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WEC-Sim (Wave Energy Converter SIMulator)

WEC-5im [Wave Energy Comverter SIMulator) is an open-source softwane for simulating wave
energy corvertars, Tha software is developed in BMATLABSIMULIMEK using the multi-bady
dynamics solver Simscape Multibody, WEC-5im has the ability to model devices that ane comprised
of badies, joints, power take-all Systems, and mooring systems. WEC-5im can madel bath rigid
bodies and flexible bodies with generalized body modes. Simulations are performed In the time-
domain by sobving the gowerning wave energy corverter equations of mofion in the & Cartesian
degrees-af-freedom, plus any number of user-defined modes. The WEC-5im Applcations repository
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I What is WEC-Sim?

WEC-Sim (Wave Energy Converter Simulator)
> Simulates wave energy converter dynamics
° Time-domain equation of motion solver based on Cummins’ formulation

> Open source code developed in MATLAB/SIMULINK
> Available at https://github.com/WEC-Sim/WEC-Sim

> Joint NREL/Sandia project

> Funded by the US Department of Energy E T

° First Release: v1.0 in June 2014 +
. WEC- '
° Current Release: v5.0 in May 2022 C4 Converter
WEC-Sim (Wave Energy Converter SIMulator)
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https://github.com/WEC-Sim/WEC-Sim

Project Timeline

]
Ou X
EC-Sim v4.3

WECCCOMP special GitHub 10
session (OMAE O .
WEC-Sim v4.2
2p19) _ GitHub CGTEAMER AWARDS
WECCCOMP ContrOI WEC—Slm Course at . Testing & Expertise for Marine Energy WEC'Slm WinS
competition Universidad de Costa Rica O | Review open RFTS1 fawards for R&D 100 Award
?uhmeric;;” GQ ':NEC_Sim VA0 (PAMEC 2020) Githigh VEC-Sim v4.1 cource BEM  WECSim Support
P aST 1 u ‘ ‘ ‘ ‘ ‘
O WEC-Sim v3.1 WECCCOMP control WECCCOMP winner ‘7 Orggqutate O WEC-Sim v4.4
GitHub . competition ~ announced Yo7 University GitHub
WEC-Sim lectures at MATLAB Energy
OSU for CEE 411/511 Speaker Series
IEA OES phase Il OWC OTEAMER
V&V com p lete Testing & Expertise for Marine Energy
(KRISO tank test data) RFTS2 awards for

WEC-Sim Support



I FY22 Accomplishments

) FY22 Accomplishments
Capytaine v1.4

GitHub
Review open source MRE Software Support the WEC modeling community through WEC-Sim
multi-body dynamics Workshop development, maintenance, support and training.

(OREC-METS 2023) « Develop and maintain the WEC-Sim software on GitHub, and

) | resolve bugs with the software
GitHub "V EC-3Im v4.4 GitHub? = C>IM V>0 * Provide WEC-Sim support via responding to and resolving issues
‘ ‘ posted by users, and updating the publicly available examples
and online documentation

FY 2022 * Outreach via hosting in-person and online training courses (e.g.

PAMEC 2022), presenting and publishing WEC-Sim articles, and

training the next generation of WEC numerical modelers
Review open WEC-Sim Course
source BEM (PAMEC 2022) Assess the current MRE Software landscape, and identify future
development needs.
e Solicit public feedback via MRE Software Workshop (e.g. OREC-
RFTS5 awards for RFTS6 awards for METS 2022) and online webinar
VCV;E-fI'SIEr;-\SIl;;)IFEE Evf%ségsﬁ’pgﬁ * Draft report on current MRE Software landscape, identifying

Testing & Expertise for Marine Energy Testing & Expertise for Marine Energy ga pS an d pOte ntia I n eed S fO r p u bl iC feed ba Ck
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WEC-Sim v5.0
WEC-Sim on GitHub:

Dec 14, 2014 - Sep 7, 2022

Contributions to master, exduding merge commits and bot accounts

30
20

10

2015 2016 2017 2018

2019

Contributions: Commits +

WEC-Sim

2021 2022

WEC-Sim Applications on GitHub:

Mar 27, 2016 - Sep 7, 2022

Contributions to master, excluding merge commits and bot accounts

15

2017 2018 2019

2021 2022

Contributions: Commits «

WEC-Sim Applications

#WEC-Sim

# » WEC-Sim [Wave Energy Converter Slhulator) View page source

WEC-Sim (Wave Energy Converter SIMulator)

WELC-Sirm (Wave Energy Converter SIMulator] is an open-source softwarne Tor simulating wave
enargy converters. The software is developed in MATLABSSIMULINK using the mult-body
dynamics sohver Simscape Multibody, WEC-5im has the ability to model devices that are comprised
of bodies, joints, power take-off systems, and mooring $ystems. WEC-5m can model both rigid
bodies and flexible bodies with generalized body modes, Simulations are performed in the Hme-
domain by sobving the goveming wave energy converter equations of motion in the & Cartesian
degrees-of-freedom, plus any number of user-defined modes. The WEC-5im Applications
repasitory contains a wide variety of scenarios that WEC-5im can be used ©o model, including
desalination, maoring dynamics, nondinear hydrodynamic bodies, passive yawing. batch simulations
and many athers, The software is very fleaible and can be adapted to many scenarios within the

wive energy ndustry.

WEC-Sim Developers

WEC-5im is a collaboration between the National Renewabl gy Labaratory (MREL] and Sandia
Mational Laboratories (Sandial, funded by the U5 Departrent of Energy's Water Power
Technologies Office. Due to the open source nature of the software, WEC-5im has also had many
external contributions. For more information refer to Acknowledgements.

Current members of the development team include:

= Kelley Rushl {Sandia - P1)
= Deavid Ogden (MREL - P1)
= Mathan Tom (MREL)

= Dominic Forbush (Sandia)
= Adam Keester (Sandia)

= Jorge Leon (Sandia)

+ Jaff Grasharger |Sandia)

Foemer members ol the development team include:
» Wi-Hgiang ¥u (WREL)
= Jennifer Van Rij (NREL]

» Michael Lawson [NREL)
« Carlos Michelen [Sandia)

Mout D



https://github.com/WEC-Sim/WEC-Sim
https://github.com/WEC-Sim/WEC-Sim_Applications
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Introduction to v5.0

WEC-Sim v5.0 =)

Q) kmruchl redeoed this May 16, 2022+ 15 comemits 1o master singe tis rekeass € vAD o FaceScd

v5.0, released May 16, 2022, represents a

significant code overhaul and feature addition.

Refactoring and SCM changes

= An intuitive and consistent naming convention
applied throughout (not reverse compatible)

= Related functions grouped together, redundant
functions removed.

= Embedded Simulink functions saved as separate
scripts

= Updated and expanded documentation

New features
=  Continuous integration

=  Modeling cables

=  Capytaine BEM

= Run from Simulink
=  Wave visualization

MNew Features

» Refactoring classes and properties @kmruehl in 2503 2622 2520 #8352, Pakeeste n =338
= Refactaring docs by @lkmmuehl in 840

» Refactor BEMIO functions, tests, and documentation @akeeste in #7530 #212, @HORSE in #8239, @dav-og in #206

» Run from sim updates by @akeeste in #7317

» Allzw binary STL files by @akeeste in 2760

« Update fead_ACHWA and ACWA examples by @jtgrash in 2761 2779 2797 2831

« Rename plot\Waves by @jtgrash in #765

« Update ta normalize to handle sarting mean drift forces by @nathanmtom in #208 #0809
» Remove passhetawTestm by @jigrask in 607

» Wirve class wave gauge update by @nathanmiom in 2501

+ N pio sim ity by @jleonqu in #921

« Waming/Eror flags by @jtgrash in #026

» Add Google Analytics 4 by @akesste in 2354

Documentation

» Update WEC-Sim's Developer Documentation for the Mortson Ekement Impl ritatian by @nath

+ Uptiate response dass AP by @akeeste in #8032

« Doc_awto_gen_mashks by @salbus in #2432

= Move documentation compilation te GitHub Actions by @HORSE in 2817
» Add branch bulld in docs workflow for testing PRs by @HORSE in 2834

+ Update the WEC-5im Theory Documentation to Clarify Wave Pawer Caloulation by @mathanmtom in

+ Update documentatian cn mean drift and current by @akeests in #300

Bug Fixes

» Fix cable library links, Resoles 2770 by @akeeste in £774 2775

« Fix rate transition erar by @akeeste in #7553

« Fix cable implementation by @dforbush? in #227

» PTO-Sim busg fix by @jleengu in #3533

= Bug fix for the regular wave power full expression by @nathanmiesm in 2541
« Fi documentation an dev branch by @HORSE in #216

#547

» Bug fix: responseCiass reading the MaorDyn Lines aut file too marly, reschees #9811 by @akeeste in 4214

Issues and Pull Requests

» =52 lssues closed since wi4
» =44 PRs merged since vha

Full Changelog: w4.4...v5.8

Contributors

othor contribaion

kmirushl, HORSE, and T
» Assets 2

) Source code iz

7 Source code (a £en]

@ &1 2 peopk reacted

rl &
May 11, 2002
May 11, 2022




New Features - Continuous Integration




11 @ New features — Continuous integration

WEC-Sim tests developed for WEC-Sim source repository and WEC-Sim Applications
= Tests can be run locally when developing new features, to ensure stability of source code

= Tests automatically executed on both master and dev branches, on both repositories

= Tests automatically executed for documentation build

= Tests automatically for each commit and pull request
= Build reports automatically generated

B WEC-Sim / WEC-Sim  Fub 2% Edt Pins = S Uwaich 8 - Y Fork 13

i Code G fsues 11 Il Pullrequesis 7 & Discussiors & Actions [ Pogpecis 2 @ Securty 1 Insights B Seitings

Warkflows All workflows

[rep—
m B
Yo Documentation

L]
g F AR b E 1055 warkflow rure Event - Stabus - Branch =
Ta LAE te
@ readCapytaine fixes for reading dataformats correctly A
% repes R MATLAB bests on dew branch # i st 4L ek o
% P Jikd-deg
[-] readCapytaane_fikes_for_reading datalormats_correctly By
© readCapytaine_fixes_for_reading dataformats_correctly By
B METLAS bewta on dew branch 8526 Full reg MT apened by sakbur 5
o readCapytaine_fives_for_reading datatormats_correctly oaliasn i remdCapyinine detak: [EI e
Documentation LFd g T o alh i
ﬂ Caleulation_of_Ain{_using_radiationlRF.m B
. . . 16 e rize b =

Documantstion

Fix Image bug
B jleangs

wecSImPLT Fix
5 yuphsisig

resalving doc |

@ reuet

—

3 WEC-5im / WEC-Sim  Fub 53 2 L L' ]
<% Code (D) msues 11 T Pull requests W Discussions A A er G = insights &8
O f170pen « 209
O 11 readc| ¥ master =
- < Commits on Aug 24, 2022
O I3 caleulf
25 oy fix non-linear hyde a
Sfartuahl v —
1 17 Custod
i |
[ 1 updati
; update fo v5.0 citation (5311} ra a
‘T).hmlr 1 kmrushi e ' —
O I addw . . " -
ot Y Refer to WEC-Sim documentation for more information.

Fun MATLAB tests on master b

WEC-Sim Repository

» Docs: WEC-5im documentation, to refer to doc compile instructions
* Examples: WEC-5im examples

= Source: WEC-5im source code

+ Tests: WEC-5im tests for MATLAB Continuous Integration

= Tutorials: WEC-Sim tutorials

Refer to the WEC-5im Applications repesitory for more applications of WEC-Sim.




New Features — Cable Modeling
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New features — Modeling cables

A number of industry WECs rely on
cables/winches/tethers as a means of coupling
two or more bodies: a frequent subject of user
-posted issues.

These elements are non-linear as they only
transmit tensile forces between the
connection points .

At right: Schematic of the MBARI-WEC*.

At far right: Mechanics Explorer visualization of
the MBARI-WEC. The end-points of the cable
connection shown as oversize grey spheres.

Image from Hamilton, A., Cazenave, F., Forbush, D. et al. The MBARI-WEC: a power source
for ocean sensing. J. Ocean Eng. Mar. Energy 7, 189-200 (2021).
https://doi.org/10.1007/s40722-021-00197-9

Linux Computer

?H';/

!
$pring Coniroller (SC) T}

Power Converter (PC)

(o=

Load Dump _—

Tether (lengih no to scale] ...

Trefoil Conroller (TC)

Heave cone

Baitery &
— Battery Controller
i D2ad

Seq surface




14 I New features — Modeling cables

Implemented as a logic check:

cable stiffness + damping force ‘ cable sifiness

exerted if extended beyond e cable.damping

eqwhbngm length, no force . re—

exerted if not. ' )

calcCableTens yuia angin e norm{cable, base location - cable follower location)
This does NOT resolve the . <posion:
. & 1
motions of the cable, but ) e
. . velocty
transmits appropriate forces - R
between the coupled bodies. & B
{18}
P Forca R“f:g?;?“
. -* B F - .

B Translational FTO
Aciuation Force

Alternative modeling
10460} 7 10460}

suggestions available for stiff 10(60) 10(60)
SyStemS. Base Drag Body Follower Drag Body



New Features — Capytaine BEM




16 I New features — Capytaine

Aug 6_, 201 ? —_ Sep ?‘, 2022 Contributions: Commits +

Contributions to master, excluding merge commits and bot accounts

30
20

10

2018 2019 2020 2021 2022

WEC-Sim relies on boundary element method solutions to define hydrodynamic coefficients.
Supported codes are NEMOH, WAMIT, AQWA, and now Capytaine

Open-source Python code: https://github.com/capytaine/capytaine

Capytaine support is current and ongoing.

Capytaine developer: Matthieu Ancellin


https://github.com/capytaine/capytaine

17 @ New features — Capytaine

120 Surge 100 Heave 500 Pitch
sphere wamit sphere wamit sphere wamit
100 t f\ sphere agwa | sphere aqwa [\ sphere agwa
|\ sphere_cpt 80 | sphere_cpt 1 400 | [ sphere_cpt
80
‘ 60 1 3001
3 60 | 3 3
= = 40 1 2 200 f \
] 40f 1 = I
20t \ 1 100 ¢ '
20 \, 1 \
N g ~—
\\__ | — - ———h ]
0 ] 0 0
-20 ' ) ‘ ' -20 ‘ ) ' : -100
0 2 4 8 10 0 2 4 8 10 0 2 4 6 8
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WEC-Sim relies on boundary element method solutions to define hydrodynamic coefficients.
Supported codes are NEMOH, WAMIT, AQWA, and now Capytaine

Open-source Python code: https://github.com/capytaine/capytaine

Capytaine support is current and ongoing.

Capytaine developer: Matthieu Ancellin


https://github.com/capytaine/capytaine

New Features — Run from Simulink
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New features — Run from Simulink

Bl

Conn

Previously, a simulation was run from
the command line, reading
information from wecSimlnputFile.m,
and Simulink models would close at
run time.

Now, user option to specify
parameters directly in Simulink dialog
and run from GUI.

A more common workflow, and easier
for debugging.

Example given:

Float
bodyi(1)

pto(1)

&

Spar/Plate
body(2)

constraint(1)

Block Parameters: Spar/Plate

Body Number: £ [body(2)

Custom Parameters

Standard Options

Initial Displacement =~ Morison Element

hydroData/rm3.h5

geometry/plate.stl

Select .h5 File

Select .stl File

Body Mass [kg]: |equilibrium

Mol [kg*m~2]: (00 0

Nonhydro Body 0

Nonlinear Hydrodynamics 0

Flexible Body 0

OK

Cancel

Help Apply

WEC-Sim/examples/RM3FromSimulink
_




New Features — Wave Visualization




21 I New features — Wave Visualization

User-defined wave markers offer a simple way to aid free surface visualization in the native
Mechanics Explorer. A useful debugging tool!

Videos files (*.avi of *.gif) can be created using responseClass.saveViz() function.
Example shown: WEC-Sim_Applications/Wave_Markers

ParaView (VTK) visualization is still supported as a visualization alternative.



22 I New features — Wave Visualization

Wave Elevation and Geometry Visualization
time=1200s

z{m)

User-defined wave markers offer a simple way to aid free surface visualization in the native
Mechanics Explorer. A useful debugging tool!

Videos files (*.avi of *.gif) can be created using responseClass.saveViz() function.

Example shown: WEC-Sim_Applications/Wave_Markers

ParaView (VTK) visualization is still supported as a visualization alternative.

Wave Elevation (m)
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24 M Future Work

Future Work

GitHu GitHub
Advance the state of open source MRE Software Needs MRE Software
software within the wave energy sector Assessment Report Development Plan

* Improve WEC-Sim interoperability with
open-source meshing, BEM and O O O
optimization software to facilitate GitHub VEC-Sim V5.1 GitHub VEC-SIM v5.2 G.&RbWEc-Sim v5.3 GitHub VEC-Sim v5.4
device performance improvements and ‘ ‘ ‘ ‘
cost reduction

* Improve parallelization to leverage FY 2023 FY 2024
HPC systems for scientific discovery

* Support the development of the open- | | | |
source BEM software Capytaine — WEC-Sim Online WEC-Sim Training WEC-Sim Online WEC-Sim Training

improving accuracy, speed and Training Course Course Training Course Course
functionality.

* Outreach and training, including short

courses, webinars, and additional WEC- RETS7 awards for RFTS8 awards for
Sim applications (e.g. offshore wind, WEC-Sim Support WEC-Sim Support
flexible bodies) (TEAMER ¢(,TEAMER

Testing & Expertise for Marine Energy Testing & Expertise for Marine Energy



25 I Conclusion

=User feedback guides development! Contributions are always welcomed.

=Report a bug, seek support, request a feature:
https://github.com/WEC-Sim/WEC-Sim/issues

=Contribute to the WEC-Sim or WEC-Sim Applications code directly:
https://github.com/WEC-Sim/WEC-Sim/pulls

*Direct industry/research support available through the TEAMER program:
https://teamer-us.org/



https://github.com/WEC-Sim/WEC-Sim/issues
https://github.com/WEC-Sim/WEC-Sim/pulls
https://teamer-us.org/
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For more information please visit the WEC-Sim website:

Kelley Ruehl (Sandia)
Kelley.Ruehl@sandia.gov

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology & Engineering Solutions of Sandia, LLC, a
wholly owned subsidiary of Honeywell International Inc., for the U.S. Department of Energy’s National Nuclear Security Administration under contract
DE-NA0003525.

This work was authored in part by the National Renewable Energy Laboratory, operated by Alliance for Sustainable Energy, LLC, for the U.S. Department
of Energy (DOE) under Contract No. DE-AC36-08G028308.

Funding provided by the U.S. Department of Energy Office of Energy Efficiency and Renewable Energy Water Power Technologies Office. The views
expressed in the article do not necessarily represent the views of the DOE or the U.S. Government. The U.S. Government retains and the publisher, by
accepting the article for publication, acknowledges that the U.S. Government retains a nonexclusive, paid-up, irrevocable, worldwide license to publish
or reproduce the published form of this work, or allow others to do so, for U.S. Government purposes.
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