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Figure 2.1: Methodology for WEC-Sim
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Figure 2.3: An example of wave spectrum and irregular wave elevation generated by WEC
Sim (Pierson- Moskowitz spectrum)
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Global Reference Frame 7 & v 7 [J¥IEICIE > 7= 7 0 — VB R Z EFRT D,

4.3.1 Global Reference Frame 7 & » 7

Global Reference Frame 1YV /L3, EB LI OHBFERR, >3 2 b—3 g VB L O
DT R—=NVIRY T 4 T EERT D, TTNVEAERT DB, 7 v — VBRI
ThHEBEZDZEITAERTHD, TXTOET MZIX, Global Reference Frame 7' 12 v
7 3BT D, Global Reference Frame X7 7 A2 %L simu 38 L O 7 7 A& %L wave
EHEMRT 2, ZHUEANT7 7 AV TEERSND,
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Fle Edt Vew Help
B w Eneroschiem v 4 g

Lizasea Lbewy WEC SewFraves | Seax * (P
% Srark
" WD Cote
S Smvscape
Sradrk X0 Arerotee  E— l
" Sevdrd Coder

. Sk 2s
L) Sutelow
4 " VEC-Sm Glotad Heterance Frame
Endy Exovarn
Canuwpinty
rravas
PTow

Sroweg VEC Smfraras

Figure 4.2: Frames sublibrary

4.4 Constraints Y75 A4 75V

FrEWIROEE) H HEDEZIC Constraints 7 7477 VNOT a7 BRMERIND,
(¥ 4.3) K7 v v 7 XDOF 21T 2 EFEKT 505 oW FREE O J)PEBUTER LRV,
Constraints 7 2 > 7 [ZIZEBEB)B L7 + 7 7 —(EF)D 2 DO RN & 5, Constraints
Ty 7, EECER ST ey Z IR T T =Ty 7 OEBZHIRT D,
b7 vy 7 OHMEIL Global Reference Frame (R & R 2 ENTE D) THD, £

#-. 7+ 17— Rigid Body T 5.
5->® Constraints 73 % 5, DOF(Heave, Surge, Pitch) Z #lfR9 5 3 >, H HHi# & (Floating).
& E (Fixed) Tdh 5, AHiOFK Y 114 Constraints 7' 1 v 7 IZOWCEEMIZRER T 5,
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Figure 4.3: Constraints sublibrary

4.4.1 Floating Block

Floating 7 v v 7 ZFHBEFEEKEZ T I 2 L— T 5, 7+u 7 —OiE# 2 EiED XZ Fimic
Ho THERT 2, 2F0 XEIB L ZEHTROVITREIL L OY e 2345, i
I%. Global Reference Frame (B S - FEpE L LIcERA s D, 7o — UL XZ
FHICIR > T7 a7 —RNEHT 5,

4.4.2 Heave 712 v 7

Heave 70 v 7%, 7407 —OEB)Z IR LT Z 85 mICHERT 5, Global
Reference Frame (M ENZ 8 SN KOG G A ShE AW (Z #h) 120 HEB) rlEE
Tho, 2O00MKEERT 5 Heave 7 1 v 7 DFE

2 DOWMIKE OMRER) ), 60 ZEAFRICHRIND, 7+v 7 — & KO Z il
FIZWHTHY . TN OB OEMIT—ETHD, 7+u T —OEBEOBE AL,
DHFANARAFT D,

4.4.3 Surge 7 a7
Surge 71 v 7L, 74T —Oi#ES) & EHECKH LT X G IR T 5, EiEDS Global
Reference Frame (seabed)(Z#5ft SN2 5A . MAEE) /KT HEO (X HH) (ZHEI N
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%, Surge 71 v 7N 2 O0OMIKEEEGT HHA.

2 OOMEDOHEXHEE)NL, 20D XA INDS, 7407 —0 Xl & KifED X
W I EATICN D, £, ZTNOOHEEMI -ETH D, 7417 —DOEEROE S
ML, O FAIRIFT D,

4.4.4 Pitch 7u v

Pitch 7w v 7%, 74 w7 — & EEOR O XHER) 2 & F[EHERD (Y HhlalER) 23
%o 7 O IRIE EEAE 7 s O [Elisdh £ ORI —E &R0, W5 OMIKET Y Eho )
Mb—ETHDH, AT 7ANMIEEERE L 5 EOFLRBMLETH D,

445 BET 0y

Fixed 7 v v 7 [XEEEHR CTH D, it L 7+ v 7 — O OEEY 2 3 XTI 9 5, i,
X H & Z oG5 m OFATREIRS LOY ST SRR A IR T 5, &b — MR flE  I3E R
WZEE SRR RNT T 5,

4.5PTO 75477

PTO %754 75 Vi, Hffi’e PTO v A7 LD I = L— b IR O FERHES) O )
fil. K LYIE O SHEB OMFENEH S D, X 4.4

PTO 7' v v 7 3B I SR ER B L VY v v v 7 o L v BifliZe PTO v A7 A
ZYIal— b5, W7oy ZEEE PTO 7 u v 7 3EEBB L7407 —0)%
o, % PTO 71 v 7 34 Hi"pto@)" i=1,2, WULETH D, RICANTZ 7 A VIZENHD
A EET D

4.5.1 % PTO (Z ) Twmy”

i PTO(2—H /L Z)i% Heave HI3 & [7l— T 573, BHICHIE R BB L OISR
MM &5, B X 912 PTO ICIZARIZIEET 2. KICAS 7 7 A MR 3 (N/m)
B L OWEEHENMEEET 5.,
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B BF &

Tarelational PTO (Laes X)
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Sroweg VEC Snt1ls

Figure 4.4: PTOs sublibrary

4.5.2 {fE PTO X Fm) Tuav

i PTOX J)iE Surge #IH & [Fl— T B33, BHEICHIEA 2 BB K OWER 503
AaEnsd, FROL S PTO ICRARTEZIEET 5. RICANT 7 A MR N/M) 5
FOEEH(N/mM) &8 ET 5,

4.5.3 [Hix PTORY) vy 7

[ldiz PTORY)IZE v FHERER—Th 273, HHtlHRREIES R B K O
b5, RO LI PTO ICIFARIERET 5. WICAN T 7 A MCBIELRE (Nm/rad) 5 &
O FRE(Nm/rad) 236 ET 5.

4.6 i SimMechanics 7 v v 7

WMEO WEC 7 VvEEST-9, WECSIim 71 7 7 U IZ& £ 72 SimMechanics 7 & v 7
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AT IGAND D, L<HEHINS 7 2 v 7% Rigid Transform TH 5, BT 5.
ZIULX PTO, ¥R, WA 7 L—ADREERICEHA S5, Zivh SimMechanics == ——
A RTHAINS,
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5E: a— FMBERBITOANNRT XS
AHilX WEC-Sim ¥V — A a— FB I WNa— FEEIZHOW TR 5, Y —ZAa2— RiX

MATLABm-7 7 AV ThH b, 22—V — ANT—FDOFHLED . Simulink/SimMechanics
RIS S =2 L— 3 VORTLEEE 21T 5,

5.1 Bifir

WEC-Sim O3 TDOHN L MKS % (meters-kilograms-seconds system) T 5, £7-.
EDOHNILT VT > Thd,

5.2 WEC-Sim A7 74 v

WEC-Sim A1 7 7 A WMFFHBICRETH DL, AT 7AMIT—AT 4 L7 FUICEX,
wecSimInputFilem &fmAT 52 &, 2R A ]\77\‘7‘—/*‘0)7\7'7774/1/@%%“
5.11Z7 9, WEC-Sim ¥ 2 L— a NIBBERIEREAN T 7 A MG T2, FriC
HReBR 4 oH 5, KEITE~BHHASND,

5.2.1 Simulation Parameters MDfl:4k

ANT 7 AMIY T a b= a VRHERRB KO AT v 70 L 978y I a—Lb— g
YNRTABZPIESND, VI ab—3a T A RN simu BRICIRE SN D, LT
simulationClass ® A >/ N—Th 5, ¥ 5.1

S 5|2, Simulink/SimMechanics WEC &7 /L D4 il % simu 2R ET 5,
simulationClass [ZFXERIRE/R Y 2 2 — b —3 3 2 /8T XA X [3Hi5.3. 1 IZFEMICRid S b,

5.2.2 MERT A Z DR

WEC-Sim Ti%, WEC |[ZHI{E2 B S 4L, BRITEDICES b ENd EIRESND, &8
RIZDNT, AN T 7 AV THREBEN ORI EE S5,

HE, EBETE—A N EHO, WENEFLT D WAMIT 7 7 A VERET 5,

(X 5.1 &M, ) 22—V —RREHE: bodyClass /X7 A XL, i 5.3.2 IZFEMIZFER &
D
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§ Simulation Data
simu.startTime-0;
simu.endTime-400;

simu.dt - 0.1;
simu.simMechanicsFile - 'AM3S.slx';
simu.modo='normal’;

simu.explorer='on';

§ Wave Information
wavaes.H - 2.5;

waves.T - §;

waves.type = 'regular’;

§ Body Data
body (1) = bodyClass('Float');
body (1) .hydroDataType = 'wanmit';
body (1) .hydroDatalocation = ...
*./wamit/rm3.out';
body (1) .mass = 'wamitDisplacemant';
body (1) .cg = 'wamit';
body (1) .momOfInertia = ...
[20907301 21306090. 66 37085481.11];
body (1) .geometry = 'geometry/float.stl';

body(2) = bodyClass ('SparPlata’);

body (2) .hydroDataType = 'wanmit';
body (2) .hydroDatalocation = ...
*./wamit/rm3.out';
body (2) .mass = 'wamitDisplacemant';
body(2) .cg = 'wamit';
body (2) .momOfInartia - ...
[94419614.57 94407091.24 28542224.82);
body (2) .geometry = 'geometry/plate.stl’;

§ PTO and Constraint Parameters
constraint (1) = ...
constraintClass (' Constraintl');

pto(l) = pt.oClaBB('E‘TOl'n
pto(l) .k=0;
pto(l) .c=1200000;

Ll

- o e Ll

Ll

Simulation Start Time [s=]
Simulation End Time [s]
Simulation Delta Time [=]
Spaecify Simulink Model File
Specify Simulation Mode

§ (normal/accelarator

V /rapid-accelerator)
Turn SimMechanics Explorer

§ (on/off)

Wave Haeight [m]
Wave Paeriod [s]
Spacify Type of Waves

Initialize bodyClass for Float

Spacify BEM solver
Location of WAMIT e.out file

Mass from WAMIT [kg]
Cg from WAMIT [m]
Momant of Inertia [kg-m"2]

Ceometry File

Initialize bodyClass for
§ Spar/FPlate
Spacify BEM solver
Location of WAMIT e.out file

Maszs from WAMIT [kg]
Cg from WAMIT [m]

Momant of Inertia [kg-m"2]
Ceometry File

Initialize Constraint Class
§\ for Constraintl

Initialize ptoClass for PTOL
PTO Stiffness Coeff [N/m]
FTO Damping Coeff [Ns/m]

Figure 5.1: Example of 2 WEC-Sim input file (same to Figure 6.5).
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5.2.3 F/XT A FZ DA

ANT77ANFI I 2 b—ra OGN ERIRT 5, =2—H% —MUST (3£ wave ©
WM A2EET S, 22— —NREFEZ waveClass /X7 A Z X, i 5.3.3 [TEEMIZER
Ens,

5.2.4 ByAEH L L IR/ NT X & DAk

PTO L¥IsRD 7 v v 713 WEC MK 2 #5 2 (B 5 < YEIEID), PTO & #sOHEAEIZ, PTO
BHB L O FERNICENENERESND, 2—F—MEETE D47 9 13, i 5.3.4
B L5835 ICFEMICERR SN D,

5.3 WEC-Sim @=— F

WEC-Sim ¥ X = L' — 3 I/ T7 — L, simulationClass, bodyClass, wavesClass,
jointClass 4727 DA VAKX L ATHDH, 2 simu, body, waves, pto, constraint
DOHIZENENEEND, ZNHDOF T V= NI MATLAB 7 7 A TERR S L7z,
WEC-Sim A )7 7 A /v (wecSimInputFile.m) TZNHDOEHKZFHET H(X 5.1 ).
AHEHI DKV I1E, WEC-Sim A7 V=7 FHNOT —F @il I ab—2a VAT A

ERET DDA TV =7 itk d 2 HiEZ R T 5, WEC-Sim # Hu 7z WEC %&&
DY alb— OBl BEOANT 7 A1 6 EIZFLR S D,

5.3.1 simulationClass
simulationClass (£ WEC-Sim OZFETIZHNER T I a— L — 3 VU NT A X B IOV LA
ERETDH, 2—¥—1% wecSimInputFilem (Z@EH) 2T I 2 b—T a7 axT ¢ 2%
JET& %, Simulink/SimMechanics WEC €T /VOA4RTZIEET HMLENRH D, ZIUTA
717 7 4 /WiZ simu.simMechanicsFile="<WEC Model Name>slx' =~ R&Ftik 35 =
CICEVRETE 5, Mb LARTHE OTXTOYIa—Lb—va R "TAZET T
AV MERER SN, FIAFERY I 2L —2ar7ama T BIRELX DT 7 4L K
% 5.2 1277,
MATLAB =2~ > R ¢ > R C "doc simulationClass" & AJ19 % & FEMlNFRRIND,
ANT 7 AN I 2a—Lb—ya NI AZBIRINANRELTRETHZ L TT 7 4+/b
MEZ EEXEIRD, X, V2 b—ra OKTREIL simu.endTime = <user
specified end time> TRETE 5,
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Property Summary

Cllims Comaiution imegral time (oetault = 60 &)
i
CTlime COMmiunion Imegral ime 2508s (03Ul = ospenisnt)
caseDir WEC-Sim case directory (default = NOT DEFINED)
gomansics Size of Yee auface and seabed This variadle is only used Rr visuakzaion (@afauk = 200 m)
- 3 Simulatan §me step (detault = 0.1 =)
wlim Simulaton end time (defaut = 500 5
explorer SimNechanics Explorer ‘on’ o 'off (detault = ‘on
a ACOHBEA0N DU 10 gravty (osfaull = 851 ms)
oD 3N Equalto 11r data from 1 WAMIT Ne, Equalto DIf data from more than 1 input file (detaudt = 0)
\ngutFis Hame ot WEC-Sm input fie (0efaufl = ‘wecSmroutFie)

Total numbar of simulafon fme sleps (defaull = dapendent) Cikt % Calkculate the rnumiber of

Jadt canvohbion integral imesteps (defaull = dependent)

mode nomal, accelrator rapis-accslarator (dafauk = ‘normal)

umConeyants NumMBear of Conrants in 1he wae Mmoosl (@fauk = 'NOT DEFINED"

oumEeg Number of wave Fraguencies for inderpolation (aefault = 201)

mmPios Humper of powsr lake-off dlamants nine model (asfaut = NOT DEFINED

oumYecEodies maks these dapencant vanatbles % Number of hydiodynamic bodes that comprise the WEC davice
|oetaut = NOT DEFNED)

outputDr Data output dlractary nama

mamel Ramp $me forwave forang |defauk = 100 5)

rho Densty of water [datault = 1000 kgim*3)

similechancelia  SimulrsoSimNecarnics Mmoo fle (oetault = 0T DEFRNED')

aoher PDE solver used by the Smulnk’SimWechanics simulation (detaull = ‘aded’)

LanTims Simulaton statme (ostaull =0 &

lime Simulatan ime [s] (d=fault= D =)
yersion WEC-Sim varsion
oerovel Warix of zeros wih 3 size of G oby Clits 1 (defauk = dependent)

Figure 5.2: Data contained within the simulationClass.

5.3.2 bodyClass

bodyClass 47 Y= ~ME, I alb— b3 d WECE EELZ#EKRT 2 EMEDEEL X
WiE N & &, ZNENOMIEIZIATI 7 7 4 /WIZ bodyClass #Ff>Z &, ZiuHOWEK
I% body(<body number>) & a3 5 Z L 3R x5, [X5.1

Wik A7 = 7 bid body(<body number>)=bodyClass(<body name>"? 2~ > K AJj
WX VBt EN D, EWEROWIEAT 2 =7 MRS b th, BER L ORI ZEE
T, W51 END X, HEWIRIZOWT, hydroDataType, hydroDataLocation, &
£, cg, momOflnertia, LR/ T A XD ETHIBEINDIVLERH H, 22— — Ik T
AZWZT 74V MEZESTH L, ZOREMBIEELRY, &2 WITME OEZHEE
9%, bodyClass OFHFEERA 7V a v %X 5.3 12T,

Bl ZIX, KPR A RRET 5

REPEIRPUR S (R oT) B L OB EmIE(m2) % ~7 M TATIT5
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ANTZ7AND T x—~ v MILUTO@EY TH S
body(<body number>).cd=[00 1.3 00 0],
body(<body number>).characteristicArea= [0 0 100 0 0 0],

Property Summary
Drag coefficient (format [Cd_x Cd_y Cd_z Cd_rotationX Cd_rotationY Cd_rotationZ], default=[0 000

<« 00]
cg Center of gravity (format: [x y z]
cgCalcMethod Method of setting the body cg (options: 'user' or 'wamit', default = 'wamit')
o Characteristic area for viscous drag calculations (format [Area Area Area Area Area Area], default = [0
characteristicArea
00000)).
Default is 0. If the value is equal to 1, it means the body is fixed to the ground and the mass, MOI and
fixed . ] . }
CG will equal to the defaut value and are meaning less in the calculation.
com Structure that defines the geometry for visualization and non-linear buoyancy and excitation force
calculations
geometry Location of the .stl file that defines the geometry of the body (default = 'NOT DEFINED')

hvdro Structure that contains the hydrodynamic data for the body (This structure is currently populated by
fydro reading WAMIT data)

hydroDatal ocation Location of the wamit .out file (default ='NOT DEFINED')

hydroDataType Code used to generate hydrodynamic coefficients (options: 'wamit', default = 'wamit')
hydroForce Structure used to calculate hydrodynamic forces acting on the body

initAngularDispAngle Initial displacement of cog - Angle of rotation - used for decay tests (format: [radians], default = 0)

initAngularDispAxis Initial displacment of cog - axis of rotation - used for decay tests (format: [x y z], default = [1 0 0])

initLinDis Initial displacment of center fo gravity - used for decay tests (format: [displacment in m], default = [0 O
B o)

mass Body mass (options: 'wamitDisplacment' or [mass)], default = 'wamitDisplacement’)
massCalcMethod Method of calculating the center of gravity (default = dependent)

momOfinertia Moment of inertia (format: [Ixx lyy 1zz], default = [999 999 999])

mooring Data structure that contains the mooring stiffness and damping matrices

name Name of the body used (default = 'NOT DEFINED")

storage Structure to store simulation data for post processing

Figure 5.3: Data contained within the bodyClass.
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5.3.3 waveClass 27 T &
waveClass [XBFHfEI S R 2 L —2 a3 U ORFH A2 ERTHTXITCTOFEHR L ETe, Kz
WEC-Sim THAR— N SNAHWERED X A 7 %K 5.1 177,

Table 5.1: List of supported wave environments

Option Additional required inputs Description
waves.type Free decay test with
noWave' waves. noWaveHydrodynamicCoeff T | constant hydrodynamic coefficients
waves.type Free decay test with
"noWaveCIC’ None convolution integral
waves.type waves. H; Sinusoidal steady-state
‘regular’ waves. T Reponse Scenario
waves.type waves. H; Regular waves with
regularCIC’ waves. T convolution integral
waves.type waves. H; waves.T; Irregular waves with
"irregular’ waves spectrumType typical wave spectrum
waves.type Irregular waves with
‘rregularimport’ waves. spectrumDataFile user-defined wave spectrum

- No waves (waves.type=noWave'): D720 I 2 b—a v 29T L, —EDN
INE s X O R A EA T 5, > T WEC-Sim O WAMIT % 5179 5 45
Db, b, 2—F—3EAMEEBET OILERD S,
waves.noWaveHydrodynamicCoeffT 2%t v MZ XV | FEIMREISRIRSN D, 2
DA T a U F, B2 OB NG & L OBRAELZEH Lz B kT 2 MofE
Mo, TR L 217 9,

- No waves with convolution integral calculation (waves.type="noWaveCIC"):
BIALRE Sy B L OMERE B oA EEE AW TR 255 T 5,
Z LIS T noWave &7 U

- BRI (waves.type="regular): —i&OFINE R L OBEFHBER S A CHRAE
Ylalb—varEFETTH, ANT 7 AVTEEY wave T 38X O R wave H #57E
T 5, VAT LAERSEIXERRREFIRE LIUET 5, —EDOMINE &I L OBERK
ZHAWTEBR N ZFHET 5, BIABREDIIEH S 720,

- Regular waves with convolution integral (waves.type="regularCIC": &ii7
FE oy 3 L OMERRJE  E DA INVE B A WV CTHE DGR S 2 DSk T

waves.type="regular' & [f] U CTh 5,

- RHBIF (waves.type='irregular'): 227 bz 52, FHAME S I 21— 3
VEITH. N7 7 ANTHEZERE (wave H), v'— 7 E#l(wave.T), A7 kL
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(waves.spectrumtype) # fE €T %, FIHAIRE/RE AT ML 5.2 1TRT,

I'able 5.2: WEC-Sim wave spectrum options (with vaves. type~'irregular’)

Wave Spectrum Type | Input File Parameter
Pierson Moskowitz waves . spectrunlype-'PM’
Sretschneider waves . spectrunlype~'BS’
JONSWAP waves . spectrumlype-’J5’

s 2—P—EBEARY FNVORBAE (waves.type='irregularImport'): = —+—
EFRDW AT MEHWTARBAE S R 2 —va 21795, 2—%—F, A177A
NP TUTOL AR "D T 7 A NG EEET HLERH 5,

waves.spectrumDataFile='<wave spectrum file>.txt',

A—P—EROWE AT P, B 1INCEE R H), 8 25N AXT RO R LF
— B E(m?/Hz) % ie#i 1%, WEC-Sim ®"applications"~ # /L % |Zff] ndbcBuoyData.txt

NHbH, ZOT74+—~> NI, NDBC 7 A T —#nbEEaL—T5HZ LN TX 5, NDBC
T A FHHOFEMIZINDBC V= 7Y A SO L,

http://www.ndbc.noaa.gov/measdes.shtml

T 74V T, RERRAEONAIT T X DTEKSND Z EICER
(waves.randPreDefined=0) AJJ7 7 A /LT waves.randPreDefined=1 257E S 41
A, WD T X LMkl MATLAB @ rand B%% (seed=1) TARESh 5, ZHIZFET
FHAE ZFELTX 5,

MATLAB =2~ R ¢ K7 C"doc waveClass"# A )25 &, 7 T AR OFEMNER
IND, £o. FIHFTRERIE T A Z MK 5.4 R3S D,

5.8.4 constraintClass ¥jIR 7 T X
Y& % Global Reference Frame [Z#fi 4 272D A7 V=7 FAMERAINS, HHE
HIILLTFIC L vERtb s 5!

constraint(<constraint number>)=constraintClass('<constraint name>");

ElEsf (L Y F 72 E)F. & 512 global reference frame (2% BT g 1 > S DLE %
constraint(<constraint number>).loc ({ZIEET HLENH 5,
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Property Summary

MR 020N 08Nt % [m] Wane ampiluoe for raguisr wavas Of SOiaave Spectium vecor)
far imegular wawves

[ Wave haight [regular wawes) or significant wane height (regular waves) (dafadt = 1)

[8] Wave Denon reguar waves) of paak D00 (Imeguiar waves ) (osfaut = d)

NI »
E

make dependent % Numaer of wawe Feguencies from WAMIT

Pariod of BEM simulation we=ad 10 datarmine hydrodynamic coaficents for simulations
with no wave. This agbon iz anly used with he nalave wave tpe.

make dspandant %6 Numaar ofimterpolated wave frequencies (dafauk = NOT DEFNED")

mWaveHydredpnamicCoelT

nuNMFreg

ghazeRang [radi Random wave phasa [only used for Imagular waves)

apamalps Tope ol mawe spacra Onl B BS 15, 300 IMMponed specira ais suoooted

e ) Ca tle that contains the =spacrum data fle
Wova 1roa. OpIons for Ihe warainale ame 'noWave (N0 Waves), TeQuUar (regular nawes)

hps reguarCIC’ (regular waves using corwalutan integral to calculate radiaton effects),
Trepuar dmeguar waves), TmegulaPRE' imagular wires with pra defned phase) The
Jdefauk i regular.

tpaMum mMake depandent % Numaarto repres et difarant type af wawas

" MEH O30ANGRNT % [FH00E) WNEVE ITSQUANCY (ISGUIAN WEES | O wave frequancy vectn

- (regular waves)

=L Maed OSON0eNT S [m] Wasr cepi o WalIT)
yeveAmeTime [ Wave slevation Yme history

Figure 5.4: Data contained within the vaveClass.

53.5 PTOZZ X

PTO A7 Y =7 MIBEERET L— L5 D\ IEIBIOMIRISKTT 2 Y isEdhH & ) & i3
%, E5IC, PTO A7V =7 Mib 5 HHEEOESNZIMHT 5, PTO EEITZLLTFOANIC
K VBtEEN D,

pto(<pto number>)=ptoClass('<pto name>'),

[E#7 ptosRYIINLE AR ET 2 LENDH D, S HIZPTO Y AT LxRKb T2,

5 v 7 (pto(<pto number>).c)3 L UK EH (pto(<pto number>) k) & 5 ET % 4 7'+
aymbb, T7ANITEEGTEL 0 THD, 7o, A7 7 A NVHFOT 7 40 M
FEXARETHD, HIZIE FECTHEITUTO LS IEET 5

pto(<pto number>).c=<pto damping value>,
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6E: TSV r— gy
AEiTIE, 2508725 WEC ~ WEC-Sim 23 5 HEIZHOWTEHR T 5, 1T LD 2
WIKRA > N7 7 —_XWEC &7 Wb T %, ®IZ OSWEC ZE7 /b7 5,

6.1 RM3 28R A o v T 7 —N
6.1.1 BIREE

WEC-Sim = — FOfEHOF L LT, ZRET NV 3RM3)2 WiEARA o N7 7Y —\ %5k
T 5, WEC |3 1Z)5 U T 6DOF THHBIZEB) AIRETH 528, J1IFAE%F Heave FH Il
bbb, DOESRET VT rY = NOBMEFHEFE R X OUKE IR T X BER S H -
TWA 72 RM3 38R &7z,

TuY=l FOFMMILT Y =7 YA RO Z L,

http://energy.sandia.gov/rmp

LB TR A A F BN E CH Y . WEC EENBEERL TVWDLHODORETH D,
RM3 (%, #&L VT 7 v a7 L—FinbEl S D BliR 2 MikRA > b7 7Y =T
H%, RM3 DOJF~ 2K 6.1~ d, BESMEE 6.11I77,

Figure 6.1: RM3 heaving two-body point absorber full-scale dimensions
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Table 6.1: RM3 heaving two-body point absorber full-scale mass properties

Float Full Scale Properties
CG [m] Mas= [tonne] Moment of Inertia [k‘-m"]
0 20907301 0 0
0 727.01 Q 21306090.7 2304.89323
-0.72103 Q 4304 89323 37085481.1
Plate Full Scale Properties
c6 [m] Mass [tonne] Momant of Inertia [k‘-m’]
0 94419014.6 0 0
0 878.30 0 94407091.2 217592785
-21.285 0 217592785 285422248

6.1.2 RM3 @ WEC-Sim &5 /Vik
AHEITIX. RM3 % WEC-Sim I[ZBIJ5 ¥ = b—y a2 VOBRBENRHAZ R, S5I12,
e D RM3 WEC-Sim ©OF =— ~ U 7 LD T A &R LT,

RM3 ® WEC-Sim ¥ Ialb—varaty N7y LETT L HEEZRT, Fa—1Y
T ET A1, documentation 7 AN FIZHDH, 3 BICFBINT LT, TTO
WEC-Sim €7 VX, AJ17 7 A v (weeSimInputFile.m) ¥ X O Simulink 7 7 A /L
RMS3.slx) bR SN D, WEC-Sim ¥ =2 b —3 3 VOFETIZEB W T, WECSIim Djf
KR EE N1 572 WAMIT(E EE G BEM Y L ) OfERBLE CTh 5, WAMIT
OWENTHHLUOFHE L TEBL, ZOFITiE WAMIT )1 buoywamit.out TH V|
wamit 7 7 NV FICH D, TR TORENERITELEDY THAT L Z LICEET 2,
& 512, WEC-Sim "[fi{k D 7=, 3D IR T 7 A L %A<STL 7 7 A V&>DF THRET 5,
stl 7 7 A VOB RFAITEOIE D, T4 BLOAS—RNOER S - RM3 OFH
TlE, ZNZEH geometry 7 7 + /L XD float.stl & plate.stl (ZHH T 5,

RMS3 Simulink €5/ 7 7 A )V
WEC-Sim ¥ =2 L—3 3 0% 1 B, Simulink 5L 7 7 A LVOVERR Th 5.
WEC-Sim 74 75 U b 78 v 27 Z<WEC model name>slx I RT v 74 5%,

GEMIL 4 EZ ),

A5 v 7 1: Simulink 7V 7 7 A4 LD WEC-Sim 54 75 U 75
2 5?D RigidBody 7 v v 7% K7 v 7 LEET 5, [X6.2

AT 97 2. Rigid Body 7u v 272X T2 v L, MKExSsT 5, EOOWEE
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body(1). 5 2 D#{k% body(2) &4 fHT 5, Zhb0MET v v 7 OFF%EILX RM3 MATLAB
AN 7 7 ANVE 6IDITERIND,

- R ——— ——

b
=
- -l = -
g
= - —p
F
o - -

Figure 6.2: Adding two Rigid Body blocks to the RM3 WEC-Sim model

A7 97 3 & 6.3 ®LH5IZ, Simulink EFNL 77 A LD WEC-Sim 475 Unb
Global Reference Frame 7 &2 v 7 #FET 5, YVaA L MOWEIZK > TR ToOMIE
NEBEICY 7 &5,

-— s —- - -

Figure 6.3: Adding the Clobal Reference Frame block to the RM3 WEC-Sim model
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AT o7 4 WEICS L — N EREET 5729, Floating #E~7 v v 7 2 H3 %, RM3
137 a0 — S VERERICK LT 6DOF TEEIA[EE/R 720, IR KETHD, A7 v/ 4 L
5 DR &KX 6.4 [T,

Figure 6.4: Adding the pto and constraint blocks to the RM3 WEC-Sim Simulink model

AT 9 B ke 2= % BT 572, Translation PTO(Local Z)7 = v 7 ZE &+
B, ZHUE, BRICxET B R AER 2 Heave FRICHET 5 7-DICHETH S, RM3 V2 =
L—3 3Tk, WEC @ PTO Z#JED X /3L LTET LT % 7281C translational
PTO 7 m v 7 BMER STz, /T A X3 6.1.2 ITER S5,

WEC-Sim E7 VDt Y M7 v FICBWT L 74 v 7 —OEERICEET 22 &N
HETHDH, Bl 7L— b EWBEOHEIZIBW T, KL Global Reference Frame T
ol L LTERINDIRE TH D, [FERIC, AL 7 L— MAIZH D PTO 0%
A, TL— MIE#LE LTERSNDIRETH D,

RM3 MATLAB A/ 7 7 A )V

AETIE, RM3 5 LD WEC-SIimMATLAB A ) 7 7 A VA EHET S, FITITITERE S
NIRRT ALZOBRHAT AL BB D, RM3 EFNADY I a—L—3a 37 A X ke
P, PTO, fH % EFKT D, RM3 DASI/RT A X %X 6.5 TRT,
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§ Simulation Data

simu.startTime-0; Simulation Start Time [s]
simu.endTime-400; Simulation End Time [s]
simu.dt - 0.1; Simulation Delta.Time [=]

simu.simMechanicsFile = 'AM3.slx';
simu.mode='normal’;

simu.explorer='aon’';

§ Wave Informatiom
waves . H - 2.5;
waves.T = §;
waves.type = 'ragular’';
§ Bedy Data
body (1) = bodyClass('Float');
body (1) .hydroDataType = 'wamit';
body (1) .hydroDatalocation = ...

' /wamit/rm3.out';
body (1) .mass - 'wamitDisplacemaent';
body (1) .cg = 'wamit';
body (1) . momOfInartia - ...

[20907301 21306090. 66 37085481.11];
body (1) .geometry = 'geometry/float.stl';

body(2) = bodyClass('SparPlata’);

body (2) .hydroDataType = 'wanit';
body (2) .hydroDatalocation = ...

' J/wamit/rm3.out';
body (2) .mass - 'wamitDisplacemant';
body(2) .cg = 'wamit';
body (2) . momOfInertia - ...

[94419614.57 94407091.24 28542224.82);
body (2) .geometry = 'geometry/plate.stl';

§ FTO and Constraint Parameters
constraint (1) = ...
constraintClass (' Constraintl');

pto(l) = ptoClass('PTO1');
pto(l) .k=0;
pto(l) .c=1200000;

Lo

-

Spacify Simulink Model File
Spacify Simulation Mode

§ (normal/accelerator

§ /rapid-accelaerator)
Turn SimMechanics Explorer

§ (on/off)

Wave Height [m]
Wave Feriod [s]

Spacify Type of Waves

Initialize bodyClass for Float
Spacify BEM solver
Location of WAMIT ..out file
Mass from WAMIT [kg]

Cg from WAMIT [m]

Momant of Inertia [kg-m™2]

Ceometry File

Initialize bodyClass for
§ Spar/Plate

Spacify BEM solver

Location of WAMIT <.out file

Mass from WAMIT [kg]

Cg from WAMIT [m]

Momant of Inertia [kg-m"2
Ceometry File

Initialize Constraint Class
§ for Constraintl

Initialize ptoClass for PTOQ
FTO Stiffnoss Coeff [N/m)
PTO Damping Coeff [Ns/m]

Figure 6.5: WEC-Sim input file for the RM3 point absorber).

RM3 WEC-Sim &5 /v

— & WEC-Sim Simulink €7 V23t v b7 v 7 Si, RM3 FfE MATLAB A7 7 A
MIEZSNNIE, WEC-Sim TRM3 £F/L&2F(TT& 5, M6.61FvIaLb—arh
® RM3 Simulink &5 /L3 & (O WEC-SimGUI % 7=~7, RM3 #&» WEC-Sim ¥ I = L —
va ozl & 8laso Z b,
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Tote Pelewre Fure

Figure 6.6: RM3 modeled in WEC-Sim (left-hand side) and with the GUI (right hand side)

6.2 Surge-Pitch ¥ &

6.2.1 FIREH

WEC-Sim ==— F® 2 % H 0 A% Surge #iRE) WEC & (OSWEC) T % %, OSWEC O
FFHE RM3 ST HEAMICE R 5 D= 0@BIRENT-, WEC ORFHZEMIZIARIZODTEDT29,
ZIUIEMINTH D, £, B HEAITE#T 5 %E 4 WEC-Sim TET /LT L &
IXEETH D, OSWEC [THIFEICEHE S, 77 v T2 b2, 77 v 7 Idbe v PV%BELT
E i ENn D, BT 75 v Y@ 2 e oI LCE v FHEICH T 5, OSWEC
DEFESF 2K 6.7 1R Y, £i2, HESMER 6.2 187,

6.2.2 WEC-Sim # fiv 7z OSWEC D& 5 vk

AEiITIX, WEC-Sim T OSWEC v alb—varvaty 87 v 7 LETT HEMAR T
berd, 3 BICRRBSNZL 2, £TH WEC-Sim £7 ik, A7 741
(wecSimInputFile.m) ¥ X' Simulink €7 /L(OSWEC.slx) ) SR X315, WAMIT O
HAEDLHENPUDHEL TEL<, WAMIT A7 7 A4 Vi wamit 7 7 L4 0
oswec.out Th 2, &5HI(Z, WEC-Sim Itk 7=6, BLA2BIERFA & Lz 3D k%
<WEC model name>.stl TIEET 2L ERHDH, 77 v 7 L EFEN LR IS OSWEC
TliX, geometry %7 7 + VL HIZLET 5 flap.stl & base.stl IZHHYT 5,
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L -

Figure 6.7: OSWEC pitching device full-scale dimensions

Table 6.2: OSWEC pitching device full-scale mass properties

Flap Full Scale Properties
Giml | Mass kgl P:;hn'::"&j:z‘]’f
0
0 127,000 1,850,000
-3.9

OSWEC Simulink €©F V7 7 A /L

WEC-Sim I =2l —>ar0% 1 BEX. Simulink 5V 7 7 A LOIERTH 5,
WEC-Sim 7 A4 75 U b7 8 v 27 Z<WEC model name>slx (2 RT v 745, GEMIL 4
EHM, )

AT w7 1: Simulink €7 /L7 7 A L® WEC-Sim 71 75 U 75 2 -5 ® Rigid Body 7
0y 7% K7y 7 LE#ET D, 6.8
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Figure 6.8: Adding two Rigid body blocks to the OSWEC WEC-Sim model

AT 97 2" Rigid Body 70 v 27227V v o L, WEESLT D, BOOWEE
body(1), % 2 O¥{Ek% body(2) L4125, ZNEOHET v v 7 OFEIL OSWEC
MATLAB A )7 7 A V(i 6.2.2ICERSND,

A7 97 3 & 69 ©LH5IZ, Simulink EFL 77 A LD WEC-Sim 475 UMb
Global Reference Frame 7 & v 7 Z#d&E 3 5, Global Reference Frame |ZF:ffE & L Tl
<o MDTRTOMIRITZY a4 > FOWFIZ L - THEEIZY V7 &b,

s =T

g

wooe Retewes Fave

Figure 6.9: Adding a Clobal Reference Frame block to the OSWEC WEC-Sim model
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AT o7 4 EEICT L— N &R 5729, Floating iR 7 0 v 7 2+ %, OSWEC
I 0 — NEERICEESNDDT, ZTNUNNETHD, AT v 74 L5 #HHEKEX
6.10 |~

BF BF aF
e I3
, N
T:;T_‘“ Hr
-3
m,
T:I‘
m

itned Hrbsmwe b owme

Figure 6.10: Adding pto and constraint blocks to the OSWEC WEC-Sim Simulink model

AT o5 75 KA T 572D, rotational PTO 7 1 v 7 ZFET 5, 75
y TEENS RIS L TE y FHRICHIRS D720, ZRAKETH D, OSWEC 2
o L —3 3 »CiX, rotational PTO 23MEMH S 7,

WEC @ PTO Z#EDEERL e L TET /LT 5D, AJ13T7 A X 13(Hi 6.2.2I0 RS
b,

WEC-Sim ®57 VDOt >y N7 v 7BV, L 70 7 —OEERICERETH 2 1T
BETHD, Plz2iX, EBELBIEOROMETIL, Fo— "LV RJEERTH DD, WK
TR L L TERINDIRETH D,

OSWEC MATLAB AHhZ7 7 A )V

AHEiTIL. OSWEC €5 /1v® WEC-Sim MATLAB A7) 7 7 A /W (wecSimInputFile.m) % &
F#T D, BATICEFERINTEATAZOHHAA AL 3D, OSWEC EF LD I 22—
L—3a T A H RERE, PTO, #REZEFRT 5, OSWEC D/3F7 A X D& 2 XTI
EF SN2, RM3 DATINT A X %K 6.11 1277,
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§ Simulation Data
simu.startTime-0;
simu.endTime-400;
simu.dt - 0.1;
simu.simMechanicaFile -
simu.mode='normal’;

'OSWEC.slx';

simu.explorer='on';

§ Wave Information
waves . H - 2.5;

waves.T - §;
waves.type = 'ragular’;

§ Body Data

Lol B U L

Simulation Start Time [=]
Simulation End Time [=]
Simulation Delta Time [=]
Spacify Simulink Model File
Spacify Simulation Mode

§ (normal/accelarator

§\ /rapid-accelerator)
Turn SimMechanics Explorer

§ (on/off)

Wave Height [m]
Wave Period [s]
Spacify Type of Waves

body (1) = badyClass('Flap'); § Initialize bodyClass for Flap

body (1) .hydroDataType = 'wamit'; % Specify BEM solver

body (1) .hydroDatalocation = ... § Location of WAMIT ..out file
'wamit/oswac.out';

body (1) .mass - 127000; 5 ined mass [kgl

body(l) .cg = 'wamit';
body (1) . momOfInartia = ...

Usaer-Daf
om

Cg fr

i
WAMIT [m]

[1.85e6 1.85:6 1.856]; § Moment of Inertia [kg-m2
body (1) .geometry = 'geometry/flap.stl'; § Ceometry File

body(2) = baodyClass ('Basa'); § Initialize bodyClass for Base

body (2) .hydroDataType = 'wanit'; § Specify BEM solver

body (2) .hydroDatalocation = ... § Location of WAMIT e.out file
'wamit/oswaec.out';

body(2) .geometry = 'geometry/base.stl'; § Coometry File

body (2) . fixed - 1;

§ PTO and Constraint Parameters
constraint (1)=-...
constraintClass (' Constraintl');

Creates Fixed Body

Initialize ConstraintClass
§ for Constraintl

pto(l)=ptaClass ('PTO1'); § Initialize ptoClass for PTO1

pto(l) . k-0; § PTO Stiffnoss Coeff [Nm/rad]

pto(l) .c=0; § PTO Damping Coeff [Nam/rad]
)

pto(l) .loc=[0 0 -8.9];

FTO Clobal Location [m]

Figure 6.11: WEC-Sim input file for the OSWEC).

OSWEC WEC-Sim * E5 /v

— H WEC-Sim Simulink €7 /L33t~ b7 v 7 Ii, OSWEC #1428 MATLAB A1 7 7
A IZEFE T, WEC-Sim TOSWEC £EF L4 F(TTE 5, M6.121F, ¥ I 21—
v a o OSWEC Simulink €7 /1% L0 WEC-SimGUI %Z7~9, OSWEC % &nD
WEC-Sim ' X = L— a2 VoM 13] L[14]lE2ZoZ &,

41



3
W

a— o Fetao o
-
fa [ﬁjum.u
3 e Wkt Jurd
Zaea —_—

Goow Aefeences (Seabed |

Figure 6.12: OSWEC modeled in WEC-Sim (left-hand side) and with the GUI (right-hand
side)

6.3 WEC-Sim 7 X b rr—2R

WEC-Sim 7 4 L7 kU ® applications 7 #/VZ NI 2 -5® WEC-Sim = — K3 A F15 H
5, mAOwERAEIE, WEC-Sim =— K& /= RM3 WEC &7 /Wb <ThHsd, £7-. F
2 OEAFIE, OSWEC EEDET M THDH, =—H—1X WEC-Sim =— R, {gfit sz
A7 VT NEeBEZ DTNy 7O, WEC-Sim DIHN— 3 UAERZ R O ETHER & b
45, ZNHDOT A R —AF RunTestCasem A7 U 7 FOFETICIVFEHIND,
ZOAZ VT NI AV I o WEC-Sim #ERZETe *mat 7 7 A VATV AT KO
O WEC-Sim FE{TH#5 R & i35,

6.3.1 RM3 &
RM3 (22T, 7A M —RFLUTONRT AL EHER LTy b7 vy 7 Sh5:

Wave Environment

Wave Type = Regular Waves (Sinusoidal Steady-State)
Wave Height H (m) = 2.5

Wave Period T (sec) = 8
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WEC-Sim Simulation Settings

Time Marching Solver = Fourth-Order Runge-Kutta Formula
Start Time (sec) = 0

End Time (sec) = 400

Time Step Size (sec) = 0.1

Ramp Function Time (sec) = 100

List of PTO(s)
Number of PTOs =1

PTO stiffness (N/m) =0
PTO Damping (Ns/m) = 1.2E+06

-
-

Heaw!m)

Float 100F 1200PTO

Heaw!m)

SparFiate 1DOF 1200°TO

Hexw(m)

Relative Motion 1D0F 1200FPTO

200 400 0 200 400 2 200 400
tmeis) time(s) imeis)
2 0.2 2
WEC-8im Org
WEC-8im New
A gk f
) 1 .ﬂ | I\ N " ’ H ~ 1 ’O’ ( '\'
0 o} 0 | {
2 °Il || k 1] 2 | VA 2% [ |
T | [ 1] = | . . r | (]|
Al U’ I [ | ', 4V Vv
. _ ) .
T 120 w0 7 e 380 0 - e A 200
tmeis) time(s) imeis)

Figure 6.13: WEC-Sim test plot

for RM3: Full simulation (top); last six periods (bottom)
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6.3.2O0SWEC 7 X Fr—2
OSWEC IZoWTid, TA T —RFLUTONTAZ Ty bT v 7 E5:

Wave Environment

Wave Type = Regular Waves (Sinusoidal Steady-State)
Wave Height H (m) = 2.5

Wave Period T (sec) = 8

WEC-Sim Simulation Settings

Time Marching Solver = Fourth-Order Runge-Kutta Formula
Start Time (sec) = 0

End Time (sec) = 400

Time Step Size (sec) = 0.1

Ramp Function Time (sec) = 100

List of PTO(s)

Number of PTOs =1

PTO stiffness Nm/rad) = 0
PTO Damping (Nsm/rad) =0

as e -

Figure 6.14: WEC-Sim test plot for OSWEC full simulation
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