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Course Agenda

9:00 am WEC-Sim Overview Overview of course topics and WEC-Sim code
~20min

9-:30 am Theory & Workflow Cummins’” equation and WEC-Sim workflow (BEM-
~20min >BEMIO->WEC-Sim)

10:00 am Running WEC-Sim Description of what happens when you execute
~30min WEC-Sim (wecSim.m)

11:00 am Code Structure Overview  Overview of WEC-Sim’s input file
~1hr total (wecSiminputFile.m), classes (*.m) and library blocks

(*.slx)

1:00 pm Wave Implementation Description wave modeling implementation in WEC-
~30min Sim, in the classes (*.m) and blocks (*.slx)

1:30 pm Body Implementation Description body implementation in WEC-Sim, in the
~30min classes (*.m) and blocks (*.s/x)

2:00pm Q&A Open Q&A for attendees to WEC-Sim Lab team
~1hr
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Yi-Hsiang (NREL)

WEC-SIm Overview



What is WEC-Sim? ENERGY |miey:

« WEC-Sim (Wave Energy Converter Simulator)
— Simulates wave energy converter dynamics in operational waves

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

— Open source code developed in MATLAB/SIMULINK

— Joint NREL/Sandia project funded by the US Department of Energy
— First Release: v 1.0 in June 2014

— Current Release: v 2.2 in June 2017

U.S. DEPARTMENT OF

ENERGY
s FINREL
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WEC-Sim Open Source Package ENERGY | 5o Effeency &

License;

Copyright 2014 the National Renewable Energy Laboratory and Sandia Corporation

Licensed under the Apache License, Version 2.0 (the "License”); you may not use this file except in
compliance with the License. You may obtain a copy of the License at:

http://www.apache.org/licenses/LICENSE-2.0

Unless required by applicable law or agreed to in writing, software distributed under the License is distributed
on an "AS IS” BASIS, WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
See the License for the specific language governing permissions and limitations under the License.
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http://www.apache.org/licenses/LICENSE-2.0

Why use WEC—SIm? “EsﬁFETﬁEFY Energy Efficiency &

Renewable Energy

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

« WEC-Sim uses hydrodynamic coefficients derived from frequency-domain
boundary element (BEM) 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 performance, dynamic
motions, and |

WEC device specification Relevant numerical method
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Why use WEC-Sim? ENERGY | S fisenoy &

* Linear/weakly nonlinear time domain model: CPU time <~ Real Time

CPU time /

5‘"::,'-?:“ = To date, linear potential flow

" theory based BEM codes are
“ 10714 still the only option for WSI in
the context of wave energy

» Flaws must be addressed with
ad-hoc corrections "

10% 4 RANSe based approaches
(StarCCM+, FLUENT, ISIS-CFD,
- ICARE-SWENSE, OPENFOAM...) r i

LES

8
10 SPH (SPH-Flow, SPHYSICS, ...)

104+ Non linear potential flow
based approaches (LAMP3-4,
10% - AEGIR)

Real

time 1] Linear time domain potential

flow theory based BEM codes
& approaches based on

. Morison equations (LAMP1-2,
10?4 |inearfrequency  Orcaflex, Deeplines, WEC-SIM,
domailn potential InWave, Proteus3D, ...)

E 104] R Gcies AT *provided by Aurélien Babarit
NEMOH, ...)

-

High fidelity

Low fidelity
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WEC-SIim Theory ENERGY | S

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

m(t) =| (O o O+ s O+ L O H 0 O£, 0

Mooring force
Power take-off force
Viscous force

Hydrostatic
restoring force
Wave excitation & diffraction

force (from BEM simulations) Radiation force: added mass and

radiation damping (from BEM
simulations)

= Use radiation and diffraction method and calculate the hydrodynamic forces
from frequency-domain Boundary Element Method (BEM)

Jraa ) = . @ nXmdr  f ()= ’R f \.fzsrw,)m,]

BEM 0 Bem BEM

-

= [ n(t T)dt

- BEM
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Energy Efficiency &

Renewable Energy

« CAD (Computer-aided design), e.g. Rhinoceros, SolidWorks, ANSYS, etc.
« BEM (Boundary Element Method), e.g. WAMIT, NEMOH, AQWA
« BEMIO (Boundary Element Method Input/Qutput)
— http://wec-sim.qgithub.io/WEC-Sim/
— Requires MATLAB (R2015hb)
« WEC-Sim (Wave Energy Converter Simulator) |
— http://wec-sim.github.io/WEC-Sim/ MATLAB

— Requires MATLAB (R2015b), Simulink, Simscape and SimMechanics
(Simscape Multibody in 2016a)

 ParaView
— http://www.paraview.org/ ”ParaView
— Optional, for additional visualization and analysis capabilities

Water Program Technologies Office eere.energy.gov


http://wec-sim.github.io/WEC-Sim/index.html
http://wec-sim.github.io/WEC-Sim/index.html
http://www.paraview.org/

WEC-Sim (GitHub) Repositories ENERGY | 5o Effeency &

ZWEC'S"" https://github.com/WEC-Sim

[ Repositories People 3

Type: All = Language: All »

[ wec-sm | T w) WEC-Sim Source Code

1 Wave Energy Converter Simulator (WEC-Sim) 1 T@Pyihon @ Matlah @ C

\ @matas W18 Y3z  Updated S daysago ]

— o e o o e e e o e o e o e e Em mm w

People 3>

| WEC-Sim_Applications I d d' : I I' .

| RN o ) Additional Applications
\_ W e fomimgngs  Pastyor ot iy [ o

WDRT
WEC Design Response Toolbox (WDRT) | m::;rt:wsun
®prython %1 ¥2  Updated 20 days ago
25— > ) )
. | ms) Complied MoorDyn Library
L Y e _____ ' To use MoorDyn in WEC-Sim,
— 1. Please Download MoorDyn from the repo https:/github.com/WEC-Sim/moorDyn
R e 2. Place all the files and folders under WEC-Sim/source/functions/moorDyn folder

®Python %4 Y11 Updatedondun?
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https://github.com/WEC-Sim
https://github.com/WEC-Sim/moorDyn

WEC-Sim (GitHub) Repositories ENERGY | 5o Effeency &

ZWEC'S"" https://github.com/WEC-Sim

[ Repositories People 3

Type: All = Language: All »
. Top languages
W“"'Eif;“cn R R http://wec-sim.github.io/WDRT/
Ouaics H18 V32 UpdiedSdarmage WDRT was developed by Sandia National Laboratories and
People 8y the National Renewable Energy Laboratory (NREL) to provide
WEC-Sim_Applications — extreme response and fatigue analysis tools, specifically for
Applications of the WEC-Sim code Ll Carios Michelen

design analysis of ocean structures such as WECSs.

@Matiab W1 Updated 5 days ago i T
s - wmm) WEC Design Response Toolbox

T Michagl Lawson
®prython %1 ¥2  Updated 20 days ago |

— o o e o o o e e e e e e o e o e e e o e

- = —

moorDyn

®C  Updated on Jun 8

ittt ~
- | m) Old Python based BEMIO
\ ®Fython %4 Y11 UpdatedonJun7 ]
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https://github.com/WEC-Sim
http://wec-sim.github.io/WDRT/

Documentation LR | Eneroy Effcency &

Renewable Energy

http://wec-sim.qgithub.io/WEC-Sim/

# WEC-Sim

Docs » WEC-Sim (Wave Energy Converter SIMulator) View page source

Search docs

d Features

WEC-Sim (Wave Energy Converter SIMulator)

WEC-Sim (Wave Energy Converter SIMulator) is an open-source wave energy converter simulation
tool. The code is developed in MATLAB/SIMULINK using the multi-body dynamics solver Simscape
Multibody. WEC-Sim has the ability to model devices that are comprised of rigid bodies, power-take-
off systems, and mooring systems. Simulations are performed in the time-domain by solving the
governing WEC equations of motion in 6 degrees-of-freedom. The WEC-Sim project is funded by the
U.S. Department of Energy’s Water Power Technologies Office and the code development effortis a
collaboration between the National Renewable Energy Laboratory (NREL) and Sandia National
Laboratories (Sandia).
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http://wec-sim.github.io/WEC-Sim/

WEC-SIm Forum ENERGY | el trons

https://github.com/WEC-Sim/WEC-Sim/issues

£l WEC-Sim / WEC-Sim ©Watch 19 K Star 18  YFork 33
» Code @ Issues 2 Pull requests 2 Projects 7 Insights ~
is:issue is:open Labels Milestones New issue
® 20pen v 144 Closed Author -~ Labels ~ Projects - Milestones - Assignee~  Sort -
@ ode14x compatability? B s
#191 opened 25 days ago by bradling
@® AQWA excitation phase bug | [J4
#186 opened on Jun 22 by kmruehl
O ProTip! Bookmark issues and pull requests to revisit later.
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https://github.com/WEC-Sim/WEC-Sim/issues
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. . . Webinars
All the webinar materials and recordings are et s
available online: g
http://wec-sim.qgithub.io/WEC-Sim/webinars.html et

Augont §19017  WIC-Sim Trainirg Cousrne

'WEC-Sim Webinar #1 - BEMIO & MCR

1 on BEMIC & MCS il 18,

2017 are avai image beiow.

U.S. DEPARTMENT OF

) ENERGY
2%, INREL

nl’ato NATIONAL RENEWABLE ENERGY LABORATORY

Sandia National Laboratories is a multi-mission laboratory managed and operated by National Technology and 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.
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