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I Get started with WEC-Sim

This presentation will give a demonstration of how to run the reference
model 3 (RM3) WEC in WEC-Sim

1. What is WEC-Sim? What is RM3?

2. Check WEC-Sim is installed

3. Run BEMIO
4. Build Simulink Model e
5. Write wecSimInputFile.m
6. Run WEC-Sim i
7. Visualize Outputs - N




I What is WEC-5im?

WEC-Sim (Wave Energy Converter Simulator)

o

Simulates WECs in operational sea states, based on linear
potential flow theory

Takes frequency-domain hydrodynamic coefficients (e.g. from
BEM codes such as WAMIT or Capytaine) as an input

Uses Cummins’ equation to convert these frequency-domain
coefficients into time-domain forces - enabling us to model
nonlinear constraints, subsystems, moorings, etc.

Developed in MATLAB/Simulink, using Simscape Multibody
Available at https://github.com/WEC-Sim/WEC-Sim
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I Reference Model 3 (RM3)

Device Geometry

The Reference Model 3 (RM3) is a two-body
point absorber consisting of a float and a
reaction plate.
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WEC-Sim Model Files

Listed below are the files required to run the

RM3 simulation in WEC-Sim. Optionally, users
may supply a userDefinedFunctions.m file for
post-processing

File Type File Name Directory
Input File wecSimInputFile.m $WECSIM/tutorials/rm3/
Simulink Model rm3.slx $WECSIM/tutorials/rm3/

Hydrodynamic , -
Dat3 rm3.h5 $WECSIM/tutorials/rm3/hydroData/

Geometry Files float.stl & plate.stl $WECSIM/tutorials/rm3/geometry/

Recommendation: copy the tutorials/rm3 folder

from the WEC-Sim repo into a new location

https://wec-sim.github.io/WEC-Sim/master/user/tutorials.html#two-body-point-absorber-rm3




Check that WEC-Sim is installed

a Navigate to your WEC-Sim folder Then check that WEC-Sim has
and run the script been added to your MATLAB

‘addWecSimSource.m’; path:

<G Hal\ » C: » code » WEC-Sim »

Command Window

>> addWecSimSource

>> path
Name = Git
H 0 git : MATLABPATH
] .github
t docs C:\code\WEC-Sim\source
+ examples C:\code\WEC-Sim\source\functions
= source C:\code\WEC-Sim\source\functions\BEMIO
# tests C:\code\WEC-Sim\source\functions\coordTransformation
== tutorials C:\code\WEC-Sim\source\functions\moorDyn
gitattributes ® C:\code\WEC-Sim\source\functions\paraview
— .gitignore L] C:\code\WEC-Sim\source\functions\simulink
_ C:\code\WEC-Sim\source\functions\simulink\mask
LICENSE . C:\code\WEC-Sim\source\functions\simulink\model
J NOTICE ® C: \code\WEC-S:‘l.m\source\l:‘Lb )
C:\code\WEC-Sim\source\1ib\PTO-Sim
:j rReIEr:E\Ts;?CC;EmSource : C:\code\WEC-Sim\source\1lib\PTO-Sim\BlockFigures
= 3 " C:\code\WEC-Sim\source\1lib\WEC-Sim
—j wecSimTest.m e C:\code\WEC-Sim\source\objects




I RM3 Tutorial: Step 1. Run BEMIO
Run BEMIO

Hydrodynamic data for each RM3 body must be parsed into a HDF5 file using BEMIO. BEMIO
converts hydrodynamic data from WAMIT, NEMOH or AQWA into a HDF5 file, =.hs that is then
read by WEC-Sim. The RM3 tutorial includes data from a WAMIT run, rmz.out , of the RM3
geometryin the s$wecsim/tutorials/rm3/hydrobata/ directory. The RM3 WAMIT rm3.out file and the
BEMIOQO bemio.m script are then used to generate the rmz.hs file.

This is done by navigating to the swecsim/tutorials/rm3/hydronata/ directory, and typing” “bemio™" in

the MATLAB Command Window:

>> bemio
© | bemiom ¥ +
1 hydro = struct();
2
3 hydro = readWAMIT(hydro, 'rm3.cut’',[]);
4 hydro = radiationIRF(hydro,60,[]1,[1,[1.[1);
5 hydro = radiationIRFSS(hydro,[]1,[1);
6 hydro = excitationIRF(hydro,157,[]1,[1,[1.[1);
7 writeBEMIOHS (hydro)
8 plotBEMIO(hydro)|
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https://wec-sim.qithub.io/WEC-Sim/master/user/tutorials.html#two-body-point-absorber-rm3




RM3 Tutorial: Step 2. Build Simulink Model

i. Open RM3.six (it should be blank)
ii. Open the Library Browser

Library Browser

wec-sim

Library Search Results:

Fixed-Point Designer

HDL Coder

PTO-Sim

Simscape

Simulink 3D Animation
Simulink Coder

Simulink Extras

Stateflow

System Identification Toolbox
WEC-Sim

¥ Body Elements

{vvvvvvvvvv

‘ =] o

Flex Body
» Cables
» Constraints
» Frames
» Moorings
b PTOs

Rigid Body

Fixed-Point Designer HDL Support

Library Browser

-]

[ :
|wec-sim

Library Search Results:

=l

Fixed-Point Designer

Fixed-Point Designer HDL Support
HDL Coder

PTO-Sim

Simscape

Simulink 3D Animation

Simulink Coder

Simulink Extras

Stateflow

System Identification Toolbox

¥ WEC-Sim

¥ Body Ele

W W VvV vV vV vV vV vV Y Y

Refresh Library Browser

Open Body Elements library

F5

Flex Body
» Cables
» Constraints
» Frames
» Moorings
» PTOs

Rigid Body

P2 RM3 * - Simulink

SIMULATION DEBUG MODELING FORMAT APPS
JL [ Open ~ |
o o 5| =
= Save .
New Library Signal
~ B Print ¥ Browser Table
FILE LIBRARY PREPARE

The Library Brower may need to be
refreshed to show blocks within the
WEC-Sim library.

https://wec-sim.github.io/WEC-Sim/master/user/tutorials.ntml#two-body-point-absorber-rm3




I RM3 Tutorial: Step 2. Build Simulink Model

ii. Add Rigid Body Blocks

» Place two Rigid Body blocks from Body Elements in WEC-
Sim Library in the Simulink model file, one for each RM3
rigid body.

« Double click on the Rigid Body block, and rename each
instance of the body. The first body must be called

body(1) , and the second body should be called body(2) .

“Variable ‘body’ does not exist”

warning is okay (for now)

oE
5]

mulink Library Browse!

WEC-Sim/Body Elements

> Additional Math & Discrete
> Quick Insert
> Control System Toolbox
Fixed-Point Designer
> Fixed-Point Designer HDL Support
> HDL Coder
> PTO-Sim
> Simscape
> Simulink 3D Animation
> Simulink Coder
> Simulink Extras
Stateflow
> System Identification Toolbox
v WEC-Sim
Body Elements
Cables
Constraints
Frames
Moorings
PTOs
Recently Used

= —

P4 RM3 * - Simulink

DEBUG

SIMULATION

Conn (3 Conn D = = -

RM3

Flex Body

MODELING

FILE | UBRARY  Prepare || Normal
5§ Fast Restart Back v -

FORMAT APPS

P 4 ®

Step Run

SIMULATE

REVIE'

<« [Bp

Rigid Body

© [alRM3

Q
&

Block Paramef ters: Spar %

OK ‘ Cancel ‘ Help Apply
T

Body Number: A |body(2)] i

Global Reference Frame option "Use Input File" is
v

viEE

Conn

el

Float
body(1)

O

Conn

Spar
body(2)

Ready

153%

https://wec-sim.github.io/WEC-Sim/master/user/tutorials.html#two-body-point-absorber-rm3

ode4



I RM3 Tutorial: Step 2. Build Simulink Model

iii. Add Global Reference Frame

« Place the Global Reference Frame from Frames in the WEC-Sim

Library in the Simulink model file. The global reference frame acts , _ , , oy
Variable ‘body’ does not exist

as the seabed. ) -
ey s o warning is okay (for now)

o
[ =]

Simulink Library Browser
< IE{ = = - B DEBUG MODELING FORMAT APPS BLOC
'WEC-Sim/Frames Stop Time | 400 @ ; UD

£ || Normal

Signal Routing e
Staks Active Method; Comlal o Fast Restart Back v v  Forward
Sources
string
User-Defined Functions
> Additional Math & Discrete
> Quick Insert
> Control System Toolbox Q
Fixed-Point Designer o comb
=
B

=
b
2
«in 2

Global Reference Frame

> Fixed-Point Designer HDL Support
> HDL Coder
> PTO-Sim
> Simscape
> Simulink 3D Animation =
> Simulink Coder
> Simulink Extras O com
Stateflow

> System Identification Toolbox
v WEC-Sim

Body Elements

Cables

Constraints
Frames La Am;:‘ﬂ;l:\:le;“heod: comB
Moorings =

PTOs
Global Reference Frame
Recently Used £

Spar
body(2)

Ready 104% ode4

https://wec-sim.github.io/WEC-Sim/master/user/tutorials.html#two-body-point-absorber-rm3




I RM3 Tutorial: Step 2. Build Simulink Model

iv. Add 3DOF Constraint and Translational PTO

« Place the Floating (3DOF) block from Constrains to connect the plate to the seabed. * B sta ndS for Base
This constrains the plate to move in 3DOF relative to the Global Reference Frame.
« Place the Translational PTO block from PTOs to connect the float to the spar. This  F stands for Follower
constrains the float to move in heave relative to the spar, and allows definition of
HIkcampihg: * It is very important to use the

e ane: s . correct base and follower

&8 simulink Library Browser
& & [wecsim e B o=@ SIMULATION MODELING FORMAT
WEC-Sim/PTOs Stop Time | 400 ‘ q& Q/‘ m>
Signal Routin Ml — fem Normal | ]
aplosins =N | | e (MO ) sy mnswp - Base port towards the Global
B 5@ Fast Restart Back ¥ b Forward
v - -
Rotational PTO R SiMUL .
Actuation Motion RM3 =
User-Defined Funct - ’
e © five . Follower port away
sert.
Control System Toolbox Rotational PTO Spherical PTO @
Fixed-Point Designer SEGEEON TAHES a
> Fixed-Point Designer HDL Support
> HDL Coder = 2 YZi o / V4 ; V4
- ariagole ‘pto”does not exist
) s
Simiscape ‘ActlIBtion:Farce body(1) | Transiational PTO o .
ke - o warning is oka or now
Simulink Coder
Simulink Extras T O
ol Translational PTO
tate Actuation Motion "
System Identification Toolbox
v WEC-Sim ]
Body Elements Spar
Cables body(2)
Constraint:
Frames - = S
Shoaos = Save ¥
PTOs 5] Input File
Recently Used »
Ready 112% oded

https://wec-sim.github.io/WEC-Sim/master/user/tutorials.html#two-body-point-absorber-rm3




I RM3 Tutorial: Step 3. Write wecSiminputFile.m

- Input file must be named: wecSiminputFile.m - Update the following:

* Input file must be located in the case

directory' simu.simMechanicsFile = 'RM3.slx';
Z . waves = waveClass ('regular');
SWEC-Sim/tutorials/RM3 waves.period = 8;
waves.height = 2.5;
- Input file template provided in: poav (1) - ioiygiass‘:iygroga‘iafmg'ig:)f
SWEC-Sim/tutorials/RM3 ody (2) = bodyClass ('hydroData/rm3.h5");

pto(l) .stiffness = 0;
pto(l) .damping = 1200000;

+ Complete input file located in:
SWEC-Sim/examples/RM3

https://wec-sim.github.io/WEC-Sim/master/user/tutorials.html#two-body-point-absorber-rm3



I RM3 Tutorial: Step 4. Run WEC-5im

Run wecSim.m

To execute the WEC-Sim code for the RM3 tutorial, type wecsim into the
MATLAB Command Window. Below is a figure showing the final RM3
Simulink model and the WEC-Sim GUI during the simulation. For more

information on using WEC-Sim to model the RM3 device, refer to [A1].
* Must execute WEC-Sim from

P4 RM3 - Simulink - [u} X ] >

SSSSSSSSSS Stop Time | 400 MA > "t H ;7SET;:'SﬁWWr;d'zU\%%\'@@'iview p—— e th e C a Se d i r e Cto ry:

T ——— $WEC-Sim/tutorials/rm3

© [PalRM3 ’ E.

.  Type into Command Window:

= ARl — We CSim. m

. ” b |

D s = - Mechanics Explorer should
= e bt open up with RM3 simulation

N |

R»dy — w [@QOONIEETI @) x — f— Tmefzs

https://wec-sim.github.io/WEC-Sim/master/user/tutorials.html#two-body-point-absorber-rm3




RM3 Tutorial: Step 5. Post-Processing

Post-processing

The RM3 tutorial includes a userbefinedrunctions.m which plots RM3
forces and responses. This file can be modified by users for post-
processing. Additionally, once the WEC-Sim run is complete, the
WEC-Sim results are saved to the output variable in the MATLAB

Workspace. : body1 (float) Heave R, A {=| " @ Q) 4} 3 X 108 body1 (float) Heave Forces
— 0 0SitiON forceTotal
- velocity 2l == force Excitation
= = acceleration ‘é“ forceRadiationDamping (|
5 *Z e force AddedMass
g = forceRestoring
5 % e fOrce Viscous
= fi Li D
E &y L e LSS LT |
5 5 S T T,
© =
Z Z I
8. [0} S M 0 0 O O O O
@ - 2
o = Al
i 0 50 100 150 200 250 300 350 400 -3 - : : : : : :
0 50 100 150 200 250 300 350 400

Time (s)
Time (s)

https://wec-sim.github.io/WEC-Sim/master/user/tutorials.html#two-body-point-absorber-rm3




Thank you

For more information please visit the WEC-Sim
website:

If you have questions on this presentation please
reach out to any of the WEC-Sim Developers on
GitHub:
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