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Course Agenda

U.S. DEPARTMENT OF

0:20 WEC-Sim Overview Overview of course topics and WEC-Sim code
Lecture 1: 0:20 Theory & Workflow Cummins’ equation and WEC-Sim workflow (BEM->BEMIO->WEC-Sim)
WEC-Sim Theory Description of what happens when you execute WEC-Sim (wecSim.m)
and Workflow 0:50 Code Structure Overview Overview of WEC-Sim’s input file (wecSimInputFile.m), classes (*.m) and library blocks
(*.slx)
0:30 Wave Class Describe how waves are modeled in WEC-Sim using waveClass.m and variant subsystems
Lecture 2: 0:30 Body Class Describe how bodies are modeled in WEC-Sim using bodyClass.m and variant subsystems
WEC-Sim Classes
and Debugging 0:30 Debugging/Homework Q&A Discuss common errors with WEC-Sim:
incorrect setup, path, and BEM data, coordinate systems and data at cg.
0:15 Multiple Conditions Run Show how to use wecSimMCR for RM3
0:15 Mooring demonstrate the WEC-Sim Applications for Mooring, https://github.com/WEC-Sim/WEC-
Sim_Applications/tree/master/Mooring
Lecture 3: 0:15 Boundary Element Method Run BEMIO using statespace, and changing other flags for RM3
WEC-Sim Features Input/Output (BEMIO)
0:15 GitHub Overview of how to use GitHub for version control and collaborative development.
0:15 WEC-Sim Applications Review of relevant WEC-Sim applications cases
0:15 Homework Q&A
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Sheet1

				WEC-Sim Lectures for CEE 411/511 Ocean Engineering

				Date		Session		Duration		Topic 		  Description		Led by		slide deck number		notes		homework

				15-Feb		Lecture 1:
WEC-Sim Theory and Workflow		0:20		WEC-Sim Overview		Overview of course topics and WEC-Sim code 		Yi-Hsiang		1				RM3
1. Modify userDefinedFunctions to plot power 
2. a) Run heave Free Decay on float and b) on the RM3 WEC


								0:20		Theory & Workflow		Cummins’ equation and WEC-Sim workflow (BEM->BEMIO->WEC-Sim)
Description of what happens when you execute WEC-Sim (wecSim.m)		Yi-Hsiang		2

								0:50		Code Structure Overview		Overview of WEC-Sim’s input file (wecSimInputFile.m), classes (*.m) and library blocks (*.slx)		Kelley		3



				17-Feb		Lecture 2:
WEC-Sim Classes and Debugging		0:30		Wave Class		Describe how waves are modeled in WEC-Sim using waveClass.m and variant subsystems		Kelley		4		Debugging: tabled for now, not sure about format/scope		OSWEC
1. Set up and run the OSWEC tutorial
2. Modify userDefinedFunctions to plot power 
3. Run pitch Free Decay on flap

								0:30		Body Class		Describe how bodies are modeled in WEC-Sim using bodyClass.m and variant subsystems		Yi-Hsiang		5

								0:30		Debugging/Homework Q&A 		Discuss common errors with WEC-Sim:
incorrect setup, path, and BEM data, coordinate systems and data at cg.		Labs		N/A



				22-Feb		Lecture 3:
WEC-Sim Features		0:15		Multiple Conditions Run		Show how to use wecSimMCR for RM3		Kelley		8		BEMIO:
tabled for now, not sure about format/scope		WECCCOMP
1. Run WECCCOMP model for WECCCOMP sea states
2. Generate Power matrix from the runs, optional implementation of control
3. Calculate WECCCOMP evaluation criteria

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

								0:15		Mooring		demonstrate the WEC-Sim Applications for Mooring, https://github.com/WEC-Sim/WEC-Sim_Applications/tree/master/Mooring 		Yi-Hsiang

								0:15		Boundary Element Method Input/Output (BEMIO)		Run BEMIO using statespace, and changing other flags for RM3		Yi-Hsiang		7

								0:15		GitHub		Overview of how to use GitHub for version control and collaborative development.		Kelley

								0:15		WEC-Sim Applications		Review of relevant WEC-Sim applications cases		Labs

								0:15		Homework Q&A 						N/A


























What can | learn? Errgy Efeney &

« Basic WEC-Sim theory and workflow

 How to modify the code if needed
— Detailed code structure
— Deep dive into different classes

 How to debug the code

 How to use WEC-Sim for different applications

5 | Water Program Technologies Office eere.energy.qgov




Course Agenda

U.S. DEPARTMENT OF

WEC-Sim Overview

Overview of course topics and WEC-Sim code

Lecture 1: 0-20 Thoon: 2 \WWarkflow Cummine’ aouiation and WEC Sim asarkflow [REM _SREMIO SWWEC Sim)
WEC-Sim Theory Description of what happens when you execute WEC-Sim (wecSim.m)
and Workflow 0:50 Code Structure Overview Overview of WEC-Sim’s input file (wecSimInputFile.m), classes (*.m) and library blocks
(*.slx)
0:30 Wave Class Describe how waves are modeled in WEC-Sim using waveClass.m and variant subsystems
Lecture 2: 0:30 Body Class Describe how bodies are modeled in WEC-Sim using bodyClass.m and variant subsystems
WEC-Sim Classes ' v g body ' y
and Debuggin
geing 0:30 Debugging/Homework Q&A Discuss common errors with WEC-Sim:
incorrect setup, path, and BEM data, coordinate systems and data at cg.
0:15 Multiple Conditions Run Show how to use wecSimMCR for RM3
0:15 Mooring demonstrate the WEC-Sim Applications for Mooring, https://github.com/WEC-Sim/WEC-
Sim_Applications/tree/master/Mooring
Lecture 3: 0:15 Boundary Element Method Run BEMIO using statespace, and changing other flags for RM3
WEC-Sim Features Input/Output (BEMIO)
0:15 GitHub Overview of how to use GitHub for version control and collaborative development.
0:15 WEC-Sim Applications Review of relevant WEC-Sim applications cases
0:15 Homework Q&A

6 | Water Program Technologies Office

Energy Efficiency &

EN ERGY Renewable Energy




Sheet1

				WEC-Sim Lectures for CEE 411/511 Ocean Engineering

				Date		Session		Duration		Topic 		  Description		Led by		slide deck number		notes		homework

				15-Feb		Lecture 1:
WEC-Sim Theory and Workflow		0:20		WEC-Sim Overview		Overview of course topics and WEC-Sim code 		Yi-Hsiang		1				RM3
1. Modify userDefinedFunctions to plot power 
2. a) Run heave Free Decay on float and b) on the RM3 WEC


								0:20		Theory & Workflow		Cummins’ equation and WEC-Sim workflow (BEM->BEMIO->WEC-Sim)
Description of what happens when you execute WEC-Sim (wecSim.m)		Yi-Hsiang		2

								0:50		Code Structure Overview		Overview of WEC-Sim’s input file (wecSimInputFile.m), classes (*.m) and library blocks (*.slx)		Kelley		3



				17-Feb		Lecture 2:
WEC-Sim Classes and Debugging		0:30		Wave Class		Describe how waves are modeled in WEC-Sim using waveClass.m and variant subsystems		Kelley		4		Debugging: tabled for now, not sure about format/scope		OSWEC
1. Set up and run the OSWEC tutorial
2. Modify userDefinedFunctions to plot power 
3. Run pitch Free Decay on flap

								0:30		Body Class		Describe how bodies are modeled in WEC-Sim using bodyClass.m and variant subsystems		Yi-Hsiang		5

								0:30		Debugging/Homework Q&A 		Discuss common errors with WEC-Sim:
incorrect setup, path, and BEM data, coordinate systems and data at cg.		Labs		N/A



				22-Feb		Lecture 3:
WEC-Sim Features		0:15		Multiple Conditions Run		Show how to use wecSimMCR for RM3		Kelley		8		BEMIO:
tabled for now, not sure about format/scope		WECCCOMP
1. Run WECCCOMP model for WECCCOMP sea states
2. Generate Power matrix from the runs, optional implementation of control
3. Calculate WECCCOMP evaluation criteria

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

								0:15		Mooring		demonstrate the WEC-Sim Applications for Mooring, https://github.com/WEC-Sim/WEC-Sim_Applications/tree/master/Mooring 		Yi-Hsiang

								0:15		Boundary Element Method Input/Output (BEMIO)		Run BEMIO using statespace, and changing other flags for RM3		Yi-Hsiang		7

								0:15		GitHub		Overview of how to use GitHub for version control and collaborative development.		Kelley

								0:15		WEC-Sim Applications		Review of relevant WEC-Sim applications cases		Labs

								0:15		Homework Q&A 						N/A


























Energy Efficiency &
Renewable Energy

WEC-Sim Training Course ENERGY

WEC-Sim Overview Yi-Hsiang Yu (NREL)




What is WEC-Sim? crorgy iy &

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
— Joint NREL/Sandia project funded by the US Department of Energy
— First Release: v1.0 in June 2014
— Current Release: v4.2 in Dec 2020

=o, U.S. DEPARTMENT OF

W ENERGY

bn"atoms NATIOMAL RENEWABL

WEC-Sim
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License:

Copyright 2014 National Renewable Energy Laboratory and National Technology & Engineering Solutions of
Sandia, LLC (NTESS).

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.

9 | Water Program Technologies Office eere.energy.qgov


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

Why use WEC-Sim? ENERGY |70 Eficency &

[ XoN ) Simulink Library Browser

« Provide hydrodynamic representation of the WEC tolee  Bacmied: e
that consists of multiple bodies (pre-built libs) ]

> Simulink 3D Animation

» Allows user specific modules for system control and
other applications

ings
PTOs PTOs

Wave Structural
Resource Dynamics

. Power
=2 Generation &
| Conditioning

Grid System

e e o o s o
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VVhy use WEC—Sim? “EsﬁFETﬁEFY Energy Efficiency &

Renewable Energy

«  WEC-Sim has the ability to model the dynamics of devices that are comprised
of rigid/flexible 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.

11 | Water Program Technologies Office eere.energy.qgov



WEC-Sim Theory ENERGY | 5o/ e

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

mi(t) =| 1 (O f o O+ fraa O @O+ o O H S, (2)

Mooring force
Power take-off force
Viscous force

Hydrostatic
restoring force
Woave 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 () = - ) X(r)dr f.(t)="= ’R:"""'"" f \,-*z.qfw.)d&v,]

BEM 0 BEMm BEM

Co
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« CAD (Computer-aided design), e.g.,
Rhinoceros, SolidWorks, ANSYS, etc.

MATLAB

« BEM (Boundary Element Method), e.g.,
WAMIT, NEMOH, AQWA SIMULINK

- WEC-Sim (Wave Energy Converter Simulator)
— http://wec-sim.qithub.io/\WWEC-Sim/ e
. Required Toolbox lest Compatible
— Requires MATLAB, Version

SlmU“nk Simscape and MATLAB Version 9.7 (R2019b)
Simscape MU|t|bOdy Simulink Version 10.0 (R201%hb)
. . . Simscape Version 4.7 (R2019b)

— Full functionality has been verified on
Simscape Multibody Version 7.0 (R2019b)

2019b through 2020a.

eere.energy.gov
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http://wec-sim.github.io/WEC-Sim/index.html

Optional Software Energy Effiency &

Renewable Energy

"' ParaView

« ParaView (Optional)
— http://www.paraview.orqg/

— Optional, for additional visualization and
analysis capabilities

— BSD License,
https://www.paraview.org/paraview-license/

*  MoorDyn (Optional)
— https://qgithub.com/WEC-Sim/moorDyn

— Optional, for additional mooring simulation M OO R DY N

features
— GNU General Public License v3.0

14 | Water Program Technologies Office

eere.energy.gov


http://www.paraview.org/
https://www.paraview.org/paraview-license/
https://github.com/WEC-Sim/moorDyn

Reads input file, runs Simulink model, calls

WECSI m.m user-defined functions for output processing

p— -

WEC Geometry WEC-Sim Initialize

Input file variant F T F’OSI‘EI.GI’],
sub-systems velocity,
Simulation Model acceleration,
Al forces, etc.

[WAMIT, AQWA, Reference frame block

time series

Seriiiatel - User defined WEC-Sim
Constraint block(s) functions Output
Processes and
plots outputs

Body

Waves

Constraint

PTO PTO block(s)

Mooring [T Mooring block(s)

Non-linear hydro PTO-5im block(s)

* slx file

* = - S
stl file Visualization

wecSimlInputFile.m

. = External code

. = WEC-Sim distribution

PTO-Sim
Input File

— = Required input

L--------ﬂ
1

ptoSimClass R

=== = Optional input
ptoSimilnputFile.m J
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GitHub Repositories ENERGY | 5o Efioercy &

H https://qithub.com/WEC-Sim

[ Repositories 7 Packages People 8 Teams 4 Projects Settings

Type: All ~ Language: All ~

I - f ___________________ \ L]
| weosm | ) WEC-Sim Source Code
1 Wave Energy Converter Simulator (WEC-Sim) 1
\ ®Matlab k18 %32 Updated 5 days ago 1
_______________________ -
- - T T TsE s s s EEEEEEEEEES ~N
WEC-Sim_Applications | A d d 't' I A I H t'
: Applications of the WEC-Sim code 1 ‘ I I o n a p p I ca I o n s
\ _ :Mat_Iab_*1— lidate_deyszo __________ -’l
WDRT
WEC Design Response Toolbox (WDRT) 1 A

4
R : w) Complied MoorDyn Library
e oo —- _'" To use MoorDyn in WEC-Sim,
— 1. Please Download MoorDyn from the repo https://github.com/WEC-Sim/moorDyn
o e e R 2. Place all the files and folders under WEC-Sim/source/functions/moorDyn folder

®Python %4 ¥11 UpdatedonJun?
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https://github.com/WEC-Sim/moorDyn
https://github.com/WEC-Sim

Documentation LR | Eneroy Effcency &

Renewable Energy

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

A WEC-Sim

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

Search docs

Getting Started
Overview
Theory

Code Structure

verter

Tutorials

Advanced Features

Webinars
License WEC-Sim (Wave Energy Converter SIMulator)

Acknowledgements
WEC-Sim (Wave Energy Converter SIMulator) is an open-source code for simulating wave energy

converters. The code is developed in MATLAB/SIMULINK using the multi-body dynamics solver

Publications

Release Notes
WEC-Sim API

Terminology

er Versions

Simscape Multibody. WEC-Sim has the ability to model devices that are comprised of bodies, joints,
power take-off systems, and mooring systems. WEC-Sim can model both rigid bodies and flexible
bodies with generalized body modes. Simulations are performed in the time-domain by solving the
governing wave energy converter equations of motion in the é Cartesian degrees-of-freedom, plus
any number of user-defined modes. The WEC-Sim Applications repository contains a wide variety
of scenarios that WEC-Sim can be used to model, including desalination, mooring dynamics,



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

Online Forum LR | Enery Effciency &

Renewable Energy

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

LI WEC-Sim / WEC-Sim @ Unwatch~ 21 HStar 34  YFork 59
Code (D lssues 3 Pull requests 0 Actions Projects 6 Security Insights Settings

Filters ~ is:issue is:open © Labels 17 =* Milestones 0 m

L0 ® 30pen + 257 Closed Author ~ Label ~ Projects + Milestones + Assignee ~ Sort -

Ll ® Nemoh results from tutorial\bemio\rm3 [BEMIO - LJ2
#330 opened 5 days ago by frrfrz

L] ® current direction issue ﬂ [J2
#320 opened on Oct 2, 2019 by jackhughes1

[ ® Torque OSWEC hydraulic PTO Bl [pewertakesoff| ] L9
#247 opened on May 1, 2018 by NicolasQu
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U.S. DEPARTMENT OF Energy Effic:iency &
Thank yOU' ENERGY Renewable Energy

Webinars

The WEC-5im team hosted a WEC-5im Online Training Course, and a series of Advanced Features
Webinars. Recordings of each are avallable betow, along with the presentation slides.

Webinar slides and recordings available online: | owineTeiningcouse

http://wec-sim.github.io/WEC-Sim/master/man/webinars.html | «osmecniommmci i

WEC-Sim Overview

The WEC-5im Overview pr tation is avallable for (& WEC-Sim Overview Slides ),
and the recording is available below.

U.S. DEPARTMENT OF

ENERGY
ot 2.sNREL

lahnramms NAT ux. RENEWABLE ENERGY LABORATORY Theory & Workflow

The WEC-Sim Theory & pre ion is available for here (& Theary &
Workflow Slides ), and the recording is available below.

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.



http://wec-sim.github.io/WEC-Sim/master/man/webinars.html
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