Z]

Gaomatry Fila

Inltializa Constralob Class
% for Comstraintl

Initializa ptollass for FTOL
FTD Etiffmass Coaff [HSm]
FTD Dampdng Coaff [Hs'm]




WEC-Sim Demo rh) peim

WEC-Sim was demonstrated by modeling a two-body
floating point absorber WEC

Pre-Processing
* Build the device CAD model
« Run WAMIT

Build WEC Simulink/SimMechanics Model J

)

Floa

*+ Use WEC component library to build multi-
body model of the device

User input setup
« Wave conditions

T

Central Column

Simulation settings
Define inertia properties and parameters

Execute WEC-Sim Simulations
From MATLAB input script

{NDT from WEC Simulink/SimMechanics Model)

Reaction Plate




° Sandla
WEC-Sim Demo ) e,
= WEC-Sim has a built in “library” that includes common WEC components

= By selecting several components from the library, users can build the WEC
device

SimuLink/SimMechanics Model

= 2 sy o S 2 e

Float T
File Edit View Heip |

[ -
3

Gunnh-|

%, 1 » Enerseachtem ~ i 5
wigc,.sumuE.l-ady Elements QEF !

Heawva Jaint
{Tramslation)1

Skmulnk 0 Animation
| Smulmk Coder

Stateflow
4 Bl WEC-5im Riged By
Body Elemanls wo
Conslrants

Frames

PTOs

Spar/Plate

ADOF
SurgeHeavePich

Global References (Seabed)

-
Facy i ol o et

-.."_?.hmmq WEi:eﬁlm'Bqdy Elemnents

Simulating a two-body floating point absorber with
slack mooring




° Sandla
WEC-Sim Demo ) e,
= WEC-Sim has a built in “library” that includes common WEC components

= By selecting several components from the library, users can build the WEC
device

SimuLink/SimMechanics Model e BB o
f 0 = Enterseachierm ~ My &4

Libraries Library: WEC-Sam/Frames | —

Float %] Samulink

Cann " HOL Coder
" Sem=cape
|| Samwilink 30 Amimatsan I [ |

i Samulink Coder

& Ssmulink Extras
™ &l Statefdow

v wEoklons B

[ -
3

4 |Fy| WEC-Sim Global Reference Frame
i Hody Elements
Heawa _qun1 Consiraints
(Translation)1 Framas
PTOs

L cor

Spar/Plate

ADOF
SurgeHeavePich

Global References (Seabed)

-
Facy i ol o et

Simulating a two-body floating point absorber with — A

slack mooring




WEC-Sim Demo

Sandia
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=  WEC-Sim has a built in “library” that includes common WEC components

= By selecting several components from the library, users can build the WEC

device
SimuLink/SimMechanics Model
o Float
4]
- [ coel
'
Heave Jaint
({Tramsation)1
lin]
L comla
Spar/Plate

ADOF
SurgeHeavePich

) Global References (Seabed)
Py it A ) )

Simulating a two-body floating point absorber with
slack mooring

File Edit \iew Help

-

[ Ll.brar!,-' WEC-SimvPT0s

w  Enler senich term
Search 411

%R Bemulnk JD Ammabion B B F

|"& Semulink Coder
%k Semuilink Extras
':'.: Stafeflow
4 [ WEC-Sim
Body Elemants
Constraints

Rutationsl FT0 {Local RY)

Framas

R BF (&

Transiatinmal FTD (Locsl X)

@ BF (&

Translsbional FTD {Locsd )

Showing, WEC-Sim/PTDs




° Sandla
WEC-Sim Demo ) e,
= WEC-Sim has a built in “library” that includes common WEC components

= By selecting several components from the library, users can build the WEC
device

SimuLink/SimMechanics Model

v wEoklons B
ol Float :
-" s (=4 L
; L“ Guﬂnh-| 8. = Emeseachtem - M 5
; Lib ey Ubeary WEC-SevConstrimts | Saaich Aasuls: (nons) 4 [ #
[ Semimi
™} HOL Cader [—
e ) ﬁm'l-:mf
Y Sk G BF BF
THeal.rE Jaint i e s | |
el d
Hransiaton) ‘ .1$f3ﬁnﬂn Fraed Flaating
Canaltinnis
m Framas
PTCs
I com e BF BF
Spar/Plate — —
Hepe Paich
3D0OF oA, A
SurgeHeavePich BF
Suge
= T}
) Global References (Seabed)
Emacy [ronp w— oy = Shewmnyg l:a'EI:-E:miumh-ﬂ:.

Simulating a two-body floating point absorber with
slack mooring




WEC-Sim Demo & output 1) .

Run WEC-Sim Device Motion & Instantaneous Power
— F— = s} 2 T T T T T T T T T
4 s P e - - s - == i . —_— Float
e oy e B3R 5 e 2 15 WEC-Sim Heave Response T SparPlate
= - € 1F 1
S T e e e e e e °
- e e ; Q o5t ‘\‘ I H | I I | I ]
1 - ; a 8 A | | i . | | b ‘ TRl
JI. 0 | Iy | i (| i i i {iLh | }
.‘:l.rlnunw:--'r - I il If I ‘ I‘ ey | | | 11"V Il !
. :. i -05F | | ‘ ‘ ‘ ‘ ‘ [ |
Case :E S s tntarss 0 100 200 300 400 500 600 700 800 900 1000
Directory | u- eemv-s Time (sec)
:-: T— S ——y | 1000 T T T T T T T T T
e dntl) = el WEC-Sim Power Output Power History
= . 800 - — — — Time-Averaged Power -
Command Line Window E 600 1 i
o)
= 400
R [S)
a
o bt fd | | I
WEC s.m GUI and Simulation [~ e AN hln SoR A i i R U
e 0 100 200 300 400 _ 500 600 700 800 900 1000
Y ——————— .ili§1 Time (sec)
his  Erplewr SmulScr Ve Tosh Windew Hilp LR -
WAL+ + [ 88 056 35| 0EE eweromior Bpiissaen] @[ 3]~ O] ¢ s Power Matrix (Irregular Waves)
EpT - Energy Period, Te [sec]

L ]
2 Float
T Gloind Rearmnces Sashed]
Spar_Flate
Tasredatiaasl_Coasedtion |DOF
5 Toarsdstionsl_hawm POE
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Collaboration

= GitHub

= Online repository and version control

= QOption 1: non-collab

= Clone
= Puyll

{ WEC-Sim/WEC-Sim

|ind

WEC-Sim/WEC-Sim

[ Local clone of

Sandia
National _
Laboratories




Collaboration ) e,

= QOption 2: collab
= Fork
= Clone

/ https://help.github.com/articles/using-pull-requests/

= Pull Request

= Sync Fork
pull request
FORK: >( _ _
username/WEC-Sim J( SmoTor i WEC-Sim/WEC-Sim
2 2
— (7]
-

Local clone of
WEC-Sim/WEC-Sim




kelley.ruehl@sandia.gov

Tha n k VOU ! carlos.michelen@sandia.gov

md and’ Waterﬂéﬁ'ér Technologles @)fﬂ_c_e-f ; a

*

5


mailto:carlos.michelen@sandia.gov
mailto:kelley.ruehl@sandia.gov

EXTRA CONTENT
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* Bonus
— PTO-Sim (Nak)
— MoorDyn (Matt)
— Non-linear (Carlos)

— Visualization (Carlos)
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Sandia

Start from Scratch Example ) .




File Structure Overview

Information

Input file

WEC Model

Hydrodynamic Data

Geometry

File name
wecSimlnputFile.m
<WEC Model Mame=>.slx
<hydro-data name=>.h5

=5TL File Name=.stl

Location

SCASE

$CASE

scase /bemio

$case /geometry

Sandia
National _
Laboratories




