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Course Agenda LR | Eneroy Effcency &

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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Wave Implementation Topics ENERGY | Sreroy Sfieency &

Time (MT) | Topic (~Duration)

1:00 pm Wave Implementation ° Detail of what is done in the wave class and library blocks and how they
~30min are linked
» Somewhat line-by-line, give overview of what type of
information/calculations are done in the wave class
» Ex 1: specify wave type ‘regular’ ‘regularCIC’ and ‘spectrumImport’ to
show which method in waveClass are executed and which variant
subsystems are turned on

eere.energy.gov
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Wave Class Overview ENERGY | concratio Enoy

waveClass.m

The wave class contains all wave information
necessary to define the incident wave condition OBJECT
for the WEC-Sim time-domain simulation.
. Wave Class is initialized and defined in the

WEC-Sim input file. ‘1’

. waveClass.m -  waves

© Required Properties: PROPERTIES | METHODS
- type

/

— Each wave ‘type’ has different required properties

Wave Type Required Properties
noWave waves.T v l
nolaveCIc N/A
INITIALIZATION | | OTHER
regularCIC waves.H , waves.T
irregular waves.H , waves.T , waves.spectrumType
spectrumImport waves.spectrumbataFile

etalmport waves.etaDataFile
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Wave Implementation ENERGY | rere Effoercy &

wecSimInputFile.m waveClass.m Simulink Model File
Initializes wave class, user specifies Creates ‘waves’ object, parses input file, Looks the same on the top level, but
wave type and properties turns on variant subsystems, generates has different variant subsystems
(ex: period. height. spectrum) incident wave for WEC-Sim active based on inputs
‘:I k m:!SH Xt ‘..“ SimWEC "_ _:- ¥ k iy \ SiImAWEC-S ol - LI .m ;k e — hﬂ::a;ow —

wavellasem wecSiminputFile.m +
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(!‘ This file can be opened as a Live Script. For mare information, see Creating Live Sonipts. -
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OBJECT

~

{PROPERTIES

/

[INITIALIZATION} LOTHER}

waveClass Properties
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waveClass.m >>open waveClass waveClass Properties

Available at the beginning of
waveClass.m file, can see ‘public’
versus ‘private’ properties

SIm\WEC- 5 ol

The wave class contains all wave information
necessary to define the incident wave condition
for the WEC-Sim time-domain simulation.

*  Required Properties:

- Editor - CAL

- lype = T
— Each wave ‘type’ has different required properties | . Public
properties |-
Wave Type Required Properties ° Defined in o
noklave waves.T InpUt flle ;: i ruct |
nokaveCIC N/A 2 = 1 :
regular waves.H , waves.T E: — ) ] |
. Private S i
regularcIcC waves.H , waves.T i 5 i
properties [« §
irregular waves H , waves.T | waves.spectrumType ° Calculated by :;- ;..,.;;.,u,.,._. ’, %
spectrumImport waves.spectrumDataFile m ethods |n :6 3 L X g
etalmport waves.etaDataFile wave Class “ '_Hh_“i:'l i
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Wave Class Properties

waveClass.m Wave Object Properties

Created by waveClass, available upon
completion of WEC-Sim run

>> wecSim

The wave class contains all wave information >>WaVves

necessary to define the incident wave condition

for the WEC-Sim time-domain simulation. 4\ Command Window - o X
(O]
H 1 . >> waves Y
* Required Properties:
waves
— type
. , . . . I waveClass with properties: I
— Each wave ‘type’ has different required properties
type: 'regular'
T: 8
r H: 2.5000
Wave Type Requn’ed Proper‘ties spectrumType: "NOT DEFINED'
randPreDefined: 0
noklave waves.T spectrumDataFile: 'NOT DEFINED'
etaDataFile: 'NOT DEFINED'
noWaveCIC N/A numFreg: 1001
freqRange: []
waveDir: 0
regular waves.H , waves.T viz: [1x1 struct]
statisticsDataLoad: []
regularcIC waves.H , waves.T typelum: 10
bemFreq: [1x260 double]
irregular waves.H , waves.T , waves.spectrumType waterDepth: 200
deepWaterWave: 1
- waveAmpTime: [4001x2 double]
spectrumImport waves.spectrumDataFile A: 1.2500
w: 0.7854
etalmport waves.etaDataFile phaseRand: 0
dw: 0
k: 0.0629
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OBJECT

J — 1

{PROPERTIE [METHODS}

! !

[INITIALIZATION [OTHER}

waveClass Methods
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waveClass waveSetup Other Methods...
Creates waves object, reads wave Specifies wave parameters
‘type’ from WEC-Sim input file based on wave ‘type’ irregWaveSpectrum

”” : TR T IS '.-. = -_;. o ”” : A {!;:E!:_"'}_ '.-. = -_;. - ° Generates 'PM’, 'BS’, 'JS’

| ecmipurien . wevcuan < |+ — B | rsien X wencun 4 _ wave spectrum based on usel
: - ] ,Jj T ) inpUtS

waveElevReg & waveElevlrreg
b ' - e Generate wave surface

g; » elevation time-series with

; wave ramp

o p write_paraview_vtp

«  Function for generating
il ParaView Visualization of

) wave surface elevation
& T - L G ) s

A e E— —r
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grﬂmslalimal PTO \-'

pto(1)

Hydrodynamic B

Cod |
Spar/Plate
body(2)

Qﬂoaling (3DOF)
constraint{1)

Global Reference Frame

Wave Class Variant Subsystems
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Variant Subsystem — Radiation Calc

waveClags.m WCSImINDULF o G| ™ S’ |
@) This file ruwpq&s o Live Script. For moee information, see Creating The Suggs
e o™ E5on ~

~

Initialization of variant
N, Subsystemby
, wecSiminputFile.min
» waveClass.m and
wecSIim.m

U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy

(Bl Mook Faramaters: 55 £ and Constant- Damping-CosYariant Subsystem
Wariant Subsystem

€an have cne for simuiation. The
trol can be a condition expression, a SimaknicVi

Variant chaices (st of child subsystems or moded blocks)

Mame (read-only) Varlant contral
‘Constant Coafficients. _consantCoel
¢ Comvalution Integral Caiculation _convoiution
=, State-Space Calculation _STRSpace
[ Override variant concitions and use the foliowing variank
Varlant; sv_constartConff (Constant Coefficents)
[] Anabyre all choices during updste diagram and generate preprocessss conditionals
[] Prapagate conditions outside of variant subsystem
Open block in Viarant Manager
o] oma

o

®

determines which cholce Is sctive. The
‘ariant object specifying a condition expression or a default varknt.

Condition (read-cnly]
A}

- (na)

(L]
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Radiation Force Block
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Constant Coefficient Block

4 Link: RM3/../55 €1 and Constant- Damping-CeeVariant SubsystemyConstant €. a ®
File Edit View Display Diagram Simulation Analysis Code Tools Help
T JiET ] B = i ( I o] d
B-o-Be0 ¢i@-B-w9q4@p = A- @ -
Constart Coeffickents
@ | < [PalS5 £ and Constart- Damping-Coc¥ariant Subsystem b (P Constant Coefficients -

OB EUE PR

 ‘noWave’
 ‘regular’

Convolution Integral Block

State Space Block

4 Linkc RM3/../55 €1 and Constant- Damping- CeeVariant Subsystem/Convelutio. a *
File Edit View Display Diagram Simulation Analysis Code Tools Help
T JiET ] B = i ( I o] d
B-o-Be0 ¢@-B-w04@Pp = 3 @ -
Convolution Irtegral Calcuistion
® | < [PalS5 £ and Constart- Damping-Coc¥ariant Subsystem b (B Convolution Tntegral Calcuiation -

OB EUE PR

* ‘noWaveCIC .
* ‘regularCIC .
* ‘irregular’

e ‘spectrumimport’
 ‘etalmport’

4 Linkc RM3/../55 €l and Constant- Damping- CeeVariant Subsyster/State- Spac. a ®
File Edit View Display Diagram Simulation Analysis Code Tools Help
] Bl - o i B |
B-o0-B¢0 ¢50-8-0940P 2 - -0+
State-Space Caiculation
® |« [Pal55 €1 and Constant-Damping-CoeVariart Subsystem b [Ba] State-Space Cakulation -
@
[+
=
|
L=
; Py X = Ax +Bu
o| @D L &
v=Cx+Du

‘simu.ss’
(Except for noWave or regular)
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Wave Implementation Examples...
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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.
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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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