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Course Agenda

U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy

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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Code Structure Topics ERNERGY | Eneroy Emeiency &

Renewable Energy

Time (MT) | Topic (-Duration)

11:00 am WEC-Sim Code Structure * Code Structure Overview: ~10min
~1hr total « WEC-Sim source code

 WEC-Sim models: input files and Simulink models
« WEC-Sim Objects (.m): ~30min
» Object oriented programming: objects, properties, methods, etc.
» High level overview of: bodyClass, waveClass, simulationClass, ptoClass,
constraintClass, mooring, etc
« WEC-Sim Library Blocks (.sIx): ~20min
» body, constraint, pto, frame
» what simulink blocks are available, how are they defined
* what is a mask, how to go under a mask
 variant subsystems and how to define them
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WEC-S U.S. DEPARTMENT OF Ener’gy EfﬁCIenC}y &
Im ENERGY

Renewable Energy

i } WEC-Sim/source/
WEC-SIm source code consists of:

functions File folder |
File Type File name Directory i ik Eile_folder :
1 - . — - -
[l | UUJC\..!.:I [ L= A LW L | I
WEC-Sim Executable Script wecSim.m $Source BT avieW Macros STETSTHET
. . . D .gitignore Text Document
WEC-Sim MATLAB Obijects <object>Class.m $Source/objects = T o e
B2 m e
4 .
WEC-Sim Simulink Libary <block>_Lib.sIx $Source/lib wecSim.m MATLAB Code I
iy
werlmbtar[up.m IVIATLAD L_Ode '

WEC-Sim model files consist of: Case Directory

geometry File folder
File Type File name Directory i - hydroData File folder
u ndbcBuoyData.txt Text Document
Input File wecSimlnputFile.m $CASE =| RFADME vt Tevt Dacimant
. . . . v " RM3.sl Simulink Model
Simulink Model <Simulink_model_name>.slx $CASE | LATJ X [muiinievieds I
s a TRl SRR==E0 0t W E-Eate
Hydrodynamic Data <hydrodata_file_name>.h5 $CASE/hydroData * | userDefinedFunctions.m MATLAB Code I

_ M* | wecSiminputFile.m MATLAB Code
Geometry File <STL_file_name>.stl $CASE/geometry
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WEC-Sim Source Code ENERGY | S rcieno e

WEC-SIm source code consists of:

File Type File name Directory
WEC-Sim Executable Script wecSim.m $Source
WEC-Sim MATLAB Obijects <object>Class.m $Source/objects
WEGC-Sim Simulink Libary <block>_Lib.sIx $source/1ib

— Source code is included in the MATLAB path
— Can be executed from any directory
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WEC-SIim Executable o2 pema | Enoroy Effiency &

Renewable Energy

WEC-Sim/source/wecSim.m WEC-Sim/source/

functions File folder
lib File folder
File Type File name Directory . objects File folder

: - . araview_macros File folder
WEC-Sim Executable Script wecSim.m $Source | —< = P -
.gitignore ext Document

" | wecSimm MATLAB Code

WEC-Sim Simulink Libary <block>_Lib.slIx $Source/1ib e vecSimStartupm NATTAE Code
\ 1p—l

WEC-Sim MATLAB Objects <object>Class.m $Source/objects A oEADMEmd MEEe I

4\ MATLAB R2017a

e Executing wecSim.m
— parses the WEC-Sim input file

bt}

Current Folder

— performs preprocessing calculations in each of the classes NG

lie s BAS2017 200,

1
objects W B/5/2017 522

— selects and initializes variant subsystems in the Simulink model 7%;::;;:;; ST EE | 5 e e e e 0 i et
— runs the time-domain simulation in WEC-Sim L - ——
* View wecSim.m from MATLAB Command Window T

>>0pen wecSim K

Command Window

Mew to MATLABT See resources for Gething Started.

A.‘... P e

Details
1+ Click and drag to maove waveClass.m or its tab_
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WEC_SI m O bJ eCtS Eﬁ”E”ﬁEFY Energy Efficiency &

Renewable Energy

WEC-Sim/source/objects/

e WEC-Sim/source

File Type File name Directory functions File folder
] _ ] 1 lib File folder I
WEC-Sim Executable Script wecSim.m $source _ objects File folder I
WEC-Sim MATLAB Objects <object>Class.m $Source/objects paraview_macros rile Tolaet
E .gitignore Text Document
WEC-Sim Simulink Libary <block>_Lib.slx $Source/1ib ' README.md MD File
1% | wecSim.m MATLAB Code
\

* | wecSimStartu p.m MATLAB Code

* Define classes in the WEC-Sim input file

— wecSimInputFile.m WEC-Sim/sourcel/objects
 The following classes create the WEC-Sim objects

t bodyClass.m MATLAB Code

— simulationClass.m, waveClass.m, bodyClass.m, * | constraintClass.m MATLAB Code
constraintClass.m, ptoClass.m, mooringClass.m . ”"°:‘“9C'a“-m mtiz E:

. . . . . . ptoClass.m ode

« WEC-Sim objects are required to run WEC-Sim simulations 2 * ptosimClassm MATLAB Code
: : . : : : : “ | responseClass.m MATLAB Code

— simu, waves, body(i), pto(i), constraint(i), mooring(i) PE ATLAS Code

* View properties or open classes from MATLAB Command Window *| waveClassm MATLAB Code

>> doc className
>> open className
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WEC-SIm Library Blocks ENERGY | sy Emeiency &

Renewable Energy

WEC-Sim/source/lib/ WEC-Sim/source

functions File folder ki

File Type File name Directory — lib File folder
] obhjects File folder

_< paraview_macros File folder

. . . giti Text D t
WEC-Sim MATLAB Obijects <object>Class.m $Source/objects grtignore et Focumen
L README.md MD File

A A - q 9 4 .
WEC-Sim Simulink Libary <block>_Lib.sIx $Source/lib wecSim.m MATLAB Code
t wecSimStartup.m MATLAB Code

WEC-Sim Executable Script wecSim.m $source

[ JoN ] Simulink Library Browser

« WEC-Sim source code includes WEC-Sim library blocks: T TR

WEC-Sim

— Body Elements, Constraints, Frames, Moorings, PTOs e .

» Computer Vision System Toolbox

Control System Toolbox

e Define WEC dynamics in WEC-Sim Simulink model using e g [| ST O e

» Embedded Coder ‘ ‘ ‘ ‘

- - » Fuzzy Logic Toolbox
WEC-Sim Library Blocks oLt
Image Acquisition Toolbox Moorings PTOs

Instrument Control Toolbox
» Neural Network Toclbox

— <Simulink_modelname>.slx — | o i oobon

» Simscape
> Simulink 3D Animation

* View properties by double clicking on blocks T

> Simulink Extras

Simulink Verification and Validation
Stateflow

— displays description and block parameters S e e

 There should be a one-to-one between the objects defined po
In the input file and the blocks used in the Simulink model.

Recently Used Blocks
10 | Water Program Technologies Office eere.energy.gov
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WEC-SIim Model Files s core | Enorgy Efficincy &

Renewable Energy

WEC-SIim model files consist of:

File Type File name Directory
Input File wecSimlInputFile.m $CASE

Simulink Model <Simulink_model_name>.sIx $CASE
Hydrodynamic Data <hydrodata_file_name>.h5 $CASE/hydroData
Geometry File <STL_file_name>.stl $CASE/geometry

 Model files are located in the case directory
« WEC-Sim models must be executed from the case directory
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WEC-Sim Input File o2 ot | Energy Effciency &

Renewable Energy

wecSimInputFile.m case Directory
geometry File folder
File Type File name Directory hydroData File folder
Input File wecSimlnputFile.m $CASE = ndbcBuoyData.txt Text Document
< D README.txt Text Document
Simulink Model <Simulink_model_name>.sIx $CASE "4 RM3.slx Simulink Model
Hydrodynamic Data <hydrodata_file_name>.h5 $CASE/hydroData ¥ umpquad6229_6_2008.mat MATLAB Data
*  userDefinedFunctions.m MATLAB Code
Geometry File <STL_file_name>.stl $CASE/geometry 4\ e e MATLAB Code
\

 Located in the case directory

 Initialize and define classes in the WEC-Sim input file
— wecSimInputFile.m

« WEC-Sim objects are required to run WEC-Sim simulations
— simu, waves, body(i), pto(i), constraint(i), mooring(i)
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WEC-SIm Input File

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

wecSiminputFile.m

VW W W W W W W W W NN RN NNNRE R R R R R e e e

| wecSimInputFile.m [+ |
|| %% Simulation Data Tu
simu = simulationClass();
simu.simMechanicsFile = 'RM3.slx'; -
simu.startTime = 0;
simu.rampTime = 100; —
simu.endTime=400;
simu.dt = 0.1;
%% Wave Information
% Regular Waves —
waves = waveClass('regular');
waves.H = 2.5;
waves.T = 8; -
%% Beody Data
% Float
body (1) = bodyClass('hydroData/rm3.h5");
body (1) .geometryFile = 'geometry/float.stl';
body (1) .mass = 'equilibrium'; -
body (1) .momCfInertia = [20907301 21306090.66 37085481.11];
% Spar/Plate
body (2) = bodyClass('hydroData/rm3.h5") ;
body (2) .geometryFile = 'geometry/plate.stl';
body (2) .mass = 'equilibrium';
body (2) .momOfInertia = [94419614.57 94407091.24 28542224.82];
%% PTO and Constraint Parameters
% Floating (3DOF) Joint —_—
constraint (l) = constraintClass('Constraintl');
constraint(l).loc = [0 O 0];
% Translational PTO
pto(l) = ptoClass('PTOLl"): _—
pto(l) .k = 0;
pto(l).c = 1200000;
pto(l).loc = [0 O 0] -

Initialize Simulation Class
Set Properties of Simulation Class

Initialize Wave Class
Set Properties of Wave Class

Initialize Body Class Instances
Set Properties of Body Class Instances

Initialize Constraint Class

Set Properties of Constraint Class
Initialize PTO Class

Set Properties of PTO Class
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WEC-Sim Simulink File o2 piiemeasl | Enorgy Effciency &

Renewable Energy

<Simulink_model name>.slx

o Case Directory
File Type File name Directory geometry File folder
Input File wecSimInputFile.m $CASE hydroData File folder
D ndbcBuoyData.txt Text Document
Simulink Model <Simulink_model_name>.slx $CASE —< = README txt Text Document
Hydrodynamic Data <hydrodata_file_name>.h5 $CASE/hydroData @' RM3.slx Simulink Model
= umpqguadolZy_o_2uus.mat VIATLAB Data
Geometry File <STL_file_name>.stl $CASE/geometry # | LserDefinedEunctions.m MATLAB Code
wecSimlnputFile.m ode
[ | wecSimInputFil MATLAB Cod

* Located in the case directory

o Define model file using WEC-Sim Library Blocks
o <Simulink_model name>.slx
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WEC-Sim Simulink File o2 piiemeasl | Enorgy Effciency &

Renewable Energy

Hydrodynamic Body
Conn [[
P — Body Block
x
\
é\) — Translation PTO Block
S
©
c | Hydrodynamic Bj
[
©
o
= — Body Block
| Conn [H-o
-
=
>
= 2I0¢
‘N C
(\,/) Spar/Plate
body(2

(2] Toating (3DOF) — Floating (3DOF) Block

constraint(1)

— Global Reference Fram

Global Reference Frame
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WEC_SI m O bJ eCtS Eﬁ”E”ﬁEFY Energy Efficiency &

Renewable Energy

WEC-Sim/source/objects/

e WEC-Sim/source

File Type File name Directory functions File folder
] _ ] 1 lib File folder I
WEC-Sim Executable Script wecSim.m $source _ objects File folder I
WEC-Sim MATLAB Objects <object>Class.m $Source/objects paraview_macros rile Tolaet
E .gitignore Text Document
WEC-Sim Simulink Libary <block>_Lib.slx $Source/1ib ' README.md MD File
1% | wecSim.m MATLAB Code
\

* | wecSimStartu p.m MATLAB Code

* Define classes in the WEC-Sim input file

— wecSimInputFile.m WEC-Sim/source/objects

 The following classes create the WEC-Sim objects S
bodyClass.m MATLAB Code
— simulationClass.m, waveClass.m, bodyClass.m, * | constraintClass.m MATLAB Code
constraintClass.m, ptoClass.m, mooringClass.m . ”"°:‘“9C'a“-“" mtiz E:
] . . . ] . ptoClass.m ode
« WEC-Sim objects are required to run WEC-Sim simulations 2 * ptosimClassm MATLAB Code
: : . : : : : “ | responseClass.m MATLAB Code
— simu, waves, body(i), pto(i), constraint(i), mooring(i) e ATLAB Code
* | waveClass.m MATLAB Code

18 | Water Program Technologies Office eere.energy.gov



WEC_SI m O bJ eCtS Eﬁ”E”ﬁEFY Energy Efficiency &

Renewable Energy

« WEC-SIim has several different classes
— simulationClass.m
— waveClass.m
— bodyClass.m
— constraintClass.m v v

— ptoClass.m
PROPERTIES METHODS

OBJECT

— mooringClass.m
— responseClass.m

e Each class contains: l l

— Properties that can be defined
— Methods (aka functions) that can be executed L INITIALIZATION } L OTHER }
« WEC-SIim input file determines which properties

are defined and methods are executed
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WEC_SI m O bJ eCtS Eﬁ”E”ﬁEFY Energy Efficiency &

Renewable Energy

e Each class creates a corresponding object
— simulationClass.m = simu

OBJECT
— waveClass.m = waves
— bodyClass.m =2 body(i)
— constraintClass.m = constraint(i) v v
— ptoClass.m -2 pto(i)
: : : PROPERTIES METHODS
— mooringClass.m =2 mooring(i)
— responseClass.m =  output
* Properties defined in the WEC-Sim input fie l l
used initialize variant subsystems in the
WEC-SIm Library Blocks L INITIALIZATION } L OTHER J
— simu.b2b =1,

— body(i).nhBody = 1,
— waves = waveClass(‘regular’);
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WEC_SI m O bJ eCtS Eﬁ”E”ﬁEFY Energy Efficiency &

Renewable Energy

>> doc ptoClass

e WEC-SIm Classes =

4w & - @ | MATLABFile Help: ptoClass ¢ | + | B O EI@H ~
L I t - CI MATLAE File Help: ptoClass Wiew code for ptoClass Go to online doc for ptoClass Default Topics
— SimulationcCiass.m
ptoClass
W aV eCl aS S m BRI LR R LR R L LR R L LRI L LR AL R LILIERRILILIERRILIRERRILIERRRIRREY
L] Copyright 2014 the Naticnal Renewable Energy Laboratory and Sandia Corporation

Licensed under the Apache License, Version 2.0 (the "License");
vou may not use this file except in compliance with the License.

_— O y aS S .l I l You may cobtain a copy of the License at

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

.
— C O n Stral nt‘ IaSS l I l Unless required by applicable law or agreed to in writing, software
]

distributed under the License is distributed on an "AS IS" BASIS,
WITHCOUI WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
See the License for the specific language governing permissions and

tO CI aSS I I l limitations under the License.
L} BRI LR R LR R L LR R L LR LR LR R L L LR L LR R EILIERERILILIRERRILIRERRILIRRRTE

Class Details

— mooringClass.m Comins e

Sealed false
Constructon load false

- reS p O n S eC| aS S . m Constructor Summary

DtoClass Initilization function

Property Summary

L PTC damping. Default=0
O B J E C I initDisp Structure defining the initial displacement

k PTO stiffness. Default=0
I loc PTC location. Default=[00 0]
name Name of the pto
* * orientation  Structure defining orientation parameters
ptoNum PTO number.
PROPERTIES | METHODS Method Summary
addlistener Add listener for event
checklLoc Checks if location is set and outputs a warning or error.
delete Delete a handle object
$ ¢ eq == (EQ) Test handle equality.

findobj Find objects matching specified conditions. -

INITIALIZATION OTHER




WEC_SI m O bJ eCtS Eﬁ”E”ﬁEFY Energy Efficiency &

Renewable Energy

>> open ptoClass

« WEC-SIm Classes
— simulationClass.m -

EDITOR PUBLISH

wecSim.m ptoClass.m constraintClass.m mooeringClass.m bodyClass.m +
15 ] .:...\-_.:...-_.:...:.:...:.._............._.:...._.:...v_.:...\-_.:...\-_.:...:.:...:.:_,,............-...._.:...v_.:...\—_.:...\—_.:...-_.:...:.:...:.:...-.-...-...,_,..,.,_.-j
- -~
— Cl 16
W aV e aS S - m Ly classdef ptoClass<handle
18 properties (SetAccess = 'public', GetAccess = 'public')%input file
— b d Cl 19 name = '"NOT DEFINED'
oaycClass.m il " .
. Phil= e =0
_ t tCI 22 loc = [999 999 999]
ConS ral n aSS 'm 23— orientation = struct(...
24 vz, [0, 0, 11, ...
_ 25 v'y [0, 1, 01, ...
ptoClass.m i
. 27 "rotationMatrix', [])
- 28 initDisp = struct(...
mooringClass.m : s, wom
0= end
— responseClass.m . | .
32 properties (SetAccess = 'public', GetAccess = 'public')%internal
33 ptoNum =[]
34 end
35
O B J ECT 36 methods
37 function obj = ptoClass(name)
] 38 % Initilization function
- 3% obj.name = name; —
* * 40 — end —
41 -
PROPERTI ES J M ETHODS 42 function obj = checkLoc (obj,action)
43 ¢ Checks if location is set and outputs a warning or error.
44 % Used in mask Initialization.
45 switch action
46 — case 'W'
$ ¢ 47 - if obj.loc == 999 % Because "Allow library block to modify its
43 obj.loc = [BEB 898 8886]; ~
INITIALIZATION | | OTHER « :
ﬂ:]ick and drag to move the document tabs... ptoClass Ln 13 Col 25
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Simulation Class

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

simulationClass.m

The simulation class contains the simulation
parameters and solver settings necessary to
execute the WEC-Sim code.
* Required Properties:

— simMechanicsFile

— startTime, endTime, dt, rampTime, ClTime

— (many have default values)
e Optional Properties:

— ssCalc, nlHydro

— mode, solver

— explorer, paraview, domainSize

— rho, g
e Contains all simulation options (time, fluid

properties, solver, visualization, etc.)

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

24 | Water Program Technologies Office eere.energy.gov

>>simu

4\ Command Window

>> simu

simu =

simulationClass with properties:

simMechanicsFile:
startTime:
rampTime:
endTime:
dt:

dtout:
dtNL:
dtCITime:
CITime:
domainSize:
ssCalc:
mode:
solver:

"TRM3.slx"
0

100

400
0.1000
0.1000
0.1000
0.1000
60

200

0
"normal’
'oded'

numIntMidTimeSteps: 5

autoRateTranBlk:
zeroCrossCont:
explorer:

rho:

g:

nlHydro:

bZb:

paraview:
adjMassWeightFun:
mcrCaseFile:
morrisonElement:
outputtxt:
reloadHS5Data:
saveMat:
pressureDis:
version:

fx simulationDate:

‘on'
'Disableall’
‘on'

1000

9.8100

0

o o o o~ N oo

{'0974ffa052balaaltlca%ai4361648d3385dL673"}

l6-RAug-2017 22:36:11




Wave Class BRI sl | Energy Efficiency &

Renewable Energy

waveClass.m >>Waves

i . . 4\ Command Window - O X
The wave class contains all wave information s rves ®
necessary to define the incident wave condition for e

the WEC-Sim time-domain simulation. raveCiase with bropertics:
® ReqUIred Propertles type: 'regular'

T: 8

— type H: 2.5000

. , . . . spectrumType: 'NOT DEFINED'

— Each wave ‘type’ has different required properties randprepefined: 0

spectrumDataFile: 'NOT DEFINED'
etaDataFile: 'NOT DEFINED'

. . numFreqg: 1001
Wave Type Required Properties fregRange: []

waveDir: 0

nollave waves.T viz: [1x1 struct]
statisticsDataLoad: []

t Num: 10
nolWaveCIC N/A ypetum
bemFreq: [1x260 double]
waterDepth: 200
regular waves.H , waves.T deepWaterWave: 1
waveRnmpTime: [4001x2 double]
regularCIC waves.H , waves.T A: 1.2500
w: 0.7854
. h Rand: 0
irregular waves.H , waves.T , waves.spectrumType phase az o
\"H
k: 0.0629
spectrumImport waves.spectrumDataFile
etaImport waves.etaDataFile
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B Ody C I a_SS EﬁPAERTﬁEFY Energy Efficiency &

Renewable Energy

bodyClass.m >>hody(1)

The body class contains the mass and hydrodynamic ‘“mma““""”“““ I
. . . >> body (1) \¥/
properties of each body that comprises the WEC being
simulated.
. . bodyClass with properties:
* Required Properties: reapatas (11 sreat)
— mass: value, ‘equilibrium’, ‘fixed’ pare: ! Hoat!
_ momoﬂnertla (except fOI‘ nflxeda maSS) momOfInerti;; ifioz{ig;liiBO@er 3.7085e+07]
- geometryl:lle geome:i;?i]ii; ?;Z(-)r?lzigy/float.stl‘
_ h5|:||e viscDrag: [1x1 struct]

initDisp: [1x1 struct]
linearDamping: [0 0 0 0 0 0]

e Optlonal Propertles userDefinedExcIRF: []
. viz: [1x1 struct]
- V|SCDrag morrisonElement: [1x1 struct]
. . nhBody: 0
- InltDISp bodyGeometry: [1x1 struct]
. . hydroForce: [1x1 struct]
- IlnearDamplng h5File: 'hydroData/rm3.h5'
i hydroDataBodyNum: []
_— V|Z massCalcMethod: 'equilibrium'
bodyNumber: 1
« Useful input information: bodyTotal: 2

lenJ: [6x1 double]

— hydroData (BEM data)
— hydroForce (force time-series)
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Constraint and PTO Classes Lx Ciarige d | Energy Efiency &

Renewable Energy

constraintClass.m >>constraint ~ >>pto

Constraint blocks connect WEC bodies to on one another $ Command Window - o X
(and possibly to the seabed) by constraining DOFs.

»>» constraint ®

constraint =

hd Constralnt CIaSS Properties constraintClass with properties:
— name name: 'Constraintl'
loc: [0 O O]
- LOC orientation: [1x1 struct]

initDisp: [1x1 struct]
constraintNum: 1

ptoClass.m
Power Take-Off (PTO) blocks connect WEC bodies to e
one other (and possibly to the seabed) by constraining oo
DOFs and applying linear damping and stiffness orientation: (141 strct)
« PTO Class Properties initoisps (1) struct
°* Name Py
* |oc
e k
e C

« NOTE: loc required for rotational PTOs & Constraints
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Mooring Class ENERGY | onorey Sffictency &

mooringClass.m >>mooring
ACommand Window - O .
Mooring class contains all information > mooring ”
about definition of the mooring system
] mooringClass with properties:
® Moorlng types: name: 'mooring'
— Matrices _ mi;;:; E”f 2%}&3
— MoorDyn A
loec: [0 O O 0 0 0]
moorDan:;zilgi:: C[’]

* Properties:
— name
— ref
— matrix
— InitDisp
— moorDynLines

fx > |
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Response Class (Output Structure)  gNERGY | 5uorey Sriceney &

Renewable Energy

responseClass.m

: : : : >>output
‘output’ created at the end of a WEC-Sim simulation. It contains oupu
all the output time-series and methods to plot and interact with ¢ commenduinder I

the results. output -
e output variable = responseClass instance espenastiase L provertes

wave: [1lx1 struct]

— Contains all time series from simulation podtes: [1x2 seruct)
. . . . constraints: [1x1 struct)
— Contains all time-series calculations ptosim: [1x1 struct]

mooring: [1x1 struct]
moorDyn: [1x1 struct]

— methods for quick plotting

>> output.bodies (1)

* Properties:
— bOdleS struct with fields:

— ptos

— constraints

— ptosim

$Case/output/RM3_matlabWorkspace.mat

name:
time:

position:

velocity:

acceleration

forceTotal:
forceExcitation:
forceRadiationDamping:
forceAddedMass:
forceRestoring:
forceMorrisonAndViscous:
torceLinearDamping:

'buoy_a'

[40001=1 double]
[40001x6 double]
[40001x6 double]

: [40001%x6& double]

[40001x6 double]
[40001x6 double]
[40001x6 double]
[40001=6& double]
[40001=6& double]
[40001x6 double]
[40001x& double]

fx>> |

http://wec-sim.qithub.io/WEC-Sim/code structure.html#output-structure
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WEC-SIm Library Blocks ENERGY | sy Emeiency &

Renewable Energy

WEC-Sim/source/lib/ WEC-Sim/source

functions File folder ki

File Type File name Directory — lib File folder
] obhjects File folder

_< paraview_macros File folder

. . . giti Text D t
WEC-Sim MATLAB Obijects <object>Class.m $Source/objects grtignore et Focumen
L README.md MD File

A A - q 9 4 .
WEC-Sim Simulink Libary <block>_Lib.sIx $Source/lib wecSim.m MATLAB Code
t wecSimStartup.m MATLAB Code

WEC-Sim Executable Script wecSim.m $source

[ JoN ] Simulink Library Browser

« WEC-Sim source code includes WEC-Sim library blocks: T TR

WEC-Sim

— Body Elements, Constraints, Frames, Moorings, PTOs e .

» Computer Vision System Toolbox

Control System Toolbox

e Define WEC dynamics in WEC-Sim Simulink model using e g [| ST O e

» Embedded Coder ‘ ‘ ‘ ‘

- - » Fuzzy Logic Toolbox
WEC-Sim Library Blocks oLt
Image Acquisition Toolbox Moorings PTOs

Instrument Control Toolbox
» Neural Network Toclbox

— <Simulink_modelname>.slx — | o i oobon

» Simscape
> Simulink 3D Animation

* View properties by double clicking on blocks T

> Simulink Extras

Simulink Verification and Validation
Stateflow

— displays description and block parameters S e e

 There should be a one-to-one between the objects defined po
In the input file and the blocks used in the Simulink model.

Recently Used Blocks
31 | Water Program Technologies Office eere.energy.gov
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WEC-Sim/sourcel/lib/

¢ W E C - S I m L I b rary @4 Simulink Library Browser — N »

< Enter search term g~y =@
WEC-Sim

— Drag & Drop library

> DSP System Teolbox
» DSP System Toolbox HDL Support

— Mask et
> PTO-Sim Body Elements Constraints Frames

> Simscape

# Simulink 3D Animation

e Simulink Model } S
— Made of WEC-Sim library blocks

— Body Elements, PTOs,
Constraints need to be numbered

Stateflow Moorings PTOs
v WEC-Sim :

32 | Water Program Technologies Office eere.energy.gov
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WEC-Sim/sourcel/lib/

- - ["a] Block Parameters: Float X QEQ’/‘
¢ S|mUI|nk Mas kS Subsystem (mask) (link) oot
. . Parameters
— A mask is a custom user interface for a Body Name: - —
block Posv) 5
[Hydrodynamic 8
— By masking a block you encapsulate the ==t
block diagram to have its own parameter o
dialog box with its own block description,
parameter prompts, and help texts. s
&
« Denoted by down arrow %
Fruatingiun(::‘.‘i]OF]

 Double clicking on mask opens
dialog box

e Clicking on down arrow (Ctrl+U)
goes under the mask

https://www.mathworks.com/help/simulink/block-masks.html

33 | Water Program Technologies Office eere.energy.gov
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Variant Subsystems s core | Enorgy Efficincy &

Renewable Energy

WEC-Sim/sourcel/lib/

e Variant Subsystems

— Variant subsystems let you provide
multiple implementations for a subsystem
where only one implementation is active
during simulation.

— You can programmatically swap out the
active implementation and replace it with
one of the other implementations without
modifying the model.

 Denoted by double squares

 Double click on subsystem to view
variant subsystem (unless masked)

A
Spar/Plate
body(2)

Global Reference Frame

https://www.mathworks.com/help/simulink/examples/variant-subsystems.html
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Variant Subsystems s core | Enorgy Efficincy &

Renewable Energy

WEC-Sim/sourcel/lib/ pem—

« WEC-Sim Library Blocks contain many variant
subsystems which are activated by WEC-Sim input

file, wecSimInputFile.m in wecSim.m @‘m

» Right click on block with variant subsystem and =
select ‘Block Parameters (Subsystem)’ to see
variant control variables

2 Translational PTO
pto(1)

s Hydrodynamic B
\%&l Block Parameters: Float X
Wariant Subsystem
The Variant Subsystem block can have one active choice for simulation. The variant control determines which choice is active. The
variant control can be a condition expression, a Simulink.Variant object specifying a condition expression or a default variant.
Variant choices (list of child subsystems or model blocks)
Name (read-only) Variant control Condition (read-only] Conn ¢
Non-Hydro Body sv_bl_nonHydroBody (NfA)
Z0v
Spar/Plate
Override variant conditions and use the following variant body(2)
Vanant: sv_bl_hydroBody (Hydrodynamic Body) :
Analyze all cheices during update diagram and generate preprocessor conditionals @ Floating (3DOF)
" : ) constraint(1)
Propagate conditions outside of variant subsystem X
Open block in Variant Manager J
[
> Concel ey |y 2

Global Reference Frame

https://www.mathworks.com/help/simulink/examples/variant-subsystems.nhtmi
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Body Elements

f
&3 Simulink Library Browser — O X
& |Enter search term g v Py 2 (@
] T _
@L Simulink Library Browser O WEC-Sim/Body Elements
L] |Enter search term ‘4&{ = e @ > Simulink Hydrodynamic Body
WEC-Sim > DSP System Toolbox
> Sk > DSP System Toolbox HDL Support Conn [J
imulin
» DSP System Toolbox ; I;.?é_gpder
> DSP System Toolbox HDL Support 10-sim
> HDL Coder 7 Simscape Rigid Body
> PTO-Sim Body Elements Constraints Frames > Simulink 3D Animation
> Simscape » Simulink Coder
> Simulink 3D Animation > Simulink Extras
> Simulink Coder Stateflow
> Simulink Extras v WEC-Sim
Stateflow Moorings PTOs
v WEC-Sim EodytElgnt’nems
Body Elements onstraints
Constraints Frames
Frames Moarings
Moorings PTOs
PTOs Recently Used
Recently Used

38 | Water Program Technologies Office
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HE Simulink Library Browser

<A Enter search term

|

WEC-Sim

Simulink
DSP System Teoolbox
DSP System Toolbox HDL Support
HDL Coder
PTO-Sim
Simscape
Simulink 3D Animation
Simulink Coder
Simulink Extras
Stateflow
WEC-5im
Body Elements
Constraints
Frames
Moaorings
PTOs
Recently Used

VVVVVVVVYV

<
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Body Elementswstrajn/ts/

Moorings

PTOs

Frames

GU—

&

WEC-Sim/Constraints

EESimuIink Library Browser

‘ Enter search term

v‘&*v IE:'L“VEV = @

vVVvVVVVVVVYV

<

Simulink
DSP System Toolbox
DSP System Toolbox HDL Support
HDL Coder
PTO-Sim
Simscape
Simulink 3D Animation
Simulink Coder
Simulink Extras
Stateflow
WEC-Sim
Body Elements
Constraints
Frames
Moarings
PTOs
Recently Used

Translational

Fixed Floating (3DOF) Floating (6DOF)  Rotational




F ram eS EﬁmERTﬁEFY Energy Efficiency &

Renewable Energy

G

&3 simulink Library Browser — O X
Enter search term v vl vy =
S5 Simulink Library Browser - O X <« | |&‘L &y '
& | fb{ I:E_; 5 WEC-Sim/Frames
Enter search term ~ - LvHm~ & (3
= > Simulink
WEC-Sim > DSP System Toolbox £
"> Simulink > DSP System Toolbox HDL Support
> DSP System Toolbax > HDL Coder Global Reference Frame
> DSP System Toolbox HDL Support > PTO-Sim
: HOL Coder = » Simscape
PTO—Slm Body Elements Constraints Frames > Simulink 3D Animation
» Simscape 5 Simulink Cod
> Simulink 3D Animation imulink L.oder
> Simulink Coder > Simulink Extras
> Simulink Extras |-< Stateflow
Stateflow Moorings PTOs v WEC-Sim
v WEC-Sim - Body Elements
Body Elements Constraints
Constraints Earies
::;2:'1595 Moorings
PTOs PTOs
Recently Used Recently Used
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HE Simulink Library Browser

<A Enter search term

VI&{' mv]‘jv “+=

WEC-Sim

Simulink
DSP System Teoolbox
DSP System Toolbox HDL Support
HDL Coder
PTO-Sim
Simscape
Simulink 3D Animation
Simulink Coder
Simulink Extras
Stateflow
WEC-5im
Body Elements
Constraints
Frames
Moaorings
PTOs
Recently Used

VVVVVVVVYV

<
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Body Elements

Constraints

Moorings

0

PTOs

Frames

D —

EESimuIink Library Browser

< [Enter search term

WEC-Sim/Moorings

v‘&)\v mvﬁv = @

Simulink
DSP System Toolbox
DSP System Toolbox HDL Support
HDL Coder
PTO-Sim
Simscape
Simulink 3D Animation
Simulink Coder
Simulink Extras
Stateflow
WEC-Sim
Body Elements
Constraints
Frames
Mooarings
PTOs
Recently Used

VVVVVVVVYV

<

MoorDyn  MooringMatrix
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HE Simulink Library Browser

<A Enter search term

|

WEC-Sim

Simulink
DSP System Teoolbox
DSP System Toolbox HDL Support
HDL Coder
PTO-Sim
Simscape
Simulink 3D Animation
Simulink Coder
Simulink Extras
Stateflow
WEC-5im
Body Elements
Constraints
Frames
Moaorings
PTOs
Recently Used

VVVVVVVVYV

<

Body Elements

nstrain

(

Moorings

42 | Water Program Technologies Office

PTOs

Frames

—

EESimuIink Library Browser

< [Enter search term

WEC-Sim/PTOs

v‘ﬁv mvﬁv = @

Simulink
DSP System Toolbox
DSP System Toolbox HDL Support
HDL Coder
PTO-Sim
Simscape
Simulink 3D Animation
Simulink Coder
Simulink Extras
Stateflow
WEC-Sim
Body Elements
Constraints
Frames
Moorings
PTOs
Recently Used

VVVVVVVVYV

<

Rotational PTO

Translational PTO

position
1B

velocity F
acceleration

>

Rotational PTO
Actuation Motion

Force Response

B F

Translational PTO
Actuation Force

Torque Response

b
ElB F

|

Rotational PTO
Actuation Torque

position
velocity F
acceleration

B

Translational PTO
Actuation Motion

eere.energy.gov




WEC-SIim Simulink File ENERGY | ronowablo Eneray

<Simulink_model_name>.slx T =

Ble Edt View Deplay Disgam Simulation Analyss Code Tooks Help

. . . ———— ®-8 He-E-@edOPp = Hrw »@-
WEC-SIim Simulink Model ]

— Created with WEC-Sim Simulink Library Blocks
— Body Elements, Constraints, Frames, Moorings, PTOs Sovt

m
Translational PTO

EE Simulink Library Browser EI O pto(1)
'CZI Enter search term hd ’EL ~7 .fEf; = e - @

WEC-5im

LE®

Conn |5

B ®

4 Simulink:
Commonly Used Blocks
Continuous
Dashboard

Discontinuities

Discrete Body Elements Constraints
Logic and Bit Operations

Lookup Tables

Math Operations Conn |5 v
Model Verification
Model-Wide Utilities
Ports & Subsystems Frames Moorings
Signal Attributes
Signal Routing
Sinks

Sources

User-Defined Functions lew
I Additional Math & Discrete PTOs S
[» HDL Coder
[+ PTO-Sim
[> Simscape
[ Simulink 30 Animation 0
[ Simulink Coder
[+ Simulink Extras @Fbetmg (JI?OF}
Stateflow I constramt(1)

4

Body Elements

Constraints

Frames

Moaorings

parPlate

body(2)

] Conn

17

PTOs
Recently Used Blocks

Global Reference Frame

= |
e —— Ready 173% odel
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In conclusion...
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Runs Simulink model, calls user-defined
functions for output processing

CAD I
Mesh WEC-Sim Variant -
Input file I sub-system Simulink Position,
F=====" triggers veloaty,
: : | Model acceleration,
BEM Solver simulation ! forces, etc.
(WAMIT, AQWA, Body Reference frame block time series

NEMOH)

Body block(s) User defined

Constraint block(s) function

Waves

Output

| F T S

Constraint

PTO ——deed PTO block(s) Processes 0l:|t.puts,
plots specified
hdf5 file  me=——p Mooring ~ [ESyys . Mooring block variables

|
|
1 r=- Non-linear hydro

---------------- 1
[ I o Visualization

PTO-Sim Block

. = External

. = WEC-Sim distribution

Input File

—> = Required input

ptoSimClass === = Optional input

|

stl file | I
i |

|

I.
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# WEC-Sim
Docs » Webinars View page source

Webinars

The WEC-5im team is hosting a series of advanced features webinars. Dates and topics are listed

All the webinar materials and recordings are et
available online: = _T=

MR

. . - - - B Wik W2 i s May 24,2017 Monlinear Hydro, Non-hydro, and B28
" Hydlro, Man-Hydira & B28
-— - June 13,2017 PTO and Control
p://wecC-SIm.gIithui.10 Im/webpinars.ntm s
b -’ Control July 18,2017 Moaring and Visualization
WEC-Sim Weebinar #4 - Mooring and
Visualization August 17,2007 WEC-SIm Training Course

WEC-Sim Webinar #1 - BEMIO & MCR

The presenation and recordings of WEC-Sim Weebinar #1 on BEMIO & MCR hosted on April 18,
2017 are avallable below, Downlcad the p ion by clicking the image below,

U.S. DEPARTMENT OF

ENERG
National E:E N R

0
lahuratﬂms NATIONAL RENEWABLE ENERGY LABORATORY :
T Y it g WEC i

WEC-Sim Webinar #1

April 18, 2017

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/webinars.html

	Slide Number 1
	Course Agenda
	Code Structure Topics
	Slide Number 4
	WEC-Sim
	WEC-Sim Source Code
	WEC-Sim Source Code
	WEC-Sim Executable
	WEC-Sim Objects
	WEC-Sim Library Blocks
	WEC-Sim Model Files
	WEC-Sim Model Files
	WEC-Sim Input File
	WEC-Sim Input File
	WEC-Sim Simulink File
	WEC-Sim Simulink File
	WEC-Sim Objects
	WEC-Sim Objects
	WEC-Sim Objects
	WEC-Sim Objects
	WEC-Sim Objects
	WEC-Sim Objects
	WEC-Sim Class Descriptions
	Simulation Class
	Wave Class
	Body Class
	Constraint and PTO Classes
	Mooring Class
	Response Class (Output Structure)
	WEC-Sim Library
	WEC-Sim Library Blocks
	WEC-Sim Library
	Masks
	Variant Subsystems
	Variant Subsystems
	Variant Subsystem and Mask Example
	WEC-Sim Library Block Types
	Body Elements
	Constraints
	Frames
	Moorings
	PTOs
	WEC-Sim Simulink File
	In conclusion… 
	Slide Number 45
	Slide Number 46

