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WEC-Sim Visualization




Visualization with Simscape

WEC-Sim default visualization uses Simscape

- simu.explorer =‘on’ turns Mechanics Explorer on (default is on)

- Can't use Simscape visualization with accelerator or rapid-accelerator
Simscape provides animation of WEC-Sim run

- Shows rigid body motion, center of gravity, coordinates, etc.

- Can create video

- Does not show incident, radiated, or diffracted wave surface elevation
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OSWEC Visualization in Simscape



4 I WEC-Sim Visualization Overview

Save Visualization Mechanics Explorer Wave Paraview
- MATLAB 3D surface plot . Markers | * Post-processing
* In SimScape Mechanics . Outside of WEC-Sim

+ Post-processing Explorer

Wave Elevation and Geometry Visualization
time =100.0 s

Wave Elevation (m)




5 I Save Visua lization Featu re Wave Elevation and Geometry Visualization
time=100.0s

Response Class Function (saveViz)

3-dimensional plot of body(s) and
wave motion

Called by userDefinedFunctions.m
script

Shows incident but not radiated or
diffracted wave surface elevation

Optlons

timesPerFrame - # of simulation timesteps
per video frame

axisLimits - X, y, and z-bounds of figure axes At 50 -50 x(m)
startEndTime - start and end time of video

is1a)vfe‘|5ett/ng option to save as AVI (0) or GIF
ile

%Save waves and response as video
output.saveViz(simu,body,waves,...

"timesPerfFrame’,5, axisLimits',[-150 150 -150 150 -50 20],

"startEndTime',[100 125], saveSetting',1);

Wave Elevation (m)
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— L& Analyze
v v hd hd u Bookmark ~ Section Kfﬂ Run to End v
FILE E RUN -
b e lEY | _,_J ¥ C: b Users b jtgrasb » Documents # GitHub » WEC-Sim b examples ¥ RM3 »
Current Folder ® A
MName Git wecSiminputFile.m userDefined Functions.m
geometny 1 XExample of user input MATLAR file fo &
4 waves,plotElevation(simu.rampTime);
c try
6 waves.plotSpectrum();
" : 7 catch
1] elevationData.mat L 8 and
& RM3.slx ® a
ERMB_slx_autosa\re = 18 ZPlot heave response for body 1
B RM3.she . 11 output.plotResponse(1,3);
simulation.log - 12 ) .
] " Data.mat o 13 %Plot heave response for body 2
"'JSDEC ruljn kg i 14 output.plotResponse(2,3);
* | userDefinedFunctions.m L 15
: waveViz.avi : 16 %Plot heave forces for body 1
* | wecSiminputFile.m *® 17 output.plotForces(1,3);
18
19 Zrlot heave forces for body 2
28 output.plotForces(2,3);
21
22
23
24 ,5, 'axisLimits',[-15@ 15 -15@ 158 -5@ 20],...
75 ee 125]);
ERE—— : 26
waveViz.avi (Video Clip) “
| Workspace (x)
MName Value I
Command Window ®

fie>>

= Zoom: 90% UTF-8 CRLF script Ln 23 Col 3

CCEEED " ® = 20FEEO0 % )



7 I Mechanics Explorer Wave Markers

Global Reference Frame block adds wave
markers to simulation

Wave markers are specified in the
wecSimInputFile.m

Appear in the Simscape Mechanics
Explorer

Shows incident but not radiated or
diffracted wave surface elevation

Options:
- waves.marker.location = [X, Y]
location of markers

- waves.marker.style = [1], [2], [3]
marker type: 1) sphere, 2) cube, 3) frame

- waves.marker.size = [#]

specify marker size in Pixels
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Current Folder v
Name Git wecSimInputFile.m userDefinedFunctions.m +
I geometry ] %% Simulation Data -9
droD. 2 simu = simulationClass(); % Initia
: simu.simMechanicsFile = "RM3.slx’; Speci Simulink M
simu.mode = 'norm: Specify Simulati ('normal’, ‘accelerator’, ’'rapid-accelerator')
‘ 5 simu.explorer = 'of Turn SimMechanics € er (on/off)
6 simu.startTime = @; mulation Start Time [s]
simu.rampTime = 100; Wave Ramp e [s]
1 elevationData.mat - 8 simu.endTime = 400; simulation End Time [s]
= RM3.slix £ 9 simu.solver oded’; % simu.solver ‘odea’ imu.solver deas' for variable step
& RM3.slxc . 18 simu.dt = 0.1; Simulation time-steg
simulation.log . 11 =
1] spectrumData.mat - fj ”avf Inf?rmatlon
4 3 . & 13 L noWavel
) userDefinedFunctions.m 14 Waves = w Initialize wave Class and Specify Type
= waveViz.avi 8 25
# wecSiminputFil . :
—1 wecSiminputFile.m 16 % Regular Waves
1 waves = waveClass('regu Initia > Wave Class and Specify Type
18 waves.height = 2.5; Wave Height [m]
19 waves.period = 8; wave Period [s]
20
21 % Regular Waves with CIC I
22 waveClass('regularCIC’); Class and Specify Type
23 ight
waves. period
25
N N N = 26 Irregular es using PM Spe
waveVizavi (Video Chp) - 27 “ S waveClass(‘'irregular’'); Initialize
} Workspace (O] 28 - 2.5; Significant
29 % Peak Peric
Name Value P oM 3 % speci
[gbody 1x2 bodyClass 1
constraint Ix1 2 th Equal Energy and S i Phase
1€ e 1x1 MSLExcep. 3 Initia and Specify Type
|€] output 1x1 response 3 . Wave signif
I . f 5 % waves, peak Period -
|| outputFile C\Users\jtgr... il .- . =
1x1 ptoClass Command Window ~
1x1 simulatic c :
P R straint(s): Number of Constraints =1
Ix1 waveClass
Name: Constraintl *#*#*#**
Simulating the WEC device defined in the SimMechanics model C:\Users\jtgrasb\Documents\GitHub\WEC-Sim\examples\RM3\RM3.slx...
Elapsed time is 0.146083 seconds.
Elapsed time is 4.647332 seconds.
sing and saving...
is 0.466586 seconds. -
- Zoom: 90% UTF-8 CRLF script ln 2 Col 28
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I Visualization with ParaView (v5.11.1)

ParaView is an open-source, data analysis and visualization application.
- Pro: WEC-Sim uses ParaView to create videos, visualize wave field, cell-by-cell non-linear
forces, and other features.
Con: Takes a lot more time to run

Examples using ParaView for WEC-Sim data visualization available on the
applications repository:

https://github.com/WEC-Sim/WEC-Sim_Applications

OSWEC Nonlinear Viz RM3 MoorDyn Viz
with ParaView with ParaView


https://github.com/WEC-Sim/WEC-Sim_Applications

I Installing ParaView

lll Para VieW About ~ Flavors v Domains v Resources v Developer Tools v Download O

. 'Best. HP_C
Download and Install ParaView eualization
- For ParaView visualization: JECHTDIDEY,

https://www.paraview.org/ )
- WEC-Sim is compatible with v5.11.1 [_] P( |
Editors’ Choice
“ Awards : 2016
Download and Install Python —
- For ParaView macros:

https://www.paraview.org/Wiki/ParaView_and_Python

Install the WEC-Sim macros in ParaView
- Open ParaView
- Click on ‘Macros => Add new macro’
- Navigate to the WEC-Sim/source/functions/paraview directory
- Select WEC-Sim.py macro file and click ‘OK’

. . N y
© Select pressureGlyphS.py macro flle and CIICk OK « v T <« GitHub » WEC-Sim » WEC-Sim » source » functions » paraview_macros v O
[ Name - Date modified Type
#F Quick access
D pressureGlyphs.py 7/12/2017 2:06 PM PY File
£ This PC [] WEC-Sim.py 7/12/2017 206 PM PY File

= Kelley Backup (D)

# Metwork

2 items



https://www.paraview.org/
https://www.paraview.org/Wiki/ParaView_and_Python

B ParaView 5.11.1

File Edit \iew Sources Filters

Pipeline Browser
I

B builtin:

Properties Information

Properties

== Display

== View (Render Vi

Axes Grid
Center Axes Visibility
Orientation Axes

| Orientation Axes Visibility

Hidden Line Removal
Camera Parallel Projection
Background

| Use Color Palette For Background

Background Color
Mode

@ ground

Ray Traced Rendering

Singl,

Fnahla Bau Trarina

Extractors

Tocls

@

Catalyst Macros  Help

D Layout #1 (3]

RenderView1

2:17 PM
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» Documents » GitHub » WEC-Sim_Applications » Paraview_Visualization » OSWEC_MonLinear_Viz

-

WEC-Sim ParaView Visualization

geometry File folder

hydroData File folder

output File folder

slprj File folder

temp File folder

I P H H I H [ ] k File fold

simu.paraview.option = 1’ turns Paraview on “.%..
. . | OSWEC_Nenlinear_viz. PYSM Fil 3,203 KB
- creates a /vtk directory in the D smutonog o Document s
H d H * TestOSWECNonLinearViz.m MATLAE Code 2KB
WEC-SI m Ca Se I reCtO ry *  userDefinedFunctions.m MATLABE Code 5KB
MATLAB Code IKB

. saves ParaView data files “ wecSiminputilem

» Documents » GitHub » WEC-Sim_Applications » Paraview_Visualization » OSWEC_MNonlinear_Viz » vtk

-

Open the *.pvd file to view data 0 tame

. . . . . bodyl_flap File folder
visualization in ParaView
. 1 7 WAVES File folder
a n d C | I C k Ap p Iy — bodies.txt Text Document 1KB
—| ground.txt Text Document 1KB

I OSWEC.pvd PVD File 323 KB

Select model in pipeline and run the ‘WEC-Sim’ macro to import default WEC-Sim
colors and orientation




I Nonlinear Hydro, videos, etc

For nonlinear hydro, select body in pipeline and run the ‘pressureGlyphs’ macro,
adds glyphs for:

. Hydrostatic Pressure
. Linear Froude-Krylov pressure
. Pipeline Browser & ®
. Non-linear Froude-Krylov pressure .
. ic + -li - Sl = OSWEC.pvd
Total pressure (hydostatlc. non Il.near.Foude Krylov) N I'm?
. Froude-Krylov delta (non-linear minus linear) - @ cievatin
ol —ﬂ body_1: flap
. . . N k8 W0 body_2: base
Add multiple views, slices and data filters o [E comcmsutoctiomast
[ B celicenters1

H—}m calculator: hydrostatic_pressure
|
m ghyph: hydrostatic_pressure

Save State to recreate ViZ for ma ny ru nS I}}nﬁcalculatnr: froude-krylov_pressure_linear
- 'File => Save State’, saves state as a *.pvsm sl feudenfon_pressre fnea

k” 8 I:—]—El calculator: froude-krylov_pressure_non-lineaf

|
W) glyph: froude-krylov_pressure_non-linear
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. . =+ calculator: total_pressure
Create video file 8 ot e
- 'File => Save Animation’, saves video as *.avi S -

|
- m glyph: froude-krylov_delta_pressure
o —m ground




I Visualization with ParaView Examples

Examples using ParaView for WEC-Sim data visualization available on the

Applications repository:
https://github.com/WEC-Sim/WEC-Sim_Applications

Viz' Examples include
OSWEC with non-linear hydro
RM3 coupled with MoorDyn

£ oMo

OSWEC_Nonlinear Viz RM3_MoorDyn_Viz


https://github.com/WEC-Sim/WEC-Sim_Applications

ParaView for RM3 coupled with MoorDyn

Set data dtOut for ParaView viz

Saves data for ParaView viz

-
HEIAe BP0 »a FRT HE P DS s jmlimm ]G
A XXOBAadLLLLLEAQCD? (FOGOA (B wom wemmoo

RM3_MoorDyn Viz

Sets ParaView Viz lines and nodes

wecsiminputFile.m =

1 % Simulation Data

2 simu = simulationClass();

3 simu.simMechanicsFile = 'RM3MoorDyn.slx'; % Location of simulink Model File with MoorDyn
] simu.mode="accelerator’;

5 simu.explorer = "off';

B simu.rampTime = @;

7 simu.endTime=28;

8 simu.dt = 8.81;

a lsimu.dtDut = 9.1; % Specifies ouwtput time-step
18 TCIClL = B.05;
11 jmu.solver = "odeds”; % Runs WEC-Sim with varjable time-step
12 |simu,paraview,optmn = 1; % saves data to *.vtp for Paraview
13 S1mU.domailnsilze = J09; % Lhanges detaull domaln size
14
15 ] %% wave Information
16 % Irregular Waves using PM Spectrum with Convolution Integral Calculation
17 waves = waveClass({'irregular'); % Create the wave variable and Specify Type
18 waves. height = 2;
19 waves,.period = 8;
26 waves.spectrumType = "15°;
21 waves . bem.option = ‘Traditional®;
22 waves,viz.numPointsX = 1808; . R R
23 waves.viz.numPointsy = 2; Wave field viz Optlons
24
25 [ %% Body Data[...]
30 [+ %X PTO and Constraint Parameters[..:]
58 [] XX Mooring
51 % Moordyn
52 mooring(l) = mooringClass( " mooring’); % Initialize mooringClass
53 mﬂuriné{l].muﬂrﬂynLines = 33 % specify number of lines
54 mooring(1l).moorDynNodes = [21 21 21]; % specify number of nodes per line

W
un




ParaView for OSWEC with nonlinear hydrodynamics

Saves pressures data for Paraview

Bl

.

Saves data to

.vip for Paraview

¥ 3

wave plane discretization:
wave plane discretization:

# X points [default 50]
# ¥ points [default 50]

[RGB] body color (default
body opacity (default 1)

[11e])

aefae 32

Turns non-linear hydro on

Body viz options

% Initialize bodyClass without an *.hs file
body(2).geometryFile = 'geometry/base.stl’; ¥ Geometry File
w

¢ Turn non-hydro body on
% Specify body name
% Specify Mass
Specify MOI
% specify Cg
% Specify cb
% Specify Displaced volume

wecSiminputFile.m +
1 %% Simulation Data
2 simu = simulationClass();
3 simu.simMechanicsFile = "OSWEC.slx';
4 simu.mode="accelerator’;
5 simu.explorer = 'off';
6 simu.startTime = 0;
7 simu.rampTime = 8*%5;
8 simu.endTime=8%15;
9 simu.dt = 0.1;
10 simu.pressure = 1;
11 simu.paraview.option = 1;
12
13 %X wave Information
14 % Regular waves
S waves = waveClass('regular’);
16 waves.height = 2.5;
17 waves.period = 8;
18 -] Zwaves ,.v1z.numPolntsX = 1000;
19 Xwaves,.viz.numPointsy = 100;
20
21 %% Body Data
22 % Flap
23 body(1) = bodyClass('hydroData/oswec.h5"');
24 body(1).geometryFile = 'geometry/flap.stl’;
25 body(1).mass = 127000;
26 body(1).inertia = [1.85e6 1.85e6 1.85e6];
27 % body(1).viz.color = [1 1 0];
28 % body(1).viz.opacity =1;
29 body(1).nonlinearHydro = 2;
30
31 % Base (Non-hydro Body)
32 body(2) = bodyClass('");
33
34 body(2).nonHydro = 1;
35 body(2).name = 'base’;
36 body(2).mass = 999;
37 body(2).inertia = [1 1 1];
38 body(2).centerGravity = [6 0 -10.9];
39 body(2).centerBuoyancy = [@ @ 0];
40 body(2).volume = ©;
41
42 %% PTO and Constraint Parameters[...)

Saves nonlinear force data for ParaView viz
Saves data for ParaView viz

Wave field viz options

ML AY TV me FRT HEAPDMS

AdLBLLLAQCY? FOOG (B wom rowom

OSWEC_NonIinear_Viz
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Thank you

For more information please visit the WEC-Sim
website:

If you have questions on this presentation please
reach out to any of the WEC-Sim Developers on
GitHub:
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