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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-SIim’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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o X-axis is in the direction of wave propagation if
the wave heading angle is equal to zero
(following the coordinate system definition in

WA'V”T) Q\’aw
e The Z-axis is in the vertical upwards direction, .
and the Y-axis direction is defined by the right- direction

hand rule.

e Surge (x), Sway (y), and Heave (z) correspond
to the first, second and third position
respectively. Roll (Rx), Pitch (Ry), and Yaw (Rz)
correspond to the fourth, fifth, and sixth position WEC:Sim Coordinate System
respectively.
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Equation of Motion ENERGY | 5o e &

 Dynamics simulated by solving time-domain equation of motion
(Cummins, 1962) Nonlinear hydrodynamic force

mi(t) = Fy (D% E, (1) 4, (t) 4 F, (1) + F, (1) + F, (t) +{F,,, (1)

Mooring force
Power take-off force
Viscous force

Radiation force: added mass and radiation
damping (from BEM simulations)

Hydrostatic
restoring force

Wave excitation & diffraction
force (from BEM simulations)

* Use radiation and diffraction method and calculate the
hydrodynamic forces from frequency-domain Boundary Element
Method (BEM)
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Forcing Term Condition Theory

Regular Waves |Sinusoidal Steady-State Response Fru = ~A@X - B@)X
Cummins Equation (Convolution Integral) 7= = -A<X - f KGO o imiammitin St
State Space Representation )
Regular Waves |Sinusoidal Steady-State Response e = # [&5 m@e|
Wave Spectrum (e.g., JS; BS; PM) . O Rf EQ
Wave Elevation (Convolution Integral) "~ [ st
Linear Spring-Damper  Ppro = CproX,

PTO (Fp) Hydraulic PTO
Mechanical PTO
Linear Mooring Matrix (i.e., stiffness, damping and pretension)
Lumped-Mass Mooring Dynamics Model (MoorDyn)
Additional Added-Mass & Linear & Quadratic Damping Forces r, = —c,x — %Cdmmm

Damping (Fv & Fue) Morison Elements Fuz = p¥v + p¥Ca(v = X) + %CdPAD(V - X)lv - X|

Radiation (Frag) Irregular Waves

f K, (t — ) dr = C X, (0 + DL (1)

Wave Excitation (Fey) Irregular Waves

Prro = —FproXre

Mooring (Fm)

Nonlinear Hydrodynamic | Nonlinear |The additional term accounts for the difference between the nonlinear and linear
Forces (Fnh) Hydrodynamics|hydrodynamic forces (buoyancy and the Froude-Krylov force components ).
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Runs Simulink model, calls user-defined
functions for output processing

——————ﬂ

CAD I
Mesh WEC-Sim I

Input file

Variant

i i Position, I
sub-system Simulink

triamers velocity,
58 Model acceleration,

F=——-

| == Non-linear hydro PTO-Sim Block

1
Simulati
: BEM Solver peenen forces, etc.
I (WAMIT, AQWA, Body Reference frame block time series
1 NEMOH)
! Waves Body block(s) User defined Output
1 . Constraint block(s) function
1 Constraint
: PTO block(s) Processes outputs,
PTO P
1 : plots specified
: hdf5 file g =p Mooring Mooring block variables
1
1

stl file L . Visualization

: . = External I
—

I
--' PTO-Sim . = WEC-Sim distribution

Input File —> = Required input

ptoSimClass ==> = Optional input
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Read input file
18 %% Start WEC-Sim log
19 - bdclose('all'); clc; diary off; close all;
20 - clear body waves simu output pto constraint ptoSim mooring
21 - delete('+.log');
22/ diary('simulation.log'} P . . ; .
- | « Read WEC-Sim input file using
25 %% Read input file
26 - tic | I
27 = try fprintf('wecSimMCR Case %g\n',imcr); end MATLAB eva C to eva uate MATLAB
28 - fprintf('\nWEC-Sim Read Input File ... ‘n'); . .
29-  evalel wecSinInputFile'); expression with capture
30 % Read Inputs for Multiple Conditions Run
31 - if exist('mecr', 'var') == 1;
32 - for n=1:length{mcr.cases(1,:))
33 - if iscell(mcr.cases) =
34 - evall[mcr.header{n} '= mcr.cases{imcr,n};'1); E
S5 else - H
3 - eva({ncr.header(n} = ner.cases (rcr,); )3 » Check the input parameters and
W= end
38 - end; clear n combine; H -
B e hydrodynamic coefficients for each
40 % Waves and Simu: check inputs
41 -  waves.checkinputs; bod
42 - simu.checkinputs; y
43 % Constraints: count & set orientation
a4 - if exist('constraint’,'var') ==
45 - simu.numConstraints = length(constraintil,:));
46 - for ii = l:simu.numConstraints
47 = constraint(ii).constraintium = ii;
48 - constraint(ii).setOrientation(); -
49 - end; clear ii
56 - end
51 % PTOs: count & set orientation
52 - if exist('pto’,'var') ==
53 - simu.numPtos = length(pte(1,:));
54 - for ii = 1:simu.numPtos |
BEIE pto(ii).ptoNum = ii;
56 - pto(ii).setOrientation();
57 = end; clear ii
58 - end
1
Ln 1 Col 1

eere.energ
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Run wecsim.m ENERGY | Erenos s

{Users/yyu/Dropbox/WorksNREL/GitHub/WEC-Sim/source/wecSim.m

EDITOR

E;E' - E L0 Find Fies £ S o [2 uLci’ || Run Section ai‘? Pre-proceSSIng
|/ Compare * cCoTo~ . -

New Open Save Breakpoints  Run  Runand . Advance Run and

=~ = * = Print ¥ 4 Find = - - ce Time

5 oL FILE | NAVIGATE BREAXPOINTS RUN TII

108
Tl e e Setup Simulation parameters
102 - tic | p p
103 - fprintf('\nWEC-5im Pre—processing ... \n'};
104 | . .
185 %% HydroForce Pre-Processing: Wave Setup & HydroForcePre. = S I m U .Setu pSI m

106 % simulation setup »
167 - simu. setupSim;
1e8
109 % wave setup
118 - waves.wavesetup(body(1).hydroData.simulation_parameters.w, body(1).hydroData. B
111 % Check that waveDir and freq are within range of hydro data d
112 - if waves.waveDir (I min{body(1).hydroData.simulation_parameters.wave_dir) || e Setup the Wave enVIronment an
113 - error(‘waves.waveDir outside of range of available hydro data') . . .
114 - end
115 - if stremp(waves.type, 'etalmport')~=1 && stremplwaves.type, 'nowave')~=1 & str g generate Wave elevatlon tl me hIStory
116 - if min{wavesw) < min{body(1).hydroData.simulation_parameters.w) || max =
117 - error('waves.w outside of range of available hydro data')
e end waves.waveSetup
119 - end
120
121 % hydroForcePre
122 - for kk = 1:simu.numWecBodies
123 - body(kk) . hydroForcePre(waves.w,waves.waveDir, simu. CIkt, simu.CTTime,waves. . .

24 - d; cl k
i e Convert non- dimensional
126 % Non-linear hydro . ..
127 - if (simu.nlHydro >0) || (simu.paraview == 1) - drod
TR | 1f (simantiigdro >0) 1 isim. paravies hydrodynamic coefficients to
129 - body(kk) . bodyGeo(body(kk) .geometryFile) . . I h . f
136 - end; clear kk d yd dy
L Imensiona roaynamic rorces
132 % Check CITime -
133 - f . typeN 0 && . typel =10
eyl i bl iy Body(kk).hydroForcePre
135 - if simu.CITime > max(body(iBod).hydroData.hydro_coeffs.radiation_damp
I136 - error('simu.CITime is larger than the length of the IRF');

script Ln 116 Col 18

eere.energ
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{Users/yyu/Dropbox/WorksNREL/GitHub/WEC-Sim/source/wecSim.m

EDITOR

G g @ s 3 D B s Variant Subsystems
New Open Save (L compare ~ | @jGoTo ~ | gy Breakpoints  Run  Runand . Advance  Runand
=~ = * = Print ¥ 4 Find = - - ce Time
. FILE | NAVIGATE BREAXPOINTS RUN
Ly
155 .
57 o < simnUdree I  WEC-Sim allows user to perfrom the
158 - sv_linearHydro=Simulink.Variant('nlHydro==0"'); . I . . 'ﬁ: .
159 - sv_nonlinearHydro=Simulink.Variant('nlHydro=2'); — g d p ( g
160 -  sv_meanFS=Simulink.Variant(‘nlHydro=2'); = simu atlon usin I erent 0 t|0nS €. "1
161 - sv_instFS=Simulink.Variant('nlHydro==2"); - - . .
162 % Morrison Elenent | regular/irregular waves, linear/nonlinear
163 - morrisonElement = simu.morrisonElement; '
164 - sy _MEOff=Simulink.Variant("' i ELl t==0'); H
185 BpEmmesimuLink.variant( morr isonElementert’); model, state-space representation, etc.)
166 % Radiation Damping
167 - if waves.typeNum==0 || waves.typeNum==10 %'noWave' & ‘'regular’
168 - radiation_option = 1;
169 - elseif simu.ssCalc == 1 ]
170 - radiation_option = 3; B
171 - 1 | . . .
172 - - Seradiatjun_uption = 2; i The Optlons are dEflned In
173 - end
174 - sv_constantCoef f=Simulink.Variant('radiation_option==1'}); 1 1 d d
175 - su_r.onvolutinn=51mulgnk.‘ufari.ant(‘radciia;ci'n;n_;ptim:;:Z' 1; WeCSI m I npUtFIIe . m an rename here
176 - sv_stateSpace=Simulink.Variant('radiation_option==3'}); . . . .
177 % Wave type d
gl e (Simulink does not like function has a
179 - sv_noWave=Simulink.Variant( 'typ{*rtlumcla‘l: th (9
186 - sv_regularWaves=Simulink.Variant (' typeNum==18 && typeNum<20'); )
181 - su_irr:’_gularwaves=51mulink.‘u"ari.ant(!rltyp:N:m.s:ZB &a-ﬂtypgnﬁmda' V3 name wi b
182 - sv_udfWaves=Simulink.Variant (' typehNum==302"); -
183 % Body2Body
184 - B2B = simu.b2b;
185 - sv_noB2B=Simulink.Variant('B28==0"');
186 - sv_B2B=Simulink.Variant('B2B==1");
187 % nonHydroBody -
188 - for ii=1:length(body(1,:))
189 - eval(['nhbody_' num2str(ii) ' = body(ii).nhBody;']);
196 - eval(['sv_b' num2str(ii) '_hydroBody = Simulink.variant(''nhbody_' num2st
I191 - eval{['sv_b' num2str(ii) '_nonHydroBody = Simulink.Variant(''nhbody_' num
script Ln 156 Col 20

eere.energ



Run wecSim.m

{Users/yyu/Dropbox/WorksNREL/GitHub/WEC-Si

%% Load simMechanics file & Run Simulation

tic
fprintf('\nSimulating the WEC device defined in the SimMechanics model %s...
% Modify some stuff for simulation

- for iBod = 1:simu.numWecBodies

body(iBod).adjustMassMat rix(simu.adjMassWeightFun, simu.b2b);
end; clear iBod
warning('off', 'Simulink:blocks:TDelayTimeTooSmall');
warning('off', 'Simulink:blocks:BusSelDupBusCreatorSigNames');
warning('off', "MATLAB: loadlibrary:FunctionNotFound');
warning('off', 'MATLAB: loadlibrary:parsewarnings');
warning('off', 'Simulink:blocks:DivideByZero');
set_param(@, 'ErrorIfLoadNewModel', ‘off')
% run simulation
simu. loadSimMechModel(simu. simMechanicsFile);
sim(simu.simMechanicsFile);
% Restore modified stuff
clear nlHydro sv_linearHydro sv_nonlinearHydro ssCalc radiation_option sv_con
clear nhbod= sv_b= sv_noWave sv_regularWaves sv_irregularWaves sv_udfWaves sv
|tclc
tic
%% Post processing and Saving Results
postProcess
% User Defined Post-Frocessing
if exist('userDefinedFunctions.m','file') == 2
userDefinedFunctions;
end
% ASCII files
if simu.outputtxt==1
output.writetxt();
end
paraViewVisualization

%% Save files
clear ans table tout;
toc
diary off
movefile('simulation. log',simu. logFile)
if simu.saveMat==1
save(simu,casefFile)

script Ln 245 Col 1

U.S. DEPARTMENT OF Energy Efﬁciency &
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Load Simulink/Simscape Model

* Modify the mass matrix to account for

the added-mass term to avoid algebraic
loop and improve numerical stability

body(iBod).adjustMassMatrix(simu.
adjMassWeightFun,simu.b2b)

* Load the six file and perform the

simulation

» Post processing and saving results

eere.energ
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Notes/Warnings/Errors Energy Effciency &

» Different classes can be specified in any order in the
WEC-Sim input file (wecSimlnputFile.m).

e Multiple Condition Runs function (wecSImMMCR.m) Is just
a wrapper that execute wecSim.m multiple times.

 Warning massage for the Simulink/Simscape Model if
MATLAB 2015b is used.

12 | Water Program Technologies Office eere.energy.gov



Notes/Warnings/Errors
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MATLAB R2015b

EDITOR

r —J gl Find Fies < Insert |= il - =] - = L
= | H pggeas a e fxﬁ‘] EH I-2 L& |2 | Run Section Q.?
|G - GoTo » Comment o
New Open  Save L Compare o ° % & & Breakpoints  Run  Runand | Advance Run and
- = = Primt = oy Find = Indent [<] <t |r3 - = Advance Time
FILE NAVICATE EDIT BREAXPOINTS. RUN
<A = 5 F o Users » yyu » Desktop » RM3 » R
Current Folder ® & Editor - {Users fyyu/Desktop /RM3 /wecSiminputFile.m ®» x Workspace ®
B |Name & wecSimInputFile.m + | Name + Value
* Folder 2 % Fl Ud‘L w= | ans Ix1 simulationCl...
: E:S‘:I:J?:‘a a4 - body(1) = bodyClass('hydroData/rm3.h5"); li:lgiz (;x? bodyClass
output 45 ssCreate the body(1) Variable, Set Location of Hydrodynamic Data File T mm‘:isonmmcm o yiias:
» slpr 46 %and Body Number Within this File. E nhbody 1 0
v Autosave Simulink Model or Library 47 - body(1).geometryFile = 'geometry/float.stl'; %location of Geomtry File w nhh:dv_z o
AM3.she.autosave 48 - body(1).mass = ‘equilibrium'; ER niH d:;- 0
+ Log File o 49 %Body Mass. The 'equilibrium' Option Sets it to the Displaced Water we| radi‘;tion option 1
imulation.| 58 height. = - latlan
v seript oo 51-  body(1).momOfInertia = (20907301 21306090.66 37085481.11); ‘doment of Inertia [kg#n"2] (el oot bdroBody  1a1 vanrarionC.
# userDefinedFunctions.m :g T — ii’IstblannHvdm\T.. Ix1 Va "
# SiminputFile. 5 5 3
- Miﬁ']—;:f: iminputriie.m 54 - body(2) = bodyClass('hydroData/rm3.h5'); :;]::_Eg'::i:?;v j:j E ant
- umpguad6229_6_2008.mat 55 = body(Z,;.geometryFilg = 'geurretry!p'\ate.stl'; iE]w-EZI; yaro.. 1xl ._,;,I.;r;:
¥ Simulink Model 56 - body(2) .mass = ‘equilibrium’; €] sv_constantCoeff  1x1 Variant
"% RM3.51x S; = body(2) .mom0fInertia = [94419614.57 94407001.24 28542224.82]; [@] sv_canvelution 1x1 Variant
¥ text gg & sv_instFS 1x1 Variant
- ndbcBuoyData.txt i ®| sv_irreqularWaves  1x1 Varianr
README.txt |®] sv_linearHydro 1x1 Variant
|®] sv_meanFs 1x1 Variant
Error?j.ng wecs ﬁw'MEDﬁ Ixd variant
Mo &| sv_MEOn Ix1 Variant
Error due to multiple causes. @] sv_noB2B 1x1 Variant
. \&| sv_nonlinearHydro  1x1 Variant
Caused by: | sy |
. ) : Wi 1x1 Variant
Error using wecSim (line 24@) @] ::_::HHT:;VIWFS ]J:(F '.r::':{:‘
Error evaluating parameter ‘constraint' in ‘RM3/Floating (3DOF)' :sv_stales co 1x1 Vi ; ,
Error using wecSim (line 24@) =] sviudl’\n\raﬁ:s ix1 ._,: :
Undefined function 'constraint® for input arguments of type 'double’. L._ilw;eNum 10 : :
Error using wecSim (line 24@) @] waves 1x1 waveClass
Error evaluating parameter ‘pto’ in 'RM3/Translational PTO'
Error using weeSim (Lline 248)
Undefined function 'pto' for input arguments of type 'double'.
I
Jetails ~
|
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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
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