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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 (*.slx)
' 2:00pm Q&A Open Q&A for attendees to WEC-Sim Lab team
~1hr
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Body Class

Load Hydrodynamic Data

filename = obj.h5File;

name = ['/body’ num2striob).bodyNunber)];
abj.cg = hSread(filenase, [name °/propert
obj.cg = obj.cg’;

obj.dispvol = ns:eadlfllem [name °/prop
obj.name = hSread(filename, [name °/propertie
try obj.name = obj.name{l};
abj . hydroData, swlatlon_narane!ers scaled = hSread|filename, */si
abj . hydrobata, simulation_parameters.wave_dir = hSread(filename, */
obj.hydroData. s imulation_parameters.water_depth = hSread(filename
obj.hydroData.simulation_parameters.w = h5read(filenams,’/simulat
obj.hydroData.similation_parameters.T = hSread{filename,'/simulat
obj.hydrobata.properties.nane = hSreadi filename, [name */propertic
try obj.hydroData.properties.nase = obj.hydroData. propert ies. name
ab).hydroData.properties. body_number = hSread(filenase, [name */pr
obj.hydroData.properties.cg = hiread(filenane, [name °/properties/
abj.hydroData, propertiss.disp vol = hSread(filename, (name ' /prope
obj . hydroData.hydro_ceeffs. Linear_restoring_stiffness = hSload(fi
obj.hydrolata.hydro_coeffs.excitation.re = hSloadifilenane, [name
abj.hydrobata. hydro_coeffs.excitation. im = hSload{filenane, [name
try obj.hydroData.hydro_coeffs.excitation. impulse_response_fun.!
try ob.hydrobata.hydro_coeffs.excitation, impulse_response_fun. t
abj. hydrobata. hydro_coeffs. added_rass hSloadifilenane, (nam
abj . hydreData. hydro_ freq = hload(filenane,
ob] . hydroData.hydre_ceeffs. radiaticn_damping.all = hSloadifilenan
try obj.hydrobata.hydro_coeffs. radiation_damping. impulse_response
try obj.hydroData.hydro_coeffs. radiation_dasping. ispulse_response
try obj.hydrobata.hydro_coeffs. radiation_damping. state_space.it =
ry o9).hydrabata, hydro_coef fs, radiation_damping, state_space.A.al
ry obj.hydroData.hydro_coeffs. radiation_damping.state_space.B.al
try obj.hydroData.hydro_coeffs. radiation_damping. state_space.C.al
try ob).hydrobata.hydro_coeffs., radiation_damping, state_space.D.al  _

tion Immrwate[obl- hydrabata)
structure from
i I > hS file. Us i
obj.hydrobata = hydroata;
ab).cg = hydrofata.properties.cg's
obj.dispVol = hydroData.properties.disp_vol;
abj . name = hydroData. propert les. name;

variable as alternative
MR

bodyClass [ loadHydroData Ln 119 Col 49

Hydrodynamic Force

Calculations

Msers/yywDropbox/WorksNREL/GisHUb/WEC-Sim/scurce/cbjecta/bodyClass.m

ob).dispol hydroData. properties.disp_vo
ob] . name = hydroData.properties. nane;
end

func wn hydroforcePrelobj,w, waveDir, CIkt, CTTime, nunFreq, dt, rho, g, wav
P ula

¢ viscous

& force
on; setnassﬂalrlxtmomlﬂyﬂtai
k = obj.hydroData.hydro_coeffs. linear, restorlng stiffness;
obj.hydroForce. LinearHydroRestCoef = k .xrho .qg;
ob).hydroforce. visbrag = d:ag[s 5arno +obj.visclrag. cd.+abj. viscd
obj.hydroFarce, Lineari = diaglobj.
obj. ﬂwroForcc userbefinedFe = zcmsllcr-q\hihmcﬂmeci..}]) L1H
switch waveType

case {*notave'}

obj.noExcitation{]
o] . constAddedMas sAndDanping (w, CIkt , rho, B2B) ;

case {'noWaveCIC'}

obj .noExcitation{]

obj. irf InfAddedMas sindDanping | CIkt, CTTime, ssCale, iBod, rho
case {*regular'}

obj . regExcitat ioniw, waveDir, rho,g);

obj . constAddediassAndDanping [w, CIkt, rho, B28);
case {'regularCIC'}

obj . regExcitat ioniw, waveDir, rho,g

obj. mrmdumsmdw-mnmcm CTTire, sslalc, iBod, rho
case {'irregular’, "spectrunlnport'}

obj . irrExcitation{w, nunF req,wavelir, rho,g.

obj . irfInfAddedMassandDamping|CIkt ,(THM 55(31: iBod, rho.
case {*etalmport’}

o] .userDef inedExc itat ion{waveAnpT ime, dt , waveDir, rha,g) ;

obj . irf InfAddedMas sindDanp ingl CIkt, CTTine, ssCalc, iBod, rho

end
end

rixlobj ightFun,B28)
of mass matrix to t
nal mass and added-mass prog
ded-mass inert m ta moment of inertia
diagonal tr ional added-m bo
rrect descri

function ad
% Merge di
% 1. Store the
% 2. Add diagonal
% 3. Md the maxis
% mass - this s

n 119 Col 49

bodyClass | loadHydroData

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Others

» Functions for adjusting,
restoring and storing
add-mass matrix during
and after the simulation

e Functions for ParaView
Visualization
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WEC-Sim input file Body Object Body Block
(wecSimiInputFile.m) (bodyClass.m)

LN AUsers/yywDropbox/ WorkshRE| 5 5.m LK ] FM3 |
Fie Edit View Display Disgmm Simulation Analysis Code Tools Help
fave Height (=] Caui] H jwlh 'fc;'r £3 L( = |2 Run Section < =- 8 B 8-E3-= 4 e [t
£l ] H 1 1 Ayl Commaes > ooy BOTO=E oy o e e
31 ves.spectrunType = 'BS'; % Specify Wave Spectrum Type o 0;:- ooy e = (g > o p:"mﬁw' ",';:‘d
3z % simu.ssCalc = 1; % Turn on State Space I T T s W = gy (17 1 " & [FaRM3 -
e 15 AR R A AR R AR AR R AR
34 rrequla ves with im spectrus 16 [t
el & wowws  umClsEL ap Btk Kreate: The Wi Vari) S 17 classcef bodyClass<handle =
36 % waves. spectrunlat e = 'ndbcBuoyData. 1 Hame of User-Defined Spe 18 properties [SetAccess = 'private’, GetAccess = ‘public’) %hdfS file a
37 19 hydrobata = struct() =
38 % % Waves wi rted v levation time-hi 28 i =
38 A 21 B C Q
48 22 properties (SetAccess = 'public’, GetAccess = ‘public’) Minput file
41 23 name =[] -
4z "% Body Data 24 mass =[]
43 % Float 25 momOfInertia =11 e
a4 - body{1) = bodyClass|'hydroData/m3.hs'}; 26 g = [} me
a5 %Create the y t Location of Hydrodynamic Data File 27 dispvol =1l e giof 1) -
a6 %and Body Mumber Within this File. i3 geometryFile = 'NONE® L] Block Poraematers: Ficat
47 - body(1) .geomet ryFile jeomet ry/ float.stl'; slocation of Geomtry File 29 wischrag = struct{...
48 - body{1).mass = 'eq T 3 *ed', [eeenaael,
49 %Body Mass. The ibrium' Dptien Sets it to the Displaced Water 31 "characteristichrea’, (R RR-K: 1]
50 eight, Er initDisp = .
51 - body{1) momOfInertia = [20907381 21306890.66 37085481.11); “Moment of Inertia 33 3 o eal .
52 3 NarDispaxis', [0 18], ...
53 " /Plate 35 AngularDispangle', @) el
54 - body(2) = bodyClass( “hydroData/ m3.hS'); 36 linearDamping =[eea a LE:1] =
55 = hady(zl geometryhle 'geometry/plate.stl’; 37 userbefinedExcIRF = (] b=
56 = body(2) .mass = 'equilibrium’; k] viz = struct{... -~
57 - body(2) .momOfInertia = [94410614.57 04407091.24 28542224.82]; 29 ‘coler’, [1 18], ...
58 | 40 ‘opacity’, 1) =
59 %4 PTO and Constraint Parameters 41 morrisonElement = structl...
60 % Floating (3DOF) Joint 42 ted’, o eel, ... Soa
61-  constraint(1) = constraintClass('Constraintl'}; % Initialize Cor a3 iy !: g o, . ]
62-  constraint{1).loc = [0 @ @); % Constraint Lo :; characteristichrea’, 'a 8y e ]
62 ' Poves )
64 % Translational PTO :g e -d le e el gm”
65 - pto{l proClass{'PTO1'}; % Initialize PTO Class for FTO P and v 5
66 - pto{l).k = @; % PTO Stiffress [NA o ]
- «€ = 1200008; % PTO Damping [N . f P . Fe0 i [
o ptofl) . 12 i ol g 58 properties (SetAccess = 'public’, GetAccess = ‘public’) Sbody geosetry st "
:: = ptellhloc = | li v - Samakin: 51 bodyGeonetry = struct(. 4 Gicoal Releroncs Frame
Ln 58 Col 1
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@ [ RM3 "
File Edit View Display Diagram Simulation Analysis Code Tools Help WeCSlm ”I
.
- (&1} > = v @ » I oy = » (4 v| i
R | an & = 4 » 3 4 B 172 - radiation_option = 23
— o |. 1) Asd Subarmiom o Bhwnml!”wwm 173 - end
" fiisa o vaart = 174 - sv_constantCoef f=Sisulink.Variant( ' radiation_optio 5
= i 175 - sy_comvolutinn=5imulink,Variant( ' radiation_optior 1H
& faRM3 176 - sv_stateSpace=Simulink.Variant( ' radiation_option==3'};
177 % Wave type
@ R 178 - typethm = waves. typebum;
I} 179 - sv_nobave=Simulink.Variant(® typelum<12");
. 180 - sv_regularhaves=Sisulink. Variant (' typelum==18 &5 typeNus<2@');
EZ Explore = g 181 - sv_irregularaves=Sinulink,Variant{ ' typebums==20 && typelum<3@');
o j Open In New Tab 182 - sv_udfWaves=Simulink.Variant( LLypeNume=301 'H
o Open In New Window . ) v 183 % Bady2Body - T
=] Float |, 184 - B28 = sigy.ten? ~ ~
Q, body(1) 4 Cut X 185 - Simulink.Variant('B2B==0'); ~
L= i Copy RO 1 186 - Simulink. Variant('B2B==1");
i 187 / % nonkydroBody \
= %, Paste £ Gama| 188 - ¥ o for ii=1:length{body(l,:})
Comment Through %Y | ;g? e =L N,
| L - - = eva Sv_D° numdstriil yarobody AmuLink. Varianty nhbody nunss’
@Tmfu\i&b( g;mmom 03;3: ¥ ¥ 198 eval((['sv_b' nus2str(ii) °_nonHydroBody = Simulink.Variant('‘nhbody_' num
pto{ 1) ete 192 end; clear ii /
{ I 193
Find Referenced Variables e L L
-
Subsystem & Model Reference > ~
= ® Block Parametors: Float ~ - - -
Farmat > [ — e o =
Rotate & Flip 3 simuaton
n > arant
Conn 0| Variant >
Py ~ o
Library Link » Pyctrms, e oty ik
tycro Sody s
Signals & Peris >
Cinr Requirernents Traceability
Spar/Plate | -
body(2) Model Advisor L3
Fixad-Point Tool...
mg Block Parameters (Subsystem) -——.——e
[ Help
» Global Reference Frame
| o - Caneal Heip At
116% 9

es Office
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b Mostel

2 c
T % Post pencessing and Saving Ressits
B~ portProzens

Peat-pencesiing
Elapsed tise 15

wiw = ———

i for 4Bod = 3:nime. numinclodbes

» N Pt 20 Doyl 1o, a8 uN PN Pt r L1 1o o P L P, L BB
AN Lend; clase chod

3 g

8- pestProcess

358~ AT e u Tioa a7, fileh w3

Wiapeed tim ix 9GATIIT wecosse,

Pest-proceviing and sawing...,
Flapsed tiee 34 1441100 sacoesy,
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Hydrodynamic Body Block Non-Hydro Block

[ Link: M/ FromtHydhocynamic Body * L]
Fis Ect Vew Dugisy Disgam Simulation Aralysa Code Took Help Fis Ect Vew Duglyy Disgam Semulation Aaysa Code Took Ml

Z- 8« @t Be-H-" 4B o L Noemal B &> Z-8 < @ E9-H-% 4o B 1Ym0 Hormal B2

Lirin: RALLFiaatbisn- o Bady

-Hyoro Body |
S M3 b (5 Float ¥ 5 Non-Hyden Body

ommacs o8

« Include blocks for calculating all the * Everything is zero except for weight
different forcing terms and buoyancy

Note: Connection forces between multiple bodies from the joint/PTO are handled by Simscape Multibody

8 | Water Program Technologies Office eere.energy.gov
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Wave Diffraction and Excitation Force Calculation Block

o Bk e G Sy o

L] Link: AIMA/FaoaUHydy

Fis Eot View Diplay Disgram Simustion Avshyls Code Tooh Helo
@t Ee-Ee g o e i a0

simu.rampTime

Ramp Function Time

Displacement
-

.
bl T

(58 %)

¢+ RBO-d-w 48 b - x> bt B 4

A 4
T{}
p Time R
p ul iflu1 < u2) Ramp Function
P u2 else
A 4
12 aEe (]

R

No Ramp Function

Regular Wave

»!int Excitation Force Outl

Linear Wave Excitation Force Variant Subsystem

> No Nonlinear FroudeKrylov Force
> Outi
plin

Nonlinear FK Force Variant Subsystem

'..
Merge
[ 2

Merget

B
g
Add

Product

M = WaveElv
“

@D

F_Excitation

» Pre-calculated waves.waveAmpTime is not used for wave diffraction and excitation force calculation, except when user-

defined time-series option is used.

9 | Water Program Technologies Office
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Wave Radiation Force Calculation Block

e
bl Ve [y g B Ans G b bt

Heme @ o (LN RS L RO = o ) B s*
0 i o ey 1 e s s ot >
i
& )
;lr- - e B e T Link: AMAFaoalHycradymamic ,1'; Velocity pIn1 Constant Coefficients
BB e . ¢ HO-E-S GO - o - i'“ Quti [ S
| = > F_RadiationDamping
\E S8 Cl and Constant-Damping-CoeVariant Subsystem
Time

body.hydroForce.fAddedMass

Added Mass Matrix

_— e P Matrix —En
= ( 2 ) » @ > MU“ID.‘)" F::-Jd d;\ﬂq
- Acceleration Product1 edMass

i s Ti’énébon
M,j L Delay
» Added-mass term is a function of acceleration. Therefore, a Transport Delay block is used to break the algebraic loop

» Variable Time-Step (ode45) option is available in WEC-Sim. However, the Convolution Integral block is always
calculated using a fixed-time step.
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File Edit View Display Diagram Simulation Analysis Code Tools Help
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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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